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TALKER- AND TASK-SPECIFIC PERCEPTUAL LEARNING
IN SPEECH PERCEPTION

Lynne C. Nygaard and David B. Pisoni
Speech Research Laboratory, Indiana University, Bloomington, Indiana, U.S.A.

ABSTRACT
The present investigation was

designed to assess the specificity of
perceptual learning employed in the
linguistic processing of spoken language.
Two groups of subjects were trained to
identify a set of talkers from sentence-
length utterances. After training, one
group of subjects was tested with isolated
words produced by familiar or unfamiliar
talkers and the other group was tested
With sentence-length utterances. The
results showed that the ability to identify
a talker‘s voice from sentence-length
utterances only modestly improved
intelligibility of isolated words, but
Significantly improved the intelligibility
of sentence-length utterances. Listeners
appeared to focus their attention during
perceptual learning on talker information
that is specific to sentence-length
utterances. The results suggest that task-
as well as talker—specific perceptual
learning occurs during the processing of
spoken language.

INTRODUCTION
Thespeech signal simultaneously

carries information about a talker's voice
and about the linguistic content of the
intended message. Traditionally, the
unraveling of talker and linguistic
Information has been characterized as a
normalization process in which talker
information is discarded in the listener's
quest for the abstract, idealized linguistic
processrng units thought to underlie
speech perception [1,2]. Recent studies
however, have demonstrated that theprocessing of voice and the processing oflmgurstic content are not independent
Nygaard, Sommers, and Pisoni [3ifound that learning a talker's voicefacilitates subsequent phonetic analysisIn their study, listeners were trained toidentify talkers' voices from isolatedwords and were then given a wordintelligibility task. Listeners who heardfamiliar talkers at test were better able toextract the linguistic content of isolated

words than those who heard unfamiliar
talkers at test. The results suggest that
perceptual learning of voice can modify
the linguistic processing of isolated
words.

The present investigation was
designed to assess the nature and extent
of this kind of perceptual learning.

Subjects in two experiments were trained
to recognize a set of ten talkers from
sentence-length utterances.

In Experiment 1, after training was

completed, intelligibility was assessed
using isolated words produced _by
familiar and unfamiliar talkers. The aim
was to determine if the information
learned about a talker's voice from
sentences generalizes to the perception of

spoken words. The assumption was that
training with sentence-length utterances
would focus listeners' attention'at 3
different level of analysis than training

with isolated words. It was hypothesrzed
that because sentences contain extensrye

prosodic and rhythmic information in
addition to the specific acoustic-phonel1c
implementation strategies uniQPe to
individual talkers, perceptual leaming.0f

voices from sentences would reql1e
attentional and encoding demands
specific to those test materials.

In Experiment 2, after training W35

completed, listeners were given an

intelligibility test consisting of sentenqe'

length utterances produced by famillilr
and unfamiliar talkers. Two issues “(CFC
addressed here. First, does specrflc

training on sentence-length utteranceS

generalize to similar test match”-

Second, are sentence-length utterances

which have higher-level semantic an

syntactic constraints susceptible to the
effects of familiarity with a talkers

voice?

EXPERIMENT 1 f
In Experiment 1, two grOUPS, 0

subjects learned to identify talkers' vorceS

from sentence-length utterances over a

three-day training period.
experimental group was then tested With
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isolated words to assess intelligibility of

talkers they had been exposed to in

training. The control group was tested

with isolated words produced by a set of

unfamiliar talkers.

METHOD

Subjects
Subjects were 33 undergraduate and

graduate students at Indiana University.
Sixteen subjects served in the
experimental condition and seventeen
subjects served in the control condition.
All subjects were native speakers of
American English and reported no history
of a speech or hearing disorder. Subjects
were paid for their participation.

Stimulus Materials
Two sets of stimuli were used in this

experiment. The sentence training stimuli

consisted of 100 Harvard sentences
produced by 10 male and 10 female

talkers. The isolated word stimuli
consisted of 100 monosyllabic words
produced by 10 of the same talkers (5
male and 5 female) that produced the
sentence materials. All stimuli were
digitized on—line at a sampling rate of 20
kHz using 16-bit resolution. The root
mean squared (RMS) amplitude levels
for all stimuli were digitally equated.

Procedure
Pretest Word Intelligibility. A pretest—

Domes! design was used in this
EXpenment to directly evaluate the effects
9f talker familiarity on word
intelligibility. In both pretest and

Posttest, 100 isolated words produced by
ten talkers (5 male and 5 female) were

Presented at either 80, 75, 70, or 65 dB

(SPL) in continuous white noise low-
PaSS filtered at 10 kHz and presented at
7093 (SPL), yielding four signal—to-
norse ratios: +10, +5, 0, -5. An equal
number of words was presented at each
0f Fhe four signal-to-noise ratios.

SUblects were asked to recognize the
Word by typing their response on a
keyboard. For subjects in the
exPeflmental condition, the words were
PFQduced by the ten talkers they heard in
”alnlfig. For subjects in the control
Condition. the talkers' voices were
Unfamiliar.

Training. Two groups of listeners
Completed three days of training to
amiliarize themselves with the voices of
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ten talkers. The experimental group of

16 subjects learned the voices of the same

ten talkers that were used for the pre— and

posttests. The control group of 17

subjects learned the voices of ten

different talkers. Both groups were

required to identify each talker's voice

and associate that voice with one of 10

common names.
On each day of training, both groups

of listeners completed three different

phases. The first was a familiarization

task in which one sentence from each

talker was presented in succession. Each

time a sentence was presented, the name

of the talker appeared on a CRT screen in

front of the listener. Subjects were asked

to listen carefully to the words presented

and to attend specifically to the talker's

voice. ‘ _

The second phase of training consisted

of a recognition task in which subjects

were asked to identify the talker who had

produced each sentence. Ten sentences

from each of ten talkers were presented in

random order to listeners who were

asked to identify each voice by pressrng

the appropriate button on a keyboard. On

each trial, after all subjects had

responded, the correct name appeared on

a CRT screen. . ~

The third phase of training was

identical to the second phase except that

feedback was iven.

n0 Pastiest W051 Intelligibility. The

posttest was identical to the pre-test.

Subjects were asked to‘identify isolated

words produced by famrliar or unfamiliar

talkers at four signal—to-nOise ratios.

RESULTS AND DISCUSSION

in
.

THAIIIl sgubjects showed continuous

improvement over the three days of

training. Both groups of subjects

identified talkers consistently above

chance even on the first day of training

and performance rose to nearly 8517:

correct by the last day of training.

repeated measures analysis of variancq

(ANOVA) with learning and days 0

training as factors showed a Significant

main effect of day of training, {(2362) _

74.04, p<.001, and also a srgnrfrcar7it

main effect of group F(1,31) = 20.2Ci

<.001. The control group performel

significantly better than the experimenta

group learning their set of talkers.



Vol. I Page 196

Isolated Word Intelligibility
Figure 1 shows the difference in

percent correct word identification from
pretest to posttest for both the
experimental and control groups averaged
across signal-to-noise ratio. Although
there is more improvement for subjects in
the experimental condition who were
hearing familiar voices at posttest than for
subjects in the control condition, the
effects of familiarity on word
intelligibility were small (p<.08). A
repeated measures ANOVA with signal-
to-noise ratio and training group as
factors showed no significant main
effects or interactions.
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Figure 1. Percent difference is plotted
for the control and experimental groups.
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These results suggest that perceptual
learning of talkers' voices from sentence
-length utterances does not generalize to
the perception of isolated words.

EXPERIMENT 2
As in Experiment 1, two grou s of

subjects learned to identify talkers‘ vgiices
from sentenceflength utterances over a
three-day training period. However, the
experimental and control groups in this
experiment were then tested with
sentences produced either by talkers they
{read _enct;pntered in training

xpenment )or b a t ”
talkers (control). y 56 0f unfarmliar
METHOD

Sugjects
ubjects were 20 under

graduate students at Indiangrl‘llilisgsitxydEleven subjects served in theexperimental condition and nine subjectsserved in the control condition. Allsubjects were native speakers ofAmerican English and reported no history
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of a speech or hearing disorder. Subjects
were paid for their participation.

Stimulus Materials
Training and test stimuli consisted of

100 Harvard sentences produced by 10
male and 10 female talkers. All stimuli
were digitized on-line at a sampling rate
of 20 kHz using 16-bit resolution. The
root mean squared (RMS) amplitude

levels for all stimuli were digitally
equated.

Procedure
Training. Training was identical to

that used in Experiment 1 except that
subjects were trained on a set of 50
sentences rather than 100 sentences.
Again, two groups of listeners completed
the three days of training. The
experimental group of 11 subjects learned
the voices of the same ten talkers that

were used for the sentence intelligibility

test. The control group of 9 subjects
learned the voices of ten different talkers.

All other aspects of training were the
same as in Experiment 1.

Sentence Intelligibility Test. In the
sentence intelligibility test, 48 novel
sentences produced by ten talkers (5 {Dale
and 5 female) were presented at either
75, 70, or 65 dB (SPL) in continuous

white noise low-pass filtered at if) KHZ
and presented at 70 dB (SPL), yleldlng
three signal-to-noise ratios: +5, 0, - .
An equal number of words was presented
at each of the three signal-to-noise ratios.

Subjects were asked to transcribe the
sentence on a sheet of paper. ' For
subjects in the experimental condition,
the sentences were produced by we.“
familiar talkers they heard in training-
For subjects in the control condition. the

talkers' voices were unfamiliar.

RESULTS AND DISCUSSION

Training .

All subjects showed contiuur)us

improvement over the three days 0
training. As in Experiment 1. 0

groups of subjects identified talksts

consistently above chance even on c

55‘ day Of training and performance ms?

to nearly 85% correct by the last day Of

training, A repeated measures analysts °
variance (ANOVA) with learmng an

daYs of training as factors shoe/c. a

Significant main effect of day of tramgfir

F(2.36) = 78.029, p<.001, and no 0 °
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significant effects.

Sentence Intelligibility
Subjects' performance on the sentence

intelligibility task was assessed by

determining the number of key words

correct in each test sentence, adding up

the total number of correct key words
across sentences and averaging these

totals across subjects. Each Harvard
sentence contained 5 "key" words and the
test set of 48 Harvard sentences
contained 240 key words.

Figure 2 shows the total number of
key words correct averaged across
subjects for the experimental and control
groups.

Experimental a Control

60

W
o
rd

s
C

o
rr

e
c
t

5 O

N O

- S 0 + 5

Signal-to-Noise Ratio

Figure 2. Percent key words correct as a
fMHCtlon of signal—to-noise ratio for the
experimental and control groups.

. A repeated measures ANOVA with
SlgFlal-to-noise ratio and training group as
factor§ showed a significant main effect

“training group, F(l,18) = 220.378.
P<-00l, indicating that subjects in the
experimental condition who heard
setttences produced by familiar talkers
Were able to transcribe more key words

COI'rectly across all signal—to-noise ratios
than control subjects who heard
sentences produced by unfamiliar talkers.

A§1gnlficant main effect of signal—to-
me ratio. F(2,36) = 286.26, p<.001,
“’35 also found indicating better
”Flownance at the higher signal—to—noise
latloS. _Finally, there was a significant
"."efaction between training group and
Slgnal-to-noise ratio, F(2,36) = 44.41,

“001, Indicating that the effect of talker
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familiarity became larger as signal-to-
noise ratio decreased.

These results suggest that perceptual
learning of talkers' voices from sentence

—length utterances facilitates the linguistic

processing of sentence-length utterances

produced by familiar talkers.

GENERAL DISCUSSION

The results of our experiments suggest

that perceptual learning in speech

perception is both talker- and task-

specific. Perceptual learning of voice

transfers to linguistic processrng of

spoken language in a task-specific

manner such that attention must be

directed to learning the specific voice

attributes that will be relevant at test. Our

findings also show that long-term talker-

specific effects on linguistic processing

occur with sentence-length materials

which contain higher-level semantic and

syntactic constraints suggesting that

talker-specific effects operate in a variety

of listening situations from isolated

words to sentence—length utterances. '

Familiarity with a talker's. vorce

involves long-term modification. of

speech and language processrng.

Listeners appear to retain talker—specrfic

information about individual articulatory

idiosyncrasies both at the level of

acoustic-phonetic implementation and at a

more global level found in sentence—

length utterances.
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