
--- -- .--------

ment of their ability to utilize the auditory cues
coded by the implant. Conventional speech percep
tion tests are often inappropriate for evaluating the
auditory capacity of young, severe-profoundly deaf
children with limited language. It is important to
assess this age group with a speech perception test
that is analytical and able to measure the child's
pure auditory capacity without the confounding in
fluence of the child's ability to use linguistic infor
mation. Other factors, such as the young child's
cognitive status, motivation, and ability to sustain
attention, also must be given serious attention.

Boothroyd (1996) has developed an imitative ver
sion (IMSPAC) of his Speech Perception Contrast
Test (SPAC; Boothroyd, 1984) that satisfies some of
these criteria. The child is asked to imitate a syllable
such as /uk/ using auditory-visual input (and print if
appropriate) and then using auditory-alone input. A
listener then decides whether the child was' imitat
ing /ukl, /ug/, /ik/, or /ig/, thereby accurately convey
ing the features of vowel place and final consonant
voicing. The test aims to provide information on
auditory capacity compared with an estimate of best
production (i.e., the auditory-visual score). Results
from 97 hearing-impaired children aged 3 to 15 yr
revealed that the auditory-alone scores were a mea
sure of auditory capacity and were not influenced by
maturation and learning. Although some very young
children were able to do the task, Boothroyd (1984)
emphasizes that the test is not suitable for prelin
gually deaf children with poor speech production
skills.

Like Boothroyd (1984), many other researchers
have recognized the need to develop speech percep
tion assessments that are more suitable for the
severe-profoundly deaf preschool child. Test devel
opment has been characterized by the use of smaller
closed sets of alternatives, simpler vocabulary, and
concrete objects rather than ambiguous pictures
from which the child selects. The Low Verbal version
of the Early Speech Perception test uses closed set~

of four concrete objects and assesses recognition of
words differing in syllable or segmental pattern
(Moog & Geers, 1990). Similarly, one part of the
Grammatical Analysis of Elicited Language-Pre
school Level (Moog, Kozak, & Geers, 1983) was
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Conclusions: This procedure has potential for use as
a reliable clinical and research tool for assessing
the development of auditory discrimination ability
in 2· to 4-yr-old severe-profoundly deaf children.

lEar & Hearing 1998;19;371-384)

---------------

Objective: The aim was to develop an assessment
procedure that was independent of language and
speech production ability, to test speech feature
discrimination in severe-profoundly deaf children 2
to 4 yr of age.

Design: The procedure being trialed was adapted
from existing procedures. The child was required to
respond with a game-like motor response to a
"change" in a speech stimulus that was being pre
sented repeatedly through a speaker. The change
occurred at randomly determined times, and false
alarm responses were measured during the waiting
periods (while the child waited for the change).
Two· to four-yr-old normally hearing children and
hearing-impaired children using hearing aids and a
group of 4-yr-old hearing-impaired children using
cochlear implants were assessed on the task.

Results: More than 82% of the 3- and 4-yr-old nor
mally hearing and hearing-impaired children were
able to complete the testing for the eight speech
sound contrasts within three 20 minute sessions.
Fifty percent of the 2-yr-old normally hearing and
hearing-impaired children were able to condition
and complete the task. All of the normally hearing
children who completed the task successfully dis
criminated all speech sound contrasts. The perfor
mance of the hearing-impaired children using hear
ing aids was influenced by the degree of hearing
loss and the type of speech contrast being tested.
Similarly, the average performance of the children
using cochlear implants was better for easier con
trasts such as /balbil with contrasting vowel for
mant cues,

P.W. Dawson, P.E. Nott, G.M. Clark, and R.S.C. Cowan

AModification of Play Audiometry to Assess Speech
Discrimination Ability in Severe-Profoundly Deaf 2

to 4-Year-Old Children.

An increasing number of very young children are
being implanted with multichannel cochlear im
plants, yet there is little known about the develop-
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modified by Robbins and Kirk (1996) to measure 
auditory-alone word recognition using closed sets of 
four concrete objects. Robbins and Kirk also re
ported on the development of the Mr. Potato Head 
Task, a modified open-set task for preschool chil
dren. This task requires the child to follow com
mands in assembling a Mr. Potato Head toy through 
listening alone. However, in each of the assessments 
described above, the child is required to have knowl
edge of specific vocabulary, which in many cases 
may need to be taught. Furthermore, there is an age 
effect on some of these tasks for normally hearing 
children in that older children perform better on 
average than younger children. For example, the 
mean open-set word and sentence comprehension 
scores on the Mr. Potato Head Task were about 60% 
for 2-yr-old normally hearing children compared 
with approximately 90% and 100% for 3- and 4-yr
old children, respectively. 

The Screening Inventory of Perception Skills is a 
discri~ination assessment using a go/no go para
digm, which does not require knowledge of certain 
vocabulary (Osberger et al., 1991). Real objects are 
used instead of pictures in a recent modification 
(Robbins & Kirk, 1996). For example, the child puts 
a fish in a bag when he or she hears the target word 
lfish! but not when there is a foil such as Itooth
brush!. Like the Low Verbal version of the Early 
Speech Perception task, this test has four levels, 
moving from syllable pattern discrimination to gross 
segmental discrimination. An age effect was also 
evident for this test in that normally hearing 2-yr
old children were found to perform less well than the 
3- lmd 4-yr-old children. The children younger than 
2.5 yr of age actually performed better when an 
alternative response mode of imitation was used. 
The task is appealing because it is quick to admin
ister, but it provides only gross information about 
auditory capacity. More analytical information is 
essential to evaluate the efficacy of the coded speech 
information provided by multichannel cochlear im
plants. 

Normally hearing infants have been assessed 
with an analytical, speech-feature discrimination 
task that is independent of language ability. The 
Visual Reinforcement Infant Speech Discrimination 
test (VRISD) is adapted from the operant, headturn 
procedure for infant acuity testing (Moore, Wilson, 
& Thompson, 1977). In the VRISD task the infant 
learns to turn to a change (e.g., Ipal) in a repeating 
speech stimulus (e.g., !bal) and is rewarded by an 
illuminated puppet. A number of speech contrasts or 
features are assessed. No-change trials are included 
to assess the tendency of the infant to make random 
head turns. This procedure has been used to evalu
ate the development of speech discrimination (Eil-
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ers, Wilson, & Moore, 1977) and the perceptual 
constancy of vowel and consonant categories in nor
mally hearing infants (Kuhl, 1979, 1980). Infants 
are not, however, always able to condition to the 
task or able to complete the task (Aslin, Pisani, 
Hennessy, & Perey, 1981; Nozza, Miller, & Bond, 
1991). The VRISD procedure has been administered 
to preschool children using different stimuli and a 
different response mode. The ability of 11 normally 
hearing 4-yr-old children to discriminate real word 
pairs using the VRISD procedure with a button 
press response was compared with their ability to 
discriminate the word pairs using a conventional 
picture pointing task (Menary, Trehub, & McNutt, 
1982). Similar levels of performance were reported 
for both response modes. 

The "change/no change" task also was derived from 
the VRISD task, using speech stimuli similar to those 
in the VRISD task but a different response mode 
(Sussman & Carney, 1989)_ Either a motor response 
(e.g., button push) or a same/different verbal response 
was required. The change/no change task was used to 
assess speech discrimination, selective adaptation, 
and/or labeling in normally hearing children as young 
as 5 yr of age (Sussman, 1993; Sussman & Carney, 
1989;) and discrimination ability in severe-profoundly 
deaf children as young as 4 yr of age (Carney, Os
berger, Carney, Robbins, Renshaw, & Miyamoto, 
1993; Eilers, Cobo-Lewis, Vergara, Oller, & Friedman, 
1996; Osberger, Miyamoto, Zimmerman-Phillips, 
Kemink, Stroer, Firszt, & Novak, 1991; Osberger, 
Robbins, Miyamoto, Berry, Myres, Kessler, & Pope, 
1991)_ 

In a comparison of children's speech discrimina
tion with cochlear implants and tactile aids, Carney 
et al. (1993) assessed nine speech contrasts with 15 
trials per contrast; 10 change trials and five no
change trials. Children were required to respond 
during the change trial and not during the no
change trial. In a change trial there were five 
repetitions of the background stimuli followed by 
five repetitions of a change stimulus, whereas in the 
no-change trial there were 10 repetitions of the 
background stimulus. Results were analyzed in 
terms of the number of correct responses, consisting 
of hits (Le., responses during change trials) and 
correct rejections (i.e., no responses during no
change trials). A measure of the sensitivity of the 
discrimination responses was obtained by calculat
ing d'. The test was found to be sensitive to differ
ences in performance between the groups ofhearing
impaired children using the different devices. Some 
of the younger hearing-impaired children in this 
study and in the study by Osberger, Robbins, Miy
amoto, Berry, Myres, Kessler, and Pope (1991), 
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TABLE 1. Numbers of children who passed the conditioning criterion and numbers of children who completed all eight speech 
contrasts. The means and standard deviations of age are given for each of the 2-, 3-, and 4-yr-old subgroups tested. 

Number of Subjects Number Number Completed 
Group Age (yr) Tested Conditioned Task 

Normal hearers 2.45 (0.21) 10 7 5 
3.56 (0.33) 10 10 9 
4.60 (0.30) 10 10 10 

Hearing aid users 2.69 (0.21) 12 10 6 
3.67 (0.23) 12 12 12 
4.54 (0.31) 12 12 9 

Cochlear implant users 3.25' 1 1 0 
4.55 (0.28) 11 10 10 

•This is the age of the single subject in the 3-yr-old age group. 

however, were either unable to condition to the test 
or unable to complete the test. 

The VRISD task has been modified successfully 
for use with severe-profoundly deaf school-aged chil
dren, but difficulties have arisen in assessing the 
4-yr-old population. Can it be modified further for 
use with the challenging 2- to 4-yr-old population? 
This study aimed to develop a Speech Feature Test 
(SFT) that shares some similarities with the VRISD 
task and the change/no change task but that focuses 
on incorporating aspects of the familiar "play audi
ometry" procedure used in hearing acuity testing of 
very young children (Northern & Downs, 1991). 

In contrast to the change/no change procedure, 
the background stimulus is presented soon after the 
child enters the test room in the SFT. This is 
designed to prevent the child from responding to the 
onset of the background stimulus. In a pilot study by 
King and Rance (Reference Note 1) the background 
stimulus was introduced as soon as the child was in 
a ready state of listening; that is, had placed a toy 
next to his or her ear and was attentive. The 3-yr-old 
children in the study confused the task with hearing 
acuity testing and responded to the onset of the 
background stimulus. To reduce overall test time 
and task complexity, the current procedure does not 
include separate change and no-change trials. In
stead, the child is conditioned to respond to a change 
in the stimulus, which occurs at a randomly deter
mined time after the child enters a ready state. In 
the change/no change procedure, each trial is of the 
same duration but can finish with or without a 
change occurring. It is likely that the very young 
child will be confused if a trial has a set length and 
can end sometimes without the motor response 
being required. The current procedure was devel
oped deliberately to be more akin to play audiome
try, which employs variable waiting times before the 
presentation of audible tones. A trial in the present 
procedure simply refers to the occurrence of a 
change stimulus, and false positive responses are 
recorded during the waiting times. There are dis

tinct advantages to using a technique with which 
young hearing-impaired children are familiar. 

This study was specifically designed to deter
mine: 

1.	 Whether normally hearing 2- to 4-yr-old chil
dren could perform the SFT procedure. 

2.	 Whether the SFT discrimination performance 
of children using hearing aids is influenced by 
the children's age at testing. 

3.	 Whether performance on the task is related to 
degree of hearing loss. 

4.	 Whether the discrimination performance of 
children using hearing aids and children using 
cochlear implants varies as a function of the 
particular speech contrast being assessed. 

5.	 Whether performance on the task is reliable 
from one test occasion to another. 

METHOD 

Subjects 

A total of 78 children residing in metropolitan 
Melbourne were assessed using the SFT. They in
cluded 30 normal hearers, 36 hearing aid wearers, 
and 12 cochlear implant users (see Table 1). 
Normal Hearers. Table 1 shows that 30 normally 
hearing children were divided into three eq\lal 
groups of 2, 3, and 4 yr olds. All children were 
volunteers attending an integrated child care and 
kindergarten program. None of the children demon
strated observable developmental problems. All 
demonstrated normal tympanometry, which was de
fined as appropriate compliance peaks for each ear 
at a middle ear pressure no more negative than 
-150 mm H 20. 
Hearing Aid Wearers. Thirty-six children using 
hearing aids were assigned to one of three hearing 
loss groups based on their unaided pure-tone aver
age (PTA) hearing losses (three frequency average 
at 0.5, 1,2 kHz in the better ear). The PTAs ranged 
from 31 to 59 dB HL, 60 to 85 dB HL, and 90 to 113 
dB HL for the mild to moderate, severe, and pro
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TABLE 2. Acoustic characteristics of speech contrasts. 

Consonant Duration 
Speech Contrast Syllable Duration FO (Start) FO (End) (msec) F1 F2 

Vowel length 
ba 506 240 234 8 800 1360 
b/\ 253 242 240 9 800 1400 

FO steady/FO falling 
ba 506 240 234 8 800 1360 
ba\. 518 360 240 9 760 1360 

Vowel height 
ba 506 240 234 8 800 1360 
bi 503 242 240 6 400 2360 

Vowel place 
bi 503 242 240 6 360 2360 
bu 516 247 242 12 400 1560 

Consonant manner 
ba 508 240 234 18 800 1400 
ma 526 236 240 136 800 1400 

Consonant manner 
sa 525 247 240 144 760 1360 
ta 514 242 240 80 800 1360 

Consonant voicing 
ba 506 240 234 8 800 1360 
pa 508 247 240 53 760 1400 

Consonant place 
ba 506 240 234 8 800 1360 
ga 503 237 235 9 760 1400 

Note: The background syllable appears first in order in each pair.
 
The 1st and 2nd formants of the vowels are represented as Fl and F2,
 

found groups, respectively. There were 12 children 
in each hearing loss group, divided equally into 
three groups of 2, 3, and 4 yr oIds. Their mean ages 
are shown in Table 1. Thirty-four of the children 
were congenitally deaf, and two acquired deafness at 
10 mo of age. Etiology was unknown for 17 children, 
genetic for 11, cytomegalovirus for two, birth 
trauma for four, and meningitis for two. Twenty
nine children attended an integrated early interven
tion program, and the remaining seven attended a 
nonintegrated kindergarten or early primary school 
setting. The mode of communication for 32 of the 
children was auditory/oral and for the remaining 
four children was total communication in which 
Signed English was used. All hearing aids were 
checked on the day of testing for recommended 
volume setting and battery function, and a daily 
listening check was performed by teachers of the 
deaf. All children demonstrated normal tympanom
etry on the days of testing. 
Cochlear Implant Users. The cochlear implant 
group comprised one 3 yr old and 11 4 yr oIds using 
the 22-electrode cochlear implant with the Spectra 
speech processing strategy. All of the children were 
congenitally deaf and implanted between the ages of 
1 yr 8 mo and 3 yr 10 mo with implant experience 
varying from 10 mo to 3 yr 3 mo. Etiology was 
cytomegalovirus for two of the children, charge syn
drome for one, leukodystrophy for another, and 

unknown for the remammg children. Ten of the 
children had 20 active electrodes and used common 
ground mode of stimulation in which the current 
flows from the active electrode to all other elec
trodes. One implant user had 18 active channels and 
used pseudo-monopolar stimulation in which the 
current flows from the electrode being stimulated to 
the most basal electrode. Another implant user had 
12 active channels in a wide mode of stimulation, 
"bipolar + 4," in which electrodes are activated as 
pairs. The electrodes in each pair were separated by 
four electrodes. Seven children attended an inte
grated setting and five attended a segregated set
ting for hearing-impaired children. The mode of 
communication for nine of the children was oral and 
for the remaining three children was total commu
nication. 

Stimuli 

A number of nonmeaningful speech contrasts 
were used, consisting of repeated CV syllables, one 
acting as a "background stimulus" the other as a 
"change" stimulus. Where possible the background 
stimulus remained the same, i.e., /hal to facilitate 
transfer of learning across speech contrasts. Eight 
speech contrasts were chosen to test a range of 
speech features, including suprasegmental and seg
mental features (see Table 2). Several of these have 
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been found to be sensitive to differences in perfor
mance amongst profoundly deaf children using a 
variety of devices (Carney et al., 1993; Osberger, 
Robbins, Miyamoto, Berry, Myres, Kessler, & Pope, 
1991). The speech contrast Ibalmi "'-I used in the 
initial training phase maximized differences in 
speech feature information, with differences in 
vowel height, consonant manner, nasality, and into
nation. Some speech contrasts similar to those in the 
test phase also were included in the set of training 
contrasts to facilitate transfer oflearning during the 
test phase when necessary (see end Stimulus Pre
sentation Format section). A 10 dB increase in 
intensity could be used for the change stimulus in 
any of the training contrasts. 

Stimuli were produced by a female speaker and 
recorded directly onto a computer (16 bit PCM 
format) as individual digital audio files using a 
sampling rate of 22 kHz with a Pro Audio Spectrum 
16 Sound Card and a Shure SM57 Dynamic micro
phone. Table 2 gives details of some acoustic prop
erties of the test stimuli, which were measured on 
the Kay Spectrograph (Model 5500). Overall length 
in each of the manner contrasts was matched as 
closely as possible in a way that maintained the 
natural difference in the duration of the consonants 
by manipulating the length of the vowel but not to 
such a degree that a change was likely to be per
ceived on vowel length alone. Table 2 indicates that 
syllables within a contrast also were matched 
closely for fundamental frequency (FO) at the start 
and end of the syllables. All syllables were RMS 
equalized. The wave form envelope was manipu
lated at the end of stimuli by fading to achieve a 
natural vowel quality. An interval of 800 msec 
occurred between syllables during testing. 

Equipment 

Portable equipment was selected so that testing 
could be conducted at the children's educational 
setting. A portable computer (AcerNote 950) with a 
16 bit built-in sound card was used to run a com
puter program designed to administer the test. 
Speech stimuli used in the test were presented by a 
self-amplified portable speaker (BOSE Lifestyle 
Powered Speaker System) with a wide frequency 
response. 

Testing was performed in a quiet room with 
children seated at a table in front of the speaker. 
The speaker was mounted on a tripod positioned 1 
meter from the child at the child's ear level. It was 
calibrated using a sound level meter (CEL-245 Dig
ital Impulse) to 68 dBA at the ear level of the child. 

\ An assistant tester was seated alongside the child. 
: The tester wore headphones (Sennheiser HD 435 
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Manhattan) and was seated at the computer, which 
was positioned at approximately 90 degrees to the 
child. 

Procedure 

Six trials were presented for each of eight speech 
contrasts with a total of 48 trials per subject, com
pared with 135 trials in the changelno change pro
cedure (Carney et al., 1993). A score out of six is 
given for each speech contrast, which represents the 
number of correct responses for six change presen
tations or trials. False positive response rates (per 
second) are calculated by dividing the number of 
false positive responses that occur during the total 
waiting time over the six trials by the duration ofthe 
total waiting time in seconds (total time excluding 
the "hit" windows in which the change stimulus 
occurred). The probability that a false positive re
sponse will occur in a hit window (i.e., the child 
responds without actually perceiving the change) 
then is considered to be equal to the false positive 
rate multiplied by 4 sec, the length of the hit 
window. The simplifying assumption is made that 
the false positive rate is a constant. 

The binomial distribution was used to determine 
an acceptable number of trials with reasonable 
power. The criterion for successfully "passing" a 
speech contrast depended on the probability of a 
false positive in the hit window. If this probability 
did not exceed 0.26, a score of ;:::4/6 represented a 
"pass" and was significantly above "chance" perfor
mance atp < 0.05. If this probability was higher, 0.3 
for example, a higher score than 4/6 was needed to 
achieve the 95% confidence limit. When the as
sumed probability of a child actually perceiving a 
change on an individual item is 0.75, the power or 
sensitivity ofthe test with a criterion score of ;:::4/6 is 
reasonably high at 83%. That is, with this criterion, 
one could expect to miss only 17% of children who 
can actually detect a difference in the stimuli at this 
assumed level of discrimination. 

The current procedure used a variety of motor 
responses (placing a toy in a bucket or down a ramp 
or candles in playdoh) in anyone session of testing. 
Frequent changes of activity were employed with 
the 2-yr-old children to maintain interest and atten
tion in the task. Northern and Downs (1991) note 
the importance of game changes in play audiometry. 
A consistent, salient behavioral response (e.g., ver
bal "ah" with smile or head turn to the computer) 
was accepted in 2- to 3-yr-old children who were 
tentative in performing the required motor re
sponse. Both the assistant and the tester needed to 
vote that a response had occurred for the response to 
be accepted. 
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Ready 
State 

Background j Wait 1 Change 1 Wait 2 Change 2 
Stimulus 2-9 sec 4 sec 3-9 sec 4 sec 

~ ~ 
1 ba .I ma J ba .I ma J ba . 

Figure 1. Timing parameters for stimulus presentation in the 
test phase. 

Stimulus Presentation Format. During the 
training phase the timing of presentation of the 
background and change stimuli were controlled 
completely by the tester to allow for maximum 
flexibility. Figure 1 provides an outline of the timing 
parameters for stimulus presentation in the test 
phase. The length of the wait periods were variable, 
being determined randomly by the computer; all 
change stimuli were presented for a duration of 4 
sec. 

As soon as the child entered a ready state in the 
test phase, a computer key was activated to begin a 
"wait" period, which was followed by the first trial or 
presentation of a change stimulus. If the child re
sponded during the change period, the repeating 
background stimulus automatically returned and 
the procedure was repeated for subsequent trials. If 
the child failed to respond during the change win
dow, the background stimulus returned for a mini
mum of 3 sec before a second change stimulus 
occurred. To avoid the young child waiting for exces
sively long periods of time, the total period of the 
Wait 1 + Change Stimulus + Wait 2 never exceeded 
15 sec. If the child failed to respond to two consecu
tive change stimuli, testing was interrupted by the 
assistant to give the child verbal encouragement 
before continuing with subsequent trials. If a child 
lost readiness at any stage after testing had begun, 
that is, dropped the toy or talked, the trial was 
repeated but the original waiting time was included 
in calculating the false positive rate. 

Each child was given a maximum of three 20 
minute sessions to complete the eight speech con
trasts. Each session began with a training phase in 
which the tester selected the training speech con
trast /balmi '-:".1. The assistant tester "shaped" the 
child to wait and respond with a motor response to 
the change stimulus. Four "shapes" were provided in 
which the assistant tester had his or her hand over 
the child's hand that was holding the toy and per
formed the motor responses for the child. When 
three consecutive independent responses were ob
tained for /balmi '-:".1 without an intensity increase on 
mi '-:"., the conditioning criterion was met and the test 
phase began. 

In the test phase, the tester selected a speech 
contrast and testing began once the child was in a 
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ready state. For hearing-impaired children the eas
ier contrasts /ba/ba '-:".1, /ba/btJ, and /ba/bi/ were 
tested first in random order, followed by /balma/, 
and finally the remaining contrasts in random or
der. For normally hearing children testing began 
with the /ba/bi/ contrast because this was felt to be 
an easy contrast for infants tested using the VRISD 
task (Kuhl, 1979). This contrast was followed by a 
random ordering of the remaining contrasts. A pro
tocol of feedback was adopted for the test phase 
based on that used in play audiometry. Positive 
verbal feedback was given to the child for respond
ing during the change window. No feedback was 
given when the child failed to respond during the 
change window. If a false positive response occurred, 
the response was not accepted and the child was 
encouraged to wait. All responses were recorded on 
the computer by the tester, who wore headphones 
and listened to a complex wave file consisting of a 
combination of different speech contrast wave files. 
This was found to be an effective and comfortable 
masker of the change stimulus and reduced poten
tial bias by the tester when recording responses. 
Responses were automatically scored as correct re
sponses or false positives by the computer according 
to whether they occurred during a change window or 
a wait period, respectively. 

A failed contrast (score <4/6) could be due to a 
loss of conditioning or to an inability to generalize 
the task across different contrasts. For children who 
failed a speech contrast at any time during the 
testing, a conditioning check was performed to en
sure that the child had not failed because of a loss of 
conditioning. Northern and Downs (1991) suggest 
that several reconditioning periods may be neces
sary when testing young children using a play au
diometry task. The check involved presenting a trial 
from a contrast previously "passed" easily (2:5/6 if 
possible). If the child responded correctly, the score 
was retained. If the child did not respond to the 
change stimulus, a training phase was introduced to 
reestablish conditioning. If conditioning was rees
tablished, the failed speech contrast was repeated 
and the retest score accepted. The conditioning 
check also served to provide the child with some 
positive reinforcement. Similarly, Hazan, Fourcin, 
and Abberton (1991), in a study of severe-profoundly 
deaf older children's ability to perceive and label 
initial voiced plosives along a six step continuum, 
presented endpoint stimuli now and then to prevent 
the children from becoming frustrated after hearing 
ambiguous stimuli. 

Inability to generalize the task to "any" change 
occurring in a repeating background stimulus also 
could contribute to failure on a contrast. Transfer of 
learning can be assumed to occur in the initial 
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stages of testing when a cross-section of different 
types of contrasts are presented. For children who 
failed any of the first four contrasts, and were still 
found to be conditioned, additional training trials 
were provided to ensure that a lack of transfer of 
learning had not contributed to the failure. Four 
training trials were provided, using a training con
trast that was similar to that failed in the test 
phase. The tester shaped the child's responses dur
ingthese trials. The test contrast then was retested. 
An increase in score of 2:2 was seen as suggestive of 
lack of generalization, so the retest score was ac
cepted in these cases. 

Test-retest data were obtained for 12 children. 
Each of the these children was tested on two con
trasts, and the contrasts were pseudo-randomly se
lected to ensure near-equal representation of all 
contrasts. Three children were selected randomly 
from each of the groups of 2-, 3-, and 4-yr-old 
hearing aid wearers and implant users. 

RESULTS 

Attrition Rates 

The numbers of 2-, 3-, and 4-yr-old children (nor
mal hearers and children using hearing aids or 
cocWear implants) who passed the conditioning cri
terion are shown in Table 1. It can be seen that 30% 
ofthe 2-yr-old normally hearing children and 17% of 
the 2-yr-old hearing aid users could not be condi
tioned. One 4 yr old using a cochlear implant also 
could not be conditioned. Not all ofthe children who 
were able to be conditioned could complete the task 
within three 20 minute sessions. Table 1 indicates 
that two of the 2-yr-old normally hearing and four of 
the 2-yr-old hearing-impaired children were unable 
to complete all of the eight speech sound contrasts. 
Also, the 3-yr-old implanted child and three 4-yr-old 
hearing aid users could not complete the task. 

Ease and Efficiency of Testing 

Figure 2 shows that in the normally hearing 
group the older children generally took only one or 
two sessions to complete the task, whereas the 
2-yr-old children took two or three sessions on aver
age. This effect of age was not evident for the 
hearing aid users, who, like the 4-yr-old implant 
users, usually took 2 or 3 sessions to complete the 
testing. The lower graph in Figure 2 reveals that the 
hearing aid users with a mild to moderate degree of 
hearing loss took less time on average to complete 
the testing than did the children with a greater 
hearing impairment. 

Of those who completed the task, some had evi
dence of difficulty with transfer of learning (see 
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Figure 2. The upper graph shows the mean number of sessions 
taken by each group to complete the task as a function of age. 
The lower graph indicates the mean number of sessions taken 
by three groups of hearing aid users; those with a mild to 
moderate hearing loss, those with a severe loss, and those 
with a profound loss. SDs also are given. 

Method section). Two of the five 2-yr-old normally 
hearing children and one of the six 2-yr-old hearing
impaired children needed help to facilitate general
ization. Four of the nine normally hearing 3-yr-old 
children and four of the 12 hearing-impaired 3 yr 
olds also showed difficulty. In contrast, no normally 
hearing 4-yr-old child revealed a difficulty with 
transfer of learning, but one of the nine 4-yr-old aid 
users and three of the 10 4-yr-old implant users 
experienced difficulty. Transfer difficulty usually 
occurred for only one to two contrasts per child. In 
all cases the children scored ::52/6 on the contrast 
initially but after "shaping" on a similar training 
contrast, they scored 2:5/6. 

Speech Discrimination Performance 

Statistical analyses were conducted on the results 
for those children who completed the eight con
trasts. 
Normally Hearing Children. A 2-way analysis of 
variance (ANOVA) with ranked data and one inde
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Figure 3. Hearing aid users' mean discrimination scores 
<maximum = 6) and standard errors for each speech contrast 
as a function of age group. Speech contrasts are represented 
here by the "change" stimulus only. 

pendent factor (age) and one repeated factor (type of 
contrast) indicated that there were no significant 
differences in the performance of normally hearing 
children acfoss ,age or across different speech con
trasts. Mean scores (out of six) averaged across the 
eight contrasts for 2-, 3-, and 4-yr-old children were 
5.55,5.67, and 5.81, respectively. No child failed any 
speech contrast. Mean scores for the contrasts 
ranged from 5.52 for /ba/sa/ to 5.89 for /ba/ga/. 
Hearing Aid Users. A 2-way ANOVA using 
ranked data and one independent factor (age) and 
one repeated measures factor (type of contrast) re
vealed that contrast type was a significant main 
effect (F(7, 168) = 5.74;p < 0.0001). Figure 3 shows 
that the mean discrimination scores for the con
trasts /balbrJ, /balba ""'1, and /balbi/ were higher than 
those for the other contrasts. A Student
Newman-Keuls multiple comparison test indicated 
significant differences between performance for 
each of these three contrasts and the other five 
contrasts. Mean scores were 5.02, 4.66, and 4.90 for 
2-, 3-, and 4-yr-old children, respectively. Perfor
mance also can be viewed in terms ofthe percentage 
of speech contrasts successfully passed. The percent
ages of contrasts passed for 2-, 3-, and 4-yr-old 
children were 89%, 78%, and 83%. The fact that the 
average hearing loss for the 2-yr-old group was 
lower than that for the other groups (64.51 dB HL 
compared with 70.92 and 75.11 dB HL for the 3- and 
4-yr-old groups, respectively) could have contributed 
to their higher mean discrimination performance. 
Age was not found to have a significant main effect 
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Figure 4. Hearing aid users' mean discrimination scores and 
standard errors for each speech contrast as a function of the 
hearing loss group. 

on hearing aid users' mean performance across con
trasts, however. 

There was a significant main effect for hearing 
loss in a 2-way ANOVA using ranked data and one 
independent factor (hearing loss) and one repeated 
measures factor (type of contrast) (F(2, 24) = 25.65; 
p < 0.0001) (see Fig. 4). There were significant 
differences between all combinations of the three 
hearing loss groups. Means averaged across con
trasts were 5.84, 4.82, and 3.57 for the mild to 
moderate, severe, and profound groups, respec
tively. The mean PTAs and SDs of the means for the 
mild to moderate, severe, and profound groups were 
43.9 (8.08), 71.1 (8.11), and 102.3 (8.41). A signifi
cant interaction occurred between hearing loss 
group and type of contrast (F(l4, 168) = 2.28; p = 

0.0071). The means and standard errors in Figure 4 
help reveal that significant differences between 
hearing loss groups were present only for certain 
speech contrasts: for /bi/bu/, /ba/ma/, /ba/pa/, Ita/sal, 
and /ba/ga/. In all cases except /ba/ga/, significant 
mean differences occurred only between the mild to 
moderate and profound hearing loss groups. For 
/ba/ga/, a significant difference also occurred be
tween the mild to moderate and severe groups. The 
effect of contrast type also was present only at 
certain levels ofthe hearing loss factor. For the mild 
to moderate group, there were no significant differ
ences in performance between pairs of contrasts, 
Although differences in the severely hearing-im
paired children's mean performance for different 
contrasts can be seen in Figure 4, post hoc analyses 
revealed no significant differences between pairs of 
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TABLE 3. Probabilities of a false positive response occurring in 
the "hit" window. 
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Figure 5. Mean discrimination scores and standard errors for 
each speech contrast for children using cochlear implants. 

contrasts. For the profound group there were signif
icant differences between performances on /ba/bi/ 
and five other contrasts: /ba/ba "".1 and four other 
contrasts, and /ba/btJ and four other contrasts. 

A forward stepwise regression analysis also was 
performed to determine how much variance in the 
hearing aid users' performance could be accounted 
for by the factors PTA, duration of aid use, age at aid 
fitting, and age at testing. The regression analysis 
provides a finer analysis of the effect of hearing loss 
than the ANOVA. The only variable that was found 
to account for a significant portion ofthe variance in 
scores across contrasts was PTA (R 2 = 0.301; p < 
0.0001; b = -0.038). Similarly, PTA correlated sig
nificantly with the percentage of contrasts passed 
(R2 = 0.561;p < 0.0001; b = -0.0069). Regressional 
analyses for individual speech contrasts also found 
PTA to be the only significant predictor of perfor
mance. This factor was significantly correlated (p = 

0.03) with performance for /ba/btJ and /ba/ba "".1 with 
Rcoefficients of0.427 and 0.409 and b coefficients of 
-0.0077 and -0.023, respectively. More highly sig
nificant negative correlations occurred for contrasts 
/ba/ma/, /ba/ga/, /ba/pa/, /bi/bu/, and! ta/sa/ in order of 
increasing significance, with R coefficients ranging 
from 0.593 to 0.817, respectively. The p values 
ranged from p = 0.0011 to p < 0.0001, and b 
coefficients ranged from -0.046 to -0.064. 
Cochlear Implant Users. Figure 5 shows the 
mean performance and standard errors for the eight 
contrasts. A I-way repeated measures ANaVA re
vealed a significant difference in the performance of 
children using cochlear implants across different 
contrasts (F(7, 63) = 3.36; p = 0.0041). A Student
Newman-Keuls multiple comparison procedure re
vealed the performance for two pairs of contrasts to 

Normal 
Hearers 

Hearing Aid 
Users 

Implant 
Users 

Mean 
Standard deviation 
Range 
Median 

0.027 
0.058 

0.000-0.236 
0.000 

0.029 
0.057 

0.000-0.296 
0.000 

0.048 
0.070 

0.000-0.332 
0.000 

be significantly different (/ba/bi/ versus Ita/sa/ and 
/ba/bi/ versus /ba/pa/). 

Test-Retest Reliability 

A Pearson Product Moment Correlation was com
puted and showed a highly significant correlation 
between the test and retest assessments that in
volved 12 ofthe children (R = 0.916; p < 0.0001). A 
high correlation can be obtained without scores 
being almost the same. For example, a learning 
effect may result in the scores differing by a constant 
amount. Therefore, another measure of reliability 
was computed: the stability of the scores, measured 
as the SD of the differences between the test and 
retest scores. The mean difference score was 0.21, 
and the SD of the difference scores was 0.98. There
fore, in 95% of cases, the retest score would be 
expected to deviate from the original test score by no 
more than two SDs (approximately two points out of 
six for a single subtest). 

False Positive Responses 

For the normally hearing children and the hear
ing aid users, there were no significant differences 
in the false positive rates across age or contrasts. 
For the children using cochlear implants, there were 
no significant differences in the false positive rates 
across contrasts. Table 3 shows that the mean prob
abilities of a false positive response occurring in the 
hit window for the normally hearing children and for 
the children using hearing aids and cochlear im
plants were low. Ranges, SDs, and medians also are 
given. 

DISCUSSION 

Attrition Rates 

Given that the procedure is similar to play audi
ometry in many respects, it was anticipated that 
some children, especially those in the 2-yr-old group, 
would fail to condition. The percentages of 2-yr-old 
normally hearing and hearing-impaired children in 
the present study who failed to condition were 
consistent with those found for play audiometry. 
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Thompson, Thompson, and Vethivelu (1989) re
ported that 32% of younger 2-yr-old normally hear
ing children could not be conditioned to play audi
ometry. A greater percentage of normally hearing 
than hearing-impaired 2-yr-old children failed to 
condition in the current study. It should be remem
bered, however, that the mean age of the 12 2-yr-old 
hearing aid users was greater than that of the group 
of 10 normally hearing 2-yr-old children assessed. 
The three normally hearing children who failed to 
condition were aged :52.5 yr. Only one of the two 
hearing aid users who failed to condition was under 
2.5 yr of age at testing. The 4-yr-old child using an 
implant, who failed to condition, is reported to 
respond very inconsistently during the mapping of 
electrode thresholds. A neurological assessment has 
identified a disorder consistent with leukodystro
phy, but that is not neurodegenerative. 

There were also children in the present procedure 
who could be conditioned but could not complete the 
task over three 20 minute sessions. Audiological 
reports indicated that these children either were 
unable to condition to conventional play audiometry 
or were unable to perform consistently in play audi
ometry. One of the children was receiving medica
tion for an attention deficit disorder. The normally 
hearing and hearing-impaired children who failed to 
complete the task generally exhibited inattentive
ness, poor waiting behavior, and frequent loss of 
conditioning. 

The attrition rates for the SFT are very encour
aging, especially given that the task is cognitively 
more demanding than play audiometry. There is 
transfer of learning required in the play audiometry 
task in that acuity is tested at different frequencies. 
This transfer is simple because the new stimulus 
remains a pure tone and quickly can be made loud 
enough for the child to hear. In the SFT task the 
child needs to be able to transfer the conditioned 
response taught during training to each new change 
in speech stimuli. 

Reasonably high attrition rates due either to 
inability to condition or inability to complete the 
task also have been reported for infant testing with 
the VRISD task and for assessment of primary-aged 
children with the change/no change task. Nozza et 
al. (1991), in a study of 7- to ll-mo-old infants' 
speech sound discrimination-in-noise thresholds, 
found that 8/34 infants could not be conditioned and 
two could not complete testing. Carney et al. (1993) 
reported that, of 48 profoundly hearing-impaired 
children assessed, four children (mean age of 5.2 yr) 
failed to condition to the change/no change task and 
12 children (mean age of 7.4 yr) could not complete 
the 15 trials for all nine contrasts tested. Similarly, 
Osberger, Robbins, Miyamoto, Berry, Myres, 
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Kessler, and Pope (1991) found that some hearing· 
impaired children could not complete the 15 trials 
for all nine contrasts assessed in the change/no 
change task. 

Ease and Efficiency of Testing 

On average, hearing-impaired children took a 
greater number of sessions than normal hearers to 
complete the task. This is to be expected given that 
they often failed some contrasts and needed to be 
given at least one trial of a previously passed can· 
trast after any failed contrast to provide positive 
reinforcement and to ensure that they were still 
conditioned. 

Lack of transfer was found to be present for a 
small number of normally hearing and hearing
impaired children, including some 4-yr-old hearing
impaired children. The decision to look for transfer 
difficulty during the testing of the first four con
trasts was supported by the finding that, for each of 
the six normally hearing children who had difficulty 
in generalization, the difficulty occurred before the 
presentation of the fifth contrast. It may have been 
anticipated that the presence of a hearing loss, 
which decreases the saliency of the speech contrasts, 
could compound the problem of generalization 
across different speech contrasts. This did not ap
pear to be the case, and, furthermore, the degree of 
hearing loss did not appear to affect the likelihood of 
transfer difficulty for the children in this study. 
Several children using hearing aids who experi
enced difficulty in generalization had PTAs of 72 dB 
HL or less. The fact that the contrasts that were 
predicted to be easiest for profoundly hearing-im
paired children were presented first probably pre
vented the degree of hearing loss from being influ
ential. 

Future research could investigate the usefulness 
of conditioning the child on the task with two or 
more contrasts in the training phase rather than 
with just one highly salient speech contrast. Alter· 
natively, it may be worthwhile to provide practice 
trials on each new contrast as did Carney et al. 
(1993). 

It was apparent during the field trials with the 
normally hearing children and the hearing-impaired 
children that many 3- and 4-yr-old children could be 
assessed without an assistant tester present. In 
contrast, an assistant usually was essential with the 
2-yr-old group to maintain the child's attention and 
motivation and to facilitate game changes. As antic
ipated, some 2- and 3-yr-old children were tentative 
in performing with the required motor response but 
did give reliable behavioral responses. The latter 
responses were recorded for only one normally hear
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ing and one hearing-impaired 2 yr old and for one 
normally hearing and one hearing-impaired 3 yr old. 
In no case was there disagreement between the 
tester and assistant in judging the behavioral re
sponses. 

Speech Discrimination Performance 

Normally Hearing Children. All contrasts were 
discriminated successfully by each of the 24 nor
mally hearing children who were able to complete 
the task, and older children did not perform better 
than younger children. These findings are relevant 
only for the particular set of speech contrasts used in 
this study. Although findings of previous investiga
tors have suggested developmental changes in audi
tory discrimination of speech sounds in normally 
hearing children (Elliott, Busse, Partridge, Rupert, 
&DeGraaff, 1986; Elliott, Longinotti, Meyer, Raz, & 
Zucker, 1981; Sussman & Carney, 1989), this 
study's finding is not discrepant with these. Unlike 
the previous findings, this study's results were 
based on a small number of six presentations per 
contrast and did not focus on the measurement of 
fine discriminations between synthetic CV syllables 
presented along a continuum. 
Hearing Aid Users. Contrast type rather than 
age influenced the discrimination performance of 
those children using hearing aids who completed the 
task. As found by Boothroyd (1984), for severe and 
profoundly deaf children tested on the IMSPAC, 
average performance for hearing aid users in the 
present study was superior for the easier speech 
contrasts: the simple intonation contrast, the vowel 
duration contrast, and the contrast varying both 
vowel height and frontedness. Osberger, Robbins, 
Miyamoto, Berry, Myres, Kessler, and Pope (1991) 
found that children using hearing aids who had 
useable high-frequency residual hearing and chil
dren using the 22-electrode cochlear implant ob
tained scores ~80% for these easier contrasts as well 
as for vowel place and consonant manner contrasts. 
The latter contrasts were probably easier to discrim
inate than the vowel place and manner contrasts in 
the present study. Unlike the ItaJsaJ contrast in the 
present study, there was an overall syllable duration 
difference of 93 msec for the IdaJzaJ contrast in the 
Osberger study, which could have been used as a 
secondary cue to detect the phonetic change. The 
American Ii!u/ vowel place contrast also involved a 
first formant difference of 215 Hz, whereas the first 
formant difference in the Ii!u/ contrast in the present 
study was negligible (Carney et al., 1993). 

There was, as expected, a significant effect of 
hearing loss, with profoundly hearing-impaired chil
dren performing more poorly overall than severely 

381 

hearing-impaired children, and severely hearing
impaired children, in turn, performing worse than 
the children with a mild to moderate hearing loss. 
This effect was evident only for the discrimination of 
harder speech contrasts that required the use of 
finer spectral information and/or fine temporal pro
cessing. The pattern of results for the different 
contrasts for children with varying degrees of hear
ing loss was in reasonable agreement with the 
known acoustic properties of the speech contrasts. It 
must be remembered that although length differ
ences between 1m! and /bl and between lsi and It! 
were preserved, there were minimal overall syllable 
length differences for these contrasts. The child 
would need to be able to discriminate the frequency 
differences between these contrasts to use the 
length differences on the initial phonemes. 

A regression analysis also indicated that hearing 
loss (PTA) accounted for a significant amount of the 
variance in individual scores, especially for the 
speech contrasts requiring use of finer spectral cues. 
No other variables, such as aid experience, age at 
aid fitting, and age at time of testing, accounted for 
a significant portion of the variance. There were too 
few children in the total communication setting 
compared with an oral/aural setting to determine 
the effect of mode of communication on discrimina
tion performance. The PTA slope coefficients for 
performance on the contrasts /baJmaJ, /baJgaJ, /baJ 
paJ, /bi/bu/, and ItaJsaJ suggested that for every 10 
dB of hearing loss, discrimination would drop by 
approximately half a mark out of a possible total of 
six marks. The PTA. slope coefficient for the percent
age of contrasts successfully discriminated indicated 
that for a change in PTA of 20 dB the percentage of 
contrasts passed would change by about 14% or 
approximately one contrast. 
Cochlear Implant Users. The average perfor
mance of the 10 cochlear implant users was similar 
to that of the hearing aid users for the three easier 
contrasts: /balbN', /balba ",,"I, and /balbi!. For the 
other contrasts, average performance was approxi
mately midway between the performance of the 
severely deaf hearing aid users and the performance 
of the profoundly deaf hearing aid users. The group 
of implant users in this study, however, is only 
small, and these findings cannot be generalized to a 
wider population of implant users. Factors such as 
duration of implant experience and duration of deaf
ness did not account for variability in the perfor
mance of this group of implant users. This finding 
may be explained partly by the limited variation in 
either of these factors for this group. It is of note that 
psychological assessments indicated cognitive defi
cits for two of the four implanted children who did 
poorly (failed between five and seven contrasts). The 
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third child has been reported to display inconsistent 
device use. An electrical auditory brain stem re
sponse with the implant for the fourth child who did 
poorly indicated abnormal retrocochlear functioning 
and suggested deficiency of nervous tissue in the 
cochlea. This child uses the wide mode of stimula
tion (bipolar + 4). Four of the remaining six implant 
users passed all of the eight contrasts, performing 
similarly to the mild to moderate hearing aid users. 

Validity 

The test results are intended to reflect the child's 
ability to perceive phonetic changes. A child may, 
however, detect that the syllable has changed on the 
basis of duration, FO, or perceived loudness. The 
overall length of stimuli within a contrast did not 
differ by more than 18 msec. Studies have revealed 
that the duration difference limens for acoustic 
stimuli decrease from approximately 35% at 10 msec 
to 14% at 600 msec for normally hearing adults 
(Abel, 1972; Creelman, 1962). It was, therefore, most 
unlikely that a child could detect a change in a 
syllable on the basis of overall duration. Syllables 
within a contrast did not differ in terms of FO (start 
or end) by more than 7 Hz. Olsho, Koch, and Halpin 
(1987) report frequency difference limen of 3 to 4% 
in normally hearing infants. In light of this finding, 
it is possible but unlikely that children in this study 
could use FO as a cue to the presence of a phonetic 
change. There is also the possibility that a child who 
fails a contrast (scores <4/6) actually may perceive 
the changes in acoustic cues but fail to respond 
because the contrast lacks salience or immediate 
significance for him or her. For example, the con
trast may lack phonological significance if the pho
nemes in the syllable occur infrequently in the 
speech production of the child. This issue of salience 
could be addressed in longitudinal developmental 
studies. 

Subjectivity 

Another issue to consider is whether the child's 
performance is an accurate indication of his or her 
speech discrimination ability. All testing with very 
young children is characterized by subjectivity. The 
skills of the tester and the rapport achieved between 
tester and child can be crucial in determining 
whether or not a child conditions to the task, sus
tains attention, or performs at maximum capacity. 
Aspects of the current procedure, such as the tester 
receiving masking noise and the computer control 
over timing of stimulus presentation, were incorpo
rated to reduce subjectivity in administration and 
scoring (see Method section). The order of presenta
tion of stimuli was controlled in this task to encour-
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age optimal performance by the child. The accep
tance of behavioral responses rather than motor 
responses in some children also was intended to 
encourage the child to perform optimally. 

Test-Retest Reliability 

The procedure has high reliability and good sta
bility. The latter indicates that children not only are 
ranked similarly on a retest but score similarly to 
the initial test, with an average difference (retest 
score minus test score) of one-fifth of a mark or 3.5%. 
This compares favorably with the 4.5% mean differ
ence score for the NU-CHIPS, a four-alternative 
word recognition task for hearing-impaired children 
(Elliott & Katz, 1980). 

False Positive Rates 

It was promising that the false positive rates for 
the three groups of children were very low. On three 
occasions the probability that a false positive re- I
sponse would occur in the hit window exceeded 0.26, 
but in two cases the contrasts were discriminated . 
successfully with scores ~5/6, which still allowed a' 
confidence level of 0.05. In the third instance the < 

contrast was not discriminated successfully. It 
should be remembered that the confidence levels for 
successful discrimination for most children were 
much better than the 95% level. The average prob
ability of a false positive occurring in the hit window 
for each of the three groups of children was less than 
0.048, and the confidence level for scores ~4/6 with 
this low probability is 99.9%. 

Future Uses of the Test 

This procedure has the potential to be both a 
useful clinical and research tool. It could be used in 
combination with other assessments to gauge the 
auditory discrimination capacity of the child during 
a preimplantation and a postimplantation period. 
Test information obtained over time on a sufficiently 
large number of implanted children ultimately could 
be used to assist in determining candidacy for im
plantation. Test information also could help in plan
ning habilitation programs. 

The technique could be used to measure speech 
feature discrimination longitudinally in severe
profoundly deaf children over time. Many studies 
have looked at the development of speech feature 
discrimination in infants with normal hearing (Eil
ers & Minifie, 1975; Eilers et al., 1977) and at the 
development of auditory perceptual skills in chil
dren around 6 to 10 yr of age (Elliott et al., 1986; 
Sussman & Carney, 1989). In contrast, there has 
been a scarcity of research on the development of 

L 
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speech feature discrimination in preschool severe
profoundly hearing-impaired children. In fact, the 
auditory skills ofmany hearing-impaired children in 
this age group cannot be determined reliably given 
that conventional assessments require knowledge of 
particular vocabulary or prerequisite speech produc
tion ability. The stimuli in the 8FT can be chosen 
and instrumentally controlled for specific testing 
purposes. For example, it may be of interest to 
determine which acoustic cue is being used predom
inantly by the young implanted child in discriminat
ing place of articulation contrasts or voicing con
trasts. It is important to note that many of the 
severely hearing-impaired children and implant us
ers passed all contrasts, indicating the need to 
include more difficult contrasts requiring the use of 
fine spectral cues in a future test battery. 

Future work could assess the validity of the 
procedure by investigating the correlation between 
overall performance on this task with performance 
on word recognition tasks and even sentence tasks 
with older children. 

CONCLUSIONS 

This study has addressed the need for a speech 
perception procedure for severe-profoundly deaf 2
to 4-yr-old children that which is independent of 
language and speech production ability. The new 
8FT is a modification of existing procedures used 
and appeared to be a reasonably efficient and reli
able test for the majority of 3- and 4-yr-old severe
profoundly deaf children tested and for about 50% of 
2-yr-old children tested. Performance on the task 
was influenced by PTA hearing loss but not by age at 
testing for the particular speech contrasts tested. 
The procedure has the potential to be used as a 
clinical and research tool in the assessment of very 
young, severe-profoundly deaf children using hear
ing aids or cochlear implants. 
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