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Cowan, NELsoN, Suomi, KAReN, and Morsg, Puieie A Echow Storage n Infant Perception
CuiLp DEvELOPMENT, 1982, 53, 984-990 Preperceptual auditory or “echoic” storage was inves-
tigated 1 8-9-week-old mfants using a modification of an adult masking paradigm and a non-
nutntive sucking discrimination procedure Experiment 1 provided vahidation of a new version
of the nonnutntive sucking procedure usng the standard stmulus contrast [ba] versus [pa] In
expermment 2, infants were presented with repeating pairs of bnief vowels with a shmulus onset
asynchrony (SOA) of 50 msec for each parr Within each senes, the first vowel mn a par
changed (backward masking), the second vowel changed (forward masking), or neither vowel
changed (control) Discnmination of the change occurred in the forward- but not in the back-
ward-masking conditon In expenment 3, discrimination occurred 1n a backward-masking con-
dition with an SOA of 400 msec, but not with an SOA of 250 msec or mn a control condition
In conjunction with the adult hterature, these results suggest that echoic storage contributes

to auditory perception in infancy, as in adulthood, but

trace may be longer mn fancy

The present paper demonstrates that one
of the earhest stages of information processing,
the preperceptual storage of auditory informa-
tion mn an unanalyzed “echoic” form, can be
observed 1 infancy by modifymng the forward-
and backward-masking procedures used with
older subjects In the standard masking pro-
cedure (e g, Massaro 1972, 1973) two brief
sounds are presented mn rapid succession and
subjects must 1dentify the first sound (in back-
ward masking) or t{ne second sound (m for-
ward masking) 1n a forced choice Because the
second sound n a parr nterferes with the
echoic storage of the first sound at relatively
short simulus onset asynchromes (SOA), per-
formance generally 1s better with forward
than with backward masking Moreover, ter-
ference with performance m backward masking
decreases to an asymptotic level at an SOA of
about 250 msec This may be the period for
which echoic storage 1s useful in the auditory
recognition process

There has been httle or no research on
the maturation of echoic storage However, the
properties of echoic storage undoubtedly are
related to the organism’s auditory- and speech-
perception abilities For example, a longer-last-
ing echoic trace n infancy might help the m-
fant to compensate for a slower processing rate

at the useful ifetime of an echoic

Recently, Lasky and Spiro (1980) have re-
ported work m the visual modality supporting
the suggestion that preperceptual processing in
infancy outlasts the 250-msec duration that has
been observed m masking studies with adult
subjects

In order to study echoic storage mn mnfan-
cy, a masking procedure was used m which
repeating pairs of brief sounds were presented
Vowel sounds were employed, because nfants
have been shown capable of discrimmating
brief vowels n 1solaton (Swoboda, Kass,
Morse, & Leavitt 1978) Within each series of
vowel pairs in the present study, there was a
change 1 the first vowel (backward masking),
the second vowel (forward masking), or neither
vowel (control)

Discrimination Paradigm

To conduct testing m very young infants
with a procedure that was as sensitive as pos-
sible, the nonnutntive sucking discnmination
paradigm used by other mvestigators (eg,
Emmas, Siqueland, Jusczyk, & Vigonto 1971)
was modified The first experiment to be re-

rted was not a masking experiment, but a
vahdation of the modified mfant paradigm with
a standard [ba/ pa] stimulus contrast
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Instead of the baselne-acquisition-satia-
tion-recovery sequence that comprises a trial
within the standard mfant paradigm, the pres-
ent procedure mcluded only baselne and ac-
qusition phases Within the acquisition phase,
infants i an experimental group received 30-
sec blocks of one stimulus (1n the masking ex-
permments, a pairr of stmuli) alternating with
30-sec blocks of a second stimulus (or second
parr of sttmuh) with presentations contingent
upon high-amphtude sucking In the control
group, however, infants recerved contingent
repetitions of the same stimulus (or pair)
throughout the acquisiion phase Unlke the
traditional sucking discrimmation procedure,
this new paradigm provides infants m exper:-
mental conditions with multiple stimulus shifts
from the first to the seconé) stimulus (pair)
and vice versa, at 30-sec intervals Discrimina-
tion 1s mndexed by a greater rate of sucking
across twenty 30-sec periods (relative to the
last 30 sec of baselme) m an expermnental
group of infants than i the control group
The rationale for this expected pattern of re-
sults 1s that the stimulus shfts, ’}P percerved by
the infant, should result m less habituation to
the stimulus tape

Experiment 1
METHOD

Subjects

Infants from primarily upper-rmddle-class
families in the Madison, Wisconsin, area were
located through birth announcements, and the
parents contacted by mail and follow-up phone
calls Each infant’s data were included n the
study only if the infant remamed m a quet,
alert state for at least 30 sec within each suc-
cessive mmute of testing Of 58 8-9-week-old
normal infants tested, 28 (48%) remamned n an
acceptable state throughout the experiment (14
subjects each m the experimental and control
groups)
Stimuly and Apparatus

The stimuli m the first study were not
masking pairs, but synthetic 400-msec tokens
of the consonant-vowel (CV) syllables [ba]
(4+20-msec voice-onset tume) versus [pal
(+40-msec voice-onset time) used by Emmas
et al (1971) The stimuli were dlglta]f;’ stored
and recorded on high-fidehty audiotape at the
rate of one sound per second Thirty-token
blocks of [ba] alternated with 30-token blocks
of [pa] on the experimental tape The control
tape contamed only tokens of [ba] at 1-sec
intervals
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Testing was conducted with the mfant n an
adjustable nfant seat m an Audio-Suttle sound
attenuated chamber A closed-circunt television
system allowed the infant to be viewed by the
parents, the expenmenter, and an assistant
within the infant chamber who was hidden
from the mfant by a cloth partition The assis-
tant hstened over headphones to music that
masked the changes m speech stimuli, and indi-
cated unacceptable infant state with a foot
pedal that was connected to a polygraph chan-
nel outside of the chamber Infants sucked on
a nonnutritive mpple mounted on a plastic base
connected to a Statham P23-BC pressure trans-
ducer by plastic tubing A Grass model 7B
polygraph amplified the output, and a poten-
tiometer circurt permitted high-amplitude sucks
(the peak 20%-50% of all sucks) to be selected
and counted by an Automated Data Systems
minicomputer (ADS 1800-E)

The stimuli were presented at 67 dB{A),
measured with a General Radio 1551-C sound
level meter against an ambient noise level of
45 dB(A) The stimulus tape was mounted on
a TEAC 3300s tape deck, which was connected
to an audiogate, a Crown D60 amplfier, and
an ADS L710 speaker mounted 1n front of and
above the infant The mmcomputer controlled
the audiogate and permitted the presentation
of each speech token to the infant only if 1t
began within one second following a high-am-
phtude suck
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Procedure

Infants were not fed i the hour prior to
testing Once the infant was 1n an acceptable
state within the test chamber, the rater placed
the nipple m the infant’s mouth and the ex-
permmenter adjusted the potentiometer to de-
termine the high-amphtude sucking threshold
Cniteria for entry into the acqusition phase
were 9-20 high-amphtude sucks in 30 sec and
2150 total high-amphtude sucks m 1 mm
within the silent baselime period Infants gen-
erally met these cntena within the first 3 mn
of tesing When the computer display mndi-
cated that the acquistbon period was about
to begin, the experimenter activated the audio-
tape at the begmnming of the first 30-sec stim-
ulus block Based on pilot data, sessions were
terminated after the tenth postbaseline minute

ResuLTs AND Discussion

In the last 30-sec period of baselne, m-
fants averaged 178 hgh-amplitude sucks
There were no sigmficant differences between
the expermental and control groups either m
this silent baseline period or i the first 30-sec
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acqusition period, within which both groups
heard only [ba] stmuh (¢ tests, p values > 05)

However, a group X period ANOVA across 20
postbasehne periods mdicated that infants m
the expermmental group sucked at a substan-
tially igher rate than control mnfants, F(1,26)
=750, p< 025 Mean high-amphtude sucks
relative to baselne equalled +7 1 per minute
for nfants in the experimental group versus
—84 per mmute for nfants mn the control
group There was also a group X period inter-
action, F(19,494) =256, p < 005 An anal-
ysis of trends on the two groups indicated that
this interaction was due to a difference n linear
trend across 30-sec periods 1n the expermmental
group versus the control group, F(1,26) =
1116, p < 005 These results are illustrated
m figure 1 Thus, this modified nonnutritive
sucking paradigm did provide strong evidence
of discrrmmnation of a standard stimulus con-
trast 1

The second experiment was conducted to
confirm that echoic storage can be demon-
strated m infancy using this new discrimination
procedure Instead of the single stmuh em-
ployed m experiment 1, stimuli were paired
mn expeniment 2, with an SOA of 50 msec with-
m each par At thuis brief SOA value, adult
subjects generally demonstrate relatively httle
forward masking (interference of the first mem-
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Fic 1 —Expeniment 1 difference scores across
10 mm 1 high-amplitude sucks (HAS) per minute
for the experimental group (sold hne) and the
control group (dashed hne)

ber of the pair with recogmtion of the second
member), gut the second stimulus in a par
strongly mterferes with the echoic storage of
the first simulus, resulting m backward mask-
mg It was expected, therefore, that at this SOA
mfants and adults would exhibit release from
forward masking, but no release from backward
masking This should yield supenor discnmma-
tion of a simulus change in the forward-masking
condition, relative to performance in the back-
ward-masking and no-change control groups

Experiment 2
METHOD

Subjects

Of 83 8-9-week-old infants tested, 54
(65%) met the behavioral state criteria (18
each m the forward, backward, and control
groups) Additionally, 10 adult volunteers who
had no prior exposure to the shmuh or knowl-
edge of the experimental hypotheses partic-
ipated mn a comparison experiment

Stimuls

Two 50-msec vowels were constructed
with a software series synthesizer (Klatt 1980)
the vowel [a] with F1 = 750 Hz, F2 = 1150
Hz, F3 = 2400 Hz, and the vowel [¢] with
Fl1 = 275 Hz, F2 = 2250 Hz, F3 = 3000 Hz
The fourth and fifth formants were fixed at
3300 Hz and 3750 Hz, respectively, for both
vowels Band widths for formants 1-5 were 50,
70, 110, 250, and 200 Hz, respectively Both
vowels had 10-msec onset and offset ramps and
a fundamental frequency that fell hnearly from
200 Hz to 40 Hz across 50 msec Stimulus pairs
were recorded on audiotape with no silent time
between stimuh 1 a pair (mterstimulus mterval
= 0, SOA = 50 msec) and with a 900-msec
silent nterval between pairs

Six tapes were constructed for the infant
experiment two tapes each for the forward,
backward, and control conditions One of the
tapes for each condition began with [a-a] and
the other began with [e-¢] On the forward-
masking tapes, the second vowel in each parr
changed once every 30 sec (e g, [a-a] — [a-¢])

1 The downward and relahveli flat trend observed n the control group probably does not

indicate an absence of acquisition,

ut differences among infants in the rates of acquisthon and

satiation The apparent difference between this downward trend and the upward trend observed
by Eimas et al (1971) 1s illusory, because the present result 1s based on a forward learnin

curve Eimas et al and most others using their paradigm have analyzed results with backwarg
learning curves (however, cf Trehub & Chang 1977) Backward curves are mappropnate for
the present paradigm due to the lack of a reference point Swoboda, Morse, & Leavitt (1976)

obtamed a simlar mitial downward trend dunng the early postbasehine

rniod when the data

were Vincentized Note that this imtial downward trend was obtained 1n all three of the present

infant expenments



P b @

har L

A

. FEN A A r e R

On the backward-masking tapes, however, the
first vowel in each parr changed (e g, [a-a] >
[e-a]) On the control tapes, subjects heard a
single repeated pair ([a-a] or [e-¢]) throughout
the session Half of the infants in each group
(forward, backward, and control) hLstened to
the tape that began with [a-a], and half Lstened
to the tape that began with [¢-¢] Each vowel
pair was presented at 70 dB(A) SPL

Procedure

Adult experiment —The purpose of this
expeniment was to ensure that the vowel pairs
employed m the infant exgerxment yielded su-
perior discimmation by adults m the forward-
masking condition relative to the backward-
masking conditon On each tnal, adults
recerved one vowel parr, a 900-msec delay in-
terval, and then a second vowel pair, and were
required to label the two stimulus paus as
“same” or “different ” Every subject recewved a
randomized presentation that mcluded seven
trials of each of the contrasts used in the m-
fant experiment

Infant testing —The mfant procedure was
identical to that of the first experiment except
for the changes in shmuli discussed above

ResuLTs AND Discussion

Adults

Adult hsteners responded correctly to 97%
of all control presentations (two [a-a] pairs or
two [¢-¢] pairs) and 98% of all forward-maskmg
contrasts ([a-a] vs [a-¢], or [e-¢] vs [e-a]) but
only 75% of all backward-maskmg contrasts
([a-a] vs [e-a), or [e-e] vs [a-e]) Interference
with echoic storage was mndicated by signifi-
cantly poorer performance m the backward
condition than m the forward (p < 005) or
control (p < 01) conditions (randomization
tests for matched pairs) The levels of perfor-
mance 1n the latter two conditions did not differ
reliably from one another, p > 05
Infants

The mean number of sucks i the last 30
sec of baseline was 1828 A comparison with
¢ tests revealed no group differences approach-
ing sigmficance mn this baselne period How-

2 The results of expermments 1 and 3 suggest that respondin
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ever, within the first 30-sec period of acquisi-
tion there was sigmficantly more sucking m the
forward- than i the backward-maskm group,
t(34) = 3 08, p < 01, even though both groups
recerved the same stimulus presentations dur-
ng that period This difference probably re-
flects a sampling bias between groups How-
ever, the magnitude and curvilinear trends of
group differences across 10 min, shown mn figure
2, and the validation of the discrimnation
paradigm by experiments 1 and 3 (to be dis-
cussed), strongly suggest that there was an
effect of the between-group stimulus manipu-
lation m the present experiment that did not
result from this mitial difference 2

A group (3) X period (20) x starting
stimulus ({a-a] vs [e-¢]) analysis of sucking
during the acqusition period revealed a sig-
nificant mam effect for groups, F(2,48) = 7 21,
p < 005 Mean rates of high-amphtude suck-
mg across 10 min of acquisition, eerssegl_ as
difference scores, were forward mas ng, X =
+794 per mimute, backward masking, X =
—912 per mmute, and control, X = —648
per minute Post hoc Scheffé tests mdicated that
the forward-masking group differed rehably
from the backward-masking group (p < 01)
and the control group (p < 05) but that the

IN WAS /MK

forward

¢ controt

/9 backward

DIFFERENCE SCORES

30 SEC INTERVALS

Fic 2 —Expennment 2 difference scores m
HAS per minute across 10 min 1n forward-masking,
backward-masking, and control groups

in the first 30-sec postbaseline

penod 1s quite vanable and 1n no way systematically related to the pattern of responding across

periods In experiment 1, group differences in discnmmation obtamed when there was no evi-

dence of a difference 1n the first 30-sec postbaselne period Moreover, m expeniment 3 a differ-

ence from the control group within the first 30-sec postbasehne period obtamed for the 250-

msec group { but not the 400-msec Emup), whereas evidence of rehable discnmination obtained
the

for the 400-msec group (but not

250-msec group) This evidence, as well as the ordery
pattern of masking results n experiments 2-3 combmned, su
experment 2 did not result from differential responding mn

ests that the group differences m
e first 30-sec acqusition period
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latter two groups did not differ relhably from
one another

In addition, there was a small but signif-
1cant group X period mteraction, F(38,912) =
153, p < 05 As shown m figure 2, the mean
rate of high-amphtude sucking in the forward-
masking group mcreased to well above base-
line, but generally remamed below baselme in
the other groups Trend analyses on two groups
at a time ylelded a sigmficant group X quad-
ratic trend over periods mn the forward-maskin
versus control companison, F(1,34) =769, p<
01, and also a ssigmficant group X cubic trend
over periods, F(1,34) = 572, p < 025 These
nonlinear trends reflect a return to baseline mn
both groups, perhaps due to habituation mn the
forward-masking group and a relatively delayed
pattern of strong acqusition m the control
group (which also resembled the backward-
masking group) No other effects i the trend
analysis or the mam ANOVA were sigmficant
In conjunction with the adult masking hter-
ature, the finding that mfants were able to rec-
ognize a change m vowel stimuli mn a forward-
but not a backward-masking situation suggests
that the second vowel in a pair was capable of
nterfering with the nfant’s use of prepercep-
tual, echoic storage of the first vowel

The third experiment addressed the issue
of the temporal properties of echoic storage m
mfancy as compared with adulthood In back-
ward-masking paradigms, adults are able to ex-
tract information from an unmnterrupted echoic
trace for about 250 msec, and further silent
processing time between a target and mask be-
yond this pomnt of asymptote does not improve
performance (Massaro 1972, 1973) However,
given the neurological immatunty of the mfant,
the duration of echoic processmg in infancy
might exceed 250 msec Experiment 3 exam-
med this possibihty by admmstermg to one
expermmental group a backward-masking series
with an SOA of 250 msec, and to a second ex-
penmental group a backward-masking series
with a 400-msec SOA

To present all infants with identically timed
stimuh, thereby controllng behavioral state
across conditions, a mmor change m the par-
adigm was necessary For each of the three
groups, the tape contamed a pseudorandom
muxture of 250-msec and 400-msec SOA vowel
pairs However, on the tape for the 400-msec
group, only the 400-msec vowel pairs changed
Similarly, on the tape for the 250-msec group,
only the 250-msec pairs changed On the con-
trol tape, no changes occurred Fimally, the

same stimulus tapes were played to adult sub-
jects m order to assess the comparability of per-
formance n this procedure to performance m
standard adult paradigms

Experiment 3
METHOD

Subjects

Of 46 8-9-week-old infants tested, 30
(65%) remamned 1n an acceptable state through-
out the experiment Additionally, 10 adult sub-
jects with no prior exposure to the stimuli or
knowledge of the experimental hypotheses hs-
tened to portions of the nfant tapes

Stimuls

Three tapes were constructed with the 50-
msec [a] and [¢] vowels used mn experiment 2
The results of the previous experiment revealed
no significant differences between stimulus
tapes beginning with [a-a] versus tapes begm-
ning with [e-¢] Thus, m the present experiment
all three tapes began with {a-a] The control
tape contamed only [a-a] On this tape, pais
with SOAs of 250 msec and 400 msec were
randomized with the restriction that each 30-
sec period contamed 15 pairs with each of these
two SOAs The silent mtervals between pairs
were adjusted so that vowel pairs began at
equal mtervals, 1 sec apart

The experimental tapes used the same ran-
domuzation of SOAs as the control tape How-
ever, 1n alternate 30-sec periods withm the
250-msec condition tape, the pairs with a 250-
msec SOA changed from [a-a} to [¢-a] Smmilarly,
m the 400-msec condition tape, the pawrs with
a 400-msec SOA changed from [a-a] to [¢-a]

Procedure

Adult experiment —Half of the 10 adult
subjects hstened to the 250-msec condition
tape, and half hstened to the 400-msec condi-
tion tape Each subject was tested individually
For the first mmute, subjects were simply in-
structed to listen, following which they were
presented with 2 mmn of the tape and m-
structed to rase therr hands each time the
sound changed m quahty The experimenter
recorded the subjects’ responses

Infant testing —The mfant procedure was
wdentical to that of experiment 2 except for the
changes i stimul discussed above

REesurLts ANpD GENERAL DiscussioN

Adults
Out of a total of 300 opportunities for a
correct hand raise, subjects “missed” only twice
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Moreover, out of 900 possible false alarms, only
three such errors were made These findings
suggest that both SOAs resulted consistently
m a release from backward masking mn adults

Infants

The mean number of sucks m the last 30-
sec baselme period was 203, and ¢ tests re-
vealed no sigmficant differences between groups
m this period In the first 30-sec period of ac-
quisition, a group difference obtained that was
dissimilar to the discrimmation pattern obtamned
across 10 min of acqusition In the first 30-
sec acquisition period, infants mn the 250-msec
group produced sigmficantly more sucks than
the control group, £(34) =227, p< 05 No
other significant group differences obtamned in
this period Unlike this response pattern n the
first 30-sec acquisition perod, the 400-msec
group sucked at a rate that ncreased much
more rapidly across 10 min than did the 250-
msec or the control group (see n 2 above)

As figure 3 illustrates, stable differences
between group means began to emerge only
after the sixth mmute of the acqusition period
(cf figs 1-3) This difference between the pat-
tern of results m expeniments 1 and 2 versus
3 1s probably due to the change in the para-
digm, which could have increased the task dif-
ficulty In experiment 3, the shift to a dishabitu-
ation vowel occurred m only half of the vowel
parrs, rather than i all vowel pars, within each
30-sec shift block of stlmulg on an expen-
mental tape Consequently, mfants m experi-
ment 3 may have required a longer period of
exposure 1n order to achieve a comparable level
of discrimmative performance In a group (3)

250

DIFFERENCE SCORES IN H A S./ MIN

L ' i i .1
€ 8 10 12 14 6
30 SEC INTERVALS

Fic 3 —Expenment 3 difference scores across
10 min m HAS per minute for the 400-msec, 250-
msec, and control groups
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x period (20) ANOVA, the mam effect for
group was not significant, but there was a sig-
nificant group X period mteraction, F(38,513)
=144, p < 05 Trend analyses on two groups
at a time revealed a sigmificant group X period
interaction n the analysis of the 400-msec ver-
sus control data, F(19,342) =204, p < 05,
as well as a sigmificant group X hnear trend
across periods, F(1,18) = 594, p < 05 How-
ever, the 250-msec group did not differ in any
of the analyses from the 400-msec group or the
control group Thus, the data suggest that m-
fants rehably discriminated the stimulus change
with an SOA of 40 msec but not with an SOA
of 250 msec Perhaps because of the relatively
small sample s1ze used i this experiment, there
was no significant difference between the 250-
msec and 400-msec groups despite a sizable
difference m means (see fig 3)
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A comparison across experiments 2 and 3
reveals an orderly pattern m mfants’ backward-
masking results with a 50-msec SOA, perfor-
mance of the experimental group was most hke
its control, with a 250-msec SOA it was inter-
mediate, and with a 400-msec SOA, perfor-
mance of the experimental group was least Iike
its control The forward-masking condition of
experiment 2, m which discrimimation was ro-
bust, may alternatively be viewed as a 950-
msec SOA backward-masking condition, be-
cause 950 msec was the time from the onset of
the target vowel to the onset of the next stim-
ulus Thus, the pattern of means across expen-
ments 2-3 suggests an increase discriminative
performance when the SOA was extended be-
yond 250 msec

The present finding of infants’ improved
performance with SOAs longer than 250 msec
differs importantly from the adult finding of a
pomnt of asymptote at about 250 msec (Massaro
1972, 1973) Although a comparison of adults
and nfants within the present study confirms
this developmental difference, however, add:-
tional work 1s needed to ensure that task con-
stramts do not differentially affect adult and
infant subjects

A more theoretical 1ssue 1s the correct -
terpretation of adult backward-masking studies
The 250-msec estimate of echoic storafie based
upon masking studies 1s 1 conflict with longer
estimates based upon other types of paradigm
One possible resolution of this discrepancy 1s
that some paradigms may actually index a par-
tially analyzed memory rather than the unana-
lyzed echoic trace (Klatzky 1980) However,
there are two alternative accounts of asymptotic
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Eerformance m backward masking It could re-
ect a constramnt of storage the echoic trace
may fade by 250 msec Alternatively, the pomt
of asymptote could reflect a constramnt of pro-
cess the subject may not be able to extract
useful mformation from an echoic trace after
250 msec, although the trace itself mght still
be mtact at that time Accordngly, 1t 1s not
clear whether the present infant data suggest
that the echoic trace may last longer m m-
fancy than 1n adulthood, or that the extraction
of information from the trace may last longer
m mfancy

A more general conclusion from the pres-
ent work 1s that the useful hfetime of an echoic
trace (1e, either the duration of the trace or
its participation 1 the recogmtion process) may
last longer m 8-9 week old mfants than m
adults This feature of echoic storage would
have the advantage for infants, in companson
with adults, that extra time would be available
for the analysis of any one auditory stimulus
(e g, a syllable) However, because an mfant’s
freperceptual storage mechamism would be
reed for information mtake less frequently, the
added processing time might be achieved at the
cost of a reduced abihty of infants to analyze
rapid sequences of stimuli that exceed a single
ecﬁoxc trace (e g, a multisyllabic strmg) These
proYertles of mnfant perception would help to
explain the utihty of slowed speech addressed
to nfants by caretakers and siblings (Snow &
Ferguson 1977)
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