Detection of Number or Numerousness by Human Infants

Starkey et al. (I) reported that 7-
month-old infants prefer to look at a
collection of objects that corresponds
numerically to a sequence of sounds.
They interpreted their results as indicat-
ing that infants match the number of
objects in the visual display to the num-
ber of sounds in the auditory sequence
and that infants have mechanisms for
detecting information about number.
Starkey et al. acknowledge that their
results may reflect numerousness dis-
crimination (discrimination of more nu-
merous from less numerous discrete
quantities) rather than anything numeri-
cal. This possibility is minimized, how-
ever, because it is mentioned late in the
report, whereas both the title and ab-
stract imply numerical ability. The dis-
tinction between numerousness and nu-
merical deserves further elaboration; we
think that the infants’ performance was
more likely based on numerousness than
number.

Numerical ability can be regarded as a
continuum that includes counting as well
as the more advanced ability to perform
operations (such as addition or subtrac-
tion). A previous attempt to describe this
continuum (2) excluded numerousness
discrimination because it represents a
simple perceptual ability that bears no
obvious relation to number. Numerous-
ness discrimination is fairly common in
many species of birds, as well as in rats
and monkeys, but is rarely viewed as
evidence of numerical ability in these
species (2). Human infants are also capa-
ble of numerousness discrimination, but
their performance seems to be based on
encodings of small, discrete quantities
that are not ordered in magnitude (3).
The fact that infants can match such
encodings across modality does not re-
quire the conclusion that these encod-
ings involve either the cardinal or ordinal
properties of number.

We do not think that numerousness
discrimination belongs on the continuum
of numerical ability. A better candidate
for the low end of the continuum is
‘‘subitizing,”” which is the consistent as-
signment of a unique response (for exam-
ple, a verbal label or lever press) to
a small array of discrete elements (4).
Although it has been argued that subitiz-
ing is a developmental precursor to
counting and other advanced numerical
abilities (5), numerousness discrimina-
tion does not seem to be a precursor to
anything on the numerical ability contin-
uum.
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These criticisms do not detract from
the overall importance of the data report-
ed by Starkey et al. By their use of a
cross-modal procedure, they have ex-
panded our understanding of the range of
abilities of human infants. The question,
however, is what manner of ability they
have observed.
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Davis et al. (1) conclude that our ex-
periments on the ability of 7-month-old
infants to detect intermodal correspon-
dences between the number of items in a
visual array and the number of drum-
beats they hear (2) do not demonstrate a
numerical ability. They suggest that the
infants responded to numerousness but
not to number. Their argument has two
premises. The first is that numerousness
discrimination ‘‘represents a simple per-
ceptual ability that bears no obvious
relation to number’’ [(1), our italics]. The
second is that numerousness discrimina-
tion is too imprecise to render true nu-
merical abstractions (3).

With respect to the first argument,
Davis et al. offer no perceptual mecha-
nism to account for our findings. We do
(4). Detection of a correspondence may
depend on a perceptual process relating
a pattern of sound to a simultaneous
pattern of visual acuity. With each
sound, infants might scan from one ob-
ject to another and perceive a sound-
object correspondence only if they en-
counter a new object with every sound.
Such a mechanism would not allow in-
fants to detect correspondences between
nonsimultaneous sounds and objects.
Should infants be able to first watch a
display of X items, then listen to se-
quences of X and Y drumbeats and
choose the number sequence that corre-
sponds to that in memory, the claim that

they are restricted to a perceptual mech-
anism is ruled out. Since our infants did
match the number of items they first saw
with those they later heard, they demon-
strated an ability to detect numerical
correspondence, even when they had to
work from memory.

True, infants of 7 months do not have
a full range of numerical abilities. But
that they respond to one-to-one corre-
spondence cannot be dismissed. The
presence or absence of one-to-one corre-
spondences forms the foundation of
mathematical relations, including count-
ing and the ability to define cardinal and
ordinal number. Infants’ abilities as re-
vealed by our experiments could form a
component numerical skill that contrib-
utes to the development of more com-
plex number concepts.

Are infants’ responses to numerical
displays too imprecise? By 7 or 8
months, infants can discriminate visual
sets of one element from sets of two, sets
of two from sets of three, and sets of
three from sets of four, but not sets of
four from sets of six. The numerical
differentiations the babies make are too
precise for Davis et al.’s mechanism of
numerousness discrimination, a mecha-
nism by which infants would make gross
discriminations between sets of few and
many elements (3). Further, if babies are
judging relative numerousness, they
should be able to discriminate four from
six as easily as two from three, on the
basis, perhaps, of a common ratio differ-
ence in brightness or length of display
®).
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