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A longitudinal sample of 226 infants were tested monthly on habituation and novelty
preference tasks, augmented with simultaneous heart rate recording from 3 to 9
months of age. Infants were then administered the Bayley Scales of Infant Develop-
ment II (BSID) and MacArthur Communicative Development Inventory (MCDI) at
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12, 18, and 24 months. Prior findings regarding the decline in look duration with age
were replicated. Age-based factors were extracted from the monthly assessments, an
early attention factor from 3 to 6 months and a late attention factor from 7 to 9
months. A novelty preference factor, which grouped recognition performance at 4
and 6 months of age, was also derived. The late attention factor correlated negatively
with a factor score derived from the BSID mental index, and the novelty preference
aggregate was correlated positively with a factor score derived from the MCDI pro-
duction scores. Two clusters of infants were derived based on the developmental
course of change from the early attention to late attention look duration aggregates:
One cluster (n = 150) decreased strongly, and another (n = 50) increased. Infants be-
longing to these clusters subsequently differed on both the BSID and MCDI out-
comes, with the former cluster showing distinct advantages that increased as the out-
come assessments progressed from 12 to 24 months of age. This finding was
bolstered by subsequent analyses of data from infants who completed all tests run
from 3 to 9 months. The results of this study suggest that the developmental course of
attention during infancy is an important clue to cognitive and language outcomes in
early childhood.

Research on the study of individual differences in infant cognition has increased
dramatically over the past two decades. Such interest has been fueled in part by re-
ports indicating that measures of early cognition show modest but significant pre-
diction of intellectual function in childhood and adolescence (Bornstein &
Sigman, 1986; Colombo, 1993; Fagan, 1981; McCall & Carriger, 1993; McCall &
Mash, 1995). Through the 1970s, the contention that behavioral manifestations in
infancy bore little or no relation to mature intellectual function was a widely ac-
cepted tenet within the field of developmental psychology. Beginning in the early
1980s, however, measures of preverbal cognition were incorporated into longitudi-
nal studies of long-term developmental outcome (e.g., Fagan & McGrath, 1981;
Miller, Spiridigliozzi, Ryan, Callan, & McLaughlin, 1980) as alternatives to tradi-
tional standardized infant tests. Individual differences in infants’ performance in
these paradigms were found to be modestly but significantly correlated with stan-
dardized assessments of cognitive, linguistic, and overall intellectual function later
in childhood (see reviews by Bornstein & Sigman, 1986; Colombo, 1993, 1997;
Colombo & Mitchell, 1990; Fagan, 1984a, 1984b; Fagen & Ohr, 1990; McCall,
1994; McCall & Carriger, 1993; McCall & Mash, 1995; Mitchell & Colombo,
1997; S. A. Rose, 1989).

The history of successful prediction of childhood cognition from measures of
habituation in infancy begins with the studies of Miller and her colleagues (e.g.,
Miller et al., 1977), and extends through the work of Bornstein (see Bornstein,
1984, 1985; Ruddy & Bornstein, 1982; Tamis-LeMonda & Bornstein, 1989) and
others (Lewis & Brooks-Gunn, 1981; D. Rose, Slater, & Perry, 1986; Slater,
Cooper, Rose, & Morison, 1989). Although the habituation protocol yields many
indexes that can be used to characterize attention and cognitive performance,
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Colombo and Mitchell (1990) argued that variation in look duration is the pri-
mary factor that drives both individual and developmental differences in visual
habituation during infancy. This argument is based on the observation that look
duration is the only habituation variable (a) to follow a developmental course
that is consistent with theoretical underpinnings of the habituation paradigm, (b)
to show the most consistent test–retest reliability of all habituation measures,
and (c) to contribute to variability in nearly every other parameter of the habitua-
tion curve (see Colombo, Mitchell, O’Brien, & Horowitz, 1987a, 1987b). As a
result, look duration has also been examined within the context of other para-
digms (e.g., fixed-trial accumulation periods, or familiarization periods prior to
paired-comparison probes) and used with success in several subsequent longitu-
dinal studies (Jacobson, Chiodo, & Jacobson, 1996; Mitchell, McCollam,
Horowitz, Embretson, & O’Brien, 1991; Sigman, 1983; Sigman, Cohen, &
Beckwith, 1996; Sigman, Cohen, Beckwith, Asarnow, & Parmelee, 1991;
Sigman, Cohen, Beckwith, & Parmelee, 1985, 1986). In the prediction literature,
however, two points have been generally overlooked with regard to look duration
in infancy.

DEVELOPMENTAL CHANGES IN LOOK DURATION

The first is that look duration changes markedly across the first year of life.
Through the 1980s, it was generally held that look duration followed a simple
linear decline across the first year (Bornstein, Pecheaux, & Lecuyer, 1988; Co-
lombo & Mitchell, 1990; Mayes & Kessen, 1989). This engendered a relatively
straightforward interpretation for both developmental and individual differences
in look duration: Shorter looking reflected more rapid stimulus encoding, and
those infants who looked for briefer periods than their age-matched cohorts were
simply accelerated in their development relative to their longer looking counter-
parts with respect to this aspect of information processing. This interpretation, of
course, was concordant with the reports of modest associations between in-
creased look duration in infancy and less optimal cognitive performance later in
childhood.

Recent data, however, have suggested that the developmental course of look
duration is not monotonically linear. Both primate (e.g., Reisbick & Neuringer,
1996; Reisbick, Neuringer, Gohl, & Wald, 1997) and human data (e.g., Adams,
1987; Hood, Murray, King, & Hooper, 1996) suggest that look durations in-
crease from the newborn period to about 8 to 10 weeks of age1 before dropping
from 10 weeks onward. In addition, there is strong evidence for a plateau in look
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1In addition, there are some indications that look duration may actually increase toward the end of
the first year of life (Kagan, 1971; Saxon, Frick, & Colombo, 1997; see also Colombo et al., 1999).
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duration after 6 or 7 months of age (Colombo, Harlan, & Mitchell, 1999; see
Figure 1). Thus, the developmental course of look duration from the infant-con-
trolled habituation is complex, which implies that look duration may well reflect
different cognitive constructs during the first year and beyond (see Colombo,
2001). In turn, this suggests that the developmental course of look duration
would provide important clues for understanding the mechanisms underlying in-
dividual differences in visual attention and look duration during infancy, and to
the utility of the measures yielded by the habituation paradigm in predicting
later cognitive outcome. However, virtually all of the studies of the predictive
validity of habituation measures have not made repeated or developmentally sen-
sitive assessments of infant performance, and as such, have ignored the possible
effect of systematic developmental change on the assessment of individual dif-
ferences in infant cognitive performance.

LOOKING AND PROCESSING

The second point with respect to the use of look duration as a predictive measure is
that infant looking does not necessarily reflect visual processing. This was implied
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FIGURE 1 Developmental course of look duration, constructed from a meta-analysis of de-
velopmental studies of attention in infancy (Colombo, Harlan, & Mitchell, 1999). Points repre-
sent averaged standardized measures of look duration plotted by age of assessment. Dotted line
represents regression lines for points at different age periods. From “Infant Attention Grows
Up: The Emergence of a Developmental Cognitive Neuroscience Perspective,” by J. Colombo,
2002, Current Directions in Psychological Science, 11, p. 199. Copyright 2002 by Blackwell
Publishers. Reprinted with permission.
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30 years ago through the existence of terms like obligatory looking (Stechler,
1964; Stechler & Latz, 1966), blank staring (Greenberg & Weizmann, 1971;
Weizmann, Cohen, & Pratt, 1971), or sticky fixation (Hood, 1995). However, the
point has been made definitively by Richards (Casey & Richards, 1988; Richards,
1985, 1987, 1994; Richards & Casey, 1990a, 1990b, 1991, 1992; Richards & Gib-
son, 1997; Richards & Lansink, 1997), who used respiratory and cardiac measures
in a systematic program of research to investigate different phases of attention that
occur during looks (see Figure 2). Looking can be parsed into three distinct phases,
based on the topology of the heart rate (HR) deceleration that typically accompa-
nies visual fixation. The period during looking that precedes the attainment of a
stable deceleration has been defined as orienting (OR). As OR reflects the latency
to begin encoding or processing of the stimulus, it is most closely identified 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 construct of encoding or processing of the stimu-
lus. Attention termination (AT) refers to the period of the look during which the
look persists, despite the fact that the characteristic HR deceleration thought to sig-
nify meaningful information processing has ended. AT is most closely identified
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FIGURE 2 Schematic of heart-rate-defined phases of attention, as delineated by Richards
(e.g., Richards & Casey, 1992). The dashed horizontal line represents a prestimulus baseline
heart rate. Orienting (OR) represents the latency to attainment of a sustained deceleration. Sus-
tained attention (SA) represents the extent of the deceleration, during which encoding and pro-
cessing presumably takes place. Attention termination (AT) is the perseverance of the look after
the end of the deceleration and is thought to reflect facility or difficulty with disengagement of
attention. Figure adapted from Colombo, Richman, Shaddy, Greenhoot, and Maikranz (2001).
Reprinted with permission of the Society for Research in Child Development.
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with the construct of attentional disengagement (Colombo, Richman, Shaddy,
Greenhoot, & Maikranz, 2001). Despite the fact that these convergent measures
have greatly enhanced our understanding of the development of attention in in-
fancy and early childhood, they have never been used in studies of prediction.

SUMMARY AND RATIONALE

In response to these gaps in our knowledge, we have conducted a longitudinal
study of the predictive validity of individual differences in the developmental
course of look duration to cognitive and language outcome measures. In this arti-
cle, we report the results of the prediction to measures taken through the second
year of life. Simultaneous with the measurement of basic behavioral indexes of at-
tention, we included measures of infants’ HR during the habituation phase of the
session so that we could independently validate infants’ attentional status. In addi-
tion, this allowed us to examine parameters of OR, SA, and AT and their associa-
tion with later cognitive and language outcome.

In addition to the inclusion of measures from infant visual habituation, we also
assessed a measure of recognition memory (novelty preference) following the ha-
bituation sequence during those ages in infancy. Past research has suggested that
novelty preferences are positively correlated with developmental outcome, but
such correlations have been observed under conditions where novelty preferences
were assessed prior to the attainment of habituation. Because the infant-control ha-
bituation technique more closely equates all infants for familiarity with the habitu-
ation stimulus, the inclusion of the novelty preference measure here allowed us to
test for the predictive validity of novelty preference under conditions where in-
fants’ processing of the habituation stimulus is presumably equated. This allows
for a test of whether the correlation between novelty preference and outcome is
mediated by the infant’s rapidity of encoding or by other factors.

METHOD

Participants

Longitudinal Sample

The primary sample for this project was comprised of 226 healthy, full-term in-
fants from the metropolitan and suburban areas of Kansas City, MO. This includes
cities and towns that feature populations with a relatively diverse range of back-
grounds, including upper middle to lower socioeconomic status (see demographics
reported in Colombo, Frick, Ryther, & Gifford, 1996; Frick, Colombo, & Saxon,
1999). The sample was primarily White (91%), but included Asian American (3%),
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Hispanic (4%), and African American (2%) participants in proportion to the popula-
tion sampled. As is typical in longitudinal studies with infants, the number of infants
providing complete and usable data at each age varied. Table 1 shows the breakdown
of the number of infants tested at each age and reasons for exclusion.

Cross-Sectional Sample

For comparison purposes, a cross-sectional sample was recruited to assess for
the effects of repeated testing in the longitudinal sample. A total of 191 additional
infants were recruited for this sample from the same population as the longitudinal
sample. The breakdown on infants tested in each age group and reasons for
exclusion are shown in Table 2. In earlier studies of the developmental course of
habituation (Colombo et al., 1987a; Colombo & Mitchell, 1990), no carryover
from repeated testings was evident on habituation tasks (i.e., comparison of
cross-sectional and longitudinal samples did not yield significant differences).
However, because the design of the current project involved a much higher density
of assessment during the first year, with particularly short test–retest intervals, we
believed the inclusion of these additional groups to be both advisable and
worthwhile.

Stimuli

Stimuli were color slides of children’s faces. Faces were chosen because they have
been used previously with success across the first year of age. Indeed, nearly all of
the developmental functions available for infant visual habituation have been de-
rived from work with faces (Bornstein et al., 1988; Colombo & Mitchell, 1990;
Mayes & Kessen, 1989). In addition, pilot data (Colombo, Frick, Gorman, &
Casebolt, 1997) indicated that faces elicited robust and extended HR decelerations
during looking, thus facilitating the delineation of HR-attentional phases (e.g.,
Richards, 1985) during individual fixations.

Fourteen faces were obtained from commercial sources, with one pair for each
of the seven infant attention assessments, matched for ethnicity and hair color.
Each pair was comprised of one male and one female face. During habituation, one
of the faces from the chosen pair was rear-projected at midline (25° visual angle).
During the paired-comparison tests, the pairs were presented (again, each at 25°
visual angle) separated by 20° (i.e., each stimulus 10° off midline). So that it re-
mained possible to conduct post hoc stimulus analyses on longitudinal patterns
and overall look durations, the longitudinal sample was divided into seven groups
(A–G) of approximately 30 infants each. Each group saw a particular order of
faces across the longitudinal presentations, balanced in a partial Latin square. In
this way, no infant ever saw a face more than once, and the presentation of each
stimulus pair was balanced across ages. The gender of the pair presented during
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habituation was selected randomly for the first visit, and alternated at each subse-
quent testing.

Procedure

Infants were tested in a 2 m × 2 m room with walls and ceiling painted black. In the
wall facing the infant was a 1.0 m × 0.7 m translucent rear-projection screen on
which all visual stimuli were presented. Infants were placed in a car seat 0.8 m
from the screen. Stimuli were presented with Kodak Ektagraphic carousel slide
projectors. At the base of the screen, a Panasonic video camera was positioned to
record the infant’s face while watching the stimuli. The video feed from this cam-
era was sent to a TV monitor so that an observer could code infants’ looks during
each of the periods. This feed was also directed to a VCR so that the session could
be taped for archival and reliability purposes (discussed later).

Observers blind to stimulus identity during habituation and to the lateral posi-
tions of the novel and familiar stimuli on paired comparison trials watched the ses-
sion on the monitor and coded looks online by pressing buttons that were inter-
faced with a microcomputer that timed looks, kept track of accumulated time, and
controlled the slide projectors. This computer also sent signals to the HR data ac-
quisition package interface (discussed later).

Habituation Protocol

Infants were habituated to stimuli using an infant-control sequence (Colombo
et al., 1987a; Colombo, Mitchell, Coldren, & Freeseman, 1991; Frick & Colombo,
1996), with a criterion of two consecutive looks at a 50% decrement from the pre-
vious longest look. For each trial, the habituation stimulus was presented until a
valid fixation (i.e., defined as a look of 1 sec or more in duration) was obtained.
The fixation was terminated when the infant looked away for 1 sec or more, at
which point the stimulus was turned off. After an interstimulus period of 2 sec
(during which the screen was dark), the stimulus was re-presented for the next trial.
The look parameters were drawn from Colombo and Horowitz (1985).

Because nearly 40% of infants’ habituation patterns are not characterized by a
linear or logarithmic decline in looking across trials (see Bornstein & Benasich,
1986; Colombo et al., 1987a; McCall, 1979), a floating-point criterion was used in
which the habituation criterion was recalculated if longer looks were encountered
later in the habituation sequence.

Reliability for individual looks during habituation was collected on 611
(44%) sessions run by having a second observer (also blind to stimulus identity)
code the videotaped session. Pearson correlations were computed within each
individual session. These correlations averaged .96 and did not vary significantly
across ages.

10 COLOMBO, SHADDY, RICHMAN, MAIKRANZ, BLAGA
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Paired Comparison Recognition Test

Following habituation, infants were tested for novelty preference in a
paired-comparison phase. In each of two choice trials, the habituation stimulus
was simultaneously paired with a novel one (the face from the opposite gender
from the stimulus pair), with each of the two stimuli presented 10° to the left and
right of midline (i.e., separated by a 20° visual angle). The initial positions of the
novel and familiar targets were randomly chosen, and then reversed in the second
choice trial relative to the first. Infants accumulated 10 sec of total looking in each
choice trial at 3 and 4 months of age, and 5 sec of total looking in each choice trial
at 5 through 9 months of age. The novelty preference was calculated as the propor-
tion of the total time spent fixating the novel stimulus, relative to the total time
spent looking to both the familiar and novel stimuli.

Reliability for novelty preferences was calculated by computing Pearson corre-
lations between the novelty preferences obtained by the online observer and a sec-
ond observer who coded the paired comparison phase from the videotape of the
session. A total of 588 sessions (42%) were coded for reliability, and the mean cor-
relation was .97. Reliability for novelty preference did not vary with age.

Measurement and Reduction of HR

HR was measured with shielded Ag-AgCl electrodes placed on either side of
the infant’s chest and grounded with an unshielded electrode just above the navel.
The electrocardiogram (EKG) was digitized (250 Hz sample rate) through the use
of a commercially available data acquisition package interface (BioPac, Inc., Santa
Barbara, CA) that was custom configured for psychophysiological recording. The
data acquisition interface also received input from a second microcomputer that
controlled the timing and presentation of stimuli. In this way, the HR record could
be synchronized with stimulus events and the coding of fixations.

Infants’ HR was converted into a data file using BioPac software that identified
and stored the time code of the R waves from the digitized EKG. The time codes
from stimulus events (slide onsets and offsets) and infant behaviors (look onsets
and offsets) were then interspersed among the R-wave time codes to provide a
complete sequential record of the infant’s session. The sequential file was then an-
alyzed with custom software that parsed infants’ looking into categories of OR,
SA, and AT based on Richards’s (1985) framework for defining different phases of
attention from HR. We used Richards’s definition of SA as at least 5 consecutive
heartbeats below the median HR observed in a prestimulus period. OR was defined
as that period of looking prior to the attainment of SA, and AT was defined as look-
ing that continued after sustained attention, but during which HR returned to at
least the prestimulus median baseline level.

At each age, infants’ HR (taken from intertrial intervals, when no stimulus was
present) was observed to increase across trials (all observed Fs ranged from 9.6 to
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40.2, each was significant at the p < .001 level, and each showed a linear trend that
was significant at the p < .001 level). Thus, the use of a single baseline HR value
across the entire habituation session for calculation of OR, SA, and AT was not ap-
propriate. As such, we used the prestimulus period prior to the onset of the stimu-
lus as the prestimulus period for each habituation trial. Custom software processed
infants’ HR during each trial, and was used to calculate the amount of time (in sec-
onds) spent in OR, SA, and AT, and the percentage of time spent in each of these
phases during looking. Calculation of this latter variable made it possible to con-
trol for expected changes in look duration across age. The computation of each of
these phases was based on the attainment of SA during a look; therefore, if SA did
not occur during any look, none of the HR-defined phases were classified or
counted for that look. It should be noted, however, that every infant showed some
SA at some point during every session, and so we were not forced to exclude any
infant’s session from analysis due to lack of SA. Finer grained analyses of the
change of these phases within habituation sessions would have been far too un-
wieldy to present in this articles; these analyses will be explicated at some later
point in a separate report.

Longitudinal Outcome Sessions

After the last habituation measurement at 9 months of age, infants were seen at 12,
18, and 24 months of age and administered the Bayley Scales of Infant Develop-
ment II (BSID II; Bayley, 1993) and the MacArthur Communicative Development
Inventory (MCDI; Fenson et al., 1994). These measures were chosen based on
their appropriateness for the ages in question, and also because they had been used
successfully as outcome measures in previous work on prediction (e.g., Lewis &
Brooks-Gunn, 1981; Ruddy & Bornstein, 1982).

RESULTS

An Outline of the Section

Two primary sets of results are examined in this article. The first concerns the de-
velopmental courses of the measures of infant attention from the habituation and
paired-comparison phases administered from 3 to 9 months of age. These develop-
mental analyses are presented to determine whether previous findings have been
replicated, and to establish normative patterns. The second set of analyses empha-
size individual differences and address the primary issues of the study, such as
what patterns of covariation exist across ages, and whether aggregate measures are
correlated with outcomes at 12 to 24 months of age. We then ask whether particular
patterns of change characterize groups of infants, what their concomitants are in
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terms of HR-defined phases of attention, and whether these patterns of change in
infant attention are related to differential outcomes in the same infants at 12 to 24
months of age.

Preliminary analyses were conducted to determine the effects of gender, stimu-
lus order, stimulus pair, and stimulus gender on the primary dependent measures
described next. None of these were statistically significant, and so they are not in-
cluded as factors in the analyses reported here subsequently.

Developmental Course of Habituation Measures

Habituation Phase

Previous research (e.g., Colombo et al., 1987a) has shown that the duration of
the peak, or longest look during the habituation sequence is the variable that drives
the variance in most of the other duration measures (e.g., total looking, average
looking) as well as all measures of habituation decrement and rate (Colombo &
Mitchell, 1990). This measure also has a most robust developmental course and
previous studies have reported moderately good psychometric properties. As such,
we chose this as the primary duration variable for analysis in this study. Analyses
run for total duration of looking, average look duration, and duration of first look
yield the same results and inferences as for duration of peak look.

Figure 3 shows the developmental course for the peak, or longest look duration
from the habituation sequence for both the longitudinal sample and the cross-sec-
tional comparison samples. Both groups show significant declines in looking. The

DEVELOPMENTAL COURSE OF HABITUATION 13

FIGURE 3 Developmental course for duration of peak look from habituation sequence. Bars
represent standard errors.
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longitudinal sample was tested using a repeated measures analysis using the 81
participants who had complete and usable data across all seven data points from 3
to 9 months. This analysis yielded a significant effect of age, F(6, 74) = 5.23, p <
.001, characterized by significant linear (p < .001), quadratic (p < .01), and cubic (p
< .05) trends.2 The cross-sectional sample data were subjected to a one-way analy-
sis of variance (ANOVA) with age group as a between-subject factor. This yielded
a significant main effect, F(5, 138) = 2.84, p = .016, characterized solely by a sig-
nificant linear (p < .001) trend. Although the cross-sectional sample tended to
show slightly elevated look durations relative to the longitudinal sample, these dif-
ferences did not attain statistical significance.

One other variable analyzed from the habituation sequence was the number
of looks needed for infants to attain the habituation criterion. Neither the longi-
tudinal nor the cross-sectional comparison groups showed significant effects of
age on this variable. This finding is in contrast to Colombo and Mitchell’s
(1990) report that number of looks to criterion significantly increased with age.
The mean number of looks to criterion was 6.66 for the longitudinal sample, and
7.08 for the cross-sectional samples, which again did not significantly differ
from one another.

Given that the two major variables from the habituation session showed concor-
dance across the longitudinal and cross-sectional samples, we were confident that
there were no carryover effects for habituation for the longitudinal group.

Paired-Comparison Phase

Neither the longitudinal nor the cross-sectional comparison groups showed sig-
nificant effects of age on novelty preference. However, given that the novelty pref-
erence can also be tested against an a priori chance expectation of .50, we tested
each preference at each age against this value. Table 3 shows the results of these
tests.

The two samples show somewhat different patterns of success on the novelty
preference task. Infants in the longitudinal sample were not statistically different
from chance at 3 months, marginally above chance at 4 months, and then signifi-
cantly above chance at every other age until 9 months, at which point perfor-
mance dropped again to chance levels. The overall novelty preference (calcu-
lated for infants who had usable data at all seven assessment points) was also
significantly greater than chance. The cross-sectional samples showed statisti-
cally significant novelty preferences only at 7 and 8 months, but there is some
commonality with the longitudinal sample, in that the developmental course
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2A mixed-model analysis run with data from all of the participants yielded identical results to this: a
significant (p < .001) change with age, characterized by highly significant linear and quadratic compo-
nents, as well as a weaker (but significant, p < .05) cubic trend.
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showed a similar inverted-U function. The changes in performance of the sam-
ples do not strictly or logically correspond to changes in the protocol for
paired-comparison choice trial length (e.g., performance for young infants
should be improved, not depressed, because of longer choice trials). Thus, we
are inclined to interpret the developmental function as meaningful, especially for
the longitudinal sample. Young infants were unable to discriminate or recognize
the faces used, but in the majority of later assessments, infants were successful
at this task. Of most interest is the drop-off in performance at 9 months that is
evident in both the longitudinal and cross-sectional samples. The difficulty in
discriminating or recognizing these faces is surprising, given that these were
readily discriminated during the 4 preceding months. This finding suggests that,
at these later ages, infants may have been responding to the stimulus class (i.e.,
“faces”) rather than to the particulars of the individual faces that we used. That
is, by 9 months, infants may have been responding to the two faces presented on
the choice trials as members of a single category. This interpretation is bolstered
by the fact that the novelty preference measure has been previously used with
success in tests of discrimination of nonface stimuli with 9-month-old infants
(e.g., Jacobs, 2000; Jankowski & Rose, 1997).

Summary

The analyses of developmental course provide replication of some prior find-
ings and some new information. First, the previously reported decline in look dura-
tion (Colombo & Mitchell, 1990; Mayes & Kessen, 1989) was robustly replicated
here, although the curve for the longitudinal sample adds clear evidence for a pla-
teau after 6 months, given the highly significant quadratic term. Second, prior sug-
gestions of increases in looks to criterion by Colombo and Mitchell were not ob-
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TABLE 3
Novelty Preference Results for Both Samples

Longitudinal Sample Cross-Sectional Sample

Age M N t Value vs. Chance (.50) M N t Value vs. Chance (.50)

3 .499 116 0.05
4 .519 166 1.70+ .506 20 0.18
5 .558 180 4.62*** .542 26 1.41
6 .544 177 4.04*** .504 24 0.18
7 .529 170 3.24*** .553 23 2.37*
8 .526 158 3.13** .548 20 2.17*
9 .509 160 1.16 .536 26 1.41
Overall .525 41 3.00* .529 139 2.74**

+p < .10. *p < .05. **p < .01. ***p < .001.
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served. Although there were minor procedural differences between that study and
this one, parsimony suggests simply that what Colombo and Mitchell reported
may not be a phenomenon general to the development of habituation. Third, the
curvilinear function for novelty preference seen across ages also raises some issues
as to whether infants of different ages approach the stimulus pairings in discrimi-
nation or recognition tasks in the same manner. These data suggest that although
the youngest infants at 3 months may have had difficulty with the face discrimina-
tion, infants from 4 to 8 months show fairly robust novelty preferences. The most
parsimonious explanation for the disappearance of the discriminative response in
the 9-month-olds, however, appears to be that they are responding to the novel ex-
emplar presented during the choice trial as belonging to a general class of stimuli
(i.e., “faces”), rather than to the particulars of individual exemplars that provide for
discrimination. The fact that the same basic pattern of change appeared for the
smaller cross-sectional sample supports this interpretation. If this is true, it has in-
teresting implications for the investigation of categorization and perhaps for the
development of face recognition.

Individual Differences

The next set of analyses run concerned individual differences in attention. Our fun-
damental strategy was to identify key indications of individual differences based on
the behavioral variables (i.e., look duration) and then follow up findings of interest
withanalysesof theHR-definedphasesofattentionforconvergenceandvalidation.

Cross-Age Correlations

The first set of analyses run concerned the cross-age stability of the measures
from the habituation and paired-comparison phases. First of all, none of the
zero-order age-to-age correlations for number of fixations to criterion during the
habituation phase or for infants’novelty preferences during the paired-comparison
phase attained conventional levels of statistical significance. The data for the peak
look duration measure, however, did suggest some cross-age stability. Table 4
presents the data for peak look duration (Table 4a), amount of time and percentage
of looking spent in OR (Tables 4b–c), amount of time and percentage of looking
spent in SA (Tables 4d–e) and amount of time and percentage of looking spent in
AT (Tables 4f–g).

Based on capitalization on chance, about one correlation should be significant
in each of the matrices presented in Table 4. Each has at least three significant cor-
relations and two matrices have nine. The significant correlations are mostly in the
.20s, although some reach into the .40s. However, some patterns of significant sta-
bility are evident. For peak look, most of the adjacent ages are statistically signifi-
cant, and there are five other significant correlations that span beyond 1 month. For

16 COLOMBO, SHADDY, RICHMAN, MAIKRANZ, BLAGA

Do 
Not

 C
op

y



17

TABLE 4
Cross-Age Correlations

Age 4 5 6 7 8 9

a. Duration of peak look
3 .21* .17* .11 .14 .08 .01
4 .25** .30** .08 .17* .09
5 .04 .09 .08 –.01
6 .21** .17* .02
7 .15 .22*
8 .40***

b. Mean time in OR
3 .06 .03 .02 –.06 .07 –.07
4 .07 .28** .07 .07 .11
5 .21** .17* .01 .04
6 .06 .30** .01
7 .03 .13
8 .11

c. Percentage of looking time in OR
3 .05 .08 –.02 .08 .09 .03
4 .10 .08 .24** .07 –.01
5 .10 .09 .07 .11
6 .24** .14 .08
7 .16* .29**
8 .22**

d. Mean time in SA
3 .31** .17** .04 .18** .02 –.00
4 .09 .24** .08 .04 –.07
5 .05 .06 .12 .03
6 .29** .24** .13
7 .31*** .27***
8 .48***

e. Percentage of looking time in SA
3 .06 .04 .16* .00 .00 –.04
4 .04 .08 .03 .09 .00
5 .21** .15 –.05 –.12
6 .13 .22** .04
7 .01 .23**
8 .17*

f. Mean time in AT
3 .27** .10 .04 .14 .01 –.01
4 .04 .20** .04 .15 –.12
5 .06 .00 –.04 .10
6 .13 .04 –.06
7 .11 .02
8 .21**

(continued)

Do 
Not

 C
op

y



the HR-defined phases of attention, time-based measures show more stability than
do percentage-based measures, but the pattern of significance within each suggests
the possible existence of some patterns of stability within certain age periods dur-
ing the first year. At the same time, it is quite obvious that the measures do not
show the robust stability common to the psychometric analyses of adult measures
of cognition and intelligence.

Data Reduction

Peak look duration factor analysis, aggregates, and clusters. Given
that the age-to-age correlations yielded some indications of stability and some sug-
gestion of patterns of stability within certain ages, our next step was to reduce or
aggregate the data further to prepare for analyses of predictive validity. Again, we
began with the peak look duration, and we subjected the valid data from each age
to a factor analysis using a principal components extraction and a varimax rota-
tion.3 The analysis yielded two factors (see Table 5), which quite cleanly joined
look durations at months 3, 4, 5, and 6 with one another (we called this factor early
attention) and joined look durations at months 7, 8, and 9 together (we called this
factor late attention).

Aggregate scores were formed for these age factors from the data available for
each infant at these ages. This approach had the distinct advantage of yielding
valid developmental data for 200 of the 226 infants enrolled in the study, and thus
the greatest power and generalizability. The means for these aggregates showed a
drop with age, from 32.82 sec (SE = 1.78) for the early factor ages to 19.43 sec (SE
= 0.81) for the late factor ages. These were statistically significant from one an-
other, t(199) = 7.33, p < .001, and were correlated modestly but significantly,
r(200) = .165, p < .01.
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TABLE 4 (Continued)

Age 4 5 6 7 8 9

g. Percentage of looking time in AT
3 –.05 –.09 –.22** .17 .02 .10
4 .08 .10 .06 .11 –.14
5 .11 .01 .04 .09
6 .16* .15 –.05
7 .17* .18*
8 .12

Note. Correlations are computed with all available valid data, so cell sizes vary. The minimum is 118 in-
fants (from 3 to 9 months for some variables), and the maximum is 172 infants (from 4 to 5 months for some
variables). OR = orienting; SA = sustained attention; AT = attention termination.

*p < .05. **p < .01. ***p < .001.

3The result reported here is robust, irrespective of the rotation chosen to clarify the factors.

Do 
Not

 C
op

y



Aggregates were also calculated across these ages for the HR-defined phases of
attention, and these are presented in Table 6. Because the ratio of SA to AT has
been a variable of interest in past studies (Colombo et al., 2001), we calculated this
and included it here as well.4 Mean time spent per look in OR and AT significantly
decreased across these ages (as might be expected, given that look duration itself
decreased), but it was somewhat surprising to observe that time spent in SA did not
change. The calculations of percentage of time looking reinforce a picture of look
durations becoming more efficient in terms of encoding and information intake as
infants got older. Percentage of looking in OR did not change, but percentage of
time in AT decreased significantly and percentage of time in SA increased signifi-
cantly. Thus, given the widely held assumption that SA reflects active, engaged,
and voluntarily directed attention, these results suggest that infants spent propor-
tionately more time processing information, at the expense of time spent looking
after having disengaged from the stimulus (as represented by the percentage of
looking spent in AT). In support of this contention, the SA/AT ratio was observed
to significantly increase across these ages. Finally, all variables were modestly but
significantly correlated across these ages except for percentage of time in OR, per-
centage of time in AT, and the SA/AT ratio.

Finally, to examine different patterns of developmental change in these aggre-
gates, we subjected the peak look duration aggregate to a cluster analysis (using
Ward’s method, with data standardized within cases). Using a series of stopping
rules suggested by Green (1990) and the distribution of individual cases among
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TABLE 5
Factor Analysis of Peak Look Duration for the Longitudinal Sample

Age
Factor A:

Early Attentiona
Factor B:

Late Attentionb

3 .563 .008
4 .725 –.073
5 .564 –.057
6 .521 .192
7 .214 .506
8 –.089 .734
9 –.274 .850

Note. This is the pattern matrix resulting from the direct oblimin rotation.
aEigenvalue = 1.823. bEigenvalue = 1.362.

4The calculation of a ratio like this is problematic if the denominator (here, time in AT) is zero. Be-
cause some infants did in fact have no AT as part of their profiles at different ages, calculating this ratio
without some sort of adjustment produces an inadvertent loss of data. As such, if AT was zero, we set
the ratio equal to the value for time in SA (i.e., we set the value of AT in the denominator of the ratio to
1). Given that the actual score for such cases was infinity, this seemed to us to be a conservative practice
that salvaged many cases of data over the entire longitudinal set. In any case, the results reported here
are unchanged if cases where AT = 0 are excluded from the analysis.
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clusters as criteria, the best fitting solution yielded two clusters. In the larger clus-
ter (n = 150), look duration decreased significantly from the early attention aggre-
gate to the late attention aggregate. Given that this is the normative pattern for the
entire sample, this cluster is hereafter referred to as the normative cluster. In the
other, smaller cluster (n = 50), look duration actually increased from early to late
attention ages. Because this is opposite of the normative trend, this group is hereaf-
ter referred to as the nonnormative cluster. The means for look durations for these
two clusters are shown in Figure 4. It is worth noting that both clusters are signifi-
cantly different from one another (p < .001) at both age points, and both show sig-
nificant change across ages (p < .001). In addition, although the correlation be-
tween early and late look duration means for the whole sample accounted for about
4% of the variance (discussed earlier), the correlations between early and late
means within clusters were substantially higher, r(150) = .37, p < .001 for the nor-
mative cluster, and r(50) = .75, p < .001 for the nonnormative cluster.

Novelty preference factor analysis and aggregate. Although none of
the cross-age correlations for novelty preference attained statistical significance,
we did perform the same factor analysis on novelty preferences that was described
earlier for peak look duration. The scree plot suggested that only a single factor
(eigenvalue = 1.259) was viable, and this factor was composed of novelty prefer-
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TABLE 6
Means, Standard Errors, t Values, and Correlations for Heart-Rate-Defined
Phases of Attention as a Function of the Early and Late Attention Factors

Early Factor
(3–6 Months)

Late Factor
(7–9 Months)

Variable M SE M SE t(205) ra

Mean time (sec) in
OR per look

2.38 0.13 2.29 0.12 0.62 .205**

% of looking spent
in OR

26.4 1.02 32.4 1.29 4.15*** .229***

Mean time (sec) in
SA per look

6.55 0.37 4.25 0.19 5.98*** .181**

% of looking spent
in SA

54.6 0.89 52.8 1.08 1.37 .080

Mean time (sec) in
AT per look

3.21 0.26 1.64 0.13 5.70*** .147*

% of looking spent
in AT

19.0 0.64 16.6 0.81 2.46** .115

SA/AT ratio 3.74 0.41 6.52 0.71 3.36*** –.004

Note. OR = orienting; SA = sustained attention; AT = attention termination.
an = 206.
*p < .05. **p < .01. ***p < .001.
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ences at 4 and 6 months of age. These two ages loaded .656 and .734 on the factor,
respectively; loadings for all of the other ages on this factor were less than .200. As
we did for peak look, we formed an aggregate score for this factor from the data
available for novelty preferences on each infant at 4 and 6 months of age.

Predictive Analyses

The next set of analyses addressed the degree to which these measures of the de-
velopmental course of attention in infancy were related to measures of standard-
ized developmental outcome and language development in the second and third
years.

Outcome norms. As noted previously, the outcome measures for this were
the BSID II and MCDI. These were assessed at 12, 18, and 24 months of age. The
BSID II yields two major scale scores: a mental index and a motor index. Because
the MCDI has a somewhat different structure at 12 months than it does at 18 and 24
months, there is a somewhat different mix of measures at these ages. Table 7 shows
that infants in this sample were neither particularly advantaged nor disadvantaged
on these early outcome measures.

Zero-order correlations. Clearly, given the number of measures and ages at
which measures were taken, the number of zero-order correlations available to
compute was particularly high for this study. In addition, the examination of such
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FIGURE 4 Mean peak look durations for normative and nonnormative clusters of infants.
Bars represent standard errors.
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zero-order correlations was not the primary focus of this investigation. As such, we
sought to examine these in a limited way by examining correlations between ag-
gregates of the infant attention measures suggested by the prior factor analyses re-
ported earlier, and factors formed from a limited set of outcome measures. Three
principal components factor analyses were run to create factor scores for the out-
come measures to be used in the calculation of these zero-order correlations.
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TABLE 7
Outcome Measures at 12, 18, and 24 Months of Age

12 Months 18 Months 24 Months

Measure N M SD N M SD N M SD

BSID II
Mental Index 191 99.0 9.52 181 100.8 13.09 167 104.6 13.05
Motor Index 191 95.8 14.39 179 95.0 11.59 99.9 13.25

MCDI: Continuous variables
Words understood 178 43.6 26.86
Words produced 178 6.8 7.83 153 81.3 78.92 144 284.8 169.52
Early gestures 178 11.0 2.77
Later gestures 178 13.2 6.47
Total gestures 178 24.2 8.43
Irregular Words 153 0.9 1.42 144 4.6 4.90
Complexity 153 1.2 3.66 145 7.8 9.03
Overregularized words 153 0.2 1.27 144 2.4 7.13

12 Months 18 Months 24 Months

Measure N
“Yes”
Count % N

“Yes”
Count % N

“Yes”
Count %

MCDI: Dichotomous variables
Naming 178 178 100.0
“No-no” 178 173 97.2
“Mommy/Daddy” 178 173 97.2
Imitates? 178 113 63.5
Labeling? 178 41 23.0
Refers to past event 153 48 31.4 144 109 75.7
Refers to future event 153 51 33.3 144 109 75.7
Absent object production 153 105 68.6 144 134 93.1
Absent object comprehension 153 143 93.5 144 140 97.2
Absent owner 153 105 68.6 144 136 94.4
Plural (“s”) 153 38 24.8 144 99 68.8
Possessive (“’s”) 153 34 22.2 144 96 66.7
Present progressive (“ing”) 153 7 2.8 144 72 50.0
Past tense (“ed”) 153 4 1.6 144 44 30.6
Combining? 153 70 45.8 144 130 89.7

Note. BSID II = Bayley Scales of Infant Development II; MCDI = MacArthur Communicative Develop-
ment Inventory.
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First, we factored the BSID II Mental scale scores at 12, 18, and 24 months.
This produced only a single factor, with an eigenvalue of 2.181 and individual
loadings of each age assessment above .80 on the factor. Then, we factored BSID II
Motor scale scores at the same ages, which also yielded only one factor, with an
eigenvalue of 1.82, and individual loadings of .70 for 12 months, and .81 for 18 and
24 months. Finally, we factored the raw language production from the MCDI (the
only measure that is repeated across the three ages we tested). This also yielded a
single factor with an eigenvalue of 2.15, and loadings above .80 for all three ages.

We then correlated the aggregates calculated for peak look duration (early =
3–6 months; late = 7–9 months) and novelty preferences (4–6 months) with these
factor scores. The results are presented in Table 8, and do provide some support for
the prior literature on the predictive value of infant attention. The late attention
peak look aggregates are significantly and negatively correlated with BSID mental
and motor factors, and the novelty preference aggregate is correlated with the
MCDI production factor. Although these correlations are statistically significant
and are in accord with previous reports linking long looking and lower novelty
preferences with less optimal outcomes, these associations do not approach the
values of .30 to .60 that have been reported in the prior studies (Colombo, 1993).
The correlations reported in Table 8 represent aggregates of both predictor and cri-
terion variables; it should be noted that when correlations are calculated for look-
ing from individual ages during infancy to individual outcomes during
toddlerhood, none account for more than 4.2% of the variance, and most do not at-
tain statistical significance.

Predictive value of clusters from developmental course of habituation.
The final set of analyses addressed the question of whether the developmental
course of habituation measures across the first year were predictive of these out-
come measures. To do this, we first examined the clusters formed from the look du-
ration aggregates and how they related to the outcome measures at 12, 18, and 24
months. Because so few of the measures were repeated across all three ages, and
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TABLE 8
Zero-Order Correlations Between Look Duration and Outcome Measures

Peak Look Duration Aggregates
Novelty Preference

Aggregate
(4–6 Months)Outcome Measure

Early
(3–6 Months)

Late
(7–9 Months)

BSID Mental Index Factor –.012 –.165* .034
BSID Motor Index Factor –.134 –.174* .075
MCDI Production Factor .094 –.055 .223*

Note. BSID II = Bayley Scales of Infant Development II; MCDI = MacArthur Communicative
Development Inventory.

*p < .05.
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because there were varying numbers of participants who completed testing, we ad-
dressed this using a series of t tests for the continuous measures from the BSID and
MCDI (see Table 9), and chi-square tests for the dichotomous variables included
on the MCDI (see Table 10).5

The general pattern of results shows consistently better outcomes for the nor-
mative cluster than for the nonnormative cluster. Furthermore, the difference be-
tween the clusters appeared to increase with the administration of the later out-
come measures at 18 and 24 months. For example, at 12 months, only words
produced on the MCDI was different as a function of cluster membership, and only
the dichotomous measure of labeling was marginally significant. However, at 18
months, the BSID mental score was significant, as were MCDI production and
complexity scores; reference to the absent owner of an object was significant as
well, and reference to past events was marginally significant. By 24 months, the
two clusters were differentiated by most of the continuous measures: the BSID
mental score; MCDI production, irregular words, and complexity; reference to
both past and future events; and use of past tense. Use of the present progressive
(-ing inflection) was marginally significant for the two clusters. Thus, the predic-
tive power of the infant attention measures increased as infants got older.

The data presented clearly indicated that the developmental course of look du-
ration (as characterized by the early and late factor aggregates) identified groups of
infants who were to perform at different levels on standardized outcome measures.
Although the outcomes for both groups were generally within the normal range for
both clusters, the groups were separated quite distinctly by 24 months of age, with
the normative cluster scoring (on average) one third of a standard deviation higher
on the BSID, and producing (on average) 72 words more on the MCDI than the
nonnormative cluster.

Given that these clusters based on the behavioral measures were predictive of
later standardized outcomes, the next logical question was whether the clusters
were also differentiated by the HR-delineated measures of attention. The data re-
ported in Table 11 show that they were. Age factor (early or late) × cluster (norma-
tive or nonnormative) analyses were run for amount of time per look and percent-
age of total looking spent in OR, SA, and AT, and the SA/AT ratio.

Each of the analyses for amount of time per look yielded statistically significant
Age × Cluster interactions. For the normative cluster, the amount of time spent in
OR, AT, and SA decreased significantly for the normative cluster from early to late
attention.For thenonnormativecluster, all threecomponents increasedsignificantly
for thenonnormativecluster.However, theseare tobeexpected,given thatamountof
timespent in thesephaseswillcovarywith thepatternofchange in lookduration.
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5The use of multivariate analyses of variance to conduct repeated measures analysis for BSID or
MCDI outcomes reduced the sample size by one half. Although many of the effects observed here still
attain statistical significance, we opted to present analyses that used all of the available data.
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The analyses for percentage of time spent in the phases suggest some surprising
changes for both the normative and nonnormative clusters. The Age × Cluster
analysis for OR yielded a significant two-way interaction, with OR increasing for
the normative cluster but remaining unchanged for the nonnormative cluster. This
was somewhat unexpected, and might be taken to suggest that the normative clus-
ter was slower to engage attention than the nonnormative cluster. However, we be-
lieve that this might be better viewed in light of the emergence of endogenously
driven attentional processes during the end of the first year (see Colombo, 2001).
The increased latency to decelerate (relative to look length) may be taken to reflect
a more voluntary deployment of attention in the infants from this cluster. That is,
infants in the normative cluster may be less likely to be “captured” by the stimulus
and automatically engaged (as is typically the case with younger infants), and may
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TABLE 10
Peak Look Duration Clusters and Dichtomous Outcome

Measures From the MCDI

Age (in
Months)

Cluster A Cluster B

Variable No Yes No Yes χ2(1)

12 Naming 0 134 0 36 —
“No-no” 4 130 1 34 0.00
“Mommy/Daddy” 4 130 0 6 1.10
Imitation 49 85 12 24 0.13
Labeling 99 35 32 4 3.62+

18 Past events 72 40 28 7 3.03+

Future events 70 42 26 9 1.64
Absent object production 32 80 13 22 0.92
Absent object comprehension 7 105 2 33 0.01
Absent owner 28 84 18 17 8.66**
Use of plural (“s”) 82 30 27 8 0.22
Use of possessive (“’s”) 86 26 28 7 0.16
Use of present progressive (“ing”) 106 6 34 1 0.37
Use of past tense (“ed”) 108 4 35 0 1.29

24 Past events 23 84 12 18 4.22*
Future events 23 84 12 18 4.22*
Absent object production 7 100 3 27 0.41
Absent object comprehension 3 104 1 29 0.23
Absent owner 5 102 3 27 1.21
Use of plural (“s”) 33 74 11 19 0.37
Use of possessive (“’s”) 37 70 10 20 0.02
Use of present progressive (“ing”) 51 56 20 10 3.39+

Use of past tense (“ed”) 71 36 26 4 4.68*

Note. MCDI = MacArthur Communicative Development Inventory.
+p < .10. *p < .05. **p < .01.
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be involved in some appraisal process prior to an endogenous decision to engage in
information processing. This interpretation is reinforced by the fact that the
amount of time spent in OR actually follows a curvilinear developmental course,
with an increase from 6 to 9 months of age (Colombo, Richman, Shaddy, &
Maikranz, 2003). Interestingly, there were no effects for the SA analysis; both
clusters spent a majority of their time looking in SA (about 54%) and this remained
constant across these ages. However, the developmental courses for percentage of
time spent in AT were very different for the two clusters, as the Age × Cluster inter-
action attained the p < .001 level of significance. The percentage of time spent in
AT significantly decreased (p < .001) for the normative cluster but significantly in-
creased for the nonnormative cluster.

Finally, during early attention, although the SA/AT ratio for the normative and
nonnormative cluster did not differ significantly, they did at the later ages; the
SA/AT ratio doubled from early to late attention in the normative cluster but did
not change for the nonnormative cluster. This suggests overall that the normative
cluster became more efficient in their looking across ages, but the nonnormative
cluster did not.
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TABLE 11
Heart-Rate-Defined Phases for the Look Duration Aggregate Clusters

Normative Clustera Nonnormative Clusterb

Age × Cluster
Interaction
F(1, 196)Variable

Early
Attention

Late
Attention

Early
Attention

Late
Attention

Amount of time spent per look in
OR 2.70 2.13 1.85 2.60 13.05***
SA 7.87 3.86 4.28 5.80 44.14***
AT 4.18 1.45 1.56 2.89 44.09***

% of time looking spent in
OR 25.5 34.0 28.8 27.6 8.70**
SA 54.1 52.9 56.6 52.1 1.10
AT 20.4 14.7 14.6 22.6 45.86***

SA/AT ratio 3.39 7.59 4.80 3.51 8.76**

Note. For amount of time spent per look, all tests for heart-rate-defined phases of attention across
ages within clusters (i.e., normative cluster from early to late and nonnormative cluster from early to
late) and all tests for heart-rate-defined phases of attention across clusters within ages (i.e., early atten-
tion, normative cluster vs. nonnormative cluster; late attention, normative cluster vs. nonnormative
cluster) attain the p < .001 level of statistical significance. For percentage of time looking, OR increases
(p < .01) for the normative cluster but does not change for the nonnormative cluster. SA does not change
significantly for either cluster, and AT decreases significantly (p < .001) for the normative cluster but in-
creases significantly (p < .001) for the nonnormative cluster. OR = orienting; SA = sustained attention;
AT = attention termination.

an = 150. bn = 50.
**p < .01. ***p < .001.
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Confirmation of effects with complete data sets. These results were im-
portant and interesting. They were based on infants’ aggregates scores suggested
by the factor analysis of peak look duration at different ages; these aggregates were
computed under conditions in which infants were missing data at various ages. As
such, we sought to confirm the generality and validity of this finding by analyzing
the subset of infants (n = 78) on whom complete longitudinal sets of data from ha-
bituation were available to the same analytic steps. The point of this analysis was
to determine whether this analysis would also yield a group of infants with look
duration that showed a nonnormative path over the first year, and whether that
group would also show less optimal outcomes.

As such, we subjected all of these infants’peak looks from ages 3 to 9 months to
a cluster analysis (again, using Ward’s method, and standardizing scores within
case). A number of roughly equivalent solutions emerged, based on the stopping
rules described by Green (1990). The solution that provided most groups and a
good distribution of infants was a four-group solution; the mean peak look dura-
tions for these four groups are shown in Figure 5. Clusters A (n = 24) and B (n = 15)
most closely conformed to the pattern of the normative cluster from the aggregate
analysis described previously, and Cluster D (n = 18) resembles the nonnormative
cluster from the aggregate analysis. Cluster C (n = 21) showed irregular increases
and decreases across the first year, although the general trend is toward a decline in
looking.

Analyses of these groups’ performance on the outcome measures mirrored the
finding of the analyses for the clusters derived from the peak look duration aggre-
gates, in that the clusters were not particularly differentiated early on; that is, at 12
months, only the MCDI Phrases measure was significantly different, F(3, 67) =
3.41, p < .05, with Cluster D lagging behind on this measure. However, at 24
months, a number of significant differences were observed, all favoring Clusters A
and B, and showing a clear disadvantage for infants belonging to Cluster D, partic-
ularly with respect to language outcomes. Cluster C generally scored in intermedi-
ary positions. These included the BSID II Mental scale, F(3, 59) = 2.85, p < .05,
with respective means for Clusters A, B, C, and D of 102.2, 111.9, 102.4, and 96.3;
the MCDI production variable, F(3, 52) = 4.06, p < .01, with respective means of
360.5, 344.3, 239.5, and 173.8; the MCDI irregular words variable, F(3, 52) =
2.35, p < .01, with means 8.2, 6.2, 3.1, and 1.8; and the MCDI complexity score,
F(3, 52) = 3.21, p < .05, with means 9.8, 14.3, 6.8, and 3.4. In addition, the MCDI
overregularized words was marginally significant, F(3, 52) = 2.35, p = .08, with
means of 3.7, 3.9, 0.9, and 1.1.

Thus, these results validate the predictive results observed for the entire sample,
in that infants showing a pattern of increasing look duration across the first year
performed least well of all the clusters identified. Indeed, at 24 months, Cluster D
attained only the 29th percentile for MCDI production, the 29th percentile for
MCDI irregular words, and the 36th percentile for the complexity score. In addi-
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tion, however, these results also identify the clusters showing drops to very low
levels of look duration toward the end of the first year as having the most advanta-
geous outcomes. On average, Cluster A scored above the 50th percentile on all
MCDI variables that could be converted to percentiles, and Cluster B scored close
to or above the 60th percentile on these variables.

Summary

The results of the individual difference analyses have revealed several new find-
ings with regard to infant attention and its relation to early cognitive and language
outcomes.First, thezero-ordercross-agecorrelationswerepositivebutquitemodest
in magnitude. A factor analysis of look duration from habituation, however, yielded
quite clear evidence of a transition between 6 and 7 months of age. When novelty
preference was similarly factored, only one robust factor emerged, which included
infants’ recognition performance at 4 and 6 months of age. Based on these indica-
tionsofcoherence,weaveragedavailabledata for infants fromthoseages to formag-
gregate scores, and used them first in correlational analyses that sought to determine
theirassociationwithoutcomesat12,18,and24months, and then inclusteranalyses
that sought to determine whether particular changes in the direction of look duration
from early to late aggregates were related to the same outcomes.
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FIGURE 5 Peak look durations for Clusters A, B, C, and D.
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The correlational analyses yielded significant but again quite modest relations
between the look duration and novelty preference aggregates. These generally sup-
ported extant reports, in that shorter looking (at least on the late attention aggre-
gate) was related to higher BSID performance, as represented by a factor score cal-
culated from administrations of the BSID at all three ages. Furthermore, higher
novelty preference on the 4- to 6-month aggregate was associated with higher lan-
guage production, again as represented by a factor score calculated from adminis-
trations of the MCDI at all three ages. However, the level of prediction offered by
the correlation of these static measures was much lower than had been suggested
by compilations of previous research reports (e.g., Bornstein & Sigman, 1986; Co-
lombo, 1993; McCall & Mash, 1995).

Cluster analyses identified groups of individual infants whose looking either
resembled the normative pattern (n = 150) or did not (the nonnormative pattern,
n = 50). Infants in the normative cluster performed better than infants in the
nonnormative cluster on all of the outcome measures on which differences were
observed. In fact, the separation between the groups increased appreciably with
later outcomes. For example, although the clusters were differentiated on very
few measures at 12 months of age, the groups were particularly disparate by 24
months. Analyses of HR-defined phases of attention for the two clusters sug-
gested that attention shown later in the first year by the normative cluster may be
more endogenously driven and was much more efficiently organized than that
shown by the nonnormative cluster. This general finding was confirmed and ex-
tended by the same analytic strategy used for infants who contributed complete
data sets from habituation sessions run from 3 to 9 months of age (n = 78).

DISCUSSION

This article reports the results of a major prospective study seeking to examine the
relation between infant visual habituation and recognition performance with cog-
nitive and language outcome measures in early childhood. It is the first study to in-
corporate simultaneous measurement of HR with behavioral measures of attention
in such an endeavor, and the first to focus on the developmental course of
attentional measures as the primary variable in the prediction of later outcomes.
The strengths of the study are in its large sample size, its intensive measurement
strategy, and its highly standardized protocol. A weakness in this report is that the
outcome measures reported to this point only extend to 2 years of age. Further-
more, the outcome measures themselves include the BSID, which is a standardized
test with a long-term predictive outcome that is still somewhat uncertain, and the
MCDI, which is an instrument for assessing early communicative levels based on
parent report.
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Normative Analyses

The report of normative developmental functions serves to replicate extant reports
on the course of measures from infant visual habituation, but also to provide some
new information. The developmental course for look duration (here, represented
by the duration of infants’ longest, or peak look from the habituation sequence) is
much as expected (Colombo & Mitchell, 1990; Mayes & Kessen, 1989), with lon-
ger looking on average at 3 months, and a linear drop down to 6 months, after
which the course reaches asymptote. Prior reports concerning the existence of an
increase in looks to habituation criterion with age (Colombo & Mitchell, 1990)
were not replicated.

Analysis of the developmental course of recognition (as measured by novelty
preferences) yielded the interesting finding of an inverted-U function. This was
unexpected, as prior research had clearly indicated that the paired-comparison
method would be appropriate for infants at the upper range of the ages tested
here. This finding suggested that novelty preferences reflected different cogni-
tive processes at different points in time. It is our contention that the failure of
the youngest infants to show novelty preferences above chance reflects difficulty
in discrimination. These early difficulties were subsequently displaced by robust
performance above chance, showing that infants readily discriminated stimulus
pairs. However, significant novelty preferences disappeared at 8 and 9 months
for stimuli that were readily discriminated (according to group-based inferential
tests) during the earlier months. This latter phase of responding was most inter-
esting; it is our hypothesis that this apparent random level of responding was not
driven by a regression in infants’ ability to discriminate targets. Rather, we spec-
ulate that this pattern of results was driven by the fact that older infants were re-
sponding to the face pairs as a stimulus class or category of “face,” rather than as
a pair of exemplars to be discriminated. This implies that chance-level respond-
ing in older infants tested with the paired-comparison procedure may not neces-
sarily reflect a failure to discriminate or recognize stimuli, especially if stimuli
belong to a class with which infants have become overly familiarized.

The discussion of infants’ apparent coding of facial stimuli in a categorical or
stimulus-class manner at older ages presents an opportunity to caution readers
concerning the interpretation of these normative data. All data collected for this ar-
ticle were obtained with facial stimuli. It is worth noting some researchers regard
faces as being subject to specialized perceptual processing that may be innately de-
termined to different degrees (e.g., de Haan, Humphries, & Johnson, 2002; Nel-
son, 2001). The current database does not provide any means for directly testing
any hypotheses about face processing, although the developmental trends reported
here for faces have also been observed with various nonface stimuli as well (e.g.,
Colombo et al., 1999).
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Individual Differences Analyses

The findings with respect to individual differences in attention and their predictive
validity also shed additional light on extant issues, as well as provide new informa-
tion. Earlier summaries of the literature have suggested that infant attentional mea-
sures across the entire first year are moderately correlated with later outcomes.
More recent work, however, suggests relations of a far more modest magnitude
(e.g., Hood et al., 1996; Laucht, Esser, & Schmidt, 1994). This study generally
confirms this latter trend, in that significant correlations were found in the appro-
priate directions for look duration and novelty preference, but that such correla-
tions were only observed for widely aggregated measures. Furthermore, the mag-
nitude of these correlations was quite modest, in most cases falling at or below .20.
As such, these results would argue against the use of measures of infant attention
as static psychometric surrogates for childhood IQ. That is, one should not expect
that look duration reflects the same underlying constructs at different points in in-
fancy, nor should one expect that the relation from infancy to childhood is attribut-
able to the persistence of a constant, continuous, underlying dimension of cogni-
tive function. Implicit in this conclusion is the corollary that neither should one
expect a single measure taken at a single point in time to make a significant predic-
tion of later intellectual or cognitive outcome. This latter must be regarded as a ten-
tative conclusion that will be addressed in subsequent reports that feature more
meaningful outcomes in both the cognitive and language domains.

Prediction From the Developmental Course
of Habituation

Novel findings from these analyses concern the predictive validity of the devel-
opmental function for look duration, and the accompanying functions for Rich-
ards’s HR-defined phases of attention (i.e., OR, SA, and AT). Essentially, analyses
based on aggregate data for 200 of the 226 infants in the longitudinal sample indi-
cate that a nonnormative pattern of increasing look duration from 3 to 9 months is
associated with poorer outcomes in early childhood, and that HR-based analyses
of attention for infants showing the nonnormative pattern indicate less efficient
processing and possibly less endogenously driven attentional processes. The pat-
tern of prediction offered by the developmental course resembles a “sleeper ef-
fect,” in which clusters were not particularly different at 12 months, but increas-
ingly diverged in developmental outcome as the follow-up assessments progressed
to 24 months of age. This pattern was most apparent for the continuous outcome
variables (which include both BSID and MCDI subscales and scores), but was also
evident to some degree on the dichotomous MCDI items. Further analyses on the
78 infants who successfully completed all seven of the monthly attentional proto-
cols from 3 to 9 months bolster the conclusions drawn from the aggregate data
from the entire sample.
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The findings for the clustering and predictive validity of the developmental
course were somewhat unexpected. The results suggest the existence of two quali-
tatively different patterns of development, which are related to moderately differ-
ent outcomes as infants enter early childhood. The look durations for the two clus-
ters show very different patterns of change from the early phase (i.e., 3–6 months)
to the later phase (i.e., 7–9 months). The largest cluster shows the expected norma-
tive trends of look duration decreasing over time. Analysis of concomitant HR pat-
terns indicates that the decrease in look duration is associated with increased facil-
ity in disengagement of attention (i.e., decreases in the amount and proportion of
time spent looking in AT), decreases in the amount of time spent encoding the
stimulus (i.e., decreases in the time spent in SA), and perhaps the emergence of
voluntary control over the engagement of attention (i.e., increases in the proportion
of time spent in OR). On the other hand, the behavior of a smaller cluster of infants
(which was confirmed in an analysis of babies who successfully completed all at-
tention assessments from 3–9 months) shows a significant increase in looking
across infancy. The HR data do not definitively identify the particular attentional
components responsible for this. The amount of time spent in OR, SA, and AT all
show significant increases for this cluster; when considered in terms of proportion
of look duration, only AT changes (increases) significantly. It is tempting to simply
characterize this cluster’s information processing as becoming less efficient over
time (this is suggested by the SA/AT ratio), needing more time to encode and more
time to disengage attention during looks, but it is somewhat difficult to reconcile
this with the fact that the nonnormative cluster showed less of both SA and AT than
the normative cluster during early attention.

Alternative interpretations of the mechanisms at work within the nonnormative
cluster would, at this point, rest within the realm of speculation. One possibility,
however, is that the constructs of attention that we have analyzed and characterized
actually represent different processes for the normative cluster than for the
nonnormative cluster. For example, we have interpreted brief looking as represent-
ing rapid encoding for the normative cluster. However, for the nonnormative cluster,
brief looking seen during early attention may represent some difficulty in coming to
or maintaining an attentive state, similar to the attentional difficulties posited to oc-
cur for very young infants (Colombo, 2001, 2002). If that is true, then the increase
seenfor thenonnormativecluster fromtheearly to lateattention factorsmayactually
represent some extension of the initial increase in look duration represented by the
far left-hand portion of the developmental course represented in Figure 1.

SUMMARY AND CONCLUDING REMARKS

In both predictive analyses involving clusters characterized by specific develop-
mental courses, trends toward more efficient processing were associated with
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more optimal outcomes in the second year of life. This outcome implies that a
purely psychometric approach to infant attention and its predictive validity is prob-
ably untenable. Instead, an approach involving a developmental systems model
(e.g., Colombo, 2002; Colombo, Shaddy, & Richman, 2000) might be more appro-
priate for both conceptualization of prediction and its analysis. If this is the case,
such a model would necessarily involve the measurement of the environment in
tandem with the measurement of the infant (Colombo & Saxon, 2002), and this
would appear to be the clearest direction for future studies. This has been done to
some degree in the past (e.g., Tamis-LeMonda & Bornstein, 1989), but not to the
intensive degree suggested by the current data set; nor has it been done from a de-
velopmental framework (e.g., see Saxon, Colombo, Robinson, & Frick, 2000).
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