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ence of systematic visual prefer-
ences in infants implied discrimi-
nation of the preferred from the
nonpreferred stimulus. Further-
more, if one allowed an infant to
study a stimulus for some amount
of time and then presented a novel
one, careful measurement would
reveal increased looking to the
novel stimulus. This preference for
novelty implied the presence of
memory and—by logical exten-
sion—the occurrence of visual
learning in the infant. Investigators
readily seized upon these selective-
looking techniques to reveal im-
portant facts about early sensory

 

function (e.g., visual acuity, detec-
tion of color), perceptual processes
(e.g., form and pattern perception),
and other basic cognitive “prod-
ucts” (e.g., visual discrimination,
short- and long-term memory, cate-
gory formation) during the first
years of life. As a result, infant vi-
sual attention was for the most part
regarded and used as a tool for elu-
cidating the development of vari-
ous aspects of early cognitive de-
velopment. The development of
attention in infancy and early
childhood, however, was largely
overlooked as a topic of research in
its own right.

 

ATTENTION AS A PRIMARY 
FOCUS OF DEVELOPMENTAL 

RESEARCH

 

Two trends that emerged in the
1980s led to the consideration of the

development of attention as a pri-
mary focus of research per se. The
first trend was for developmental
psychologists to seek an integration
of cognitive-developmental phe-
nomena with models of cognitive
function that had been developed
within the field of cognitive sci-
ence. As I note later, this repre-
sented the origin of interdiscipli-
nary cross talk that has continued
unabated to this day, as work in
cognitive development has become
increasingly intertwined with both
cognitive science and cognitive
neuroscience over the past decade.
The second trend had its origin in a
number of articles published in the
early 1980s that reported that vari-
ous measures of visual attention in
infancy were modestly but signifi-
cantly predictive of cognitive func-
tion later in childhood. Both trends
suggested that a fundamental un-
derstanding of the development of
attention in and of itself might be
important, useful, and fruitful for
many realms in the behavioral and
biobehavioral sciences.

 

Early Theory: Infant Looking
as Encoding

 

Many of the initial studies of se-
lective looking in infants were
guided primarily by Sokolov’s
comparator model, which held that
attention is distributed to a stimu-
lus as a function of the match be-
tween the stimulus and the internal
representation (“engram”) of it.
According to this model, pro-
longed looking indicates a mis-
match between the two (or a lack of
an engram altogether); brief fixa-
tions imply that the stimulus has
been represented accurately and
completely. The comparator model
was helpful in explaining why in-
fants show a decline in looking to
repetitive stimulus presentations
(i.e., visual habituation), although
the model itself was directly based
on neither attentional theory nor
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The modern investigation of the
development of attention in in-
fancy and early childhood evolved
from the work of Fantz and Ber-
lyne, who, in the late 1950s, bor-
rowed methods from ethology and
comparative psychology in moni-
toring infants’ visual fixations to
various visual stimuli. Initially, in-
vestigators in the field were con-
tent to document infants’ selective
looking to various visual properties
(e.g., color, brightness, visual pat-
terns, contour, “complexity,” and
stimulus novelty). It was quickly
recognized, however, that the pres-
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mechanisms proposed in the litera-
ture on adult cognition.

In any case, the theoretical bias
in initial work on this topic was to
interpret individual and develop-
mental changes in looking in terms
of visual learning, or encoding.
One program of work in our own
laboratory at the University of
Kansas involved a description of
the developmental course of, and
the stability of individual differ-
ences in, visual attention within the
habituation paradigm. These initial
studies suggested that the develop-
ment of attention over the 1st year
was primarily manifest in terms of
changes in the duration of looking
(Colombo & Mitchell, 1990); young
infants (e.g., 3- and 4-month-olds)
looked for prolonged periods, rela-
tive to older infants (e.g., 7- and
8-month-olds). Moreover, although
there was wide variability within
ages, individual differences in the
duration of looking were moder-
ately stable from one testing to an-
other (Colombo, Mitchell, O’Brien,
& Horowitz, 1987), at least within
age categories.

In the comparator theory frame-
work, the duration of infant looking
could be interpreted in terms of
how quickly an infant encoded a
stimulus. Thus, the developmental
course implied that infants got
faster or more efficient at encoding
as they got older, and the stability of
individual differences implied that
some individual infants encoded
faster or more efficiently than oth-
ers. This interpretation was sup-
ported by subsequent empirical evi-
dence showing that infants with
prolonged patterns of looking
tended to perform less well than
their shorter-looking counterparts
on visual recognition tasks in which
the amount of time to study stimuli
was limited (e.g., Colombo, Mitch-
ell, Coldren, & Freeseman, 1991). As
a result, psychologists came to con-
sider prolonged looking in infants
as a reflection of slower processing,
both across and within ages.

 

Theoretical Change: Infant 
Looking and the Cognitive 
Neuroscience of Attention

 

Researchers from a more cogni-
tive neuroscience perspective, how-
ever, approached the study of at-
tention either by using converging
behavioral and cardiac indices of
information processing or by adopt-
ing the use of tasks that had been
shown, at least with adults, to be
associated with those brain struc-
tures or pathways that control or
mediate attention. A major contri-
bution of this work was to demon-
strate that infant looking represented
a variety of attentional states and
components, including orienting
and engagement of attention, main-
tenance of attention, disengage-
ment of attention, and shifting of
attention (e.g., Johnson, Posner, &
Rothbart, 1991).

This work had two important ef-
fects. The first was that it tempered
an implicit claim of comparator
theory—namely, that the infant is
continuously and primarily en-
gaged in active encoding while
looking at a visual stimulus. Sec-
ond, and more important, given
that the components of attention
identified within looking in human
infants were analogous with those
identified and documented within
the realm of cognitive science and
cognitive neuroscience, this re-
search promoted the integration of
developmental and contemporary
cognitive approaches to visual at-
tention.

In our own research program,
we began to look for brain-based
mechanisms to explain why pro-
longed look duration was associ-
ated with slower speed or effi-
ciency of encoding, both across and
within ages. Normally, adults and
children encode visual stimuli effi-
ciently, processing the overall con-
figuration of a stimulus first and
the finer details (i.e., local features)
later. However, a number of projects
from our laboratory indicated that

infants with prolonged look dura-
tions were drawn toward, or perse-
vered in, inspecting the smaller lo-
cal visual features of visual stimuli,
rather than the larger patterns or
overall configurations (see Colombo
& Janowsky, 1998, for a summary
of this work). Interestingly, Orlian
and Rose (1997) hinted at the possi-
bility that longer looking was asso-
ciated with better discrimination of
visual stimuli that were differenti-

 

ated by discrepancies in local elements
or details. These results could be
explained through a number of un-
derlying mechanisms related to mat-
uration of the lower-order visual
pathways (see Colombo, 1995).
However, they were also consistent
with the possibility that infants who
showed prolonged looking tended
to become “stuck” on certain visual
features, and unable to inhibit or
disengage their attention to shift it
elsewhere (see Hood, 1995). This
type of deficit has been linked to
mechanisms of visual attention that
are mediated by frontal or parietal
areas of the brain.

A number of recent studies have
lent strong support to this latter in-
terpretation. We (Frick, Colombo, &

 

Saxon, 1999) assessed 3- and 4-month-
olds’ look duration, and then ad-
ministered a series of tasks that
measured the speed with which in-
fants moved their eyes from a posi-
tion at midline to a stimulus that
appeared unexpectedly in the pe-
ripheral visual field. In half of such
trials, a stimulus remained illumi-
nated at midline; this forced the in-
fants to disengage attention from
the stimulus there in order to make
an eye movement to the peripheral
one. In the other half of the trials,
the stimulus at midline was re-
moved just prior to the appearance
of the peripheral stimulus, so that
disengagement of attention prior to
making the appropriate eye move-
ments was not necessary. The look
durations recorded in the pretest,
in which infants looked at different
slides of visual stimuli, were corre-
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lated quite strongly (
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.62) with
the time it took for the infants to
initiate eye movements when dis-
engagement was necessary, but
uncorrelated (

 

r

 

 

 

�

 

 

 

�

 

.01) when dis-
engagement was not necessary.
That is, infants’ look duration was
directly related to their ability to
disengage from a visual stimulus.
Jankowski and Rose (1997) also
found evidence for the association
between look duration and the dis-
engagement of attention, as infants
showing prolonged looking moved
their gaze across regions of visual
stimuli far less than their shorter-
looking counterparts.

Two recent follow-up studies have
approached the issue more directly.
My colleagues and I (Colombo,
Richman, Shaddy, Greenhoot, &
Maikranz, 2001) measured infants’
heart rate (HR) while they were
looking at stimuli during a recogni-
tion memory task. While infants
are looking at a visual stimulus, at
least some part of that look coin-
cides with a slowing (i.e., decelera-
tion) of HR (see Fig. 1). During this
deceleration, infants are less dis-
tractible and more engaged in in-
formation processing than during
other phases of the look, when HR
has not yet decelerated (orienting)
and after HR has returned to base-
line levels (attention termination).
Thus, it is possible to use HR data
to determine whether infants are
actively engaged with a stimulus
(Richards & Casey, 1990). Of most
interest is the period of attention
termination, during which infants’
looking at the stimulus continues
despite the fact that the HR deceler-
ation has ended. Presumably, larger
amounts of time spent in this phase
should reflect relative difficulty
with the disengagement of atten-
tion. We suspected that this kind of
difficulty might be correlated with
prolonged looking, and that it
might explain the relationship be-
tween prolonged looking and
poorer recognition performance;
indeed, both suspicions were con-

firmed. Finally, Jankowski, Rose,
and Feldman (2001) recently pub-
lished an important study in this
line of inquiry. They showed that
by enticing long-looking infants to
shift their fixations among multiple
areas of a visual stimulus, they
could eliminate the deficits in rec-
ognition performance that have of-
ten been observed for this group.

 

Infant Looking: A Broader 
Developmental View

 

Overall ,  then, this research
brought about a major change in
the way in which individual and
developmental differences in infant
looking were viewed. At the same

time that this evidence was being
collected, however, research on the
development of attention in pri-
mates and toddlers suggested that
the development of looking was not
accurately represented by a simple
linear decline in duration across
the entire range of infancy and
early childhood. This prompted us
to conduct a comprehensive re-
view of the data on the develop-
ment of look duration over a wider
range of infancy than we have typi-
cally studied in our research on in-
dividual differences in attention
(Colombo, Harlan, & Mitchell,
1999). This review yielded evi-
dence for three fairly distinct
phases over the 1st year: (a) a pe-
riod from birth to 8 or 10 weeks
during which look duration in-

Fig. 1. Three phases of visual attention, as identified using the characteristic heart
rate (HR) deceleration that occurs during infants’ looking. The period during looking
that precedes the attainment of a stable deceleration is called orienting (OR), and re-
flects how quickly the infant begins processing the stimulus. It is most closely identi-
fied with the construct of attentional engagement. Sustained attention (SA) is defined
as the period of HR deceleration that typically occurs during infant looking, and is
most closely identified with the encoding, or processing, of the stimulus. Attention
termination (AT) refers to the period during which the look persists after the charac-
teristic HR deceleration has ended. This phase is most closely identified with the con-
struct of attentional disengagement. Adapted from Richards and Casey (1990);
reprinted with permission from Colombo, Richman, Shaddy, Greenhoot, and
Maikranz (2001).
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creases, (b) a period from 3 to 5 or 6
months of age when look duration
declines, and (c) a period from 7
months onward during which
looking duration plateaus or per-
haps even gradually increases (see
Fig. 2).

The initial increase is not well
understood, although available
theory and evidence point to the
involvement of arousal and the
emergence of alertness, likely me-
diated by brain pathways that link
systems of arousal in the brain
stem with higher areas of the cere-
bral cortex (Colombo, 2001). The
decline in looking likely reflects
changes in disengagement, al-
though some aspects of object per-
ception may also be involved. The
plateau that begins later in the 1st
year likely reflects the predomi-
nance of endogenous or sustained
attention, which is more voluntary
and task-driven than the other
phases of attention. This latter pe-
riod has received increased interest
over the past several years in stud-
ies of distractibility, and the main-
tenance of attention in problem-
solving and competitive contexts.
Interest in the emergence of endog-
enous attention is likely to in-
crease, as it reflects the emergence
of components that are more collo-
quially regarded as attention (e.g.,
“attention span”) by the general
population, and that likely under-
pin the development of a number
of cognitive and intellectual skills.
It is also likely that research in this
area of early attentional develop-
ment may have clinical relevance.

 

CONCLUSIONS AND FUTURE 
DIRECTIONS

 

In the past decade, research on
the development of attention in in-
fancy has thus moved the field
away from a focus based solely on
comparator theory (i.e., simple en-

coding) and toward a perspective
that is based on components de-
rived from contemporary cognitive
neuroscience models of attention
(i.e., engagement, shifting, disen-
gagement, object recognition and
perception, and endogenous or
sustained attention). Much of the
extant research may need to be re-
interpreted within this new frame-
work (see Colombo, 2001). How-
ever, this change in perspective
raises a host of new and critical is-
sues to be addressed by research in
this decade and those to follow.
For example, differences among
models of the development of dis-
engagement in infancy will need to
be resolved. Researchers will need
to disentangle the relative roles
and contributions of the develop-
ment of the brain pathways that
mediate attention to objects and to
their locations in the visual field
(both of which emerge during the
first 6 months). The development
of endogenous or sustained forms
of attention, which are manifest in
measures of distractibility and how

attention is controlled under condi-
tions in which multiple stimuli are
present, is not particularly well de-
scribed or well understood. These
forms of attention emerge toward
the end of the 1st year and are pre-
dominant through the preschool
years, so studies across this age
range are needed.

Among the larger issues to be
investigated, however, is how the
various components of visual at-
tention, with their distinct and
likely independent developmental
courses, interact to produce the
types of visual behavior seen dur-
ing infancy. Another issue is how
these different components in in-
fancy contribute to the develop-
ment of higher-order cognitive
functions later in life; work on this
question will undoubtedly need to
delineate how environmental in-
fluences interact with (i.e., affect
and are affected by) the infant’s at-
tentional skills at various points in
development. These latter questions
truly represent the integration of
contemporary cognitive science with

Fig. 2. The developmental course of look duration in infants, as suggested by a sta-
tistical review of the literature (Colombo, Harlan, & Mitchell, 1999). Forty-eight stud-
ies that included assessments of look duration from at least two ages were surveyed.
Durations were standardized (z score) within each study, and a data point for each
age was calculated by averaging the standardized scores across all studies that con-
tributed data for that age. The dotted line represents the best-fitting regression line in
each of three distinct phases observed during the 1st year (see the text).
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developmental psychology, and thus
define a field of developmental
cognitive neuroscience.
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Abstract

 

Absolute pitch—the ability
to name or produce a note of
particular pitch in the absence
of a reference note—is gener-
ally considered to be extremely
rare. However, it has been found
that native speakers of two dif-
ferent tone languages—Manda-
rin and Vietnamese—display a
remarkably precise form of ab-
solute pitch in enunciating
words. Given these findings, it
is proposed that absolute pitch

may have evolved as a feature
of speech, analogous to other
features such as vowel quality.
It is also conjectured that tone-
language speakers generally ac-
quire this feature during the
1st year of life, in the critical
period when infants acquire
other features of their native
language. For speakers of non-
tone languages, the acquisition
of absolute pitch by rare indi-
viduals may be associated with
a critical period of unusually long

duration, so that it extends to
the age at which the child can
begin taking music lessons. Ac-
cording to this line of reason-
ing, the potential for acquiring
absolute pitch is universal at
birth, and can be realized by
giving the infant the opportu-
nity to associate pitches with
verbal labels during the 1st
year or so of life.
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In May of 1763, just before the
Mozart family set off on their fa-
mous tour of Europe, an anony-
mous letter was sent from Vienna

 

to Augsburg, detailing some of
7-year-old Wolfgang’s remarkable


