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ABSTRACT-' . s P! ' ) . .
’ . Frequencﬂ difference thresholds ue&e-determined for
fourteen 4= ta 9-month-old infafts (nean age, 6 months 10 .days) using
a dlscrlmination learning paradigm, following a one-up, two-down
staircase procedure, The ‘subject heard 500 msec tone bursts repeated
at a rate of one per sec, with a fixed standard frequency. At vatious
points in this pulse train, the freguency of the tcie burst changed
forr6 sec..If the infant turned his head .{5 degrees to his right
ulthln he 4 sec response interval following the change in frequency,
a visual reinforcer was activated for "2 sec. Once the infant had
learned the task with a relatively large frequency change, (396 Hz),-
the size of the fréquency/cha ge was systemat ically decreased or each
subsequent trial until the infant failed to turn, then increased
again, and so on, in order to¢ oktain an estimate cf the smallest
difference in frequency that theAfinfant could detect. Following two
.correct respounses, the frequencw ifference was decreased by due
step; after one incorrect resgonse the frequency difference was :
increasd&d by one step. The results showed that ‘infarnts cquld detect,
'2- 3% changes in freguency at 1000, 2000, and 3000 Hz, while adults
detected changes 6n the order ¢f 1%. This finding supgorts the
cententioa that infants could be using frequency difference as a cue
.in speech discrlmlnatlon'task (Author/ss) ‘
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Frequency Discrimination in Young Infants
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Abstract ’
o~ X . - < : . . - q
’ Five~ to‘ninedﬁonzh-old infants were testggjfor frequency’
- ‘ S .
discrimination in a discrimination learning paradigm, following
a one~up, two-down staircase procedure.' The results showed that v .
. . ' . t
infants could detect 2-3% changes in frequency at 1000, 2000, - LA
and 3000 Hz, while adults detected changes on the order “f 1%. -~ ol
" This finding supports the contention that infants could be using
’ . . 1 n N
) * . ) / . . . ,_."-
frequency difference as a cue in speech discrimination tasks. L
~ . s 1
* .
{ . .
. . ’ -
) [
.
’ ‘ -
— .
- ¢ -
. . . . ﬁ}
- ? 1 . , "o /“ f.
\ V ! Y .
' K
i , - v‘\“s
& o G . ) . T -
/. v . . ' ’ . ‘ LI
./ A SN c ' | o
" ) 4 . . s -, " _‘.._ '.
. o i i ) ,
, . v : s vy,
] A s Ay :"l
Y 4 , [ ] s * “ } ‘ ) ) "“:-":
£ !/ ' ’ Lo ' K "v _ . 4 -‘. \ "
. [‘; )
e . ',/ Al - Y '.‘ , - 9
I3 ":)‘ ‘ s o LA
A4 ,l'- P -3 -'”' " ' "
i ) . l ) . ';r‘t..?{}i 7 ' '
o . o * 4 4 ¥ l\
. . . . Ty F
- : S ?
- % . * 4



- .
’ Y - )
. *
] ,‘

’ * _Frequency Discrimination in Young Infants
¢ ! .
‘ N -
_ 'Adult observers arg~capable of detecting changes in the frequency of .
N g ' !
a pure tone as gmall as .1%. We have reason to believe that at least by

the ake of six months, the infant should be able to perform such a task
in.a mparable manner. First of all, hiatological and electrophysiolo~-
gical studies show that subcortical auditory“atructures qgcessary for .
frequency discrimination attain mature-status at about this time} ',Th

"/

-addition, i infant of this age seems to be able to discriminate between’

vowel sounds in which the maximum fn%quency difference between correspond—

. . -
ing formants is about ..2%. ’
AN C : . o,

A number of attempts have bgen made to show that after the infant's
reSponse to an auditory signal has habitutated over repeated presentaticns, -

¢ the response ratg will increase fdlIcwing a change in the signal's frequency,
) - » .
r- implying frequency.discrimination. These have often proven unsuccessful,

-hbwever, and in those casea‘where discr}minatibn‘has been reported, a fre- * ',
AN . . . . . :'_‘_._,v . ““z‘/.," : , i
quency change on therordeft of 1007% tias been employed. Thus, while it can

be conciuded that frequency discriﬁination‘by infants is.possible, it'1s
“not ciear how theﬂinﬂhnt's'discriminative capacity compares with the adult's.

The present study determined frequency difference thresholds for four-
teen.4— to 9-month-old infants (mean age 6 mo 10 da) using a diatrimidﬁﬁicn o “
« o i

learning paradigm. All’ subjects were Caucasipn, from hiddle class homes,‘zvfﬁ'#iﬁ3§

in good health and free of physical defects. Parents were: paid for parﬂici—' Ry

\ -
3 . . r]
1 .

' pa.tion in the study.

[}

+The technique employed is a variation of the visually reinforced speech

o discrimination paradigm currently being used in & number of laboratories.
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&ith'a_ d standard frequency. At various points in this pulse mré}n,.

-
[ )

the‘frequency of the tdne burst changed for 6 sec. Each such_6_sec"p riod C

'_Constituted;a trial. If the infant turned his head 45% to his right within
- '\. ° . . . ) . .
the 4 sec response interval following the change in frequency, the visual

A

reinforcer, a mechanical toy enclosed in a smoked plexiglass box on a

stand to the subject's right, was activated for 2 sec. Thus, the frequen- ! '
cy change acted as a cue to the subject that reinforcement was available. R

Once the infant had learned the task with a relatively large frequency

cha»be, (96 Hz), the size of the frequency change was systematically de-

creaéﬁg on each subsequent .trial until® the infaht failed to tuyrn, then in-
. ¥, . [ ) . . )

creased again, and so on, in order to obtain an estimate of the smallest

Ls

difﬁerence in frequency that the infant can detect._ This process‘for a

typical subject is shown in the first slide (SLIDE 1), where +. indicates.- .

a correct response, and -, no response. Following two correct responses,'
v . - . ‘ ! .
the. frequency difference 1s decreased by one step; after one incorrect re-

sponse the frequency difference is increased by one step. Step' 8ize (the
: . s

amount by which the frequency difference was changed) was reduced over trials I oo

'from 48 Hz to a. fipal Value of 3 Hz to make ‘each session as short as possible.

/u
" We completed this procedure for standard frequencies of 1000 -2000 and 3000 Hz.

[ '

Stimult were sinusoidal in waveform and presented to the right ear at 70 dB

< N
SL (sensation leakl) " Tone buksts had a 20 msec rise-fall time. Two 20-min
sessions Were usually required to train the - infant and obtain the ﬁhree thres—
holds. %iVe adult volunteer subjects provided thresholds under essentially .
- \ ¢
,the,same.conditions, with the mechanical.toy/;s feedback for purposes qf com-
[% 't ' . . LN ) " L v
parison. o ‘ ) a - ‘ Ty
! 3 LI \ ) - ¢ ' .
by . . \
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'a correct response during the response interval (Per cent‘hgreements

 were counted as false alarms.‘ Consequently we have a count at least, of " -~

P ‘
The laboratotry layout is illustrated in the next slide (SLIDE 2)

The infant sat on his parent 8 lap throughout the procedure and wore

headphones which were held in place by two elastic straps designed to

prevent slippage of the headphones. One experimenter sat to the sub-.

ject's left and manipulated toys'at_the infant's midline, trying to

"maintain the child's attention in that direction. This practice‘was

intended'to‘keep the infantis false alarm rate low. Neither this ex-
perimenter nor the parént .could hear'the-auditory'signal.f

The other two experimenters recorded- the infant's responses from i .
the next room, viewing the infant through a one-way window. These'two\'

observers were separdted by a barrier so that’ each was unaw’re of the

other's action. The first observer controlled the standard frequency of

- x ¢

" the tone burst, the size.of the frequency change and the onset of each .

trial as well as recording head turns observed only during response in-
tervals. The second observer on. the other hand, could record an infant

response at any point in time ‘and did not know when a trial was occurrlng

Agreement between the observers was- required - for a head turn to count as

L4
v - A
.' .,

between the two’observers ranged frgm 91 to 100% for 6 observer pairs.) o AR

14

. - . [ ~
. -

all heAd.turns recorded by the sdcond observer batween respﬁnse intervals

the nupber of hit and false alarm responses during testing for each sjP- AL

ject, and in general it appears that -this ‘procedure effectively controls

- : . >
/BN :

false alarm rate. - - o ' o . C SRR

Vo

o :
Thresholds, taken .ag the average of. all reversals except the first_

two, wete calculated for all subjects. AVerage thresholds for infants and-
e

adults at each of the standard fyequencies. arbihown in the next slide

’ .
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(SLIDE 3fL First, note that our adult observers were detecting frequency-'
" : : ‘ : : :
‘differences of about 17. The difference betweén the performance of our

observers and that-of adult ubjects in previous frequency.discrimination
[ ’ .

'experiments appears to’ be due to differences in procedure. Since the sub-

ject in- thfs.experiment did not krow when a fézguency change would occur,

J

| hF was placed under greater attentional demands than a subject in the usual
. e ) the

_ psychophysical procedure who knows when a signal will occur. In fact, when

- frequency difference.thresholds for these adult subjects uere obtained in a

situation where this umcertainty was removed, thresholds were quite close
to those reported in other laboratories. )
But to get to thejpoint, infants detected changes of about 2-3% in fre-

quency, considerably better than‘had'previously been shown. And‘while the _

- )

~ difference in thteshold between infants and adults was consistent, it was

actually quite small in terms of'the"yariability often reported in the per- :.

formance of adult subjects. We can conclude, then, that the 6 month old's -
- ‘ ' ’ B .

ability to discriminate changes in frequency anproaches the adult's®

\

More important than the absolute size of the infant threshold .hOWever,

is the fact that ‘threshold increases with standard frequency in the same way_

for infants and adults.‘ -This finding argues fqr at least a qualitative c6/-

' tinuity in the function of, the auditory’ system from infancy to adulthood

It would appear, then, that” infants .can indeed make relatively fine
>

frequency discriminations. This finding confirms the functional maturity ,

L) LA -,

of the frequency analyzing structures of the infant audithy system and - °

. \

forces the conclusion that inférmation concerning differences in frequency - .

¥

is available ta the infant in hﬁs analysis of sounds including the sounds

’

of speech. » .ot

” ‘
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Figufe33. Typical infant response érotocol. -Standard frequency = 3000 Hz,
. Threshold in this case was 58.2 Hz. :
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Figure 5. Average ‘thresholds as a function of frequency for _
infants and adults (+ 1 standard error)-. - T
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