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The Development of Sustained Visual Attention in
Infants from 14 to 26 Weeks of Age
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ABSTRACT

The development of sustained visual attention was examined in infants cross-sectionally at 14,
20, and 26 weeks of age. Heart rate, heart rate variability, and respiratory sinus arrhythmia were
measured in a 5-min baseline period. Two methods for measuring visual attention were used. The ; "
“infant control™ method consisted of checkerboard presentations which were terminated when the 6
infant looked away from them, The “interrupted stimulus™ method consisted of a blinking panel in ; T
addition to the checkerboard patterns in order to attempt to actively terminate the fixation. The 5
visual and cardiac responses during the interrupted stimulus method were more highly correlated i
with baseline respiratory sinus arrhythmia than were the responses during the infant control trials. ]
The long latency heart rate responses during the interrupted stimulus trials showed a developmental
change toward more mature response patterns from 14 to 26 weeks of age. It may be concluded that:
1) sustained attention, measured with the interrupted stimulus method, increases from 14 to 26
weeks of age; and 2) baseline respiratory sinus archythmia is correlated with sustained attention

responses and their development.

DESCRIPTORS: Infancy, Heart rate, Respiratory sinus arrhythmia, Visual attention, Sustained

attention.

Heart rate variability, particularly variability due
to respiratory sinus arrhythmia, is known to index
the attentional responsivity of infants. Several stud-
ics with newborn infants (e.g., Porges, 1974; Porges,
Arnold, & Forbes, 1973; Porges, Stamps, & Walter,
1974; Vranckovic, IHock, Isaac, & Cordero, 1974;
Williams, Schacter, & Tobin, 1967) have shown that
heart rate responses lo psychological stimulation
occur more often and with greater strength in in-
fants with greater variability in heart rate. More
recently, Richards (1985) found that the strength of
respiratory sinus arrhythmia recorded during a
baseline period was associated with the strength of
the heart rate decelerative response during visual
attention in 14 and 20 week old infants. It was even
the case in that study that more mature visual fix-
ation durations were correlated with the extent of
sinus arrhythmia measured during the baseline con-
dition,

An explanation for the relationship between heart
rate variability and attentional responses has been
offered by Porges (Porges, 1976, 1980). It is argued
that atlention processes are facilitated by cholin-
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ergic activity in the central nervous system which
inhibits ongoing behavior and allows the focusing
of attention. This should be particularly true for
**sustained™ attention, which is subject-controlled,
endogenous attention, occurring afier the first 5 to
6 seconds of “reactive™ attention, and which in-
volves the inhibition of motor behavior. Individual
dillferences in attention therefore could be indexed
if one had an adequate measure of the “cholinergic
nervous system.” 1t is the case that heart rate var-
iability occurring at the same frequency as respi-
ration, respiratory sinus arrhythmia, is largely pro-
duced by vagal efferent influences on the heart (An-
rep, Pascual, & Rossler, 1935; Katona & Jih, 1975;
Porges, McCabe, & Yongue, 1982). Since the vagal
control of the heart is mediated by acetylcholine,
the extent of sinus arrhythmia is an index of the
strength of the cholinergic system, and therefore
should index individual differences in attention re-
sponses. Presumably, this should not be limited 10
heart rate responses, but be related to other com-
ponents of attention, such as fixation.

One of the weaknesses of the studies testing this
theory with infants is the lack of a good measure
of sustained visual attention. Previous studies of
infant visual attention have used either fixed du-
ration trials or the infant control procedure to de-
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termine trial length. Studies using fixed duration
stimuli are inadequate because of the high per-
centage of subject attrition due to boredom after
the information in the stimulus has been processed,
and because of the need 1o document heart rate
changes when the infant is actually looking at the
stimulus (Lewis & Spaulding, 1967). The “infant
control procedure™ (Cohen, 1972; Horowitz, Paden,
Bhana, & Self, 1972) consists of the presentation of
stimuli for as long as the infant is fixating, and the
stimuli are terminated at the end of fixation. The
measure of attention is the duration of fixation.
IHowever, one cannot be sure that the infant is ac-
tively attending during the length of fixation. Rath-
er, the infant may be fixating without any aclive
cognitive processing of the information.

A useful technique for measuring infant sus-
tained visual attention may be the “interrupted
stimulus™ method. This method is based on the
concept ol a “limited information processing chan-
nel” (Broadbent, 1958). People are limited in the
amount of external information to which attention
can be given, and il cognitive resources are dedi-
cated to a search task, other tasks cannot be per-
formed. An operational definition of the resource
demands of a primary (central) task is performance
on a sccondary task, or the amount of time or in-
tensity of stimulation that is needed to distract the
subject from the primary task. This method ofien
has been used with adults, and has been profitably
used in psychophysiological studies with adults (e.g.,
Dawson, Schell, Beers, & Kelly, 1982; Wickens,
Kramer, Vanasse, & Donchin, 1983). This proce-
dure should be useful for infant subjects because it
brings the termination of fixation under active ex-
perimental control rather than allowing the infant
to fixate on the stimulus without being actively en-
gaged in cognitive processing of the stimulus. The
duration of fixation during the interrupted stimulus
trials should therefore measure the extent of atten-
tion given to the central stimulus, since fixation
would be coincident with active allocation of pro-
cessing resources.

The present study compared the interrupted
stimulus method with the infant control method
for measuring sustained visual attention in infants
from 14 to 26 weeks of age. Heart rate, heart rate
variance, and two indices of respiratory sinus ar-
rhythmia were recorded during a baseline period.
Respiratory sinus arrhythmia may be quantified
with spectral analysis techniques. Therefore, the ex-
tent of sinus arrhythmia was defined as the power
of the heart rate spectrum at the modal frequency
of respiration (Harper et al,, 1978; Porges et al.,
1982). The weighted coherence was defined as the
proportion of variance in the heart rate spectrum
predictable from the coherence between heart rate
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and respiration (Porges et al., 1980). Infants were
presented with primary visual stimuli which were
interrupted by a secondary visual stimulus on one-
half of the trials. Checkerboard patterns of differing
complexity were used as the primary stimuli in or-
der to obtain varying amounts of attention. Heart
rate responses were measured during fixation, and
attention to the central task was defined as the
amount of time that the infant fixated on the stim-
ulus. The amount of cognitive resources dedicated
1o the task by the subject is “subject-controlled,”
endogenous attention, and thercfore is like “sus-
tained attention™ as defined by Porges (1976, 1980).
Therefore, bascline heart rate variability (e.g., res-
piratory sinus arrhythmia) should be more highly
correlated with fixation and heart rate responses
occurring during the interrupted stimulus trials than
during the infant control trials, since the former
procedure is a betier measure of sustained visual
attention.

Methods
Subjects

Infants for this study were recruited from birth no-
tices in a Columbia, South Carolina, newspaper. The
infants were full-term, and the parents reported no pre-
or perinatal medical complications. A cross-sectional
design was used to sample infants at 14, 20, and 26
weeks of age. The mean testing age of the infants was
99.8 days (SD = 2.68), 141.0 days (SD = 2.52), and
182.2 days (SD = 1.80), respectively. Eighteen subjects
at each age were used. In order to optimize cardiac
and visual responding, the testing was done only if the
subjects maintained an alert, awake state during the
entire procedure (eyes open, no fussing or crying, re-
sponding to the protocol). Nine additional infants did
not complete the testing because they did not maintain
this state.

Apparatus

The infant was held in its parent's lap approxi-
mately 51 cm from the center of a black and white 49
cm (19 in.) television monitor. There was a single LED
located on either side of the television screen 23 cm
from the center, and one located on the bottom center,
These LEDs blinked at a rate of 3.33 Hz when turned
on. A video camera lens was located above the tele-
vision monitor, and a television monitor was located
in an adjacent room and was used by an observer to
record infant fixations. The area around the television
monitor and panels, and on the sides of the parent,
was covered with a neutrally colored cloth panel in
order 1o block extrancous visual information.

The stimuli for the central task (primary stimuli)
were compuler-generated checkerboard patterns. They
were presented on the television monitor in a 30 cm
(1 fi) square arca and were either 2,54, 1.27, or 0.635
em (1.0, 0.5, or 0.25 in.) in size. The patterns were
cither presented continuously or changed from black
to white a1 6.25 Hz. The sizes of the checks were chosen
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from hypothetical developmental changes in pattern
preferences (Karmel & Maisel, 1975), and correspond-
ed 1o the approximate maximum preferences for con-
tour density at 8, 14, and 20 weeks of age. The inter-
rupting stimuli (secondary stimuli) consisted of two
17 X 11 cm pancls and were located 42 cm 1o either
side of the center of the screen. These panels had 20
L s which blinked on and off'at 16 Hz in a sequential
pattern resembling a circle, with the circle being com-
pleted approximately cach second.

Procedure

The physiological measures were first recorded dur-
ing a 5-min bascline during which the infant was seated
on the parent’s lap on a couch. The parent was then
scated in the chair with the child on his or her lap
fi

ing the screen. Prior to the experimental trials the
secondary stimuli were presented for 3 trials in order
to acquaint the infant with their location. Each trial
bepan with a 5-s period with no stimuli. Following this,
one of the single LEDs on the side of the television
monitor was activated, and when the infant looked in
the direction of the blinking LED the panel on the
same side was turned on. The inlant control procedure
for stimulus presentations (Cohen, 1972; Horowitz et
al., 1972) was used such that as long as the infant was
looking at the stimulus panel it remained on, and the
trial was terminated when the infant looked away from
the panel.

The experimental trials consisted of the presenta-
tion of the primary visual stimuli, the checkerboard
patterns, interrupted on one-half of the trials with the
secondary stimuli. The blinking light at the bottom of
the screen was turned on following a S-s period with
no stimuli, and a checkerboard pattern was presented
when the infant looked in the direction of the blinking
light. The checkerboard stimulus remained on as long
as the infant was looking at it, and was turncd ofl when
the infant looked away. The “infant control™ trials
consisted of the presentation of the primary stimulus
by itsell. The “inmterrupted stimulus” trials consisted
of the presentation of the checkerboard stimulus si-
multancously with the blinking light on the side of the
monitor, and when the infant looked away from the
checkerboard pattern toward the “interrupting”™ stim-
ulus the panel was activated. The panel remained on
for 10 s, or until the infant stopped looking at it. Heart
rate was recorded only during the prestimulus and the
checkerboard presentations. Each infant was presented
with the three levels of checkerboard complexity, pre-
sented both blinking and continuously, for both the
“infant control™ and the “interrupted stimulus™ trials,
resulting in 12 trials. An additional control trial with
a blank screen was presented with the infant control
and interrupted stimulus methods. This resulted in a
total of 14 experimental trials, the order of which was
chosen randomly for each child.

Measurement and Quantification of Physiological
Variables

The EKG was recorded by placing Ag-AgCl elec-
trodes on the infant's chest with disposable electrode
collars, Beat-to-beat intervals were computed online
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with an Apple lle microcomputer by identifving the
R-K intervals in the EKG with | ms resolution. The
beat-to-beat heart period intervals were converted to
heart rale (bpm) by assigning values 10 equal intervals
based on the number of beats in the interval weighted
by the proportion of time that the beat occupied the
interval. Heart rate was calculated on a 0.5-5 by 0.5-5
basis for heart rate mean and variance and on a 0.1-
s by 0.1-s basis for the spectral analysis measures. Res-
piration was measured with a cloth belt placed around
the infant’s chest, and a mercury strain gage was used
1o detect thoracic circumference changes due 1o res-
piration. The respiration signal was digitized online at
50 Hz by an Apple llc computer. Respiration fre-
quency was quanltified by computing on a breath-to-
breath basis the respiration cycle period (20 ms reso-
lution), converting that 1o rate (breaths per min), and
assigning values to 0.5-s intervals in the same manner
as was done with heart rate. Heart rate was recorded
in the bascline period as well as during the attention
trials, Respiration frequency was quantified only for
the bascline periods, in order to determine the modal
respiration frequency for the quantification of respi-
ratory sinus arrhythmia. Heart rate rather than period
was chosen to coordinate the computation of mean
heart rate with the computation of mean fixation du-
ration in the attention trials (Graham, 1978; Richards,
1980).

Heart rate variability measures were quantified from
the 5-min baseline recording. The mean and variance
of the 0.5-s intervals of the bascline were computed
for heart rate. The variance of the heart rate intervals
was transformed by the natural logarithm function for
the data analysis. Two measures were computed for
the baseline period based on spectral analysis proce-
dures. These measures werc computed from heart rate
values assigned to 0.1-s intervals, and the respiration
signal sampled at 0.1-s intervals, The first 512 0.1-s
intervals of each of the 5§ min was used, giving a fre-
quency resolution of 0.01953 Hz. The spectral analysis
measures were extracted separately from the data for
each bascline minute, and the extracted measures were
averaged over these § bascline periods. The extent of
sinus arrhythmia was defined as the power of the heart
rate spectrum at the modal respiration frequency for
that baseline period (Harper et al., 1978; cf. Porges et
al., 1982). This power measure was transformed by the
natural logarithm function for the data analysis. The
weighted coherence was defined as the proportion of
variance of the heart rate spectrum that was predict-
able from the respiration spectrum (Porges et al., 1980),
and was summed over 0.1953 Hz (11.71 breaths per
min) centered at the modal respiration frequency for
the period.

Experimental Design for Statistical Analysis

The factorial design for the analysis of the results
included testing age as a between-subjects factor, and
within-subjects factors for procedure (infant control
and interrupted stimulus trials), blinking checks
(blinking and non-blinking checks), and checkerboard
complexity level (low, medium, and high). The levels
of the dependent variables on the two control trials
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were subtracted from the levels on the experimental
trials. There was no “intervals™ factor for the 0.5-s by
0.5-5 heart rate data, since the trials were necessarily
of differing lengths. The relationship between bascline
heart rate variability and attention responses was as-
sessed by correlations between the baseline measures
and the attentional responses. Unless noted, the sig-
nificance of the ANOVA test was unchanged by ap-
plying the maximum conscrvative adjustment of the
degrees of freedom according to the Greenhouse and
Geisser method (Greenhouse & Geisser, 1959; see
Richards, 1980). However, if the maximum conserv-
ative adjustment resulted in a nonsignificant ANOVA
test, the proportional epsilon adjustment was made
and the statstical significance of the proportionally
adjusted test was used.

Results

Baseline Measures

The bascline measures of heart rate and heart
rate variability were analysed with a multivariate
ANOVA with testing age as a factor to assess the
presence of preexisting differences in this between-
subjects factor. There was a significant main effect
of testing age on the multiple dependent variables,
Wilks Lambda = 6639, H(8/96) = 2.73, p<.0l.
Table | presents the univariate means of the base-
line variables for each age along with the signifi-
cance of the individual one-way ANOVAs for those
variables. The decrease in heart rate over this age
approached statistical reliability, and the extent of
sinus arrhythmia and the weighted coherence in-

Table 1
Mean baselind heart rate and heart rare variability levels
Sor all three ages tested, and correlations between
baseline heart rate variability measures

Means (SDs in Parentheses)

Extent of
1R Sinus Weighted
Ages IR Variance Arrhythmia* Coherence®*
14 weeks 155.0 197 1.82 443
18.84) (0.47) (0.746) (.079)
20 weeks 149.4 385 216 A79
(9.14) - (0.51) (0.656) (.083)
26 weeks 147.3 391 .28 524
{11.43) (0.60) (0.587) (.05%)
N Correlations
Extent of
HR Sinus
Measures 1R Variance  Arrhythmia
HR Variance =103
Extent of Sinus Arrhythmia =137 ARG
=.329** 118 022

Weighted Coherence

*significantly different across ages, p<.05,
**corrclation significant a1 p<_01,
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creased over this age period. The correlations be-

tween the baseline variables are also presented in
Table 1.

Infant Control and Interrupted Stimulus
Presentations

Fixation Duration. The duration of the fixation
during the presentations of the primary stimuli was
analyzed with an Age(3) X Procedure(2) X Blink-
ing Checks(2) X Complexity(3) ANOVA. There was
a significant main effect of testing age, F(2/51) =
17.54, p<.001. Infants at 14 weeks of age looked
atl the stimuli for the longest duration (12.5 s), at
20 weeks for an intermediate duration (8.3 s), and
at 26 weceks for the shortest duration (7.0 s). There
was also a main cffect of the type of procedure, {1/
51) = 6.02, p<.01. The duration of looking in the
trials using the infant control method was longer
than in those using the interrupted stimulus method
(9.90 s compared with 8.01 s). There were statis-
tically significant main efleets for the blinking/non-
blinking factor (F{1/51) = 8.86, p<.01), and lor
the stimulus complexity level (#(2/102) = 5.50,
1<.01). Infants looked longer at the blinking (mean
= 9.9 s) than at the continuously presented checks
(mean = 8.9 5). The means on the low, medium,
and high complexity checkerboards were 9.08 s, 10.7
s, and 8.6 s, respectively. However, the dillerences
resulting from these two factors are not of direct
interest to the experimental questions because they
do not interact with procedure or age. The proce-
dure X complexity and the age X procedure X
blinking X complexity effects were statistically sig-
nificant before adjustment by the Greenhouse and
Geisser method, but were not significant when the
epsilon adjustment was madc.

Heart Rate Change. Heart rate was analyzed as
the difference between the mean level of heart rate
during the entire fixation period and the mean heart
rate level during the 5 seconds preceding fixation,
with an Age(3) X Procedure(2) X Blinking(2) X
Stimulus Complexity(3) ANOVA. The only signil-
icant cffect on the heart rale response was the age
X procedure interaction, F(2/51) = 4,19, p<.05.
A simple main eflects analysis was used 1o test the
difference between the three age groups separately
for the infant control and the interrupted stimulus
trials. The mean heart rate responses ol the three
age groups on the infant control trials were not sig-
nificantly different (means = —2,02, —2.24, and
—1.69 bpm for the 14, 20, and 26 week olds, re-
spectively). On the other hand, the difference be-
tween the means for the interrupted stimulus trials
was statistically significant (p<.05). There were ap-
proximately equal differences among the three
groups, with the 14-weck-olds showing the least de-
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celeration (= 2.11 bpm), the 26-week-olds showing
an intermediate value (—2.97 bpm), and the 20-
week-olds showing  the  largest mean  response
(—3.87).

Short and Long Latency Heart Rate Changes.
Figure | illustrates the pattern of 00.5-5 by 0.5-s heart
rate change that occurred during fixation for the
three age groups during the two procedures. The
pattern of heart rate change for the 14-week-old
infants was identical in the two presentation meth-
ods (Figure 1A), There was a deceleration of heart
rate in the first 5 seconds of the infant control and
interrupted stimulus trials for the 20 (Figure 1B)
and the 26 week olds (Figure 1C). Then, heart rate
during the infant control trials quickly began to re-
turn to prestimulus levels for both ages, whereas in
the interrupted stimulus trials the lower heart rate
level was sustained for these older infants (Figures
1B and 1C).
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Figure 1. Average heart rate difference (bpm) between
the fixation and prestimulus periods for 14, 20, and 26
weck old infants during the infant control (C) and inter-
rupted stimulus (5) trials. The values are differences from
the 5 seconds immediately preceding the fixation. The
average heart rate of the 14-week-olds during the prestim-
ulus periods was 149.8 and 149.1 bpm for the infant con-
tral and interrupted stimulus trials; 149.3 and 148.6 bpm
for the 20-week-olds; and 148.9 and 148.9 for the 26-week-
olds.
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The 0.5-s by 0.5-s changes illustrated in Figure
1 were not statistically analyzed because of the dif-
fering lengths of the individual trials due to the use
of infant-determined presentation lengths. How-
ever, developmental trends in heart rate responses
afier the first 5 scconds of fixation were examined
statistically by calculating heart rate change from
the prestimulus level for the first 5 seconds of fix-
ation (short latency) and for heart rate change in
the second 5 scconds (long latency). Since many
trials were less than 5 seconds in length, the short
and long latency heart rate changes were taken from
any trial over 5 seconds in length and the mean of
those trials was computed for cach subject sepa-
rately for the two procedures. All subjects had at
least one trial that met this criterion from the two
procedures, and the overall percentages of these trials
were 62%, 45%, and 41% for the 14, 20, and 26
weck old groups, respectively. The dilfering per-
centages were consistent with the differences in vis-
ual fixation duration reported carlier. Although some
of the long latency means were computed on trials
of less than 10-s duration, these trials were included
based on the assumption that the atiention pro-
cesses occurring during the second 5 seconds were
different from those occurring in the first 5 seconds
regardless of total fixation duration.

The heart rate change for the short and long la-
tency phases was analyzed with an Age(3) X Pro-
cedure(2) X Phase(2; short and long latency) AN-
OVA. The procedure X phase interaction signifi-
cantly affected the heart rate variable, F(1/51) =
8.17, p<.01. Heart rate increased from the short to
the long latency periods for the infant control trials
(=3.10 bpm to —1.65 bpm, respectively) but de-
creased from the short to the long latency periods
for the interrupled stimulus trials (—2.92 bpm 1o
—3.49 bpm). However, a more important signifi-
cant interaction that affected heart rate was the age
*® procedure X phase effeet, F2/51) = 5.25,
p<.01). Post hoc comparisons revealed the absence
of an age X phase cfiect for the infant control trials,
and a significant age X phase elfect for the inter-
rupted stimulus trials (p<<.01). Figure 2 presents the
short and long latency heart rate changes for the
different ages and procedures. Heart rate increased
from the short 1o long latency periods for all three
ages in the infant control trials (Figure 2A), whereas
heart rate level in the interrupted stimulus trials
increased for the l4-week-olds, and decreased [ r
the 20 and 26 week olds (Figure 2B).

Correlation of Responses with Baseline IHeart Rate
Variability

Fixation Duration. The correlations between the

bascline measures and visual fixation duration are
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Figure 2. Average heart rate difference (bpm) between
the prestimulus period and the first 5 seconds of fixation
(short latency) and the second 5 seconds of fixation (long
latency) for 14, 20, and 26 wecek old infants during the
infant control and interrupted stimulus trials.

Table 2
Correlations between baseline heart rate variability and
visual fixation and heart rate responses during visual
attention for all subjects in the different experimental

techniques
Correlations
Extent of
Fxperimental TR Sinus Weighted
Techniques MR Variance Arrhythmia Coherence
Visual Fixation Duration
Infant Control 1 =002 104 =21} 013
Interrupted Stimulus 103 044 -.218* =.238*
Both Procedures 053 086 =45 =120
Ileart Rate Responses
Infant Control =100 169 —.074 153
Interrupted Stimulus =221 =104 =293 022
=170 038 =.246* L5

Both Procedures

*n<.05, **p<.01.

presented in Table 2 separately for each procedure,
and combined. The extent of sinus arrhythmia was
significantly correlated with fixation duration for
the interrupted stimulus but not the infant control
trials. The negative correlation indicates that great-
er amounts of respiratory sinus arrhythmia were
associated with shorter visual fixation durations.
The weighted coherence measure was significantly
correlated with visual fixation duration only for the
interrupted stimulus trials. As with the extent of
sinus arrhythmia, shorter visual fixation duration
was associated with larger values of the weighted
coherence.
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Table 3
Correlations between haseline heart rare variabiline and
short and long Tareney heart rate responses for all
subyects in the different experimemal technigies

Correlations
Extent of
Experimental 1R Sinus Weighted
Techniques

HR  Variance Arrhythmia  Coherence

Shaort Latency Responses

--.090 -.19) =.105 013
Interrupted Stimulus — .47  — 084 =03 =065
Both Procedures =091 -.183 —.092 =022
Long Latency Responses
Iafant Control =100 -.288* -4 =102
Interrupted Sumulus = 008 —.199 =25 —-. 283
Both Procedures

~060 —.291%  —.351*  — 2450

*p<.05, **p<.0l.

Heart Rate Change. The correlations between
heart rate change over the entire lixation period and
the baseline measures of heart rate variability are
presented in Table 2 separately for each procedure,
and combined. The extent of sinus archythmia was
significantly correlated with the heart rate change,
though only for the interrupted stimulus trials. The
direction of the correlation indicates that the larger
the extent of sinus arrhythmia was during the base-
line recording, the greater the heart rate decelera-
tion response was during fixation on the interrupted
stimulus trials.

Short and Long Latency Heart Rate Changes.
Table 3 presents the correlations for the short and
long latency periods separately for the infanl con-
trol and interrupted stimulus procedures. Heart rate
variance, extent of sinus archythmia, and weighted
coherence in the baseline were significantly corre-
lated with the long latency but not the short latency
responses (Table 3). For all of these, the strength
of the physiological variable in the bascline was
positively associated with the strength of the sus-
tained deccleration in the long latency period. Ad-
ditionally, the weighted coherence and the extent
of sinus arrhythmia were significantly related to long
latency responsces for the interrupted stimulus trials
but not for the infant control trials (Table 3).

Discussion

This study confirms the findings of Richards
(1985), and carlicr findings with newborn infants,
that resting level of heart rate variability is corre-
lated with the atientional responsivity of the infant,
As was the case with Richards (1985), it was spe-
cifically the spectral estimate of the extent of res-
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piratory sinus arrhythmia that was most highly cor-
related with heart rate responses and visual fixation
responses (el Porges ct al., 1982). Since the ampli-
tude of respiratory sinus arrhythmia is an index of
cardiac vagal tone (Katona & Jih, 1975; Porges et
al., 1982), these results imply that the level of vagal
tone may be used to index sustained attention be-
havior in the young infant. The stronger the vagal
tone, the larger the heart rate deceleration during
attention, and the more mature the visual fixation
responses (el Richards, 1985).

These results again confirm the usefulness of the
indexing of infant attentional responsivity with
bascline heart rate variability (Porges, 1976, 1980).
Porges argued that the cholinergic activity indexed
by respiratory sinus arrhythmia facilitated attention
by inhibiting non-essential motor behavior, This
type of behavior inhibition was posited to be most
characleristic of the “sustained” component of at-
tention, occurring approximalely 6 seconds follow-
ing the onset of stimulation (Porges, 1976). This
hypothesis was dircctly supported in the present
study. It was the long latency responses (sustained
attention) rather than the short latency responsecs
(reactive atiention) that were most highly correlated
with the extent of sinus arrhythmia and the weight-
cd coherence recorded in the baseline period. 1T it
can be assumed that the interrupted stimulus trials
are a reasonable measure of the extent of active
cognitive processing, then the significant relation-
ships that were found between the baseline heart
rate variability measures and the attentional re-
sponses during the interrupted stimulus trials sug-
gest that “sustained attention capacity™ is closely
linked with the ability of infants to allocate infor-
mation processing resources 1o a visual attention
task. .

There were no age differences in the absolute
magnitude of the decelerative response, but prior
rescarch has not necessarily established that there
should have been, Early rescarch (summarized by
Graham ct al., 1970) found an increase in deceler-
ative strength from 6 weeks of age (3 to 4 bpm) to
12 weeks (7 bpm) 1o 16 weeks (17 bpm) in response
to a 75dB, 1000 Hz tone. However, Berg (1974)
found approximately the same level of deceleration
in 6 and 16 week old infants (about 10 bpm) on
the average response of the first two trials of a ha-
bituation sequence, attributing his finding to a more
rigorous control of behavioral stale during testing.
Those studics that have used visval stimuli {c.g.,
Lewis, Kagan, Campbell, & Kalafat, 1966; Lewis &
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Spaulding, 1967) have typically been limited 1o a
single age and reported only the results for mean
of the several extreme beats and did not report sec-
ond-by-sccond results. Thus, there were no prece-
dents for expecting what should happen develop-
mentally to the heart rate response to visual stimuli
over this age range. The average maximum decel-
eration in the present study was about 6 to 7 bpm
for all three age groups, comparable to the Berg
results. The average maximum heart rate response
for the three familiarization trials with the second-
ary stimulus (not reported in resulls) was approx-
imately 11 bpm for all three ages, almost identical
10 the levels reported by Berg (1974). The present
results suggest that the findings of Richards (1985)
ofan accelerative response for 14-week-olds to sim-
ilar stimuli, and the weak decelerative response for
the 20-week-old infants in that study, resulted from
an accelerative response accompanying the head
movement toward the stimulus due to the meth-
odology used in that study.

There was an important developmental trend
found in the sustained atiention responses during
fixation. The youngest infants showed nearly iden-
tical patterns of heart rate responses for the infant
control and the interrupted stimulus trials, The 20
and 26 week olds showed a pattern of heart rate on
the 0.5-s by 0.5-s means similar to the 14-week-olds
only for the infant control trials. On the other hand,
the initial heart rate decelerations during the inter-
rupted stimulus trials were increasingly sustained
for the 20 and 26 week old infants. Identifying these
long latency responses as “sustained attention™ im-
plies that there is an increase in sustained attention
over this age period. Since the interrupted stimulus
procedure is a measure of the active allocation of
processing resources, this could be thought of as an
increase in the ability to direct attention to an in-
teresting stimulus. Other investigators (e.g., Rose,
1983; Zelazo & Kearsley, 1982) have shown that
over the first year of life infants increase in their
ability to process information quickly. This finding
is consistent with the shorter fixation durations of
the older infants in this study and in Richards (1985).
Thus, not only are infants able to process infor-
mation more quickly with increasing age, they show
better attention processes (e.g., more sustained heart
rate responses) as they get older. The present results
imply that these increases in processing efficiency
and quicker processing times may be due to de-
velopmental differences in the quality of attention
directed toward visual stimuli.
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