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Detection of Intermodal Numerical Correspondences by
Human Infants

Abstract. [nfants prefer to look at an array of ohjects that corresponds in number
to « sequence of sounds. In doing so. infants disregard the modality (visual or
auditory; and type (object or evenr) of items presented. This Sfinding indicates that
infants possess a mechanism that enables them to obtain information about number,

Before children go to school they ex-
hibit knowledge of enumerative proce-
dures such as counting, of numerical
relationships such as equivalence, and of
arithmetic operations such as addition
(]}, These observations suggest that ear-
ly mathematical knowledge develops
from an innate base. Here we present
evidence that 7-month-old infants match
the number of objects in a spatial display
to the number of sounds in a temporat
sequence. These findings indicate that
infants can detect numencal information
and that they do so by use of a mecha-
nism that is not limited to a single modal-
ity of sensation.

Human infants discriminate among
visible displays of two, three, or four
dots of white light (2) and between pic-
tures of two or three objects varying in
color, shape, size, texture, and arrange-
ment {3). Although suggestive, these ex-
periments do not reveal whether the ba-
sis of the discrimination is numerical
information as such or specific visual
patterns (4). We have now addressed this
issue by investigating whether infants
could detect numerical correspondences
between sets of visible items and sets of
audible items.

The experiments used a preferential
looking procedure adapted from studies

Table 1. Attention to and preterem.:_s for numerically corlespondmg dlspld}s

Duration of attentien

Preference for

{seconds) corresponding dnpldy

Experi- Trial - - -— -
ment block Corre- Noncorre- Pmpor Propor— Sub-
sponding sponding tion of tion of jects

display display durationt subjectsd (N)

1 | 210 = 0.89 1.99 = 0.8] 0.51 0.44 7

2 202 £ 0.99 1.51 = 0.79 0.58%* 0757 i2

b+ 2 206 = 0.7 1.75 = 0,73 0,55%* 0.75= 12

2 ! 293 = 1.09 291 = .84 0,50 0.50 4

2 274 = 1.38 1.92 = 0.91 (.58 %= 1.007* h

1+ 2 284 = 1.23 242 £0.57 0.54+* 0.75 6

3 l 3.03 = 081 259 £ 1.02 0.54 0.56 9

2 264 = 095 23 = 06 0.54 0.56 9

1+ 2 284 =077 2.46 = 080 (0, Sgmt* 0.75% 12

1+2+3 | 2.64 = 098 2410 € 0.96 0.52 0,50 )
2 241 £ 1.09 1.92 = 0.98 0.57%= 0727 29

1+ 253 & 0.92 217 £ 0.79 (0.54%* 0,758 30

“PJ D A, + D O where P is the mean propnrtmn of durs mun dw.ngu.l (J\CI‘I[‘]A!\ and £ amd I) are the

mean duTations of attention A\Cring over the sets of corresponding displays 1¢3 and nonumespnndlng
displays {n). This proportion was compared with that expected by chance, 0.50: signiicance was assessed by
one-tailed r-tests with 15 degrees of freedom (d.f) texperiments | and 3. 7 d.f. (experiment 2k or 39 4.1

{overall), 1P = 54085, ~ 8., where P, is the proportion of subjects, and 8. and 5, wre he numbers of
subjects whose mean proportion of duration wzs greater on the torrexpund]nz dl\pld\\ tcr or the
noacorresponding dixpld},s (ni: significance was assessed by one-tailed sign  tests. P o 008,
AR (X A HEEP o 0.0
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of intermodal perception (5). Infants 6 to
& months old viewed two photographic
displays presented side by side. One
display contained two objects, the other
three. While infants watched these dis-
plays, they heard two or three drumbeats
from a central location. Their time look-
ing at the displays was subsequently
recorded for 10 seconds. Infants attend
preferentially to a visible object that cor-
responds to an accompanying sound (54,
If they detect the number of items in
visibie and audible displays, they should
look at the display of objects that match-
es. in number, the sequence of sounds.

Sixteen infants participated in experi-

ment }. They saw a variety of slide
photographs of heterogeneous house-
hold items {6). Different items, in differ-
ent arrangements, appeared on each
slide (Fig. 1). The auditory accompani-
ment consisted of two or three beats
(1.33 beats per second) from a drum
concealed behind the projection screen.
On each trial, the slides were displayed
during the presentation of the sounds
and for 10 seconds thereafter. Then they
were removed and a new pair was dis-
played. thus beginning the next trial.
Each infant was presented with at least
16 and no more than 32 trials (7). On
each trial, the duration of looking at each

VISUAL STIMULI

DRUM-
TRIAL POSITION OBJECTS BEATS
(No.)
LEFT RIGHT LEFT RIGHT
7 7 1) MEMO PAD 1) BELL PEPPER
1 2 ) COMB 2) ANIMAL HORN 2
2 a 3) SCISSORS
T T 2 3] ! RIBBON 1} COIN PURSE
? 2 2) PIPE 2) RING BOX 2
3) FEATHER
1 3 1) ORANGE CASE 1) DARK BROWN GLOTH
3 2) PINE BURR 2) EGG BEATER H
2 3 2 3} WOODEN GARVING A
1 1 1) WOODEN BOWL 1) GLASS-HOLDER
4 2 21 LEMON 2) RED YARN 2
2 3 3) BLUE YOYD
1) KEY 13 CORK SCREW
5 2) BLACK DISC 2) JAR LID 3
1 2 1 2 3 3) GLASSES CASE
1) WIG 1) STRAP
B 1 2 a| =2 DRANPLUG 2) FLUTE 3
1 2 3) TEA STEEPER
1 1) WATER GLASS 1) HAIR DRYER CAP
7 1 2 2) FIGURINE 21 METAL CYLINDER 3
2 3 3) WOODEN CARVING B
] 3 1) CANDLE 1) PILLOW
a 1 2) BLACK CASE 2) DRANGE 3
1 2 3 VASE
] 1 1) MEMGC PAD 1) BELL PEPPER
9 2 2) COMB 2) ANIMAL HORN 2
3 2 3) SCRAPER
1 T 2 1) RIBBGN 1) COIN PURSE
10 2 2) PIPE 21 RING BOX 2
3) YELLOW RUBBER
3 GLOVE
1 1 1) ORANGE CASE 1) DARK BROWN CLOTH
1 2) PINE BURRA 2} EGG BEATER 2
3 2 2] 3 TOY ANMAL
1 1 1} WOODEN BOWL 1) GLASS-HOLDER
12 2 21 LEMON 2) RED YARN 2
3 2 3} BLUE SPONGE
1) KEY 1) GORK SCREW
13 2) BLACK DISC 2) JAR LID 3
3} UNPAINTED
i 2 3 12 WOODEN BLOCK
3 1) WIG 1) STRAP
14 7 2 2) DRAIN PLUG 2) FLUTE 3
1 2 3) PINK CASE
1 1) WATER GLASS 1) HAIR DRYER CAP
15 12 3 2} FIGURINE 2} METAL CYLINDER 3
2 3) WOODEN MUSHROOM
2 1) CANDLE 1) PILLOW
16 1 2} BLACK GASE 2) ORANGE a
3 1 2} 3 PINKCUP
Fig. 1. The order of displavs given to one infant.
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of the two visible displays was recorded
during the 10-second period that fol-
lowed the offset of the sound. The re-
cordings were made by two observers
who could not see the displayed slides
(8).

The infants attended longer to the nu-
merically corresponding display than to
the noncorresponding display: this pref-
erence was largely limited to the second
block of trials (Table 1). A majority of
the infants preferred the numerically cor-
responding display (Table 1). In the first
block of trials, infants looked longer at
the three-object display regardless of the
number of drumbeats sounded. These
results were obtained again in experi-
ment 2. a replication with eight addition-
al infants (Table 1},

Experiment 3 was an investigation of
whether these preferences could have
been based on temporal rather than nu-
merical information. Temporal informa-
tion provided a possible basis for inter-
modal matching because the three-object
display presumably required more scan-
ning time than the two-object display,
and the duration of the three-beat se-
quence was greater than that of the two-
beat sequence. In this experiment, the
durations of the two- and three-beat se-
quences were equaled. The 16 infants
that were observed again attended longer
to the numerically corresponding display
(Table 1).

When the three experimenis are con-
sidered together the two-object display
was attended to longer when accompa-
nied by two drumbeats than by three
and the three-object display was attend-
ed to longer when accompanied by three
drumbeats than by two (9). A majority of
infants preferred the numerically corre-
sponding display. An examination of the
distribution of attention of each of these
infants across all trials of the experimen-
tal session revealed that several infanis
exhibited a pattern characterized by the
presence of one or more uninterrupted
runs of several trials in which the numer-
ically corresponding display was pre-
ferred and several more infants, although
they exhibited shorter runs, preferred
the corresponding display on a signifi-
cant number of trials (/¢).

The findings of these experiments
shed light on the mechanisms possibly
underlying the infants’ ability to obtain
information about number. Infants de-
tected  numerical correspondences
across two very different kinds of dis-
play. In order to detect these correspon-
dences. they must have disregarded the
modality of presentation (visual or audi-
tory) and the type of items presented
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{objects or events). No visual pattern
matching procedure could, by itsell, ac-
count for the detection of these corre-
spondences. The infant’s enumerative
procedure must be more general.

It remains to be determined whether
infants” numerical categories are as dif-
ferentiated as those of older children and
whether they are absolute (in the sense
of ““two'’ and ‘‘three™”) or relative {in the
sense of “"more numerous’” and ‘‘less
numerous’™). It is also not known how
the abilities of infants are related devel-
opmentally to those of older children.
Answers to these questions may begin 1o
elucidate the psychological foundation of
number.
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7. The expcriment was terminated if an infant
became fretful or drowsy. Eleven infants com-
pleted ali 32 trials. One infan! failed to complete
16 trials and was replaced. The remaining five
infants completed from 17 to 29 trials. All infants
were presented with 16 unique pairs of visible
displays (Fig. 1). The order of presentation and
the lateral position of displays within a pair were
counterbalanced across infants. Each infant was
presented with two drumbeats on half of the
trials and with three drumbeats on the other
half. For half of the infants. a particular display
pair was accompanied by two drumbeats; for the
rest, it was accompanied by three beats. The
presentations of the materials on the first |6
trials were repeated on the second 16 trials,

8. Interobserver reliability was greater than 0.9,
The observers viewed the infants through peep-
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holes located to the left or right of the projection
screen. Partitions blocked their view of the
screen and hence the dispiays. Parents’ opaque
glasses did not reflect light from the displays.
Moreover. two experiments revealed that the
observers could neither see reflections of the
displays on the infants’ corneas nor analyze the
infants' patterns of eye scanning to determine
the number of objects on each side. Use of
corneal refleciions was tested in experiment 4,
in which four infnats were presented with the
materials in Fig. 1. Eight observers {two per
infant) who had also served as observers in the
main experiments monitored corneal reflections
from the displays and judged, as best they could.
the lateral position of the two-cbject display.
The observers’ preportiens of correct judgments
did not differ from that expected by chance
(proportion. 0.49). Use of scanning patterns was
tested in experiment 3 by instructing one of the
two cbservers present at each session to use
such patterns to judge the position of the two-
object display. Again, judgments were at chance
level.

. Across experiments, a preference for the two-

object display when accompanied by two drum-
beats was present in the first block of trials
(proportien of duration. .54, P << 0.05), in the
second block {proportion, 0.55. P < 0.01). and
across both blocks (proportion. 0.535, £ < 0.01);
a preference for the three-abject display when
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accompanied by three drumbeats was not pre-
sent sn the first block of trials (proportion, 0.51)
but was present in the second block (proportion,
0.38, P < 0.01) and across both blocks (propor-
tien, 0.54, £ << 0.0,

10. OF the 30 infants who had an overall preference
for the corresponding display. 11 exhibited one
or more long uninterrupted runs as identified by
a runs test [S. Siegel, Nonpurametric Stutistics
(McGraw-Hill, New York, 1936)] for the pres-
ence of significantly few runs of trials in which
cither the corresponding display was preferred
oF the noncorresponding display was preferred.
An additional five infants, who did not exhibit a
long run, nevertheless preferred the correspond-
ing display on a significant number of trials as
indicated by a sign test.
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