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Infants’ recognition memory hasbeen shownto berelated toindividual differencesin
look duration and level of heart period variability. This study examined the effect of
individual differencesinthese2 measuresoninfants' recognition of briefly presented
visual stimuli using a pai red-comparison recognition-memory paradigm. A sampleof
35full-terminfantswas studied longitudinally at 14, 20, and 26 weeks of age. Recog-
nition memory for briefly presented stimuli was tested in 6 experimental conditions,
with delays corresponding to different heart-rate-defined phases of attention. The 20-
and 26-week-old infants, and infantswith high level s of heart period variability, gen-
erally showed more evidence of recognition memory for briefly presented visual
stimuli. Greater evidence of recognition memory was observed when stimuli were
presented during sustai ned attention. Infantswith more mature baseline physiol ogical
responses show greater evidence of recognition memory, and stimulus and proce-
dural factors may be more important for the study of individual differencesin infant
visual attention than has previously been suggested.

Recognition memory in young infants has typically been studied with a
paired-comparison procedurein whichinfantsarefirst exposed to afamiliarization
stimulusfor apredetermined length of timeand then are presented with thefamiliar
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and anovel stimulus. Recognition memory isinferred by infants' longer looking
times to the novel stimulus relative to the familiar one (a novelty preference; see
Fagan, 1974). Interest in individual differences influencing infants’ paired-com-
parison performance has been fueled by the finding that novelty preference scores
are modestly correlated with other measures of cognitive functioning both in in-
fancy and later in childhood (see Colombo, 1993; Rose & Feldman, 1997). Thus,
infants' performance in paired-comparison procedures has been interpreted as
demonstrating individual differences in early cognitive function (Fagan, 1984).
The goal of the research reported here was to examine the effect of individual dif-
ferences in attention on infants' recognition memory for briefly presented visual
stimuli.

Infants' recognition memory has been shown to be related to individual differ-
encesin both behavioral and physiological measures of attention. First, individual
differencesin measures of overt looking behavior are related to recognition mem-
ory. Infants vary in their characteristic length of looking at static visual patterns
during habituation sessions, with short-looking infants having agreater number of
shorter duration looks toward stimuli than long-looking infants (Colombo &
Mitchell, 1990). In paired-comparison paradigms, short-looking infants achieve
significant novelty preference scores with shorter familiarization exposure times
than do long-looking infants (Colombo, Freeseman, Coldren, & Frick, 1995; Co-
lombo, Mitchell, Coldren, & Freeseman, 1991; Frick & Colombo, 1996;
Jankowski & Rose, 1997). Look duration isamoderately stableindividual differ-
ence and is significantly correlated across ages during the first year of life
(Bornstein, Pecheaux, & Lecuyer, 1988; Byrne, Clark-Tousenard, Hondas, &
Smith, 1985; Colombo, Mitchell, O’'Brien, & Horowitz, 1987).

Second, individual differences in physiological measures have been shown to
be related to recognition memory. Individua differencesin measures of heart pe-
riod variability, including respiratory sinusarrhythmia (RSA), arerelated to visual
attention (Bornstein & Seuss, 2000; Porges, Arnold, & Forbes, 1973; Richards,
1987; Richards & Casey, 1992). RSA level isastableindividual differencethatis
significantly correlated across testing ages from 2 months to 15 months (Fracasso,
Porges, Lamb, & Rosenberg, 1994; |zard, Porges, Simons, & Haynes, 1991; Rich-
ards, 1989, 1994; Stifter, Fox, & Porges, 1989). Individual differencesin heart pe-
riod variability and RSA have beeninterpreted asindexing anindividual’ slevel of
parasympathetic cardiac control, which isrelated to capacity for attention and ori-
enting (see Richards & Casey, 1992). Empirical results have provided support for
these claims, with heart period variability positively correlated with novelty pref-
erence scores in a paired-comparison procedure (Linnemeyer & Porges, 1986).

Behaviora (i.e., look duration) and physiological (i.e., heart period variabil-
ity) measures of attention may be independent markers of an infant’s general de-
velopmental level and may not necessarily be causally related. However, thereis
reason to think that these individua differences may be related to recognition
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memory by some of the same common underlying processes. An important con-
sideration in this regard concerns findings about the relation between infant
looking and infant attention, which do not always coincide. This is evident be-
cause long-looking infants actually show less evidence of stimulus processing or
recognition memory than short-looking infants (e.g., Colombo et al., 1995; Frick
& Colombo, 1996). One would expect that if looking corresponded directly to
attention, then the longer an infant looked at a stimulus, the more attention that
would be allocated to the stimulus (and thus, better recognition memory for that
stimulus that would be expected). Therefore, looking by itself may not provide
an adequate measure of attention.

Thisfinding isfurther supported by research on heart-rate-defined phases of at-
tention. Researchers have postulated that phasic changes in heart rate correspond
to different levels of attention (see Graham, Anthony, & Ziegler, 1983; Porges,
1980; Richards & Casey, 1991, 1992). Sustained, focused attention is character-
ized by aslowed heart rate, whereas attention termination is marked by heart rate
returning to its prestimulus level. Infants are less distractible from stimuli when
their heart rates correspond to the sustained attention phase than when they arein
attention termination (Lansink & Richards, 1997; Richards, 1997b; Richards &
Lansink, 1998). Importantly, changes in attention phases can occur during the
same look to a stimulus; that is, a single ook to a stimulus may be composed of
multiple phases of attention. Thus, physiological measures may provide important
information about attention that supplements what can be determined from look-
ing alone. Individual differences in these phases of attention have also been dis-
covered. Infants with higher baseline levels of heart period variability have been
reported to show greater amounts of sustained visual attention, as defined by heart
rate (Richards, 1987, 1997b). This, in turn, may affect recognition memory, as
greater amounts of sustained attention would be expected to facilitate recognition
memory.

Recent work has aready indicated that heart-rate-defined attention phases are
related to recognition memory. Richards (1997a) tested infants' recognition of vi-
sual stimuli presented for different lengths of time in a paired-comparison proce-
dure. Infants showed a familiarity preference (suggesting incomplete or partial
stimulus processing; see Hunter, Ames, & Koopman, 1983) for briefly presented
(2.5 or 5.0 sec) stimuli but a novelty preference for stimuli presented for longer
lengths of time (10.0 or 20.0 sec). However, in asecond experiment, presentation
of stimuli was coordinated with heart rate phases, such that the brief presentations
coincided with experimentally defined phases of sustained attention or attention
termination. Using this procedure, infantsresponded to the novel stimulusafter 5.0
sec of exposure during sustained attention with a similar novelty preference level
to that shown in a 20.0-sec exposure condition previously. The longer the infant
spent in sustained attention (i.e., heart rate decel eration) during the familiarization
phase, the higher the subsequent preference for the novel stimulus (Richards,
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1997a). Thus, infants’ recognition of stimuli in the paired-comparison procedure
is affected by the amount of the familiarization period that is spent in sustained at-
tention. Therefore, individual differences (e.g., in look duration and heart period
variability) that are related to sustained attention are expected to be related to rec-
ognition memory.

The study presented here tested the effect of individual differences in look
duration and heart period variability on recognition memory for briefly pre-
sented stimuli in a sample of full-term infants studied longitudinally from 14 to
26 weeks of age. Measures of heart period variability were collected from a
5-min baseline recording, and look durations to the dynamic stimuli presented in
some of the experimental conditions were calculated. The recognition memory
procedure generally replicated one that was used in a recent study (Richards,
1997a). The infants were presented with relatively brief (6.0 sec) stimuli at dif-
fering delays corresponding to different phases of attention. The familiar stimu-
lus was presented either immediately, following 2.0 sec of looking to another
stimulus, during sustained attention, or during attention termination. Infants with
high heart period variability, short-looking infants, and older infants were ex-
pected to show greater looking to the novel stimulus during the test phase. The
younger, long-looking infants and those with low heart period variability were
expected to show less evidence of recognition memory for these relatively brief
stimuli. However, those infants who typically show poor patterns of recognition
memory in an unstructured stimulus presentation (e.g., long-looking infants or
infants with low levels of heart period variability) may be aided by stimulus pre-
sentations occurring during sustained attention. The use of the longitudinal de-
sign alowed analysis of developmental changes and individual differences in
these domains.

METHOD
Participants

Thirty-seven full-term infants (gestational age greater than 38 weeks, birthweight
greater than 2500 g) were recruited from newspaper birth notices. These infants
weretested longitudinally, at 14 (N=37, 17 girls, 20 boys; M =97.5days, SD =7.7),
20(N=35, 15girls, 20 boys; M = 141.4 days, SD =5.0), and 26 (N =33, 15girls, 18
boys;, M = 182.9 days, SD = 5.2) weeks postnatal age. Two infants completed only
the 14-week session, and 2 others completed only the 14- and 20-week sessions.
Theseinfantsare not included inthefinal analyses. Infantshad no medical compli-
cationsand werein good health at thetimeof recording. The populationfromwhich
the sample was drawn ismostly White and middle class. Participantswere paid for
their participation.
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Apparatus and Stimuli

The infant was held in a parent’s lap approximately 51 cm from the inner edge
of two 49-cm (19-in.) color TV monitors. The center of each screen was 56 cm
from the infant’s eyes, and the far edge was 70 cm. The TV's subtended 88° vi-
sual angle, with one TV subtending 44° visual angle, and a visual angle of 48°
from center to center of each monitor. A neutral color material covered the sur-
rounding area. A video camera was positioned above the TVs, and in an adja
cent room an observer judged infants' looks on a TV monitor. The session was
recorded on videotape with a time code to synchronize physiological and experi-
mental information.

The familiar and novel stimuli consisted of dynamic, black-and-white, com-
puter-generated patterns (e.g., an alternating series of concentric squares, a flash-
ing checkerboard pattern, a small box shape moving across a diamond). The
stimulus display area subtended 32° visual angle. Several selected clips from a
Sesame Street movie (Follow That Bird) were used to €elicit heart rate changes.
This Sesame Street stimulus was selected because it has been used successfully in
past research to elicit the heart rate changes for the various experimental condi-
tions (see Richards, 19973, 1997b). Different video clips were used across the ex-
perimental session, and different clipswere associated with different experimental
conditions across ages. In past studies infants have successfully discriminated
novel from familiar stimuli when those stimuli are viewed following these clips
(see Richards, 1997a).

Procedure

Respiration and the electrocardiogram were recorded for a 5-min baseline period
during which the infant sat quietly on the parent’s lap on a couch. The parent was
then seated in achair with the child on hisor her lap facing the TV sto begin the ex-
perimental procedure. The conditions differed inthe manner in which the stimulus
was presented in the familiarization phase (similar to the trial types used in Rich-
ards, 1997a). Each trial began with a 2.5-sec minimum prestimulus period. Four
conditions (i.e,, immediate, 2-sec, deceleration, and return of heart rate to
prestimuluslevel) included afamiliar stimulus presentation for 6.0 sec (i.e., expo-
sureconditions), and two (i.e., 20-sec accumul ation and no-exposure control) were
control conditions. The four exposure conditions were theorized to correspond to
different heart-rate-defined phases of attention, as detailed in Richards and Casey
(1992). Inall cases, the stimuluswas presented until theinfant had accumul ated the
necessary amount of looking at the stimulus. The infants received the six experi-
mental conditions in random order, and each participant saw a different memory
stimulus on each condition.
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The conditions are presented in Table 1 (see also Richards, 19973, for afigure
with similar experimental conditions). Theimmediate condition ishypothesized to
correspond to the stimulus orienting phase of attention, asthe familiar stimulusis
presented during the time in which the infant’s attention has not yet become en-
gaged with the stimulus (Richards & Casey, 1992). The 2-sec condition presents
the familiar stimulus after the infant has already begun to attend to an interesting
stimulus; thus, theinfant isalready in an engaged attentional state when the famil-
iar stimulusis presented. The heart rate deceleration condition is analogous to the
sustained attention phase, and the return of heart rate to prestimulus level condi-
tion is analogous to the attention termination phase. It is hypothesized that recog-
nition memory will be superior in the experimental conditions corresponding to
sustained attention than during attention termination or when attention is not yet
engaged (i.e., immediate condition). The heart rate deceleration criterion was de-
fined asfive beatswith interbeat intervals (1Bl s) each longer than the median of the
five prestimulus beats, and the criterion for return of heart rateto prestimuluslevel
was defined as five beats with IBls shorter than the median of the five prestimulus
beats, following aheart rate deceleration (Richards, 19974). Trials requiring heart
rate decelerations were restarted if a heart rate deceleration did not occur within
10.0 sec of stimulus onset.

The test phase for recognition memory followed the familiarization phase and
was the samefor all conditions. In this phase, the stimulus to which the infant had
previously been exposed (i.e., the familiar stimulus) was presented on one of the
two TVs. Assoon astheinfant looked at it, the novel stimuluswas presented onthe
adjacent TV. Thus, the infant’ sfirst look was always toward the familiar stimulus

TABLE 1
Experimental Conditions

Condition Description

Immediate Familiar stimulus presented immediately for 6.0
sec (no Sesame Street clip)

2-sec Sesame Street clip for 2.0 sec — Familiar
stimulus for 6.0 sec

Heart rate deceleration Sesame Street clip through heart rate deceleration
- Familiar stimulus for 6.0 sec

Return to prestimulus Sesame Street clip through heart rate deceleration

and return of heart rate to prestimulus level —
Familiar stimulus for 6.0 sec

20-sec accumulation Familiar stimulus presented immediately for 20.0
sec fixation (no Sesame Street clip; control
condition)

No-exposure control Sesame Street clip through heart rate deceleration

and return of heart rate to prestimulus level (no
familiar stimulus presented; control condition)
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(except in the no-exposure control condition, in which both of the test phase stim-
uli were novel). Thisequated all infantsfor the stimulusto which they first looked
during the paired-comparison trials. Thetwo stimuli were presented for 10.0 sec of
accumulated looking time on either stimulus, and then a second paired-compari-
son trial was presented in which the familiar stimulus was presented on the oppo-
site TV, followed by the novel stimulus as soon as the familiar stimulus was
fixated. This second paired-comparison trial also continued until 10.0 sec of |ook-
ing time was accumul ated to either stimulus.

Calculation of Novelty Preference Variables

The hypothesisthat the four exposure conditions (i.e., immediate, 2-sec, heart rate
deceleration, return of heart rate to prestimulus level) would result in different
amounts of stimulus processing was tested by comparing look duration in the
paired-comparison test phase for these four conditions with the control conditions
of no exposure (which involved the paired comparison test phase only, with no fa-
miliar stimulus) or 20.0-sec accumulation. Thefirst variable employed for analysis
wastheinfants’ first1ook duration from thetest phase. Thefirst look during thetest
phase of the no-exposure control trial wasto anovel stimulus(becauseneither stim-
ulus had been seen before). However, in thefour exposure conditions, thefirst look
wasawaystoafamiliar stimulus. Thus, recognition memory (i.e., anovelty prefer-
ence) inthefour exposure conditionswould be shown by first look durationsduring
the test phase that were significantly shorter than the first look duration for the
no-exposure control condition.

The second variable analyzed to indicate recognition memory was the amount
of looking at the novel stimulus from the test phase, which was compared to the
20.0-sec accumulation control condition. The 20.0-sec accumulation control was
expected to result in novelty preferences in the test phase, based on previous re-
search (Richards, 1997a). A novelty preference in the exposure conditions would
be shown by look duration on the novel stimulus similar to that in the 20.0-sec ac-
cumulation condition.

This approach to calculation of novelty preference variables (also used in
Richards, 1997a) differs from the standard approach of simply calculating the
percentage of time that infants fixate the novel stimulus during the choice trials,
relative to the total amount of fixation possible (i.e., Fagan, 1974; Rose,
Feldman, & Wallace, 1988). The current method required the infant to fixate the
familiar stimulus first during the test phase. At that point, the novel stimulus was
presented, and the infant had to disengage from the familiar stimulus to view the
novel stimulus. Presumably, the more thoroughly the familiar stimulus had been
encoded, the more quickly the infant would have turned away from it and to-
ward the novel stimulus.
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Measurement and Quantification of Physiological Variables

Theelectrocardiogram (ECG) wasrecorded by placing silver—silver chloride elec-
trodes ontheinfant’ s chest and wasdigitized at 1000 Hz (each msec) withamicro-
computer running custom software. A computer algorithm identified the QRS
complex in the ECG online, and I1BI was defined as the duration between succes-
sive R-wavesin the ECG. This evaluation was made online within 30 to 60 msec
following the R-wave occurrence. For offline analyses, agorithms developed by
Cheung (1981) and Berntson, Quigley, Jang, and Boysen (1990) were used to iden-
tify artifacts, along with visual inspection of unusual beats.

Respiration was measured with apneumatic chest cuff (Grass Instruments) and
was digitized online at 50 Hz (each 20 msec) during the baseline period. The peak
and trough of the digitized recording, representing inspiration and expiration, were
identified by computer algorithms. Artifactswere eliminated by viewing the respi-
ration recording on computer displays for each identified breath. Respiration fre-
guency was quantified to determinethe modal frequency for RSA quantification.

Individual differences in heart period variability in past research have been
determined by separating high- and low-variability groups with a single vari-
able, such as a band-pass filter measure (“V”; Porges, 1992) or a spectral analy-
sis measure (Richards, 1994). However, parasympathetic cardiac control
involves both a lowering of mean heart rate and an increase in RSA, and these
two functions of parasympathetic control are partially independent. One ap-
proach to developing a measure of parasympathetic cardiac control, therefore,
would be to use both mean heart rate and RSA in some linear combination (e.g.,
multiple regression; Grossman & Kollai, 1993; Kollai & Mizsel, 1990). Thus,
four variables were computed from the baseline recording: IBl average, standard
deviation of the IBI values, a time-domain quantification of RSA, and a fre-
guency-domain quantification of RSA (see Richards, 1997b, for a detailed ex-
planation of these variables). Each variable was calculated separately from the 5
baseline min, and an average of the five calculations was taken. The IBIs were
proportionally assigned to 100-msec intervals to achieve adequate resolution of
the frequency-domain RSA measure.

Richards (1997b) performed a principal component analysis on these IBI and
RSA variables with alarge cross-sectional sample of infants (N = 155) to derive
asummary measure of individual differencesin heart period variability. Because
our study involved a smaller number of infants studied longitudinally, the load-
ings for these variables from the first principal component in that previous anal-
ysis (reported in Table 3 of Richards, 1997b) were used in this study to compute
principal component scores for each infant. In that previous study, the principal
components variable was more sensitive to individual differences in attention in
some analyses than were other variables (see Richards, 1997b, footnote 3, p.
672).
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Look Direction

A single observer in an adjacent room judged the look direction of the infant on a
TV monitor during the experiment. Two observers later judged look direction
offlineviaavideotaped recording. Each ook wasjudged aslooking at theright TV,
looking at the left TV, or looking away. Looking times were computed based on a
millisecond time code recorded on the videotapes. The data for the analyses came
from the ratings of only one of the observers.

Interrater reliabilities of look duration judgments were computed between the
ratings of the two observers. The average absol ute difference for the judgments of
the length of the first look toward the familiar stimulus in the paired-comparison
phase was 0.396 sec (N = 696, SD = 0.908, Mdn = 0.127 sec, 90 P = 0.934 sec), and
for total looking toward the novel stimulusinthefirst 10 sec of the paired compari-
son was 0.506 sec (N = 696, SD = 0.731, Mdn = 0.274 sec, 90 P = 1.28 sec). The
overlap agreement for the duration of looking and judgments of looking at the fa-
miliar or novel stimulus was examined for the two observers. Thetotal timein all
of the trials was 365 min. The overlap between the two observers for looking to-
ward the stimuli averaged across trials was 0.90 (SD =.130, Mdn =0.950, 90 P =
1.0, Cohen’' sk = .585). This shows a moderate reliability (Landis & Koch, 1977)
for the observations, with the level of Cohen’s k due to the relatively high fre-
quency of looking toward the stimuli (Hunter & Koopman, 1990). Given that the
observers judged the infant to be looking toward the stimuli, the overlap time for
agreement that |ooking was directed to the novel or familiar stimuluswas0.91 (SD
=0.113, Mdn =0.952, 90 P = 1.0, Cohen’sk = .777).

RESULTS
Baseline Physiological Measures

Table 2 presentsthe meansfor the variablesused to classify infantsaccording toin-
dividual differences in heart period variability. A one-way MANOVA was per-
formed to examine overall changeswith agein these measures of heart period vari-
ability. There was a statistically reliable age effect, Wilks's A = .83, F(8, 196) =
2.46, p = .015. Consistent with previous studies (Richards, 1997b), IBI increased
(i.e., heart rate declined) with age, and RSA increased with age.

Asin previousresearch (Richards, 1997b), all measures of heart period variabil-
ity were highly correlated; in this study, these intercorrelations ranged from .59 to
.92. Infantswere separated into high and low heart period variability groups by use
of amedian split within ages on the principal component score. The medianswere
—.654,.022, and .674, respectively, for thethree age groups. For the overall classifi-
cation of infantsashigh or low heart period variability, the average of eachinfant’s
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TABLE 2
Developmental Changes in Physiological and Looking Measures

Value at Testing Age (Weeks)

Parameter 14 20 26 p
Average |BI length (msec) 3089 4150 4250 .006*
D of IBI 27.9 27.7 30.0 .356
Band-pass filter RSA estimate 3.35 4.06 4.48 .019*
Spectral analysis RSA estimate 1.85 2.29 2.38 .049*
Principal component score —586 .070 531 .025*
Peak fixation duration, no-exposure control (sec) 15.6 115 8.8 .024*
Peak fixation duration, 20-sec control (sec) 13.9 8.2 8.7 .001**

Note. 1Bl = interbeat interval; RSA = respiratory sinus arrhythmia.
*p<.05.**p<.0L

three principal component scores (from the three testing ages) was computed, and
then amedian split was performed on this variable. The overall median principal
component scorewas—0.098. The high and low heart period variability groupsdif-
feredsignificantly ontheir principal componentsscore, F(1,98)=78.14,p<.001.

Look Duration Variables

Infants' longest looksduring the two control conditionswere examined to estimate
individual differences in look duration. These two conditions were selected be-
cause they both provided an extended period in which a stimulus was presented
(i.e., either for afull 20.0 sec of familiarization to one of the dynamic geometric pat-
ternsin the 20.0-sec control condition or through a heart rate decel eration and ac-
celeration while watching aclip from the Sesame Street movie in the no-exposure
control condition). As expected, there was a decrease across the three testing ages
inthelength of thelongest ook in both conditions (see Table 2). Next, weexamined
the correl ations between these two measures at each age and the correl ation of each
measurewithitself acrossthetesting ages. Thelongest |ooksinthetwo control con-
ditions were not significantly correlated with each other within atesting age (r's
were .19, .06, and —.25, respectively, for the three age groups, al ns), and the lon-
gest looks from each control condition at a given testing age were not significantly
correl ated with the subsequent testing age (correl ationsranged from—.12t0 .15, all
ns). This finding indicates that the look duration measure obtained in this experi-
mental procedure was not stable within atesting age (i.e., between the two control
conditions) or acrosstesting ages (i.e., each control condition acrossage). Thus, in-
fants could not reliably be classified as long or short looking across testing ages,
and this grouping variable was not included in further analyses.
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The longest look durations from the two control conditions were examined in
relation to the baseline physiological measures taken at each age. There were no
significant correl ations between the | ooking measures and the baseline physiol ogi-
cal measures for the 14-week-old infants. At 20 and 26 weeks of age, however,
several of the measures of heart period variability had significant positive correla
tions with look duration, but only for the no-exposure control trial. In particular,
the principal components score at 20 and 26 weeks was positively correlated with
the longest look duration from the no-exposure control trial (r = .36 and .44, re-
spectively, p < .05). Infants with higher baseline levels of heart period variability
looked longer at the clip from the Sesame Street movie.

The longest looks from the two control trials were analyzed with an age (3: 14,
20, 26 weeks) x heart period variability (2: low, high) analysis of variance
(ANOVA; looking measures were log-transformed in ANOVAS). There was a
main effect of age on the longest look from the no-exposure condition, F(2, 89) =
3.91, p =.0235, and the 20.0-sec accumulation control trial, F(2, 94) = 11.50, p<
.0001 (see Table 2). There were no main effects or interactionsinvolving the heart
period variability factor. However, planned analyses of these variables separated
by age showed that thelongest |ook duration for the no-exposure control trialswas
significantly shorter for the 26-week-old infants with low levels of heart period
variability than for the 26-week-old infants with high heart period variability (i.e.,
6.56 sec for low heart period variability infants and 11.32 for high heart period
variability infants), F(1, 27) = 4.24, p < .05.

In summary, these analyses indicated that infants could not be reliably classi-
fied as long looking or short looking using the current experimental procedure.
However, look duration variables were positively correlated with the baseline
physiological measures, particularly at the older ages. Older infants with higher
baseline levels of heart period variability tended to look longer during the no-ex-
posure control condition.

Recognition Memory During Experimental Trials

Analyses with first look duration. First, analyses were conducted on in-
fants' firstlook duration, compared to the no-exposure control trial. A novelty pref-
erence would be shown by shorter first look duration during the test phase for the
exposure conditions than first-look duration for the no-exposure control, in which
both stimuli were novel. Thus, first-look duration was analyzed with an age (3) x
heart period variability (2: low, high) x exposure condition (5: immediate, 2.0 sec,
heart rate deceleration, return of heart rate to prestimulus level, no-exposure con-
trol) ANOVA.

Therewasastatistically reliable main effect of testing age on thefirst look, F(2,
96) = 36.15, p < .0001. Thefirst looks were longest for the youngest infants, at an
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intermediate level for the 20-week-old infants, and the shortest for the oldest in-
fants (see Table 3). Figure 1 shows the first look durations broken down by theo-
retically similar experimental conditions. Specifically, the immediate and return
conditions were combined, in which attention is theorized not to be engaged, and
the 2.0-sec and decel eration conditions were combined, in which attention istheo-
rized to be engaged.

The overall main effect of exposure condition was not significant, F(4, 96) =
1.15, ns, nor were there, overal, any statistically reliable interactions between
exposure condition and age or heart period variability. However, severa key
comparisons between means were conducted based on the experimental hypoth-
eses and results from Richards (1997b). It was expected that the 14-week-old in-
fants may not show evidence of recognition memory for these brief stimuli and
so may not be affected by the trial type, whereas the older two ages may be. As
shown in Figure 1, the first looks for the 14-week-olds were similar in all condi-
tions, whereas first looks for the older infants did differ across experimental
conditions. Specificaly, the first look duration for the 20- and 26-week-olds in

TABLE 3
Developmental Changes in Novelty Preference Measures

Value at Testing Age (Weeks)

Measure 14 20 26

First look duration (sec) to familiar stimulus

Immediate 412 2.36 1.08
2-sec 4.42 1.74 1.33
Heart rate deceleration 3.93 1.46 1.30
Return to prestimulus 4.29 221 1.86
No-exposure control 3.99 191 2.57
20-sec control 4.09 2.03 1.40
Average, al conditions 4.06 1.99 1.60
Percentage looking at novel stimulus (first 10 sec)
Immediate 43.95 53.76 51.45
2-sec 41.29 52.88 53.74
Heart rate deceleration 40.15 48.69 54.61
Return to prestimulus 36.03 36.51 39.75
20-sec control 39.38 54.35 61.97
Average, al conditions 38.97 48.82 50.94
Percentage looking at novel stimulus (entire 20 sec)
Immediate 41.24 49.22 52.32
2-sec 39.49 50.34 50.81
Heart rate deceleration 40.22 46.99 53.79
Return to prestimulus 37.28 42.84 42.43
20-sec control 38.54 52.97 54.62

Average, dl conditions 39.43 48.04 51.43
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First Look Duration to Familiar Stimuli During Paired-Comparison Trials
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FIGURE 1 Firstlook duration (to the familiar stimulus) during the paired-comparison trials,
presented separately by age and experimental condition. Fourteen-week-olds show little differ-
entiation between conditions, but the older two age groups show shorter first looks (i.e., greater
novelty preference) in the experimental conditions relative to the control condition. Error bars
represent SEM.

Seconds
o
o

the 2.0-sec and heart rate deceleration trials (i.e., the attention conditions) was
significantly shorter than the first looks in the no-exposure control trial, F(1, 63)
= 4.13, p = .046. Thus, in the two older age groups, as Figure 1 and Table 3
show, there was evidence that presentation of brief stimuli during heart-rate-de-
fined phases of attention facilitated recognition memory. However, these two
older age groups did not show shorter first looks in the immediate and return of
heart rate to prestimulus level conditions than the infants in the no-exposure
condition, F(1, 63) = .52, ns.

Therewas also astatistically significant effect of heart period variability onthe
first look duration, F(1, 96) = 4.86, p < .05. Thefirst looks of the high heart period
variability infantswere shorter than the first |ooks of the low heart period variabil-
ity infants, indicating shorter looks to the familiar stimulus (i.e., higher novelty
preference) in the high heart period variability infants. Thisisillustrated in Figure
2, which shows that in particular, the high heart period variability infants showed
significantly shorter first looks in the two attention conditions than the low heart
period variability infants.

In summary, as demonstrated in Figure 1, the first look durations for the
14-week-old infants were similar for al conditions. The first look durations for
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Individual Differences in First Look Duration to Familiar Stimuli
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High
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FIGURE 2 Firstlook durationtothefamiliar stimulusduring paired-comparisontrials, shown
separately for the high and low heart period variability infants. Infants with high heart period
variability showed shorter first looks(i.e., greater novelty preference), particularly inthe experi-
mental conditions thought to reflect sustained attention. Error bars represent SEM.

both 20- and 26-week-old infants were less in the 2.0-sec and heart rate decelera-
tion trials than in the no-exposure control condition. Figure 2 also indicates that
high heart period variability infants showed shorter first looks than did the low
heart period variability infants. Summed across ages and experimental conditions,
older infants and infants with high heart period variability showed greater evi-
dence of recognition memory for these brief stimuli.

Analyses with novel look duration variables. The percentage of time
looking at the novel stimulusisvery similar for the first 10-sec test trial asfor the
entire 20-sec test phase (see Table 3). Analysesare reported here for |ooking to the
novel stimuli during the first 10 sec of the paired-comparison test phase because
this measure better represented the infant’s initial processing of the briefly pre-
sented stimuli; resultsare similar if novel look duration from the entire 20-sec test
phaseisanalyzed. Novel look duration from the exposure conditionswas compared
tolength of looking at the novel stimulusduring thetest phase of the 20.0-sec accu-
mulation condition, which wastheorized to result in thorough processing of thefa-
miliar stimulus (see Richards, 1997b). The duration of novel stimulus looking on
these trials was analyzed with an age (3) x heart period variability (2) x exposure
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condition (5: immediate, 2.0-sec, heart rate deceleration, return of heart rate to
prestimulus level, 20.0-sec accumulation) ANOVA.

Therewasastatistically reliable main effect of testing age on the novel look du-
ration, F(2, 96) = 33.20, p < .0001. This effect was as expected; novel look dura-
tion was shortest for the 14-week-olds (3.897 sec), at an intermediate level for the
20-week-old infants (4.88 sec), and the longest for the 26-week-old infants (5.09
sec; see Table 3 and Figure 3). Thisfinding indicatesincreasing recognition mem-
ory in the paired-comparison test over this age range.

Aswith thefirst look duration variable, the type of exposure condition did not
significantly affect the duration of novel looking when all three testing ages were
combined, F(4, 96) =0.71, ns. However, for the 20- and 26-week-old infants, there
was a statistically significant effect of exposure condition, F(4, 96) = 6.72, p =
.015. The 14-week-old infants showed little difference across exposure conditions
in the time spent looking at the novel stimulus (see Figure 3). For the older two
ages, however, the time spent looking at the novel stimulusin the paired-compari-
son phase for the 2.0-sec and heart rate deceleration trials (i.e., attention condi-
tions) was not significantly different from the 20.0-sec accumulation condition
(see Figure 3). On the other hand, the time spent looking at the novel stimulusin
the paired-comparison phase for the immediate and return of heart rate to

Look duration to novel stimuli

Seconds

14 20 26
Age

‘ Eimm & Return W2-sec & Dec 0 20-sec control ‘

FIGURE 3 Look duration to novel stimuli during the first 10-sec test trial, presented sepa-
rately for the three age groups and broken down by experimental conditions. Looking to the
novel stimulusincreased with age, particularly in conditionsin which recognition memory was
expected. Error bars represent SEM.
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prestimulus level conditions (i.e., no attention conditions)! was significantly less
than during the 20.0-sec accumulation conditions (see Figure 3). The two oldest
ages showed novelty preference (i.e., recognition memory) after 6.0 sec of expo-
sure in the conditions corresponding to heart-rate-defined phases of attention but
not in the experimental conditionshypothesized to reflect alack of attention. There
were no main effects or interactionsinvolving the heart period variability measure
for thisvariable.

In summary, novel look durationsare presented by age and experimental condi-
tion in Figure 3. The 14-week-old infants showed little evidence of recognition
memory in any of the heart-rate-defined experimental conditions. The older two
age groups, however, showed greater looking to the novel stimulus during atten-
tion conditions than nonattention conditions.

DISCUSSION
Age and Experimental Effects on Recognition Memory

Twenty- and 26-week-old infants showed greater evidence of recognition mem-
ory for these briefly presented visual stimuli than did 14-week-old infants. The
older two age groups, overall, had greater looking to the novel stimulus during
the paired-comparison trials and also made shorter first looks to the familiar
stimulus during the paired-comparison trials. These findings are consistent with
the interpretation that infants become more efficient at stimulus processing and
require less familiarization time before demonstrating significant novelty prefer-
ences with age (see also Fagan, 1974; Rose et al., 1988). Infants also show more
rapid disengagement of looking from visual targets with age, and thus the cur-
rent results could be attributed partially to infants' increasing ability to shift at-
tention rapidly between targets and locate novel visua stimuli more rapidly with
age (see Frick, Colombo, & Saxon, 1999; Hood & Atkinson, 1993; Johnson,
Posner, & Rothbart, 1991; Richards, 1987, 1997b). This finding of age differ-
ences also replicates the age effects reported in Richards (1997a) for recognition
of briefly presented visual stimuli.

However, the relation between age and recognition memory was mediated by
the effects of the experimental manipulations. The 14-week-old infants showed no
differentiation in their performance among the various conditions and little evi-
dence of recognition memory for any of these briefly presented stimuli. Although

1Theimmediate and return of heart rate to prestimulus level conditions were combined to represent
inattention conditionsbecause of apriori theoretical predictions. Table 3 showsthat theimmediate con-
dition resulted in higher levels of looking at the novel stimulusthan did the return condition. However,
both conditions (when analyzed separately) were different from the 20.0-sec control condition.
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14-week-olds exhibited significant novelty preferencesin past work (e.g., Cooper,
1990; Frick, Colombo, & Allen, 2000), the brief familiarization employed in this
procedure may have not provided enough time for sufficient stimulus processing
for this age group (Richards, 1997a). An dternate interpretation of the perfor-
mance of the 14-week-oldsisthat they may have been processing the information
in these rather complex, moving stimuli differently than the older infants. Spe-
cifically, they may have been processing the stimuli in amore piecemeal fashion,
engaging in analysis of thelocal stimulus componentsrather than the global shape
or structure of the stimuli (see Bronson, 1991; Hainline & Lemerise, 1982). If that
were the case, the younger infants would have more information to process than
the older ones. Theyounger infantswould takelonger initial |ooks and would need
longer exposures to remember the stimuli, not because they have poorer memo-
ries, but because they have more information in the stimuli to remember (see Co-
hen, 1998).2 However, that 14-week-olds' performance was relatively insensitive
tothe heart rate experimental manipulations (rel ative to the 20- and 26-week-ol ds)
suggests that there may be important developmental changes in attention that af-
fect recognition memory performance across these ages.

The older two age groups showed shorter first looks on the familiar stimulusin
the conditions expected to result in greater recognition memory (i.e., 2.0-sec and
deceleration). In addition, infantsin the ol der two age groups showed greater |ook-
ing at the novel stimulus in the 2.0-sec and deceleration conditions but not in the
immediate or return of heart rate to prestimulus level conditions. The
heart-rate-defined experimental manipulations led to significantly different
amounts of recognition memory in the theoretically predicted directions in the
older two age groups, this finding provides theoretical support for the hypothesis
that heart-rate-defined attention phases are associated with focused attention to vi-
sual stimuli (Richards & Casey, 1992).

These results indicate that 20- and 26-week-old infants are capable of demon-
strating recognition memory for stimuli following arelatively brief stimulus expo-
sureif that exposure occurs while the infant isin an attentive state (see Richards,
1997a). Experimental paradigmsthat manipulate length of familiarizationasanin-
dication of processing time required for recognition may overestimate thetime re-
quired for infants to process visual stimuli (see also Fagan, 1974). However, a
further implication isthat those studiesthat have found differencesin the familiar-
ization time required for recognition memory by infants of different ages and dif-
ferent attentional statuses (e.g., Colombo et al., 1995; Colombo et al., 1991; Rose,
1983) may havetapped into differencesin thetimeinfantsin thesedifferent groups
spent in sustained attention during familiarization. This possibility deserves fur-
ther consideration.

2We thank areviewer for pointing out this valid alternate interpretation.
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Individual Differences Results

Look duration measures. A number of analyses were conducted to exam-
ine the relation between individual differences in look duration and recognition
memory. One difference between the current results and previous findingsis that
the look duration measures were not stable either across task or across age. This
finding stands in apparent contradiction to previous studies that have reported
within-session stability in look duration measures (e.g., Bornstein & Benasich,
1986; Cooper, 1990; Frick & Colombo, 1996; Frick et al., 1999; Rose, Slater, &
Perry, 1986) aswell as cross-age stability in look duration (Colombo et al., 1987;
Mayes & Kessen, 1989).

Onepossibility for why thelook duration measureswere not stablein this study
isthat the current experimental paradigm may have contributed to more variable
looking responses. Infantswere presented with six experimental conditionsin ran-
dom order; for example, the no-exposure control condition may have occurred first
for aninfant at 14 weeksbut elsewherein the session at 20 or 26 weeks. It is possi-
ble that differencesin order of conditions contributed to alessening of individual
differencesin look duration. Most previous studies that have reported stability in
look duration measures have obtained those measures at the beginning of the ex-
perimental session. The possihility that individual differencesinlook duration are
stronger or more stablein theinfants’ initial response during the experimental ses-
sion deserves further empirical examination.

A second possibility is that stimulus characteristics may have influenced the
pattern of results. Although look duration measures were not correlated with each
other, they were significantly positively correlated with several of the physiologi-
cal measures, particularly in the older infants. One interpretation of these findings
isthat look duration to changing, interesting visual stimuli (e.g., aclip from a Ses-
ame Street movie) ismore strongly related to physiological indicators of attention
than islook duration to static, unchanging stimuli. Thisinterpretation is bolstered
by the finding that the correl ations between look duration and baseline physiol ogi-
cal measures were significant only for the no-exposure control condition (which
involved presentation of a clip from the Sesame Street movie) and not for the
20.0-sec accumulation condition (which involved presentation of ageometric pat-
tern that was more analogous to a habituation-type stimulus, although it was dy-
namic). Static, unchanging stimuli have most often been used in habituation
paradigmsthat haveled to the previousfindings of stability in measuresof individ-
ual differencesin look duration. Thisfinding raises the possibility of agreater de-
gree of stimulus specificity for the relation between physiological and behavioral
measures of attention than has previously been hypothesi zed.

It may bethat the classification of infants as short looking or long looking (e.g.,
Colombo & Mitchell, 1990) may be appropriate only with particular types of vi-
sual stimuli. That is, individual differencesin look duration may only be theoreti-
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cally meaningful and empirically consistent when infants are presented with
relatively unengaging, repetitive stimuli, to which they can habituate. Look dura-
tion to unchanging, habituation-type stimuli has been shown to be moderately sta-
ble both within and across ages (Colombo, 1993). It may bethat |ook duration with
static, unchanging stimuli (as are used in habituation studies) is more reflective of
individual differencesin speed of stimulus processing than islook duration to dy-
namic, changing stimuli, asin this study. It isinteresting to note that infants’ lon-
gest look durations became progressively shorter across ages (see Table 2), but
that these longest ook durations were positively correlated with the physiological
measures typically interpreted as indicating attentional capacity and that increase
with age.

Baseline physiological measures and recognition memory. Individual
differences in the baseline physiological measures also were related to some as-
pects of recognition memory performance (see also Linnemeyer & Porges, 1986).
Infantswithlow baselinelevelsof heart period variability had longer initial looksto
the familiar stimulus during the paired-comparison trials relative to high heart pe-
riod variability infants (see Figure 2). Thisdifference was especially evident inthe
conditionsthat were expected to result in superior stimulus processing (i.e., 2.0-sec
and deceleration condition combined). High heart period variability infants
showed more rapid disengagement from the familiar stimulus during the
paired-comparisontrials, suggestive of morerapid recognition of it asfamiliar, and
an enhanced novelty preference. One characteristic of the high heart period vari-
ability infants may be more rapid processing or recognition of familiar items, re-
sulting in alarger proportion of time spent looking at the novel stimulus.

Thelack of any main effects or interactions of the heart period variability mea-
sureoninfants’ duration of looking at the novel stimulus summed acrossthe entire
test trial, however, indicates that these individual differences may be more evident
in infants’ initial responses during the test phase. Alternately, it may be that the
current experimental procedure, which required infantsto fixate the familiar stim-
ulusfirst, obscured individual differencesin novelty preferencerelated to heart pe-
riod variability; atraditional paradigminwhichthe novel and familiar stimulusare
presented simultaneously may show greater differences between heart period vari-
ability groups (see Linnemeyer & Porges, 1986).

Some hypotheses regarding individual differences in baseline physiological
measures were not supported. High heart period variability infants did show
greater evidence of recognition memory, as expected. However, it was also pre-
dicted that low heart period variability infants may benefit from stimulus presenta-
tions occurring during sustained attention (i.e., 2.0-sec and deceleration
experimental conditions) and be morelikely to show recognition memory in these
attention conditions than in others. However, the results did not support this pre-
diction. It may bethat this specific experimental procedure is more difficult than a
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standard familiarization—novelty paired-comparison paradigm and thusresultedin
floor effectsoninfants' performance that made individual difference results more
limited.

Overadl, individual differences in physiological measures and look duration
wererelated to recognition memory performancein more specific waysthan origi-
nally hypothesized. Nevertheless, infants with higher levels of heart period vari-
ability showed more rapid disengagement from the familiar stimulus during the
test phase, perhaps indicating more rapid recognition of it as familiar. Further,
these results provide evidence that stimulus and procedural factors may be more
relevant in the study of infant visual attention than has previously been proposed.
Future work should continue to examine the methodological and theoretical im-
portance of these issues and further evaluate the mechanisms by which individual
differences in behavioral and physiological measures of attention are related to
early cognitive development (Colombo & Frick, 1999).
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