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INTRODUCTION

Hearing is a two-stage process; one stage is that of reception, the other
is that of interpretation of the transmitted signal once it reaches the brain.
Auditory processing is the name given to this second stage in the hearing
process where the brain processes or interprets the auditory impulses it
receives. Eisenson (1972) (Cited in Williford & Burleigh, 1985) defines it as
"the process by which an individual oranizes and interprets sensory date he
has received, on the basis of his past auditory experiences ". The process that
take place beyond the level ofthe VIIIth cranial nerve, which are required for
incoming sound to take on meaning, are commonly referred to as "Central
Auditory Abilities" and the end product as "Auditory Perceptuion”

(Williamson & Alexander, 1975) (Cited in Willifbrd & Burleigh, 1985).

The central auditory processing is the capacity to organize
simultaneous or successive auditory elements into a definitive pattern. It
refers to the process that occurs from the moment the sound enters the external
ear canal till that particular event is experienced by the listener (Sloan, 1986).
The result of processing is called perception, which has the quality of being
organized or patterned event (Dember & Jenkins, 1970). Wood (1975) (Cited
in Willifbrd & Burleigh, 1985) suggested that auditory processing requires a
complex series of behaviors that include the ability to attend to the content
source of a message, detect and identify the messages, transmit the message
through the central nervous system, accurately sort the message on the
appropriate perceptual and conceptual events in order to store and retain the

message, retrieve and restore the message for response purpose.



Central auditory processing (CAP) has been defined in a number of
ways. "Audiory processing involved attention to detection, and identification
of the signal and decoding of the neural message" (Katz, Stecker &
Henderson, 1992). "it is also the way our central mechanisms receive,
perceive, decode and utilize speech/sound"” (Lasky & Cox, 1983).
Stark & Bernstein (1984) (Cited in Williford & Burleigh, 1985) define it as
"the neural processes involved in obtaining infermation from signals
presented in the auditory modality". Several primary researches have shown
that central auditory processes involve the deployment of non-dedicated,
global mechanisms of attention and memory in the service of acoustic signal
processing (ASHA, 1996). The ASHA task force (1995) consolidates central
auditory  processing as "the auditory system mechanism and process
responsible for sound localization, lateralization, auditory discrimination
auditory pattern recorganization, temporal resolution, temporal masking
temporal inyergertion, temporal ordering, and auditory performance decrement
with degraded acoustic signals. Central auditory processing disorders are
difined as deficiencies in any one or more of these behaviour". "CMPD or
APD is a general breakdown in auditory abilities resulting in diminished
learning (e.g comprehension) through hearing, even through peripheral
audiory sensitivity is normal” (Whitelaw, 1997) (Cited in Chermack, &
Museik, 1997). The theories of CAPD that have put forward the exclusionary
criteria consider it as a deficit in the information processing of audible signals
not attributable to impaired peripheral hearing sensitivity or intellectual

impairment. "it specifically refers to limitation in the ongoing transmission,



analysi s, organization, transformation, elaboration, storage, retrieval and use
of information contained in auditory signals" (Trace, 1993) (Cited in

Chermak & Musi ek, 1997). " CAPDis not a | abel for a unitary di sease entity,
but rather a description of a heterogeneous group of functional deficits which
my reflect a loss of function, disordered function, or release of function"
(ASHA, 199, Chermak & Musiek, 1997). It may result fromdysfunction of
processes dedicated t o audition; however, CAPDalso may co-exist wth a
more global dysfunction that affects performance across nodalities (e.g.

attention deficit, neural timng deficit, language representation deficit)

(ASHA, 1996; Chermak &Misi ek, 1997).

Central auditory processing function is inportant for the

comuni cation process.  Efficient processing of the auditory information is
crucial for academc and work performance, social and emotional status and
wel | being (Chermak & Miseik, 1997). Break down in any part o the conplex
auditory and associated systemmght result in the auditory processing deficit
(CAPD) which mght differ in nature and severity. A central auditory
processing disorder is a condition in which, one has difficulty processing
auditory information when presented i n a less than optinal |istening
environment. It has been shown that, the vast majority of childrenthose have
been eval uated, can hear even the faintest of sounds but are unable to process
verbal stimuli in an effective manner in their effective training situation
(Wlleford & Burleigh, 1985. The term "Central" energed years ago to
differentiate the auditory processing disorders that occurred at the brainstem
level and cortical levels fromthose originatinginthe cochlea or auditory nerve

(Keith, 1999). The other terms used in the past to describe CAPD include



central deafness, auditory agnosja, dysacusis, central auditory inperceptions,
audi tory processing disorders, central hearing |oss, non-sensory hearing |0ss

and obscure auditory dysfunction (Keith, 1999).

CAPD becomes nore apparent in poorer listening environnents such

as open classroons and background noise. Children may not show the
problemuntil they begin school and have to actively listen in order to learn.
Not all CAPD children present simlar problems. Sone experience problemin
sequencing speech sounds while others have difficulty i n understanding

speech in the presence of background noise. CAPD affects how the brain
processes spoken |anguage. Children with CAPD have difficulty interpreting

and storing information despite normal hearing. In addition to significantly
restricting speech and |anguage devel opment, APD can affect other areas of
learning, particularly reading and witing. These children have great difficulty
processing the order of sounds and hence spelling and conprehension is

compromi sed. Central auditory processing skills and speech perception are
foundational skills for the emergence of phonol ogi cal awareness. These skills
are inportant building blocks to literacy. Many children with CAPD are slow
and inaccurate at processing phonem c information which means that they are

working harder to interpret what they hear.

In order for children to adequately decode speech they need to be able
to process auditory informationinlessthan 100 milliseconds. Many children
wi th CAPD have processing speeds i n excess of 400 - nsec and soneti mes as

sl owas 700- nsec.



The cause for CAPDIs not exactly known. Birth and devel opment al
histories are often unremarkable and there is no evidence of brain damage. In

sone children, ear infections have been inplicated as a factor. Neuro-
maturation of the auditory systemis often delayed in many children with
CAPD. Sone professionals consider that CAPD may be a formof |earning
disability. Children with CAPD have nornal intelligence, but work far bel ow

their ability at school.

Children identified with CAPD behave as if peripheral hearing lossis

present; even though hearing sensitivity is normal in such conditions. They
may refuse to participate in classroom discussions or may respond
inappropriately and remain withdrawn fromclassroomactivities. Asking for
frequent repetitions is generally noticed in such cases along with frequent

epi sodes of auditory inattention. They may have trouble fol | owi ng conplex
auditory directions or commands and localizing sound. Often various kinds of
behavioral measures show a deficit intheir verbal 1Q scores and significant
scatter across subtests assessed by speech/|anguage and/or psycho educational
tests, with weaknesses in auditory dependent areas. Among other linguistic
and cognitive deficits they show poor reading and/ or spelling skills, fine
and/ or gross motor skill deficits, poor singing and nusic skills, and often a
significant history of mddle ear pathology. Clinically identified cases of

CAPD have positive famly history of ADHD and/ or |earning disabilities.

Quite often children with CAPD are nisdiagnosed as ADHD because of early

and i nappropriate measures.



Sorre of the auditory skills that may be affected in CAPD popul ation:

+ Phonol ogi ¢ awareness: ldentifying sounds in words, the nunber of
sounds in a word, and sinlarities among words; may show up in

spelling, witing, andreadingdifficulties.

« Auditory discrimnation: Recognizing differences when asked to say

whet her the sounds or words are the "same or different".

o Auditory memory: Storing, or retaining, pertinent auditory
information may affect abilitytofolloworal directions, participatein

discussions, and spell.

« Auditory figure-ground discrimnation: Understandi ng spoken
language in a noisy background my show up more in noisy

environnments or when expectedto listenfor information.

 Auditory sequencing: Remenbering the order of spoken words or

sounds i naseri es.

* Auditory blending: Combining isolated sounds together to form

wor ds.



Subt ypes of CAPD:

Ther e are many subt ypes of CAPD. These i ncl ude:

Auditory Decoding Deficit/Decoding:

Thi's subtype is often considered as the "classic" manifestation of

CAPD. The Auditory Decoding Deficit sub-profile may be the behavioral
mani festation of poorly formed neural representation of acoustic features,
particularly those inportant for phonemc discrimnation and auditory closure.
Children inthis category are often described by their parents and teachers as
having hearing difficulties even though peripheral hearing is-found to be
norml.  These children process information in a way that is slow and
inaccurate. This inefficiency 1 n processing means that they are working harder

to interpret what they hear.

Qut put - or gani zation deficit/organi zation:

Children with output-organization deficit have trouble organizing,

sequencing, recal ling, and/or expressingan answer. These children may have
listened to, analyzed, correctly connected and pul led together the information
but still have difficulty responding correctly. I n general, children with output-
organization difficulties often demonstrate difficulty on tasks where success is

dependent on notor and/or planning skills.



Associativedeficit/tolerance-fadingmenory:

Children with this sub-profile have difficulties applying the rules of

| anguage to sounds they hear. These children often have intolerance for
background noise, and their understanding of speech/language declines
mar kedl y when noise is present. Oftenthese children have early academ ¢
performance that is grade or age appropriate but as the | anguage demands in
t he cl assroomincrease these chil dren have mor e and nor e difficulty. Children

inthis sub-profile often are undiagnosed until 3rd and 4th grade (Ferre, 1997).

Integration deficit:

Children with this sub-profile often demonstrate difficulty across
mdalities with any task that requires efficient inter-hemspheric
comuni cation. These childrenhave problens tyingtogether auditory and

visual information. Theyfrequentlyexhibit|ongdelaysinresponding.

Prosodic deficit:

Children inthis sub-profile often exhibit little or no expressive affect

and may be described as "flat" or "monotonic" speakers and readers. They
often have difficulty with pragmatic communication skills, sequencing, social
judgment, gestalt patterning and spatial abilities.  In other words these
children may demonstrate a difficulty or inability to perceive the prosodic cues
that under!iethe comunicationof hunor, sarcasm and questionforns etc.,

whi chrelyheavilyonintonational cuestogaugeintent.



The problems of the children with auditory processing disabilities can
also be broadly classified as those of integrating signals, separation of signals
from the background noise, auditory menory/auditory sequencing etc.,.

Several approaches have been proposed f or each of these probl ens.

Auditory Integration/Interaction:

Binaural integrationis the ability of alistener to process information

being presented to each ear being different (Bellis, 1996). Integration deficits
are characterized by the difficulty in tasks that require inter-hemspheric
communication.  This difficulty my be within or across modality. The child
with integration deficits may have difficulty inintegrating auditory and visual
functions, or in integrating Iinguistic-based auditory information with non-
linguistic auditory informtion such as rhythm and pattern perception (Bellis,
1996).  On the tests of central auditory function, children with integration
deficits typically will denonstrate abnormal |eft ear suppression on dichotic
listening task, conbined with bilateral deficits on tests of temporal patterning

when verbal report isrequired.

At its nore severe form integration deficits may result in anability to
perceive prosody, withtheresult the spoken sentence will sound Iike strings or
unrelated words with no relative stress to enmphasize key words and ot her
inportant cues. | n this situation, conprehension of spoken message is
severely affected. Behaviorally the child with integration deficit may also
exhibit difficulty with nultimdality task that requires inter-henspheric co-

operation, hence such skills Iike asking for dictation, which requires auditory



and visual interaction, may be poor, as will the task that requires multi-sensory

pattern perception.

The children with integration deficits may benefit from nanagenent
approaches designed to inprove inter-hemspheric transfer of information

(Bellis, 1996).

Auditory Separation:

Auditory separation refers to a task where the individuals attend to one

signal while ignoring another background signal. Such activities have been
carried out as binaural as wel| as mono-aural. Binaural separation refers to the
ability of a listener to process an auditory message comng into one ear while
i gnoring a desper at e message bei ng presentedtothe opposite ear at the sane

time(Bellis, 1996).

Binaural separation and integration are processes that are critical to

everyday listening, particularly in school environment. Dysfunction in the
process of hinaural separation and integration my be expressed in the
behavioral symptoms of difficulty in hearing in the presence of background
noi se or when nore than one person is talking at the same time. The child
wi th binaural separation/integration deficits will performpoorly in dichotic

speech tests.

Auditory functions that rely upon binaural interaction include
localization and lateralization of auditory stimuli, binaural release from

masking, detection of signals innoise, and hinaural fusion (Bellis, 1996).

10



Auditory training approaches for childrenwith CAPD:

There are many different approaches t o teaching auditory skills that

presune to assist the childwitha CAPD. Some of these techniques include,
speech sound discrimnation, Auditory discrimnation by Sloan, 1986,
Auditory closure by Bellis 1996, Auditory memory by Chermak & Misi ek,

1997, Temporal processing strategies by Tallal et al. 1996.

Various studies have been conducted to study the effect of these

perceptual training.  Merzenich, Jenkins, Johnston, Schrenier, Mller, Tallal
(1996) &Tall al et al,. (1996) have described the positive effects of conputer
based ganes that train t o modify tenporal processing deficits i n these
children. Merzenichet al. (1996) claimed that these studies strongly indicate
that fundamental tenporal processing deficits can be over come by training.
The concept of auditory trainingto stinulate auditory related problens dates
back t o pre-medieval tinmes (Misiek & Berge, 1998). Initially auditory
training was used to enabl e hearing i npaired individuals make maxi numuse
of their residual hearing. However, since 1960 it has been used in the

rehabilitation of individuals with CAPD.

The trend now in APD managenent is towards nore individualized

prescriptive and evidence based therapy (Wertz, Hall, & Davis, 2000).
AccordingtoBellis (2002) the utility of deficit specific interventionfor APD
i's based on three primary assunptions. First assunption is that, certain hasic
auditory skills or processes underlie nore conplex listening, learning and
comuni cation utilities, The second assunption underlying the utility of

deficit specific intervention for APDis that the capability exists for identifying

11



those auditory processes that are dysfunctional ina givenindividual through
the use of diagnostic tests of central auditory function. A final assunption
inportant to the utility of deficit-specific intervention for APDis that, once
identified, remediation of the underlying deficient auditory processes will
facilitate i mprovement inthose higher orders, more conpl ex functional ability

areas wi t hwhi chagivenindividual i sexperiencingdifficulties.

Auditory training prograns must match the age of the child. Even

though central tests results often cannot be obtained until the 6 or 7 years of
age, auditory training can be initiated nuch earlier itself. Penfield (1959)
(Cited in Wlleford & Burleigh 1985), states that, the idea of learning a
| anguage was only possible up to the age of 10 -12 years. He also states that
the nervous system has a finite period of development and that certain skills

could not be learnt beyond a facilitating growth period.

According to Chermak & Misiek (1997) the assessnent data should be
used to guide intervention planning. Even information gathered from
checklists and questionnaire used to identify children at risk for CAPD can
provide insights regarding functional deficits and program planning ( ASHA,
1996; Fisher, 1976 [Cited in Wlleford & Burleigh, 1985]; Smoski, Brunt &
Tannahi |1, 1992).

Al'though some drugs have been shown to inprove menmory | osses
associated with neurodegenerative diseases such as Al zheinmer's disease,

pharmacol ogi cal therapies are not available for the treatment of CAPD.
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Need for the study:

Need for Auditory training module for children:

Research in the recent past has indicated how auditory training

i nproves auditory perceptual skills in children with auditory processing
problems. Onekey factor relatedtoinprovement fromauditorytrainingisthe
nerve plasticity. \When multiple experience occur over time, as it happens
during direct auditory training new neural groups can form grow and get

strengt hened (Merzenich,1999) (CitedinKeith, 1999).

Need for Conputer based therapy program

Tallal & MIler (1996) have described the positive effects of conputer-

based games that train or modify tenporal processing deficits in children.
They denonstrated t hat intensive conputer trainingwithtenmporally prolonged
speech leads to inprovement in tenporal processing thresholds.  Conputer
based procedures, is interactive in nature, and requires little assistance.
Further computers are nowa-days wi dely availabl e in schools. Hence thereis
a great need for such a conputer based interactive programin India. Hence

the present study was undertaken.

Need for training auditory integration and auditory Separation:

The review indicates that, of the many auditory processing disabilities,
the child with auditory processing disorders faces, the predom nant anong
themisauditoryintegrationandauditoryseparationactivities. So, thesetwo

activities have to be given nore inportance and nore care in designing a
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training module.  Hence the training module was developed including

predom nantly these two processes.

The objectives of the study:

1. To develop conputerized training modul es in Kannada |anguage for
Auditory integration and Auditory separation aspects of auditory processing

di sorder.

2. To check the efficacy of the devel oped therapy program

Design of the study:

Three school s located in the city of Msore were selected for the study.

Al'l the childrenin the age range of 8-12 years were initially screened for any
speech, language, or hearing problems. Follow ng this, the children were
admini stered the auditory processing screening checklist. Those who failed
the screening checklist were adm nistered Raven's Progressive Matrix (Color)
Raven, Courté& Raven (1977) test to rule out mental retardation. Later those
subjects who failed t he APD check list and who were in the above average
intel ligence category were adninisteredthe APDtests (Dichoticdigits, Pitch
pattern tests, and CST). Those who failed in one or nore of the test were
taken as subjects for the study. The experimental subjects were given therapy
for 30 sessions. Al | the subjects were assessed with these tests on day one,
fifteenth day, thirtieth day, and after t wo nont hs of therapy. Their response
sheets were taken for analysis and the data's were tabulated and taken for

anal ysis.
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Anal ysi's:

The response sheets of the different subject both experinmental and

control groups on different tests were scored. The data obtai ned was tabul at ed
for each subgroup of the experimental and control group.  Conparison
bet ween experimental and control group across the subgroups were made
along with conparison between pre and post-therapy measures. Appropriate

statistical analysis was appliedtoinfer the obtained results.

I'nplications of the study:

This study wll give an insight on developing more and nore therapy

mterial for children with APD.  The results obtained will advise on whether
therapy wi || inprove the auditory processing abilities in childrenwith training.
The newl y devel oped therapy material can be made available so that it can be
used for children with APD.  Apart from contributing towards the
devel opment of a training kit, the study will provide norms for further

research.

Linitations:

As every other enpirical research this particular study also has its own

set of limtations. Only subjects fromthree schools were selected and taken
for the study and hence meking the range and diversity rather [imted.
Subjects in the age range of 8 to 12 years were taken for the study. Therapy
with the newly devel oped nodul e was given only for thirty sessions because

of timeconstraints.
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LITERATURE



REVI EWOF LI TERATURE

Central auditory processing disorders are deficits in the formation of

processing of audible signals not attributed to inpaired hearing, sensitivity or
intellectual inpairment. Specifically, CAPDrefersto limtationsinthe
ongoing transmssion, analysis, organization, transformational, elaboration,
storage, retrieval, and use of information contained in audible signals. This
processing invol ves perceptual, cognitive, and linguistic functions which, with
appropriate interaction, results in effective receptive comunication of
passive (e.g. conscious and unconscious, mediated and unnediated) ability to:
attend, discrimnate, and identify acoustic signals; transformand continuously
transmit information through both the peripheral and central nervous systens;
filter, sort and combine information at appropriate perceptual and concept ual
levels; store and retrieve informationefficiently; restore, using phonol ogical,
semantic, syntactic, and pragmtic know edge and attach meaningto a stream
of acoustic signals through utilization of linguistic andnon-linguistic contexts

(ASHA, 1990).

Central Auditory Processes are the auditory system mechanisms and

processes responsible for behavioral deficits observed in sound |ocalization,
lateralization, auditory discrimnation, and auditory pattern recognition.
Tenporal  aspects of audition, including tenporal resolution, tenmporal
masking, temporal integration, and temporal ordering may also be disturbed.
Chi ldren wi th CAPD show auditory performnce decrements with conpeting

acoustic signals and with degraded acoustic signals.
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These mechani sns and processes are presumed t o appl y to nonver bal
as wel | as verbal signals and to affect many areas of intellectual functioning,
i ncluding speech and |anguage. They have Neuro- physi ol ogi cal as wel | as
behavi oral correlates. Many Neuro-cognitive nmechani sms and processes are
engaged i n recognition and discrimnation tasks. Some are specifically
dedi cated to acoustic signal s, whereas others (e.g., attentional processes, |ong-
termlanguage representations) are not. Wth respect to these non-dedicated
mechanisnms and processes, the term central auditory process refers
particularly to their deployment in the service of acoustic signal processing

(ASHA, 1996).

The brain unlike the auditory periphery is plastic. Auditory plasticity

according to Misi ek &Burge (1998) is defined as "the alterations of nerve
cells to better confirmto imediate environmental influences, which is often
associ atedwi th behavioural change". Accordingto Scheich (1991) there are
three general types of plasticity, developmental, conpensatory and |earning
related. Recent studies by Hassamanova, Myslivecek & Novakova (1981)
Knudsen (1988) (Cited in Chermk & Musi ek, 1997), Recanzone (1991, cited
in Chermak & Misiek, 1997), Edeline & Winberger (1993) (Cted in
Cher mak & Musi ek, 1997), Merzenichet al . (1996) have provi ded evi denceto
confirmthat brain has the quality of plasticity and can be altered by constant
and systematic acoustic stimulation. The brain plasticity is the foundation of
modern auditory training. Accordingto Misiek, Baran, & Schochat (1999),
speech perceptionrequires theinvol venent of the central mechanisms. These

central mechanisms are plastic and can be inmproved with practice. The term
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"brain plasticity" refers to the phenonmena in which experiences excite
indi vidual neurons and influence connections between networks of neurons.
When multiple experiences occur over time, as it happens during direct
training, new neural groups can form grow and strengthen (Merzenich &
Schreiner, 1999, cited in Veale, 1999). Plasticity effects have been
documented in humans through Psychophysical studies by Ahissar &
Hochstein (1993) (Citedin G |lam 1999) and t hrough el ectro physiol ogi cal
studies by Jirsa (1992). According to Merzenich et al. (1996) intensive
training, that follows behavioral principles, will gradually increase the
tenporal processing requirement task and would result in maxinmum
reorgani zation of the neural mechani sm whichresults ininproved |earning.
"Brainplasticity seens to he greater when the animl or human beingis
young". Hence, young brain when provided with training shows rapid
changes (Hassamannova, Myshveceko & Novakova, 1981). According to
Chermak & Musei k (1997) & Tallal et al., (1996) the auditory systemneeds to
be chal I enged in an appropriate manner to trigger such changes in structure

and function.

The purpose of remediation in CAPDis to attenpt to alleviate the

disorder through specific therapeutic activities either by training the recipient
as tohowto performaspecificauditorytask, or by stimulatingtheauditory
system in the hope of facilitating a structural and concomtant functional

change (Bel I'i's, 1996).
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Preval ence of Central Auditory Processing Disorders:

Preval ence data for CAPD are sparse. Chermak (2001) has estimated
that APDoccursin2to 3%of thechildrenwitha2: 1ratio betweenhboysand
girls. Cooper & Gates (1991) estimated APDin 10%to 20 %of ol der adults.
Stach et al. (1987), as cited in Chermak (2001) reported APD in 70% of
clinical patients over the age of 60 years. Lewi s (1986) [Cited i n Cher mak,
2001] estimted that 3%to 7%of all the school age children exhibit sone
forms of [earning disability. Bellis (1996) estimated that about 3-7 %of all
school aged childrenexhibit some anmount of learningdisability. Accordingto
Silverman &Metz (1973) (citedinKeith, 1977) at least 10 - 15 %of school
population in the United States fit this criteria out of which only 14 %to 26
Y%are inspecial classes. Inlndia, the percentage of childrenfoundtohave
dysl exi aranges from3%(Ramaa, 1985) to 7.5 %Ni shi Mary (1988) (Citedin
Ramaa, 2000). Ravanan & Raj al akshm (2005) estimated 7 to 8%preval ence
of Auditory processing disordersinschool goingchildrenintheagerange of 8
to 12 years inIndia. Hurley & Singer (1989) (Cited inBellis 2001) state that
the number of children with APD within a population of |earning disability
cannot be stated with any certainty. It is likelytobeveryhigh. The difference
inthefindingsisprobablyduetothemethodusedtodetern nethe presence of
the probl em Most oftenthese childrengo unidentifiedastheydropout of

school because of poor academi ¢ perf or mance.
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Techni ques available for the Management of Auditory processing

Deficits:

1. Barry's Program (Barry (1961) [Cited in Barr, (1976)] :

Barry (1961) (Gited in Barr, 1976) describes awareness training as a

t hr ee- phase process.

The three phases are:

a) Awareness of gross sounds where a motor response in solicited to
frequency differencesinthe sound of abell, drum whistleand horn.
b) Awareness of finer sounds where beads are dropped intoatin, pebbles
arerattledinabox, coinsarejangledandaspoonisstirredinacup.
c) Awar eness of voi ce and speech, wherethechil dgives anotor response

todigit, word, phrases and nonsense syl | abl es.

2. Auditory Discrimnation In-Depth Program (ADD): Lindanood &

Lindamood (1969) (Cited inWlleford &Burleigh 1985)

This programwas devel oped by Lindamod & Li ndamod (1969)

(CitedinWIleford &Burleigh 1985). This programains in devel oping the
function of the ear in monitoring the correspondence between the contrasts,
sequences and shifts of our spoken language and the sets of graphic symbols

whi ch represents them The programincludes four | evel s of activities.

i) Goss levels: This includes activities geared to problemsolving techniques

andthe gross di scrimnationof sounds.
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i) Oral-Aural level: Pertaining to the teaching of auditory discrinination of
sounds, consonants or vowel changes in syllable patterns and changes in

syl | abl e conbinations.

Ii1) Sound symbol level: Herethechildistaught torecognizethe phonenes.

iv) Codinglevel: Coding of nonsense syllables into graphic and oral patterns

and general i zationintowords are done here.

The primary goal of this programis to help the child encode and

decode multi-syllabic nonsense patterns until the student has achieved
conpetency with real words (Lindampod & Lindamod, 1969) (Cited in
W lleford & Burleigh 1985). This programis appropriate for anyone from
preschoolerstoadults. Thelengthof thetimetheindividual isenrolledinthis
programvaries accordingtothe student's progress. The average anount of

therapy consists of 40-minutes sessions daily for 2-3 nonths.

Wileford & Burleigh, (1985) state that there is no mention about
whether there is any inprovement in the auditory discrimnation ability or

auditory processing abi | ity withauditory discrinnationin-depth program

3.. Auditoryperception Training (APT): Wllette, Jackson & Perkins (1970)

(CitedinWIleford&Burleigh 1985)

Wilette, Jackson & Perkins (1970) (Gited in Wlleford & Burleigh
1985) designedthisremediationprogram It trains essential processingskills

based on progressive | evel s of attainment. There are five basic units at three
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level's of difficulty. This programis designed for childrenin primary and

i nternediategradelevels.

4. Slingerlands's Method: Slingerland (1971) (Cited in Chermak & Misiek

1997).

This is a more traditional method given by Slingerland in 1971 (Cted

in Chernmak & Misi ek 1997). I nthis method the childis not asked to bl end
the phonenes to words, but the teacher first says the word, slowy
enphasi zi ng on the medial vowel. The child repeats the word, listens for the
vowel sound, selectsitsletter card(Color codedif necessarytodifferentiate
vowel s fromconsonants) fromawal | -pocket chart and placesit inalowertier
of the pocket chart. The teacher then repeats the whole word and asks the
childfor theinitial soundintheword. Thechildisthendirectedto pick out
the appropriateletter cardandplaceitinfront of thevowel. The teacher then
draws the finger along the two [etters that the child has placed onthe | ower
tier and makes the child listento the sound again and encourages the childto
findthe letter that makes the last sound. The |esson continues withthe child
reading al oud t he whol e wor d that has j ust been constructed and ends withthe
childwritingthe word either onthe blackboard or at the desk and reading it

back after it is written.

5. Phonenic Synthesis Training (PS training):

I'nthis therapy, the children are taught to blend individual phonene in

correct sequence to forma word. This therapy program uses prerecorded
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tapes formwhich the child is requested to blend two and three phonene

wor ds.

Katz & Burge (1971) studied phonem ¢ synthesis, which is an ability
to blend individual phonemes in correct sequence to forma word. Katz &
Harnon (1981) (cited in Wlleford & Burleigh, 1985) state that phonemic
synthesis training mght be ef fective because the childlearns that the words
are made up of discernable units, whi ch can be mani pul ated and the child uses

his own abilityto decode newwor ds.

6. Speech-in-Noise training: (Katz & Burge, 1971)

This program has heen devel oped to inprove the auditory

discrimnationabilitiesof anindividual under different noise conditions. Katz
& Burge (1971) analyzed the inprovement of speech-in-white noise
performance after eight 30 mnutes therapy sessions with a group of children
fromb5to 14 years of age. They noted post therapy improvement in selecting
pictorial representation of monosyllabic words presented in the presence of

noi se.

Rees (1973) hypothesized that if the ability to discrimnate speech is
innate, it cannot beinprovedwiththerapy. Ifitistrueit woul dbeapplicable

to speech discrimnation in the presence of noise too.

7. Sensory Integration Therapy: Ayres(1972)

The concept of sensory integration (SI) was devel oped based on

studi es done by Ayres (1972). The Sensory Integrationtherapy i s useful for
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children with auditory processing deficit with sensory integrative dysfunction.
The original definition of sensory integration was the ability to organize
sensory information and use it (Ayers, 1972). Later the definition was
el aborated as "Sensory Integrationis the neurol ogi cal process that organizes
sensation fromone's own body and fromthe environnent and makes it
possible to use the hody effectively with the environnent." The spatial and
tenporal aspects of inputs fromdifferent sensory modalities are interpreted,
associated and unified. Sensory Information is the information processing
whi ch the brain nust select, enhance, inhibit, conpare and associate in a
flexible constant|y changingpattern, inother wordsthebrainmst integrateit

(Ayres, 1979).

According to Ayres (1979) "Sensory Integration intervention are

based on the prem se that plasticity existswithinthe Central Nervous System
(ONS)".  Usuall'y Sensory Integration develops in course of ordinary
childhood activities without effort.  Visual and auditory processes are
consi dered t o be the end product s of many nore f undanent al aspects of the
brain. For sone children these processes are inefficient demanding effort and
attention. The goal of sensory integration therapy was to inprove the way the
brain processes and organi zes sensations. Based onthe principle that the brain
functions as an integrated whole, but it is nade of systens that are
hi erarchical |y organi zed, the primary goal of sensory integrationtherapyisto
provide the child with sensory information that will assist in organizing the
vestibular, tactile and proprio-receptive systems so that he or she can develop
higher functioning abilities such as attention, language interaction and motor

abilities.
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Traditional Sensory Integrationtherapy is narrowy defined as more
than a collection of sensory stinulation activities (Ayresl979). It involves the
use of enhanced, controlled, sensory stinulation in the context of a
meaningful, self-directed activity in order to elicit an adaptive behavior,
(Koomar & Bundy, 1991) (Cited in Muer, 1999).  The inportant
characteristics of Sensory integration therapy includes the client's self
selection of activities, individualized treatment based on the client's
characteristics of sensory integrative dysfunction and appropriately graded
level s of challenge. A child who exhibits difficulties in sensory mdulationis
hel ped to respond in a nore adaptive way to sights, sounds, touch, and
movenent experiences (Parham & Mailloux, 1996) (cited in Mauer, 1999).
Clinical studiesin Sensoryintegrationtherapy have shown significant changes
in behavior during and after therapy, including inproved ability to organize
responses to the physical environment (Humphries, Wight, Snider & M

Dougal I, 1992) (Citedin Mauer, 1999).

8. Kottler'sprogram (Kottler, 1972) (Gited in Barr, 1976)

In this programKottler (1972) (Cited in Barr, 1976) presents activities

for rehabilitating children with auditory localization, sound discrimnation and
sound sequencing deficits. Cass activities and games are designed to train
students in each auditory skill. Activities for sound localization progress in
difficulty fromchild to sound, to stationary child to moving sound, to moving

child to stationary sound.
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9. Auditory perceptual trainingprogram (Butter, Hedrick & Manning, 1973)

(CitedinWlleford. J. A &BurleighJ. M 1985)

Butter, Hedrick, & Manning developed the auditory perceptual
training sprogram (APT) in the year 1973. This remediation program consists
of 39 tape recorded |essons that are divided into four basic units which include

exer ci ses such as:

Listen for sounds- selective listening, vigilance, tenporal sequencing, speech

sound discrinination and analysis.

Listen for words and speakers- intonation patterns, voice identification,

tenporal sequencing, auditory closure and auditory synthesis.

Listen to remenber- recognition of the number of sounds and syllables in
words and phrases and figure ground discrimnation through conpeting

nmessages.

Listen to learn nore difficult conpeting messages and recognition of subject

verh agreement, active and passive voice and conplex syntactical structures.

Thi's remediation plan is intended for children who have |earning or

reading problems related to inadequate or faulty processing of auditory
informtion. If the child fails Conposite Auditory Perceptual Test, the
authors recommend this programtwice a week. The authors of auditory
perceptual training program have expressed that the program was extensively
researched and field tested on over 1500 children. But no docunentation is

provided to support the contention that inprovement is the result of the
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programrat her than of maturation or of other factors (WIleford &Burleigh,

1985).

10. Elkonin procedure: (E konin, 1973) (Cted in Chermak & Misiek, 1997)

This procedure was given by the Soviet Psychologist, Elkoninin 1973

(Citedin Chermack &Misiek, 1997). Inthis procedure, thechildis presented
withalinedrawi ng of an object, whichwill reliablyelicit awordinthechilds
active vocabulary. Belowthe picture is arectangle divided into sections
equi val ent t o the nunber of phonenes i nthe picturedword. Thechildis
taught to say thewordslowly puttingacounter intothe appropriate section of
the di agramfor each phonene as a word is pronounced. After this gameis
played with many different picturized words, and when the child can do the
task successful 'y without the diagram the concept of vowel and consonant is
introduced. The color of the counter is different for vowel s and consonants
(e.g. pink for vowel s and white for consonants). \When only vowel is present

thechildisaskedtoputitinthepinkcolor counter.

The El konin procedure has many advantages. The line drawing

enabl es the childto perceive the whol e word whichis placed infront of the
child, throughout the process of analysis. Thiselimnatestheneedtorelayon
auditory menmory to retain the word being studied. The sections of the
diagramcalls attentionto the actual number of segments inthe word, thus the

chi | d does not needtoresort to guessing.

The actual content of the El konin procedure can be varied to fit the

needs of aparticular childor groupof children.
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11. Semel Auditory Processing Program (SAPP): (Semel, 1976) (Cited in

Wlleford & Burleigh, 1985).

Thi's programwas devel oped by Semel in 1976 to help teachers to
remediate children with auditory processing disorders who had problens
related to skills involved in reading cognition and communication. (Semel,
1976) (Cited in Wlleford & Burleigh, 1985).  Semel (1976) stated that
"Auditory training to awaken the child's potential is directed towards

releasing the accunulated stored auditory information that was never
properly developed'.  This type of training was ordinarily acconplished
through "feeding sequential ordered micro-units of auditory configuration

patterns to the brain" (Semel 1976) (Citedin Wlleford &Burleigh, 1985).

Semel (1976) also advocates teaching the child to listen to what he /she

hears. The childis shown howto recognize, focus, discrininate, menorize,
categorize, integrate and synthesis the various pattern of all parts that are
essential to the total auditory process. The primary enphasis of SAPP
involves theidentificationof target sounds in various words. Semel (1976)
states that central auditory processing problem can be treated by working
primarily on speech sound identification. A study done by Semel & Wig
(1981) shows that there are significant gains in auditory attention span for

unrelated words and related syllables using this program
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12. Memonic techniques: (Loftus & Loftus, 1976; Harris, 1992) (Cited in

Cher mak & Musi ek, 1997).

Mheroni cs refer to artificial or contrived memory aids for organizing
information (e.g. Acronyms, rhymes, Verbal nediators, visual imagery,
drawing) that operate through the application of basic |earning principles
(Exanples of basic learning skills are association,  organization,
meani ngful ness, attention) (Harris, 1992, Loftus & Loftus, 1976, cited in

Cher mak & Musi ek, 1997).

In contrast to naturally learned strategies, memonics are consciously
| earned and used. Mhenoni ¢ techni ques and systens have shown to i nprove
menory in subjects of different ages, including preschool age children and

ol der adults (Lenin, 1976) (Citedin Chermak & Misiek, 1997).

According to Misiek & Chermak (1995) (Cited in Bellis 1996)
el aboration, transformation, chunking and coding are the four mmenonic
techni ques enconpassing the majority of frequently used internal menory

devi ces.

(i) Elaboration: This involves assigning meaning to items to be remenbered

by recastingthemi nmeani ngf ul sentences, anal ogi s or acronyns.

(i) Transformation: This involves recasting conplicated material into a
more basic form that can be renembered more easily. This gives the

individual a concise means for storing conplicated material.

(iii) Chunking: Thisinvolves organizingitensinto categories.
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(iv) Coding: Creating mental images or drawing pictures to capture

informationpresented auditorily.

(v) Practice: practice or rehearsal is a necessary and common nethod
enpl oyed toimprove nenmory, however the quantity of practiceis secondary
to the quality of practice (Wong 1982; Swanson, 1983; Bauer & Enhert,

1984) (Citedin Chernmak & Misi ek, 1997).

13. Visco Devel opnental Training Program (VDTP): (Etten & Watson 1977)

(Citedin Chermak, 1997)

Etten & Watson (1977) (Cited in Chermak 1997) have described a

four-year programdevel oped by Visco (1977) (Citedin Chermak, 1997). This
focuses on the development of auditory perception using nonverbal auditory
stimuli. The programis divided intotwo units and is designed for students in
kindergarten through third grade. Unit | has 64 lessons and Unit Il has 70
lessons.  Each unit has seven levels of nonverbal auditory perception. The
seven |evel s represent a hierarchy of devel opment. They are, attention to
auditory stimuli, sound verses no sound, sound |ocalization, discrimnating
between sounds, discrimnating sound sequences, auditory figure ground,
associ ating sound sources. This hierarchy assunes that each task |eads tothe
next and that the mastery of each step of the devel opmental sequence is

necessary to accurate processing of the auditory stimli.

The above levels are elicited by three types of responses, |istening
telling and sensori-notor. Inunit | listeningactivity, thechildhastolisten

and respond by telling, singingor saying. InUnit |1, thechildisprovidedwith
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worksheets with visual representations. The Auditory stimuli are provided,
the child has to listen and match the auditory stinulus with the correct visual

representations.

According to Etten & Watson (1977) (Cited in Chermak, 1997) the
positive feature of this programis the worksheets. They contain large clear
ilTustrations inunclustered format. There are oftenthree or four [ines per page
with no nore than five stimlus itemper line. This helps to assure that the
primary efforts can be directed towards solving the auditory problens, rather

than making the child shift through a conplicated visual display.

14. The fourth 'R remembering: (Hays & Pereira, 1977) (CGted in Katz.,

Stecker, NA, & Henderson, 1992)

This is a programby Hays & Pereira for parents and teachers. This
programis ina book form The activities areinthe formof games. They are
designed to devel op menory and attention ability of young children. The
book is divided into eight chapters. The first lesson includes memory
techni ques. The lessons are organized according to the Guilford's structure of
the intellect. The sequence of the [essons are (i) Teacher and children discuss
and handl e lesson materials, (ii) Memory technique for a particular gane is
di scussed and practiced, (iii) the game is demonstrated, (iv) the game is
played, (v) the game is repeated. A work book of exercises and
supplenentary aids acconpany the text. According to the authors, it is a well
organi zed program whichis informative w thout beingtechnical. However,

the efficacy of this programhas not been mentioned by the authors.
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15. Heasl ey' s Met hod: (Heasl ey, 1980)

Accordingly to Heasley (1980) the devel opment of auditory attention
and attention spanwill helpthe listener to attendto the desired nessage while

i gnoring the other sounds.

I'nthis method initially achild has tolisten to repeat words and

sentences that are presented in the presence of soft background sound from a
record player or a radio. The questions will be asked in the presence of
gradual Iy louder extraneous sound. The next step is to tell a story against
background sound that can be controlled for |oudness and questions shoul d be
asked about the story. Appropriate reinforcement should be given for the

correct responses.

16. Auditory continuous performance tasks: (Lindgren & Lyons, 1984; Keith,

1994) (Cited in Chermak &Misi ek, 1997)

Auditory vigilance is trained using this procedure (Keith 1994;

Lindgren., Lyons, 1984; Sergeant & Vander Mere, 1990) (Citedin Chermak &
Misi ek, 1997). Inthistechnique, theclientisrequiredtosustainattentiontoa
continuous stream of auditory stimulus, such as environmental sounds,
syllables, or words and to respond by raising a hand or tapping the table
whenever aparticular stinulusisheard. Failureto detect thetarget stinulus
reflectsinattention. Falsepositiveerrorsi.e respondingtoastinulusother
than the target stinmulus may reflect inpulsivity. Auditory continuous
performance task al ong wi t h appropriate reinforcement strategies will helpin

i mprovingattentionspan.
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17. Auditory Integrationtraining (AIT): (Berard, 1993)

Berard (1993) reported that distortions in the auditory system (Peaks &
Val | eys inthe audi ogram coul d produce probl ens i nbehavi or and cogni ti on.
Threshol d di fferences between adj acent frequenci es of 5 dBwere consi dered
tobesignificant. Hereportedthat Al Tstrengthenedthem ddl e ear nuscl es,
which inturninproved the person's abilityto respondto [oud sound. Another
theory is that the stimulus used in AI'T (Misic nodulated in a random
unpredi ctabl e way) stinulates anarea of thereticul ar activating system(Locus
coeruleus and lateral tegmental area). The reticular activating systemreceives
input fromvestibular and auditory pathways. [t contains neurotransmitters,
whi ch have a role in arousal, alerting, motivation, enotion, nmemory and
reorgani zation (Cool & Farber, 1990; Frick & Lawton-Shirley, 1994). AIT
invol ves isteningtomsicwithfrequenciesthat result inhyperacquityfiltered
out. The auditory systemreacts to this therapy by adjusting the totality of the
frequenci es heard. Thus the audi ometric curvetendstoflattenandhearingis
normal i zed mai ntai ningthefrequency differencesbut elimnatingthehyper
acute areas. The out come of Al T leads to reductionin sound sensitivities
(Rimand & Edel son, 1994), reduction in behaviour probl ens (Cortex- Mker
& Pankseep, 1993; Creedon, Edelson, & Scharee, 1994, cited in Madell,
1999), inproved audi tory attention, lessdifficul tyunderstandingspeech inthe
presence of noi se and an increased rate of |anguage | earning (Keith, 1999).
However, Yencer (1998) studied the effectiveness of AI'T on children
di agnosed wi t h CAPD and he concl uded that there was no effect on auditory

measur es or behaviours after attending AlT.
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18. Bellis Method: (Bellis, 1996)

Bellis (1996) suggested approaches for the nmanagement of binaural

separation dysfunction. It includes environmental adaptations that inprove
the listener's access totarget auditoryinformationwhile decreasing conpeting
signal's and al so teaching of conpensatory strategies to assist the listener in

directing attention.

19. Earobics: (Cognitive Concepts Inc., 1997-2000)

This program has been developed by Cognitive Concepts
I ncor poration. Earobics includes program for providing explicit
conprehensive phonol ogi cal awareness and auditory processing training for
the prevention and remediation of reading and other Ianguage hased
disabilities in children aged between 47 years (Cognitive Concepts Inc.,
1997-2000). There are six games and they are directed to tap different
auditory perceptual sub skills. The ganes Karloon's Bal | oon, C C Coal Car,
Rap- A- Tap- Tap, Rhynme Tine, Caterpillar connection, and Basket full of eggs

work onauditory attention.

20. Prosody Training: (Msiek & Chermak, 1997)

According to Misiek & Chermak (1997), the prosodic training should

begin with words in which a change in syllabic stress pattern changes the
neani ng of the word. Once thechildis trainedwithwords, the focus should
then be on sentences in which subtle differences in stress, temporal cueing or

other prosodic features alter the meaning of the entire sentence. The child
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shoul d al'so be trained to detect the key words. The child is taught to listen
specifically for subject, verb and object while placing less enphasis on article,

conjunctions and other less important words.

Reading aloud daily with special enphasis on animation is a good
exercise for these children. It not only increases the reading aptitude but al so
reinforces the use of rhythm stress and intonation in expressive |anguage
(Bellis, 1996). According to the authors the children will be able to process

auditory informtionmore efficientlyafter trainingwiththis program

21. Fast Forward: (Scientific learning Corporation, 1998)

Fast forward is a conputer software programthat has heen designed to

build skills that child with |anguage |earning inpairment need for |istening,
speaking and reading. It incorporates acoustically modified speech in
exercises to improve language decoding skills of children with language
learning inpairments by helping them to discrimnate subtle differences in
sounds. The ganes are designedtotrainchildrenwith|anguage i mpairnent to
process sounds and wor ds at increasing rate of presentations until they are able
to discrimnate and fol low directions that are presented at the typical rate of
conversational speaking.  There are also games to build phonol ogical
awar eness, a skill which scientific earning corporation suggests i s necessary

for childrento read.

This programconsists of seven ganmes. Cients play five ganmes each

day as automatically determined by the software. A total of 100 minutes of
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playing the gane per day is necessary. When the child denonstrates mastery
of skills necessary for the first level of the game for several successive tines,
the software automatically advances to the next level.  The child's
performance is continuously monitored and saved by the program so that the
level of the gane the childis playingisboth challenging and rewarding. The
suggested criterion for finishingthe fast forward programis conpleting at
least 80% (or reaching level 5 gane play) on five of the seven ganes. Time
for achieving this criterion differs fromchild to child, but it is usually

achieved within 4 to 8 weeks range.

Fast forward is one of the learning intervention options that are
desi gned to i nprove |anguage skills by targeting specific auditory abilities
such as tenporal processing or the ability to process sound segments as they
occur sequentiallyintime(ScientificlearningCorporation, 1998). According
to Veale (1999), Speech-Language pathol ogists, teachers, and parents report
increase in overall language abilities including auditory processing speed,
wor ki ng menor y, phonol ogi cal awareness, |istening and conprehension skills
and syntactic abilities using this program Children who have conpl eted the
protocol are described as being more focused and attentive, and more invol ved
inclass activities. They appear to have increased self confidence and fewer
behaviour problems (Scientific Learning corporation, 1999).  However,
Gillam (1999) suggests that extensive scientific studies are needed to
substantiate the claim that inprovements in language neasures can be

val i dat ed several months after theintervention.
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22. Simon: (Musiek, Baran & Schochat, 1999)

This is a commercially available programin the formof gane,

described by Misiek, Baran & Schochat, (1999). This game taps the tenporal
abilities. It requires the sequencing of the tones that generate patterns of
sounds and associated wi th flashing colored |ights. Atone is added to the
sequence every time the previ ous sequence is recogni zed correctly. This game

isuseful for frequency discrimnationtraining.

Conput er Based Therapy/ Conputer Program Materials:

Here is alist of conputer based therapy prograns that are in practice

toremediate auditory probl ems inchildrenwth CAPD.

* Captain's Log Personal Trainer
«  Diphonics
« FEarobics
+  Fast Forward
« laureate Special Needs Software

+  Lindamood Bel |

Captain's Log Personal Trainer

Captain's Log Personal Trainer trains auditory discrimnation, auditory

attention and memory. The programis designed for individuals fromage 4
through adult who have difficulty processing informationduetobraininjuries,
ADHD, auditory processing disorders, learning disabilities or cognitive

deficits.
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Di phoni cs:

It is a conputer-driven self paced dichotic phonic tutorial for CAPD and
dysl exi awhi chis publishedby Sonido, Inc. Theprogramis availableasa
school based versionandaversionfor parents. The programwas devel oped

by Leslie WD

Ear obi cs:

Earobics' Auditory Devel opment & Phonics CD- ROMPrograms teach t he

listeningskills. Childrenneedtobe better readers, listeners and |earners.

+ Earobics Step 1; teaches phonenic awareness and auditory processing

skills. Recommended for devel opment al ages four to seven.

+ Earobics Step 2; teaches |istening, phonol ogical awareness, phonics,
and language conprehension skills. Used for children in the

devel opment al age of sevento ten.

« Earobics 1 for Adolescents & Adults devel ops auditory processing,
phonol ogi cal awareness and spoken |anguage processing skills.

Recormended f or ages tenthrough adul t.

Fast Forward:

Fast forward is conputer software that has been designed to build
skills that child with language |earning inpairment need  for [listening,
speaking, and reading. This language i ntervention optionis designedto

inprove language skills by targeting specific auditory abilities such as
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temporal processing or the ability to process sound segments as they occur
sequential ly intime (Scientific learning Corporation, 1998). The fast-for-
word has the following five ganes t o be played. The gane play i s both

chal I engi ng and reinforci ng.

« Away W Go: Devel ops skills including phonol ogi cal awareness,
rhymng, letter - name association, relational differences, follow ng
directions, working menory, and mouse-notor skills. The programis
intended for children between the devel opmental ages of four through
seven. Parents may buy the program directly fromthe Scientific

Lear ni ng Conpany.

« Fast Forward: Is a set of CD- ROMexercises for |anguage-|earning
inpaired children ages four through twelve. The program works on
audi tory processing speed, working memory, serial order processing,
phonol ogi cal  awareness, listening conprehension, syntax and

mor phol ogy.

 Step Forward (formerly known as Fast Forward 2) is available to

childrenwho have conpletedthe first Fast Forward program

« 4 WD Is atraining programfor adolescents and adults. The program
works —on phonol ogical  awareness, language and Iistening
conprehensi on, working nenmory, syntax, grammar and sequencing

skills, sustained and focused attention.
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The Fast Forward programs are available only through professionals

who have beentrainedandcertifiedtousethe program

Laureate Special Needs Software

Laureate Special Needs Sof tware programeconsists of the foll owing activities:

« Nouns and Sounds
« The Fol l owingDirections Series includes:
0 FollowingDirections: One and Two- Level Conmands

0 FollowingDirections: Left andRi ght

Linda nood Bell

Li ndamood- Bel | Learning Processes contains prograns |ike:

* Visualizing/Verbalizing for Language Conprehension and Thinking
+ Lindamood Phonene Sequencing ( Li PS)

e FormerlycalledAuditoryDiscrimnationinDepth("ADD').

Di chonics CAPD Software Package: Auditory Processing Therapy &

Di agnosti cs

[tisarigidinstrumental (operant) baseline-controlled drill and

assessment program It meticul ously documents central auditory processing
abilities, and step-by-step tutorial progress. Progress is measured on a ninute-
to-mnute basis and data i s i nmediately available for review Assessment for

many conmon entities s built into the ongoing behavioral analysis.
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Dichonics is an integrated mlti-tasked program constructed to measure and
modi fy the operant behavior of persons who display depressed |anguage and
| earning acquisition skills centered on auditory processing activities. More
succinctly, Dichonics is arigid operant (instrumental) program  Cperant
"conditioning" depends on growth and character of baseline as a measure of
quantity and quality of a stinulus-based response paradigm However, while
the forgoing is avery inportant segment of Di chonics, the conponent that is
the main focus is the tenporal asymmetry test called Virtual Image Analysis

(VIA),

Di choni ¢s Probes:

Dichonics disk 1 is built on nine phonenic |essons which are threaded
intoeachdrill, probe, and ganme. Duringthelessondrills, games and probes
will arise that must be conpleted. These tasks are comprised of phonenes in
the current lesson or fromany |esson that the student has conpl eted.

Phonenes are taught using visual, auditory, and kinesthetic nodes of |earning.

Listed below i s a brief description on the probes and games that t he

student wi || encounter.

Phoneme Menory - Auditory memory span and retention are critical factors in
CAPD and ADHD type disorders. Auditory menory seens to fluctuate
almost from moment to moment. A lesson learned today is alesson forgotten
tonmorrow.  This portion of the Dichonics program aims to provide basic

diagnostic informationindicatingand qualifyingthe presence of an auditory
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mermory problem  To a lesser degree, the activity quantifies memory

probl ens.

Phoneme I nventory - The ability to deci pher phonem ¢ content is dim nished
in students with CAPD. The Phoneme Inventory activity is both an

assessnent tool for defining any weakness and drill for i mprovenent.

Wor d DiscrimnationwthNoise- The student will hear two words that he/she
nust decide are the sane or different. This test is performedin several types
of noise. The Word Discrimnation test is performed and tracked in three

different positions, left only, right only, and diotic.

Virtual Image Analysis - The Virtual Imge Analysis (VIA) is a patented
dichotic listening test included with the Dichonics software. The VI A data
tracked i n Di chonics shows central auditory processing routing of a stinulus
that has been systematically altered inthe time domain. Helps to determne

whichsideof thebrainisdomnant or if thereis adonnant side.

Ti c-Tac- Toe - One of the first tasks the student completes is tic-tac-toe. This
gane is used along wi th the therapist to verify that the student is able to use
the mouse properly. Requires the student to click on gane pieces and drag
theminto the enpty board, thus performng the two main tasks of using the

nouse.

Word Search - Word Search all ows students to build three sound words out of
a bank of phonemes. These words can then be checked to see if they are

correct words or j ust randoml etters.
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Egg Hunt - The Egg Hunt gane helps students |earn discrinination of

phoneni ¢ sounds. This game has three levels of increasing complexity.

Phonem ¢ Farm- This board style game requires students to spin a phonene
and then nmove the game piece (chicken) to the next occurrence of this

phoneme. It is usually the favorite of all the ganes.

Catal ogs Offering CAPD Remediation Materials

Apart fromthe conputer based approaches, materials in the formof
catal ogs and manual s are also available for treatment of auditory processing

di sorders.

Lists of Mterials/Catalogs:

+ Academ ¢ Communi cati on Associ at es
« Academ ¢ Therapy Publications

«  Linguisystens

Communi cation Ski || Builders

« I'maginart Communi cation Products

¢« Pro-H

The Speech Bin

* Super Duper Publications

Thi nki ng Publ i cations
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Academ ¢ Communi cati on Associ at es

Listen, Think, and Remenber: Activities for Attention, Menory and
Conprehension Skills, A collection of games, activities and reproducible

worksheet s for ages 4 through 12. Available April 1998.

Language Exercises for Auditory Processing (LEAP): For ages 4

through 9.

« Language Exercises for Auditory Processing - Preschool (LEAP-P):

For ages 3 through 5 (preschool and ki ndergarten).

LEAP Auditory Processing Games: For ages 5 through 10. Available

April 1998,

Pragmatic Adventures in Listening: Language Activities for Inproving

Attention, Memory and Conpr ehensi on. For ages 5t hrough 9.

Story Sequencing Activity Resource: Worksheets activities to

strengthen storytellingand sequenci ng skills. For ages 7 through 14.

« Language Adventure Ganes: Kit includes four full-color game boards
for auditory processing, vocabulary, and verbal reasoning skills. For

ages 4t hrough 8.

+ Perceive and Respond Auditory Prograns: Three-vol ume audi ot apes
program designed to help students with auditory attention,

di scrimnationand/ or menmory probl ens. For ages 5t hrough Adul t .

44



Listening Lesson for the Early El ementary C assroom Curricul um For

ages 5t hrough 8.

Li stening Lessons for the Classroom Curriculum For ages 9 through

16.

Auditory Processing Enhancement Programs: Four-volume set of
audi ot apes and wor ksheets. Vol umel -- Auditory Memory/ Chunki ng
Techni ques; Vol ume 11-Phonol ogi cal Awareness and Discrimnation;
Volume I'I I —Fol | owi ngAuditory Directions; Volume [V--Critical

Li stening and Speed Li stening. For ages 5t hrough Adul t.

Academi ¢ Therapy Publications

« Auditory Processes, by Pamela G This is a hook about auditory

processing disorders. The author provides many suggested remedial
exercises grouped according to specific auditory difficulties. Also
included is a chapter on cormercially available auditory processing

progr ans.

* The Listen and Learn Connection by Gace W F, Ed. D. Intended for

classroom use, the program has 67 lessons presenting facts about
biology, geology, language arts, history and functional facts of
everyday living. Students listento short paragraphs read al oud and

mar k answer s on wor ksheet s.

* Fine Tuning: An Auditory Visual Training Program
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Comuni cation Skill Builders- the Psychological Corporation:

« Listening with Kids: Parents as Partners: Carryover assignments
intended t o be sent home to reinforce skills worked on in therapy.
Targets four areas: tuning in, listening for details, [istening to
remenber, and | isteningto understand. For ages 4 to 10.

o Listenand Draw, an integrated skills activity program Wil e listening
to audi ot ape directions, childrendrawpictureswhichinclude dinosaurs
and butterflies. Skills enphasized are semantic aspects of | anguage,
i stening/auditory perception, conprehension and menory. For ages 6

to 12. Manual plus two audi ot apes.

' maginart Communication Products

« Menmory Stretch Following Direction Tapes. There are two sets of
tapes: Primary Memory Stretch, for K through grade 2 and Memory

Stretchl I, forgrade2throughspecial gradejunior high.

« Following Directions with R-S-L-CH TH Sounds.

* Audi tory Processing Activitiesfor ages6through11.

« Listening Skills Indoor Sounds and Qut door Sounds.

« Listening Games and Activities: Separate workbooks for Pre-Readers,

Begi nni ng Readers, Grades 3-4 and G ades 5-8.
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Li ngui Syst ens

* No-G anour Auditory Processing: For ages 5 to 11.

» SPARC for Phonol ogi cal Awareness and Listening Conprehension:

For ages 4t 0 10.

o HELP for Auditory Processing: For ages 6 to Adult.

* HELP Handbook of Exercises for Language Processing: For ages 6to

Adul t.

Pro-Ed Speech Language and Hearing Catal og

* Auditory Perception Training (APT) for kindergarten through grade 6.

o AuditoryDiscrimnationGane

¢ Auditory Menory f or Language f or nonreaders and preschool ers.

The Speech Bin: 1-800-4- SPEECH

« Wat Is Auditory Processing? Suggestions for Parents and Teachers:

Package of ten 16-page hookl et s.

* BoredomRx: Acollection of activities enphasizing listening carefully,

pragmatics, remenbering and fol | owing directions

* Processing Power: A Quide to CAPD Assessment and Treatnment by

Jeananne, M Ferre, Ph.D

 Auditory Processing Activities

« ListeningWthKids: Parents as Partners
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¢ Menory Stretch

« Auditory Perceptual Devel opment Remedial Activities

« Auditory Reasoni ng and Processi ng Remedi al Activities

+ The Listen and Learn Connection

« Lindamood Phoneme Sequencing Program (LiPS) for Reading,
Spel Iing and Speech: This is arevisionof Lindamod Bel|'s Auditory

Di scrimnationinDepth. (ADD)

o Central Auditory Processing Disorders: Strategies for Use with

Chi I dren and Adults by Dorothy Kelly.

 Fine Tuning: Kids listen to spoken directions to draw pictures on a

grid.

o Listening Skills: Indoor and Qutdoor Sounds

« Listento This! Auditory Processing

Super Duper Publications

* Auditory Processing Super Pak: 114 pages of activities, for grades K-4.

« Followi ng Auditory Directions: Reproducible workbook for grades K-

3

« Coordinating Auditory Information: Designed to inprove students'

abilitytolistenand categorize. For G ades K- 6.
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Processing Auditory Messages Exactly & Totally: Reproducible

wor kbook f or grades K-6.

Listening & Remenbering Specific Details: Wbrkbook for grades

Prek- 2.

Auditory Discrinination Ganme: Game has three parts: Part | has
rhymng words; Part 11 has words with same initia and final
consonants sound, with changes i nvowel sounds; Part | | | has words

wi t h changes in final consonant sound only.

Audi tory Menory for Language: Multisensory programfor teaching

young chil dren oral syntax and grammar. Gades K-2.

Audi t ory Processing Activities: For ages 6-11.

Audi tory Processing of " WH' Words: For grades K-3.

Bui I ding Auditory Direction Skills: For grades Prek-2.

Listening and Following Directions 8 Pack: Set of 8 workbooks and
audi o cassettes. Four of the audio cassettes have background noise

added t o si mul at e a cl assroomenvi ronnent .

Listening Lotto-ry: Lotto games enphasizing auditory discrimnation

and l'isteningskills. For grades k3.

Listen to This: An Auditory Processing Program Auditory processing
exercises using picture symbols. No reading skills required. For any

age.
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Thi nking Publications

« Listenand Recal|: Menory Strategies for Adol escents and Adul ts

« Attention and Memory Vol ume |: CD ROM package. The Language
Attention Mdule may be purchased separately. Designed to improve
vocabul ary devel opment, sound segmentation and word bl ending,

audi tory processing of singleandmulti-syllabicwords.

Chermak (1981) studied and classifiedthe available therapy techniques

intothefol | owi ngfour basic approaches:

1. Traditional direct approach: (Lesener, 1976) (Citedin Chermak 1981):

This approach enphasizes on the assessment and remediation of an
individual's auditory processing skills such as memory, attention,
discrimnationetc. Although this approach appears |ogical, itsvalidityis
questionable. The client may manifest progress in the specific skill areas
being remedi ated and tested, however the carryover to border kinds of | earning

isuncertain (Lesener, 1976, citedin Chermak, 1981).

2. Supportive servicesand counseling: (W !leford&Bilger, 1978):

Wlleford & Bilger (1978) suggested a remediation program that
invol ves counseling the child, fam |y and educational personnel concerning
the nature of auditory processing problems and controls for coping with the
audi tory world. Accordingto the authors, carryover inthe formof inproved
comunication skills, better grades and heightened self-esteem may result

fromthis approach.
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3. Experimental - Linguistic approaches: (Ling 1978)

Thi's approach was advocated by Ling (1978) it enphasizes on active
communi cation within realistic and meaningful contexts. Even though sone
timeis spent in developingthe individuals' auditory processing skillsasinthe
"Traditional direct approach”, most of the time is ainmed at developing a
mobi i zationtowardauditorystimli andthe successful i ncorporationof these
stimuli into comunicative and academc endeavors. It is believed that
through proper counseling and the provision of realistic and meaningful
experiences that demand good listening skills, the child presenting deficient
audi toryskillswil | benefitinternsof better communicationskills, inmproved

academ ¢ function and enhanced self image.

4. Psychoacoustic or molecul ar approach: (Mizeas, 1972)

Auditory processing remediation conducted within the frame work of
psychoacoustic (molecular) approach focuses on the skills delineated by
Mazeas (1972). Remediation activities resolve around attenpts to inprove the

client's detectionof frequency, intensity, andtimedifferences.

The nore recent approaches to auditory training can be placed into
several categories, nanely anal ytic, synthetic, pragmatic and eclectic (Bl arney
& Alcantara, 1994). The analytic approach attenpts to break speech into
smal | er components that serves as the basis for auditory training. The
synthetic approach is therapy that uses cues fromcontext and syntax to help
derive meaning. The pragmatic approach has the [listener control

communi cation factors such as intensity, signal-to-noiseratiosandsoon. The
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eclectic approach is defined by combining several of the auditory training

procedur es ment i oned above.

The use of auditory training for auditory processing disorders is not
new  The concept of auditory training to stimulate auditory related problens
dates back to pre-nedieval times (Misiek & Berge, 1988). Initially auditory
training was used to enabl e hearing inmpaired individual s make maxi mumuse
of their residual hearing. However, since 1960 it has been used in the
rehabilitation of individuals with CAPD (Misiek & Berge 1998) (Cited in
Veale, 1999). The use of auditory training for APD is based on the belief that
it would assist these individuals by maximzing the use of hearing abilities.
Auditory Training is directed towards improving basic auditory skills such as
auditory vigilance, temporal and spectral detection and discrinination, and
inter-hemspheric transfer. These skills enconpass both spectral processing
and tenporal processing which are essential for phonetic distinctions.
Contenporary training or auditory skills development training is used to

strengt hen perceptual process and teach specific academic skills.

The use of auditory training in treatment of APD is now targeting the
brain as the min site of mediation. The brain unlike the auditory peripheryis
plastic. Accordingto Scheich (1991) (Cited in Misiek & Berge, 1998) there
are three general types of plasticity, developnental, conpensatory (After
lesion or damage) and | earning related. Enhancenent through auditory training
for CAPD could involve all the three types of plasticity. Miusiek & Berge,
(1998) states that auditory plasticity can be defined as the alteration of nerve

cells to better confirm to imediate environnental influences, with this
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alteration often associated with behavioral change.  Appropriate auditory
stimulation can result in changes in the auditory system One of the earliest
studies showed that whiterats reared in the environnment that provided avaried
and systematic sound stinmulation have auditory cortices that were different
fromthose of control animals that were reared in normal sound environment
(Hassmannaova, Myslivecek & Novakova, 1981). Logan (1982) (Cited in
Jirsa, 1992) reported that auditory stinulation of the fetus strengthen nerve
connections and provides the neurons the "information nourishment" that
exercises themthe nost. This increases the synaptic connections between
neurons, which helps in saving a percentage of neurons fromdying before
birth. Thus, appropriate stinulation can result in changes in the neural

audi tory system

The trend now in APD managenent is towards more individualized
prescriptive and evidence based therapy (Wertz, Hall, & Davis, 2002).
According to Bellis (2002) the utility of deficit specific intervention for APD
i's based on three primary assunptions. First assumptionis that, certain basic
auditory skills or processes underlie more conplex listening, learning and
conmuni cation utilities,  The second assunmption underlying the utility of
deficit specific interventionfor APDis that the capability exists for identifying
those auditory processes that are dysfunctional ina givenindividual through
the use of diagnostic tests of central auditory function. A final assunption
inportant to the utility of deficit-specific intervention for APD is that, once
identified, remediation of the underlying deficient auditory processes will
facilitate i nprovement inthose higher orders, more conpl ex functional ability

areas wi t hwhi chagivenindividual isexperiencingdifficulties.
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The use of direct therapeutic techniques has gained considerable
inportance in the recent past. These techniques aimat alleviating specific
audi tory processing problens that an individual mght have. The purpose of
direct remediationactivitiesisto maximze neuro-plasticityandtoinprove
auditory performance by changing the way the brain process auditory
information (Bellis, 1996; Chermak & Misi ek, 1997, Misi ek & Jerger, 2000,

citedinBellis, 2002).

Katz & Burge (1971) (Cited in Katz & Wlde, 1994) have discussed
the use of speech in noise desensitization therapy tapes. They found that
children who were exposed to speech under controlled noise conditions were
abl e to devel op a greater tol erance for background noi se and showed a greater
abilitytorespond correctly to speech under noise conditions. Mnetti &M
Cartney (1979) (Cited in Katz, Chertoff & Sawusch, 1984) studied the effect
of practice on the staggered spondaic word test.  They conpared the
performance on the first 20 SSWitens with the remaining 20 itens and found
that after counter balancing the half of the test givenfirst, there was a
significant inprovement on the second half. The results indicate that the

subjects benefited indichotic |isteningperformnce after practice.

Katz, Chertoff, & Sawusch (1984) provided dichotic offset trainingfor
children presenting auditory processing problens. Children who
demonstrated difficulty on staggered spondaic word test (Katz, 1962) were
given a systematic series of programmed dichotic |istening sessions. Ten
subjects in the age range of 7-10 years were taken for the study. The

experimental group consisted of 4 male and 1 female subjects while the
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control group consisted of 5 male subjects. The children were given a
systematic series of progranmmed dichotic |istening sessions everyday for one
hour, twice aweek, for fifteen sessions. The dichotic offset training material
were an expanded version of the staggered dichotic digit test, developed as
part of the study. They further compared the pre and post therapy scores. The
results reveal ed a consistent pattern of i nprovement after the initial therapy
sessions. | mproved performance was noted on the test-retest results for the
staggered dichotic digit test. However, they found a lack of statistically
significant inprovement on the staggered spondaic word test and in speech in
noi se test. However, observation of the individual subject's performance

revealed a trend towards inprovement.

Hayes & Jerger (1979) eval uated ai ded performance in a sound field
by a group of patients with a speech audiometric pattern consistent with
peripheral sensitivity deficit and a group with a pattern consistent with
audi tory processing disorder. They found that those with auditory processing
disorder did not performwell with hearing aid as those with no auditory
processing disorders. They also found that, performance declined with

increasing degree of auditory processing conponent.

Hasbrouck. (1980) (Cited in Keith 1999) studied the performnce of
students wi t h auditory figure-ground disorders under conditions of unilateral
and bilateral ear occlusion. The subjects comprised of 21 |earning disabled
students inthe age range of 4 years 7 months to 17 years and 2 nonths. Al |
the subjects had hearing wit hinnormal acuity withinthe speech frequency and

scored bel owthe 25th percentile on the noise subtest of the Gol dman-Fristoe &
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Wodcock Test of Auditory discrimnation. Stimuli were presented in sound
field by means of an audi o tape-recorder under the fol | owing conditions of ear
occlusion, (a) Occlusionof theright ear only (b) COcclusion of the left ear
only and (c) occlusion of both the ears sinultaneously. Each subject was
randonly assigned to one of the six different orders of occlusion.  Ear
occl usion was acconplished using one or both nuffs of Clark model 117 ear
protectors.  The results showed that occlusion of the ear served by the
defective neurological system reduces or elimnates its figure-ground
mal function, elimnates the binaural interference, and allows the unaffected
ear tofilter background noise, all of whichresultedininprovedfigure-ground

per f or mance.

Kahler (1983) (Citedin Katz & Wlde, 1994) selected a set of children
fromthe first grade who performed poorly on a phonene synthesis test and
provided programmed phoneme synthesis therapy for half of the children for
one year. At the end of thefirst grade the childreninthe therapy group scored
significantly better on phonene synthesis test as well as on test of reading
ability than the children who did not receive therapy. Thus the results suggest
that programmed phonene synthesis therapy will bring about a significant
inprovement in children with APD. The results of a sound by sound therapy
approach have also been found to show beneficial effects on post-phonene
synthesis, auditory processingtests andarticul ation performancetasks (Katz &

Har mon, 1981, Katz. 1983).

Mul l'in & Lange (1984) (Cited in Katz, Chertoff & Sawsch, 1984)

studied the efficacy of auditory, visual, and menory training lessons in 42
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kindergarten children. The lessons consisted of variety of [istening tasks
lasting for 15 minutes each. The pre and post test consisted of identifying the
correct pictures which were given in a multiple choice format.  The post
training performance was shown to be significantly higher at the 0.01 |evel of

confi dence.

Shapiro & Mstal (1985) studied whether ITE hearing aids aided
auditory training for reading and spelling disabled children. Two boys and
two girls in the age range of 7.5 years to 110 years with essentially normal
hearing but associated with reading and spelling problens were fitted high
frequency enhanced | TE hearing aids. The preliminary result showed definite
i nprovenent in speech and auditory memory performance in the children
fitted with high frequency enhancing aids. They also stated that unlike FM
auditory trainer this trainers has unlimted mobility, is tiny and is

comrercially available.

Misi ek & Shochat (1990) (Citedin Msiek &Chermak, 1997) showed
that there was a significant i mprovement in binaural listening when dichotic
training was incorporated in the auditory training. Prior to the auditory
training, the listener demonstrated aunilateral deficit ondichoticdigittestand
moderate bilateral deficits on compressed speech. Training involved directing
the stinulus to the better ear at a reduced I evel, while maintaining the higher
intensity to the ear with poor scores. This paradigm maintains a good
performance level in the weaker ear as the intensity level of the good ear is

gradual Iy raised over a period of time. This allowed inproved performnce of
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the good ear to stabilize back to normal andto maintainthe inmprovement of

t he weaker ear at ahi gher | ever of performance.

Jirsa (1992) investigated whether P300 could be used to reflect
behavioral changes resulting from therapeutic intervention in a group of
childrenwith CAPD. Results showed a significant decrease in P300 Iatency,
along with a significant increase in its anplitude following a structured

treat ment program

Various studies have heen conducted to study the ef fect of perceptual
training. Merzenich, Johnston, Schrenier, Mller & Tallal (1996) (Cited in
Veale, 1999) &Tal lal et al. (1996) (Citedin Veale, 1999) have describedthe
positive effects of conmputer based ganmes that train to modify tenporal
processing deficits in these children. Merzenich et al (1996) (Cited in Gllam
1999) claimed that these studies strongly indicate that the fundanental

temporal processing deficits can be over come by training.

Studies by Merzenich, Jenkins, Johnston, Schreiner, Mller & Tallal

(1996) reported inprovement in children with language |earning problens
with auditory perceptual training and training on time extended and anplified
transition of speech. These well controlled studies show the inportance of
auditory training and demonstrate how auditory training can inprove
performance. Auditory discrimnationandphonene analysis are so i nportant
to spoken |anguage conprehension, that treatment prograns for auditory
processing disorders have been constructed (Sloan, 1986). Chermack &
Misei k (1997) devel oped a conprehensive managenent approach, to tackle

the range of listening and learning deficits experienced by children with
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auditory processing disorders. The intervention was a combination of auditory
training, neta-linguistic and meta-cognitive strategies designed to increase the

scope and use of auditory and central mechani sm

Yencer (1998) studiedthe effects of Auditory IntegrationTrainingon
thirty six children who were diagnosed as CAPD. He used three conditions,
an experinmental condition (who |istenedto Al T nusic), aplacebo condition
(who listened to modulated nusic), and control condition (who did not Iisten
tonusicat all). Childrenwithautism pervasive devel opmental disorder and
mul tiple handicaps were excluded from the study. A battery of tests was
admnistered to the subjects prior and one month following the Iistening
sessions.  The test battery included, standard audiometric testing, the SSW
test, the phonemc synthesizer, ABR, P300, and speech in noise test.
Significant inprovements were found for the first two conditions on all
measures except for the speech in noise test. Electro physiological changes
have been found in ABR results pre and post auditory integration therapy
(Edel son, et al. 1999). In the study by Highfill and Cimoulli (1995)
(Chermack & Misei k, 1997) changes in brain stemfunctioning using positron
em ssions tomography (PET) was measured before treatment, one day and six
mnths post AIT.  The results indicated normalized brain activity in the
occipital lobe. Electro physiological changes have been found in auditory

brain stemevoked response results pre and post Al T (Edelson, et al. 1999).

Kraus, McGee, Carrel, King, Tremblay, Nicol (1999) tried to

det erm ne whet her trainingin speech contrast discrimnationwouldresultin
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changes in the neurophysiology of the central auditory system MMN which
reflects the central processing by five stinulus difference and shows prom se
asatool for studyingtheneurophysiol ogy underlyingthe perceptionof subtle
speech contrast were used. Inthe behavioral discrimnationtask the results
indicatedasignificant inprovement inprevs. post trainingdiscrimnation of
the two stimli dal and da2. The mean scores increased fromb6%to 67 %
before and after training. This inprovement in scores was noticed after a
course of six one hour discrimnation sessions. The training paradigm
consisted of a same-different two alternative forced choice discrimnation task.
A visual feedback was presented after each trial to indicate whether the
response was correct. The training was given for 13 healthy normal hearing
adults. To assess the stability of behavioral performance over time, 11 of the
subjects were retested one month fol | owing the last training sessions. The
behavioral performance was remarkably stable after a month of the last
training session. MMN was recorded immediately before the first training
session and imediately after the sixth session. MMN was elicited by the
sane synthetic speech stimilus pair used for behavioral training. Speech
stimuli were presented through insert phonestothe right ear at 75 dB SPL and
the subjects were instructed to watch videotaped movies. The stinulus was
presented using an oddbal | paradigmin which the deviant stimuli (5% was
presentedinaseries of standardstimuli (85% . The results showed that there
was a significant change in the duration and area of the MMN |atency and

magni tude after training.

Trenbl ay et al. (2001) noticed dramatic changes in FMRI study after

fast-for-word therapy. They have shown that dyslexic subjects who listento
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synthetic speech utterances with slow versus fast consonant |ike onsets differ
markedl'y fromnormals. The normal brain responds nore vigorously to the
fast onset stimuli that emul ate speech inthe left frontal areas and cerebellar

areas.

Kuj al a, Kanura, Lepoeine, Belitz, Turkkila, Ter Vainem h Naatanem
(2001) conducted a study to determine whether audiovisual training without
linguistic mterial has a remediation effect on reading skills and central
auditory processing in dyslexic children. Forty eight reading disabled children
were selected. They were divided equally into experimental and control
group. A conputer gane consisting of abstract nonverbal task that require
audi ovi sual non-linguistic mtching was used for training. There were 14
training sessions for aperiodof sevenweeks each | astingfor 10 m nutes each
twi ce aweek. Bot hel ectrophysiol ogical andbehavioral recordingsinterns of
reaction time were carried out for tones. Pre and post test group difference
were found inthemfollow ngthe audiovisual training. The results suggest
that perceptual training with nonlinguistic audiovisual stimli causes changes
intheneural substrate of sound di scrimnationandaninprovenment inreading

skills.

Bi schof, Gatzka, Strchlow, Haffner, Parzer, & Resch (2002) studied

the effect of auditory discrinination training on reading and orthographic
performnce in children with dyslexia The training was given for
discrimnation of tonal and speech stimuli. The results showed a significant
difference between the pre and post training auditory discrinmnation

performance. They al so observed a significant correlation between auditory
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discrimnation, reading and orthography performance. Kujala & Naatanam
(2001) reported that in dyslexic children the change in the reading skills

measures wi th training correlated with change in MMN anplitude.

Putter-Katz et al, (2002) conpared the listening skills of a group of
children with APD, before and after a structured intervention program A
group of 20 childrenin the age range of 7 years and 11 nonths to 14 years and
4 months of age participated inthe study. These children were divided into
two groups. Goup-1 consisted of 11 children who had poor scores on the
speech-in-noi se test but normal scores on the dichotic test, whilethe Goup-1I
children consisted of 9 children who had reduced scores on both the tests.
Both the group children were given treatment.  The treatment program
extended f or one 45 m nut e session per week for aperiod of 4 nonths. The
treatment program focused on environmental nodifications, remediation
techni ques and conpensatory strategies. The environmental modification in
the program included teaching suggestions, counseling about the nature of
APD and inportance of keeping the learning environment highly redundant,
recomendations to decrease background noise, use preferential seating and
use of tape-recorders in lecturers. The conpensatory strategies included
auditory closure, speech reading, assistive listening devices and neta-
cognitive awareness enhancement. Parental  involvement was also
instrumental towards success. Remediation techniques aimed at improving
overal | auditory processing abilities, especially in a noisy environment.
Training tasks included |isteningand comprehensionactivitiesinthe presence
of noise or conpeting verbal stimuli and selective, divided attention tasks.

The treatment tasks were built hierarchically as a function of |anguage
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conplexity and at different |evels of background noi se and conpeting speech.
The results revealed a significant inprovement in the right ear scores for the
speech innoisetest inthegroup | subjects fol | owingtreatment. Nodifference
was found in the performance scores of the left ear before and after treatment.
No di fference was foundinthe pre and post treatnent performnce scores of
the group | subjectsinthedichotic |isteningtasks. However, the pre and post
treatment scores for the group-11 subjects was significantly different for each
test in the battery following intervention, except for the short competing
sentence test for the right ear. The results revealed a significant improvement
in children who underwent training in the listening skills. The study revealed
that the auditory function of the children participating in the study
denonstrated sone inprovement followi ng intervention as indicated by the
i mproved performance on speech-in-noi se and conpeting sentence tasks. In
addition, the authors report that these i mprovements were approved by parents
and teachers who reported inprovement in overall listening behaviours at

hone and i nthe classroom

Hayes et al. (2003) examined the plasticity of the central auditory
pat hway and acconpanying cognitive changes in children with |earning
probl ems. Twenty seven | earning di sabl ed chil drenwereenrol | edin Earobics
(1997) training programand the control group was normel s and | earning
disabled children who did not undergo remediation program ABR was
evaluated in response to clicks and speech stimuli in quite and cortical
responses t o speech stimuli were obtainedinquite andnoise. Resultsreveal ed

that in quiet condition, the cortical responses reflected an accelerated
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maturational pattern and innoise, cortical responses became nore resistant to

degradation. They concluded that, ABRdidn't change wi thtraining.

Yathiraj & Mscarenhas (2003) studied five fluent English speaking
children diagnosed as APD by a hattery of tests including speech-in-noise test,
dichotic GV test, and duration pattern test, auditory sequencing test.  The
control group consisted of 5 age and gender matched children.  The
experimental group children were given therapy in English. Deficit specific
therapy was given for thirty sessions of forty five ninutes duration each, for
the deficits they demonstrated. The mterial included activities for phonene
synthesis, auditory integration, auditory separation and recognition of [ow
redundancy speech, auditory menory (recall and sequencing) and duration
pattern recognition. The performance of the experimental group children pre
and post therapy was conpared with the scores of the control group children.
There was a significant i mprovenment inthechildrenfor all theteststhat were
admnistered, suggesting that deficit specific therapy does bring about an
inprovement in their auditory performance. The feedback from parents and
teachers also revealed that there was a generalization of the newiy |earned
skills both at the home and in the classroom They concluded that children
with APD can be helped if they are given rigorous training to improve their

percepti on.

An auditory training technique to inprove dichotic listening skills was
attenpted by English, Martonik, & Moir (2003). They hypothesized that
providing left ear auditory stimulation inproves dichotic listening skills in

typically developing children. Ten children with reduced Ieft ear dichotic digit
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test scores were taken as subjects for the treatnent. In addition to dichotic
listening deficits, subjects presented with problems in auditory discrimnation,
auditory sequential memory and tenporal resolution. Eight out of the ten
subjects had right ear scores within normal linits but left ear scores were
reduced. Al | subjectsweregiventraininginauditorytrainingprogramfor 10
to 13 weeks and received two hours of individualized auditory training per
week. Each subject was instructed to listen carefully to the tape recorded
material for two mnutes with headphones placed on the ears and the story
delivered tothe left ear only. Followingthistreatnent it was found that all the
ten subjects had i mproved left ear scores fol lowingtreatment. Thus the result
shows that, providing auditory stimulation to the left ear inproves left ear

SCOres.

Phoneni ¢ synt hesi s has been another technique used in childrenwith
audi tory processing problens (Katz & Wlde, 1994). Bellis (1996) states that
the purpose of phoneme training is to help the child to learn to devel op
accurate phonemic representation and to inprove speech-to-print skills.
Phonemi ¢ synthesis skills involve the blending of discrete phonemes into the

correct |y sequenced and co-articul at ed sound patt erns.

Trenblay et al. (2001) studied two groups of children with specific
| anguage i npai rnent and normals. Both groups went through Fast Forward
programand the clinical evaluations of the |anguage fundanentals-3 were
admnistered on both the groups before and after training. Prelimnary results
show that there was an i nprovenent of | anguage skills in concomitant with an

increase of Medi al Ofivary Cochl ear Functions. When MLR s were run onthe
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children before and after training, it was found that majority of the children
showed no Pb and after successful treatment with fast forward, their MLR' s
normalized. Tremblay et al (2001) showed dramatic changes in FMRI after

fast-for-word.

Deppel er, Taranto & Bench (2004) exam ned changes i n performance
of eight Australian children with [anguage inpairment of varying severity and
with auditory processing difficulties. The subjects were trained with fast-for-
wor d programfor one hour and forty mnutes each week for six weeks. The

resul ts showed i ncrease i nreceptive and expressive | anguage scores.

Al t hough sone drugs have been shown to inprove menory |osses
associated with neurodegenerative diseases such as Alzheiner's disease,

Phar macol ogi cal therapies are not available for the treatment of CAPD.

External conpensatory aids eg prosthetic devices and cognitive
orthotic devices may be preferred over internal strategies by children younger
than 11 years, because they offer a relatively powerful and i mmedi ate neans
to augment menory. However, external devices shoul d not be used to the
exclusion of internal aids and repetitive practice are preferable because they
require an individuals active role and self regulation and therefore more likely
to be applied across settings and maintained over time. Prosthetic devise are
non-el ectronic or non-conputerized el ectronic devices or systens which are
usual Iy inexpensive and relatively sinple to learn to use. Eg alarm clocks,
watches, signs, icons, checklists etc.  Cognitive orthotic devices enploy
conputers and software to performmenory functions for the subject. Eg.

t el ephone answer i ng machi ne, spel I'i ngand grammar checkers, etc.

66



Binaural separation and integration are processes that are critical to
everyday listening, particularly in school environment. Dysfunction in the
process of hbinaural separation and integration may be expressed in the
behavi oural synptons of difficulty inhearing in the presence of background
noi se or when nore than one person is talking at the sane time. Auditory
function that rely upon binaural interaction include localization and
lateralization of auditory stimuli, binaural release from masking, detection of

signal in noise, and binaural fusion (Bellis 1996).

Binaural integration is the ability of a listener to process information
being presented to both ears sinul taneously, withtheinformtionpresentedto
each ear being different (Bellis, 1996). Integration deficits are characterized
by the difficulty in tasks that require inter-hem spheric comunication. This
difficulty my be within and or across modality. The child with integration
deficit will have difficulty in integrating auditory and visual functions, or in
integrating linguistic-based auditory information with nonlinguistic auditory
information such as rhythmand pattern perception (Bellis, 1996). Children
with integration deficits typically denonstrate abnormal [eft ear suppression
on dichotic listening tasks conbined with bilateral deficit on tests of tenporal
patterni ngwhenverbal report isrequired. Atthenmost severeform integration
deficit will result in an inability to perceive prosody, with the result, the
spoken sent ences sounds | i ke strings of unrelated words withnorelative stress
to enphasize key words and other inportant cues. In this situation,
conpr ehensi on of spoken nessage is severely affected. Behaviorally the child

with integration deficit will exhibit difficulty with multimdality task that
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requires inter-hemspheric co-operation. Hence, such skills like asking for
dictation, which requires auditory visual interaction, may be poor, as well as

the task that require multi-sensory pattern perception.

Binaural separation refers to the ability of a listener to processes an
auditory message coming into one ear while ignoring a disparate message
being presented to the opposite ear at the same time (Bellis, 1996). Auditory
separation refers to a task where the individual attends to one signal while
i gnori ng anot her background signal. Such activities have been carried out in
binaural as well as mono-aural situations. It is directed towards inproving the
basic auditory skills which include vigilance, tenporal gap detection, and
intensity or frequency discrimnation, tone glide discrimnation, tenporal
order discrimnation, flutter fusion, [lateralization and inter-hem spheric
transfer. Katz &Burge (1971) anal yzed the i nprovenent in speech-in-noise
inagroup of children and noted post therapy inprovement of monosyl |l abic
wor ds presented in the presence of noise. Thus such activity woul d help in
better auditory perception in the presence of noise in children with auditory
processing disorders. Studies by O sen, Noffsinger &Kurdziel (1975), Sinha
(1959) (Cited in Wlleford & Burleigh, 1985 & Bellis, 2001), Noffsinger,
Osen, Carhart, Hart & Sahgal (1972) & Moral es-Graci a & Pool e (1972) have
suggest ed that speech di scrim nationinthe presence of monotically presented

noi se, decreases withboth brainstemandtenporal |obe invol vement.

Research in the recent past has indicated how auditory training
improves auditory perceptual skills in children with auditory processing

problems. Appropriate auditory stimulation can result in changes in the
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auditory system Fromthe reviewit can be noted that, of the many auditory
processing disabilitiesthechildwithauditory processing disorder faces, the
predom nant anong them is auditory integration and auditory separation
activities. So, these two activities have to be given nore inportance and more
care in designing a training module. Hence, it would be ideal to develop
training mdule to tackle these processes in order to inprove the overall

audi tory perceptual skills.

Hence in the present study an attenpt has been made to devel op a
computer based therapy module in Kannada for children with auditory
processing disorders and to evaluate the efficacy of conputer based therapy
programin inmproving auditory perceptual skills in children with auditory
perceptual problems. It also ainsin evaluatingthe useful ness of the therapy
programimmediately after termnation of the therapy and also after a gap of
two nonths to see howthe children are able to maintain the newly acquired
skills. Devel opment of auditory training mterial in Kannada, for children
who have auditory processing probl ems, woul d be hi ghly beneficial for alarge
nunber of children who suffer from this problem  Further, personal
computers are nowa-days widely available in schools. Hence a large

popul ationwoul d have easy access t o conput er based t rai ni ng.
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METHOD



METHOD

Ohj ectives of the study

The objectives of the present study were:

1) To devel op a conput er based t herapy modul e i n Kannada f or chi | dren
with auditory processing disorders in the processes of auditory
separationandauditoryintegration,

2) To examne the efficacy of the newly devel oped therapy module in

treating childrenwith auditory processing disorders.

Subj ect's

Atotal of 34 subjects with auditory processing disorder participatedin
the study. The diagnosis was based on the results of series of tests to identify
central auditory processing disorder (CAPD). Based on the type of auditory
process inmpaired, the subjects were classified into three groups: Goup 1
consisted of 9 Subjects with difficulty in auditory separation task. G oup 2
conprised of 11 subjects with difficultyinauditory integrationtask and the
remaining 14 subjects who exhibited difficultyinhoth auditory separation and
auditory integration tasks formed the third group. The subjects fromthese
three groups were randomy selected and subclassifed into experimental and
control group. The experimental subjects fromthe respective groups received
therapy using the newy developed conputerized training module in the
specified tasks, whereas the control group subjects were not given any

therapy.
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Table M 1: Shows the distribution of subjects anmong the Experimental and

Control group.

Audi tory Experi ment al Control Goup | Total number of
Processing tasks group subj ects
Audi tory 5 4 9
separati on
Audi tory 6 5 11
integration
Audi tory
separation and 7 7 14
auditory
integration

Test Material Used for Identification of Childrenwith Central Auditory

Processing Di sorder:

The Auditory Processing Screening Checklist-

(Raj al akshm & Gopi Sankar, 2003).

Teachers/ Parent s

« The CD version of Dichotic Digit Test (DDT) developed in Audio lab

version - | | (Regishia, 2003).

« The CDversion of Pitch Pattern Test (PPT) devel oped in Audio lab

version - | I (Shivani, 2003).

« The CD version of Conpeting Sentence Test (CST) developed in

Audiolabversion- | | (Ravanan&Rajal akshm , 2004).
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Therapy Materials Used for Facilitating Auditory Integration and

Auditory Separation Tasks:

Material sfor AuditoryIntegration:

Auditory integration mdul e includedtwo different activities- auditory
closure and Dichotic offset training activities. The activities for auditory
closure were: missingword exercises at the sentence and phrase | evel , m ssing
syllabl e and m ssi ng phonemne exercises at the word level. The materials were

organi zed at varyinglevelsof difficulty.

For Dichotic Offset training activities, dichotic material with words,
phrases and sentences were devel oped. The |ag was varied starting with gross
of fset lags, where the stimuli were presented one after the other with a
sufficient time gapinbetweentwo stinulus presentations. The hierarchy of

i tems was prepared ranging fromeasy tothe more difficult activities.

Material for Auditory Separation:

Thi's invol ved preparing speech material in the presence of different
types of noise at different [evels. Material suchas words, phrases, sentences
were used. The material was presentedat different signal-to-noiseratioswith
the different types of noiseincludingwhite noise, speech noise, narrowband
noi se, trafficnoise, cafeterianoise, classroomnoise, kitchen noise, market
place noise and noi se fromthe chirping of birds. The SNratio varied from
+20 dB to -10 dB. The material was prepared in increasing level of difficulty,
such that the childrenwere trained first withthe easier task and then movedto

the more difficult task. Initially phrases and sentences were presented at a +20
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dB SNratio. As the child became proficient at performng a task, the N

ratiowas decreased. Asimlar procedure was fol | owed for words as wel|.

The therapy modul es for auditory integration and auditory separation
were initially recorded i n the formof wave files into a conputer and then
using the Audi o lab version- |1 they were convertedto dichotic files and saved
into separate wave files. The subjects receivingtherapy were playedthe files
through audi tory mode using head phones for the first 25 sessions. Later it
was presented through speakers. The subjects were given training for 45
mnutes daily. Initial 20 nminutes of therapy was utilized to train the child in
the specifictaskwhileduringtheremainingtine, thechildplayedinteractive
ganes. This was done to make the child more attentive and it al so acted as

reinforcenent for the child.

Envi ronment

Al'l the tests for the diagnosis of auditory processing disorders were
carried out in a sound treated roomof the Department of Audiol ogy, AllSH,

M;sore. Thetrainingwas carriedout inadistractionfreeenvironment.

Instrumentation:

« Acalibrated two-channel audi ometer with facility for COY Tape input.
« Acalibrated Inmttance instrunent.
* AnaudioCDplayertopresent thevarioustests' stimuli foridentifying

audi tory processing di sorder.
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« Audio lab version-I1 for developing the Competing Sentence Test and
for preparing the training mdul es.

« Apersonal computer toinpart training.

Procedure

The procedure invol ved the f ol | owi ng stages.

Stage one: Competing Sentence Test-revised in Kannada for children

(Ravanan &Raj al akshmi, 2004) was devel oped and st andar di zed.

Stage two: Screeningwas carriedout toidentifychildrenat riskforauditory
processing disorders. Three schools located in the city of Msore were
selected. A total of 440 children in the age range of 8 to 12 years were
screened for any speech, language, hearing or ENT problems. 21 children
were found to present speech, language or hearing problem These children
were not includedinthestudy. Followi ngthis, thechildrenwere adninistered
Auditory Processing Screening Checklist- parents/teachers (Rajalakshm &
Gopi Sankar, 2003). 98 children failed the screening checklist. These 98
children were later admnistered Ravines Colored Progressive Matrices
(RCPM Raven., Court, & Raven.,( 1977). Of which, eight children were
found to posses below average intelligence and thus were not part of the
present study. The remaining 90 subjects were carried to next stage of the

st udy.

Stage three: Abattery of diagnostic tests was adm nistered onthe 90 children

who failedinthe auditory processing checklist. The tests adm nistered were
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Dichotic Digit Test (DDT), Pitch Pattern Test (PPT), and Conpeting Sentence

Test (CST).

A) Dichotic Digit test (DDT) in Kannada: The CD version of Dichotic Digit
Test (Kannada) devel opedinAudiolabversion-I1 (Regishia, 2003) was used.
Two pairs of digits in Kannada were presented dichotical l'y, while the children
repeated orally what they heard. A total of 30 presentations were given for
each child. [Initially, the children were given practice trails fol l owed by the
test material. The time interval between two stinulus presentations was varied

fromd4 to 8 seconds. Both single and double correct scores were obtained.

B) Pitch Pattern Test (PPT): The CD version of the Pitch Pattern Test

devel oped in Audio |ab- version-I1 (Shivani, 2003) was used. It consists of
thirty itens per ear. There were three presentations per item The subjects
were instructed to report the tonal pattern heard in each ear. The responses

were scored as each itemcorrect.

C) Competing Sentence Test (CST) in Kannada: Based on the available
Conpeting Sentence Tests (Jerger & Jerger, 1975), a Kannada version of CST
for Children was devel oped and standardized for the purpose of this study. It
consists of 30 target and 30 conpeting sentences.  The sentences were
presented binaurally such that the target sentence was routed to the test ear
whi | e the competing sentence fed to the non-test ear. The child should hear
bot h the sentences and respond to the target sentence. Scores were obtained

for the correct responses.
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Fol [ owingthetestsadninistration, 34childrenfailedineitherorall of
the tests. These children were selected as subjects for the study. The scores
obtained for the various tests were tabulated and formed the baseline
assessnent score of each child.  The 34 subjects were grouped into three
categories as children who had problemin auditory integration task, auditory
separation task, and those who had difficulty in both the tasks. The subjects
were then classified into experimental group and control group within these

three categori es.

Stage four involved development of master CD.  The CD contained therapy
material for the processes of auditory separation and auditory integration. The
material consists of extensive range of vocabulary with pictures inthe formof
audio files.  The vocabulary was selected from the school text books

appropriatetotheagelevel of children.

Stage five: A pilot study was carried out on two |earning disabled children
aged 10 and 12 years respectively, to check the feasibility of newy devel oped
computerized therapy material.  The children performed below par on the
Audi t ory Processing Screening Checklist (Rajal akshm & Gopi Sankar, 2003)
and the diagnostic tests of DDT, PPT, and CST. Conputer based training was
inmparted to these children with the newy developed therapy nodules in
audi tory separationand audi tory integrationtasks for thirtysessions, witheach
session lasting 45 mnutes. Fol | owing therapy, for the childrenwith APD, the
scores of the experimental group (Learning Disability Children) were
conpared with the age and gender matched normal control group children

who did not receive any training. The results showed a steady improvement in
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the test scores of experimental group children at pre and post therapy. The
normal controls, however, didnot showany change in scores after the sane
period. Thepilot studywas al sohel pful inmakingcertainalterationsthat |ed
to inprovenent of the training modules. An abstract of the article based on
the pilot study has been accepted for presentation at the World Congress of
Applied Linguistics to be held in Madison, USA from25th to 27th July 2005

(Ravanan & Raj al akshm 2005).

Stage six: Children diagnosed as APD were divided into experimental group
and control group based on random sanpling.  The experimental group
childrenwere given therapy with either or both of the newy developed
material for thirty sessions of approximately 45 mnutes duration each. The
type of training nodule to be used depended on the auditory process that was
found to be deficient in the baseline assessment. The therapy included
interactive games as well. The items were prepared in a hierarchical order
such that the tasks were easier initially and gradual |'y progressingto the more

difficultitens.

Stage Seven: Re-eval uationwiththe same test material s was done for all the
subjects at the end of fifteen sessions, thirty sessions, and after two nonths of
therapy to check any inmprovement in the test scores compared to the baseline
measures.  The re-evaluation was al so needed to examne the consistency of
performance or if any degradation in scores is present over a period of time
during therapy. Inaddition, feedback was obtained fromthe school teachers,
care takers and fam |y menbers regarding progress of the child, any

behavioral changes, or any other relevant changes. After the conpletion of
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therapy for thirty sessions, all the subjects were given a break of two months
and re-evaluated again on the same tests to deternmine i f there was any
variation in scores. This provided information whether the subjects who
attended therapy were able to sustain inprovement or if any deteriorationis

noticed after the termnation of therapy.

The results have been presented and discussed in detail in the next

chapter.
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RESULTS AND DI SCUSSI ON

Thirty-four children with various auditory processing difficulties were

selected as subjects by assessing using checklist and a battery of three tests.
The data obtained were tabulated and statistical evaluations were carried out
using SPSS Version 10.0 for wi ndows. Mean and standard deviation of the
results of DDT, PPT, and CST tests for three different activities: auditory
separation, auditory integration, and both auditory integration & auditory
separation were obtained, to assess iftherewas any inprovement inchildren
who underwent therapy with the newy developed training nodule and to
check if there was any change in the scores of subjects after the therapy was
termnated. Conparisons were nade for each activity, bet ween the test results
of DDT, PPT, and CST at four different intervals of therapy (pre-therapy, at
the end of fifteenth session, at the end of thirtieth session, and after a gap of
two nonths fol | owing cessation of therapy) and between experimental and

control groups. Thesignificanceof differencesbetweenthe neans was tested.

Miltivariateanalysisof variance ( MANOVA) was enpl oyedto see the
main effect and interaction effects of conditions (four different intervals of
therapy), and groups (Experimental vs. Control group) in all the three tests.
For better understanding, this was followed by one-way ANOVA with
repeated factors for four conditions (separately for experimental and control
groups). I ninstances where significant results were observed wi th ANOVA,
Duncan's Post Hoc test was administered to see the pair-wise differences. The

simlarstatistical procedurewasusedfor auditoryseparationactivity, auditory
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integration activity, and for hoth auditory integration & auditory separation

activities.

Two- way ANOVA, fol I owed by one-way ANOVA for repeated factors
was used to observe the main and interaction effects of conditions and groups
for doubl e correct scores. The significant results were followed by Duncan's

Post Hoc test.

Repeated neasure ANOVA was performed for each activity
(combining DDT, PPT and CST scores) to see the difference in test scores at
different intervals of therapy using the new y devel oped conputerized training

modul e in experimental group.

The results of the statistical analysis are as fol | ows:

Auditory Separation activity

Table R 1 shows the mean and standard deviation of Dichotic Digits
Test, Pitch Pattern Test and Conpeting Sentence Test at pre-therapy, fifteen
days post-therapy, thirty days post-therapy, and at two nonths after t he
conpl etionof therapy, of all the subjects who underwent therapy for auditory
separationtask (See Gaph 1, 2, 3). As canbe observed fromthetable, all the
subj ects performed wel | inDichoticDigits Test (DDT) and Pitch Pattern Test
(PPT) with their pre-therapy scores above 27. The subjects had a passing
score for DDT and PPT at pre-therapy stage and maintained simlar
performance al | through the training period and even after two nonths after
the break of therapy. However, the subjects demonstrated poor performance

prior to the therapy on the Conpeting Sentence Test (CST). The score was
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within 12 for both experimental and control group subjects in either ears.
Since the scores were bel ow par conpared to the existing norms, the subjects
were diagnosed as children with APD, who had specific problemin auditory
separation task. The training was initiated for this group of experinental
subjectsinauditoryseparationactivity. It canbenotedfromthetablethat the
CST score of the experimental group children inmproved steadily fromR-9.80,
Lt-10.80 at the pre-therapy stage to R-12.20, Lt-12.00 onthe fifteenth day, to
R-16.80, Lt-16.20 on the thirtieth day. The score continued to inprove
slightly even after the cessation of therapy. At two months following the
cessation of therapy, the CST score stood at Ri-18.20, Lt-17.60. It reveals that
the i nprovement was maintained even after the training stopped. At the sane
time, it can be noted fromthe table that the CST score of the control group
subjects did not vary simlar tothe experimental group. The CST scores of the
control group subjects were R-10.75, Lt-9.75 at pre-therapy stage and
remained at R-10.50, Lt-10.50; Rt-11, Lt-11 onfifteenthday andthirtieth day
respectively. It can also be noted that upon re-evaluation after two months
gap, the scores obtained were R-11.25, Lt-10.50. The CST results of the
control group thus remained al most similar through out thetrainingperiodand
di d not show any obvious variability. The inprovement in CST scores of the
experimental group subjectsinbothleft andright ear suggests that the subjects
benefited by therapy using auditory separation activity. The experinental
group subjects infact denonstrated consistent inprovement even at two
months fol | owi ng therapy. It can thus be inferred that the newly devel oped
conputerized training mdul e i s useful for alleviating problems in auditory

separation in children with Central Auditory Processing Disorders.
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Table R 1. Auditory Separation activity [Mean, Standard Deviation of
Dichotic Digit Test (DDT), Pitch Pattern Test (PPT), and Conpeting Sentence
Test CST)].

o T arous | ot tian I DDT PPT CST
ar | Group | Condition N o7 SD | Mean | SD | Mean | SD
R Exp | e 286.80| 109 | 28.60 | 167 9.80 | 148
5days |5 27.90| .% | 27.00 | .70 | 12.20 | L9

30 days 28.60 | .54 | 28.80 .83 | 16.80 | 2.28

After 2m| | 28.60 108 | 29.40 | .54 | 18.20 | 2.28

Con | pre 20.00| 108 | 29.50 | L.00 | 10.75 | .%
5days | 4 26.75| 184 | 28.00 | 115 10.50 | .57

30 days 27.75| 150 | 28.50 | .57 | 1L.00 | .8l

Ater2m| |27.75 119 | 27.75 | .% 1.2 1%

Ep | pre 28.60 124 | 29.00 | 173 | 10.80 | .44

T Gdays | 5 27.40| L34 | 28.80 | .4 | 12.00 | 2.2
30 days 2850 100 | 29.00 | 100 | 16.20 | L%

Ater2m|  28.40 108 | 29.40 .54 | 17.60 | 2.07

Con | pre 27871 L6 | 3000 .0 | 975 | .%
5days | 4 [27.50 147 | 28.50 | 129 | 10.50 | .57

30 days 28.75 .8 | 29.00 | .81 | 1100 | .81

AMter2m| 2737 154 | 28.00 .8 | 10.50 | 129

Table R 2 shows the mean and standard deviation of the double correct
scores of the Dichotic Digit Test of the subjects who underwent therapy for
audi tory separationactivityat pre-therapy, fifteendaysafter therapy, thirty
days after therapy and after two months of therapy (see Graph 4). It can be
seen that al | the subjects had a passing score for double correct scores of DDT
at the pre-therapy stage and they maintained simlar scores all through the
period and after two months fol | owi ng therapy. The double correct score for
the experimental group subjects was 25.00 at the pre-therapy condition, 25.80
at theend of thirty days, and 26.00 at t wo mont hs of therapy. It can be noted
that there was no change in the double correct scores of the DDT in
experimental group subjects, who underwent therapy for auditory separation

activity. The scores of the control group were 25.50 on the pre therapy
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assessnent, 24.750onthefifteenthday, 25.50 onthethirtiethday and 24. 50 on
the assessment after two nonths. Thus, it can be observedthat inthe control
group subjects the scores di d not change and remai ned sim|ar throughout the

study peri od.

Table R 2: Auditory separation activity (Mean and Standard Deviation of
Dichotic digit test- Double correct score).

DDT- Doubl e correct

G oup Condition | N Scores
Mean SD
Pre- Ther apy 25. 00 4.30
: 15 days 25. 20 4.14
Brperimental o days | 5 | 25.80 | 3.27
After 2 m 26. 00 3.16
Pre-t herapy 25.50 4.20
15 days 24.75 2.50
Control 0days | 4| 2550 | 2.88
After 2 m 24.50 3.69
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Tabl e R3: Results of MANOVA Showi ng the F-val ue and significance val ues
of auditory separation activity.

Sour ce Dependent .

Vaeiable di F §g

Condi tions DDT (3,64) 3.38 . 023*
PPT (3,64) 4,31 . 008**
CST (3, 64) 29. 70 . 000***

G oups DDT (1,64) 3.16 .080

PPT (1,64) . 153 . 697
CST (1, 64) 97.34 . 000***

Conditions Vs DDT (3, 64) .29 . 828
G oups PPT (3,64) 4.85 . 004**
CST (3,64) 20. 62 . 000***

* Significant at 0.05 levels (2-tailed)
* Gignificant at 0.01 levels (2 tailed)
¥k Significant at 0.001 levels (2 tailed)

Tabl e R 3 shows the results of MANOVA with the various tests (DDT,
PPT, and CST) as dependent variable and conditions and groups as
independent variables. It was observed that there was a significant difference
inall the three tests between conditions. The PPT (significant at .01 [evel) and
CST (significant at .00L level) scores were more significant than DDT
(significant at .06 level). Since the CST was highly significant it gives an
opinion that the subjects showed inprovement in the scores in auditory
separation activity (from table RI'). Also, in CST, we can see significant
di fference between the groups (significant at .001 level). It is evident from
Table R 3 that, there is significant effect of the interaction of conditions and
groups. Hence, One-way ANOVA was carried out for conditions (separately

for experimental and control groups) and the result is as follows.
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Table R4 Results of one-way ANOVA of the experimental group subjects
auditory separation activity.

Tests df F Sig.
DDT (3,36) 2.169 .109
PPT (3,36) 3.205 . 035*
CST (3,36) 37.843 . 000***

* Significant at 0.05 levels (2-tailed)
¥ Significant at 0.001 levels (2 tailed)

Table R4 shows the results of one-way ANOVA of the experinental
group subjects with the various tests (DDT, PPT, and CST). It is observed
that there was a significant difference in PPT (significant at .05 level) and CST
(significant at .001 level), but not in DDT. Duncan's post Hoc Test was
administeredtoseethe pair-wisedifferences. It isevident fromTableR5that
in PPT, there is significant difference betweenfifteen days and after two
months. Table R 6 shows the Post Hoc test result of CST. It is evident from
thetablethat thereissignificant differencebetweenpre-therapy, fifteen days
andthirtydays (or after 2months). Thereisnosignificant difference between
thirty days andt wo mont hs after therapy inthe experimental group subjects. In

both PPT and CST, we can observe an increasing trend in the scores.
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Tabl e R5: Results of the Post Hoc Tests- Condition- homogeneous Subtests
PPT of the Experimental group subjects - auditory separationactivity.

Condi tions N Subset for al pha=.05
| 2
15 days 10 27.90
Pre-t herapy 10 28. 80 28. 80
30 days 10 28.90 28.90
After 2 nonths 10 29. 40
significance . 062 259

Tabl e R6: Results of the Post Hoc Tests- Condition- homogeneous Subtests
CST-inthe Experimental group subjects - auditory separationactivity.

Condi tions N Subset for al pha=.05
| 2 3
Pre-t herapy 10 10.30
15 days 10 12.10
30 days 10 16.50
After 2 nonths 10 17.90
Significance 1.00 1.00 .098

Table R7. Results of one-way ANOVA of the control group subjects -
auditory separation activity.

Test df F Significance
DDT (3,28) 151 232

PPT (3,28) 6.91 . 000***
CST (3,28) 108 310

**% Significant at 0.001 levels (2 tailed)

Table R7 shows the results of one-way ANOVA for the control group
subjects with the various tests (DDT, PPT, and CST). It is evident from the
table R7 that thereis significant difference between conditionsinthe PPTin

the control group subjects. Duncan's post hoc test was administered, and
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resultsaregiveninTable R8. It showsthat thereisnosignificant difference
between 15 days, 30 days and after 2 months, but they have significant

difference with pre-therapy. W can observe a decreasing trend.

Table R 8: Results of the Post Hoc Tests-Condition- honogeneous Subtests
PPT- of the Control groupsubjects- auditoryseparationactivity.

Condi tions N Subset for alpha=.05
1 2
After 2 months 8 27. 87
15 days 8 28.25
30 days 8 28.75
Pre-t herapy 8 29.75
Significance 067 1.000

Table R 9: Results of Two-way ANOVA Showing the F-value and
significance values of Double correct scores of DDT- Auditory separation
activity.

Sour ce df F- Val ue Significance
Condi tion (3,28) 053 984
G oups (1,28) 131 120
Condi * G oups (3,28) . 116 . 950

The two-way ANOVA reveals no significant difference in double
correct scores of DDT (Table R9). It canbe inferredthat the scores remained
simlar in both experimental and control group subjects during the course of

st udy.

Auditory Integration activity

The nean and standard devi ati ons of the scores of DDT, PPT, and CST

at pretherapy, fifteendays after therapy, thirty days after therapy and after
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two months of therapy of the subjects who underwent therapy for auditory
Integration activity are shown in Table R 10 (See Graph 5 6, 7). [t can be
seenthat al | the subjects performed bel owpar priortothetherapyinDichotic
Digits Test. The subjects who demonstrated poor performance for DDT were

diagnosed as APD. The scores of the experinmental group subjects were Rt-
19.50, Lt -18.50, while the control group subjects scored 17.70 in right ear,
20.00 in left ear at the pre-therapy condition. The scores were far bel owthan
the norns at that age. The subjects were foundto have difficulty inauditory
integration activity. It can also be seen fromthe Table R0 that al | the
subjects put inrelatively better performance onthe Pitch Pattern Test. The
subjects had a passing score for PPT at the pre-therapy stage.  The
experimental group subjects had pre-therapy PPT scores of R- 28.16, Lt-
28.33, where as the control group subjects presented scores of R-27.60, Lt-
28.80. The scores remained simlar all through the therapy period. The score
of the PPT test onthethirtieth day for the experimental group subjects was Rt
28.33, Lt-29.16, and for the control group subjects it was R-25.8, Lt-27.20. At
two nmonths after therapy, the scores were R-28.50, Lt-28.83 for the
experimental subjects and Rt-27, Lt-28.40 for the control group subjects. It
can thus be seen that the subjects maintained simlar PPT measures al | through
the study period. Simlartothe performance on PPT, al | the subjects exhibited
favourable performance on Conpeting Sentence Test.  The scores of the
experimental group subjects inthe pre-therapy condition were R- 22.16, Lt-
23.16 and for the control group subjects the results were Rt- 21.20, Lt- 22.60.
The variation in scores of CST was Iess in hoth experimental group subjects

and control group subjects. But an increasing trend can be seen in
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experimental group and decreasing trend in control group. The result on
thirtieth day of therapy for the experimental group subjects was R- 24.00, Lt-
23.50, and Rt- 20.20, Lt- 20.40 for the control group subjects. WWhen the
assessment was done after two nonths, the score of experimental group was
R-24.50, Lt-24, andfor thecontrol groupit was R-19.60, Lt 20.60. Sincethe
subjects presented difficulty in auditory integration activity, the computerized
therapy was given for this specific activity. It can be noticed in table 10 that
the DDT scores of experimental group i mproved steadily fromthe pre-therapy
stage to the thirtieth day of therapy. The scores remained high when re-
evaluation was carried out after two months of therapy. The results reveal the
utility of the computerized training modul e inalleviating problems related to

auditory integration process.

Table R 10: Auditory integration activity (Mean, Standard Deviation of the

Raw Scores of Dichotic Digit Test, Pitch Pattern Test, and Conpeting
Sent ence Test).
. DDT PPT CST

Ear | Group | Condition Mean | SD | Mean | SD | Mean | SD
Rt Exp pre 19.50 | 4.43 | 28.16 | 2.04 | 22.16 .75
15 days 19.91 4.65 | 27.50 | 1.37 | 22.33 | 1.03

30 days 22,91 3.41 28.33 | 1.21 | 24.00 | .89

After 2 m 24.41 2.28 | 28.50 | 1.04 | 24.50 | .54

Con pre 17.70 | 3.1 27.60 | 3.57 | 21.20 44

15 days 18.20 | 3.32 | 26.40 | 2.60 | 21.60 | 1.14

30 days 17.50 | 3.58 | 25.80 | 3.03 | 20.20 | 2.38

After 2 m 17.70 | 3.34 | 27.00 | 2.82 | 19.60 | .54

Exp pre 18.50 | 2.34 | 28.33 | 2.33 | 23.16 | 1.72

Lt 15 days 18.58 | 2.47 | 28.16 | 183 | 22.16 | 1.72
30 days 22.50 | 1.51 | 29.16 75 | 23.50 | 1.51

After 2 m 23.08 | 1.02 | 28.83 75 | 24.00 | .63

Con pre 20.00 | 5.72 | 28.80 | 1.78 | 22.60 | 1.51

15 days 19.00 | 351 26.00 | 3.00 | 22.20 | 1.30
30 days 20.20 | 5.32 | 27.20 | 3.03 | 20.40 | 1.14

After 2 m 20.40 | 4.80 | 28.40 | 1.34 | 20.60 | .89
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Table R1 1 shows the mean and standard deviation of the results of the
doubl e correct scores of DDT at pre-therapy, fifteendaysafter therapy, thirty
days after therapy and two months after therapy of the subjects who underwent
therapy for auditory integration activity. Prior to the start of therapy, all the
subj ects performed poorly on the double correct scores of DDT. There was a
gradual and consistent inprovement in performance of subjects who had
undergone traininginauditoryintegrationactivity, as canbeseenintheresults
demonstrated at the termnation of therapy relative to the pre-therapy stage

(Tabl e RIO) (see Graph8).

Table R 11; Auditory Integration activity (Mean Standard Deviation of the
rawscores of Dichoticdigit test- Doubl e correct score).

DDT- Doubl e

Goup | Condition N correct scores
Mean SD
Exp Pre-t her apy 7.83 8.20
15 days 6 833 6. 59

30 days 13. 66 53

After 2 m 14.50 5.24

Con Pre-t her apy 6.80 4,81
15 days S| 7.40 2.30

30 days 8.20 3.70

After 2 m 8.00 3.60
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Table R 120 Results of MANOVA Showi ng the F-value and  significance
values -Auditory Integration activity.

Sour ce Dﬁﬁ?ggfem df F significance

Condi tions DDT (3,80) 2. 847 . 043¢
PPT (3, 80) 1.603 .195
CST (3, 80) 184 .907

G oups DDT (1,80) 9. 584 . 003**

PPT (1, 80) 7.470 . 008**

CST (1,80) 66. 728 . 000***
Condition Vs DDT (3, 80) 2, 266 .087
G oups PPT (3,80) 1.105 . 352

CST (3,80) 12. 694 . 000***

* Significant at 0.05 levels (2-tailed)
* Significant at 0.01 levels (2 tailed)
wk Gignificant at 0.001 levels (2 tailed)

Tabl e R 12 shows the results of the MANOVAWi th the various tests
as dependent variabl e and conditions and groups as independent variables. [t
was observed that there is a significant difference in DDT between conditions
(Significant at .05 level's) and between groups, all the three tests showed
significant results (DDT significant at .01 levels, PPT significant at .01 levels
and CST highly significant at .00L levels). In interaction of conditions and
groups, there was significance for CST (Significant at .001 levels). This gives
the opinion that if one auditory process i s worked on, the other two auditory

processes al so show i nprovenent. This was fol | owed by one-way ANOVA.

Tabl e R13: Results of one-way ANOVA of the experinental group subjects
auditoryintegrationactivity.

Tests df F Sig.
DDT (3,44) 8. 062 . 000 **
PPT (3, 44) 972 (415
CST (3, 44) 7.418 . 000***

wk Significant at 0.00L levels (2 tailed)
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Tabl e RI3 shows the results of one-way ANOVA of the experinental
group subjects with the various tests (DDT, PPT, and CST) in auditory
integration activity. It was observed that there was a significant difference in
DDT (significant at .00L levels) and CST (significant at .00 levels), but not in
PPT. Duncan's post Hoc Test was administered to see the difference. It is
evident fromTable R14 that in DDT there is no significant difference between
Pre- therapy and fifteen days and also, thirty days and after two months.
There is significant differencebetweenfifteendaysandthirty days (or after 2
nonths). Table RI5 shows the Post Hoc test result of CST. Al most the sane
trend as DDT can be observed. However, the inmportant thingis, anincreasing
trend can be observed through pre-therapy to after 2 months in both DDT and

CsT.
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Graph 5: Showing the DDT scores of auditory integration activity
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Tabl e R14. Results of the Post Hoc Tests-Condition- hombgeneous Subtests
DDT of Experimental group subjects -auditory Integration activity.

Condi tions N Subset for al pha=.05
1 2
Pre-therapy 12 19. 0000
15 days 12 19.25
30days 12 22,7083
After 2 months 12 23. 7500
significance . 836 .390

Tabl e R 15 Results of the Post Hoc Tests-Condition- homogeneous Subtests

CST of Experimental group subjects -

auditory Integration activity.

Condi tions N Subset for alpha=.05
1 2
15 days 12 22. 2500
Pre-therapy 12 22. 6667
30days 12 23. 75000
After 2 months 12 24. 25000
Significance . 392 . 306

Tabl e R16: Results of one-way ANOVA of the control group subjects -

auditory Integrationactivity.

Test df F Significance
DDT (3,36) . 020 . 996
PPT (3,36) 1.291 292
CST (3, 36) 5.561 . 003*

Significant at 0.01 levels (2 tailed)
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Tabl e R16 shows the results of one-way ANOVA for the control group
subjects with the various tests (DDT, PPT, and CST) in auditory integration
activity. There is significant difference in the CST alone (Significant at .01
levels). Duncan's post hoc test was performed for the CST in the control

group subj ects to see pair-wisedifferences.

Table R 17 Shows the Duncan's post hoc test result of the CST in
control group subjects of auditory integration activity. It can be seen that there
is no significant difference between pre-therapy and fifteen days and also,
thirty days and after two months and the scores are reduced from pre-therapy

toafter 2 nonths.

Tabl e R17: Resul ts of the Post Hoc Tests- Condition- homogeneous Subt ests
CST-Control group subjects - auditory Integration activity.

Condi tions N Subset for al pha=.05
1 2
After 2 months 10 20. 1000
30 days 10 20. 3000
Pre-t herapy 10 21. 9000
15 days 10 21.9000
Signi ficance 137 1.000

Tabl e RI8: Results of Two-way ANOVA show ng F-val ue and significance of
DDT- Doubl e correct scores - auditory I ntegration activity.

Sour ce df F-Val ue Significance
Condi tion 3 1.54 220
G oups 1 4,513  041%
Condi * G oups 3 192 507
Error 36
Total 44

*Significant at 0.05 levels (2-tailed)
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Fromthe Tabl e R18 (see Graph8) it can be observed that in double
correct scorethereissignificant differencebetweenthecontrol group and

experinmental group.

Auditory Integration & Separation activity

The results of evaluation on DDT, PPT, and CST at pre-therapy,
fifteenth day, thirtieth day, and after two nonths following therapy of the
subjects who underwent therapy for both auditory integration & auditory
separation activity are given in Table R19 (see Gaph 9, 10, 11). Al the
subjects denonstrated reduced performance conpared to the norms at that age
on the tests of DDT and CST hefore the therapy began. The subjects thus
were found to present deficits in both auditory integration and auditory
separation processes. Subsequently, the therapy program focused on renedi al
activities for boththese processes. It canbe observedthat there was a steady
inprovement in the experimental subjects performance beginning right from
the pre-therapy stage to the termnation of therapy. Mreover, the scores
remained consistent even after two nonths of therapy. The DDT scores at
pre-therapy of the experimental and control group was Rt- 17.00, Lt- 19.42,
Rti- 15.28, Lt- 16.71 respectively. The subjects undergoing training for both
the auditory processing aspects registered scores of Ri- 18.28, Lt- 19.28 onthe
fifteenth day, R- 20.71, Lt- 22.64 onthe thirtieth day of therapy. The scores
remained high even after two nonths of therapy (Rt-21.21, Lt-22.78). Thus,
suggesting that the subjects were able to sustain better performance even when

the therapy was stopped. Simlar results were observed for repeated
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evaluations on CST test at different intervals of therapy (table R20).  The
scores on CST varied fromR- 14.57, Lt- 17.00 to Rt- 16.57, Lt- 16.14 on the
fifteenthday, to Rt- 21.14, Lt-21.28 onthethirtieth day and remaini ng steady
at R- 2128, Lt- 20.71 after two nonths of therapy. The experimental and
control group subjects performed well on the PPT test. The scores of the
experimental group subjects on PPT at the pre-therapy stage was Ri- 24.42,
Lt- 24.00; Rt- 24.57, Lt- 25.28 at fifteendays of therapy; Rt- 26.42, Lt- 25.85
at thirty days of therapy; R-26.71, Lt-26.28 after two nonths of therapy.
Simlarly, the performance of the control group subjects on PPT was equal |y
good as the experimental group. A score of R-24.42, Lt- 25.71 was obtai ned
at pre-therapy, Rt-23.85 Lt-24.57 at fifteenth day, Rt-23.42, Lt-24.85 at

thirtieth day, and R-24.00, Lt-24.71 at two nonths after the therapy was
termnated. Thus, all the subjects had apassing score for PitchPattern Test at
the pre therapy stage and they maintained the simlar high score all through
the training period. The results of DDT and CST tests suggest that the deficits
inauditory integration & auditory separation processes can be overcome with

the new y devel oped training modul es.
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Table R 19 Auditory Integration and Separation activity (Mean Std. Deviation
of the Raw Scores of Dichotic Digit Test,  Pitch Pattern Test, and Conpeting
Sentence Test).

N DDT PPT CST

Far | Goup | Gondition | N " TSD | Mean | SD | Mean | S.D
R | Exp e 17.00 | 278 | 24.42 | 431 | 1457 | 35
5days | 7 | 18.28 | 264 | 2457 | 340 | 1657 | 2%

30 days 2071 | 221 | 26.42 | 2.8 | 214 | 3B

Ater 2 m o121 | 244 | 26.71 | 308 | 2128 | 292

Con e 1528 | 622 | 2442 | 550 | 1.71 | 228
5days | 7 | 15.78 | 6.00 | 23.85 401 | 1242 214

30 days 1571 | 518 | 23.42 | 457 | 1271 | 2.69

Ater 2 m 1557 | 579 | 24.00 458 1185 | 273

Exp e 1942 465 | 24.00 | 238 | 17.00 | 6.08

Lt 5days | 7 | 19.28 | 319 | 25.28 | 3.7 1614 203
30 days 2264 | 323 | 5.8 | 211 | 21.28 | 3.6

After 2 m 278 267 | 26.28 | 228 | 20.71 | 3.5

Con e .71 | 409 | 25,71 | 423 | 1328 | 249
5days 7 | 159 | 33 | 2457 | 315 | 13.85 | 12

30 days 16.85 | 38 | 24.85 | 348 | 13.42 | 214

After 2 m 16.21 | 414 | 24.71 | 38 | 13.85 | 1.8

Table R20: Auditory Integration and Separation activity (Mean, Std. Deviation
of the Raw Scores of Dichotic Digit Test- Double correct score).

DDT- Doubl e

G oup Condi tion N correct scores
Mean SD

Exp Pre- Ther apy 6.71 3.19
15 days 7 8.42 2.99

30 days 11.71 2.05
After 2 m 13.14 177
Con Pre-t herapy 3.00 3.41
15 days 7 4,57 2.9

30 days 5.14 2.47

After 2 m 6.28 2.36

The Table R 20 shows the mean and standard deviation of the results
of the double correct scores of DDT at pre-therapy, fifteen days after therapy,
thirty days after therapy and t wo months after therapy of the subjects who

underwent therapy for auditory integration & auditory separation activity.
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Prior tothe start of therapy, all the subjects performed poorly on the double
correct scores of DDT. There was a gradual and consistent inprovement in
performance of subjects who had undergone training in auditory integration
and audi tory separation activity as canbe seeninthe results demonstrated at
the termnation of therapy relativetothe pre-therapy stage (Table R20) (see
Gaph-12). FromTable R20 it can be noted that at the beginning of therapy,
the performance of al | the subjects was not upto the mark inthe double correct
scores of the DDT.  As the training was initiated in these activities,
performance steadily started to inprove fromthe pre-therapy stage to the end
of therapy. Further, the high performance was maintained even after two
months of cessation of therapy. It can be seen from the table R20 that the
doubl e correct scores of the dichotic digits test for the experimental group
inmproved from6.71 on the pre-therapy conditionto 842 onthe fifteenth day,
to 1171 onthe thirtieth day. It can also be seen that, on the re-assessnent
done two nonths after the cessation of therapy the score was 13.14, suggesting
that there was no deterioration in the results long after the therapy was
discontinued. On the contrary, for the subjects who did not receive any
trainingwithnewy devel oped treatment modul e, the scores did not vary much
during the course of the study. The double correct scores of the control group
were 3.00 at pre-therapy condition, 457 on the fifteenth day, 514 on the
thirtieth day and 6.28 on the assessment after two months. It can be seen that
the scores were |ess variable compared to the group, which got training. This
suggests that training had a significant effect in bringing about an
i nprovement in the double correct scores of the dichotic digit test in the

experimental group subjects. This was fol l owed by MANOVA and One- way
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ANOVA. Wherever there was a significant difference, Duncan's post hoc test

was per formed.

Table R 21: Results of MANOVA Showi ng the F-value and significance
val ues - Auditory Separationand Integrationactivity.

Sour ce D\(jpgndent df F Significance
ariable
Condi tions DDT (3,104) 1.782 . 155
PPT (3,104) . 363 . 780
CST (3,104) 7.093 . 000***
G oup DDT (1,104) 29. 995 . 000***
PPT (1,104) 2.159 145
CST (1,104) 99. 909 . 000***
Condition Vs DDT (3,104) 1.532 211
G oup PPT (3,104) 1. 050 374
CST (3,104) 6. 143 L 001***

**% Sgnificant at 0.001 levels (2 tailed)

Table R 21 shows the results of MANOVA vith the various tests
(DDT, PPT, and CST) as dependent variables and conditions and groups as
i ndependent variabl es. Between conditions, the CST showed hi ghly significant
difference (significant difference at .001 |evels). Between groups both DDT
and CST showed highly significant results (significant at .00L [evels). In
interaction effect, CST showed a high significance (significant at .00L levels).
Inthe PPT scores, there was no significant difference between the conditions,
groups and interactions. This gives an opinion that the subjects showed
i nprovement in the scores in auditory separation activity and Integration

activity. Thisresult was fol | owed by one-way ANOVA.
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Table R 22. Showing the results of one-way ANOVA of the experinental
group subjects - auditory Integration & Separation activity.

Test s df F Sig.
DDT (3,52) 5. 549 . 002%*
PPT (3,52) 1759 . 166
CST (3,52) 9.225 . 000***

¥ Significant at 0.01 levels (2 tailed)
¥k Significant at 0.001 levels (2 tailed)

Tabl e R 22 shows the results of one-way ANOVA of the experinental
group subjects with the various tests (DDT, PPT, and CST) in auditory
integration and auditory separation activity. It was observed that there was a
significant difference in DDT (significant at .01 levels) and CST (significant at
.001 levels). Duncan's post Hoc Test was administered to see the difference.
It is evident from Table R 23 that in DDT there is no significant difference
between Pre- therapy and fifteen days and also, thirty days and after two
months. Thereis significant difference betweenfifteen days andthirty days
(or after 2 nonths). Table R 24 shows the Post Hoc test result of CST. It is
evident fromthe table that the results are al nost same as DDT. An increasing
trend can be observed frompre-therapy to 30 days and the resul ts were al most
same even after 2 nont hs of therapy. This shows that the experinmental group
subjects benefited from the therapy with the newy developed training

modul es.
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Tabl e R23: Results of the Post Hoc Tests-Condition- homogeneous Subtests
DDT- Experimental group subjects-Auditory Integration and Separation

activity.
Conditi ons N ?ubset for al pha= Og
Pre-t herapy 14 18.2143
15 days 14 18. 7857
30 days 14 21.6786
Af ter 2 nont hs 14 22.0000
significance 627 184

Tabl e R24: Results of the Post Hoc Tests- Condition- homogeneous Subtests
CST-Experimental group subjects-Auditory Integration and Separation

activity.
o Subset for al pha=.05
Condi tions N
1 2
Pre-t herapy 14 15. 7857
15 days 14 16. 3571
After 2 months 14 21.0000
30 days 14 21. 2143
Significance .676 875

Table R 25. Results of one-way ANOVA of the control group subjects
auditory Integration and separation activity.

Test df F Significance
DDT (3,52) 023 9%
PPT (3,52) 150 929
st (3,52) 222 881

Table R25 shows the results of one-way ANOVA of the control group
subjects with the various tests (DDT, PPT, and CST) in auditory integration &
auditory separation activity. There is no significant difference anong
conditioninall the three tests, so Duncan's post hoc test was not performed

for thecontrol groupsubjects.
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Table R26: Results of Two-way ANOVA showing the F-value and
significance of- DDT-Double correct scores- Auditory Integration & auditory
separation activity.

Sour ce df F-Val ue Significance
Condition 3 8.675 . 000***
G oups 1 52. 407 . 000***
Condi * Groups 3 1.367 . 264
Error 48
Tot al 56

*** Significant at 0.001 levels (2tailed)

The results of between subjects effects- Dependent variable DDT-
Doubl e correct scores- Auditory Integration & auditory separation activity

(Table R 26)

It can be noted that there was significant difference in the condition
(Significant at .001 level) and groups (Significant at .001 level) in the DDT
doubl e correct scores of the subjects. This is an evident to showthat there was
i mprovenent in subjects who underwent therapy for both auditory separation
activity and auditory integration activity, this was followed by one-way

ANOVA (Table R 27), separately for hoth the groups.

There are significant differences among different conditions i n
experimental group. Since there are significant differences (significant at .001
level's), Duncan's Post Hoc Test was performed for DDT- Double correct
score of Experimental group subjects in auditory integration and separation

activity
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Graph 9: Showing the DDT scores of subjects who underwent training for
both activities
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Graph 10: Showing the PPT scores of subjects who underwent training for
both activities.

112



22

CONDITIONS

Mean Scores of CST

exp con

GROUP

Graph 11: Showing the CST scores of subjects who underwent training for
both activities.
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Graph 12: Showing the DDT-Double correct scores of subjects who
underwent training for both auditory separation and auditory integration

activities.
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Tabl e R27: Results of one-way ANOVA of the experinmental group subjects
of auditory Integration & Separation activity. DDT Doubl e correct scores.

Test ‘ df ‘ F ‘ Si gni f i cance

DDT- Doubl e (3,24) 9. 161 . 000***
correct scores

*** Significant at .0011evel.

Table R 28: Results of the Post Hoc Tests-Condition- hombgeneous Subtests
DDT- Doubl e correct score Experimental group subjects- Auditoryintegration
and separation activity.

Condi tions N Subset for alpha= .06
| 2
Pre-therapy 7 6. 7143
15 days 7 8. 4286
30 days 7 11. 7143
After 2 nont hs 7 13. 1429
significance 225 .310

FromTableR28it isnotedthat thereissignificant differencebetween
fifteendays andthirty daysinthe DDT double correct scores and thereisno
difference in pre-therapy, fifteen days and also, thirty days and after two
months condition. W can observe anincreasingtrendthrough pre-therapyto

30 days and even for after 2 nonths.

Table R 29: Results of one-way ANOVA of the control group subjects of
auditory Integration & Separation activity- DDT- Doubl e correct scores.

Test df F Significance
DDT- doubl e (3,24) 1.619 211
correct score
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Tabl e R29 Shows the results of one-way ANOVA of the control group
subjects of auditory Integration & Separation activity of the DDT- Doubl e
correct scores. It canbe notedthat there was no significant differenceinthe

scoresinthecontrol groupsubjects.

Conparison of performance at different intervalsof traininginall the

threeactivitieswithintheexperimntal groupsubjects.

Table R 30 (See Gaph 13) shows the total mean and standard
deviation of the test results of DDT, PPT, and CST at pre-therapy, fifteen days
after therapy, thirty days after therapy and after t wo months of therapy, for
subj ects who underwent therapy for auditory separation, auditory integration,
and both activities. It is seenfromthe Table R30 inthe auditory separation
activity the mean of the total scores at the pre-therapy stage was 22.60. |t
reduced to 22.55. Thereis aslight difference i nthe mean, which can be
consi dered as negligibleasthedifferenceisonly .05 Onthethirtiethdayit
increased to 24.65. Onthe re-evaluation done after two nonths of therapy, the
mean score inproved t o 25.26. The difference of 0.61 is very less but the
significant observationisthat thereisno deteriorationinthe nean score. The
resul ts suggest that the subjects were ableto maintainthe scores evenafter the

therapy was discontinued.

On seeing the mean scores of auditory Integration activity, the total
mean of the pre-therapy stage was 23. 30, it decreasedto 23.11 onthe fifteenth

day. The difference between the pre- therapy conditionandfifteen days after
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therapy was 0.19. It can be seen that the scores reduced slightly and the
di fference can be considered as negligible. The scores increased to 25.06 on
the thirtieth day. On the assessment done after t wo nonths after therapy the
scores increased slightly to 25.55. The difference was 0.49 which is again
very less but there is no deteriorationinthe mean score which suggests that

the subjects were abl e tomaintainthe scores evenafter cessationof therapy.

On seeing the mean scores of the next activity that is therapy on hoth
auditory integration & auditory separation activity, it can be seen that the pre
therapy scores was 19.40. The scores increased on the fifteenth day to 20.02,
onthe thirtiethday it increasedto 23.01. On the assessnent done after t wo
months after cessation of therapy the scores increased to 23.16.  The
difference was very less. There was no deteriorationinthe scores even after
cessation of therapy, which suggests that the subjects were able to maintain

the scores even after therapy was stopped.

Table R 30: Results (Mean and Standard Deviation) of all the three Types of
therapy activity indifferent conditions withinthe experimental group subjects
al one.

Type of activity Condi tion Mean SD
Pre- therapy 22. 60 893

Audi tory 15 Days 22.55 7.64
Separation 30 Days 24. 65 6.00
After 2 Months 25. 26 5.47

Pre- therapy 23.30 4.53

Audi tory 15 Days 23.11 4.30
Integration 30 Days 25. 06 3.15
After 2 Months 25.55 2.53

Bot h auditory Pre- therapy 19.40 5.38
integration and 15 Days 20.02 4.65
auditory 30 Days 23.01 3.61
separation After 2 Mnths 23.16 3.64
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Tabl e R3L: shows the results of Repeated measure ANOVA between
conditionsinall the three activities.

Activity df F significance
Audi tory Separation (3,87) 15. 683 . 000
Auditory Integration (3,105) 30. 055 . 000*
Both Audi toryIntegration .
and Separ at i on (3,123) 51. 476 .000

*** Significant at 001 |evel

Repeat ed measur e ANOVA bet ween condi tions was performed in all
thethreeactivities separately. ResultsaregiveninTableR31. Thereis
significant difference(significant at.0011evel) betweenconditionsinall the

threeactivities.
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Graph 13: showing the combined scores of all the tests of the experimental

group subjects.
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Table R 32 Shows the Mean difference of pairwise comparison of the

conditions in different therapy activity.

: . Mean

Type Conpari son of conditions Di 1 erence
Pre- therapyvs. 15Days -0.05
Pre- therapy vs. 30 days - 2. 05*
- - Pre- therapy vs. 2 months af ter therapy - 2. 66*
Audi tory Separation 15 days vs. 30 days 5 10°
15 days vs. 2 nont hs af ter therapy -2.71%
30 days vs. 2 months after t herapy -0.61*
Pre- therapyvs. 15Days +0. 19
Pre- therapy vs. 30 days -1.76*
: : Pre- therapy vs. 2 months after therapy -2. 25*
Audi tory Integration 15 days vs. 30 days -1 g5
15 days vs. 2 mont hs after therapy - 2. 44*
30 days vs. 2 mont hs after t herapy -0.49
Pre- therapy vs. 15 Days -0.62
: Pre- therapy vs. 30 days -3.61*
ﬁ](:teh Au-d' tory Pre- therapy vs. 2 months after therapy -3. 76*
gration and *
Separ ati on 15 days vs. 30 days -2.99
15 days vs. 2 nont hs after therapy -3. 14*
30 days vs. 2 months after therapy -0.15

Significant at .06 |evel

FromTable R 32 it can be seen that the difference inall the activity

increased satisfactorily fromthe pre therapy stage tothethirtieth day, and the

i nprovenent was mai ntai ned after the cessation of therapy.
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Tabl e R33: Shows the Mean, Standard deviation, upper and | ower bound of
the scores of different types of activityondifferent conditions.

» 95%Confi dence
= | Typeof activity Therapy vean [nterval Standar d
5 given Lower Upper Deviation
8 bound bound
_ | Auditory Separation 22. 60 19.26 25. 93 8.93
o © | Auditory Integration 23.30 2.1 24, 83 4.53
& &2 | Bothauditorylntegration
| and Auditory separation 19.40 .12 21.08 >3
n Auditory Separation 22.55 19.69 25. 40 7.64
g Auditory Integration | 23.11 21.65 24. 56 4.30
w» | Bothauditorylntegration
- and Auditory separation 20.02 18.51 2.4 46
" Audi tory Separation 24. 65 22. 40 26. 89 6. 00
g Audi tory I ntegration 25.06 | 24.00 26.13 3.15
o | BothauditorylIntegration
© | and Auditory separation | 0L 21.88 4.13 3.61
~ » Auditory Separation 25. 26 23.22 21.31 5.47
- g Auditory Integration 25. 55 24. 69 26.41 2.53
= Bothauditorylntegration
T
= and Auditory separation 816 22.03 24.30 364

Fromthe Tabl e R 33, it can be noted that inthe both activity training,
there was very good inprovement. There was inprovement in the mean
scores from 19.40 to 23.16 (a difference of 3.76), followed by auditory
separation activity inwhichthe mean scores i nproved from22.60 to 25.26 (a
difference of 2.66), followed by auditory integration activity in which the
mean scores inproved from 23.30 t o 25.55 (a difference of 2.25). This
suggests that those children who underwent training for both activities,
acquired the skills faster than children who received training either for
auditory separation or auditory integration. Further, the subjects who were
trained in auditory separation process demonstrated quick inprovement in

scores relativetothose whoweretrained inauditoryintegration process.
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Thirty four subjects participatedinthe study. The subjects were all
di agnosed to have APD and had difficulty in auditory separation activity or
audi tory integrationactivityor both. Based onthe processes they had probl em
they were grouped as subjects with auditory separation problenms, subjects
with auditory integration problems and subjects having both auditory
separation and integration problems. Al | the subjects who were willingto
attend therapy were taken as experimental group subjects and the others were
consi dered as control group subjects. The experimental group subjects were
given deficit specific therapy based on the deficit seen with the newy
devel oped therapy modul es. Therapy was given on the listening skills. The
activities for auditory integration included auditory closure activities and
dichotic offset training. The hierarchy of itens was prepared ranging from
easy itens to that were nore difficult. The auditory separation included
activity like, speechin the presence of different types of noiseat different
levels. The present study is in accordance with the earlier study of Bellis
(2002). Accordingto Bellis (2002) the utility of deficit specific intervention
for APD is based on three primary assunptions. First assunption is that,
certain basic auditory skills or processes underlie more conplex listening,
| earning and communi cation utilities. The second assunption underlying the
utility of deficit specific intervention for APD is that the capability exists for
i dentifying those auditory processes that are dysfunctional in a given
i ndividual through the use of diagnostic tests of central auditoryfunction. A
final assunption inportant to the utility of deficit-specific intervention for
APDi s that, onceidentified, remediationof theunderlyingdeficientauditory

processes will facilitate i nprovenment in those higher orders, more conpl ex
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functional ability areas with which a given individual is experiencing
difficulties. The present study alsoincludedall thethree assunptions of Bellis
(2002) namely basic auditory skills, use of diagnostic tests & deficit specific

training.

The use of direct therapeutic techniques has gai ned consi derabl e i mportance in
the recent past. These techniques aimat alleviating specific auditory
processing problens that an individual mght have. The purpose of direct
remediation activities i s to maxinze neuro-plasticity and to inprove auditory
performance by changing the way the brain process auditory information
(Bellis, 1996; Chermak & Musiek, 1997, Misiek & Jerger, 2000, cited in
Bel lis, 2002). Inthe present study the auditory trainingwas directed for
problems related to auditory seperation, auditory integration and problens
wi th both the processes. The therapy was direct and ainmed at inproving the
deficit specific problenms of children with APD. Hence the results of the

present study support the previous studi es.

Katz & Burge (1971) (Cited in Katz & Wlde, 1994) have discussed
the use of speech in noise desensitization therapy tapes. They found that
children who were exposed to speech under controlled noise conditions were
abl e to devel op a greater tol erance for background noi se and showed a great er
ability to respond correctly to speech under noise conditions. The results
indicate that the subjects benefitedin dichotic |istening performnce after

practice. The present study included various noise conditions fortheactivities
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of auditory seperation. The results of the study showed good inprovenment in
the performance of tasks in the presence different levels of various

background noi ses.

Katz, Chertoff, & Sawusch (1984) provided dichotic offset training for

children presenting auditory processing problens. Children who
demonstrated difficulty on staggered spondaic word test (Katz, 1962) were
given a systematic series of programmed dichotic |istening sessions. Ten
subjects in the age range of 7-10 years were taken for the study. The
experimental group consisted of 4 mle and 1 female subjects while the
control group consisted of 5 male subjects. The children were given a
systematic series of programmed dichotic |istening sessions everyday for one
hour, twice aweek, for fifteen sessions. The dichotic offset training material
were an expanded version of the staggered dichotic digit test, developed as
part of the study. They further conpared the pre and post therapy scores. The
results reveal ed a consistent pattern of i nprovenent after the initial therapy
sessions. | nproved performance was noted on the test-retest results for the
staggered dichotic digit test. However, they found a lack of statistically
significant inprovement on the staggered spondaic word test and in speech in
noi se test. However, observation of the individual subject's performnce
revealed a trend towards inprovenent.  The results of the present study
confirmthat dichotic offset training is useful as atool for the children with

audi tory processing probl ens.

124



Various studies have been conducted to study the effect of perceptual
training. Merzenich, Johnston, Schrenier, M|ler &Tallal (1996) (Citedin
Veale, 1999) &Tallal et al. (1996) (Citedin Veale, 1999) have describedthe
positive effects of computer based ganes that train to modify tenporal
processing deficits in these children. Merzenich et al (1996) (Cited in Gllam
1999) claimed that these studies strongly indicate that the fundanmental
tenporal processing deficits can be over cone by training. The results of the

present study ascertainthe above fact.

Yencer (1998) studiedthe effects of Auditory Integration Trainingon
thirty six children who were diagnosed as CAPD. He used three conditions,
an experinmental condition (who [istenedto Al T nusic), aplacebo condition
(who |'istenedto modul ated nusic), and control condition (whodidnot [isten
tonusicat all). Childrenwithautism pervasive devel opmental disorder and
mul tiple handicaps were excluded from the study. A battery of tests was
administered to the subjects prior and one month following the |istening
sessions. The test battery included, standard audiometric testing, the SSW
test, the phonemc synthesizer, ABR P300, and speech in noise test.
Significant inmprovements were found for the first t wo conditions on all
measures except for the speech in noise test. Electro physiological changes
have been found in ABR results pre and post auditory integration therapy
(Edel'son, et al. 1999). In the study by Highfill and Cimoulli (1995)
(Chermack & Museik, 1997) changes in brain stemfunctioning using positron
em ssions tomography (PET) was measured before treatment, one day and six

months post AIT. The results indicated normalized brain activity in the
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occipital lobe. Electro physiological changes have been found in auditory
brain stemevoked response results pre and post Al T (Edel son, et al. 1999). In
the present study the children with APD were grouped as experinental and
control group. The children who bel onged to the experimental group received
therapy whereas the control group childrendidnot receive any therapy. It was
found that the performance of the children who received therapy inproved and
no inmprovement was found in the control group children. The results of the
present study suggest that the inprovement could be due to the nerve

plasticity.

It can be seen fromthe results of this study that there was noticeable
I mprovement in auditory processing abilities when conputer based auditory
training was given. The inmprovement is seeninall the processes in all the
subjects of the experimental group. So, this result can be attributed to the
phenomena of auditory plasticity and brain plasticity, which increases, by
training. So, the results of the present study are in accordance with Misiek &
Burge (1998), Scheich (1991), Knadsen (1988) (Citedin Chermack &Misi ek
1997), Musi ek, Baran, Schochat (1999), Merzenichet al. (1996) Asshsir &
Hochstein (1993) (Cited in G llam 1999), Jirsa (1992), Merzenich, Jinkins,
Johnston, Schreiner, M| 1er &Tallal (1995). They saythat braininplastic and
training brings an inprovement and the quality of functioning of the brain
inproves by constant and systematic acoustic stinulation. The inprovement
found inthe experimental group subjects inthis study when trainingwas given
on the listening skills correlates with the findings by Tallal & MIler (1996) &

Tallal et al, (1996) who say that if the auditory systemis chal lenged in an
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appropriate manner it will trigger the changes in the structure and functioning

of the brain.

The therapy material used in this study was conputer based training
nodul es. There was very good i nprovenent seeninthe experinental group
children after training withthe newy devel oped training nodule. This also
shows us the effects of conputer interactive programs with auditory training.
The results of the present study is in accordance with the results of Tallal &
Mler (1996) Merzenich, Johnston, Schreiner, Mller, Tallal (1996), & Tallal
et al, (1996) who say that conputer based training with interactive ganes
hel ps in modifying the temporal processing deficits. Here it can be noticed
that there is very good inmprovement in the auditory separation and auditory
integration deficits also if training is given with conputer based training

mterials as far as it is deficit specific and appropriate to the age.

The results of the present study are encouraging fromthe viewpoint of

deficit specific therapy. The experimental group subjects inthis study were
given only deficit specific training.  Therapy was given for either auditory
separation activity or auditory integration activity or both. The activities
included for alleviating auditory integration deficits were auditory closure and
dichotic offset training. ~ For children exhibiting problems in auditory
separation, speech-in-noisetraininganddichotictrainingwereused It canbe
noted fromthe results that if deficit specific training is given there is very
good inprovement in that specific deficit area alone. The results are in
accordance with Wrtz, Hall & Davis (2002), Bellis (2002), Bellis (1996),

Cher mak & Musi ek (1997), Jerger & Musi ek (2000) Yat hiraj & Mascarenhas
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(2003).  The inprovement in deficit specific training was also noticed by the
researcher himself when the pilot study was carried out (Ravanan &

Raj al akshm 2005).

Regarding training for children with APD using dichotic stimlation

for both the right and the left ear sinultaneously, it can be seen fromthe
present study that there is inprovement in the scores of both the ears on
dichotic stinulation. (Thereis nosignificant difference betweenthe ears -
Independent T test - P> 0.05). It isin accordance with Putter-Katz et al.
(2002), Yathiraj & Mascarenhas (2003). It also suggests that training for
children with APD should be dichotic rather than ear specific. The results of
the present study are not insupport of theearlier studies by English, Mortonik
& Moir (2003), Katz, Cherhff & Sawsch (1984) who have quoted that
providing left ear auditory stimlation with speech or speech in the presence
of noise showed i nprovement inthe dichotic listening skills of childrenwith

poor |eft ear score.

In reference to the age of onset of training for children with APD, it
shoul d be started early inlife. But identifyingachildwthAPDis difficult
eventill the age of 13 to 14 years. This delay coul d be due to maturation of
fewauditory processes, which is taking place till the age of 13 to 14 years.
Training can be started as early as the subject isidentifiedwth some kind of
auditory processing deficit. But identifying a subject with APD is difficult
eventill the age of 12 years or 13 years as the processes devel opment is even
till the age of 13 to 14 years. Inthe present study thirty-four childrenranging

inagefrom8to 12 years were subjected to different tests for identifying
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audi tory processing di sorders. The higher age of 12 years has facilitated for
checking the maturation of some of the auditory processes. Hence, accurate
di agnosi s of various problems relatedtoauditoryprocessingdifficultieswas
achieved. Imediately after the identification, trainingwas giventhrough
conputerized modules for the children on the deficit processes. This has
provided an inprovenent in the deficit specific problems even after the
training was stopped. Hence, it can be concluded that identificationof APD
should include varieties of tests to assess various processes in auditory
processing and training can be geared to overcome various problems as early

as possible.

The present study used various activities such as auditory closure,
dichotic offset training, speechinnoisetrainingtoimprovetheperformancein
audi tory separation and auditory integration processes or both. It is very
clearly evident fromthe inmprovement of scores in the experimental group
subjects that if auditory separation and auditory integration are worked
together, the performance inproves significantly rather than when training is

givenforauditoryintegrationor auditory separation alone.

The results of the present study al so indicate the need for devel oping
more such conputer based training modul es focusing on variety of auditory
processing difficulties. Asit was found out duringthe course of the present
study that there is 7 to 8 %preval ence of auditory processing disorders in
school going children in the age range of 8 to 12 years (Ravanan &
Raj al akshm, 2005), there is a great demand for devel oping various therapy

tools to train these children. [If such conputer based therapy modul es are
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widely available it would aneliorate the problems of larger nunber of
children suffering with auditory processing disorders. There is a greater need

todevel opthe therapy modul es invarious | ndi an Languages al so.
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SUMMARY AND CONCL USI ONS

The ASHA task force (1985) defines central auditory processing as the
audi tory system mechani smand process responsible for sound | ocalization,
lateralization, auditory discrimnation, auditory pattern reorganization,
tenporal resolution, tenporal masking, tenporal integration, tenporal
ordering, and auditory performance decrenent with degraded acoustic signals.
Central auditory processing di sorders are definedas deficienciesinanyoneor

nor e of these behavi ors.

Various studies have been conducted to study the effect of these
perceptual training. Merzenich, Johnston, Schrenier, M I1er &Tallal (1996)
(CitedinVeale, 1999) &Tallal et al. (Citedin Veale, 1999) have described
the positive effects of conputer based ganes that trainto modify tenporal
processing deficitsinthesechildren. Merzenichet al (1996) (CitedinGllam
1999) claimed that these studied strongly indicate that the fundamental
temporal processing deficits can be over cone by training. The concept of
auditory trainingtostinulate auditory related problens dates back to pre-
medi eval times (Misiek & Berge, 1988). Initially auditory training was used
to enabl e hearing inpaired individuals make maxi mumuse of their residual
hearing. However since 1960 it has been used in the rehabilitation of

i ndividual s wi th CAPD.

There are nunber of conputer based training mterial like Captain's
Log Personal Trainer, Earobics, Fast-forward, Laureate Special needs

software, and Lindamood Bell. Only Earobics (Cognitive Concepts Inc.,
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1997-2000) and Fast Forward: (Scientific |earning Corporation, 1998) are
wi del y used. There are reports wi dely avail abl e only about t he Earobi cs and
Fast-forward program And al | the prograns are in English and can be used
with western population only. So this successful attenpt has been made to
devel op a conputer based training material in one of the I ndian Language (

Kannada) .

Lookingintothe preval ence datafor APDeventhoughit issparseitis
high. I'nlndia, the percentage of childrenfoundto have dyslexiarangesfrom
3% (Ramaa, 1985) to 7.5 % (Nishi Mary 1988) (Cited in Ramaa, 2000).
Ravanan & Rajal akshm (2004) estimated 7 to 8% preval ence of Auditory
processi ng di sordersinschool goingchildrenintheagerangeof 8to12years
inlndia. Hurley&Singer (1989) states that, the nunber of childrenwithAPD
within the population of learning disability cannot be stated with any certainty
or accuracy. It is likelyto bevery high. The difference inthe findingsis
probably due to the method used to determine the presence of the probl em
Most of t en these children go unidentifiedasthey dropout of school because
of poor academi ¢ performance. It canbenoteditisquitehighinindia Itis
estimated to be nearly 7 to 8%in the school going children in the age range of
8to 12 years (Ravanan & Raj al akshm 2005). Thus, the new y devel oped t ool
will be very helpful to manage children with APD as soon as they are

| dentified.

The objectives of the present study were to develop conputerized
traini ng modul es i n Kannada | anguage f or Auditory integrationandAuditory

separation aspects of auditory processing di sorder and to check the ef ficacy of
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the developed therapy program A total of 34 subjects with auditory
processing disorder participated inthe study. The diagnosis was based on the
results of series of tests to identify central auditory processing disorder
(CAPD). Based on the type of auditory process inpaired, the subjects were
classified intothree groups. Group 1 consisted of 9 Subjectswithdifficultyin
auditory separation task, Group 2 conprised of 11 subjects with difficulty in
auditory integration task and the remaining 14 subjects who exhibited
difficultyinhbothauditory separationandauditoryintegrationtasksformedthe
third group. The subjects fromthese three groups were randony selected and
sub-classified into experimental and control group. The experinental subjects
from the respective groups received therapy using the newly developed
computerized training modules in the specified tasks, whereas the control
group subj ects were not given any therapy. Al | the subjectsknewtoread and
write Kannada and they were attending school. All the subjects who attended
the therapy programwere aware about their problemand they were highly

mot i vatedtoundergotreatnent.

Every subject was evaluated initially with The Auditory Processing
Screening Checklist - Teachers/Parents (Rajal akshm & Gopi Sankar, 2003).
Those subjects who failed the checklist were admnistered the CD version of
Dichotic Digit Test (DDT) developed in Audio lab version - | | (Regishia,
2003).  The CD version of Pitch Pattern Test (PPT) developed in Audio Iab
version - I 1 (Shivani, 2003). The CD version of Conpeting Sentence Test
(CST) devel oped in Audio lab version- | | (Ravanan & Rajal akshm, 2004).
Based on the test scores the children were diagnosed as children with Auditory

processing Disorders (APD). Based on the test score they were classified as
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childrenwith auditory separation deficit or auditory integration deficit or both.
Vol unteers from the subjects who failed the test were taken as experimental

group childrenand gi ven deficit specific therapy.

Here in this study the target set forth was inprovement of auditory
processing skills and maintainingit. Results were represented inthe tabular
form and standard graphical representation for each process worked,

separately and di scussed.

I'nthe present study t wo processes were focussed and wor ked on.
These were auditory separation or auditory integration or both combined.
These two processes are consi dered to be the most inmportant activities achild
faces to inhis/her daily life, sothese two activities were concentrated on and
wor ked on.  Five subjects underwent therapy for auditory separationactivity,
Six subjects underwent therapy for auditory integration and seven subjects
underwent therapy for boththeactivity. All the subjects who attended t herapy
were highly motivated and they were regular in their therapy. The subjects
underwent therapy for thirty sessions. Assessnent was done on the first day
whi chformedthebasel i nescoreforthesubjects. Assessnent was donefor al |
the subjects withthe sane tests on fifteenth day, thirtieth day, and after t wo

mont hs after cessation of therapy.

Fromthe scores it is evident that, the subjects who underwent therapy
for auditory separationactivity inproved by therapy andthey were al so ableto

mai nt ai nthe scores even after cessation of therapy.
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Fromthe scores of the subjects who underwent therapy for auditory
integration it is evident that there is good inprovenment in the subjects, who
underwent training for auditory integration task and they were also able to

mai ntai n the scores even af ter cessation of therapy.

Fromthe scores of the subjects who underwent therapy for both

audi tory integrationand auditory separationtask, it is evident that subjects
who underwent training with the newy devel oped training modules for both
audi tory integration & auditory separation deficits, showed good i nprovenent

and they were also abletomintainit evenafter the cessationof therapy.

Concl usi ons

1. Present study indicated that there is very good improvenent inthe subjects
who underwent therapy with the newly developed conmputerized training
modul es in Kannada | anguage for auditory integration and auditory separation
aspects of auditory processing disorder. This also shows us that i f deficit
specific therapy is given, based on the processes affected there will be very

good i nprovenent.

2. The present study also indicates that if systematic and a wel | planned
therapy is given with conputer based material and with interactive games the
childis able to maintain the inprovement over a period of time without any

deteriorationinthenew y inprovedskillsevenafter the cessation of therapy.

135



Suggestions for future research

[p]

Mor e studiesonsimlar linesifcarriedout will confirmtheresults.

This is an experimental designif carriedout with larger popul ationfor a

| onger period enphatic results may be obtai ned.

The use of many more test inthe test battery are likely to be useful inthe

choi ce of thetreatnent.

Since el ectrophysiol ogi cal nmeasures are al so proved to be of inportance in

the study of childrenwith [earning disability and in childrenwith auditory

processing disorders it can al so be used for eval uationand for monitoring

the progress inany given subj ect.

Studies can be undertaken with subjects having APD and treatment given

for more longer duration, till the childis ableto overcone the problem

full'yandthe scoresinproves tothenormal level. It canalsobestudiedif
thechildisabletomintaintheinprovenent over tine.

Computerized training nodul es can be devel oped to tackle other auditory

processing aspect s as menory, sequenci ng et c.

Since Indiaisamltilingual country conputerizedtraining nodul es can be

devel oped in other |anguages.

Further, personal conputers are nowa-days widely available in schools in
India, hence if such computer interactive programs are devel oped in other
languages it woul d be very helpful for the children to overcome their

probl em
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APPENDI X- A

Auditory Processing Screening Checklist-Parents (APSC P)
(K. Raj al akshm &R. Gopi Sankar, 2003)

ALL I NDI' A I NSTI TUTE OF SPEECH AND HEARI NG
Manasagangot hri, MYSORE- 570006.

DEPARTMENT OF AUDI OL OGY

Checklist to befilledout by parents/ Guardians.

Name of the child ...
Name of the person filling out the form ... ... .
Rel ationship to the child: Mther/Father/G andmother/G andfather/Brother/Sister or
Friendor others (Specify) ... ... ... ... .

Read thefollowingquestionsandcircle' YES or ' NO

1. Does thechild give slowresponse to name call at home? YES NO

2 a) Does the child have gross notor skills deficits? YES NO

b) Does t he childhave fine motor skillsdeficits? YES
3. a) Does the child have  history of ear pain?  YES

b) Does the child have history of ear  discharge? YES

4. Does child s famly history show any hearing problens? YES NO

5. Doesthechildshowbehavioral problems? (e.g. Tenper tantruns, stealing) YES
6. Does t hechildget easilydistracted by backgroundnoi se/ sound? YES
7. Does t he child showpoor attentionand concentration span? YES

8. a) Does the child have problem i n paying attention to the informtion YES NO
presented orally?

b) Does the childhave problemi nremenberinginformationpresentedorally? YES

NO
NO

NO

NO
NO

NO

NO



9. Does thechildhave difficultyfollow ngdirectionandinstructions?
10. Does the child have probl ems carrying out conplex instruction? YES NO

11. a) Does the childhave problemi n devel opingvocabul ary?
b) Does t he childhave difficultyi nunderstanding|anguage?

c) Does the childget confusedwithsyllable sequence?

12. Does the child have difficulty i n reading &pelling? YES NO

13. Does the child request that information be repeated? YES NO

14. Does the child say "huh" or " what" frequently? YES NO

15. Does t he child have difficultyfollowi nglong conversations?
16. Does child have difficultyi ntelephone conversation?

17. Does the childhave difficultyi nunderstandi ng non-speechinformation
(lack of music appreciation.)?

18. Does he learn poorly through hearing? YES NO

19. Does the childhave difficultyrelatingwhat he heardwithwhat i s seen?

20. Does the child have poor auditory menory and sequencing skills? YES NO

21. Does the child have | ow academi ¢ performance despite YES NO
normal intelligence(l.Q ?

22, Does the child have history of  neurological  problens?

23. Is the child sensitive to |oud sounds? YES NO

24. Does the child get very fatigued after school hours? YES NO

YES

YES
YES
YES

YES

YES

YES

YES

YES

NO

NO
NO
NO

NO

NO

NO

NO

NO



Auditory Processing Screening Checklist-Teachers (APSC-T)

Name of the child

(K. Raj al akshm &R. Gopi Sankar, 2003)

ALL | NDI A I NSTI TUTE OF SPEECH AND HEARI NG
Manasagangot hri, MYSORE- 570006.
DEPARTMENT OF AUDI OL OGY

Checklisttobefilledout by Teachers.

Name of the personfillingout theform. ... .. .. . . . . ... ... ..

Read t he following questions and circle " YES' or ' NO

1 Does the child not participate i n classroom discussion? YES NO

2 Does the child work best in a highly organized classroom? YES NO

3

4

11

Does t he childhave difficultyi ntakingdown dictatednotes?

Does t he childm sunderstandinstructionsi nthe class?

Does t he childrespondinappropriatelyi nthe classroon

Does t he childhave difficultyparticipatingi ngroups?

Does t he childappear t o daydreami nt he classroonf

Does t hechildneed moretimet o processinformation?

(Understandwhat i s sai d)

I'sthechild s performance not uptopotentials?

Does t he childhave poor performance i nacademics (particularlywithreading

spelling, writing, and mathematics) despite of normal I.Q

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO



12

13

14

15

16

17

18

19

20

21

22

23

24

Does t he child have difficulty remenberinginformtion?

Does t he childforget what i ssaidi nafewmnutes?

I's the child be easily distracted?

Does t he child be easily distractedi n cl assroonf

Does t he childhave behavior probl ens? (e.g. Tenper tantrums, stealing)

Does t he child appear wi t hdrawn or sullen?

Does t he child have probl empaying attentiont o t he information

presented oral Iy inthe classroonf

a) Does the childhave trouble following compl ex instruction?

b) Does the childhave probl eminidentifyingfromwherethe soundis presented?

Does t he childexhibit difficulty i n directing, sustaining or dividingattention?

a) Does the childhave difficultyi nunderstanding|anguage?

b) Does the childhave poor expressive skills?

Does t he childexhibit echolalia(repeating back words & phrase without
under st andi ng) ?

a) Does the childhave gross mot or skills deficits?
b) Does t he childhave fine motor skills deficits? YES

Does the child have poor sequencing skills? YES NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

Does the child have difficulty to repeat what has been heard in the correct order? YES NO

26

27

Does t he childhave difficultyrepeating words or numbers i n sequence?
Does t he child showsl| owor del ayed response t o verbal requests

andinstructions presented intheclassroom?

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO
NO

NO

NO



28

29

30

31

32

33

34

35

36

37

38

39

Does t he childhave difficultyfol | owingoral-instruction?

Does t he childhave unintelligible speech, but withadequate vocal
Inflection & gestures?

Does t he child have difficultyi n speech sound discrimnation?
Does t he child get confusedwithsimlar sounds and wor ds?

(e.g. s/z Bat/Pad)

Does t he child have difficulty fol | owing conpl ex instruction?

Does t he childhave difficulty withorganizational skills?
Does t he child appear not t o hear (Al thoughhearingis norml)?

Does t he childhave difficultyrelatingwhat i s heardwithwhat i s seen?

Does the child have difficulty listening i n the presence of background sound? YES

Does t he childhave difficultyi nreading and spelling?
Does t he child have difficulty i nunderstandi ng non- speech information
(e.g. lack of musicappreciation)?

Does t he childexhibit poor singing and music skills?

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO



APPENDI X- B

Dichotic digit Test (Regishia, 2003)

Ear

Left

10

10

10

10

10
10

10

10

10

10

Ri ght Ear

10

10

10

10

10

10

10

10

10

No.

10
11

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26
27

28
29

30




APPENDI X -C
PitchPatternTest ( Shivani, 2003)

SN Presentation
1 HHL
2 HLL
3 LLH
4 LLH
5 LHH
6 HHL
7 HLH
8 LHH
9 LHH

10 HLH
11 LHL
12 LLH
13 LLH
14 HHL
15 HLL
16 LLH
17 LHH
18 LHH
19 HLL
20 HLH
21 HLH
22 HHL
23 HLH
24 LHL
25 LHL
26 HLL
21 HLL
28 LHL
29 HHL
30 LHL




Kannada Sentences Used As Stimuli In The Competing Sentence Test (Ravanan & Rajalakshmi, 2004)

APPENDIX -D

COMPETING SENTENCES TARGET SENTENCES
0. | Oy Tood ST wodET. weg S Yl [ C.
5. | Do B3 do@n woe . oo T ewedds, Bweern, .
& | DBNT S e wed TOBAOTY B, QWU
2, ﬁoeﬁo@ Do’ et Bweeno,T. QogPrn@y  Bwerts oS

w0ez00.
8 | O, @ wondn TwernO. Ve, @, Bodr wTFT.
L. | elodod BT BT BB . TR0 2.2) 0 BURNWosw.
¢ | o8 BTN e Tevo ¥ oo O Tohes FOT Y.
u. | G3 FRE, FTOT s0@,T. FRONTO BVOWD WHBeIT.
€. | BX B BOOY 833, R, Ty O OV,
00. | BN TTF 2w . BoCes eﬂg Sueemo .
00. | I8, Tod FTOX Be@,T. Ve, @y @ BueeH woT.
09, | Hped BT @), IY,. oosdn T BEe TUemLles.
04. | B8, Do Bowe WrYNT. WEy a8 e Loz, JT.
Ov. | I3, 8T BT BoeTrs® JT. WEy, T WoeS Lwose, /3.
o#. | 98B, VBT T TY. Do¥ YRT TY,008), 0T,
oL, | A T oewd AB JT. FeOOT Beetind OR HB
.
0L | @ 0w soedr /. D) A8’ Hewe® [T
Ov. | Qe BEr Twee? TR, o2 00 o8l TS wervs..
0f. | 88 O ¢ omane edl =0d,. & O ot e3,Bo&F e030,.
90. | Bweeey Fosn 07 ToTROBTOY. dee BATY Aed emé&.ra&oam%#.
20. | @ T wFIDO) woser VS. PP FONNY WY TI,
9. | Bueecdeode) QedT soeed BBOTO, B0 R0
BRETIVTITI) @DBeed) e&.




4. | T, &0 BT word JS. Vs, &, ;0 WeeteN.

o%. | DO B0 CeaTy I, QeT0 [V, TR ST €TO.
BeeNs..

oa. | O%, oA ®ET w¥ . OF, @ES 0 Wog,Na.




APPENDI X - E

Master CD- Used for the preparation of therapy modul es for auditory integeration activity

and auditory separation activity.

The CD has to be downl oaded in the system before use
InstructionsaregivenintheCD
User name: adm n
Password: vignl 421979





