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Extended Visual Fixation in Young Infants: Look Distributions,
Heart Rate Changes, and Attention

John E. Richards and Theresa L. Gibson

Visual fixation in infants from 3 to 6 months of age was examined for its fit to the theory of “‘attentional inertia.”
This theory posits that during the progression of a look there is increasing attention toward the stimulus and
an “inertia” to continue looking. An extended audiovisual stimulus was presented for 20 min to infants while
fixation was videotaped and heart rate (HR) was recorded. Consistent with the attentional inertia theory, look
duration toward the stimulus had a lognormal distribution. Hazard functions describing these distributions
showed a decreasing conditional probability of looking away with increases in look duration. Look onset and
stimulus changes that occurred within a look were accompanied by HR deceleration. The average HR level
continued to decrease over the duration of a look and returned to prestimulus level immediately prior to the
fixation offset. Infant fixation has characteristics similar to fixation in children and adults, and attention appears

to increase over the course of a look in young infants.

INTRODUCTION

There are dramatic changes in visual attention during
the infant and preschool years. Ruff and Rothbart
(1996) summarize research on visual attention devel-
opment in the preschool years. They hypothesize that
an “orienting/investigative” type of attention pre-
dominates the first year of life. A second attention
system, one involving higher-level control, planning,
and self-regulation, is hypothesized to emerge in the
second year and develop throughout the preschool
years. However, the link between visual attention in
early infancy and later childhood has some important
deficits. Dissimilar experimental paradigms, the
study of different theoretical constructs, and the
problem of other developing competencies have lim-
ited the comparison of attention between infants and
preschool children. This study attempts to link re-
search on attention in preschool children with atten-
tion in 3- to 6-month-old infants by studying a theo-
retical construct in infants assessed in a paradigm
similar to that which has been used with older chil-
dren.

Extended looks have been studied by Anderson
and colleagues with 3-year-old (Anderson, Choi, &
Lorch, 1987) and 5-year-old (Anderson et al., 1987;
Choi & Anderson, 1991) children and college-age stu-
dents (Burns & Anderson, 1993). These studies have
included television program viewing (Anderson et
al., 1987; Burns & Anderson, 1993) and toy play
(Choi & Anderson, 1991). Short duration (<5 s) looks
made up the largest proportion of looks, and longer
duration looks occurred with much lower frequency.
The frequency distribution of look duration in these
studies had a lognormal shape, in contrast to other

possible distributions (e.g., exponential, gamma, nor-
mal, Weibull). The lognormal frequency distribution
was true for individual infants as well as for aggre-
gated data. The distributions were further examined
with “survival analysis” and “‘hazard functions.”
The hazard function is the conditional probability
that a look will terminate in a given interval given
the probability of its surviving to that interval. The
hazard function found in these studies (e.g., Ander-
son et al., 1987; Burns & Anderson, 1993; Choi & An-
derson, 1991; Hawkins, Yong-Ho, & Pingree, 1991)
was that typically associated with the lognormal dis-
tribution. There was an increase from 0 s to a peak
at some short interval (i.e., 1-2 s), and then a decrease
with increasing look duration. In other words, at very
short intervals there was a high probability of look-
ing away, but at longer look intervals it was much
less likely that a look away from the stimulus would
occur.

Look duration distributions in these studies were
explained with a model of ““attentional inertia” (An-
derson & Lorch, 1983; Burns & Anderson, 1993). This
model posits that attention is relatively unengaged at
the beginning of each look and increases continu-
ously over the course of a look toward that stimulus.
The explanation for the increasing attention is based
on the hypothesis that each look consists of the aggre-
gation of a series of brief “comprehension units” last-
ing 1-2 s. Single comprehension units involve inten-
sive cognitive activity and are resistant to distraction.
Between comprehension units, the look is vulnerable
to distraction. Because attention engagement is weak
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at the beginning of look, fixation is easily terminated
between comprehension units. This results in a pre-
dominance of short looks. If a look survives past the
first few comprehension units, attention engagement
increases, and the probability of being distracted be-
tween successive comprehension units decreases. At-
tentional “inertia”” holds attention across successive
comprehension units as the look continues. The look
durations in an extended-viewing session, generated
by these comprehension units with changing proba-
bility of termination, should aggregate to form log-
normal distributions. The lognormal distribution of
look durations found in these studies (e.g., Anderson
et al., 1987; Burns & Anderson, 1993; Choi & Ander-
son, 1991; Hawkins et al., 1991), and the associated
“hazard function,” are empirical markers consistent
with the model’s predictions.

The increasing attention engagement hypothe-
sized to occur over the course of the look should have
behavioral or psychological consequences. Anderson
reported that with increasing look length there was
a decreasing probability that a peripheral distractor
would interrupt fixation and an increasing latency to
respond to the distractor if such a response occurred
(Anderson et al., 1987; Choi & Anderson, 1991). Simi-
larly, others have reported that children’s reaction
times on a secondary task were longer after television
viewing had been in progress for 15 s than for shorter
lengths of time (Lorch & Castle, in press). These stud-
ies were interpreted as showing an increased selectiv-
ity for the central stimulus (increased attention en-
gagement) compared to a competing distractor. An
increase in the memory for scenes and information
presented in the longer parts of the look has been
shown (Burns & Anderson, 1993). Thus, comprehen-
sion of stimulus content increases as the length of the
look progresses.

It is unknown whether the attentional inertia
model applies to infant visual attention. Most theo-
retical accounts of infant visual attention deal with
episodes of attention to single stimuli presented in
isolation, with relatively short duration presentations
(e.g., Colombo & Mitchell, 1990; Richards & Casey,
1992). Stimulus presentations in studies of infant at-
tention often last only as long as the length of a single
look (e.g., “infant control procedure,” Cohen, 1972;
Horowitz, Paden, Bhana, & Self, 1972). Similarly, the
length of the sessions in these studies is typically lim-
ited to 5 to 10 min, even with infants in the second
half of the first year (e.g., Oakes & Tellinghuisen,
1994; Ruff, 1986; Ruff, Capozzoli, & Saltarelli, 1996).
The theoretical accounts of visual attention derived
from these experimental paradigms would have lim-
ited usefulness to the study of attentional inertia due

to these limited exposure conditions. The lack of
studies of extended stimulus presentation in young
infants limits the study of the development of fixa-
tion and attention from infancy through preschool
ages. It also limits the study of infant attention in en-
vironments where episodes of attention may last
longer than 5 min.

One study (Mendelson, 1983) has questioned the
applicability of the attentional inertia model to infant
attention. Mendelson (1983) analyzed data collected
in previous studies of 4- and 7-month-old infants
viewing a film of a moving puppet. First, Mendelson
found that most of the long looks came from one
group of infants (“long lookers”), and that the short
looks came from a different group of infants (“’short
lookers”). The typical hazard functions reported by
Anderson did not occur in the long-looking infants
(Mendelson, 1983, Table 2). Second, Mendelson re-
ported that most of the long looks were from the be-
ginning of stimulus presentation, and that most of
the shorter looks were looks later in the stimulus du-
ration. Thus, he argued, a pattern of habituation of
fixation could account for the distribution patterns
found by Anderson and colleagues. Typical of stud-
ies of infants in this age range, the recording intervals
in the Mendelson (1983) report were short (1.5, 3, or
6 min) relative to research with older children and
consisted of the repetitive presentation of a single
stimulus. The use of a repetitive stimulus presenta-
tion, and the relatively short recording intervals, limit
the usefulness of this study in its critique of the appli-
cability of the attentional inertia model to infant at-
tention.

This study investigated the attentional inertia
model in infants using methodology similar to that
used with preschool-aged participants, namely,
longer recording sessions (>20 min), stimuli that
changed relatively frequently (12-30 s), and compa-
rable stimuli (“Sesame Street’” movie). There were
two goals of this study. One goal was to determine
if the markers of attentional inertia could be found in
young infants. The attentional inertia model predicts
that the probability of looking away from the stimu-
lus decreases with increases in look duration. Thus,
look duration should be lognormally distributed and
should have a characteristically shaped hazard func-
tion (Burns & Anderson, 1993). This was examined
with distribution characteristics of infant looks dur-
ing the presentation of audiovisual stimuli in an ex-
tended session.

The second goal was to determine if attention en-
gagement increased over the course of looks in in-
fants. Because of the descriptive nature of the first
goal, we did not want to use experimental manipula-



tions such as a distraction paradigm or memory test
to evaluate this. Some studies have used physiologi-
cal measures to assess attention responses in televi-
sion viewing (e.g., Lang, 1990; Thorson & Lang,
1992). These have not been done with regard to the
attentional inertia hypothesis and have typically been
limited to looking at transient responses to specific
types of scene changes. The physiological measures
may be useful because they allow a nonintrusive as-
sessment of attention engagement without explicit
experimental manipulations.

A potential attention-engagement measure is heart
rate (HR) changes occurring in response to the visual
stimulus. Heart rate changes have been used to dis-
tinguish attention engagement level in young infants
(Berg & Richards, in press; Graham, 1979; Graham,
Anthony, & Ziegler, 1983; Richards & Casey, 1991,
1992). There is a large HR deceleration occurring at
the beginning of fixation that is hypothesized to re-
flect attention engagement, and is sustained through-
out attention engagement. Conversely, when atten-
tion is disengaged, the HR returns to its prestimulus
level. Several studies have shown that infants are rel-
atively difficult to distract from central stimulus
viewing (Richards, 1987) or toy play (Oakes & Tell-
inghuisen, 1994; Ruff et al., 1996) when engaged in
active attention. This period of active attention may
be specifically defined with HR deceleration
(Casey & Richards, 1988; Lansink & Richards, 1997,
Richards, 1987, 1997). The increased attention en-
gagement with increased look duration hypothesized
by the attentional inertia model should be accompa-
nied by increased HR slowing. This could occur as
a decrease in HR level during the entire look, or as
increasingly larger or more sustained HR decelera-
tion to stimulus changes occurring within a single
look. We also examined HR changes for looks of dif-
fering duration and determined whether HR changes
were tied to look onset and offset.

This study involved the presentation of audiovi-
sual stimuli to infants at 14, 20, and 26 weeks of age.
These ages were chosen because HR changes have
been shown to be related to visual attention in this
age range (e.g., Richards, 1987). The infant was seated
on the parent’s lap and the stimuli were presented
continuously for a minimum of 20 min. A “Sesame
Street” movie (“Follow That Bird”’) was used in the
first session as a stimulus that involved speaking,
communication between people, and typical “natu-
ralistic” stimulus situations. Thus, this study could
be compared directly to those used to study atten-
tional inertia in children’s television viewing (e.g.,
“Sesame Street” TV program; Anderson, Lorch,
Field, & Sanders, 1981, Anderson et al., 1987;
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Hawkins et al., 1991). Abstract visual patterns gener-
ated by a computer and accompanying audio stimuli
were used in the second session. These patterns are
typical of those used in infant visual attention re-
search and could be contrasted with those typically
found in young children’s television viewing. These
stimuli were presented continuously with a change
to a new pattern about every 30 s, to avoid the long
repetitive stimulus intervals used by Mendelson
(1983; e.g., 90 or 180 s).

METHOD
Participants

Infants were recruited from birth notices pub-
lished in a Columbia, SC, newspaper. The infants
were term, defined as having birthweight greater
than 2,500 g and gestational age of 38 weeks or
greater based on the mother’s report of her last men-
strual cycle. The infants had no acute or chronic pre-
or perinatal medical complications and were in good
health at the recording sessions. There were 15 in-
fants tested on 2 days, five at each testing age. The
age of the infants on the first testing day was 14 (three
female and two male, M = 98.4 days, SD = 2.70), 20
(two female and three male, M = 139.8 days, SD =
3.49), or 26 (two female and three male, M = 183.8
days, SD = 2.16) weeks postnatal age. The second
testing day was in the next week, making the age of
the infants on the second testing day 15 (M = 106.0
days, SD = 4.18), 21 (M = 147.2 days, SD = 3.11), or
27 (M = 189.0 days, SD = 3.00) weeks postnatal age.
Three infants were tested in the study who did not
complete the testing protocol on the second day
(sleepy, fussy, not interested during protocol) and
were not included in any analyses.

Apparatus

The infant was held on the parent’s lap approxi-
mately 55 cm from a 49 cm (19 inch) TV monitor. The
TV subtended 44° visual angle. A Yamaha Power
Amplifier (MX-35) amplified the sound that was
played through two Radio Shack “‘Realistic”” audio
speakers that were placed at the edges of the TV.
A neutral color material covered the surrounding
area. A video camera was above the TV, and in an
adjacent room an observer judged infant fixations on
a TV monitor. The session was recorded on videotape
with a time code to synchronize fixation changes
with physiological and stimulus information for
analysis.

The stimulus for Session 1 was a ““Sesame Street”
movie (selected from the first 45 min of “Follow That
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Bird”) played on a laserdisc player, presented on the
TV monitor with audio. Scene changes (shifts of
scene to new locations and/or actors) and perspec-
tive changes within a scene (pans or camera shifts
to new perspectives within same scene) in the movie
were identified. These scene/perspective changes
were synchronized with fixation data and physiolog-
ical recording by recording the laserdisc player time
code during the experiment. The average length be-
tween major scene changes was 25.45 s and was posi-
tively skewed (Mdn = 15.02's, mode = 4.99s,90 P =
65.02 s). Shifts between scenes or perspective changes
within a scene had an average length of 14.88 s and
were skewed (Mdn = 7.6 s, mode = 599 s, 90 P =
32.32 s).

The stimuli for Session 2 consisted of 16 dynamic
computer-generated patterns (e.g., a series of concen-
tric squares of varying size, a flashing checkerboard
pattern, a small box shape moving across a diamond)
accompanied by 12 auditory stimulus patterns. The
audio stimuli were generated by Colbourn ““Precision
Signal Generator”” and ““Voltage Controlled Oscilla-
tor”” modules. The audio stimuli consisted of 12 dif-
ferent changing patterns of sound (e.g., a pulsed 1200
Hz tone, a pulsed 1400 Hz tone, a pulsed tone alter-
nating 1200 Hz /1400 Hz, a sliding frequency from 0
to 1200 Hz or from 400 to 1600 Hz, random frequen-
cies across the range of 0 to 1600 Hz). The dynamic
changes in the audio stimuli were synchronized to
the movement /dynamic aspects of the visual stimuli.
The visual stimuli previously have been found to
elicit first-look durations greater than 10 s and sig-
nificant HR decelerations, and were easily discrimi-
nable by each of the three age groups (Richards,
1997). The auditory patterns elicit significant HR de-
celerations in infants in this age range (Richards,
1994).

The computer-generated stimuli in Session 2 were
presented continuously, with stimulus changes oc-
curring at 20, 25, 30, 35, or 40 s. The pairing of the
visual and auditory stimuli was random on each pre-
sentation. The 16 visual patterns were presented ran-
domly without replacement in 16-stimulus blocks,
and the 12 auditory patterns were presented ran-
domly without replacement in 12-stimulus blocks.
The stimulus durations were randomly presented
with the restriction that each duration occur in each
5-stimulus block. An inspection of the actual stimu-
lus durations showed nearly equal numbers of pre-
sentations of each duration. The onset time (com-
puter-based time) of each stimulus was recorded
during the presentations to synchronize the change
in stimuli with the videotape and physiological re-
cordings.

Procedure

The parent sat in a chair in the viewing area with
the infant on the parent’s lap facing the TV monitor.
The audiovisual stimuli were presented continuously
as long as the infant maintained an alert, awake state
(eyes open, no fussing or crying, looking at the visual
stimuli). If the infant became fussy, a short break was
taken and the presentations paused. Testing was con-
tinued only if the infant returned to and maintained
an alert, awake state. The duration of the presenta-
tions was set at the predetermined minimum of 20
min, and some sessions were continued for several
minutes longer (maximum duration of 26 min).

Measurement and Quantification of
Physiological Variables

The ECG was recorded with Ag-AgCl electrodes
on the infant’s chest and was digitized at 1000 Hz
(each ms) with a microcomputer. A computer algo-
rithm identified the QRS complex in the ECG, and
interbeat interval (IBI) was defined as the duration
between successive R-waves in the ECG. Artifact cor-
rection was done using the Berntson, Quigley, Jang,
and Boysen (1990) and Cheung (1981) algorithms
along with visual inspection of suspect beats. The IBI
was assigned to 0.5 s intervals by averaging the IBIs
in each interval weighted by the proportion of the
interval occupied by that beat. The interbeat interval
is the reciprocal of heart rate, so that lengthening of
the IBI corresponds to HR deceleration and shorten-
ing of the IBI corresponds to HR acceleration, or the
return of HR to its prestimulus level.

Fixation Judgments

Each session was judged off-line by two observers,
and data for the analysis came from one observer’s
judgments. A time code recorded on the videotapes
allowed the judgment to have millisecond accuracy,
although resolution was limited to a single video
scan (0.5 * total frame length = ~ 16 ms). The observ-
ers judged the infant as looking toward the TV, look-
ing away from the TV, or could not be judged. The
time code on the videotape was synchronized with
the computer clock to synchronize HR changes with
fixation.

The agreement between the two observers for the
look judgments was assessed for 27 of the 30 record-
ing sessions (the time code was restarted for three
sessions, and the two observers’ times could not be
synchronized). The concordance between the two ob-
servers was assessed in three ways. First, the overall
time when the two observers concurred that the in-
fant was looking at the stimulus was computed. The



total overlap time for the 27 infants was 473.33 min
of 500.08 min of total looking time (94.6% overlap).
The overlap for individual infants ranged from 84%
t0 99% (M = 94.1%, Mdn = 95.1%). Second, the differ-
ence in look onset and offset for the two observers
was compared. The beginning and end of each look
judgment for one observer were compared to a look
judgment for the second observer that uniquely over-
lapped the first observer’s beginning time or end
time. The average and median of the absolute differ-
ence between look judgments were less than 1 s (on-
set: N = 1,663 looks, M = 0.86 s, SD = 1.073, Mdn =
0.56 s, 90 P = 1.88 s; offset: N = 1,764 looks, M =
0.62's, SD = 1.072, Mdn = 0.25s,90 P = 1.59 s). This
indicates that the two observers identified the look
onsets and offsets quite closely. Third, however, ap-
proximately 15% of the judgments of the second ob-
server did not uniquely overlap the start or end time
of the first observer’s judgments. Most of these looks
consisted of a judgment that was coded by one ob-
server and not the other that a brief look away from
the stimulus occurred (N = 201 looks, M = 1.38 s,
SD = 1.247, Mdn = 0.93 s). The remaining look judg-
ments that did not overlap had a large range of times,
but accounted for only 3% of the total looks (N = 50
looks, M = 827 s, SD = 10.301, Mdn = 5.09 s,
range = 0.67 to 63.14 s) and had varying degrees of
overlap between the first and second observers. The
two observers substantially agreed with respect to to-
tal look duration and the actual times the infants
looked toward and away from the visual stimuli.

The distributions of the look duration judged by
the two observers were compared. The effect of the
coder on the hazard function was calculated (i.e., do
one coder’s judgments show an accelerated hazard
function). Given a lognormal distribution for look
duration (see Results), the null hypothesis that the
two coders had the same hazard function could not
be rejected, x*(1, N = 5,621) = 1.62, p = .202. Similar
results were obtained by assuming other underlying
distributions for the look times (e.g., exponential,
Weibull). Similarly, if the data were divided into 2.5 s
categories for looks between 0 and 60 s, then the null
hypothesis that coders’ frequency distributions in
these categories were the same could not be rejected,
x*(23, N = 5,621) = 29.12, p = .176. These findings
indicate the coders’ distributions were not signifi-
cantly different.

RESULTS
Look Duration

Table 1 contains the descriptive statistics for the
average look duration and total look duration. The
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infants spent a majority of the time looking toward
the stimulus (from 48% to 84%). The distribution pa-
rameters for the average look duration were inconsis-
tent with a normal distribution (e.g., mean > median,
large standard deviation, skew, kurtosis). The incon-
sistency of these distribution parameters with the
normal distribution implies that another type of dis-
tribution (e.g., lognormal, Weibull) will be necessary
to fit the look duration distribution (see next section).
On the other hand, the skewness/kurtosis parame-
ters for the total look duration were between 1.0 and
2.0 for each condition (not presented in Table 1). The
average look duration was longer for the looks to-
ward the ““Sesame Street” stimulus than for looks to-
ward the computer-generated stimuli. The median
look duration was close for the two type of stimuli
because the mean for each group for the “Sesame
Street’”” looks was inflated by a small percentage of
extremely long looks (>90 s).

The average look duration toward and away from
the stimulus was analyzed with an age (3) X stimulus
type (2; ““Sesame Street,” computer stimuli) X look
direction (2; look toward, look away) ANOVA.' The
only significant effects were look direction, F(1, 12) =
61.71, p < .001, and an interaction between age and
look direction, F(2, 12) = 7.05, p = .009. The average
look toward the TV was longer than the looks away
from the TV. The interaction between age and look
direction reflected the larger difference between the
looks toward and away from the stimulus for the 14-
week-old infants relative to that at either of the older
two ages. A similar analysis for the total look dura-
tion resulted in a significant look direction main ef-
fect. The interaction between look direction and stim-
ulus type for total look duration approached
statistically significanct levels, F(1, 12) = 4.11, p =
.067. Overall, the infants looked longer at the ““Ses-
ame Street” stimulus, although this was primarily
due to a few extremely long looks.

The possibility that look duration changed across
the recording session was examined to determine if
habituation or fatigue effects occurred. This was done
by splitting the session into 5 min blocks and using

1. The ANOVAs for many of the analyses were done with a
general linear models approach using nonorthogonal design be-
cause of the unequal distribution of looks across factors, and be-
cause of the different epoch numbers for the look duration cate-
gories (see Hocking, 1985; Searle, 1971, 1987). The sums of
squares (hypothesis and error) for the nested effects in the de-
sign were estimated using “subjects” as a class and nesting re-
peated measures (e.g., stimulus type, look direction) within this
class variable. The “PROC GLM" of SAS was used for the com-
putations. The duration dependent variables (e.g., look duration
per stimulus) were log-transformed before analysis to obtain a
variable consistent with a normal distribution.



