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Responses of 122 children were obtained on two measures

of central auditory processing to establish normative data.

Children aged 6.5 through 12.5 years were tested for humming

and tapping responses to the Pitch Pattern Sequence Test

(PPST) and the two- and four-digit Dichotic Digit Tests

(DDT). Children between ages 6.5 and 9.5 years showed

progressively better scores on the tapping response of the

PPST and on the four-digit DDT. Children above 9.5 years of

age demonstrated adult-like responses on both tests. No

differences were demonstrated in performance of children

aged 6.5 through 12.5 years on the two-digit DDT or on the

humming response of the PPST.
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CHAPTER 1

INTRODUCTION

The evaluation of central auditory processing as a

clinical procedure in the assessment of the hearing of chil-

dren and adults has become an area of increasing investiga-

tion. As a result of this interest, many tests have been

proposed as useful tools for determining auditory processing

capabilities. Among the test procedures developed, the

Pitch Pattern Sequence Test (PPST) and the Dichotic Digits

Test (DDT) have been described as promising evaluative tools

for use with children and adults (Musiek, 1983b; Pinheiro,

1977). Described briefly, the PPST is a monotic listening

task in which a listener must respond to patterns of low and

high tones by first humming, and then tapping out, the

pattern of tones heard. The DDT is a dichotic listening

task in which a listener is simultaneously presented with a

pair of digits to one ear and a different pair of digits to

the opposite ear. The listener is required to repeat, in

any order, the digits heard.

Definition of Terms

For the purposes of this paper, the following terms

are used:

1
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1. Dichotic: the presentation of different signals

presented simultaneously to each ear;

2. Monotic: the use of a signal presented to a

single ear; and

3. Central auditory testing: the testing of the func-

tioning of the central auditory nervous system (CANS) by

means of a behavioral test.

Review of the Literature

Establishment of Cerebral Dominance

The specialized functions of the right and left hemi-

spheres have been studied extensively by numerous inves-

tigators in regard to central auditory disorders (Aoki &

Siekevitz, 1988; Galambos, 1954; Kimura, 1961a). Several

investigators have studied central auditory disorders

involving site of lesion. As early as 1956, Broadbent

(1956) employed competing sets of digits presented simul-

taneously to each ear in order to evaluate the role of audi-

tory memory span and localization. The process of attending

to simultaneously presented speech has come to be known as

dichotic listening (Katz, 1985). Broadbent (1957) sought to

relate measures of central auditory function with the clini-

cal diagnosis of intracranial lesions. He compared measures

of peripheral and central auditory function among subjects

with cochlear lesions and among subjects with intracranial

lesions. Based on his study of 18 cases, he concluded that

OWN
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the inability to discriminate speech when associated with a

moderate hearing loss or that a severe discrimination

problem associated with normal hearing is evidence of an

intracranial lesion.

An earlier study, utilizing filtered speech, sought to

identify the hidden auditory loss in subjects with temporal

lobe tumors (Bocca, Calearo, & Cassinari, 1955). Filtered

speech was used in speech testing with normal and temporal

lobe patients. The results showed that word discrimination

in the normal subject was equal in both ears, but that word

discrimination in a subject with a temporal lobe tumor was

much poorer in the ear contralateral to the tumor's

location.

Jerger (1960) utilized speech testing to evaluate audi-

ological findings as related to lesions in the central

auditory pathway. He presented three case reports that

illustrated a distinct pattern of results: "The ability to

understand distorted speech was reduced in the ear contra-

lateral to the affected hemisphere, and the interaural

intensity relations producing equal loudness for pure tones

under alternate presentation are [were] grossly disturbed"

(Jerger, 1960, p. 806).

Kimura (1964) studied known epileptic patients, using

an auditory test which employed spoken material. Epilepsy

is defined in Dorland's Illustrated Medical Dictionary

(1981) as "paradoxysmal transient disturbances of brain
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function that may be manifested as episodic impairment or

loss of consciousness, abnormal motor phenomena, psychic or

sensory disturbances, or perturbation of the autonomic

nervous system" (p. 452). In Kimura's study, testing was

conducted both before and after surgery on patients under-

going either temporal or frontal lobectomies. The test

consisted of the use of different digits presented either

dichotically or monaurally in the manner introduced by

Broadbent (1954). Damage to the left temporal lobe was

found to impair overall performance on these tasks, irre-

spective of the stimulus ear. In addition, a unilateral

temporal lobectomy on either side impaired the recognition

of material arriving at the ear contralateral to the

removal. The effect did not occur after frontal lobectomy,

which suggests that "both temporal lobes take part in the

elaboration of activity at the auditory receiving area of

the same side, and that the left temporal lobe is partic-

ularly important in the perception of verbal material"

(Kimura, 1961a, p. 165). Kimura interpreted the results of

this study as showing that the crossed auditory pathways in

humans are stronger or more numerous than those which are

uncrossed, and that the left temporal lobe plays a more

important role than the right in the perception of spoken

material.

Kimura (1961b) then investigated the hypothesis that,

since the right ear was presumably more significantly
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connected to the left temporal lobe for language than to the

right hemisphere, verbal material arriving from the right

ear had an advantage in being more reliably transmitted to

the hemisphere which was dominant for speech. Kimura

studied 120 known epileptic patients with confirmed hemi-

spheric dominance for either the right or left hemisphere by

using pairs of digits presented simultaneously. She found

that digits presented to the right ear were received earlier

and reported more accurately than were digits presented to

the left ear, regardless of the site of the epileptic

lesion. The evidence suggests a functionally stronger con-

tralateral than ipsilateral auditory system from the right

ear to the language dominant left hemisphere. Kimura

(1964) also investigated the perception of dichotically

presented melodies in contrast to spoken digits presented in

the same manner. Twenty normal hearing subjects were first

given the digits test, which consisted of three pairs of

digits in the manner earlier described by Broadbent (1954)

and, then, a melodies test. The melodies test was comprised

of excerpts from Mozart and other composers. Eighty 4-

second passages were recorded and grouped into 20 sets of

four. Two separate passages were presented dichotically;

then, the subject listened to four separate passages and

picked the two that were thought to have been heard. The

results support the view that the right temporal lobe plays
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a greater role in nonverbal auditory perception than does

the left temporal lobe.

Dirks (1964) also investigated the asymmetry between

cerebral hemispheres, utilizing recognition of verbal mate-

rial under conditions of dichotic and monaural presentations

of words. Two experiments were conducted. In the first,

different filtered, phonetically balanced (PB) words were

presented dichotically to 24 young adults with normal

hearing. In the second experiment, the same filtered words

were presented, but the subjects were instructed to attend

to only one ear. During the final presentation, these same

words were delivered monaurally. Pairs of digits were pre-

sented simultaneously to each ear, and the subject was

instructed to respond to all of the digits. The results of

both the dichotic presentations of digits and the presenta-

tion of filtered word lists demonstrated that significantly

more words are recognized by the right ear on dichotic pre-

sentation. When filtered words were presented monaurally,

the results were identical for each ear. These findings

substantiate Kimura's (1964) previous report: when competi-

tion exists between the auditory pathways, asymmetry is

observed.

Milner and Taylor (1968) studied seven right-handed

patients with surgical disconnection of the cerebral hemi-

spheres, utilizing a procedure similar to that used by

Kimura (1964). Different digits were presented both
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simultaneously in groups of three pairs, with either a 1/2

second or a 1 1/2 second interval between successive pairs,

and monaurally. In the monaural (control) condition, all

six digits were presented to one ear with a half-second

interval between successive digits. The results of this

investigation confirm previous findings of the dominance of

the contralateral system in dichotic presentations, regard-

less of the length of the interstimulus interval. With

monaural presentations, the results showed equal accuracy

between the two ears.

Jerger and Jerger (1973) sought to delineate the pat-

tern and variability characterizing auditory test results in

patients with intra-axial brain stem lesions when all pos-

sible extra-axial brain stem disorders had been eliminated.

The subjects were 16 patients with known intra-axial brain

stem lesions that had been confirmed either surgically or

radiographically. The subjects were administered the

Synthetic Sentence Identification (SSI) Test, consisting of

a single list of 10 synthetic sentences, seven words in

length, described by the authors as third-order approxima-

tions to English sentences. After each sentence was pre-

sented, each subject had 5 seconds to select the appropriate

sentence from a list of the 10 sentences that were provided.

The sentence identification task was made more difficult

with the presentation of a competing prose passage. Results

were gathered by measuring performance at different
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message-to-competition intensity ratios (MCR) for both the

contralateral and the ipsilateral presence of the competing

message. The auditory findings utilizing the SSI showed

consistent impairment for the SSI materials in the presence

of an ipsilateral competing message.

The question of whether or not dichotic speech informa-

tion is transmitted to cortical processing areas in patients

suffering from temporal lobe lesions was investigated by

Speaks, Gray, and Miller (1975). Their investigation

involved the dichotic presentation of six stop-vowel

syllables in pairs to 10 patients, six of whom had left tem-

poral lobe lesions and four of whom had right temporal lobe

lesions. Thirty pairs of syllables were presented at 6-

second intervals at a level of 70 or 80 dB sound pressure

level (SPL). The authors concluded that the auditory path-

ways from the weak ear (the ear with the suppressed score in

a dichotic listening test) are not completely suppressed

following lesions to the temporal lobe and that dichotic

scores for the ear opposite the lesion are lower than

monotic scores for the ear opposite the lesion. From this

information, they inferred that the processing of speech

from the strong ear during dichotic presentation is par-

tially disrupted by the information being transmitted from

the weak ear.

Kimura and Archibald (1974) studied the motor functions

of the left hemisphere by evaluating 30 patients with right
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or left hemisphere damage. The subjects were given three

tests: aphasia tests, visuospatial tests, and motor tasks.

The findings suggest that lesions to the left hemisphere

impair the performance of complex motor sequences, regard-

less of whether the sequences are meaningful or not, and

support the contention that the left hemisphere has impor-

tant functions in motor control that are not shared by the

right hemisphere.

A study of intensity and frequency patterns in patients

who had had their cerebral commissures sectioned for treat-

ment of seizure disorders was conducted by Musiek,

Pinheiro, and Wilson (1980) in order to determine whether

the auditory pattern sequencing task is dependent on hemi-

spheric interaction. Three "split brain" subjects were

tested and required to identify monaurally presented audi-

tory intensity and frequency patterns. Two tasks were

involved. The subjects were required to respond, first ver-

bally, to intensity and pitch patterns presented to either

ear and, then, to hum the pitch patterns they heard. Their

verbal performance in response to stimuli presented to the

right ear tended to be poorer than to stimuli presented to

the left ear. In contrast, subjects scored in the normal

range for both ears on the hummed responses.

The authors proposed two possible explanations for the

fact that the split brain patients could hum the frequency

pattern, even though they could not verbalize what they
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heard. One was that the tonal or hummed patterns were medi-

ated through the right hemisphere, and the other was that

the hummed response might have been mediated at a subcor-

tical level as it is imitative in nature and requires less

complex processing.

Right-Ear Advantage

The corpus callosum, which connects the two cerebral

hemispheres of the brain, undergoes a marked growth in over-

all size during childhood. The callosum provides inter-

hemispheric interaction between the two hemispheres and

plays an important part in the integration of information

(Witelson & Kigar, 1988).

The predominance of higher right-ear scores in dichotic

listening has come to be known as a right-ear advantage

(REA). One of the important assumptions underlying the

study of left-right brain asymmetry in human beings is that

most normal listeners are left-brained for speech and lan-

guage. Strong support for this position is presented in a

paper by Geshwind and Levitsky (1968). They performed post-

mortem examinations on 100 adult brains and showed conclu-

sively that the area behind Heschl's gyrus was larger on the

left side in 65% of the brains and larger on the right in

only 11%. The area in question involves the auditory asso-

ciation area classically called Wernicke's area, believed to

be of major importance in language function (Zemlin, 1988).
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The question of why right ears outperform left ears

during simultaneous presentation of a message has been asked

by several investigators. Perhaps it is a reflection of

left hemisphere dominance for speech perception associated

with a strong contralateral pathway which suppresses the

left pathway during competition (Berlin, Lowe-Bell, Cullen,

Thompson, & Loovis 1972). Broadbent (1954) theorized (a)

that during dichotic listening tasks, subjects are unable to

process simultaneous incoming stimuli and, thus, alternate

their attention from one ear to another and (b) that lis-

teners have a response bias to signals presented to the

right ear. Kimura (1964) showed that patients with left

temporal lobe lesions seem to have poorer verbal recall,

while patients with right temporal lesions have poorer musi-

cal pattern recall. Dichotic listening demands more of the

system than does monaural listening (Kimura, 1961a).

Rosenzweig (1951) suggested that the auditory system is

arranged in units that, when stimulated, fire to specific

central locations which are contralateral, ipsilateral, or

bilateral in reference to the ear stimulated. More units

are activated by contralateral stimulation than by ipsi-

lateral stimulation. In the units which fire to both the

contralateral and ipsilateral sides, Rozenweig indicated

that the contralateral connections may occlude the ipsi-

lateral message.
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Bryden (1963) thought that one reason for the REA is

the theory that material presented to the left ear during

dichotic presentation is forgotten before the subject can

report it. Bryden sought to eliminate this factor by con-

trolling the order of report in an experiment involving 32

college students. Thirty sequences using the numbers 1

through 10 were presented dichotically so that one number

was heard in one ear and a different number was heard simul-

taneously in the opposite ear. There were 10 sequences of

three pairs, 10 of four pairs, and 10 of five pairs--all

presented at a rate of two pairs per second. The subjects

were instructed to report all the numbers they heard in one

ear before reporting what they heard in the opposite ear.

The results of this investigation show that the REA exists

even when the order of report is controlled; these findings

substantiate previous investigations (Kimura, 1961a) that

right-ear superiority is a true perceptual difference

between the ears.

Studies during the past 2 decades have shown that a

distinct right-ear advantage typically is established in

children at about the age of 5 years. Hyund & Obrzut (1977)

studied 40 school children in kindergarten through sixth

grades, using 30 pairs of dichotically presented consonant

vowel (CV) syllables. A significant REA was found in the

kindergarten group, but an increase in the magnitude of the

REA as age increased was not evidenced.
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Berlin et al. (1972) conducted two experiments using

consonant vowel (CV) presentations which were delivered both

dichotically and monotically. Twelve young adult females

served as subjects. Each subject listened to a total of

1,200 pairs of CVs--600 presented dichotically and 600 pre-

sented monotically. The onset of the syllables was sepa-

rated progressively by 0 to 500 msec. Intelligibility

improved as the stimuli became more separated in time. When

messages to the left ear lagged by 20 msec, the left ear

consistently outperformed the right ear. The results of

this study confirm the often-reported right-ear advantage

reflected in the dichotic listening tasks. Responses to the

time-separated lists further confirm right-ear superiority.

The development of an ear advantage appears closely

related to language-related activities, such as reading. A

positive correlation between ear dominance and reading

ability was predicted by Bakker, Smink, and Reistma (1973)

when they tested the hypothesis that efficient reading per-

formance is associated with low ear dominance at younger

ages and with high ear dominance at older ages. Forty chil-

dren between the ages of 7 years, zero months and 7 years,

6 months participated in a study in which they listened to

both monaural and dichotic digits. The monaural listening

task consisted of presenting six series of three digits, six

series of four digits, and six series of five digits admin-

istered at a rate of two digits per second. The dichotic
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listening task involved 16 series of three pairs of digits

presented at a rate of one pair per second. The ear domi-

nance was determined by subtracting the subject's left-ear

score from the right-ear score. The results obtained with

monaural stimulation were most clear, and the results

confirmed that the best readers showed the lowest ear dif-

ference scores and that poorer readers demonstrated a

decreased REA.

Berlin, Hughes, Lowe-Bell, & Berlin (1973) studied the

dichotic REA in children aged 5 to 13 years, using nonsense

consonant-vowel syllables (pa/da/ka/ga/ba/ta) in which the

consonants differed only in voicing and place of articula-

tion. The authors investigated (a) the magnitude of the

right-ear advantage as a function of age and sex and (b) the

nature of the phonetic confusions made by children of vari-

ous ages. They also investigated the total information

processed by children. One hundred and fifty children in

the age groups of 5, 7, 9, 11 and 13 were studied. The

authors found that the number of double correct responses

improved significantly as a function of age and that 11- and

13-year-olds performed as well as adults. The only other

significant effect was that females tended to give more

single correct responses on the first set of CVs presented

than they did on the second set. Males tended to show a

reverse trend by giving more single correct responses on the

second set of CVs presented. These results suggest that the
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REA is fixed by age 5, is independent of sex, and increases

with age.

To test the view that cognitive control in attending

to a signal influences the REA, Geffen (1978) conducted a

study of 48 subjects from grades 2, 4, and 6, using dichot-

ically presented digits. The subjects were instructed to

focus their attention on and report digits presented first

to the right ear, then to report digits presented first to

the left ear. The results of this study indicate that the

right-ear advantage in dichotic listening does not increase

when the subjects control their own focus of attention. The

ability to focus on the left ear improves between 6 and 8

years of age. Geff en concluded that the control of directed

attention (which improves with maturation) and left hemis-

phere speech processing are both determinants in performance

for dichotic listening.

Bakker, Hoefkins, and Von der Vlugt (1979) conducted a

longitudinal study to evaluate the development of ear asym-

metry in children aged 5 through 12 years. The study, which

began in 1972 and ended in 1977, followed 27 subjects,

including 15 girls and 12 boys. Subjects in kindergarten,

first, second, and fifth grades were tested during the

spring. The REA was shown to be predominant during all

testing sessions and did not appear to be affected by age or

sex.
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The effect of attentional bias on REA was investigated

by Obrzut, Boliek, & Obrzut (1986) in a study conducted in

1986. The authors employed four different types of stimulus

materials: words, digits, melodies, and consonant-vowel

syllables. A population of 12 students ranging in age from

9 years, zero months to 12 years, 9 months was used. Sub-

jects were required to listen to dichotic presentation of

all four stimuli under conditions of free recall, right-ear

attention, or left-ear attention. Results show that ear

asymmetry is influenced by the type of stimulus material

used and the effect of controlled listening. The results

indicate that children's dichotic listening performance is

strongly influenced by the type of stimulus material used

and the attention directed to a specific ear. Subjects did

not produce an inherent REA under the directed left condi-

tion and, at times, produced a left-ear advantage (LEA)

under the directed left condition. The authors concluded

that digits are an inappropriate stimuli for the measurement

of REA because they are "readily localized and do not serve

as a measure of perceptual asymmetry" (p. 206).

The stability of dichotic listening testing itself was

investigated in normal adults by Pizzamiglio, Pascalis, and

Vignati (1974). Ninety male college students were presented

with paired spoken digits which arrived simultaneously to

each ear. The subjects were requested to report what they

heard in any order. Scoring was based on the total number
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of mistakes per ear. The results of this experiment indi-

cate a significant degree of stability of dichotic digit

testing. The number of errors were significantly greater

for the left ear. The test-retest correlation was signifi-

cant, but there was a high percentage of inconsistency of

the results in the same subjects, which suggests that some

caution must be taken in using this technique as a measure

of ear preference.

Central Auditory Tests

The theoretical basis for speech testing is that both

the intrinsic and extrinsic redundancies of a speech message

better ensure correct integration of the elements of infor-

mation, thereby making it easier to evaluate integration

disturbances of neurophysiological performance (Bocca &

Calearo, 1963). Speech tests ultimately depend on the acti-

vation of the listener's language center for a stimulus

response, thus implying that the message has arrived at the

level of the cortex.

In 1957, Goodman called attention to the fact that

tests specifically designed for the assessment of central

auditory impairments were lacking in the literature. In

contrast to the assessment of peripheral auditory impair-

ments, methods for evaluating central hearing deficits were

not well established.
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Matzker (1959) presented a paper indicating that

binaural auditory fusion tasks are useful indicators of

specific pathological changes in cases of several different

brain lesions. Over a period of 3 years, more than 1,000

subjects were tested with binaurally presented, filtered

speech, with one ear receiving a high-frequency band pass

signal of a test word and the other ear simultaneously

receiving a low-frequency band pass signal of the same test

word. Matzker reported excellent integration of the two

partial stimuli and stated that this integration was

believed to take place within the brain stem where the two

auditory pathways from either side are interconnected.

Matzker judged normal recognition of the test words as a

good indication of functioning synaptic connections. If a

subject failed altogether on the test, that subject was

considered to have a defective synaptic function, probably

due to a loss of ganglionic cells within the primary

auditory centers.

The Staggered Spondaic Word Test (SSW) developed by

Katz in 1962 is a widely used central auditory test (Katz,

1978).. It was developed in such a manner as to be rela-

tively invulnerable to any peripheral hearing loss experi-

enced by a subject. Each item in the test consists of two

spondaic words. The words are presented in such a way that

the first syllable of the first spondee arrives without

competition in the opposite ear. The second syllable of the
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first spondee arrives at the same time the first syllable of

the first spondee is delivered to the opposite ear so that a

dichotic listening situation is effected. Finally, the

second syllable of the second spondee to the opposite ear

arrives monaurally. Because the SSW is designed to be rela-

tively invulnerable to peripheral hearing loss, it is often

the test of choice for evaluating central auditory proces-

sing in children. Martin & Sides (1985) surveyed clinical

audiologists in 1985 to determine to what degree specific

diagnostic tests were being currently utilized at that time.

Thirty-six percent of the responding audiologists stated

that they used the SSW for evaluating central auditory

processing in children.

The Dichotic Sentence Identification Test for Hearing

Impaired Adults (DSI) is another central auditory test-

developed in an attempt to overcome the influence of a

peripheral hearing loss (Fifer, Jerger, Berlin, Tobey, &

Campbell, 1983). The test is designed so that two different

sentences are presented simultaneously, one to the right ear

and one to the left ear. The sentences used are the third-

order synthetic sentences described by Speaks and Jerger

(1965). As part of their study, Fifer et al. (1983)

reported that 68 subjects were required to listen to two

sentences, presented dichotically, and to locate one of the

sentences from among the a list of sentences printed on a

sheet of paper. Fourteen of the subjects were



20

normal-hearing listeners, and 48 had cochlear impairments.

The results of this study reveal that the DSI is an appli-

cable central auditory test for listeners who have up to a

49dB HL hearing loss. Beyond 49dB, the degree of hearing

loss interferes with the ability of the DSI to detect

central auditory disorders.

Musiek (1983b) investigated the performance of subjects

on three dichotic tests in order to determine the value of

each test as an indicator of central auditory dysfunction.

His purpose was to evaluate the SSW, the Dichotic Digits

Test, and the Competing Sentences Test (Willeford, 1977).

The Competing Sentences Test is composed of 25 paired sen-

tences which are presented dichotically so that a different

sentence is heard in each ear. There is a "primary" and a

"competing" sentence. The subject is directed to repeat

only the primary sentence and ignore the competing sentence

in the opposite ear. Thirty adult subjects with either

surgically, radiographically, or neurologically diagnosed

intracranial lesions were used in the study. The Dichotic

Digits Test was found to be the best detector of abnor-

mality., and the SSW was found to be more sensitive than the

Competing Sentences Test in evaluating central auditory dys-

function. Subjects with brain stem disorders revealed the

greatest deficits in the ear ipsilateral to the side of the

lesion. The poorest scores for hemispheric lesions were

found in the ear contralateral to the lesion.
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Central Auditory Processing in Children

Numerous authors have investigated the effectiveness of

different central auditory tests in children with learning

or reading disabilities. The evaluation of several central

auditory tests was the subject of an investigation conducted

by Pinheiro (1977), in which he studied 14 normal hearing

children with learning disabilities, utilizing seven central

auditory tests--(a) the Alternating Speech Perception Test,

(b) the Binaural Fusion Test, (c) Low-Pass Filtered Words,

(d) the Competing Sentences Test, (e) Simultaneous Sen-

tences Test (developed by Willeford, [1976]), (f) the SSW,

and (g) the Pitch Pattern Test. The subjects were clas-

sified as learning disabled, based on normal intelligence

scores (IQ > 100) and school-administered psychological and

reading tests. The subjects had no visual or other physical

handicaps which could account for their reading difficul-

ties. The tests which proved to have the greatest diagnos-

tic significance with these children were the Pitch Pattern

Test and the Simultaneous Sentences Test.

The use of speech material presented in noise was eval-

uated by Elliot (1979), utilizing the Speech in Noise Test

(SPIN). The SPIN was developed in order to assess every-day

speech perception in addition to the ability to measure word

intelligibility (Kalikow, Stevens, & Elliot, 1977). The

SPIN involves listening to sentences, which contain two or

three "pointer" words (called high predictability sentences
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[HP]), and listening to sentences that contain no semantic

clues; this requires the listener to rely entirely upon

acoustic clues (called low predictability sentences [LPf).

Elliot (1979) studied 24 normal hearing children aged 9 to

17 years, utilizing the SPIN. The 15- and 17-year-olds

performed in the same manner as normal adults, while the 11-

and 13-year olds performed more poorly. Performance for the

9-year-olds was significantly poorer. Thus, Elliot con-

cluded that the SPIN is inappropriate for measuring word

intelligibility in children below the age of 11, and that

poorer performance for the 9-year-olds on the HP sentences

may have been attributable their diminished knowledge of

language rules.

Farrer and Keith (1981) reported data concerning the

use of filtered speech in the assessment of central auditory

processing in young children. They evaluated two groups of

children aged 5 years, 8 months to 9 years, zero months. An

experimental group consisted of 10 children with specific

learning disabilities. A control group was comprised of 10

children with an IQ of between 1 standard deviation below

and 2 standard deviations above the norm on the auditory

subtests of the Illinois Test of Psycholinguistic Abilities

(ITPA). Subjects were presented with filtered and unfil-

tered PB words in order to evaluate speech discrimination.

The results indicated that there was a significant differ-

ence between the performance of normal and learning-disabled
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children in the ability to discriminate the PB words and in

performance in the filtered condition.

Sentence material has been used to evaluate central

auditory processing difficulties in children with learning

disabilities. Willeford (1977) developed a competing sen-

tence test that is part of what is now known as the

Willeford Test Battery. The sentence test was developed in

order to avoid dependence on monosyllabic words and to simu-

late every day language construction. The test is recorded

so that one sentence arrives at one ear and a different

sentence arrives at the other ear simultaneously. The sub-

ject is required to repeat the primary sentence arriving at

the test ear and ignore the competing sentence from the

nontest ear.

Musiek, Geurkink, and Keitel (1982) chose seven central

auditory tests to administer to 22 children with known cen-

tral auditory processing deficits, in order to determine

the sensitivity of the tests. The test battery included

(a) the Dichotic Digits Test, (b) the PPST, (c) the

Competing Sentences Test, (d) Low-Pass Filtered Speech

(LPFS)., in which filtered, monosyllabic words are repeated,

(e) the SSW, and (f) the Rapidly Alternating Speech Percep-

tion (RASP) Test. The Competing Sentences Test is a

binaural fusion test in which low-pass, filtered spondee

words are presented to one ear while the high-band pass of

the same words is presented to the opposite ear. The RASP
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requires the listener to repeat simple sentences, components

of which alternate between the two ears. The results of

this study show that the PPST by Pinheiro, the Competing

Sentence Test (CST) by Willeford, and the Dichotic Digits

Test (DDT) by Musiek were the most sensitive in identifying

central auditory processing disorders in these 22 children.

Pinheiro (1977) reported the use of the PPST with chil-

dren with learning disabilities. The test involves lis-

tening to high and low tones in the following patterns:

high, low, high (HLH); low, high, low (LHL); high, high, low

(HHL); low, low, high (LLH); high, low, low (HLL); and low,

high, high (LHH). The subjects are required first to hum

the pattern and then to tap the pattern. The subjects

included in this study were normal hearing children with

undefined learning disabilities. The subjects demonstrated

significant difficulty in making a tapping response to the

stimuli, but responded without difficulty in humming.

The differences in speech intelligibility that may

characterize central auditory disorders in children of at

least 7 years of age was illustrated by Jerger (1981),

utilizing a test battery consisting of the SSW test, the SSI

test, and a performance-intensity (PI) function. A PI func-

tion reflects the percentage scores of the intensity func-

tion for stimulus words correctly identified, relative to

the subject's auditory threshold for speech. The possi-

bility of a central auditory disorder was explored in a
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9-year-old boy with an intra-axial brain stem disorder,

primarily on the right side. The overall configuration of

the audiometric results was consistent with the findings of

a brain stem level disorder in that there was abnormal per-

formance for the Synthetic Sentence Identification with an

ipsilateral competing message (SSI-ICM), and normal perfor-

mance for the Synthetic Sentence Identification with a con-

tralateral competing message (SSI-CCM). The PI function

was within normal limits, but the maximum scores were lower

in the left ear than in the right ear. The SSW scores were

normal.

An experimental test battery designed by Ferre and

Wilbur (1986) compares the performance of normal children

and learning-disabled children, using time-compressed speech

(speech that is accelerated in speed without alteration of

its phonemic content), dichotic monosyllables, and low-pass

filtered speech. The test results show that central audi-

tory processing tests may be useful in identifying children

with specific auditory perceptual problems if performance is

evaluated using several central auditory tests.

Reische (1983) studied the relationship between age

and performance on the Willeford Test Battery, using 94

normal hearing subjects ranging in age from 18 to 80 years.

Subjects were presented with a tape recording of the

Willeford battery, and all subjects' score showed signi-

ficant age-effect or ear differences. The results of this
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study suggest the need to control age and ear difference

factors in developing norms for a clinical version of the

battery.

Although some normative data concerning central audi-

tory tests used with adult populations, little information

is currently found that reveals how accurately normal chil-

dren perform. Consequently, utilizing the results of

central auditory tests to contribute useful diagnostic

information is currently not possible, except with norms

developed in individual clinical settings.

Normative Data

Musiek (1983a) developed normative data for the

Dichotic Digits Test, using a population of 45 normal

hearing subjects ranging in age from 19 to 35 years and with

21 subjects who had confirmed brain stem lesions. Musiek

reported that, for adults, the Dichotic Digits Test results

are to be considered abnormal when scores fall below 80% for

normal hearing listeners.

Willeford (1977) established normative data on the

Willeford Test Battery for children aged 6 through 10 years

of age and for adults. The Willeford Test Battery consists

of four subtests: The binaural fusion test is constructed

in such a way that a low-band-pass segment of a series of

spondaic words is recorded on one channel of a tape recorder

and a high-band-pass segment of those same words is recorded
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on the other. Testing is administered by simultaneously

presenting the low-frequency band to one ear and the high-

frequency band to the other. Willeford reported that normal

performance on the binaural fusion test is 79% or better in

children aged 6 through 10 years.

The alternating speech perception test involves

sentences which can be easily repeated by normal hearing

subjects. The stimulus sentences are presented in

alternating bursts of 300 msec durations--first to one ear,

then to the other. The time segments are alternated between

the two ears (i.e., the first segment to the right ear, the

second segment to the left ear, the third segment to the

right ear, and so on) until the sentence is completed. Ten

of the 20 sentences begin in one channel, and 10 begin in

the other channel. According to Willeford (1977), normal

performance on the alternating speech perception test is 80%

or higher in children aged 5 through 10 years; however, the

author cautions that scoring should be lenient with young

children.

The filtered speech test is comprised of filtered,

consonant-vowel-consonant words which have been passed

through a filter so that only those frequencies below 500 Hz

are passed. Any score in the range of 74% to 100% is con-

sidered by the author to be normal performance for subjects

aged 10 to 60 years (Willeford, 1977).
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The binaural separation test is a dichotic test in

which the subject is required to identify the sentence in

the target ear and ignore a competing sentence presented in

the opposite ear. Normal subjects usually score 100% in

the preferred ear (usually the right ear) and anywhere from

0% to 100% in the opposite ear. Zero percent is the most

commonly expected score in the weak ear in children aged

5 years, but Willeford reported progressive improvement in

scores through the age of 9, at which time ear performance

becomes equal. Willeford noted an observable improvement in

scores as maturational age progresses, suggesting that

"performance improved with the maturation of the CANS"

(Willeford & Burleigh, 1985, p. 112).

Children with central auditory disorders form a diverse

group of individuals which requires evaluation on a series

of central auditory tasks for proper evaluation of central

auditory function (Willeford & Burleigh, 1985; Musiek,

1983c; Musiek & Pinheiro, 1985). The PPST, developed by

Pinheiro (1977), has shown a wide range of performance by

young children (Willeford & Burleigh, 1985), and scores for

some children below the age of 7 can be depressed due to

maturational factors, as well as to CANS deficiencies.

Normative data should be derived in the same environment in

which central auditory evaluations are to be conducted

(Pinheiro & Musiek, 1985). "This normative data should

represent results on a normal population as nearly matched
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as possible with the clinical population customarily evalu-

ated" (Pinheiro & Musiek, 1985, p. 258). Normative data

must be established for different age groups of normal

hearing subjects before any central auditory tests can be

applied reliably to individuals suspected of having central

auditory problems.

Purpose of the Study

Pinheiro and Musiek (1985) noted the drawbacks of

attempting to utilize existing central auditory tests:

At present, standardization of central auditory tests
and procedures is one of the greatest lacks in central
auditory evaluation. A "gold standard" for this work
cannot be established as long as different methods and
different tests and/or test batteries are used in each
and every clinical facility. It would be of greatest
advantage to have various settings using the same
procedures and central auditory tasks in order to accu-
mulate larger bodies of both normative values and clin-
ical data. Now it is difficult to compare results of
one study to those of another because of significant
dissimilarities in methods and test materials. Many
bits and pieces of information on small numbers of
subjects appear in the literature but it is difficult
or impossible to organize these into a usable whole.
Indeed, there is more confusion in the field, espe-
cially in relation to subjective central auditory
tasks, than there is any real accumulation of reliable
knowledge. This situation undoubtedly is to be
expected in an area of clinical research as new as
central auditory evaluation. (Pinheiro & Musiek, 1985,
p. 258)

The present investigation was conducted in order to

begin to establish normative data and to compare the perfor-

mance of children when utilizing the Pitch Pattern Sequence

Test (PPST) and the Dichotic Digits Test (DDT). The PPST is

a monotic listening task which involves humming and
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subsequently tapping several three-tone pattern sequences.

The DDT contains two subtests that require the identifica-

tion of pairs of dichotically presented digits. It was the

purpose of this study to establish normative data for

normal-hearing children at each age level between 6 and 12

years, using the DDT and the PPST. The design followed in

this study is intended to propose a procedure which might

be adopted by other clinicians in assessing central auditory

function in young children.

In testing young children who pass a hearing screening

test using contemporary standards (American Speech-Language-

Hearing Association [ASHA], 1984) and reveal normal middle

ear function (ASHA, 1978), the clinician may use a comfort-

able listening level for each subject. The procedure

requires that the testing be accomplished in a sound-

controlled environment which does not exceed the criterion

of American National Standards Institute (ANSI) (1969)

Standard 3.6 for ambient noise for audiometric testing.

The PPST and the DDT were selected for this investiga-

tion because of their demonstrated promise as sensitive

tools for the assessment of central auditory processing

skills in children. Previous research has indicated that

both tests are among the most sensitive of those which have

been proposed for this purpose (Musiek, 1983b; Pinheiro,

1977; Pinheiro & Musiek, 1985). Both tests have been

reported to be useful in the evaluation of central auditory
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problems in subjects with confirmed pathologies in the areas

of the CANS, as well as with children labeled under the less

specific term learning disabled (Kimura, 1961b; Musiek,

Guerking, & Kietal, 1982; Musiek, Pinheiro, & Wilson, 1980;

Pinheiro, 1977).

Whether these tests are used independently, or as com-

ponents of a battery devised by a clinician, they both bear

characteristics that distinguish them from other central

auditory tests which might be useful. The more successful

tests among those devised seem to have in common the

characteristic that they are delivered dichotically. Such

tests should make rigorous demands upon the CANS, with a

minimum of redundant speech characteristics (Bocca &

Calearo, 1963; Dirks, 1964). Among the central auditory

tests, it is desirable to select tests which are within the

possibilities of children who demonstrate reading or other

learning disabilities at early ages. That is, with such a

test it should be possible for children who have no

discernable learning or reading problems to succeed well in

response to the test, demonstrating that they have no

central auditory processing problems. The selected tests

should also be successful in identifying those children who

do have central auditory processing problems at an age at

which such problems might be resolved with appropriate early

intervention. The selected tests should not place
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additional language demands on children for whom language

may be a significant barrier.

The DDT appears to qualify well in any such

consideration. The digits it presents are among the more

common single syllable words of the English language. Pre-

liminary exploration of the version of the DDT used in this

study has indicated that kindergarten children have no dif-

ficulty identifying the digits when they are presented as

single spoken events. The test does not appear to require

any demonstration of the subject's comprehension of a con-

cept of any digit; the subject is simply asked to repeat the

digits heard.

The PPST, a monotic test, requires no language facility

beyond that required to understand the task involved for the

subject. It appears that the task of tapping or humming to

mimic a response to the presented tones could be taught to a

child with even minimal language skills, if the child could

understand the task.
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PROCEDURES FOR COLLECTION OF DATA

Subjects

One hundred and twenty-two children from normal public

school classrooms in a metropolitan community were included

in this study. Keeping in mind that the children were to

represent the broad composition of the community itself,

school administrators chose the grade level and schools from

which the children were selected. Approximately 28 children

were selected from the first through the fifth grades, with-

out bias to gender, ethnic group, or achievement level,

except that they were considered "normal" learners by their

teachers. Eighteen subjects were excluded from the study

due to middle ear or hearing problems. The remaining 122

subjects ranged in age from 6.5 to 12.5 years and included

62 males and 60 females from grades one through five (see

Table 1 for distributions).

Unfortunately, because testing was conducted during the

latter part of the school year, the number of 6-year-olds in

the first grade was decreased in number (N = 14) because

many of the children had celebrated birthdays during the

year. Fewer subjects were included in the 11.6- to 12.5-

year age group; because the children above the third-grade

33
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level performed essentially with adult-like success, their

responses were not likely to change the results. Data in

Table 2 show the age groups and number of children in each

group.

Table 1

Age Ranges and Sex Distributions According

to Grade

GRADE AGE RANGE MEAN SD MALES FEMALES TOTAL
N N N

1 6.5 - 8.7 7.4 .6 14 12 26

2 7.1 - 9.8 8.2 .6 12 11 23

3 8.4 - 9.8 8.7 1.9 12 10 22

4 9.1 - 11.2 10.0 .7 11 13 24

5 10.1 - 12.6 11.1 .7 13 14 27

Table 2

Age Ranges and Sex Distributions According

to Groups

GRADE AGE RANGE MEAN SD MALES FEMALES TOTAL
N N N

6.5 -

7.6 -

8.6 -

7.5

8.5

9.5

7.0

7.9

8.9

7.4

.4

.3

14

15

7 14

13 27

15 30
(table continues)

1

2

3
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Table 2--(continued.)

GRADE AGE RANGE MEAN SD MALES FEMALES TOTAL
N N N

4 9.6 - 10.5 10.0 .3 11 10 21

5 10.6 - 11.5 10.9 .5 11 11 22

6 11.6 - 11.8 11.8 .4 4 4 8

Instrumentation

Pure tone and immittance testing were performed uti-

lizing a Teledyne TA-3D portable audiometer-immittance

bridge. The central auditory tests (a) were presented uti-

lizing a two-channel Realistic SCT-82 tape deck coupled to

an SA-10 Realistic stereo amplifier and (b) were amplified

through Realistic Nova-40 headphones connected to the -

speaker terminals of the tape deck in order to provide

stereo headphone output. Separate volume controls for each

channel allowed either monotic or dichotic presentation of

the test material. The headphone output was set and cali-

brated to 65dB SPL on both channels, utilizing a B & K Type

2203 calibration unit with octave filter set Type 1613. The

sound pressure output of the audiometer and tape deck system

was calibrated prior to any testing. The calibration of

the immittance bridge was checked on a daily basis prior to

any testing. The acoustic reflex eliciting signal was cali-

brated to ANSI (1969) standards for pure tone signals.
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Testing was conducted in rooms in which the noise level did

not exceed ANSI (1969) standards for the frequencies used in

the pure tone screening. Thus, ambient noise levels did not

exceed 50dB for 1,000 Hz, 55dB for 2,000 Hz, and 62dB for

4,000 Hz. The ambient noise levels were monitored daily

with a Quest #214 sound level meter.

Test Materials

Dichotic Digits Test

The DDT contains two subtests, one consisting of

repeating one pair of naturally spoken digits from 1 to 10

(DD2), and the other consisting of two pairs of naturally

spoken digits from 1 to 10 (DD4). The tape used for the

test contains six items for practice of each test prior to

the administration of the tests. The DD2 is composed of 20

digit pairs, for a total of 40 test items per ear. The DD4

is composed of 20 two-digit pairs, also for a total of 40

test items per ear.

Using a timing cue, the stimuli for the DD2 are

recorded on tape so that one digit on one channel of the

tape is aligned with one digit on the other channel. In

the DD4 version, a pair of digits of one channel is aligned

with a pair of digits on the second channel. Thus, the DD2

listener is presented with one digit in one ear and, simul-

taneously, with a different digit in the opposite ear. The

DD4 listener is presented with two digits, one following the
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other, in one ear, while simultaneously being presented with

a different pair of digits in the opposite ear. Intensity

levels of individual items are within +4dB for intra- and

interchannel comparisons. The interdigit interval is

approximately 2.5 seconds. For example, in the DD4, the

left ear receives the digits 2, 4, while the right ear

simultaneously receives the digits 6, 1. The subjects are

required to repeat both digits in the DD2 and all four

digits in the DD4. The order, or ear designation, in which

the subject repeats the stimuli is not monitored. Digits

are presented at 65dB SPL. The number of correctly-reported

digits for each ear is recorded, and a percentage score is

derived.

Pitch Pattern Sequence Test

The PPST is a monotic test which is commercially avail-

able on magnetic tape. This test involves presenting the

subject with a sequence of tone bursts in one ear at a time.

Patterns of tones consist of low tones of 880 Hz and high

tones of 1430 Hz.

Five three-tone practice sequences precede the test.

The test patterns present three tones in six different

combinations: (a) high, low, high; (b) low, high, low;

(c) high, high, low; (d) low, low, high; (e) high, low, low;

and (f) low, high, high. The subjects respond (a) by

humming a high note to indicate a high tone or (b) by
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humming a low note to indicate a low tone. During the test,

15 tone patterns are presented to each ear separately, and

the subject is asked to respond by humming. A second series

of 15 three-tone patterns is presented to each ear in the

same manner as before. This time, the subject is instructed

to respond by tapping the pattern that was heard on two

blocks, one taller than the other. The tall block is to be

tapped to indicate a high tone, and the short block is to be

tapped to indicate a low tone.

The PPST contains 2 versions, one for children under

age 9, and one for subjects aged 9 and above. The chil-

dren's version (under age 9) contains 300 msec interburst

intervals, with an 11-second response interval between

patterns. The adult version (age 9 and above) contains a

150 msec interburst interval, with 7 seconds between

patterns.

According to Pinheiro (1977), this nonverbal test

permits evaluation of both pattern perception skill and tem-

poral sequencing ability. Pinheiro states that the unique

nature of the test reflects the fact that the subject

indicates a left hemisphere response by tapping the tone

burst perceived and a right hemisphere response by humming

the tone burst perceived.
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Procedures

With the approval of the Associate Superintendent of

Elementary Education and the Principal of each school,

children from five local elementary schools participated in

the study. One grade level from each school was selected by

the principal for participation in the study. Parental

permission was required for all subjects who participated.

At each school, there were approximately four classrooms per

grade. Children were selected from each of the four class-

rooms on a rotational basis. For example, if the first

subject was selected from classroom A, the next subject was

selected from classroom B, and so on. Each child was selec-

ted from a particular classroom, based on a blind selection

from the permission forms available for that particular

room.

Each child was tested at a designated testing site at

the child's school. In general, the rooms in which testing

was conducted were isolated, located close to the subjects'

classrooms, and normally used as workrooms. The children

were taken individually from their classrooms to the testing

rooms.

In order to determine that hearing sensitivity and

middle ear function of each child were within normal limits,

prior to administration of the central auditory tests,

(a) an individual, pure-tone hearing screening test at 20dB

HL at 1,000, 2,000, and 4,000 Hz (ASHA, 1984) and (b) an



40

immittance screening test (ASHA, 1978) were conducted on all

test subjects. Following ASHA guidelines (ASHA, 1978) the

normal range for immittance screening was as follows:

passing criteria was +100 to -200 pressure peak range, with

an acoustic reflex present at 100dB HL at 1,000 Hz. Sub-

jects demonstrating normal hearing sensitivity and normal

middle ear function were then administered the Dichotic

Digits Tests and the Pitch Pattern Sequence Test in a

counterbalanced fashion (i.e., if the first subject were a

female, the second subject was a male). The order of the

presentation of the central auditory tests was counter-

balanced so that one child received the DDT first, and the

next child received the PPST first. A standard set of

verbal instructions was given to each child prior to the

presentation of each of the central auditory tests (see

Appendices A and B). Testing was conducted at the comfort-

able listening level determined by each child. The inten-

sity output of each tape was first presented at 65dB SPL and

adjusted upward or downward as required to achieve a com-

fortable listening level. In practice, the children

indicated that the original 65dB SPL was comfortable, and

that level was commonly used.

Responses from each child were recorded on the appro-

priate response forms and later scored on a percentage

correct basis. Testing time was approximately 20 minutes
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per child. No child was excluded from this study because of

inability to respond to the test stimuli.



CHAPTER 3

RESULTS, DISCUSSION, CONCLUSIONS, AND

AREAS FOR FURTHER RESEARCH

Results

The data were analyzed inferentially and descriptively.

An analysis of variance was employed to investigate the

effects of the tests, test groups, and appropriate inter-

actions. The mean scores and standard deviations for all

test conditions are presented in Table 3.

Table 3

Mean Scores and Standard Deviations for the

Pitch Pattern and Dichotic Digits Tests

PPST Condition DDT Presentation
Group Hummed Tapped 2- 4-

Right Left Right Left Digit Digit

One
Mean
SD

Two
Mean
SD

Three
Mean
SD

Four
Mean
SD

99
2

99
3

99
3

99
2

99
2

99
2

99
2

99
2

60
23

64
23

87
18

91
19

60
23

76
21

89
14

95
6

94
7

95
9

98
3

71
8

79
9

85
10

98 88
3 5

(table continues)
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Table 3--(continued)

PPST Condition DDT Presentation
Group Hummed Tapped 2- 4-

Right Left Right Left Digit Digit

Five
Mean 100 99 97 95 99 89
SD 0 1 4 7 2 7

Six
Mean 100 100 98 100 99 95
SD 0 0 3 0 0.9 4

A significant effect for the tapping responses on the

PPST in both the right and left ear (df = 5, _= <.0001 ) is

found, as well as is a significant effect on the DD4 test

(df = 5, p < .0001). Mean group scores for the PPST (tapped

condition) increase as age increases (see Figure 1).

A Neuman-Kuels post-hoc analysis of the PPST (tapping

condition) shows that Groups 1 and 2 demonstrate signifi-

cant differences at the .05 significance level. A progres-

sive improvement in scores is found among Groups 1, 2, and 3

on the DD4 test, as can be seen in Figure 2. Again, as age

increases, scores increase in percentage correct until age

9.6, when there are no significant differences beyond that

age.

Pattern reversals are more common among the younger

subjects (Groups 1 and 2) than they are in subjects aged

8.6 and older. Pattern reversals decrease significantly

after age 8.6, as can be seen in Figure 3.
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Figure 1. Mean group scores for the PPST (tapped condition)
for the right and left ears.
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Figure 2: Mean group scores for the Dichotic Digits
Test (4-digit).
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X = left ear 0 = right ear

Figure 3: Mean reversals for the Pitch Pattern Sequence
Test (tapped condition) across ages.
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There are no significant differences demonstrated in

the DD2 test between age groups; however, the DD4 test

shows a progressive difference across age for Groups 1, 2

and 3, as shown in Figure 2. No significant differences

are found between age groups in the PPST hummed condition

for either ear.

Additional analysis was done for sex differences on

both the PPST and the DDT. No differences were found.

Discussion

The importance of having appropriate normative data

prior to using any central auditory test for the assessment

of auditory function has been cited by numerous authors

(Willeford & Burleigh, 1985; Pinheiro, 1977; Pinheiro &

Musiek, 1985). This study focused on the establishment of

a base of normative data in a metropolitan area with careful

control of varibales which might affect test results. Such

factors as test administration procedures, subject response

modes, scoring methods, age differences, and test environ-

ment were controlled in a manner which can easily be repli-

cated by clinicians wishing to assess central auditory

function in school-aged children. Because normative data is

scarce and must be established locally, the results of this

study may help clinicians regarding recommendations for

therapeutic intervention or educational plans.

WOW,
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Pitch Pattern Sequence Test

The results of this study are similar to findings of

other investigators in that pattern reversals (a) are common

in normal hearing subjects (Pinheiro & Ptacek, 1971) and

(b) increase as the total number of errors increases. The

auditory pattern reversals found in this study are mirror

images of the initial pattern.

The humming response of auditory presentations does not

increase in percentage of correct responses as age

increases, again correlating with research by Pinheiro's

(1971) research with 14 normal hearing children aged 6 to 10

years of age. This is an expected finding because the pat-

terns were probably recognized in the right hemisphere,

which has been found to excel in recognition and the

perception of melodies (Broadbent, 1957; Kimura, 1964;

Pinheiro, 1971).

The mean group scores for the tapping response

increase significantly through age 9.5, when a mean score

of 91% is reached for the right ear and 95% is reached for

the left ear. Pinheiro (1977) also found that children

below the age of 9 showed a decreased performance for the

tapping response, even when utilizing the children's version

of the test.

The average score for Group 3 suggests near normal

performance for the tapping reponse in both ears; however,

there is considerable variablity in scores for this age
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group. The average scores demonstrated in Groups 5 and 6

show that these age groups (9.6 to 12.5 years) perform with

adult-like accuracy with little variablity.

Because sequencing is probably mediated through the

left hemisphere (Kimua, 1961a), and because the left hemi-

sphere is dominant for motor control (Kimura & Archibald,

1974), sequencing of the tapping response is probably medi-

ated through the left hemisphere. As a result, the PPST

should be considered a promising test in younger children

because intersensory integration can be evaluated.

Dichotic Digits Test

The DD2 test reveals no significant differences across

age groups, with a mean score of 96% for all ages. The

results of the DD4 subtest confirm the validity of its use

as a clinical tool in the evaluation of central auditory

disorders in children. Significant demonstrated differ-

ences are shown as mean scores increase from age 6.5 to age

9.5 (71% to 85%). Although Musiek (1983a) stated that his

particular version of the Dichotic Digits Test is not

designed for use with young children, the progressively

increasing scores of children below 9.5 years of age show

promising results for its use as a comparative basis in

evaluating the central auditory abilities of those children.

The reported scores demonstrate that with the population

used in this study, the DDT can be used with the expectation
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that children of 9.5 years or older should normally score at

least 88% or better. By age 11.5, the children in this

study demonstrated normal, adult-like responses, with 95%

correct responses. Musiek (1983a) reported that normal

adults score 90% or better on the DD4 test.

Conclusions

The results of this study demonstrate that

1 . The PPST and the DDT are tests of central auditory

function which may be used appropriately with children above

9.5 years of age who have passed a hearing screening test

and an immittance screening for middle ear function.

2. Children appear to demonstrate on orderly improve-

ment in their success in responding to the PPST and DDT from

the time they enter the first grade, and they attain adult-

like success in responding to these test stimuli by the time

they are about 9.5 years of age.

3. Children's responses to the DDT and their tapping

responses to the PPST stimuli show an orderly improvement

with age. Differences between children aged 6.5 and 9.5

years are significant: that is, the children demonstrated

statistically significant improvement. Children above age

9.5 made increasingly better scores, but the differences

between groups are not statistically significant.
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Areas for Further Research

Because of the short time interval between digit pre-

sentations on the DD4 subtest, it would be useful to inves-

tigate the effects of a longer inter-stimulus interval

between digit presentations and the percentage of correct

scores in the younger age groups to determine whether or not

the progressively increasing scores across age groups may be

due to a maturational process or to the design of the test

itself. Perhaps controlling the inter-stimulus interval at

varying 1/2-second intervals from 1/2 seconds to 5 seconds

would effect responses in children below the age of 9.5

years. In the children's version of the PPST, the inter-

stimulus interval is approximately 11 seconds, the time

period that was found to demonstrate the highest scores in

children under age 8 (Pinheiro & Musiek, 1985). Younger

children may prove to be more successful when the interval

is lengthened.

Future researchers should take the following considera-

tions into account:

1 . To test the hypothesis that the PPST and DDT are

essentially language-free instruments, a study of the

performance of children of different ethnic and language

backgrounds (in comparison with children for whom English is

a first language) is recommended; and

2. A study should be made of the role of the clini-

cian's influence in administering the PPST and DDT as it

_N 1 RIM
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relates to test outcome for children of identifiable ethnic

backgrounds other than the heterogeneous mixture used in

this study. A compartive study of test results when tests

are administered by a clinician of the same ethnic group as

the subjects (as opposed to one who is not) may yield

different results.
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Instructions: Pitch Pattern Sequence Test

The children were instructed that they were going to

play a listening game which involved humming back some notes

that they heard. They were instructed to listen for three

notes, some high and some low, and to hum back what they

heard. Five practice items were presented, and if they

were repeated correctly, the tape was introduced.

After the humming sequences were completed, the chil-

dren were told they were going to get to "tap out" what

they heard. Two different sized blocks were introduced, one

taller than the other. The taller block was designated as

the high note block, and the shorter block was designated

as the low note block. Five practice items were again

introduced, and if the child did not understand the instruc-

tions, hand shaping was utilized to shape correct responses.
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Instructions: Dichotic Digits Tests

The children were informed that they were going to play

a listening game with numbers. They were told they would

hear one number in each ear but that they would need to be

good listeners because they would hear the numbers both at

the same time. They were asked to repeat the numbers in any

order that they wanted.

A similar procedure was repeated for the four-digit

test. The numbers repeated by each subject were recorded

and a percentage of correct responses was derived.
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