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Time-compressed speech discrimination of children grouped as

high and low risk on a reading-readiness test was examined. Children

were grouped according to performance on a measure of reading-readiness

skills. All passed a hearing screening at fifteen decibels for octave

frequencies 250-4000 Hz. The Word Intelligibility by Picture Identi-

fication (WIPI) comprised the time-compressed speech task, in a sound

field at seventy decibels Sound Pressure Level and zero degrees

azimuth. The protocol for administration of the time-compressed speech

task was sixty per cent time compression, then zero per cent time

compression.

Significant effects appeared for time compression ratio and test

group. Average difference was twelve per cent and approximately eight

per cent at zero.
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CHAPTER I

INTRODUCTION

The area of learning disabilities is one of somewhat

recent concern to the clinical audiologist. Clinicians are

being asked to assess auditory function in children presenting

what might be termed a learning disability or disorder. Kirk

(1962) has described these individuals as children not fitting

into traditional categories of handicapped children. They might

be delayed in learning speech or language, may not develop nor-

mal visual or auditory perception, or may have difficulty in

learning to spell, write, work mathematics or read.

"The Learning Disabilities Act of 1969" in defining learn-

ing disabled children states, "Children with special (specific)

learning disabilities exhibit a disorder in one or more of the

basic psychological process involved in understanding or in

using spoken or written language. These may be manifiested in

disorders of thinking, listening, talking, reading, writing,

spelling or arithmetic. They include conditions which have

been referred to as perceptual handicaps..." (Kirk, 1962).

Myklebust's (1963) definition gives reference to the

central nervous system: "We use the term 'psychoneurological

learning disorders' to include deficits in learning at any age,

which are caused by deviations in the central nervous system..."

(p. 27).

1.
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According to Kephart (1968) twenty per cent of all school

children have some degree of learning disability. It is sug-

gested that the incidence of learning disability will increase

greatly as the multi-disciplinary approach is used in evaluation

(Pannbacker 1968). The National Advisory Committee on Handi-

capped Children (1968) of the U. S. Office of Education also

states, "The total number of children involved cannot be ac-

curately determined until more adequate diagnostic procedures

and criteria have been developed"...(p. 14).

The hypothesis that auditory processing skills are funda-

mental to learning and language acquisition is supported by a

number of researchers. Katz and Illmer (1972) conclude there

is a need for good auditory skills to learn to read, spell and

carry on other learning functions.

In discussing audition, Johnson and Myklebust (1967) refer

to it as "the primary channel for language acquisition." Other

researchers (Flynn and Byrne, 1970; Flower, 1965) suggest that

disorders in auditory perception underlie language disorders

and learning failures.

Additional research indicated reading is partially depen-

dent upon a number of auditory skills (auditory visual integra-

tion, sound blending, auditory memory and discrimination) and

that a dysfunction in any of these areas could result in reading

failure (Hammil and Larsen, 1974; Robinson, 1972; Vande Voort,

Senf, and Benton, 1972; Beasley and Shriner, 1973).
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Flynn and Byrne (1970) suggest that retarded reading

may be attributed to difficulty with auditory tasks, especially

auditory discrimination of speech and nonspeech stimuli. Witkin

(1969) noted that auditory discrimination is essential for the

acquisition of language and for learning to read.

Clinical tools for assessing auditory perception include,

among others, The Wepman Test of Auditory Discrimination (Wepman,

1960), the auditory sections of the Illinois Test of Psycholin-

guistic Abilities, (Kirk, McCarthy, and Kirk, 1968), the Auditory

Analysis Test (Rosner and Simon, 1970), the Lindamood Auditory

Conceptualization Test (1971), and the memory span test adapted

from the Sanford-Binet and Wechsler scales. These tests do not

all examine speech discrimination. Tasks involved include

auditory sequential memory to auditory-visual tasks.

None of the measures mentioned lend themselves readily

to the audiologic test battery. Control of factors such as

presentation level, ambient noise, as well as speaker variables

present difficulties for some measures. Others may not be

measuring aspects of auditory discrimination at all, but rather

tax auditory short-term memory or in some cases language facility.

Speech discrimination tests have been employed routinely

by the audiologist for several decades (Haskins, 1949; Carhart,

1965). However, conventional speech discrimination tests have

been shown to be insensitive to disorders of the central auditory

nervous system (Bocca and Calearo, 1963; Kurdziel and Noffsinger,

1973).
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Thus recent investigations have been directed toward

modifying speech discrimination tests to make them more sen-

sitive to disorders involving the higher auditory pathway

while still maintaining control over stimulus variables.

One suggested tool is time-compressed speech which in-

volves random deletion of brief segments (approximately ten

miliseconds) of the speech signal. The most widely used

method is the "sampling method" where short segments of speech

are periodically discarded and the resulting gaps are closed

(O'Neill and Oyer, 1973). A number of investigations have

provided information concerning temporally altered speech

stimuli. Clinical use of time-compressed speech with normal

hearing and hearing-impaired adults has been reported (Beas-

ley, Schwimmer, and Rintlemann, 1972; Konkle, Beasley, and

Bess, 1974). Kurdziel and Noffsinger have demonstrated time-

compressed speech to be sensitive to temporal lobe lesions

in adults (1973).

Also, recent data has been presented concerning the per-

formance of normal hearing children on time-compressed speech

discrimination (Beasley, Maki, and Orchik, 1976). Research

by Orchik and Oelschlaeger (1974) implies that children with

multiple articulation errors demonstrate a developmental lag

in the ability to process time-compressed speech. This sug-

gests that time-compressed speech may be an important tool

sensitive to auditory perceptual problems in the learning

disabled.
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A review of the literature concerning central auditory

function as it relates to learning disabilities suggests a

need for further research to develop auditory discrimination

tests sensitive to auditory perceptual problems yet applic-

able to the clinical audiologic battery.

The purpose of the present investigation was to examine

the time-compressed speech discrimination of children grouped

as high and low risk on a test of reading readiness skills.



CHAPTER II

REVIEW OF THE LITERATURE

Introduction

In this chapter will be reviewed the research dealing

with auditory discrimination and its relationship to learning

disabilities as well as time-compressed speech and its clinical

use with adults and children.

Auditory Discrimintation and Learning Disabilities

In order that a child may learn normally certain basic

integrities must be present along with proper opportunities

for learning. Johnson and Myklebust (1967) categorizes these

integrities into three types: psychodynamic factors (motiva-

tion and adjustment), peripheral nervous system functions, and

central nervous system functions. In discussing the peri-

pheral nervous system functions involved they acknowledge

that all sensory functioning is involved however, they limit

their discussion to hearing and vision stating that these

are the principal channels for symbolic learning.

A review of the research suggests a relationship between

auditory discrimination and learning disabilities. In a

study matching IQ's, sex and chronological age, Goetziner,

Dirks, and Baer (1960) examined the auditory discrimination

6
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of good and poor readers in three discrimination tests. The

measures were: 1. CID W-22 Test (monosyllabic word lists

developed by Hirsh (1952) at the Central Institute for the

Deaf to assess discrimination ability), 2. recorded Rush-

Hughes test, (phonetically balanced monosyllabic word lists

developed at Harvard Psychoacoustic Laboratories and recorded

by Rush Hughes and which exemplify poorer intelligibility

than the W-22 recordings), and 3. a non-recorded Wepman

auditory discrimination test (in this test the examiner gives

two words to the listener who replies either "same," if alike,

or "different," if not). Fifteen normal hearing boys who

were receiving remedial reading assistance, age ten to twelve

years, were matched with a similar group of boys who were

in regular classes. The correlations between the reading

score on the California reading test and both the Wepman

test (r = 0.56), and the Rush-Hughes test (r = 0.59) were

significant. The W-22 correlations were not significant.

In conclusion Goetzinger suggested that poor readers have

reduced function at the primary auditory cortical level.

A major contributor to the study of the relationship

between auditory discrimination and learning, Deutsch,

(19 64) published a comprehensive paper dealing with auditory

discrimination and learning problems. The author stressed

the importance of accurate input and cites the insensitivity

of the receptor itself as one cause of inaccurate input,
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(then information when reaching the analyzing or interpret-

ing areas of the brain would be inaccurate or incomplete),

and another as the intensity of the stimulus being below the

threshold value for a normally sensitive receptor, (when the

input reached the analyzing centers of the brain the analyzer

does the best with what it receives and thus a percept is

formed and the response may be faulty or inappropriate).

After sensitivity Deutsch considers discrimination to

be the next sensory response which is a function corresponding

to the stimulus property of frequency. This could be impaired

by inadequate receptor processes. However, a third level of

function, recognition (the ability to name or reproduce a

particular sound or word), could be impaired with intact

end-organs. These functions come under the higher nervous

centers, presumably the temporal lobes and temporal-parietal

regions of the brain. And so end-organs could be fully in-

tact (vibrations could be received and transmitted by the ear),

however, if there was a lesion in the crucial cerebral areas

discrimination, understanding, or recognition of sounds

could still be impossible.

Much data has been collected by Deutsch to support the

hypothesis that learning disabled children are deficient in

auditory discrimination skills. In an attempt to show some

correlation between the Wepman Auditory Discrimination Test

and subtests of the Wechsler Intelligence Scale for Children

(WISC), the Gates Reading Tests, and Rosewell-Chall Word-Parts

Test, and the Institute Orientation Scale, she used twenty-six
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fifth grade children, all retarded in redoing by one to three

years, and thirty fifth-grade children who were not retarded

in reading. All of the children in the two groups were Negro;

the socioeconomic status did not differ significantly between

the two groups.

No correlation was found between the performance on

the Wepman and other tests with normal readers. Significant

correlations were found between the Wepman scores and scores

obtained on subtests of verbal ability (WISC verbal score,

WISO vocabulary score, comprehension subtest of the WISC, and

the Gates Advanced Paragraph Reading Test), in the retarded

reading group (Deutsch, 1964).

Deutsch concluded that the Wepman correlates with few

other measurements, but that these measures include only

those relating to verbal skills. She used this conclusion

as the basis for use of the Wepman in further research.

One study emphasized the relationship of perceptual

skills to learning --- particularly reading. All the children

were Negro males and had common lower socio-economic status.

Half of them were in the top one third in reading ability

while the other half were from the lowest one third. The

Wepman differentiated good from poor readers at a high level

of confidence (.001). It also differentiated among the age

of the subjects with the older children having significantly

better scored (Deutsch, 1964).
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In comparing good and poor readers in three grade

levels as to bi-modal reaction time (the bi-modal reaction

time apparatus consists of four stimuli, presented in random-

appearing pre-arranged order, to each of which the subject

makes the same response: lifting his finger from a button).

The four stimuli are a red light, a green light, a high tone

and a low tone. The derived measures are auditory and visual

reaction times; ipsi-modal reaction time (reaction time to

a stimulus which has been preceded by one in the same moda-

lity); and cross-modal reaction time (reaction time to a

stimulus which was preceded by one of the other modality).

Results indicated that poorer readers were disproportionately

slower in cross-modal reaction time than were good readers

(Deutsch, 1964).

In compiling all the data Deutsch summed up the charac-

teristics of poor readers as having more difficulty in shifting

from one modality to another and back again; more difficulty

with auditory discrimination; less efficiency at a serial

learning task when the stimuli are auditory than when the

stimuli are visual. She postulates that a particular minimum

level of auditory discrimination skill is necessary for the

acquisition of reading and of general verbal skills.

Wepman (1960) states that there is a constant increase

in sound discrimination ability with age, and that auditory
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discrimination is not well developed in some children until

the age of nine. According to him, those who have inadequate

auditory discrimination are most likely to experience dif-

ficulty in learning to read.

Concerning lower socio-economic status children Oakland

(1969) compared reading achievement to performance on phonemic

and non-phonemic auditory discrimination tasks with children

on the basis of their socio-economic status. A non-phonemic

auditory discrimination test was selected because of the fol-

lowing advantages: (a) there was no dialect difference to

distort the assessment of discrimination, and (b) it permitted

a more detailed analysis of some of the basic dimensions of

oral language.

The children were assigned to one of three socio-

economic status groups. The Wepman Auditory Discrimination

Test was used to assess phonemic auditory discrimination.

Several experimental tests of non-phonemic discrimination

ability (NAD) were devised and used. An Eight Point Reading

Scale was used to assess reading achievement. A significant

correlation between reading ability and scores on the Wepman

was found. There was also a direct relationship between

socio-economic status and reading achievement. There was no

significant correlation between non-phonemic tasks and read-

ing ability (Oakland, 1969).
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Robinson (1972) conducted a long range study identify-

ing children as having high visual-high auditory, high

visual-low auditory, low visual-high auditory, and low

visual-low auditory abilities when they entered the first

grade. They were identified among 232 children in twelve

classrooms from two school systems using a sight approach

to reading and 216 in ten classrooms from two school systems

using the Hay-Wingo approach.

Children with both high visual and auditory modalities

scored the highest on tests of reading at the end of the first

and third grades; the children who were low in both modalities

scores the lowest; those with one strong and one weak modality

scored between the two extremes. Regardless of the method

used to teach reading, she found that auditory discrimination

made a more significant contribution to all reading than

visual perception (Robinson, 1972).

A study comparing the visual and auditory abilities

in learning disabled children was performed by Estes and

Huizinga (1974). The subjects were children identified as

being learning disabled. The children all had relatively

normal sight and hearing and an IQ of eight-five or greater.

Through this research the authors studied the amount of learn-

ing produced by auditory versus visual stimuli, investigated

the effect of shifting from one modality to another, and test-

ed the relationship between type of input and retention.
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On the auditory memory task the children were given

a series of word pairs, one of the words was repeated and the

subject had to repeat the second word of the pair. On the

visual test, the child was shown pictures and words simul-

taneously. Then they were shown one of the pictures and had

to say the correct word. In conclusion, the results showed

that a visual presentation for the stimuli consistantly

produced more correct responses than the auditory presen-

tation. When shifting stimuli presentations from auditory

to visual there was no initial difference in the number of

correct responses. When the shift was from visual to auditory

stimulus there was an initial decrease in the number of

correct responses. Two weeks after the initial trial tests

of retention were given. Greater retention occured with

visual stimuli (Estes and Huizinga, 1974).

The authors conclude that learning disabled children

learn better when presented with a visual rather than an

auditory stimulus which is in contrast to results obtained

in testing normal learning children. From this it is hypo-

thesized that learning disabled children are deficient in

auditory abilities, and so do not utilize auditory information

as efficiently as do normal learning children.

The preceding review supports a relationship between

auditory discrimination and learning. From an audiologist's
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standpoint, however, the tests employed do not lend themselves

to control of stimulus variables such as peripheral hearing

acuity and presentation level.

However, research to be reviewed below, suggests that

conventional speech discrimination tests in audiologic practice

require modification to make them sensitive to auditory dis-

crimination problems unrelated to peripheral hearing acuity.

The literature review will now turn to one such modification.

Time-Compressed Speech

Auditory discrimination tests take the form of speech dis-

crimination tests in the standard audiologic battery. Speech

discrimination tests have been routinely employed for several

decades (Carhart, 1965). That such measures are insensitive

to disorders in the central auditory system has been known

for some time (Bocca and Calearo, 1963).

Bocca and Calearo (1963) have suggested the probability

that an individual with such a disorder is utilizing the normally

redundant information contained in the speech signal to com-

pensate for his pathological deficit. Therefore, a common

goal in the formulation of new test material has been to reduce

the extrinsic redundancy contained in the auditory message so

that it can no longer be used to compensate for the deficit

in the intrinsic redundancy in the centrally damaged auditory

system (Ciliax, 1972). This factor led to the development

of speech discrimination tests, altered or distorted in some
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manner as a more suitable diagnostic tool in identifying dis-

orders involving the higher auditory system.

Complexity of the test material is necessary because

central auditory decoding requires the implementation of

several levels of peripheral processing (Beasley and Shriner,

1973). Assuming that perceptual processing is temporally

biased, temporal distortion of the test stimuli has been

suggested to delineate the perceptual stage affected by the

lesion (Calearo and Lazzaroni, 1957; Bocca and Calearo, 1963).

One form of distorted speech is time-compressed speech.

Time-compressed speech began as accelerated speech. Accel-

erated speech could be achieved by having the speaker talk

at different speeds. by rotating a speech tape at different

speeds or by a mechanical acceleration of the message. Some

of the first work with accelerated speech was done by Calearo

and Lazzaroni (1957). In comparing these three methods they

found no significant differences between them so they used

them all in their tests.

In working with an Italian population of normal

listeners, elderly, and subjects with temporal lobe lesions

Calearo employed rates of 140 words per minute (normal for

the Italian population's language), 250, and 350 words per

minute (wpm). The aged population and the subjects with

temporal lobe lesions performed significantly poorer on the
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sentence tests than did the normal hearing listeners. The

temporal lobe lesions subjects demonstrated the most dif-

ficulty with the ear contralateral to the site of the lesion.

The elderly population showed a significant reduction bil-

aterally (Calearo and Lazzaroni, 1957).

While Calearo and Lazzaroni (1957) were working with

accelerated speech, Fairbanks and Kodman (1957) were using

time-compressed speech. In this method eighteen to twenty

millisecond segments of the tape were deleted and the re-

maining segments were electronically spliced together. The

result is a continuous compressed signal with only the

redundancy of the message reduced rather than distortion of

pitch. When a signal is compressed thirty per cent, the

subject hears seventy per cent of the original message. When

the material is compressed by sixty per cent, forty per cent

of the original message remains. As mentioned above, this

sampling method allowed only temporal changes while prior

to this speech was compressed through mechanical methods

which also distorted frequency and disrupted the intel-

ligibility of the message. Advances in technology in this

area have lead to computer-controlled compressors such as

the Lexicon Varispeech I (Lee, 1971).

Sticht (1970) has discussed time-compressed speech as

investigated by Foulke and Sticht (1969) and suggested that
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this process... "depends upon the fact that the duration of

most speech elements or phonemes is greater than actually

needed for perception of speech sounds. Due to this temporal

redundancy a considerable portion (up to seventy-five per cent

in some cases) of a word may be deleted without totally

impairing its intelligibility." p. 53.

Time-Compressed Speech Discrimination in Adults

The use of time-compressed speech with normal hearing

adult listeners has been investigated by various researchers

(Fairbanks and Kodman, 1957; Calearo and Lazzaroni, 1957;

Beasley, Schwimmer and Rintlemann, 1972).

It was demonstrated by Fairbanks and Kodman (1957)

that normal hearing subjects demonstrated the ability to main-

tain high intelligibility of time-compressed material, in

some cases up to eighty per cent time-compression.

Calearo and Lazzaroni (1957) presented accelerated

speech to normal hearing and presbycusic groups of subjects.

Sentences were recorded at rates of 140 wpm, 250 wpm, and

350 wpm, the intensity was also varied. The normals demon-

strated that an increase in syllabic rate is almost completely

neutralized by a simultaneous increase in intensity. A rise

in intensity was necessary to insure good discrimination with

further increases in the speech of delivery. The prebycusics'
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threshold shift appeared to be much increased for even the

intermediate speech and testing at the highest speed it

was not possible to attain even the threshold of perception

(fifty per cent discrimination) at any intensity level.

Investigations by Beasley, Schwimmer, and Rintlemann

(1972) led them to report that normal hearing adults did not

demonstrate a significant breakdown to their ability to dis-

criminate monosyllables until the message was compressed by

seventy per cent. They conducted this investigation using

the Northwestern University Auditory Test #6 at thirty,

forty, fifty and seventy per cent time compression and at

four sensation levels (eight, sixteen, twenty-four and

thirty-two decibels). Under all conditions they found an

increase in intelligibility with an increase in sensation

level which continued until the sensation level was raised

to thirty-two decibels above the subjects speech reception

threshold. Based upon these data, it was suggested that

clinical tests using time-compressed speech should employ

time-compression ratios of sixty per cent or less.

Sticht and Gray (1969) investigated time-compressed

speech with the aged. Speech intelligibility scores for

time-compressed PB words were determined for twenty-eight

young and old subjects having either normal or sensori-

neural hearing losses. The discrimination of time-compressed

words was not affected by the type of the subject's hearing
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loss. However, time compression attenuated the performance

of the aged. The normal hearing subjects over sixty years

of age scored poorer on discrimination than the young sensori-

neurals. The authors concluded that regardless of the fact

that the older normal hearing subjects did not demonstrate

presbycusis, their speech discrimination is greatly affected

by time compression of the message. The results agree with

the results of others (Bocca and Calearo, 1963) in indicating

that elderly persons have special difficulty in discrimination

of rapidly produced speech. In using normal hearing aged

subjects Sticht and Gray (1969) suggest that presbycusis is

not a necessary condition of the aged in order for time com-

pression to disrupt performance. This is consistant with a

statement by Talland (1968) suggesting that the rate of

information processing over the sensory channels of the aged

is reduced.

In an examination of time-compressed speech discrimina-

tion with cases of temporal lobe lesions, Bocca, Calearo and

Cassinari (1954) found the discrimination score to be much

poorer in the ear contralateral to the side of the tumor.

Calearo and Lazzaroni (1957) also found time-compressed speech

to be a valuable predictor of lesions of the temporal lobe.

They summarized their data by stating that in cases of pathology

of the auditory cortex, accelerated (time-compressed) speech
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discrimination might further allow a specific localization of

the side of the lesion as, due to the prevalence of contra-

lateral projection for each cochlea, the hearing defect is

greater in the ear opposite to the lesion.

Kurdziel and Noffsinger (1973) conducted research in-

volving subjects with known unilateral cortical lesions

involving at least the temporal lobe. Three of the ten had

undergone neurosurgery at a young age for removal of one

cortical hemisphere to overcome serious convulsive disorders.

The remaining seven were individuals who had suffered cere-

brovascular accidents (CVAs) affecting the temporal lobe.

With the N.U. Auditory Test #6 compressed at zero,

forty and sixty per cent, significantly reduced discrimination

at sixty per cent time compression was demonstrated in the

ear contralateral to the temporal lobe lesion. The authors

concluded that time-compressed speech materials, with relatively

high compression ratios, provide a useful method for the

detection of lesions to the auditory cortex. With sixty per

cent time compressed materials all subjects with unilateral

cortical lesions demonstrated breakdown in the contralateral

ear. Conventional pure tone and speech audiometry and special

tests utilizing pure tones failed to demonstrate a significant

difference between contralateral and ipsilateral ears. Other

difficult speech tests did produce contralateral ear breakdown,

however, none was more effective than sixty per cent time-

compressed speech.
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Time-Compressed Speech Discrimination in Children

Recently, data on the time-compressed speech discrim-

ination of children has become available. Beasely, Maki, and

Orchik, (1976) examined the performance of sixty middle-class

children with normal speech and language. The children were

divided into three groups of twenty each: three years six months

to four years six months, five years six months to six years

six months, and seven years six months to eight years six

months. Time-compressed versions of the Word Intelligibility

Picture Identification (WIPI) and PB-K fifty speech dis-

crimination measures were presented at two sensation levels

using zero, thirty, and sixty per cent time compression. The

mean intelligibility scores increased with age level for each

condition of sensation level and time compression for the

WIPI and Pb-K fifty speech discrimination measures. Also,

intelligibility decreased as time-compression increased at

all age levels. These data suggest that the ability to pro-

cess temporally altered speech stimuli is developmental in

children.

Using forty-eight normal hearing children, age five to

six years, Orchik and Oelschlaeger (1974) examined the time-

compressed speech discrimination ability in subjects grouped

according to articulation skills. The children had been

selected at random from a population of 450 children examined
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during a speech and hearing screening program. The WIPI test

of speech discrimination was administered to the children

at time compressed ratios of zero, thirty and sixty per cent.

Results indicated that children with multiple articulation

errors exhibit poorer performance on a time-compressed speech

test than children with no errors, or minimal articulation

difficulties. A developmental lag in the ability to process

time-compressed speech was suggested in children with multiple

articulation errors. The authors suggested that in addition

to its use in differential diagnosis for site of lesion, time-

compressed speech may be a useful diagnostic tool in identifying

auditory perceptual problems in children.

Holgate (1975) examined the ability of a time-compressed

speech discrimination task to differentiate children classified

as low or high risk on the basis of a measure of auditory

sequencing and auditory integration skills necessary for

reading success. The subjects in her study were thirty-four

children ranging in age from five years five months, to six

years ten months. They were randomly selected from a larger

group examined during a speech and hearing screening and

assigned to high risk or low risk groups on the basis of

results using the Lindamood Auditory Conceptualization Test

(LAC). The children were administered the WIPI at zero,

thirty and sixty per cent time compression via loudspeaker

at seventy decibels sound pressure level (SPL).
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Results indicated a significant difference between

the groups suggesting that children grouped as high or low

risk in terms of reading readiness may be differentiated

using a time-compressed speech discrimination task. However,

the author suggested that while the difference of twelve per

cent between the groups at sixty per cent time compression is

certainly statistically significant, it is of questionable

clinical significance. Further research was recommended to

modify clinical procedures and hopefully enhance the sen-

sitivity of this clinical tool.

Manning, Johnston, and Beasley (1975) investigated

the performance of normal hearing children who displayed

auditory perceptual disorders on a time-compressed speech

discrimination measure. Twenty children from a middle socio-

economic environment age seven years six months, to eight

years six months, were used as subjects. The children selected

had been reported by their classroom teachers as displaying

learning difficulties. They were also evaluated with a

battery of diagnostic speech and language tests and their

performance was appropriate or better on visual tasks and

below age level on auditory tasks. A time compressed version

of the PB-K fifty speech discrimination measure was administered

at zero, thirty and sixty per cent time compression. These

children (with auditory perceptual disorders) performed nearly

identically for both zero per cent and thirty per cent time

compression. They were consistantly poorer than normal
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children (Beasley, Maki and Orchik, 1975) at zero per cent

(84.9 per cent and 92.2 per cent correct, respectively), and

the same at thirty per cent time compressed conditions,

(85.4 and 85.2 per cent correct, respectively), and much

poorer at sixty per cent time compression, (57.3 and 68.6

per cent correct, respectively). In discussing the results

the authors suggest that children with auditory perceptual

problems experience a rapid decay of information from their

short-term memory systems. Presentations of a signal at a

moderately increased rate, or thirty per cent time compression,

might not distort the acoustic characteristic of the signal

excessively but may result in a neutralizing effect for the

rapid decay of the stimuli from the short-term memory system,

thus possibly facilitating the short-term memory function of

children with auditory processing difficulties (Manning, et,

al,. 1975).

Ormson (1975) investigated the performance of children

having no articulation or reading problem with children having

various combinations of reading and articulation problems

using time-compressed speech as the task. Forty children

ranging in age from six years eleven months, to eight years

eleven months, were used as subjects. The WIPI time-compressed

at zero, thirty and sixty per cent was the discrimination

material used. The data failed to show significant dif-

ferences between groups.
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Summary

A review of the literature suggests that temporally

distorted auditory stimuli could be used effectively in

diagnosing subtle central auditory processing problems

(Calearo and Lazzaroni, 1957; Bocca and Calearo, 1963;

Beasley, Schwimmer, and Rintlemann, 1972). Normative data

for the use of such stimuli with normal hearing children have

been presented (Beasley, Maki and Orchik, 1975). Conflicting

data dealing with time compressed discrimination for articu- ,

lation, reading, and hearing disabled children have also been

reviewed (Orchik and Oelschlaeger, 1974; Manning, Johnston,

and Beasley, 1975; Ormson, 1975; Holgate, 1975). Ormson

(1975) failed to show differences between normals and arti-

culation and/or reading problem groups. Where differences

have been found as by Orchik and Oelschlaeger (1974) of fifteen

per cent, and Holgate (1975) of twelve per cent, they were

significant statistically, however, were of questionable

clinical significance. Holgate (1975) noted that further

research was necessary to determine the most efficient means

to utilize time-compressed speech clinically.

Problem

Thus, the purpose of this study was to examine time-

compressed speech discrimination of children grouped as high

and low risk on a test of reading readiness skills. Speci-

fically, the following questions were investigated:
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1. What effect would temporally compressing a speech

discrimination measure have on children designated as high or

low risk on a test of reading readiness skills?

2. How would such findings compare with earlier

investigations of children with speech or language problems?

3. Can time-compressed speech discrimination be

considered a practical clinical tool?



CHAPTER III

EXPERIMENTAL PROCEDURES

Subjects

Subjects for this study were thirty-two children rang-

ing in age from five years six months, to six years six months.

They were randomly selected from a larger population of children

examined during a speech and hearing program from screening

pre-school children. They were assigned to a high risk or low

risk group on the basis of results obtained from the Lindamood

Auditory Conceptualization Test (LAC; Lindamood, and Lindamood,

1971).

This test can be administered at any chronological or

functional age and any academic level. The only prior know-

ledge necessary are the ability to judge sameness and difference,

number concept to four, and left to right progression.

There have been available for some time tests that measure

the ability of a child to judge sameness or difference in syl-

lable or word pairs, and they are measuring a very important

gross judgment. However, to develop reading and spelling

skills gross discrimination is not all that is required.

27
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The Lindamoods (1971) stress the importance of precise con-

ceptualization of how and where patterns are difference and

the LAC provides a measure of this second dimension of auditory

function.

Auditory conceptualization is important because written

symbols represent speech sounds. A child who learns this and

associates the orders of sounds in spoken words with the order

of letters in written words has the advantage of being able

to recognize the logic of our reading and spelling sound units.

If he is unable to conceptualize the order of sounds in syl-

lables and words he cannot easily associate the sound units

with written symbols (Lindamood, and Lindamood, 1971).

To perform the LAC the subject places colored blocks in

a row from left to right, each block representing a sound

the child has heard. There is no constant relation between a

specific color and a specific word except when being used to

denote a repeated sound within a pattern. Thus, the ability

to discriminate one speech sound from another and the ability

to perceive the number and order of sounds within a spoken

pattern is examined.

The children were also administered the Word Intel-

ligibility by Picture Identification Test (WIPI; Ross and

Lerman, 1970). This picture identification test has been

standarized for obtaining discrimination scores for young,

hearing-impaired children with limited vocabulary (Newby, 1972)

and normal listeners (Sanderson and Rintlemann, 1971).
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The WIPI is of a closed message set format that requires

only pointing to the correct picture. Ross and Lerman (1970)

describe this closed message set, unlike other commonly used

speech discrimination tests, as being more applicable to young

children who exhibit speech and language problems.

Sanderson and Rintlemann (1973) found that children,

aged three years six months through eleven years six months

scored higher on the WIPI than the PB-K fifty and the North-

western Auditory Test No. 6 (NU-6). However, this effect

tended to decrease with age.

The words contained on the WIPI were chosen on the

basis of their use in kindergarten-age children's vocabulary.

The pictures had to be adequate representations of those words.

The test consists of twenty-five plates, with six pictures

on each plate. Of these, only four are stimulus test words

comprising the four test lists. Six items per plate were

employed to reduce the chance occurence of correct identi-

fication. The four lists of the WIPI have been demonstrated

to be of equivalent difficulty (Sanderson and Rintlemann,

1973).

Instrumentation

All WIPI testing was carried out using a Beltone CR 5000

audiometer with associated dual channel tape recorder. The

WIPI was administered in an Industrial Acoustic Corporation

(LAC) double walled test booth, via sound field with the subject

seated at zero degrees azimuth.
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Calibration

Calibration of the sound pressure level (SPL) output

in a sound field was measured daily to assure maintaining

equivalent presentation levels throughout the experiment.

Test Stimuli

All subjects were administered the tape recorded WIPI

at zero per cent, and sixty per cent time compression via

loudspeaker at seventy decibels SPL, and the LAC. Approx-

imately half the children were administered the LAC first,

and the remainder of the subjects received the WIPI first.

Experimental Procedure

All subjects were screened at fifteen decibels (ANSI,

1969) for the octave frequencies of 250-4000 Hz. Only those

children who passed this initial screening were included in

the study. Each child was seated at zero degrees azimuth,

and the lists were presented at zero per cent and sixty per cent

time-compression with the sixty per cent condition presented

first. Previous studies have either counterbalanced time

compression ratio presentation or administered the time-

compressed speech in a zero, thirty, sixty per cent order.

Holgate (1975) has suggested the latter may increase chance

scores thus reducing the clinical significance of time-com-

pressed speech discrimination differences. The counterbalanc-

ing procedure used by Orchik and Oelschlaeger (1974) and Ormson

(1975) is not a practical clinical procedure.



CHAPTER IV

RESULTS AND DISCUSSION

Time-compressed speech discrimination was examined in

kindergarten age children designated as high or low risk in

reading readiness skills. The speech-discrimination tool

employed was the Word Intelligibility by Picture Identifi-

cation Test (WIPI) .time compressed at zero per cent and

sixty per cent. Thirty-two children satisfied the decided

criteria for high and low risk groups on the Lindamood Audi-

tory Conceptualization Test (LAC) with scores of equal to

or less than twenty-five and equal-to or greater-than forty

respectively.

The data were analyzed inferentially using an analysis

of variance for repeated measures for effects of time compression,

test group and their appropriate interaction. In addition,

correlation coefficients were obtained for time-compressed

speech discrimination scores, LAC scores and two additional

measures, the Peabody Picture Vocabulary Test (Dunn, 1965)

and the Grammatic Closure Subtest of the ITPA (Kirk, McCarthy,

and Kirk., 1968).

31
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Effect of Time-Compression

A significant main effect for time compression ratio

was in evidence (df = 1, p = 0.000). The mean scores at

zero and sixty per cent summed across test groups are shown

in Table 1. The average score at zero per cent time compres-

sion was 91.8% falling to 70.1% at sixty per cent time

compression.

TABLE I

MEAN SCORES ACROSS TEST GROUPS

Mean Scores for
High Risk and
Low Risk Groups

0% TC Condition 60% TC Condition

91.87 70.12

Effect of Test Group

A significant main effect for test group was also

demonstrated (df = 1, p = 0.001). The mean scores as a

function of test group and time compression ratio are dis-

played in Table II and Figure I.

Table II demonstrates that the difference between the

mean discrimination scores for high and low risk groups in-

crease with higher levels of time compression. The difference

at 0% time compression was approximately 8%, increasing to a

12% difference at 60% time compression. The increased dif-

ference, however, was not enough to produce a significant

interaction (df = 1, p = 0.27).
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TABLE II

MEAN SCORES AS A FUNCTION OF TEST

GROUP AND TIME-COMPRESSION

0% T-C Condition 60% T-C Condition

Mean Score
for High
Risk Group

Mean Score
for Low
Risk Group

Mean 1(
Scores
for
High-Low
Risk
Groups

87.75 64.oo

96.00 76.25

90

80

70

60

50

0% TC 60% TC

Figure 1 -- Mean Scores Across Test Groups
0-0 Low Risk Group
X-X High Risk Group

siniitisilt i 1- - --

Ii "t -' -2 - 1 . . . _ . , , , M l rI I I n
IQQ0
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Correlation Among Measures

Correlation coefficients between measures were gene-

rated using WIPI scores at zero per cent and sixty per cent

time compression, LAC scores and the scores obtained by these

subjects on the Peabody Picture Vocabulary Test (PPVT) and

the Grammatic Closure Subtest of the Illinois Test of Psy-

cholinguistic Abilities (ITPA). The PPVT provides a measure

of receptive vocabulary while the Grammatic Closure subtest

assesses syntactic skill at an automatic level.

Correlation coefficients obtained are presented in

Table III. The highest correlations were obtained between

the LAC score and the WIPI scores at zero per cent (r = 0.65)

and sixty per cent time compression (r = 0.59), and between

the two time-compressed speech donditions (r = 0.63). A

lower, yet significant correlation (p 0 0l), was obtained

between the PPVT and the LAC (r = 0.52).

TABLE III

CORRELATION COEFFICIENTS

LAC

0% T--C

60% T-C

PPVT

Grammatic
Closure

LAC 0% T-C 60% T-C PPVT Grammatic Closure

1.00 0.6570* 0.5942* 0.5267* 0.4515

0.6570* 1.000 0.6329* 0.3275 0.4700

0.5942* 0.6329* 1.000 0.3459 0.3543

0.5267* 0,3275 0.3459 1.000 0.3745

0.4515 0.4700 0.3543 0.3745 1.000

* p 0.01
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Discussion

The significant effect for time compression (p =0.000)

is not suprising and is consistent with previous investi-

gations employing time-compressed speech with children

(Orchik and Oelschlaeger, 1974; Holgate, 1975; Ormson, 1975;

Beasley, Maki, Orchik, 1975). The significant difference

simply reflects the increased difficulty of the listening

task afforeded by the sixty per cent time-compressed con-

dition. The present data are compared to previous research

in Table IV, and Figure 2.

Beasley, Maki, and Orchik, (1975) examined time-

compressed speech discrimination in children with normal

speech, hearing, and language. Children at three discrete

age levels, four, six and eight years, were examined using

the WIPI and the PB-K tests (Haskins, 1949) at zero per cent

thirty per cent and sixty per cent time compression. The

WIPI scores for six year old children are shown in Table IV.

TABLE IV

PRESENT DATA COMPARED TO PREVIOUS RESEARCH

Previous T-C Speech Discrimination Condition
Data

0% 30% 60%

Beasley, Maki, and
Orchik (1975) 94.8 92.0 82.0

Orchik and Oelschlaeger 87.0 86.1 70.6

Holgate (1975) 88.7 86.2 77.7

Ormson (1975) 98.7 96.0 84.5
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Mean Discrimination 100
scores as a Function
of T-C Across Test 90
Groups o

80

70

60

50

0% T-C 30% T-C 60% T-C

Figure 2:
Orchik and Oelschlaeger (1975) )X
Danko (1976) A-
Holgate (1975) 0-0
Ormson (1975) 0

Orchik and Oelschlaeger, (1974) examined children with

varying degrees of articulation ability. The order of list

presentation and time compression ratio were counterbalanced

to counteract possible order effects. In effect, one third

of their population was administered the sixty per cent time

compressed condition first. Table IV illustrates that the

mean score at sixty per cent time compression in the Orchik

and Oelschlaeger investigation is very close to the corres-

ponding score in the present study. All of the participants

in the present study were administered the sixty per cent

time compressed condition first.

The mean score at sixty per cent time compression in

the Holgate (1975) study is somewhat higher. Although these

children were in the same age range, the time compressed

conditions were always administered in an increasing order
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of zero, thirty, and sixty per cent. The improved score at

sixty per cent time compression may reflect a learning effect

with the closed-set format of the WIPI.

Interestingly, Ormson's subjects (1975) demonstrated

consistently higher scores at all levels of time compression.

However, the average age of Ormson's subjects was two years

older than the previously mentioned investigations.

Effect of Test Group

The significant difference between groups (p = 0.001)

suggests that children grouped according to reading readiness

skills using the LAC can be differentiated on the basis of

time-compressed speech discrimination scores. The magnitude

of the difference, however, is still somewhat small from a

clinical standpoint.

Recall that one major question in this investigation was

whether altering the clinical method of administration would

enhance group differences at sixty per cent time compression.

Holgate (1975) carried out a similar investigation using time

compression ratios of zero, thirty and sixty per cent. As

sixty per cent time compression was always administered last,

Holgate suggested that the small, though statistically signi-

ficant, difference at sixty per cent time compression might

be due to a learning effect.
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As illustrated by Table V the effect of administering

the sixty per cent time compression condition first was

simply to depress the discrimination scores an equivalent

amount for both groups. The difference between high and

low risk groups remained approximately twelve per cent.

TABLE V

EFFECT OF ADMINISTERING 60% T-C FIRST OR LAST

0% T-C 60% T-C

Holgate (1975) 91.28 83.8
Low Risk Group

Holgate (1975) 86.0 71.5
High Risk Group

Danko (1976) 96.0 76.2
Low Risk Group

Danko (1976) 87.7 64.0
High Risk Group

The only other difference between the present data

and the Holgate (1975) study was the somewhat better per-

formance of the present low risk group at zero per cent

time compression. The increase of approximately five per

cent in discrimination for the zero per cent time compressed

condition apparently accounts for the failure to demonstrate

a significant test group by time compression interaction.
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At least two possibilities exist that may account for

the small group differences. First, the closed-set format

of the WIPI may simply counteract the increased demand of

the time-compressed speech discrimination task. Perhaps

the clinical utility of time-compressed speech discrimination

testing could be enhanced through the use of an open-set

task such as the Phonetically Balanced Kindergarten list of

monosyllabic words (PB-K) developed by Haskins (1949) or

the Northwestern University Auditory Test No. 6 (NU-6)

(Carhart and Tillman, 1966).

Manning, Johnston, and Beasley (1975) administered the

PB-K fifty speech discrimination measure to twenty normal

hearing-children diagnosed as displaying auditory percep-

tual disorders. The children ranged in age from seven

years six months to eight years six months and were clas-

sified as displaying auditory perceptual disorders on the

basis of the Full Range Action-Agent Vocabulary Test (Gesell,

1940) and the Illinois Test of Psycholinguistic Abilities

Subtest (Kirk, McCarthy, and Kirk, 1968). These children

performed nearly the same on the zero and thirty per cent

time compressed conditions (84.9 and 85.4 per cent mean

scores respectively), however, the sixty per cent time

compressed condition indicated a significant decrease in

performance, dropping to a mean score of 57.3 per cent.

These scores are compared with the results of the present

study in Table VI.
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TABLE VI

PRESENT STUDY COMPARED WITH DATA ON CHILDREN
DISPLAYING AUDITORY PERCEPTUAL DISORDERS

0% T-C 60% T-C Difference
in %

Manning, Johnston,
and Beasley (1975) 84.9 57.3 27.6

Danko (1976)
High Risk Group 87.7 64.0 23.7

Danko (1976)
Low Risk Group 96.0 76.2 19.8

However, variables such as language level and articula-

tion ability would need careful scrutiny if an open-set task

were to be employed. In utilizing open-set tasks such as the

PB-K or NU-6 speech discrimination lists with children exhibiting

articulation errors, response interpretation could raise several

questions. For example, is a response correct and simply mis-

articulated or does the error lie in the child's discrimination

ability?

A second possibility is that auditory discrimination,

as an isolated process, is not the major presenting problem

for the high risk children in this investigation. Orchik

and Oelschlaeger's (1974) subjects with multiple articu-

lation errors demonstrated a somewhat greater difference at



sixty per cent time compression than the children in the present

investigation using the WIPI as the speech discrimination task.

Children with four or more articulation errors scored approx-

imately sixteen per cent poorer at sixty per cent time compres-

sion than the control population in an investigation which

employed subjects in the same age range as the present research.

This is consistent with the presumed relationship between

auditory discrimination and the development of normal arti-

culation (Winitz, 1969). It further suggests that perhaps

auditory discrimination is a singularly more important pro-

cess in the development of normal speech patterns than it is

in the acquisition of reading readiness skills.

In her introduction to selected readings concerning

children with reading problems Gladys Natchez (1968) considers

visual and auditory discrimination equally important factors

related to reading, and the ability to integrate the two moda-

lities. Natchez further mentions the possibility of a child

having satisfactory visual and auditory discrimination yet

being unable to integrate the two in recognizing printed words,

even while knowing all the separate sounds.

Correlations

The significant correlations between the LAC and the

other measures (WIPI at zero and sixty per cent time com-

pression, and PPVT) would suggest that a number of factors
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influence LAC performance including auditory discrimination,

and vocabulary. This supports the contention that factors

other than auditory discrimination play a role in the estab-

lishment of reading readiness skills.

The nonsignificant correlations between time-compressed

speech discrimination scores and the PPVT and Grammatic Closure

Subtest are also of interest. In assessing auditory discrim-

ination, it is important and that the task not be inordinately

influenced by vocabulary or language skills. These results

suggest that the WIPI scores do reflect a measure of auditory

discrimination and were not significantly affected by vocabu-

lary or syntactic ability.

Summary

Children demonstrating reducated reading readiness

skills did exhibit poorer performance on a time-compressed

speech discrimination test when compared to a control group.

The attempt to increase the sensitivity of this measure through

alteration of the clinical procedure, presenting sixty per

cent time-compressed speech first, was not successful. The

effect was to depress equally the score at sixty per cent

time compression for both groups. A twelve per cent difference

between groups is hardly a comfortable margin for the detection

of auditory discrimination difficulties in children seen

clinically on a day to day basis.

Finally, examination of correlation coefficients suggest

that the WIPI does tap auditory discrimination and that
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vocabulary and syntax were not influential factors. At least

as assessed by the PPVT on Grammatic Closure Subtest of the

ITPA.

Implications for Future Research

Results of this study suggest several possibilities

for further research.

1. The use of time-compressed speech discrimination

of a more difficult nature, such as the PB-K or the NU-6

should be investigated. Perhaps these open-set tasks would

serve to enhance group differences. Variables of articulation

ability and language competency would need careful scrutiny,

however.

2. The use of the LAC and how it relates to reading

readiness should be examined further. A number of auditory

and visual skills should be included to determine what factors

in addition to auditory discrimination are involved.

3. Time-compressed speech discrimination in children

should be examined under earphones. Central auditory deficits

in the form of significant ear differences might be uncovered,

enhancing the efficiency of this potentially useful diagnostic

tool.
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