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CHAPTER- |

| NTRCDUCTI ON

As each star differs in brightness, so do the children
of men. Yet each serves its purpose in "one nation under
God", and each is entitled to an opportunity to achieve his
full potential to adjust to his environnent - to grow physi -

cally, enotionally socially, intellectually and spiritually.

The pediatrician is the ultinate when it cones to the
"whole child". Yet his expertise cannot be encycl opedi c,
and hearing in children formone such area. Audiologists
or Hearing Scientists have taken up this area and naned it
as "Pediatric Audiology". Pediatric audiology is inits in-

fancy and hence new knowl edge in this area is needed.

The study of hearing nmechanismand its dysfunction, is
bei ng extensively done, particularly inthe field of pediatric
audi ol ogy. External ear has been hi ghly understood, mddle
and i nner ears are about to be conquered, but auditory process-
ing inthe cortical areas and its dysfunction had not been
studied till recent past. Hence we need to put all efforts

to gather all the information that is available about the



central auditory processing in children, and open the area
for extensive research, to help the children suffering from

such dysfunction.

The termcentral auditory function is used inter-
changeably with other termnology |ike central auditory
ability, central auditory perception and central auditory
processing. Adeficiency in this area mght be termed as
central auditory dysfunction, as an auditory perceptual dis-
order, as a nonsensory auditory deficit, as an auditory
| anguage - learning disorder, or as an auditory processing
problem In fact, the lack of agreenment in clinical practice
and in the literature about what to call this phenonmenon is
a good indicator of the general |ack of agreement and under-

standi ng about central auditory problenms. (Keith, 1981).

Reading the literature on the topic is a nmost frustrating
experience because of the many overlappi ng subcategori es.
Sone conponents are included in a particular section by one

witer only to be excluded by another. Hence, this attenpt.

Central Auditory Processing

Hearing is a two - stage process: One stage is that of

reception, the other is that of interpretation of the trans-
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mtted signal once it reaches the brain. Auditory process-
ing is the nanme given to this second stage in the hearing
process where the brain processes or interprets the auditory

I mpul ses it receives.

Ei senson (1972) defines it as "the process by which an
i ndi vidual organises and interprets sensory data he has
recei ved, on the basis of his past auditory experience".

Audi tory processing may be described as the short-term
processi ng and categorization of information received aurally;
the process by which information is extracted and rel at ed
to prior experience, the nmeaningful interpretation or discri-
m nation of sounds and sound sequence (Butter, 1980).

The processes that take place beyond the |evel of the
MIIth cranial nerve, which are required for incomng sound
to take on neaning, are commonly referred to as "Central
auditory abilities" and the end product as "auditory percep-
tion". (WIIlianson and Al exander, 1975).

To conclude, the central auditory processing is the capa-
city to organi ze sinmultaneous or successive auditory el enents

into a definite pattern.



Aim of the present study

The present study attenpts to put together the inform-
tion available in the literature on the central auditory pro-

cessing and its dysfunction in children, with the view of

(1) Inproving the know edge about what actually takes

place at the cortical |evel in children.

(2) Enphasizing the need for the normative data and the
standardi zed tests, in the Indian setup where nulti-

tudes of |anguages exi st.



CHAPTER - 11

BASI C CONCEPTS | N CENTRAL AUDI TCRY PROCESSI NG

The primary fibers of the auditory pathway arise in
the spiral ganglion. The spiral ganglion is located in
the nodiolus at the foundati on of the cochlea. D stal
fibers of the spiral ganglion are stinulated by the organ
of corti, and the proximal fibers extend to formthe coch-
| ear nerve. The fibers of the cochlear nerve bifurcate and
then termnate at the dorsal and ventral tonotopically
arranged cochlear nuclei after entering the brain-stem at

the junction of the nedulla and pons.

The central auditory pathway begi ns at the synapsebet -
ween the first - and - second - order neurons of the afferent

pat hway in the cochl ear nuclei (Jerger, 1973)

The majority of the fibers fromthe cochl ea decussate
and may termnate in the trapezoid body, the superior olivary
conplex, or the reticular formati on. Because of the ipsilatera
and contralateral routing of the fibers fromthe cochl ear
nuclei to the superior olivary conplex and the trapezoi d body,
a bi naural phenonenon is initiated at this level of the brain-

stem
(Carhart, 1969)
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Fig. 1:- Central Auditory Pat hway.



Fromthe trapezoid and superior olivary conplex, the
vast majority of ipsilateral and contral ateral fibers extend
to the appropriate lateral |emiscus, inferior colliculus
and nedi al genicul ate body. At these levels, it is theorized
that nore recording of binaural and nonaural stimuli occurs.

(Carhart, 1969).

The reticular formation, also known as the reticul ar

activating system (RAS), is a neural network in the central

portion of the brain-stem The ascendi ng RAS, which dis-

pat ches projections upward to the surface of the cerebral
cortex, receives sensory input fromevery sensory nodality
and is influential in neural integration. This network has
been descri bed as a general al armnechani smwhi ch, when acti -
vated by incomng sensory stimuli, arouses the cortex so that

incomng information can be interpreted.

Magoun (1963) refers to the RAS as discrimnative
infering that this systemaids the cortex in selecting

signals which are of focal inportance while inhibiting others

Reticular Activating system and hearing di sabl ed.

The ability of RAS in aiding the cortex in selecting

signals has led to the postulation that |earning disabled



children may have reticular systens which fail in the discri-
mnation task and all ow too nmany sensory signals to stinulate
the child. This could preclude cognition of signals which
carry pertinent information. W can hypothesize that a faulty
RAS. could also hinder the alerting process which is of para-
nount inportance to the transmssion of auditory information.
An unalerted cortex is not prepared to performefficiently.
The inhibitory, facilitative and integrative functions may be
disturbed in a variety of ways to account for the different

types of behaviours observed in |earning disabled children.

The nedi al geniculate body is the final subcortical |eve
in the higher auditory systemprior to fiber connections in
the cortex. The third and fourth order neurons nmake synapse
in the nedial geniculate bodies and are considered the rostra

termnation of the brain-stem (Carhart, 1969).

The human auditory systemis finally represented by pro-
jections to both left and right tenporal |obes fromeach ear.
There is a general agreenent that the crossed- pathways (con-
tralateral) are the dom nant pat hways and the sane - side
(ipsilateral) pathways serve a secondary role. Thus each ear

has a greater influence onits contralateral tenporal |obe



than it does on the direct ipsilateral tenporal |obe. Basic
to this discussion is the widely accepted fact that the left
tenporal |obe in nost humans is domnant for |inguistic pro-
cesses while the right tenporal |obe is domnant for non-

| i ngui stic functions. A though both ears have representation
I n each hem sphere, the dom nance characteristic significantly
i nfl uences central auditory functions. These concepts are

basi ¢ to understandi ng central auditory processes.

The Auditory Cortex

The auditory cortex is located in the tenporal |obes
of the brain. There appears to be a primary area and a
secondary area. The exact boundaries of these two areas have
not been defined because as one noves away fromthe snall area,
whi ch i s unequivocal |y concerned with the processing of audi-
tody information, the exclusiveness becones | ess and | ess
apparent. There is no clear boundary for those cells dealing
with auditory data, but a progressive involvenment in respon-
siveness to different types of data processing. Witefield

(1965) has summarized this characteristic of the auditory cortex:

The "auditory cortex" is hard to define, either anato-

mcally or functionally. Wile certain areas are so predom -
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nantly connected with the rest of the auditory systemas to
be unequivocal ly auditory areas, surrounding regi ons becone

| ess and | ess certainly so, as we nove farther and farther

fromthe primary projection area.

In addition to the prinmary and secondary areas, other
regions of the brain have been denonstrated to be responsive
to stimulation of the auditory nerve. |t appears, therefore,
t hat a nunber of areas, not exclusively auditory, receive
and process auditory information. Lenneberg (1967) has stated
that with the exception of part of the occipital |obe, which
is known to be the primary visual area, "There is no ot her
ares in the human cortex which is both histologically distinct
and unequi vocal ly and uniquely related to one and only one

notor or sensory function".
The Rol e of the Auditory Cortex

It appears to be involved with the recognition of conplex
patterns in auditory stimuli. It seens inprobable that it is
in any way concerned with recognizing the absol ute neasures of
frequency and intensity (Goldstein, 1961) but rather with
determning the relati onship of these two paraneters over tine.
The capacity to anal yze the tenporal conponents is referred

to as the tenporal resolving power of the auditory system It
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is likely that the recognition of conplex sounds is dependent
upon cortical processing, while | ower order neurons are invol ved
in anal yzing the frequency intensity conponents of the conpl ex
wave. Thus the cortex identifies the sequential pattering
essential to speech perception, apparently stores electrical

i mpul se patterns on a "hol d* basis and perforns other conpl ex

pattern - synthesis tasks.
The Bottl eneck Principle

In VIl nerve and the | ower brain-stemregion, the
“bottleneck principle"” is an inportant diagnostic concept
to be considered. This principle states that the transm ssion
of conplex stimuli such as speech conmes across a |abyrinth
or "bottleneck” in VIIl nerve and | ower brain-stemarea. |If
a lesion occurs in this tract, narked reduction in the com

prehensi on of speech nmessages will be observed (Jerger, 1960).
The subtlety Principle

Fromthe cochl ear nuclei, the conplexity of the central
auditory systemincreases and the speech nessage can be
transmtted to the auditory cortex by various routes. Because
of these diverse paths and the redundant aspects of speech,
| esions of the central auditory pathways tend not to manifest

t hensel ves on conventional audionetric tests. This has been
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referred to as the subttety principle (Jerger, 1960).

Redundancy and Central Auditory D sorders

Bocca and Cal earo (1963) stated that if there is a lesion
in the central auditory system the speech signal withits
generic external redundant characteristics will be transmtted
and interpreted in the auditory cortex. Therefore, a central
auditory di sorder can be best detected if the redundant factors
of speech are mnimzed sufficiently to challenge the integrity

of the higher auditory centres.

Extra-Axial Vs Intra Axial Lesions

Jerger and Jerger (1975) have reported that patients with
extra-axial |esions show abnormal audiologic results.for the
ear ipsilateral tothe lesion. In contrast, |esions involving

the intra-axial brain stemregion yield fairly normal results.
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CHAPTER - |11

THE CENTRAL AUDI TCRY PROCESSI NG MECHAN SM

The theories that describe the normal perceptual process-
ing are the feature detector nodel s of speech perception. For
exanpl e, Abbs and Sussman (1971) proposed a neurophysi ol ogi cal
theory - that there are spatial arrays of receptor cells in the
auditory systemthat act as feature detectors for speech sounds.

These cell arrays are triggered by specific acoustic cues in

t he speech signal, such as frequency and intensity changes,

rates of frequency change and so on. Abbs and Sussnman suggest
that these auditory feature detectors may be tuned to respond

to formant transitions (a major identifying cue for consonants)

in the sane way that array of retinal receptors detect the feature
of "Contouness". To support their theory. Abbs and Sussnan,

cite evidence fromani nal research, which has found singl e neurons
inthe Cat's inferior colliculus that are directionally sensitive

to frequency or anplitude nodul ated tones.

Qher feature - detector nodels are based on psychoacousti cal
research with humans. The results of several studies suggest
that the shift in perception follow ng adaptation to certain
phonene categori es coul d have been caused by "fatigue of feature

det ect ors responsi veness".
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Thi s evidence, along w th the neurophysiol ogi cal dat a,
suggest that we are equipped with finely tunned feature
detectors that nedi ate cur perception of speech sounds.
Though the exact nature of these feature detectors is stil
unknown, their presence coul d suggest a new approach to the

study of perceptual inpairnments in |anguage di sordered children.

Senel (1970) has divided auditory perceptual processing

into three basic stages.

Stage I - Responding to stimuli -

This stage involves (i) awareness or al ertness
(i) focus
(iti) figure - ground

(iv) discrimnation

State-2 - Qganizing the stimuli
This stage involves (i) sequencing
(i1) synthesizing

(iti) scanning

State-3 - Understanding the neaning
This stage involves (i) classification
(it) integration

(ii1) nmonitoring



Physiological Psychological
Parameters Parameters

Sensation Perception ’,/ Cognition
Auditory Auditary Auditory
Acuity Processing Comprehension

I >

Figure 4 2 Auditory processing as a link in the chain of sensation-perception-cognition,

(Butl er, 1980)



16

Flowers and Costello (1970) refers to another factor,
resistance to internal and external distortion, as a central
auditory ability. By resistance to internal distortion, they
mean the ability of an organismto process information in
spite of the fact that the message may be distorted due to

a pathol ogi cal condition or devel opnent deterrant.

By "resistance to external distortion" Flowers and Costello
(1970) mean the ability of an organismto process information
distorted by such things as a speaker's accel erated speech

rate, foreign accent, or speech defect.

Wtkin (1972) nmakes the point that perception shoul d be
di stingui shed from sensation and cognition. She concl udes
that auditory perception involves focus, attention, tracking,
sorting, scanning, conparing, retrieving and sequencing.

According to Wtkin, perception (auditory processing) is
the intermediate link in the chain which begins with sensation

and concludes with cognition. (Fig. 2)

Auditory processing is a very conplex act involving a
nunber of stages of perceptual analyses. Inherent in the pro-

cessing of auditory stimuli is auditory attention, because
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Figure gm% A model of auditory processing.

(Butler, 1980)
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i ndi viduals are thought to control the choice of stimuli

which in turn, control their behaviour. (Fig.3)

The first stage involves the registration of a nunber
of auditory stimuli (represented by arrows) at the sensory
| evel and these stimuli are held in sone type of short-term

storage, as the auditory input is extended over tine.

The next stage involves the process of selective filtering
during which sonme incomng stinmuli are accepted, whereas al
other stimuli are either rejected or strongly attenuated, so as
to prevent an overl oadi ng of the subsequent perceptual nechani
Inthe third stage, sone portion of the auditory stinuli
w Il take on "fore-ground" characteristics, and the other
portions of the stimuli will recede into the auditory background.
Fourth stage involves the recognition and interpretation
of selected stinmuli. This ability isrelated to
(1) past experi ence,
(2) the likelihood that such a stinmulus woul d occur,
(3) the significance, or neaning of the stimulus to the
I ndi vi dual .
Al'l of these factors contribute to a state of perceptua
readi ness, which according to Kahneman (1973) affects the sel ec-

tion of interpretations in "subjective perceptual experience"
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The last stage of auditory processing, is that of response
selection. In order for the correct response to occur, all the

earlier stages nust be conpleted satisfactorily.

For those with normal sensory and perceptual abilities,
the response selected will be appropriate, given adequate cogni-
tive functioning. For those who lack either the normal sensory

and/or perceptual skills, the response may be inadequate or

i nappropriate, even though cognitive skills are within normal

range.

Sabatino (1969), in endeavouring to define and sequenti a-
lize the levels of auditory perception that appear to be critical
to the learning process, proposed these four major di nmensions;
(1) the recognition of sound el enents as neani ngful information -
auditory recognition

(2) the retention of these units of information - Auditory
retention.

(3) the integration of the synbolic relationships of these units
as | anguage concepts? - Integration and

(4) the conprehension of |anguage synbols through the three
previous stages or steps of auditory perceptual function-

Audi t ory Conprehensi on.
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CHAPTER - 1V

DEVELCPMENT OF THE ABILITY TO PROCESS COWPETI NG STIMALI I N
CH LDREN

The results of the dichotic |istening experiments, using
speech stinuli, have indicated that even t he youngest age
group tested shows a right ear advantage (REA).

(Nagaf uchi, 1970)

The nmost general interpretation for REA in verbal dichotic
experinments is that it reflects |eft hem sphere specialization
for speech and | anguage function. This interpretation has noti -
vated a nunber of researchers to utilize dichotic |istening pro-
cedures to investigate the devel opmental course of |eft hem -

sphere specialization for speech and | anguage.

Al though a few studies report a devel opmental increase in
REA, the results of nost devel opnental studies have reveal ed
that the magnitude of the REA does not change in any |inear fashion

with increasing age.

The evidence thus far is in favour of the argunent that
| ateralization for speech is established by age 3 and i s not

altered as a function of age.



Anot her nmeasure that can be obtained from devel opnent a
studies of dichotic listening is an index of the child's
ability to successfully process the conpeting stimuli. The
first study that focused on this issue was conducted with
children between the age of 5 and 12 years. (Berlin et al, 1973).
The results showed that the ability to correctly perceive both
conpeting stimuli (double correct) increased with age, whereas

the REA did not show a devel opnental change.

The results of studies with children younger than 5 years

suggest that they are likely to have | ow doubl e correct scores.

The degree to which both of the dichotically conpeting
stimuli are perceived correctly depends on the anount of trans-

m ssi on t hrough the corpus col | osum

One gradient of naturation is based on the course of
nyelination in different structures in the brain. Melination
of the corpus - collasumbegins at about the fourth nonth after

birth and the process is not conplete until about the age of 10.

Wth nyelination viewed as an index of functional naturation,
the |ack of conplete nyelination may indicate that transm ssion
of information between the two hem spheres is not naxinmally
efficient before age of 10 years.

Yeni , Konshi an &Br own (1982)
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These findings thus suggest that there is a REA even in
t he youngest group, whose magnitude is not altered with age,
and the ability to perceive dichotic stinmuli, depend on the

factor of nyelination of the corpus collasum which increases
w th age.
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CHAPTER - V

TYPES OF AUDI TORY PROCESSI NG PROBLEMS |'N CHI LDREN

Inspite of the confusing picture presented by the children
havi ng central auditory processing problem some degree of classi-

fication is provided for the purpose of comrunication and clarity.

Musi ek and Geurkink (1980) have described the conmon pro-

cessing dysfunctions as fol l ows: -

(1) Selective Listening Problem

The children with this problemdenonstrate the inability to
understand and focus on one auditory signal in the presence of
many other auditory signals. Such children cannot understand the

teacher if the classroomis noisy.

(2) Binaural Separation Problem

The children with central auditory processing probl em show
their inability to attend and integrate acoustic information
presented to one ear and suppress the information simltaneously
presented to the other ear. This function overlaps with selec-
tive listening skills but requires nore use of lateralization

cues and can be tested nore specifically.



(3) Binaural Integration Problem

In a dichotic condition, children with perceptual pro-
blens will often favour one ear and understand that nessage

but do poorly with the message to the other ear.

(4) Tenporal - sequencing Problem

This is the nost common type of processing probl emseen
inchildren, showing the inability to recognise the appro-

priate order of acoustic stinuli as they exist in tine.

(5) Interhem spheric Interaction Problem

Because the left and right hem spheres performdifferent
functions in auditory processing, conmunication between the
hem spheres is necessary for optinmal perception. The children
wi th processing problemhave difficulty wth information exchange
i nterhem spherically and they show a |eft ear deficit on dichotic

tests and a bilateral deficit on pattern perception tests.

Speaks, et al (1975) drawthree |ines of evidence to suggest
that auditory pathways fromthe weak ear and speech information
presented to the weak ear are not conpletely suppressed during

di chotic stinmulation.
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|.  The presence of speech in the weak ear detectable during
dichotic stinulation showthat sone speech information from
t he weak ear, perhaps critical for perception and perhaps not,

do reach the cortical processing areas.

2. The lower dichotic scores for the strong ear than nonotic
scores for the strong ear show that the processing of speech
fromthe strong ear during dichotic stinulation ear partially

disrupted by information transmtted fromthe weak ear.

3. Occurance 6f blend errors nore than nonblend errors denon-
strate that the auditory pathway fromthe weak ear are not

suppr essed.

These findings |eads to the speculation, that information
transmtted along the auditory pathways fromthe weak ear is not
only sufficient to cause occasional disruption of processing of
the strong ear signal but that sone infornmation bearing signals
fromthe weak ear are extracted during processing and are com
bined with other features fromthe signal in the strong ear to

formthe patient's response.

Transm ssion - Line Mdel

Thi s nodel is based principally on the observation that there

are greater auditory projections to each tenporal |obe fromthe
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contral ateral ear than fromthe ipsilateral ear. Thus, the
contra-lateral pathway is domnant or in a sense, functionally
pr epot ent .

Because of the lesion to the primary auditory areas of
the right or left tenporal |obe, signals fromthe two ears
travel different in different transmssion lines (ipsilatera
for the weak ear? contralateral for the strong ear) and the
difference in quality of the two lines is largely responsible

for the inbal ance i n scores.
| psilateral - Suppressi on Mdel

Thi s nodel was given by Ml ner, Taylor and Sperry in the
year 1968. |[|f ipsilateral pathways are suppressed, and if in-
formation fromeither ear can only be transmtted by way of the
contral ateral pathways, than we nust assune that the score for
ear is | ow because the signal was partially or conpletely degraded

in adirect sense by the affected area of the brain.

The essential contrast between the two nodel s is that
with ipsilateral suppression, the score for one ear is presuned
to be | ow because the signal, forced to trovel the contral atera

route, is degraded by the danmaged area. Wth the transm ssion
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| ine model, the score is |ow because the signal is transmtted
along the ipsilateral pathways in conpetition with information
fromthe opposite ear that traveled the stronger contraleteral

route.

There is a plausible alternative, since the two nodels
are in no sense nmutual ly exclusive; that is, the reduced score
for one ear isthe joint product of direct degradation by the

|l esion (ipsilateral suppression nodel) and inbalance between

auditory pat hways (transmssion [ine model). Until lesion effect:

and transmssion line effects can be unpacked, construction of

model s is at best tenuous and certainly premature.
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GHAPTER - VI -

BEHAVI OUR OF CH LDREN W TH AUDI TORY PROCESSI NG PRCBLEMS

A teacher noted that children with auditory processing
probl em seens to be "in a jog" and they say "Huh"? all the
time. In describing children with auditory processing pro-

bl ens Cohen (1980) listed the foll ow ng observati ons:

1 Most are male (75%

2 They have nornmal pure-tone hearing threshol ds

3. They generally respond inconsistently to auditory stimli
4 They have short attention span and fatigue easily when

confronted with long or conplex activities.

5. They are easily distracted by both auditory and vi sual
stimul ation.

6. Most are hyperacti ve.

7. They may have difficulty with auditory localization skills.

8. They often request that information be repeated.

9. They are often unable to remenber infornation presented

verbally, for both short-termand |ong-termnenory.
10. They are often allergic to various things in the environnent,
11+ They often have a significant history of chronic otitis media
12. They take a lot of tinme to answer questions.
13. They have difficulty in relating what they have heard to

t he words they see on paper.
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15.
16.
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They may have difficulty wwth gross or fine notor
coordi nati ons.

They may have speech, articulation or |anguage probl ens.
They may al so act frustrations that result fromtheir
perceptual deficits in the classroomor they nmay be shy
and wi t hdrawn because of the poor self-concept that

resul t from mul tiple failures.

It should be noted that not every child with an auditory

processing problemw || exhibit all of the behaviour nentioned.

The nunber of probl ens experienced by a given child wll be

anexpression of the severity of the auditory learning disability.
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Physi ol ogy of Drectional Hearing As a basis of Central
Auditory Testing

From a physi ol ogi cal point of viewit is known that both
cochl ea are represented in each auditory cortical area and that
bi naural interaction may occur at all levels of the auditory

system from superior olivary conplex to auditory projection areas.

Hal | (1965) using el ectrophysiol ogi cal techni ques, dis-
covered that the bilaterally | ocated nuclei of the superior

ol ivary conpl ex, which according to Rasnmussen (1946) contains

cell s with connections to or fromthe cochl ear nuclei of each
side, respond differntially to small differences in interaural
tine and intensity.

Neff (1961, 62, 64) asserted that the physical differences
whi ch are necessary for |ocalization of sound in space renain
in the formof "differences between new inpul ses and that for
hi ghly accurate auditory |ocalization the nerve inpul ses from

the two ears nust i nt er act at a low Ilevel".

The anatom cal studies of Rosenzweig (1961) have shown t hat
the first opportunity for nerve inpulses fromthe two ears to

Interest, occurs in the superior olivary nuclei and naintained
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fromthere upto the cortex.

There is no doubt that the final accuracy of sound
| ocal i sati on depends on the proper functioning of the auditory

areas of the cerebral cortex.

It is onthis principle that tests of.auditory |ocalisa-
tion and bi naural audiometry suggested for ascertaining |esions

of central pathways are based today.
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CHAPTER - VI |

AUD OL.Od CAL TESTS FOR THE ASSESSMENT GF AUDI TORY PERCEPTUAL
DYSFUNCTI ON | N CH LDREN

Audi ol ogi sts have begun using central tests in the eval ua-
tion of auditory processing problens, with sone success. Though
it remains difficult to defect these types of auditory deficit,

the use of central testing has permtted progress to be made.

The tests which are coomonly used to assess the centra

auditory processing in children are briefly described as foll ows:

(1) Rapidly Alternating Speech Perception Test
(RASP Test)

This test is a measure of brain stemdisorders. Its design
was based on a principle described by Bocca and Cal earo (1963)

and it was specifically devel oped by Lynn (1973).

This test requires the listener to repeat verbally sinple
sentences which alternate every 300 m sec. between the right
and left ears. The sentences are approximately 7 words in | ength.
Atotal of 20 sentences are usually presented, 10 with the left

ear leading and 10 with the right ear |eadings (Fi g.4)



ALTERNATING SPEECH
(ALTERNATING PRESENTATION)

PUT A DOZEN APPLES
IN THE SACK

PUT A DOZEN
APPLES IN THE

FIG 4. Illustration of Alternating Speech
(Wlleford, 1977)



BINAURAL FUSION (DICHQTIC)
(SIMULTANEOUS PRESENTATION)

BAGPIPE
RAINBOW

\ DAL MDAW
S500-7T00 HZ 1900-2100 HZ w
FIG 5. |Illustration of Binaural Fusion.

(willeford,

1977)
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(2) Binaural Fusion Test

This test is also used to assess the brain-stem function-
ing* It was constructed by lvey (1969). The test uses spondees
filtered through a | ow band pass (500-700 Hz) and a high band
pass (1900-2100 Hz). The |ow band-pass segment is presented to
one ear. Wiile the other ear is simltaneously presented with

a hi gh band-pass segnent of that sane word. (Fig.5)

The characteristics of the stinuli selected for their hono-
genesty froma large pool of words are such that either band
segnent, when played alone is quiet unintelligible; however, when
the information is binaurally presented, the brain-stemis
capabl e of fusing the information fromeach ear and the spondee

I's reported correctly.

Normal score is 75%or better/ when the two bands are pl ayed
si mul aneously. The children with brain-stemlesions do not

re-synthesize the two dichotic segnents into a meaningful word.

(3) Filtered Speech Test

This test is a measure of cortical functioning. It was
devel oped by Bocca, Calearo and Cassinarl (1954), with the basis
that distorting the speech by routing the speech signal through



FILTERED SPEECH
(MONOTIC SIGNALS)

LOW PASS -

300 500 \~FILTERED OUT~3000

FIG 6. Illustration of Filtered Speech.

(WIlleford, 1977)
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a low pass filter, would place greater demands on the inte-
grative function of the auditory cortex, and would thus be

nore likely to denonstrate cortical dysfunction.

This test involves the use of CNC nonosyl | abi ¢ words
whi ch are passed through a filter which rejects acoustic

energy above 500 Hz at 18 dB par octave. These words are

presented nonaurally and the child sinply repeats the word.
(Fig.6)

The normal subjects score 70% or better on this test;

whereas the patient with unilateral tenporal |obe |esions score

poorly in the contral ateral ear.
(4) Duchotic Sentence Test

This test nmeasures the cortical functioning. This test
requires a sentence to be presented to each ear sinultaneously.
The "Prinmary" sentence is presented at 35dBSL whil e the "Com
peting" sentence is presented at a 50dBSL with reference to the
spondee threshold. The subject is asked to respond to the prinary

nessage and ignore the conpeting nessage. (Fig.7)
Ex:

RE
Primary Sentence Thi s wat ch keeps
(35dBSL re PTA) good tine.

LE
Conpet i ng sentence | was late
(50 dBSL re PTA) to work today



DICHOTICALLY-COMPETING MESSAGES
PRIMARY(35dBSL) COMPETITION(50dBSL)

MY BROTHER IS
A TALL BOY

YOUR MOTHER I8
A 900D COOK

HER YOUR W i3
ts A TALL BOY 000*
FIG 7. Illustration of D chotic Sentences.

(WIlleford, 1977)
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Nor mal subject score well in either or both ears, whereas

patients with cortical insult performpoorly in one ear.

(5 The staggered spondai c Wrd Test

The SSWtest was devel oped by Katz (1962, 1968). Each
test itemis conposed of two spondees with a staggered onset.
The last half of the first spondee and the first part of the
second spondeee are presented dichotically, while the remaining

spondee segnents are presented in isolation to opposite ears.

Ri ght ear Race Hoar se
Left ear Street Car

There were sone limtations to the use of the SSWwi th
children under 11 years of age. |n conparison to the norns;
there was nore variability in performance for children younger
than 11 years. In an attenpt to reduce this variability, 20 nost
famliar itens were selected fromthe standard 40 itemtest
(List EC) to forma children's list (List C- EC). Wth the
shortened version, errors and variability decreased from?7 to

11 uears of age with 11 years olds performng |ike normal adults.

(6) Spapedial Reflex Test (lIpsilateral and Contral ateral)

It has been recently found that the reflex are for the

st apedi us nuscl e include the nmedial superior olive and the
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nucl eus of the trapezoi d body.

In a subject with a normal mddl e ear and nornal brain-
stem whether the reflex is elicited by a contral ateral tone
or by an ipsilateral tone, we see virtually the same responses.
In contrast, when a subject has a | esion of the central
structures near the IVventricle no reflex can be elicited by
contral ateral tones, but virtually normal refl exes are seen by
i psilateral recording of the reflex fromthe same ear in which

stimulation is taking pl ace.

It is recommended to use both ipsilateral and contra-

| ateral reflex recording in appropriate subjects (Jerger, 1960).

(7) Dichotic Digits Test

Inthis test, two digits are presented to each ear siml-
taneously (dichotically); The twenty, two - digit sets are
presented and the child sinply repeats all the digits that are

hear d.

Ex: - Left ear - 8, 6

Ri ght ear - 4, 3

Brai n—stem Audi tory Evoked Response Audi onetry

The BSER is the el ectrical response of the eight nerve and
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brain stemauditory nuclei to click stinmuli. The BSER appear
during the first 10 msec. follow ng stinmulus onset and con-
sists of as many as seven waves when the stinmuli are applied
at slowrepititionrates. At faster repitition rates, the
wgsre Vis the nost promnent and stable event. [Its |atency
varies systemmatically as a function of stinulus intensity and
at agiven intensity this |atency decreases systematically
with increasing maturity during the first year and a half of

life.

BSERA has provided highly useful clinical information in
the case of infants, who yeild confusing and inconsi stent

audi ol ogi cal results.

Masking Level Differences in the ldentification of Children

wi t h Perceptual Problens

Sweetow, RW and Reddell, R C, (1978) investigatedto
det er m ne whet her nasking |evel differences (M.Ds) could
differentiate between nornmal children and children wth suspected

auditory processing problens. Results indicated that:

(1) there was no differences between M.D's for "normal" children

and nor nal adul ts;

(2) there was no difference between speech MLD' s for the

two groups of children; however,
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(3) tonal MLD's for the children with suspected auditory
perceptual problens were significatly |lower than those for

t he nor nal gr oups.

Thus the tonal M.D can be a strong addition to a central
test battery, especially because it can be used with non-
ver bal children who cannot conpl ete many tests because of
limted linguisticskills, however, nore research is needed
on larger populations to confirmthe effectiveness of the tonal

M.D test.

Ti me conpressed Speech Test

Ti me conpressed speech discrimnation neasures have been

used i ncreasi ngly duringrecent years as one neans of i nvesti -

gating auditory perceptual functions of the CMS. nly recently,
however, have data becane avail abl e concerni ng the perfornance
of normal. Children on tine conpressed speech discrimnation

measur es.
(Beasl ey, Maki and Orchi, 1976)

Beasley et al (1976) tinme conpressed the word intelligi-
bility by picture identification (WPI') (Lerman, Ross and
McLauchlin, 1965) and the PB-K 50 (Haskins 1949) speech discri -

mnati on neasures and presented themat 24 and 32 dBSL to



60 children divided into three age groups of twenty, Conpari-
son of the results with nornmative data indicated that perfor-
mance of the two groups of children wan simlar at the 30%

time conpression condition but the children with auditory percep-

tual disorders perforned poorer at 0%and 60%time conpression.

The results of research and the clinical enploynment of
time-conpressed speech have been encouragi ng and have provided
the inpetus for further pursuit of such stinmuli w th pathol ogica

popul ations.

Anot her approach, used prinarily by speech | anguage pat ho-
| ogi sts and reading and learning disability teachers, involves
assessing auditory abilities assunmed by themto be prereguisi-

ties to |language acquisition or reading skill.

Audi tory Attention:

This ability is best assessed by observing the child in
comparison with peers. The child should have the ability to
direct attention toward a relevant acoustic stinulus speech
or nusic and to sustain that attention for an appropriate |ength

of time.

Audi tory Fi gure-G ound

This class of tests is usually admnistered using a tape

recording of speech in the presence of conpeting background
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speech or noise. The speech nust be at a favourable signa

to noise (S/N) ratio.
The tests presently available are:

(1) the Goldman - Fristoe - Wodcock (GFW Auditory Discri-
m nation Noi se subtest - which uses a picture - pointing

task to words recorded at +9dB S/N rati o.

(2) the Flowers - Costello Test of Central Auditory Abilities
(CAA) conpeting Messages subtest, in which a single speaker

gives the test items while the same voice is telling a children's
story. The child points to a line drawi ng representing the
appropriate conpletion of a sentence, such as "On Hal | oween,

we carved a

(3) the conposite Auditory Perceptual Test (CAPT) - given by
Wtkin (1973), assesses figure ground discrimnation agai nst

conmpeting sounds of nusic and speech.
Audi tory Discrimnation:

This class of tests is usually intended to nmeasure speech
sound discrimnation abilities.
VWepman Auditory Discrimnation Test described by Wepnan,

(1973), uses mnimal word pairs, e.g. gear/beer, rub/rug,
si ck/ thi ck
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The short test of sound discrimnation uses syllable

pairs.

The Discrimnation by ldentification of Pictures (DIP)
test includes two picture showi ng bear/pear, fan/man, pup/cup
etc. The word Intelligibility by Picture Identification(WPI)
test described by Ross and Lerman (1970), uses plates of six
pictures and the Goldman - Fristoe - Wbodcock (GFW Auditory
Discrimnation Quiet subtest, uses four picture plates. As
these picture tests rely on visual integrity, it is difficult
to attribute any breakdown to auditory discrimnation in the

narrow Ssense.

Auditory Closure

This class of tests is intended to measure the child's
ability to understand the whole word or message when part is
m ssing or mssed. One example is the auditory closure sub-
test of the Illinois Test of Psycholinguistic Abilities (ITPA).
Inthis test the child fills in mssing parts of aword. For

example, the examner will say "airpla , and the correct

response is airplane.
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A different approach to testing auditory closure is to
elimnate certain frequency conponents of sound by el ectronic
| ow pass filterings The Flowers - Costell o CAA test include

a lowpass filtered speech*

Audi tory Bl endi ng

This ability can be assessed using the Sound Bl endi ng
subtest of the ITPA the Roswell - Chall Auditory Bl ending
text and the GFWsound bl ending test. The test is admnistered
by presenting isolated sounds that nake up a word. The child

must conbi ne these sounds to tell what the word.

Audi tory Anal ysi s:

This is the ability to identify phonenes, syllables or
nor phenmes enbedded in words (analysis) and it can be assessed
by the syllabification subtests of the Stanford D agnostic Read-
ing Test and the syllabification of the Gates - MKillop Readi ng
D agnostic Test. The Auditory Analysis Test requires the
subject to forma newword when a phonene or syllable is renoved
froma larger word. For exanple, gatewithout gis ate, trial

wthout t rail.
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Audi tory Menory:

Menory span can be assessed using the Wpnon and Morency
Auditory Menory Span Test, in which single syllable nouns are
presented in progressively increasing series fromtwo to six

words. Thiree trials at each |evel are given.

The Menory for content subtest of GFWAuditory Menory Test,
uses a picture - pointing task, in wiich the child is asked to
indicate the two pictures that were not naned. The WSC D git

Span subtest uses nunbers as stinuli.

Sequential Menory:

The | TPA Auditory Sequential Menory subtest and the Auditory
Sequential Menory Test utilize digits and the child nust recal

the exact order of stimuli given;
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CHAPTER - VI |

LI M TATI ONS OF THE TESTS OF CENTRAL AUDI TORY PROCESSI NG

Wl lianson and Al exander (1975) stress the foll ow ng

defi ci ences:

1. Tests that are now in use are in need of standardi zation
and nornmative data with which to make conpari sons when inter-

preting results.

2. For purposes of reliability and validity the examnee is
subjected to a battery of tests which are fatiguing and tine

consum ng (Katz, 1962).

3. Standardizing is made nore difficult because of the com
plicated equi pnent usually requiring filtering devices, which

are not readily avail abl e and whose characteristic vary from
nodel to nodel.
4. Alimted population for study is avail able.

5. The intellectual capacity, nenory span and degree of notiva-

tion causes difficulty in establishing norns.

5. Finally, further investigation is warranted as to the effect
a peripheral hearing | oss may have on the results of tests for

central auditory inpairnment (WIlleford, 1969).
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CHAPTER - | X

MANAGEMENT OF CH LDREN W TH CENTRAL AUDI TORY PROCESSI NG
DI SCRDER

Managenent of central auditory disorders is an area of
uncertainty for persons inthe fields of clinical audiol ogy,

audi tory physi ol ogy, speech perception and auditory bi oengi neer-

Ther apy obj ectives such as environnental |ocalization,
sequenci ng, rhythm awareness, discrimnation (gross and five)
and nenory tasks have been stressed in renedi ating auditory based

| ear ni ng disabilities.

Counsel ling the child, famly, and educati onal personnel
concerning auditory perceptual problens and controls for coping

with the auditory world.

The research suggests that the | anguage di sordered chil dren
may be characterized by an inpaired rate of processing for
rapi dly changi ng acoustic information. Since the speech signal
as it is normally produced, consists of rapid changes in fre-
guency and intensity, an obvious treatment inplication is that
the signal should be slowed down to facilitate its perception by

t he | anguage di sordered chil d.
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A procedure nost often used in research is the electro-
mechani cal nmethod of producing tine expanded speech. Sl ow ng
down the rate of speech input in this way has inproved the
sentence conprehension of young |anguage di sordered children
(MOrosky and Thonpson, 1973) and of children with auditory
processing problems (Perk, 1977).

Besi de speed, the perceptual defect appears to involve
the discrimnation of small, rapid changes in the acoustic
spectrum Hence these children nust be trained to discrimnate
bet ween speech sounds by increasing the contrast between them
This could be done, even for pairs of a simlar phonemes by
using synthesized versions of the sounds that maximally diffe-

rent.

Teachers shoul d al ways command the child's attention, if
necessary, by either inplenenting verbal or physical cues such
as calling his name prior to the instruction or lightly touching

hi s shoul der.

I nstructions should be presented in clear, well-articul ated
and sinply constructed sentences. Periodic feedback will ensure

whet her the child is listening to the speech nessage.
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Wth children having visual notor difficulties, the
amount of witten responses is reduced, an ideal device for

this woul d be a tape-recorder.

Various seating arrangenents in the class room shoul d be
tried in order to |ocate an area of maxi numauditory reception.
Sound attenuating earnuffs and earplugs can be useful in elim-
nati ng background noi se, when the child is working individually
at his desk or during any task where auditory conpetition is
present. F.M auditory training units have been used success-
fully wth children who had central auditory deficiencies. These
units provide favourable signal to noise ratios for enhanced
reception of classroominstructions. The child should be given
prai se and rei nforcenent for even mninal inprovenent. Encourage-
ment and support are key factors in devel oping patterns of

Success.
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