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| NTRODUCTI1 ON

People with central auditory disorders present unique
problens for their parents, their teachers, their peers etc,
and for the nmany professionals who are <called wupon to
evaluate and prescribe managenent for (a given person s)
communi cative problem in addition to resulting academ c and

social difficulties.

The problem faced or conplained by such population may

be one or the other of the foll ow ng:

1. Tinnitus (subjective - often localized in the mdline or
in the head)

2. Audi tory hal | uci nati ons and/ or unusual auditory
sensat i ons.

3. Extrene difficult hearing in highly reverberant roons or
in a noisy background.

4. Trouble following conplex auditory directions or
commands.

5. Extreme auditory inattentiveness and high distractibility.

6. Trouble in localizing sound sources.

7. Marked decrease in the appreciation of nusic.

These type of popul ation exhibit above problens inspite
of the fact that they are found to have peripheral audirtory
systens that operate absolutely normally in response to basic
and traditional measure of auditory functions. For example

people with central auditory disorders denonstrate excell ent



sensitivity on pure tone test except for a mld-to-noderate
inpairment at 8000Hz in an wundeterm ned but substantia
nunber of them (Pienhiro, 1976b, WIlleford 1980a). They also
typically have normal speech reception thresholds and they
score within normal limts on standardi zed audi ol ogi cal tests
of speech discrimnation ability. Yet they have difficulty
in understanding or utilizing auditory information on their
academ c and vocal environnents and present case-histories
descri bing behaviours that indeed support the suspicions of
teachers, parents and peers that they do not use auditory

information efficiently.

Speech in particular is altered by factors such as
fundanmental frequency, intensity, speed, articulation, voice
inflection enotional enphasis, distance from the source and
countless juxtaposition of words and their phonemc and
subphonem c elenents in continuous discourse. Fi nal ly,
auditory signals for the purpose of human conmunication are
often received in the presence of dynamcally changing
conmpetetion from a host of other auditory signals pervading
our daily living environnents. Thus it seens truly mracul us
that human are endowed with auditory capabilities that permt
them to sort out desired signals from conplex auditory
environments and process them through an el aborate series of
delicately bal anced central audi tory nervous system
mechani sns. These nechanisns transmt, enhance or inhibit

reshape, refine and/or nodify themin nunerous ways and



ultimately assign recognition and nmeaning to them The end
results allows us to respond wi th neani ngful behavi ours, nost
especially to comunicate though and ideas to learn and

develop intellectually and enotionally.

Most people can and do perform this phenonenal test of
communi cation with relative ease in an often conplex and
bew | dering world in which sensory systens are bonbarded with
nmyriad signals. This fact inspires application for the
intricately designed sensory and neural signals which human
bei ngs enj oy. However all or the foregoing factors conspire
at times to deceive and confuse even the normal |istener.
Consi der them how different (indeed how difficult) Iife nust
be for the individual with inperfections in that processing
machi nery. Through a variety of physical, nental, enotiona
or maturational |imtation regardless of cause many people
are unable to value efficient use of sensory information they

receive fromtheir environnents.

Speech audionetry is a basic tool of audiological
eval uati on. Pure tone audionetry al one does not provide any
informati on about the persons ability to hear above the
threshold and hence should be supplenented by speech
audi onetry. Speech signals are used to neasure threshold.
Supra-threshold intelligibility process in |lip reading,
auditory training, success in otologic using and to aid

di agnosi s of peripheral and central disorders.



Audi tory detection of central lesion is not a new area
of inquiry. A great deal of interest was focussed on the
probl em of central auditory disorders as a result of the work
by Bocca and Associates in 1954 and 1955. Since that tine
investigators have attenpted to diagnose problens in the
brain stemand cortex with auditory stimuli. Many techni ques

and refinenents now appear in the literature.

Before attenpting to evaluate the performance of an
individual on a particular test it is essential to have
normative data regarding the procedure in question. Si nce
the earliest investigation the word perfect, reliable and
valid indication of central auditory disorder has undergone
considerable transition. The earlier prelimnary studies
enpl oyed speech materials which were somewhat difficult for
normal listeners to identify. However there was enornous
di sturbance in performance for patients having centra
audi tory disorders. Hence these tests were referred as
"difficult" speech tests. By either wusing poor recording
met hods or elimnating a portion of the frequency spectrum or
by introducing distortion, a |large nunber of difficult speech

techni ques were enpl oyed by various investigators.

However there early tests while being highly effective
in identifying central auditory disorders produced a
dilemma for the clinician in diagnhosing the specific area of
damage, probably this was due to the wide variability in test

per f or mance.



An expl anation was absent on the role of interaction of
variables |like peripheral distortion, intelligence, nenory
span, and other wvariables on the test performance.
Consequently the problem appeared to be one of difficulty in
handling the large nunber of false positives rather than
denonstrating deviations. This need for techniques which
woul d reduce the nunmber of false positive findings |later |ed
to construction of testing procedures which enployed nore
"stabl e" speech stinmuli. Stability in this case refers to a
hi gh redundancy and famliarity content of speech stinuli.
The staggered spondiac words (SSW is a technique which nmakes

use of such stable speech material .

The SSWtest of assessing central auditory lesion in now
being used in various parts of the world. Unlike other tests
this test is an auditory procedures which is based on
dichotic presentation of spondiac words in a staggered

manner .

1.1 STAGGERED SPONDEE WORD TEST
The test consists of 40 itens each itemhas two spondee
words which are recorded in a partially overlapping manner.

For exanpl e: Ch‘JJght side up-stairs; left side down-town.

—{ UP 4 STAIRS
;] LDOWN JTOWN
2

Le LNC




These are presented through tape recorders when the tape
is played the word "up" is presented to right ear. Now no
signal in the left ear. When the word "stairs" is presented

in general to the right ear sinultaneously the word "down" is

presented to left ear and then to left ear - the word "town

signal to right ear.

Here: RNC = right ear non-conpeting condition is "up
R C = right ear conpeting condition is " "stairs"

L.C. = Left ear conpeting condition is "down

LNC = Non-conpeting condition is "Town"

There are eighty (80) spondee words. Spondee words are
presented 50dB above SRT and the subject is asked to repeat.
Substitutions, omssions and additions are considered as
errors.

The typical data sheet is I|ike:

A B C D E F G H

RNC RC LC LNC LNC LC RC RCN

up stair down town week end work day
1 2
3 4
5 6
7 8
39 40

At the end the total nunber of errors are noted down

for each condition. The total nunber of errors in every

condition are listed down.



Scori ng:

Miltiply each error by 2.5 to get the % score
RN\C =el X 25

%of errors in RC=e2 x 2.5

%of errors in LC =e3 x 2.5

%of errors in LNC = e4 x 2.5

el x 25 +e2x 25
R ght ear score =

2
e3 x 2.5 +e4 x 2.5

2

Left ear score =

Corrected SSWscore: If the subject has peripheral hearing
| oss the perfornmance will be affected.

So, corrected %of RNC =el x 2.5 DL right

DL = Discrimnation |oss

DL = 100 - discrimnation |oss

%of RC=e3 x 25 DL right

%of LC =e3 x 25 - DL left

%of LNC =e4 x 25 - DL right left

el x25-DLR +e2x 25- DR

right ear score =
(corrected) 2

e3 x 25 - DL Lt +e4 x 2.5 - DL Lt
| eft ear score =
(corrected) 2

R + Lt
Total Score (corrected) =



Dat a
Nor nal MId Moder at e Severe
Total SSW score -4-5 6- 15 16- 35 36-100
Ear score condition -6-10 11- 20 21-40 41-100
Scor e -9-15 16- 25 26-45 46-100
The obtained score is to be conpared with the normative
data. In right tenporal |obe lesion, |eft ear shows noderate
severe | oss. In left tenporal Iobe lesion right ear shows

nmoder at e/ severe | 0ss.

Response bi as: ear effect

The subject may commt nistake in the right ear first
item 1,3 etc or right ear first item 2, 4 etc. | f he makes
nore nunber of odd nunbers item than even nunbers item then

ear effect is said to be present.

If sum of errors in ABCD or even nunbered - columms -
sum of errors in EFGH or odd nunmbered colunms is greater then
5 them ear effect is said to be present. We shoul d reject
the colum which shows nore error and consider the colum
whi ch shows |ess errors.

Then only 20 items will be there. So multiply each error
by 5 to get percentage score i.e.

el x5 e2x5 etc
O der effect

In presentation order of words ABCD an EFGH (see

typi cal data sheet).



The ABEF - represents responses to 1st spondee words and
CDGH - represents responses to 2nd spondee word. | f ABEF -
CDGH is greater than 5 than order effect is presented.
Subject conmit nore errors in 1st or 2nd spondee or vice
ver sa. So the colum which shows less errors is considered
and multiplied by 5 to get % of peripheral hearing |oss
cases. The corrected score will be el x 5 - DL Lt; e2 x 5
-DL Lt etc. If the half of the test items are considered

then its called as adjusted and corrected SSW scores.

The SSW test is not reliable one to be wused wth
children below 10 years and over 60 years of age. It is
because for childrens auditory system is not fully matured
and in old people it is deteriorating though its matured.
This being a dichotic test if there is deep lesions it wll
be interfering the interhem spheric auditory pathways. As we
know the 2 hem spheres are connected by corpus call osum | f
there is deep lesion, it affects corpus callosum so the
transm ssion is affected. In right handed people, - speech
is processed in left hem sphere. If we present speech to
right ear it reaches to left and right hem spheres by corpus
callosum In deep lesions this is not possible. So ear

i psilateral to dom nant hem sphere shows poor perfornmance.

Reversal responses:
Reversal is when the subject repeats 2nd spondee word
instead of 1st for eg: Stairs-up or "Town-Down" for up-stair

and down-t own.
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Here also the ear contra lateral to the |esion shows

poor performance.

Speech test in Indian |anguage are already available
[Hndi, Taml, Telegu, Mal ayal am Kannada... Kapur.Y.P.
(1971); Shivshankar (1988)]. But those tests are not wdely
used because of nonavailability of norns etc. For those
| anguages in which tests are not available standardized
English and Indian English test are nade use of to test the
Engl i sh know ng peopl e. But this goes against the fact that

the largest of the spoken languages in India is H ndi and we

don't have any structured and reliable test in this
| anguages. Hence, it is very difficult to test those who
know only the native |anguage Hi ndi. There is a great need

to make the Staggered Spondiac Wrds (SSW test available in

Hindi for clinical purposes.

In this study it was attenpted to standardize the
spondee words in H ndi which is necessary for the

construction of the Staggered Spondiac Wrds (SSW test.

1.2 PURPOCSE OF THE STUDY
The study was conducted for the foll ow ng purposes:
1) To prepare a word list in Hndi for SSWtest.
2) To standardize the material for clinical admnistration
through establishing famliarity.
3) To provide guidelines for recording the material for SSW

4) To provide two lists of spondiac words in Hindi.
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There is no structured and standardized test in H ndi and

therefore will be a useful addition to the battery of test
avai | abl e. It can be used with H ndi speakers who do not
know Engli sh. It may be used also with the popul ati on whose

second | anguage is Hindi.

1.3 FAMLIARITY OF WORDS

| a SSW test the vocabulary should not be so difficult that
it forms an inprobable responses for nobst subjects on the
other hand the test material should be famliar to the
subj ect s. However it should not be so sinple that is could
be correctly guessed a high proportion of the tinme wthout

bei ng heard.

Redundancy of the speech material should neither be so
great as to nmake it inpossible to err on the itens nor should
it be so non-redundant that a sinple hearing loss or mild
auditory distortion could disrupt the patients perfornmance.

It is inportant that the material should not be very
| ong, so that a patient is penalized for inabilities
unrelated to his central auditory lesion |ike nenory span.
However the material nust be long enough to incorporate at
| east one | anguage until because higher auditory functions is
nore easily challenged by abstract concepts such as |anguage
synbol s.

The test should be short enough to avoid physical or
psychol ogi cal fatigue but |ong enough to ensure reliable

per f or mance.
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REVI EW CF LI TERATURE

Speech audionmetry is indispensable part of battery of
clinical audi onetry. |t eval uat es t he receptive
communi cation function and not just the ability to
di stingui sh sounds of certain frequency or intensity. A wde
variety of speech materials have been wused for speech
audiometry to measure speech reception threshold and speech
di scrimnation. The clinical use of speech in testing for
possible hearing loss undoubtedly preceded the use of
discrete tones by many vyears; but the quantification of
speech audionetric tests has been fairly recent (Berger

1971).

Even though primtive auditory tests used speech as a
stinmulus they were not accurately done. It was the early
part of nineteenth century when accurate hearing test were
sought after an Acuneter - type of test instrument came into
use, that speech tests were given nore attention to devel op
systematical ly.

The investigators during the period (1804-1870) tried to
classify hearing inpairnent on the basis of the follow ng:

1) The distance at which the subject heard the speech better.

2) The ability to understand whispered speech and
conversational speech.

3) The ability to perceive consonants and vowels (Feldmann
1970).
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The O ologists were the first to nmake extensive use of
speech materials in testing the hearing capacity of an
i ndi vidual (the voice and whisper test). But the intensities
in these tests were not adequately controlled. The
audi ol ogi st were the first to quantify the speech materi al

and to make it a routine part of hearing testing.

It was Wl f (1871, Quoted by O Neill and Oyer, 1966) who
designed the first speech tests systematically. He had
published a nonograph describing the instrunmentation and
di scussed his experience with speech tests. He made use of
the consonants, syllables and words as test materials. He
indicated intensity of the material in paces or distances
from speaki ng source. In 1890 he was able to present words
recorded on Edison wax cylinder to the patients ear through
adj ust abl e tubi ng. This permtted the control of intensity

of recorded materi al .

Lucae (1904) had recommended to develop a test using
nonsense syl | abl es but this was rej ected for iIts
psychol ogi cal short com ngs. He also recommended to record
the particular word that has been correctly understood at a

specified distance.

In 1910 the telephone industries becane interested in
the nature of stimuli transmtted over its systens. This led
to the beginning of quantification of speech materials as

test itens. These naterials were used not as materials for
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the neasurenent of threshold of speech but as a neasure of
intelligibility of the speaker using particular conmunication
syst ens. The Bell telephone laboratories analysed the
characteristics of speech sounds (vowels and consonants).
During this period Canpbell and Crandall (1920) devel oped the
articul ation l'ist whi ch consi sted of a series of
unintelligible words made up of consonant vowel consonant
(VC) conbinations. Each list consisted of fifty consonant -
vowel , consonant (CVC) and five vowel consonant (VO
conmbi nations. This was enployed in testing the efficiency of
t el ephone circuits. The words were either spoken through a
m crophone or recorded on disc and then were presented
through a particular circuit. The result scores were based
on the percentage syllable groups that were recogni zed by the
| isteners. The score was called "Syllable Articulation
Score". In this context it is inportant to note that the
term articulation is wused audiologically for the function
speech discrimnation; but it has other cannotations for
i ndividuals whose orientation is in the field of speech

(Newby, 1970).

In 1924 the first speech audioneter was introduced.
Though it was of historical inportance the credit for the
devel opnent of systematic speech audionmetry should go to
Fl etchers work. These speech audioneters were primarily

used in identification audionmetry Mico audioneter type R S.
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were also wused in this period and they used nunber and

picture words as test materials (Feldnmann 1970).

Jones and Knudsen (1924) were the pioneers who included
speech transmission system in their audio-anplifier which

were used for audionmetric purposes.

The use of nonsense syllable in the study of
intelligibility is an analytical approach in which the
interest is focussed on the intelligibility or repeatability
of certain phonemc elenents. The advantage in using
nonsense syllables lies in the fact that they are devoid of
nmeani ng and hence the intelligibility is in no way dependent

upon the vocabulary of the listeners (Hrsh 1952).

It is difficult to use nonsense syllables as the subject
has an unconcious tendency to |look for a nmeaning in the sound
presented to him and to look for a meaning in the sound
presented to him and to reproduce it as a known term
(Lafon. J. C 1966) . So words which have nmeaning were
preferred and nonosyllabic words have been used in some of

the later test that were devel oped.

"A test discrimnation for speech"” as opposed to the
threshold nust consist of relatively nonredundant itens.
O herwise the nultiplicity of clues available to the patient
will obscure his inabilities to differentiate consonants and

vowel s accurately (Carhart, 1965).
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For this reason nonosyllabic words are preferred to
conversati onal sent ences. Monosyl | abi ¢ wor ds are
sufficiently wunpredictable and as such individual speech
el enents are perceived with relative independence. They are
not so confusing as nonsense syll ables which are so confusing

as to baffle many subjects (Carhart, R 1945).

McFarlan (1940) was first to construct nonosyl !l abic word
lists. It was a test for children and consisted of
nmonosyl | abi ¢ words selected from the Thorndi ke and Gates word

lists.

Egan, et. al., (1948) developed a series of tests to
assist in the assessnent of speech intelligibility. They
were know as PAL-PB 50 words |ists. From an origi nal sanple
of twelve hundred nono-syllabic words, twenty list of fifty
words each was constructed. The words were grouped on the
basis of phonetical simlarity of the first part of the word.

They were selected to confirmthe following criteria:

a) Monosyllabic in structure
b) Equal average difficulty
c) Conposition representative of English speech and

d) Wirds in common usage.

These |ists were judged to be of equal difficulty. The
speaker was Rush Hughes and he spoke the test itemand the
nunber at a set intensity. The key or the test word follow ng

the item nunber was spoken at an intensity in relation to the
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carrier phrase at which it mght normally occur. The actua
test nonosyllable did not at all occur at the sane |evel
al though it has long been known the small variations in
intensity may cause rat her a | ar ge variation in
discrimnation for speech (Burger.WK. 1971). Low signal to
noise ratio also appears to be a critical factor in

discrimnation test variability.

In 1952 original (PAL) lists were nodified by Hirsh, et.
al., (1952) at the central institute for the deaf. The
nodi fications were nmade because several difficulties have
been reported nostly with respect to clinical use. The
vocabul ary that was assenbled for 20 PB lists of 50 words
each patients. Vocabul ary appears to need reconstruction in
di mension of famliarity (Hrsh 1952). This nodified version
is W22 of dD Famliar W22 recording wth Hrsh as
speaker were produced. The CI D nodification included addi ng
of nore famliar words to those used in PAL-PB word |ist
The. nodi fied version W22 consisted of 120 words from PAL PB-
50 and eighty new words. The two hundred words were divided
into four basic lists (nunbered 1-4) fifty words each and

these in turn were scranbled into six orders in each.

The two types of PB lists (PAL and CID) differ wth
hi gher discrimnation scores being obtained with W22 tests.
This is especially true if CD recordings of the early PB

lists (Rush Hughes) recordings are used. Li ve voice
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presentation of the spondees wll probably yield thresholds
which are quite simlar to those obtained with recorded
spondees. However because of difference between speakers,
i nherent speaker variability and the non absolute aspects of
intelligibility lists it is best to use the recorded version

of PB lists" (ONeill and Oyer, 1966).

The val ues obtained by the CID group were reinvestigated
by Corso (1957) who used 139 trained listeners in his study.
The various PB lists were presented at a |level of 78dB SPL
(re 0.0002 dynes/cn?). The obtained nean discrimnation
score was 97.68 percent. These results were in close

agreenment with original CIDresults (0 Neil and Oyer, 1966).

The PAL-50 lists the W22 lists and to a |arge extent
those test |ist developed since have paid sone attention to
famliarity of vocabulary is typically based on a whole or in

part on the vocabul ary studi es.

Thor ndi ke or Dewey (1923, Quoted in Beger, 1977) both of
whom were concerned only with printed English word | ength and
vocabulary in speech, however may differ considerably from
that of printed English. It is also Ilikely that word
famliarity changes with tine. Thus even if Thorndi ke and
Dewey lists were representative of English speech which were
not they would need revising to account for usage. Changes

since their publications.
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The phonetic balance like word famliarity was based on
relative frequency of appearance of various sounds as they
occur in English. It should be noted that the bal anci ng of
words phonetically within each word |ist has been concerned
only with approximately the first 2/3rd of each word. The
initial consonant or consonant blend and follow ng vowel or
initial vowel; have been conputed in phonetic bal ancing. The
useful ness of phonetic balance in discrimnation testing has
not been denonstrated regardless of its apparent logic. The
bal ancing of vowels wth 1in any test because of sone
difference in pronounciation will at best be approxi mate. It
IS necessary to investigate further the relevance of phonetic
bal ancing and if the concept is found to be wuseful the
bal anci ng shoul d be done according to speech data rather than

according to printed material (Berger WH. 1971).

Inspite of the popularity of W22 tests there have been
nunerous efforts to further refine or to replace the W22
records and ists. An inportant nodification of these
discrimnation tests has been the use of half word |ists.
Several attenpted to shorten these lists from50 to 25 words.
(Bowling 1959; Canpaneli 1962; Elpern 1961 Resnick 1962; and
Schultz 1968). The results showed high reliability and
stability, when the scores on a whole |list were conpared with
scores of 25 words selected fromthe sane list. G abb (1963)
guestions the statistical techniques enployed in the

construction of half word I|ists. No consi deration was given
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to the level of difficulty, range of difficulty, phonetic
bal ance and frequency of occurance of phonetic elenents. The
resulting lists correlated highly with full Ilists and with

each ot her.

Tobias (1964) points that "phonetically balance" is not

essential in a "useful diagnostic test". He feels that
either half a list or full list they are serving in the sane
way and give the sane results. To support his point, he

guotes Gabb's (1963) own acceptance that PAL PB-50 word
lists are better diagnostic tools even though they are not

properly bal anced than W22 |ists.

Martin (1956) is of opinion that the conplete test may
take not nore than five mnutes and so the extensive
argunents over tine - saving seem rather unnecessary. He
convincingly concludes that till the controversy is resolved

we may use the entire list for testing.

Fai rbanks (1953) "Rhyne test" was the beginning of the
testing with nonosyllables in a closed test. Variation on the
Rhynme test procedure have been proposed by Kruel et al

(1960). A picture test is also nmade for children by Ross and

Lerman (1970). This is known as word identification picture
I ndex test (WPI). A phonetically balanced Rhyne test was
devel oped by d ar ke (1965) i ncl udi ng t he phonene

differentiation in the nedial position in addition of the

initial and final. Schultz and Schubert (1969) realizing the
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i nefficiency of W22 developed the "nmultiple choice

di scrimnation test".

Portman and Portman (1961) have reported that the
recorded presentations avoid the flexibility in testing. To
solve the extensive arguenment over the recorded presentation
versus the live presentations. Brandy (1966) nade a study
and he concluded "for the live node of presentation there was
a significant difference anong lists one being significantly
different fromthe other". For the recorded presentation the
difference anong lists failed to reach a significant |evel.
This study shows that recorded presentations are nore

reliable than |ive presentation.

Use of a carrier phrase in speech audionetry according
to Egan (1948) and Carhart (1952) is assuned to alert the
listener for the test word and to allow the announcer to
nmonitor his voice, but wusually the exact content of the
carrier phrase is not considered inportant when a carrier
phrase is spoken prior to a list word the potential for
phonemc interaction affecting intelligibility wll be
present (d adstone and Siegenthaler 1971). Martin, et. al.,
(1962) discussed the non essentiality of the carrier phrase
and said that it only confused |isteners who had source
di scrim nation problenms. N xon (1969) also has reported that
carrier phrase does not affect the discrimnation score.

Kruel, et. al., (1969) found significant differences in
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scores as a function of carrier phrase. @ adstone and
Si egenthaler (1971) studied the possible differences in
intelligibility as related to different carrier phrases.
They conclude that intelligibility with the phrase - "you
will say" was the best perhaps because of the long vowel /ei/
at the end in contrast to other endings has a greater
potential for being influenced by the phonenes of the word to
follow and thus give additional cues to intelligibility.
They add "the careful intelligibility testing will continue

to incorporate consisted use of a famliar phrase".

The famliarity as a possible factor for influencing
intelligibility has been a point of discussion fromthe days
of Egan (1948). A word becones fam liar dependi ng upon the
frequency of use of word count.

Bl ack (1952) reported that even anong the comon words
more famliar words are nore intelligible words. Black (1952)
and Ownens (1961) have also reported that "if a word is nore
famliar it is nore intelligible".

Wil e studying the effect of famliarity native |anguage
and their influence on perception. Sapon and Carrol (1957)
concluded that there are differences between different
| anguage users in perception and discrimnation of given
sounds. The probability of perception of a given sound in a
given environnment is related to the |anguage of the |istener.
Error in perception is also related to the |anguage spoken by

the |istener.
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Singh (1966) reported that confusion in perception
depends upon the |anguage spoken by the |Iistener. Thi s
indicates the necessity of preparing the word list in the

native | anguage of the subject.

Lafon (1966) advanced the use of neaningful words as
agai nst the nonsense syllables as the subject |ooks for the
meaning in the sound presented to himand to reproduce it as
a known term M yamahi, et. al., (1973) have also stated
that the linguistic experience of the subject affects the

perception of sounds.

The data of Zahrezewski, et. al., (1975) suggest that
nonsense words would test only ‘'recognizability" of the
subj ect whi ch IS a subcortical phenomenon. The
di scrimnation of speech which is a cortical function can be

tested with nonosyl |l ables if they are neani ngful words.

Realizing the inportance of famliarity in speech
discrimnation, it would be necessary to prepare word lists
in different |anguages in our country to test subjects in

their own spoken | angauges.

Kapur (1951) developed speech audionmetric materials in
Tam |, Telegu and Ml ayal am for neasuring the discrimnation
ability. In Tam|l| though he succeeded in collecting the
famliar nonosyllables, the list failed to represent all the

sounds which do occur in Tam!| |anguage and are used as
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distinctive features in the perceptive speech in today's
Tam | (Soma Sundaram 1973). Since Kapur's list contains only
fifty words it is difficult to avoid the practise effect in
t he subsequent presentations. The study was conducted only
on three subjects and it wll be rather difficult to

generalize the perfornmance.

The attenpts of Swarnalatha (1972) and Nagaraja (1973)
in standardizing PB word list in English and Indian
popul ati on and developing a Synthetic Speech ldentification
test in Kannada respectively are worthy of nentioning but

these tests are neant only for literates.

De (1973) developed a Hindi list to be used all over
| ndi a. This test cannot be admnistered to non H ndi

speaki ng popul ati on due unavailability and nonstability.

Mayadevi (1974) prepared a common word |ist using
meani ngl ess nonosyl |l abic sounds to be admnistered all over
the country. This list is also not recomended for the
measur ement of discrimnation. Because the subject |ooks for
the nmeaning in the sound presented to himand to reproduce it
as a known termas shown by Lafon (1966). Secondly it tests
only the ability to recognize instead of discrimnation.
Nagaraja (1986) prepared paired word list in Kannada is also

wort h nenti oni ng.
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2.1 PORE TONE TECHNI QUES
Sound | ocalization tests

Sanchez-Longo and Forster (1957-1958) denonstrat ed
i mpai rment of the sound localization ability in the auditory
field contralateral to the tenporal |obe lesion in a group of
brai n-damaged subj ects. These results suggest that the
auditory cortex mght have a role in formng the concept of

audi tory space.

Adapt ati on neasures

Two tests of tonal adaptation are tone decay neasures
and fixed or sweep frequency neasures Bekesy audionetery
techni ques evaluate the ability of the auditory system to
mai ntain perception of a tonal signal over time. Tone decay
of 30dB or nore and Type IV (Rarely 111) Bekesy traces may
result from brainstem |esion or disease (Noffsinger et al,

1972) .

Adapt ati on produced by brainstem lesions is wusually
noderate relatively languid and namy appear bilaterally
(Noffsinger, et. al., 1972), abnormal but not dramatic. Tona
adaptation can be a clue to brainstem dysfunction

particularly when elicited from both ears.

Loudness t asks
The task such as the Alternate Bi naural Loudness Bal ance
(ABLB) test provide information on the way the auditory

system translates intensity into |oudness. Evi dence is
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sought through a conparison of the signal strengths needed at
each ear to produce a subjective sensation of equal |oudness
equally intense tone sounds (equally loud to nornal
i steners). Al though there is Ilittle doubt that brainstem
| esions occasionally interfere wth by producing an
abnormally slow growth of [|oudness (decruitnment) in one ear
this is sufficiently rare to make unprofitable the use of
such procedures in an auditory battery ained at detection of

brai nstemabnormal ity (Noffsinger, 1982).

Lateral i zati on neasures

Binaural lateralization alnbst certainly depends to an
i nportant degree on the functional integrity of the trapezoid
body and the superior olivary bodies and their ability to
transmt and analyze binaural information (Thonpson 1983).
Anal ysis of two-ear functions of the |ow brainstem which has
capabilities ranging from streophonic perception to avoiding
oncom ng vehi cl es.

The npbst comonly used audiologic neasure of binaural
| ateralization is a procedure which involves determ nation of
the intensities needed at two ears for otherw se identica
and sinultaneous tones to create a subjective sensation of a
tone image located in the cranial mdline (Jerger and Harford
1960) .

Nof f si nger (1982) studied 140 patients wth brainstem
| esi on. The tonal procedure correctly described brainstem

abnormality in only 9% of these cases.
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Tenmporal ordering tasks

Swisher and Hrsh (1972) wused a paradigm where they
presented two tones of different pitches and with various
onset time differences. The two stinmuli were presented
either to the sanme ear or to opposite ears and the subjects

were asked to indicate the order of the two tones.

Subj ects consisted of young adults, older controls and
three groups of brain damaged subjects including left brain
damaged with fluent aphasia, nonfluent aphasia and right
brain damaged with no aphasi a. Fl uent aphasics required the
longest intervals to order stinmuli particularly if the two
stimuli were presented to the sane ear. In subjects with
right hem sphere damage the difference required to nake
tenporal order judgenents between two stimuli presented in
the sane ear were snaller and approxi mated those denonstrated

by the control subjects in their investigation.

They did however show greater deficits when the tonal

stimuli were presented to opposite ears.

Lackner and Teuber (1973) presented dichotic clicks to
the two ears which varied in terns of their onsets. Their
subj ects included 24 veterans wth |eft hem sphere damage and
19 with right hem sphere danmage. They found that subjects
with left hem sphere danage required a longer silent interval

between the stimuli in order to perceive separation.
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Efron, et. al., (1982-1985) conducted a series of
experinments wth nonspeech auditory signals and have
denonstrated contralateral ear deficits in individuals wth
tenporal |obe lesions for a variety of auditory task (eg. gap

detection, sound |ateralization and tenporal ordering tasks).

Frequency (Pitch) pattern sequence test

This test was devel oped by Pinheiro and Ptacek (1977a).
It is conposed of 120 sequences with each sequence containing
three tone bursts. In each sequence two of the tone bursts
are of the sanme frequency, while the third tone burst is of
different frequency. Thus a total of six different sequences
are possible. The subject is asked to describe verbally each
sequence heard. Patient with lesions of either hem sphere or
of the inter hem spheric pathways have difficulty describing

the nonoaurally presented test sequences.

Maski ng | evel difference (M.D)

| dentical |low frequency tone is delivered to listener's
ear and then just enough noise is added (which is also
identical at two ears) to nmask the tones. A nere reversal of
the phase of the tone at one ear phone Vis-a-Vis the other
will imediately make the tones audible again (H rsh 1948).
Thi s release from nmasking due to i nt eraural phase
relationships is called a binaural Msking Level Difference

(M.D).
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The test protocol involves the presentation of either a
pul sed tone, typically a 500Hz tone or spondee words to both
ears, at the sanme tine that a nmasking noise is being
delivered binaurally. The patient is generally tested under
two conditions. In the honophasic condition both the speech
or pulsed tone and the masking noise are presented to both
ears in phase. In the second antiphasic conditions one of
the signals is presented out of phase while the other is held

i n phase (Pinheiro 1985).

Osen, et. al., (1977) found that a greater rel ease from
maski ng could be denonstrated in both normal and inpaired
subjects if the (8o Nz) antiphasic condition was used. Lynn
et al (1981) reported that patients wth [ow brainstem
i nvol venent denonstrated little or no release from masking
while no release with lesions higher in the Central Auditory
Nervous System (CANS) tended to perform simlar to nornal

control subjects.

Nof f si nger, et. al. , (1979) denonstrated a close
correspondence between MD and auditory brainstem response
(ABR) t est results. They found that ©patients wth
abnormalities in waves I, 11, or 11l of ABR yielded small or
absent M.Ds, while patients with abnormalities of waves IV

and V denonstrated normal M.Ds.
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Bi naural beats neasures

If tones of slightly different frequency (eg 500Hz and
493Hz) are delivered to an ear the subjective percept is a
tone which is nodulated at a rate equal to the difference in
frequency between the tones (Oster, 1973). This auditory
effect can be called nonaural beats and is attributable in
part to true physical interaction of the two tones. If the
two tones are separated and one is delivered to each ear of a

subject, a flutter is heard wthin the head.

It has been denonstrated that sone subjects wth
brai nstem |esions hear nonaural beats but cannot hear

bi naural beats (Noffsinger, 1982).

2.2 ELECTROPHYSI OLOd CAL TESTS
Aural reflex test

The nmeasurenent of the crossed and uncrossed refl exes of
the stapedial nuscle to tonal stinmuli is a test of brainstem
di sorder. It is sinple and quick to admnister. Jer ger
(1975) reported that the wuncrossed (ipsilateral) reflexes
should be present and the crossed (contralateral) reflexes
absent when brainstem pathology interferes with the reflex
arc suggesting interference wth the reflex arc at the |ower

| evel of the brai nstem

Brai nstem evoked response
It has been well docunented that (ABR) is highly

sensitive to VIlIIth nerve tunmors and nost | esions of the | ow
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reduced at all scalp sites and no increase in N anplitude
occurred with lengthening of the Inter Stimulus Intervals

(1sls). The P2 conponent however showed the same anplitude

and refractory period.

In the investigation of central auditory dysfunction via
m ddle or |late evoked responses, electrodes placed over the
temporal (T3, T4) or parietal (C3, C4) areas wll help in
defining the area of dysfunction (Kilney, 1985).

Audi tory event-related potential (P 300)

This particul ar conmponent known as "cognitive* potenti al
is elicited by test par adi gns t hat i nvol ve active
participation on the part of the subject or client. Mst
frequently an "odd ball"™ procedure is wused, whereby the
subject is asked to count or indicate recognition of a rare
stinmulus, out of a background of frequent stinmuli (Squires,
1983) . The P-300 conponent originates from nonspecific
unknown neur al generators and presumabl y represents
el ectrophysi ol ogical manifestations of strategies that are
used by the central auditory nervous system (CANS) to permt
an individual to selectively attend to relevant infornmation.
It has been suggested by Hillyard et al (1983) that reduction
in the anplitude and/or delays in the latency of this
conponent may indicate deficits in the |later stages of

processi ng.
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Brain electrical activity mapping (BEAM

In this BEAM inmages are constructed from both EEG and
evoked potential data. The EEG data displays the spatial
distribution of electrical activity in the delta, theta,
alpha and beta frequency bands while the evoked potential
(EP) data represents the dynamc changes in the electrical
activity of the brain with tine by sequential displays of
i mages. The display techni ques produces an ani mation effect
whi ch highlights the spread of electrical potential over the

scal p.

Gillon and Buchsbaun (1986) have shown that auditory
stimuli provide an EEG anplitude decrease in the al pha band
which is greatest in the primary sensory cortex. Duffy, et.
al ., (1981) found abnornal results for visual evoked
potentials in patients with confirmed cortical tunors. In 8
out of 11 patients, abnormally high Z values were found to

coincide wth locus of the tunmor or its surrounding edenma.

2.3 SHORT COM NG OF PURE TONE TECHNI QUES
1) Adaptation neasure cannot identify enough patients wth
known brainstem pathology to rank them high on a list of

brai nstemeval uators (Noffsinger, et. al., 1972).

2) In Loudness tasks although there is little doubt that
brainstem |esions occasionally interfere wth expect ed
intensity/l oudness relationship by producing an abnormally

slow grom h of |oudness (decruitment) in one ear this is
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reduced at all scalp sites and no increase in N anplitude
occurred wth lengthening of the Inter Stinmulus Intervals
(1sls). The P2 conmponent however showed the sanme anplitude
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m ddle or |ate evoked responses, electrodes placed over the
temporal (T3, T4) or parietal (C3, C4) areas will help in
defining the area of dysfunction (Kilney, 1985).
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This particul ar conponent known as "cognitive" potential
S elicited by test par adi gns t hat invol ve active
participation on the part of the subject or client. Most
frequently an "odd ball"™ procedure is used, whereby the
subject is asked to count or indicate recognition of a rare
stinmulus, out of a background of frequent stimuli (Squires,
1983) . The P-300 conponent originates from nonspecific
unknown neur al generators and presumabl y represents
el ectrophysi ol ogi cal manifestations of strategies that are
used by the central auditory nervous system (CANS) to permt
an individual to selectively attend to relevant information
It has been suggested by Hillyard et al (1983) that reduction
in the anplitude and/or delays in the latency of this
conmponent may indicate deficits in the later stages of

processi ng.
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Brain electrical activity mappi ng (BEAM

In this BEAM inages are constructed from both EEG and
evoked potential data. The EEG data displays the spatial
distribution of electrical activity in the delta, theta,
al pha and beta frequency bands while the evoked potential
(EP) data represents the dynamc changes in the electrical
activity of the brain with tinme by sequential displays of
i mages. The display techni ques produces an animation effect
whi ch highlights the spread of electrical potential over the

scal p.

Gillon and Buchsbaun (1986) have shown that auditory
stimuli provide an EEG anplitude decrease in the al pha band
which is greatest in the primary sensory cortex. Duffy, et.
al ., (1981) found abnor nal results for visual evoked
potentials in patients with confirmed cortical tunors. In 8
out of 11 patients, abnormally high Z values were found to

coincide with locus of the tunor or its surroundi ng edena.

2.3 SHORT COM NG OF PURE TONE TECHNI QUES
1) Adaptation measure cannot identify enough patients with
known brainstem pathology to rank them high on a list of

brai nstemeval uators (Noffsinger, et. al., 1972).

2) In Loudness tasks although there is Ilittle doubt that
brainstem |esions occasionally interfere wth expect ed
intensity/loudness relationship by producing an abnormally

slow growm h of |oudness (decruitment) in one ear this is
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sufficiently rare to nake unprofitable use of such procedures
in an auditory battery ained at detection of brainstem
abnornmality. No characteristic pattern inplicating the
brai nstem occurs. Thus interpretation is usually limted to
the judgenment that sonething is wong somewhere in the
auditory system which ishardly a useful outcone (Noffsinger
1982).

3) In lateralization neasures Noffsinger (1982) showed high
mss rate in a study of large population with confirned

brai nstem | esi on.

4) Lesions to auditory centers and pathways in the brainstem
and brain are not easily detected by pure tone tasks. This
is understandable given the diversity and redundancy of the
central auditory nervous system (CANS). There are sinply
too many ways for an acoustic signal as unconplicated as a
pure tone to be coded transmtted and decoded even in the
presence of a significant danmage to <central auditory

structures.
5) Problens with instrumentation.

6) Interference of tinnitus and/or unusual auditory

sensati on.

7) The general node of communication is through speech.
Speech being a higher level function - the results obtained

by pure tone techniques can be hazardous in generalizing.
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2.4 SENS| TI ZED SPEECH TESTS
Rati onal e

The theoretical basis of speech tests lies in the
necessity of using strongly structured nessages Wwhich
constitute a repertoire that 1is adequate to test the

functional properties of the channels and of the stations

along with the central auditory pathways. It is certain that
conplex sound patterns better investigates the defects
affecting integrative functions at the central |evel. Even
under condi tions of W ong transm ssi on or Wr ong

representation at the central |evel, the extrinsic redundancy
at the level of the hearing station and centers ensure
correct formal integration of the constituent elenents of
i nformation. Bocca and Calearo (1963) say that the greater
these two redundancies are the easier it will be to bring out
m nor i ntegration di st ur bance due to non-critical
deterioration either of the quality of nessage or of
neur ophysi ol ogi cal performnce. Further nore they theorize
that the greater the peripheral redundancy the easier it wll
be to obviate errors due to defects of the peripheral
receptor which are a source of uncertainty in the
recognition of single phonemes but cause practically no
hindrance to the reception of words and less still of

sent ences.

observations with puretone and speech audionetry led to

the formation of the "subtlety principle”. This dictum
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states that the nore central the lesion the nore subtle is
its mani festation (Jerger 1960). A dysfunction of central
auditory system is quite elusive in its manifestation.
Lesions in the peripheral auditory mechanism may be detected
with conventional auditory tests. However, a deficit at the
level of the first auditory center in the brainstemie., the
cochl ear nucl ei may be an exception to the subtlety
principle. Such a lesion may infact be exhibited through the
use of both routine audiometry and the peripheral auditory
test battery (Carhart 1967). This may be because the
cochlear nuclei are quite unique in that they constitute the
only way station in the central auditory system where one
does not find a representation of neural coding from both
ears. Therefore lesion at this |level nay be manifested in a
far less subtle manner. However, at higher auditory levels
there is dual representation of both ears through nunerous
i nterconnections (Gl anbos 1958). Hence a |esion above the
cochlear nuclei or even a hem spherectony does not present
informati on presented to either ear from reaching one of the

interpretive centers (Noel D. Matkin and Wayne 0 O sen 1971).

At the central level there appears a pattern of nervous
activity which softens out and blurs the details and forns
itself in the main according to the fluctuations of
intensity, duration and to the relative values of these. The
accuracy of this configuration depends on the activation of

| arge nunber of structured relays (Bocca and Cal erao 1963).
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On the contrary, a single discrimnative tone will activate
at nost a mnute proportion of neural channels. Consequently
it may be useless to try to explore the delicate defects of
the functioning of these structures by neans of a single
di scrim nation tone. Therefore the nethod of exploration of
the integrity of the <central auditory system nust use
nmessages with a conplex and integrated structure such as to
provoke the partial type of activity that is characteristic
of the auditory processes at the central level. Al of this
serves to justify the use of neaningful speech material in

the study of different stages in the process of integration.

A lesion within the central auditory system reduces the
nunber of neural channels available for processing speech.
However, such a reduction in internal redundancy may not
affect the ability of the listeners to understand speech of
good fidelity to any substantial degree. Bocca and Cal earo
(1963) attribute this finding of the patient to conpensate
for disturbance in the ~central auditory pathways by
capitalising upon the large nunber of redundant cues in
speech stinmuli. They later theorize and suggest that by
reduci ng the redundancy contained within a sanple of speech,
the presence of central of dysfunction may be highlighted.
Therefore, a nunber of test for the detection of central
di sorders have utilized speech in which the redundancy has
been reduced by distorting it in any nunber of ways. The end

result of such a reduction of speech redundancy is to
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increase the probability that even the normal |istener may
msinterpret some acoustic phonenmes contained wthin the
nmessage (Noel D Matkin and Wayne 0O O sen 1971). However in
contrast it is expected that a lesion in the central auditory
tracts will result in a significant increase in the nunber of
errors made while decoding a distorted speech signal.
Probably the increased difficulty encountered by the latter
subjects is due to a dual reduction in redundancy; that is in
the speech stimuli (extrinsic redundancy) and in the nunber
of intact central auditory tracts available for processing a

nmessage (intrinsic redundancy).

The validity of all the speech tests can be jeopardised
by disturbances at the l|level of |anguage center; because it
is, obvious that all speech tests depend on the correct
activation of the |anguage centers for a response to the
sti mul us. However I solated or associ at ed | anguage
di sturbances are easy to recognize and can be excluded,
barring rare cases of agraphia by making the subjects to
wite his responses instead of repeating them As such the
activation of the |anguage centers is a guarantee that the
nmessage has arrived as such at the cortex, thus testing all
the stages of integration as far as the higher level. This
cannot be said for the nessage, involving an el enmentary notor
response, which can be provoked below the cortex (Bocca and

Cal earo 1963).
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These are the reasons and/or justifications which
confirm that speech audionetry specifically devel oped
("Sensitized" speech tests) is the nost suitable way of
detecting hearing disturbances at the integrative level ie.,

at the higher stage of the central auditory pathways.

Types of sensitized speech tests

The speech tests which are described are based on the
principle of the reduction of extrinsic redundancy by various
nmeans, Lafon calls these test as "phonetic tests". Bocca,
Tato, Qiros refer to these tests as "Sensitized speech
tests' and Calearo and Bocca nanme these as "low redundancy
speech tests". Distorted speech materials delivered
nonoaurally were the first central speech tests to be
enpl oyed. The distortion may be acconplished by acoustic
filtering, low fidelity and other nmeans (Bocca, 1954,
CGol dstein 1956; deiner and Lafon 1957). A second technique
is time distortion (Bocca 1956; Calearo and Lazzaroni 1957;
Calearo and DiMtri 1958; Puricelli et al 1958 and Quiros
1961) . The third major category is that of supplenentary
nmessages or integration (Mtzker 1958; Calearo 1957; Hellenm
1960 and Tillman et al 1966). These nmethods usually require
the listeners to conbine binaural sources of information in
order to obtain an accurate response. A fourth approach to
uncover central auditory disorders is the conpeting nessage
technique (Kimura 1961, 1963, Feldman 1962; Katz 1962, 1963
and 1968 and Jerger 1964).
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2.5 MONCSYLLABI C PROCEDURES -
MONAURAL DI STORTED SPEECH TESTS

Frequency D storted

In 1954 Bocca, et. al., delivered tests of phonetically
bal anced words using low pass filters (500Hz). The results
showed that in all cases where lesions of the auditory cortex
had been proved the discrimnation curve was distinctly worse
in the contral ateral ear. Wal sh and Goodman (1955) followed
the sane, and they could localize site of lesion. Goldstein
et al (1956) wused lists of nonosyllables that were difficult
to recognize because of the bad quality of recording. The
results showed that in cases of hem spherectony the
discrimnation score was 25 percent Jlower in the ear
contral ateral to the hem spherectony as against t he

honol at eral one.

ol dst ei n, et. al ., (1960-61) reported depressed
performance for a group of four patients on whom |eft
hem spherectom es were perforned. They noted essentially
normal performance on pure-tone sensitivity tests for al
four subjects both pre and post operatively. In addition
speech recognition scores for well articulated speech were
normal in all cases. When a poorer, presumably frequency
di storted, recording of the phonetically bal anced words lists
(Rush Hughes recording) was used |left ear scores were nornal
but right ear scores were depressed.

Jerger (1960, 1964b) adm nistered a low pass filtered

speech test along with other tests to three patients with
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temporal |obe | esions. He also found that performnce was
depressed on the low pass filtered speech test in the ear

contralateral to the affected hem sphere.

In recent years the nobst extensive data using filtered
speech nonosyl |l abic recognition tests have been presented by
Lynn and G lroy (1972, 1975, 1976, 1977). These authors have
reported on cases of docunented Ilesions of the brain,
consisting primarily of tunors of the tenporal, parietal and
frontal |obes that |owpass filtered speech can be successfu
in identifying brain l|lesions, but the specific |ocation of
the pathology may not be revealed by the test outcone. The
majority of their patients who had tenporal |obe tunors
denonstrated the expected contral ateral ear effect. However,
the nmean group difference between contral ateral and
ipsilateral scores has been reported to be as small as 10%
(Lynn and Glroy, 1975). Cases with tunor of parietal | obe,
frontal |obe or interhem spheric pathways were typically

reported to show normal results for filtered speech testing.

The nost wdely used filtered speech test in clinical
practice today is the |lowpass filtered speech subtest of the
Willeford (1976) central auditory processing battery. Thi s
test consists of two 50-word lists of M chigan Consonant
Nucl eus Consonant (CNC) words which were selected to be
highly intelligible to adults even when filtered. The words

were lowpass filtered with a cut-off frequency of 500Hz and
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an 18dB per octave rejection rate. The recomended

presentation level is 50dB the puretone average.

Tinme distortion

A second nethod of degrading or reducing the redundancy
of speech signal that has been used in central auditory
nervous system (CANS) assessnents has involved procedures
whereby the tenporal aspects of the speech signal are
di srupted or altered. This type of distortion typically has

i nvol ved either interrupted accelerated or conpressed speech.

In interrupted speech tests, portions of the nmessage are
removed by turning on and off periodically by neans of an
electronic unit (Licklider and MIler 1954).

Bocca (1958), Calearo (1963) and Antonelli (1963) were
anong the first investigators to use an interrupted speech
tests to assess patients with CANS disorders. Usi ng both
words and sentences at a nessage on ratio (MOR) of 50% and
any where from 1-40 interruptions per second (IPS) they found
that patients with tenporal |obe |esion showed poorer scores
in the ear contralateral to the |esion. In addition,
patients wth brainstem lesions typically showed reduced
performance in either one or both ears.

In a subsequent investigation Korsar - Bengsten (1973)
presented Swedish sentences with a 50% nessage on ratio
(MOR) and 7 or 10 IPS to a relatively large nunber of

subj ect s. She found (1) Reduced performance 1in the
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contralateral ear if the |lesions affected the primry
auditory cortex; (2) a somewhat smaller but still prom nent
contralateral effect if the lesions were located in the
temporal lobe in close proximty to the primary auditory
region; and (3) Essentially no deficits in either ear if the
lesions were in frontal or parietal | obes. She al so found
that patients with brain stem | esions which were |localized to
the right side showed nmarkedly poorer scores in the
ipsilateral ear when conpared to contralateral ear. These
i nvestigations suggest that an interrupted speech test 1is
sensitive to lesions in both the tenporal auditory cortex and
the brain stem

The second nethod of tenporal distortion that has been
used in CANS assessment has been the accelerated or tine-
conpressed speech nethod. Essentially three nmethods of
accelerating or conpressing the speech stimuli have been
used. These include (1) having the speakers accelerate there
speech (2) accelerating the recorded signal via a faster
pl ayback rate and (3) renoving segnments  of si gna
el ectronechani cal | y.

In 1956 Bocca reported on an audionetric accelerated
speech test and suggested that this test provides a neasure
of :

1) Reaction time; 2) The speed of the transm ssion across the
cortical synapses; and 3) The speed of the transm ssion

al ong the auditory pathways.
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Later simlar results were obtained by Bocca and Cal earo
(1956) Calearo and Lazzaroni (1957) and Bocca Calearo and
Cassinari (1957). According to Calearo and Lazzaroni a
decrease in intelligibility of accelerated speech nmay be

i ndi cative of cortical |esions.

In a simlar investigation by Calearo and DiMtri (1958)
the speech presentation was periodically switched from one
ear of the listener to the other. In studies enploying this
techni que normal subjects were tested as well as patients
with central auditory |esions. In normal purpose it was
observed that the intelligibility of the speech nessage was
decreased when the rate of switching from side to side was
faster than 0.2-0.3 seconds and the nessage rate exceeded
twice the normal speed (250 words per m nute). In patients
with central auditory lesions intelligibility decreased even
t hough nessages were given at normal speed either because of
the increased reaction tinme or because of a decrease in the

capacity to integrate these binaurally presented nessages.

Beasley, et. al., (1972) generated tapes of conpressed
speech stinmuli wusing the nethod of electronmechanical tine
conpression introduced by Fairbanks, et. al., (1954).

Subsequent studies revealed that patients wth diffuse
tenmporal | obe damage showed substantially poor performance in
the contralateral ear on NU-6 auditory word tests that were

conpressed by 60%
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The clinical application of the wuse of conpressed
nonosyl | abl es for detection of CANS disorders was
denonstrated by Kurdziel et al (1976). They used 30% and 60%
conpressed NU-6 lists in the evaluation of 31 patients wth
brain lesions. The results of Kurdziel et al (1976) showed a
marked reduced scores in the contralateral ear for the
di ffuse lesion group especially at 60% conpression rate. In
contrast the discrete lesion group showed normal overal
performance bilaterally. The authors concluded that
conpressed speech testing is an effective nethod of
identifying diffuse tenporal |obe disorders but I|acks the
sensitivity to detect discrete anterior tenporal | obe

| esi ons.

Quaranta and Cervellera (1977) reported that none of
their nine subjects with brain stem |esions showed reduced

per f or mance.

Baran (1985) found that conpressed speech is a
noderately sensitive test for intracranial |esions involving
the tenporal [ obe. In approximately two-thirds of these
subj ects, performance was reduced in one or both ears. The
nore typical pattern, however was for reduced performance to

be evident in the contral ateral ear.

Modi fied | ogo audi onetry
This procedure was proposed by Quiros (1960). Her e

lists of phonetically balanced bisyllables are presented to



46

the two ears separately and a speech discrimnation curve is
pl otted. Later the same words are delivered in groups of
three, separated by a gap and new speech discrimnation curve

is plotted.

The results obtained using this procedure showed that in
di sorders of the central auditory pathways the two curves do
not coincide and the curve obtained for the groups of words
is unilaterally or bilaterally inferior. A poor unil ateral
curve indicated organic or functional disorder of the

contral ateral auditory cortex.

Quiros (1960) attributes the inferior performance
obtained with groups of wrds to the greater effort of
integration required for this kind of delivery; this
according to Qiros (1960) necessitates greater attention
since one is dealing with groups that are not nornally used

and with a rhythmdifferent fromthat of ordinary |anguage.

Speech - in - noise

A method of distorting and/or reducing the intrinsic
redundancy of the speech nessage has been speech-in-noise
tenting. Sinha (1959) was the first to use a speech
recognition in white noise task to assess central auditory
function in a group of patients with cortical |esions. He
found depressed score in the ear contralateral to the |esion.

Fol | ow-up studi es have denonstrated that nonosyll ables m xed
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with white noise can be successful in identifying brainstem

as well as tenporal |obe disorders.

Since that tinme several other investigators have used a
speech-in-noise test for the assessnent of CANS disorders
(Dayal, et. al., 1966; Mrales - Garcia and Pool e 1966, 1972;
Nof fsinger, et. al., 1972; Heilman 1973; O sen 1975; Fow er
and Noffsinger 1984).

In nost cases the test stinmuli have consisted of
nonosyl | ables words which were presented at suprathreshold
levels while either speech spectrum or white noise was
presented to the sane ear at approximately the sane over all
sound pressure level and signal-to-noise (SIN) ratio of
+10dB. In evaluating individuals wth potential CANS
| esions, researchers typically have conpared the performance
of the ipsilateral and contralateral ears in terns of their
relative breakdown as well as to the extent to which such
br eakdown exceeds that of normals.

Reduced recognition scores have been reported for the
ipsilateral ear in VIIth nerve and extra-axial brainstem
lesions in one or both ears for individuals with intra-axia
lesions and in the contralateral ear in tenporal |obe
di sorders.

2.6 UNDI STORTED MONOTI C TESTS
Performance - Intensity - PB Functions
Al though traditional word recognition tests may not be

useful in the assessnent of CANS di sorders, there have been a
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few investigations that have suggested that undistorted
speech tests are sensitive to intracranial l esions if
performance - intensity functions are derived (Jerger and

Jerger, 1971; Dirks, et. al., 1977, Bess, et. al., 1979).

Jerger and Jerger (1975a) reported significant PI-PB
roll-over (20%or greater) in 8 of 12 extra axial |esions and
4 of 8 intra-axial |esions. The rollover was generally
observed on the ipsilateral ear for the extra axial |esions
and the contralateral ear or bilaterally for intra-axial
cases. In other studies related to brain-stem pathol ogy
significant PB rollover has also been found in patients with
Multiple Sclerosis (Jerger and Jordan, 1980; Gines et al,
1981; Hannley et al 1983).

Mul ler, et. al., (1985) report that in a study of 100
individuals wth posterior tenporal |obe damage PB roll over

occured in less than 5% of the cases.

Rush hughes difference test
In this the patient score on Psycho Acoustic Lab (PAL-

50 Rush Hughes) was subtracted fromthe CID W22 (lra Hirsh)

score. Coldstein, et. al., (1956) studied four patients who
were tested before and after left hem spherectony. They
found significantly reduced PB-50 scores (Mean = 45% error)

nore found for the contralateral ear while there was only a
slight reduction of 20% for the ear ipsilateral to the

renoved hem sphere. The W22 scores on the other hand
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remai ned at or near normal for all subjects yieldi ng PB-50/W
22 nean difference scores of 32%in the contralateral and 16%

for the ipsilateral ear.

Subsequent studies supported the work of Goldstein, et.
al's, (1956) finding that the PB-50/W22 conparison test is
successf ul in the identification of tenporal | obe and
subcortical pathologies (Coetzinger et al 1960; Lily and

Franzen, 1968; Stevens, 1978).

2.7 BI NAURAL TESTS
Bi naural Fusion

Fl etcher (1929) reported that if speech conponents bel ow
|O0OHz were sent to one ear and conponents above |O00Hz to

the other ear sinultaneously, fusion would occur and good

intelligibility would be obtained. Poor performance was
observed for either ear separately. Thi s binaural principle
was first adopted by Matzker (1959). He used bisyllabic

Cerman words filtered into two frequency bands, 500Hz to
800Hz and 1815 to 2500Hz. The test procedure involved both
dichotic (one frequency band-pass to each ear) and diotic
(both frequency bands to the sanme ear) presentation. After
admnistering the test to over 1700 patients. MVat zker
concluded that reduced binaural fusion scores are the result
of damage or degeneration of the ganglionic cells of the

brain stem
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Smth and Resnick (1972) studied four groups of adult
patients normals, bilateral sensory - neural hearing |oss

(presumably cochlear), tenporal |obe |esions and brainstem

pat hol ogi es. Diotic scores were not significantly higher
than dichotic scores for the normal, sensory-neural or
temporal |obe group, indicating the presence of norma
central fusion or integration. Positive findings, however

were observed for all brain stem cases with Dichotic Binaura
Fusion  (DBF) results showing an 18 to 34% diotic

enhancenent .

Faint filtered speech

Anot her  binaural procedure wused to detect Central
Auditory Nervous System pathology is the sinultaneous
presentation of Ilow pass filtered and faint wundistorted
versions of the sane speech material to opposite ears. Bocca
(1955) reported that when using this nethod binaural scores
were approximately equal to the sum of the two condition

presented separately.

Jerger (1960a) reported on the use of the faint filtered
procedure with PB-50 nonosyll ables, tenporal |obe pathol ogy
patients who were shown to have binaural scores essentially
equal to the better nonaural score, denonstrating the absence

of sunmmati on.
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Rapidly alternating speech

This is a test in which verbal stimuli are alternately
switched fromear to ear during presentation. Thus brief and
relatively neaningless bursts generally from words or
sentences arrive at each ear in a rapid sequences. Lynn and
Glroy (1977) have shown one version of this procedure which
i nvol ves sentences to be particularly sensitive to certain
lesions in the low pons and cerebel |l opontine angle region of
adult subjects. Another sentence version which is the fourth
and final test in WIlleford Battery has been reported by
M ttenberger, Caruso, Correia, Love, et. al., (1979) to
reveal astonishingly poor performance in deep sea divers with

deconpr essi on sickness (The "bend").

Maski ng | evel differences

A final binaural CANS test in which nonosyll ables can be
utilized is the masking level difference (M.D). The M.D can
be defined as an inprovenent in the threshold for a signa
in noise whenever the signal or the masker 1is reversed
i n phase. Al t hough pure tones or spondees are nornmally used
as the target stimulus, nonosyllablic words can also be
utilized. In this instance an inprovenent in speech
recognition rather than threshold is expected for the

ant i phasi ¢ conditions.

Cullen and Thonmpson (1974) exam ned rel ationship between
M.D and speech recognition for normals and four subjects with

tenmporal |obe resections. By presenting CVC nonosyl | abl es at
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60dB SPL and noise at 63dB SPL, they showed that nornmals
denonstrated an approximate 20 to 30% inprovenent in speech
recognition for the antiphasic condition with the greatest
i nprovenent noted when the signal was out of phase. The
temporal |obe resection patients performance did not vary
significantly from that of normals supporting the notion that

the MLDis the result of a subthalam c interaction.

2.8 DI CHOTlI C TESTS

A finer method of presenting nonosyllablic speech for
central auditory assessnent is dichotic presentation. The
term dichotic refers to the sinultaneous presentation of two
different speech signals to separates ears of the |istener.
As with nost other speech tests designed to detect Central
Auditory Nervous System pathology when dichotic speech is
presented to individuals with tenporal |obe I|esions reduced
performance is expected for the ear contralateral to the

di sorder.

Dichotic digits

In the dichotic digit tests nunmbers from 1 though 10
(excluding 7) are paired and presented in groups of two or
three. The patient is required to repeat all digits which are
presented in a single grouping (four or six). Typically 40
to 72 digits are presented to each ear and a percentage
correct score is derived. Normals usually score close to 90%

(slightly higher if only two digits pairs are used), with a
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group right ear advantage of 2 to 6% (Dirks 1964; Brunt and
CGoet zi nger 1968; Musi ek 1983a; Mieller et al 1985).

Kinmura (1985) developed a nodel that could be used to
explain the function of the central auditory nervous system
in the perception of dichotically presented stinuli. The
nodel is based on the prem se that the contral ateral auditory
pat hways in men are nore nunerous and/or stronger than the
i psilateral pathways. |In cases where there is only nobnoaura
input to the auditory system either pathway is capable of

initiating the appropriate neural response to allow accurate

perception of the speech signal. In dichotic situations
however, in the contralateral ear whenever test stinuli are
presented in a conpeting dichotic paradigm i psilatera

deficits are expected if the left or dom nant hem sphere for

speech is affected.

Sparks, et. al., (1970) provided additional evidence
that supports Kinmura's theory. They used both dichotic digits
and words in evaluating 20 left and 20 right brain - damaged
adul ts. Results denonstrated the expected 'contralateral”
ear deficit for both the left and right brain - damaged
subj ect s. They also found that the ipsilateral scores for
the right brain-damaged subjects were substantially higher
than the ipsilateral scores of the [left brain-damged
subj ect s. The reason that this occured (ie., ipsilateral
| eft ear deficit) may be because the fibres of

the corpus call osum had been conprom sed in many of these
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subj ect s. Simlar ipsilateral deficits were noted in other
subjects wth hem spheric Ilesions by Danmasio and Danasio
(1979). These results appear to support the contention that
the left tenporal l|obe is "specialized' for speech and that
damage to this hem sphere is likely to result in bilatera

deficits on dichotic speech tests (Speaks 1975; Sidtis 1972).

Musi ek (1983) introduced a revised version of the
dichotic digits test in which tw rather than three digits
are presented sinultaneously to each ear. Musi ek (1983)
reported that 18 out of 21 patients with intracranial |esions
(9 brain-stem 12 hem spheric) showed abnormal performance in
either one or both ears on the dichotic digit test. Results
of conparative study by Misiek (1985) that investigated the
relative sensitivity of three dichotic tests (Dichotic
digits, staggered spondiac words and conpeting sentences) in
the assessnent of CANS disorders in 12 subjects wth brain-
stem i nvol venent and 18 subjects with cortical |esions showed
that the dichotic digits test yielded slightly nore abnornal
findings for both groups than did either one of the two
remai ning tests.

Approxi mately one year after Kinura's introduction of
dichotic speech paradigm into field of <central auditory
assessnment, Katz (1962) introduced a unique nodification of
this psychophysical test procedure. H's staggered spondiac
word test (SSW is anong the best known and nost frequently

used dichotic speech tests.
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2.9 SENTENCE TESTS
Synthetic sentence identification

Sentences are utilized in conpeting nessage paradi gns
for measuring functions in the <central auditory system
(Jerger and Jerger 1974; Jerger and Jerger 1975, Speaks
1975) . The rationale for developing this technique was to
avoid the use of single words and single-syllable words in
particul ar. If was felt that such short auditory signals
have inportant limtations in evaluating the capacity of
central nervous system They used a closed nessage set to
mnimze the subjects dependence on linguistic skill. Thus
the subject could identify the stinulus sentence from anong a
group  of sentences which had controlled Iengths and
i nformati onal content (Speaks and Jerger 1965; Jerger et al
1968) . A particular group of synthetically determ ned
sentences were selected from anong various word order
sentence of third order approximation an length (Jerger and

Jerger 1974, 1975).

Jerger and Jerger (1975a) adm nistered SSI materials to
a series of patients wth carefully defined intra-axial
brai nstem | esions. In the first node, tape recorded
synthetic sentences were presented by male voice to one ear
while the other simultaneously received a narrative by the
sane speaker about selected events in the life of David
Crochett. Follow ng this techniques the ears receiving the

nmessage and conpetition, respectively were reversed. The
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second test conmbined the sentences and the conbination of
connected discourse was presented first to one ear only and
then to the other. In both the binaural and nonaural

procedures various nessage to conpetition ratios (MCRs) were

nmeasur ed. The two procedures were referred to as
contral ateral conpeting nessage (Ccv and ipsilateral
conpeting nessage (ICM tasks. Wth sentences presented at

levels yielding 100% performance generally at about 50dB
sensation level (SL) MCRs were varied in 20-dB steps from GdB
to 40dB for the COM condition for equal sound pressure |evels
(SPLs) to conpetition about 40dB above the prinmary nessage
and in |dB steps from +10 to -20dB for ipsilateral conpeting

nmessage (ICM condition.

The results fromthe study of Jerger (1975) 11 patients
with carefully defined intra-axial brainstem|esions who were
given both the COM and ICM tasks were strikingly dissimlar
for two versions of the test. Al the 11 exhibited very poor
performance on the IOM test; 6 of themin each ear and 5 of
them just on the contralateral ear. No patient perforned
poorly on ipsilateral ear alone. Performance scores on these
patients averaged 37% on both ipsilateral ear and
contral ateral ear when averaged across MCRs of 0,-10 and -
20dB whereas normals averaged 76% The ICM results together
with those for CCM test showed that 8 out of 11 patients by
sharp contrast had normal scores on the CCM even at the nost

difficult MCR of -40dB.
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Jerger and-Jerger (1975) in an another investigation
gave their findings as for brain stem patients the SS|
procedure show poor performance for ICOM and relatively good
performance for CCM The |1CM deficits are observed on
contralateral ear only and COM performance is within norma
[imts on both ears. For tenporal |obe patients the SSI
procedure yields poor performance on both ICM and CCM  The
|CM deficits are observed on both ears and the CCM deficit is

observed on contral ateral ear only.

Nat ural speech sentences
Wlleford (1968) developed a conpeting sentence test
(CST) for the specific purpose of evaluating central auditory

functi on.

The purpose in developing the CST was to avoid
dependence on identification of highly transient single words
particul arly nonosyl | abic words. Such words place a prem um
on one's concentration and attention. Another reason was the
desire to sinulate | anguage constructions one m ght encounter
in everyday life. It was thought that the test m ght provide
insight into a subjects ability to process standard forns of
spoken | anguage, W thout penalizing the patient with |ow
intelligence, illiteracy, physical abnormality that m ght

conprom se their maxi num test perfornmance.

For the nost part, this test has been used in the

assessnent of children with auditory processing disorders.
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However, there have been sone investigations that have | ooked
at the performance of individuals wth central auditory
nervous system (CANS) disorders on this test (WIlleford
1977) . These studi es have shown that approxi nately one-half
of the subjects studied with brainstem |esions denonstrated
abnormal performance in the ear ipsilatefal to the |esion.
For subjects wth tenporal | obe | esions, contral at er al
deficits were noted for individuals with posterior tenporal
| obe lesions, while for the nost part no deficits were noted

in subjects with anterior tenporal |obe |esions.

There are many other tests which have been used for the
detection of central auditory disorders. However many of the
followng tests are not in comobn use in the audiologic
clinics. They are faint discrimnation of words at 30dB,
discrimnation at 50dB, tone flicker, speech with alternate

maski ng index (SWAM) and auditory tracking tests.

Most of the techniques investigated to date have
enpl oyed relatively unstable speech stimuli nanmely English
nonosyl | abic words or their equivalents. Hence it is not
surprising that consistent normative data are |acking
probably as a result of the heterogenety of the test itens
and of the great amount of wvariability anmong individual
listeners. Little enphasis tests has been placed on the

absolute test score in difficult speech test.
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Because of the expenditure of testing tinme necessary to
cope with factors of wunreliability i nvestigator have been
unable to shorten their diagnostic measure. Rather extensive
test batteries have been utilized by several research workers
in order to provide the added reliability and accuracy in
di agnosi s. since all of these approach, tend to be tinme
consum ng, they may increase the possibility of psychol ogi cal

and physiological fatigue in the patient (Katz 1962).

In addition to variable inherent in particular subjects
such as age, intelligence, attention span etc, nost of the
current nethods are difficult to interpret in the presence of
peri pheral aural pathology. This is because the periphera
hearing loss has an unpredictable influence upon the test
procedure and furthernore the possibility of confounding
inmportant information concerning the status of "cortical
hearing" may be enhanced.

Considering all these points it was |ater concluded by
many (Jerger 1975, Musiek 1985), that staggered spondi ac word

(SSW test is a very consistent auditory test.

2.10 WHY SSW TEST IS A PREFERRED TEST?

The scoring and interpretive procedures on the staggered
spondiac words test have been refined over the years as
nore and nore data have accunul at ed.

The dichotic technique in staggered spondiac words test
appears to be highly sensitive to the presence of lesions in

many parts of the central nervous systens.
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The staggered spondiac words test is particularly
powerful when all of its quantitative and qualitative

i ndi cators are used.

The raw and corrected scores are the quantitative
indicators, while the response biases which give the nost
sensitive localizing information are (a) reversals (b) ear
effects (c) order effects, which are the qualitative
i ndi cators. The corrected SSW score is calculated by sinply
subtracting the percent of error on a standard discrimnation
test from the Raw SSW score. It helps in neutralizing the

i nfl uence of peripheral hearing distortion.

The peculiar response bias pattern have al so diagnostic
significance in i ndi cati ng vari ous sites of brain
dysfunction.

The staggered spondiac words test has been used in
conjunction with the conpeting environnmental sound (CES) test
for the purpose of inproving the prediction of the involved
hem sphere.

On average the tine required to admnister the test is
approximately 10 mnutes which is |less conpared to other

tests.

2.11 THE STAGGERED SPONDI AC WORD TEST
The staggered spondiac word test was first described by
Jack Katz in the year 1962. Since 1962 |arge anount of

i nformati on has been gathered on the usefulness of this test.



61

Devel opment of the Staggered spondiac word (SSW test
began in 1960 when Katz upon hearing Matzker's work, sought
to develop an audiologic task that was less vulnerable to
artifacts of individual differences wunrelated to central
di sturbance (Katz 1962). He was particularly concerned that
peri pheral hearing |oss had an unpredictable effect on tests
such as WMatzker's. It was reasoned that stable speech
material mght provide greater certainty in the diagnosis
because of the |likelihood of clear cut normative data and
relative resistance to associated or coincidental auditory
devi ations of a peripheral nature. Spondi ac words (defined
as famliar words consisting of two nonosyllabic words wth
equal stress on each) were to be used as stinmuli. Spondees
are alnost perfectly intelligible at presentation |evels just
above the speech average threshold even when peripheral
sensitivity is depressed and phonetically bal anced (PB) word
discrimnation is noderately reduced. The stability of
spondi ac words were expected to provide a high degree of test

-retest reliability.

It was felt that Ilesions at various points of the
central auditory nervous system would produce different
effects on auditory perception which mght be differentiated
as fromtests of the peripheral systemwhich are specific to
different disorders (Eg, cochlear Vs VIII nerve). The
staggered spondiac words test was constructed to elicit a

conpl ex response in order to obtain various quantitative and
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qualitative bases for analysis. The 40 itens contai ned both
conpeting and nonconpeting words. This construction all owed
conpari son of responses for conpeting Vs nonconpeting itens,
right Vs. left ear wunilateral errors etc. A person who
consistently mssed the third nonosyllable for exanple would
be functioning differently from sonmeone who had bilateral

errors or no pattern of errors at all.

Katz, et. al., (1963) published the first results for
different etiologic groups (ie., normals, wunilateral healed
trauma conductive and sensory neural hearing |oss cases).
Sensory neural cases wth reduced scores but a Pearson's
coefficient of 0.93 was obtained between WDS and SSW  This
established the relationship between raw SSW and WDS scores
in peripheral cases resulting in the unique and one of the
nost inportant strengths of the SSW test. A simlar

correlation (r = 0.92) was reported by Katz (1968).

Clinical norns for total ear and condition scores were
publ i shed by Katz in 1968. In a blind study an inpression
rel ati onship between audiologic and radiologic |ocalization
was denonstrated wth excellent differentiation between
auditory reception (AR) cases with noderate or serves G SSW
scores and non auditory (NAR) cases with normal or mld

SCcores.

Katz (1970) reported that individuals wth brainstem

di sorders nade errors in the ear ipsilateral to the affected
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si de. He also reported that VIII nerve and |ow brainstem
cases yielded nore errors on WDS than SSW addi ng greater

significance to highly over corrected C SSW scor es.

Katz and Pack (1975) denonstrated that reversals are
found in patients wth dysfunction in the pre and post
central gyri and anterior tenporal |obe. Katz et al (1975)
showed that by conparing SSW performance with that of the
conmpeting environmental sound test (CEST) the hem sphere of
cortical dysfunction in patients with w dely depressed scores

may be identified.

In 1965 Mric obtained normative information for
children on the staggered spondiac words test (SSW. In
1981, 1982, 1983 and 1985 the norns based on a national
sanple of normal children were published (Katz, et al 1981
Katz, 1982, 1983a, 1983b, 1985). This allowed for greater
certainty in the analysis of children's staggered spondiac
word (SSW test scores and response bias for identification
of auditory perceptual dysfunction in |learning disabled

chil dren.

Techni que and presentation

Each item consists of two spondees wth the first
nonosyl | able  of the first spondee arriving W thout
conpetition to one ear. The second nonosyl |l able of the first
spondee and the first nonosyllable of the second spondee are

presented dichotically arriving sinmultaneously to either ear.
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The second nonosyl | able of the second spondee reaches seconds
ear in a nonconpeting fashion. The words are spoken slowy
with a pause between nonosyll abl e. The ear receiving the
first nonosyllables are alternated, so that, of the 40 itens
20 begin with right ear stimulation while the remaining 20
are "left ear first". The first and the |ast nonosyll abl es
of an itemalso forma spondee. Patients who have difficulty
on a conpeting word may use the avail abl e nonconpeting one so

that they may be unaware that an error has been nade.

—{ue T sTAIRS ] 3
fing I DownN [ TownN |—
Rc = MC

The itenms are presented at 50dB sensation |evel (SL)
relative to three frequency speech average of each ear thus
conpensating for sloping high or |low frequency hearing | oss.
Presentation levels can be adjusted for individuals wth
tol erance problens, or increased for sharply sloping | osses.
It is not presented at |evels bel ow 50dB hearing |evel (HL).
If there is a crossover because of good bone conduction for
patients wth conductive hearing loss cases, this would
simulate a diotic test condition which is nore difficult than

dichotic (CGoldman and Katz 1968). A presentation |evel of 9-
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30dB SL is used when air-bone gaps exceed 20dB (Jack Katz and

E. Whi t e unpubl i shed observations).

Since presentation are comon for word discrimnation
score (WDS) particularly in retrocochlear disorders it is
adm ni stered on the same day as SSW For maximumreliability
recorded WDS is preferable. Fromthe stand point of validity
live voice (WDS) results may tend to nake staggered spondiac

word performance |ook nore "central” when the correction is

made.
Reversal s

Normal |isteners respond in the tenporal order in which
t he nonosyl | abl es are present ed. If a patients response is

not readable on the test form fromleft to right nunbers are
pl aced under each nonosyllable indicating the order in which
they are repeated. Reversal are frequently observed in
brai n-damaged patients (Katz 1968, Katz and Pack 1975),
| earni ng di sabl ed children (Stubble field and Young 1985)
and autistic individuals (Wtherby, et. al., 1981). Reversals
are also seen although not necessarily diagnostically
significant, 1in nonorganic sedated or otherw se unnotivated

subj ect s.

Ear and order effects
CGoet zinger, et. al., (1961) states that in adults
discrimnation ability decrease as age increases and this

difficulty is associated with changes involving all |evels of
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the auditory nechani sns. This was tentatively supported in
an unpublished study by Katz, Bales, and Fisnman on the age
effects of performance word test. This study suggests an
increase in both peripheral and central dysfunction beyond
the age of 60 years. Furthernore, the authors observed a
consi derabl e i ndividual difference in performance anong
subjects in the 60 and 70 age groups. In his unpublished
thesis Myric (1965) observed a superior right ear perfornmance
on the staggered spondiac word test when the subjects were
children and the author observed no difference between the

two ears in the adult control group.

Katz (1968) wites that ear performance is generally a
nore accurate indicator of central auditory function than
either any of the staggered spondiac words conditions or
total score. Furthernore, the authors wites that defective
performance in one ear suggests a dysfunction in the
contral ateral hem sphere. However ear preferences were
absent in normal listeners on staggered spondiac word test.

The order effect mght be thought of as a nenory effect.
In this case there is a preponderance of errors on the first
or the second spondee regardless of the fact which ear
received the first stinulus, or vice versa. Simlarly there
IS an ot her response bi as wher ei n t wo di fferent
configurations of errors are exhibited for the right ear
first items as opposed to left ear first itens. This is

referred as the pattern effect.
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Ear and order effects and reversals are uncomon in
nor mal i ndivi dual s. In the presence of normal (SSW scores
significant ear and order effect should be interpreted with
caution (Katz and Pack 1975; Brunt 1978). Arnst (1981) found
that 98% of normals (N=86) did not have significant ear
effects and 99% of the normals failed to show order effects
The three subjects with significant effects had normal G SSW
scores. Ninty - eight percent of Arnst's sanple had fewer
reversal s. Normal s are expected to reverse on no nore than
one item (Katz and Pack 1975). The two subjects who did

reverse did not do so after reinstruction.

Nor mal performance

For people with normal peripheral and central auditory
function the (SSW 1is an easy tasks in which ear laterality
effects are invariably denonstrated by a right ear advantage
(in left hemsphere - domnant individuals). The ear
advantage seen on the SSW test is clinically insignificant
(Brunt and Goetzinger 1968). Indeed this is one of the ngjor
reasons why SSWtest is clinically useful. Because the test
is so sinple for a wide range of population it is useful even
for subjects with lower intelligence, the hard of hearing,
stutterers Jlearning disabled and elderly (Arnst and Katz
1982) . Non native speakers perform poorer than the native
speakers on the SSW tests (Raw szer, 1979). Chi | dren bel ow
the age of 12 and adults older than 60 are treated difficulty

in eval uating SSW performance.
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PERI PHERAL HEARI NG LOSS

Conductive hearing loss: Patients with conductive hearing
| oss performnormally on the SSWtest (Katz et al 1963). In a
study of 17 cases Katz (1978b) found that 14 (82% scored in
the normal category, 2 (12% over corrected. Interestingly
40% had reversals (nmean nunber = 8), 20%had ear effects and

7% had order effects.

Cochl ear hearing |oss: Because of high correlation of Raw
staggered spondiac word and word discrimnation score in
cochl ear cases one can expect a normal (N) or slightly over
corrected (0) G SSWscore. In 42 bilateral cases 90%yvyi el ded
N or O SSW categories (Katz 1978b). O 22 unilateral cases
68% fell into there categories while 27%had mld (M) scores
and 4% had noderate (M) scores. This shows that unil ateral

and bilateral cases performslightly differently.

Reversals were nore prevalent in wunilateral (36% of
unilateral Vs 12% of bilaterals) Overall 16% of cochl ear
cases had ear effects and 28% had order effects.

Arnst (1980a) advocated caution in the consideration of
results when hearing loss is greater than 40dB. He found
that the relationship between R SSWand WDS was not as strong

in this group as wwth mlder hearing |osses.

C. N. S. DYSFUNCTI ON
Auditory reception center (ARC): The first two articles of

SSWtest (Katz, 1962; Katz, et al, 1963) used skull trauma
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and cerebral palsy cases to look for a 'contralateral
effect" of tenporal Iobe insult. In 1964 Epstein a
neurol ogi st found that the large peaks of errors on SSWin
the ear contralateral to brain |esions were denonstrative of
di sorders of the tenmporal I|obe in general but specifically
Heschls Gyrus the Auditory Reception Center (Arnst and Katz
1982). Wien a noderate or serve total ear condition (TEC) is
obtained for G SSW scores an auditory reception (AR) problem
is suspected (especially if the A-SSW does not contradict the

| ocus).

Non auditory reception center: Any region of the cerebral
hem sphere other than auditory reception (AR) centers 1is
consi dered NAR Persons with NAR dysfunction wll show mld
or even normal TEC scores and various response biases. The
lesion to "silent areas' do not typically affect SSW
per formance (Eg. Cccipital |obe). Positive results on the
SSW test can be taken to indicate dysfunction but of course
absence of significant findings does not necessarily rule out

brai n dysfunction.

Nerve VIII and low brainstem Lesions of the eight cranial
nerve can have profound effect on word discrimnation. The
nature of SSW test stimuli is that scores on the R SSWare
often better than WDS scores in nerve VIII cases. As a
result when WDS is substracted from R SSWthe GSSWis highly

negative or over corrected in the ipsilateral ear.
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Low brainstem lesions wll usually produce an over
corrected score in the ear ipsilateral to the lesion. Katz
(1976) shows a nean C SSWear score of -28 in the ipsilatera
lesion of nerve VIII cases and -13 in |ow brainstem cases.
Bot h gr oups had contral at er al ear nmeans of -1.
Differentiation between these two groups mght be aided by
t he use of audi tory brai nstem response or

el ect ronyst agnogr aphy.

Hi gh Brainstem An upper brainstem lesion will wusually show
| ess distortion on WDS than a disturbance in an anatomcally
| ower region, but, poorer performance on the SSW test (Katz
1976, 1978a). The result is a noderately or severely
depressed G SSW score in the ear ipsilateral to the |esion

As the size of lesion increases a nore bilateral effect m ght

be seen.

Jerger and Jerger (1975) reported unreliable SSWtest
results in brainstem cases - sonme positive, sone over
corrected and sonme nornmal. Katz (1978a) reported a nean
ipsilateral ear score of 53 and a nean contral ateral ear
score of 4 in high brainstemcases. High brainstemcases are
differentiated fromthe other |oci causing noderate or severe
SSW scores by the presence of subtle retrocochlear signs on

ot her audi ol ogi ¢ neasures (eg, tone decay, binaural fusion).

Cerebellum Cerebellum cases seem to behave as woul d cases

with lesions in any other |ocation.
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Corpus CallosunfAnterior Comm sure (CC/AC): The corpus
cal l osum and anterior comm sure are bundles of fibres deep in
the brain which transfer information between the hem sphere.
Di sruption of these pathways wll interfere with or abolish
this interhem spheric interaction. "Split-brain" patients
yield large left ear deficits on classical dichotic |istening
tests. (Mlner, et. al., 1968; Sparks and Geschw nd 1968;
Springer and Gazzaniga 1975). Musi ek and WIlson (1979)
reported on a patient with normal SSW test results prior to
sectioning of the corpus callosum On post commi surectony

this patient yielded a severely depressed |left ear score.

A patient with a lesion of the interhem sphere pathways
can show SSW results identical to those of a patient with
dysfunction of the right hem sphere AR center (noderate or
severe left ear score). In order to differentiate the |ocus
of dysfunction in such cases the conpeting environnental
sound (CES) test was developed (Katz, et. al., (1980).
Conpeting Environnmental sound test enploys famliar sounds
for which the right hem sphere is domnant in a dichotic
mode. Thus in a "Split-brain" patient one mght find a
depressed score in t he nondom nant right ear for
envi ronnental sounds and a depressed score in the nondom nant
left ear for words. Katz et al (1980) reported such a

" ossed pattern in nost of the nine cases with verified

corpus callosum tunors.
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METHODOLOGY

In evaluation of central auditory functioning, the use
of mere conventional auditory test battery is found to be
i nadequat e. Speci al speech tests will help in the detection
of central auditory disorders. The Staggered spondi ac words
test is one of the nost widely used test for the detection of

central auditory dysfunction.

The present study was to prepare the material in Hi ndi

for the staggered spondiac words, test.

MATERI AL

In English two nonosyl | abi c words (spondees), conbine to

formfamliar paired words for exanple, "base-ball" and "ice-
creant. There are many commonly used spondee word
conbination in Hndi |ike, "Jaat-Paat" and " Aas-
Paas" : Such famliar spondee words are used as

materials in the present study for the construction of the

staggered spondiac words test in Hi ndi.

The study was to prepare two lists of words which should

satisfy the follow ng conditions:

a) Represent the common vocabul ary of the Hi ndi |anguage.

b) Be famliar to all subjects and

c) Should be appropriate to evoke a uniformresponse from al
the people - tested except for the clinical groups -

irrespective of their age, sex, education and occupationa
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backgr ound. There is no available famliarity word |ist

in Hndi. It was required to make a prelimnary list.

A total of 406 spondee words were collected from H ndi

books, magazi nes, peri odi cal s, newspapers and from
i ndi vi dual s. They were listed to be rated by the subjects
(Appendi x- A) .

SUBJECTS

Subj ects of age range 10 years to 67 years were randomy
sel ect ed. The subjects had volunteered to rate the
famliarity of the words in the list. The subjects were both

fromurban and rural areas.

Qut of 192 subjects 113 were males with a nean age of
23.7 years. The remaining 79 subjects were fermal es of a nean
age of 24.35 years. They cane from different occupationa
backgr ounds and i ncl uded students agriculturalists,

busi nessman, officials and ot hers.

The students forned nost of the subject group (136). The
subjects had a fairly good exposure to the |anguage Hi ndi
They were living in H ndi speaking areas and were using that

| anguage.

PROCEDURE
The word lists were distributed to the subjects, on
which they were required to rate the famliarity.

Instructions to the subjects were printed on the first page
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of the list. The subjects were instructed to grade the
spondee words by marking an (x) in the appropriate box
provi ded against each spondee word depending on their own

famliarity with the word (Appendi x-A).

The subjects were asked to grade on five point scale and
return it to the investigator. The rating was to identify
each word as a) Mst famliar; b) Famliar; c¢) Not very

famliar; d) Unfamliar; and e) Doubtful.

The data was collected in cities |ike Bonbay, Nashik,
New Del hi, Allahabad, Goa and adjoining rural places around

these cities.
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RESULTS AND DI SCUSSI ON

The data collected was analyzed by giving weightage
scores as judged by the subjects for the 406 spondee words.
The weightage scores given as follows |ike -Mst famliar
(+3); Famliar (+2); Not very famliar (+1); Unfamliar (-1);
and Doubtful (No score).

The wei ghtage scores for each item were sumred up. Qut
of 192 subjects 159 (83% rated the item "Jhar-Ponch" as the
nost famliar spondee word and 148 subjects (77% rated item
"Danta-Beej" as the nobst unfamliar spondee word. Bet ween
these two rated scores of nost famliar and nost unfamliar
itens the spondee words were arranged in their decreasing
order of famliarity.

Followng the item selection rules the Mean was taken
out of the total itens weightage score and the Standard
Deviation was determned for the wungrouped data (Garret
1965) . The Mean was found to be 300.14 and the Standard
Deviation was found to be 86.13. The words which fell
between the two Standard Deviation near the Mean were
selected and the words falling beyond the Ilimts were
di scarded either as "too easy" (for exanple "Khana-Peena"
“Kam-Kaa 3'@a1=7- @7 &m#m) or "too difficult” (for exanple,
"Jan—Shakti'(;'i'-'\_-fa'cT,) “Leepa—Poti(@’ﬁ-ﬁ-%ﬁﬁ ).

Qut of those words falling near the Mean two lists of 80
words each were randomy by fish-bow nethod (See Appendi x-B

- 1 and Il) nmade by sel ecting words.
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DI SCUSSI ON

An exhaustive list of H ndi spondee words was prepared
which included all the words from the lists given by earlier
investigators. In addition to this other new words taken out
of Magazi nes, Periodicals, Newspapers and Individuals was
used in standardizing the famliarity of the spondee word

list.

The subjects were selected in away that the sanple

represent the different strata of Hindi speaking people.

The words selected fulfill the basic purpose of the
study providing sufficient nunber of spondee words (80) for
the test which were not available earlier. In addition to
this two lists were made of the famliarity words which are
clinically very useful. The availability of an alternative

list helps rule out the practice effect in testing.

The words selected provide appropriate and adequate
material in ternms of famliarity. The words being not too
difficult that it clicits inprobable responses, on the other
hand the list material is not "too sinple" that it could be
correctly guessed a high proportion of the tine wthout being
hear d. Even in ternms of redundancy it enjoys a noderate

position.

The lists available in H ndi have many words, in them

which are not spondee words in the true sense. For exanpl e,
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"Sawdhan" “Chaaploos"G‘rﬁ"m "““”C",.\@) are single words with
unequal stress in them These kind of words are avoided in

the present I|ist.

After the analysis it was found that the old lists had
many of the high famliarity words for eg., "Ma-Baap"
“Fal-Phool" (5!5?"— C!.-EEW“) "Chup—Chaap“fFI-ﬂ-{W}etc. There were al so
many of the low famliarity words such as "Nok-Jhonk"
"Tal-—Tool"(c'."l?"- ;’_\_Fr) "Lok—Lan"Ql;}'l?a-@'TEF)etc. These words

were excluded fromthe present I|ist.

Finally when confronted with a problem while testing
using a particular word list and it becones necessary to do
the testing after a small gap of tinme then the second word
l[ist wll be helpful. Even it can help in the cross-checking

of the findings with the other 1|ist.

RECORDI NG

Generally the recording has to be done in such a way
that (a) the spondee words fromlist A is to be recorded on
the Channel -1 of the tape and spondee words fromlist B to be
recorded on the channel-2 of the tape, to facilitate their
presentation separately to the ears and (b) the second part
of the spondee word from list A and the first part of the
spondee word fromlist B to be overlapped to be heard in the

two ears separately but at the sanme tine.
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| nstrunent s

A four track stereophonic Magnetic spool Tape recorder
with omidirectional mcrophone (Mb34) and nonitoring Headset
(W60) wth standard magnetic tape is to be wused for
prelimnary recording. A stereo cassette deck with standard
cassette can be used for final recording of test itens of SSW
and the materials for speech reception threshold (SRT) and
speech discrimnation tests.
Envi r onnment

The recording is to be carried out in a quiet, noise

free room Final dubbing of the test tape cassette is to be

done in a sound proof room

Speaker

Al itenms of the test are to be spoken by a H ndi native
speaker . Hi s/ her dialect in connected discourse should
described as H ndi common to all the Hi ndi speaki ng
popul ati on and region of India. He/ she should be have an

experience in the nonitored live voice technique of speech

audi onetry as an audi ol ogi st.

Recording facility available in India with a conputer

7T.5KHz LPF 12 bit ADL
16000Hz

Fmmm - + . SR ¥ Femmmme——— - +

-+ ' ' - }

0 i 8.1.0 +---+ A D.C +--+ COMPUTER !
-+ J 1 D.A.C . :
N + S + Fommm—mm———— +

Spesch Analog to edit the speech
interface Digital waveform
unit converter &

vice versa
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The program whi ch may be used for the recording is "Dichotic"
(used at Al Institute of Speech and Hearing, Msore). The
speech material is to be through a standard omni-directiona

m cr ophone where the acoustical signal in converted into
el ectrical signal. This wll pass through the "speech
interface unit" which preferably should have 7.5KHz | ow pass
filter and the rejection rate of 36dB/octave. Thi s
electrical signal is digitized at the rate of 16000Hz by the
analog to digital converter and then is again after
digitizing is converted into analog wave form Now the "Data
2CN'" is fed to the conmputer and the wave formis edited as a

dual beam wave formas shown in figure.

1cE ' < REAM H
' ¥
L]

|

1

L
¥ L]
+
L}
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To facilitate the spondee words fromlist A list is to
be recorded on Channel A of the tape and spondee word from
list B is to be recorded on channel B of the tape for the

presentation separately to the ears and

The second part of the spondee word fromlist A and the
first part of the spondee word from list B is to be
overl apped to be heard in the two ears separately but at the

sane tine.
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The time-sequencing of the presentation of the second
part of the 1st spondee and 1st part of the second spondee
wor ds si mul taneously can be done with the help of the Marker.
The equal spacing of the words for their presentation in
different ears can also be done with the help of marker.
This is done by |ooking at the visual nonitor displaying tinme
scale on the X-axis and shifting the wave form by sanpling

out the tine gap.
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SUMVARY AND CONCLUSI ON

The science of hearing is highly indebted to speech
audionetry for its assistance in identification, diagnosis
and specification of site of lesion in hearing inpairment.
Differnt types of speech materials have been developed in
recent tinmes and speech tests have gained very inportant

pl ace in audi ol ogi cal eval uation.

The available speech materials, tests in English and
ot her |anguages are not suitable for a |arge popul ation that
comuni cates through the |anguage Hi ndi. Only a very snall
portion of the population follows English and other |anguages
in which the tests for Central Auditory Dysfunctions (CAD)

are avail abl e.

In India Abrol (1971) was the first person to devel op
speech materials in Hindi. Later Nagaraja (1972),
Swar nal at ha (1972) devel oped a Synt hetic Sent ence
| dentification test (SSI) in Kannada and speech materials in
Engl i sh for Engl i sh speaki ng popul ati on in I ndi a

respectively.

Kapur (1971) had introduced a word list in Tam ||, but,
it was considered inadequate because of its short comngs in

phonetic conposition and |ack of standardization.
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De (1973) constructed another word list in Hndi and
Dayal an (1976) devel oped a phonetically balanced word list in
Tam | | anguage which are worth nentioning. Nagaraja (1987)
devel oped the staggered paired words test in Kannada for
Central Auditory Testing.

Shi vshankar (1988) developed a Conpeting Sentence Test
in Kannada and Binaural Fusion Test in Kannada, Telegu and
Hndi. Reliability and clinical validity of these tests are
yet to be ascertai ned.

The present study was undertaken as a first step in an
attenpt to construct a test Staggered Spondiac Wrds test in
Hndi for Central Auditory Testing.

This was done overcomng all the drawbacks of the
previous list to provide a nmeans to test people who follow
only H ndi or whose proficiency in Hndi is greater than any
ot her | anguage.

For the construction of the Staggered Spondiac Wrds
test one needs 80 spondee words and also two word list of 80
words each are preferable. The word list given earlier by
Abrol (1971) and De (1973) did not have sufficient nunber of
words for the construction of Staggered Spondiac Wrds test
(SSW.

The present study was involved collection of spondee
words and dealing wth identification of famliarity of the
spondee words.

The words were selected out of nmgazi nes, periodicals,

newspapers, individuals etc and were distributed to 192
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randonmly sel ected subjects. The subjects included 79 fenales
and 113 nmal es. The subjects were selected considering the
fact that it should represent each and every strata of
popul ati on. The subjects graded the given words depending
upon the famliarity of the word. By this way the words were
arranged in decreasing order of famliarity after analysis.
After determining the nmean and standard deviation the
words which were "too easy" and Too difficult" were rejected.

One hundread and sixty words were selected out of remaining

words which were falling near the Mean randomly by "Fish-

Bow " net hod.

LI M TATI ONS

1. The study used relatively a small popul ation.

2. Only literates were the subjects.

3. Regional variations in the dialect of Hndi is not taken
into account.

RECOMVENDATI ONS

1) Further standardization of the material with people from
other part of India in terns of linguistic variation.

2) Can be used for other speech Audionetric tests.

3) Recording and standardization of the word list wth
clinical population to developing the nornms and include
the Staggered Spondiac Wrds test (SSW in the battery of
test for Central Auditory Dysfunction in India.

4) Intensive devel opnment of the Staggered Spondiac Wrds
(SSW test in Hndi including precise recording and

clinical trial may be done.
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APPENDI X- A

PROFORVA USED | N RATI NG THE FAM LI ARI TY OF TEST WORDS

Sex: Age:
Educati on: Dat e:
Qccupati on:
Mot her Tongue:
SI. Wrd Mst faml- not unfam - Doubtful Score
No. famliar iar very liar
fam | -
i ar

Pl ease put a tick mark in the appropriate col um.
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