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Development of multimodal attention in young infants:
Modification of the startle reflex by attention

JOHN E. RICHARDS
Department of Psychology, University of South Carolina, Columbia, USA

Abstract

This study examined the effect of attention engagement to compound auditory-visual stimuli on the modification of the
startle blink reflex in infants. Infants at 8, 14, 20, or 26 weeks of age were presented with interesting audiovisual stimuli.
After stimulus onset, at delays defined by heart rate changes known to be associated with sustained attention or attention
disengagement, blink reflexes were elicited by visual or auditory stimuli. Blink amplitude to either visual or auditory
stimuli was enhanced when the infants were engaged in attention to the foreground auditory-visual stimuli relative to
control trials with no foreground patterns. This enhancement of the blink amplitude increased from 8 to 26 weeks of
age. In contrast teelectivemodality enhancement for single-modality foreground stimuli, these results show that these
multimodal stimuli engage both visual and auditory attention systems in this age range.

Descriptors: Infants, Attention, Heart rate, Blink reflex, Multimodal stimuli

Directing attention to one modality affects the blink reflex to stim- son, Valenstein, & Goldberg, 1987; Mesulam, 1983; Posner, 1995;
uli in that modality and other modalities. Several studies haveRobbins & Everitt, 1995 Prima facie evidence for separate visual
shown that the blink reflex to a stimulus is enhanced when there isnd auditory systems derives from their different pathways and
a match between the modality of the blink stimulus and the mo-attention effects at different cortical levels. The visual system path-
dality of the foreground stimulus to which attention is directed ways, from the retina through the lateral geniculate nucleus to the
(Anthony & Graham, 1983, 1985; Balaban, Anthony, & Graham, visual cortical areas in the occipital cort@aceas 17, 18, 19show
1989; Hackley & Graham, 1983; Haerich, 1994; Richards, 1998 enhanced effects of attention in areas 18 and(lk&simone &
Alternatively, when the modality of the blink stimulus and the Duncan, 1995 The auditory system pathways, from the auditory
modality of the foreground stimulus to which attention is directednerves through the cochlear nerve to the inferior colliculus to the
are different, the blink reflex may be attenuated or may be theauditory cortical areas in the temporal corteil, 42, and 28
same as when attention is not engaged. This attentional modulatighow attention enhancement effects in area 22. The existence of
of the blink reflex demonstrates that attention may be selectiveéhese separate pathways suggests that the brain may support sep-
toward specific modalities and implies that there may be modality-arate attention systems for the auditory sensory modality and the
specific attention systems in the brain. This study demonstrategisual sensory modality. The modality-selective effect of attention
that attention to “multimodal” auditory-visual foreground stimuli on the blink reflex is consistent with a model that the foreground
may engage both visual and auditory attention systems in the youngtimulus engages the appropriate cortical attention system and that
infant and that blink reflexes to auditory and visual stimuli are this system enhances complementary cortical and subcortical sys-
affected by attention. tems, resulting in a facilitation of the subcortically mediated blink
The modality-selective effect of attention on the blink reflex reflex in the same modality. Alternatively, attention may act to
implies that the visual and auditory attention systems are “selecinhibit competing responses, such as sensor rediretRarhards,
tive” and is consistent with the existence of separate attentiori987, 1997 or blink reflexes in unattended modalitiésnthony,
systems in the brain for these modalities. Attention systems in thd991; Richards, 1998
brain have been hypothesized to include a system of general gfousal The modality-selective effect of attention on the reflex blink
alertness and specific sensory attentional systg#esiman, Wat-  has been shown in young infanténthony & Graham, 19883;
Balaban et al., 1989; Richards, 1998or example, Anthony and
Graham(1983 presented “interesting” or “dull” visual or auditory
This research was supported by grants from the National Institute ostimuli to 16-week-old infants. They found that blink reflexes were
Child Health and Human Development, #R01-HD18942 and a Researcenhanced in magnitude when attention was the gre@ngstesting
Scientist Development Award from the National Institute of Mental Health, ;5 qy| stimul) and when the blink probe and the foreground

#K02-MHO00958. . : . .
Address reprint requests to: Dr. John E. Richards, Department of Psy§tlmu|us were in the same modalitnatch vs. mismatghA study

chology, University of South Carolina, Columbia, SC 29208, USA. E-mail: Py Richards(1998 extended the Anthony and Graha(h983
richards-john@sc.edu. results to younger and older ages-26 weeks Richards(1998

65



66 J.E. Richards

found that blink reflexes, and the selective modality effect, wereand even as young as 2 months of &gewkowicz, 1994. More-
greater during periods when the heart rate responses to the forever, response to the visual changes was greater than to the audi-
ground stimuli were deceleratédttention engagemerthan when  tory changes. This finding suggests that when the visual information
the heart rate level had returned to its prestimulus level to the samis spatially dynamic, the visual information and the auditory in-
foreground stimuliwhen attention was disengaged@he selective  formation of the multimodal stimuli were encoded and processing
modality effects, and the enhancement of blink reflexes duringof information occurred in both modalities.

attention, also increased over the age range from 8 to 26 weeks The research on the effects of attention on the blink reflex only
(testing ages of 8, 14, 20, and 26 weekehese results imply that has examined blink reflexes in the presence of unimodal fore-
the selective attention effects found in young infants show a deground stimuli. Given that infants’ responsiveness to bimodal stim-
velopmental change in the early part of infancy. This developmenuli is greater than to unimodal stimuli, one of the goals of this
tal change found in selective attention parallels the increase istudy was to examine the developmental changes in blink reflex
attention to visual and auditory stimuli over the age range from 2modulation during attention to compound auditory-visual stimuli.
to 6 months found in other paradigniBerg & Richards, 1997; In this study, infants were tested at 8, 14, 20, and 26 weeks of age.
Richards, 1987, 1997; Richards & Hunter, 1998 This age range was chosen to match that used by Ricliked8),

In contrast to unimodal stimuli, and separable sensory systemsnd because across this age range there is an increase in attention
there is evidence that multimodal or nonspecific attentional systo visual and auditory stimuliBerg & Richards, 1997; Richards,
tems may exist. For example, in the brain there are specific patht987, 1997; Richards & Hunter, 199&his is particularly true of
ways and functions that control general arousal and alertnesthe development of sustained heart rate responses during visual
(Heilman et al., 1987; Mesulam, 1983; Posner, 1995; Robbins &attention, reflecting an increase in sustained attention. In this study,
Everitt, 1995. For example, the mesencephalic reticular formationattention was elicited by presenting the participants with stimuli
via its noradrenergic projections has widespread influence on théhat consisted of combined audio and visual components. These
thalamus and cortex and is thought to represent a general arousadmponents have been shown to elicit large heart rate changes in
system that invigorates a number of specific attentional systemmfants in this age range, presented separdflghards, 199B8or
(Heilman et al., 1987; Robbins & Everitt, 1995These general in combination(Richards & Gibson, 1997 In young infants, these
systems may act to invigorate specific sensory systems, or maeart rate changes have been used to distinguish attention phases
invigorate multiple sensory systems simultaneously. There also adabeled stimulus orienting, sustained attention, and attention ter-
multimodal centers in the brain. These centers include the superianination (Berg & Richards, 1997; Graham, 1979; Graham, An-
colliculus at the subcortical level, which responds to a number othony, & Zeigler, 1983; Richards & Casey, 1992; Richards &
multimodal combinations of auditory, visual, and somatosensoryHunter, 1998 Heart rate changes also have been used with uni-
information(Stein & Meredith, 1993; Stein, Meredith, & Wallace, modal foreground stimuli in young infants and resulted in blink
1994). There also are polysensory areas in the cortex, including theeflex modification in infantsAnthony & Graham, 1983; Rich-
parietal cortex, which integrates information from auditory, visual, ards, 1998 The effects in infant participants were similar to those
and somatosensory cortical areas and is heavily involved in atterfound with experimental manipulations of attention used in adults
tion (Posner, 1995 It is possible that attention per se operates in (Hackley & Graham, 1983; Haerich, 1994n this study, the blink
an amodal fashion, affecting individual sensory systems when thoseeflex was elicited with stimuli known to elicit a startle blink reflex
systems are engaged in stimulus processing. The modality-selectivie infants. It was expected that the blink reflex would be enhanced
effects of attention may be the interaction between amodal atterduring attention to the auditory-visual stimuli, and would be at-
tion engagement and the testing conditions using unimodal stimulitenuatedor not be enhancedvhen the infant was not engaged in
This study examined the effects of compound auditory-visual stim-attention.
uli as foreground stimuli on blink reflexes to auditory or visual ~ The second goal of the study was to determine if there was a
blink stimuli. different modulation of the blink reflex for the auditory and visual

Many of the stimuli the infant faces in its everyday world are blink stimuli, and if this differential modulation changed over these
multimodal, and a substantial number of studies of perceptualesting ages. When a young infant’s attention is engaged with a
development have investigated infants’ responses to multimodalnimodal stimulus, there is a selective enhanceyfatt@nuation of
stimulation (e.g., Lewkowicz & Lickliter, 1994 One question the blink reflex depending on the match between the blink stimulus
posed by this research has been if infants responded more to oed the foreground attention-eliciting stimulésithony & Graham,
stimulus modality over another when presented with multimodal1983; Richards, 1998 If a compound auditory-visual stimulus
stimuli. Lewkowicz(1988a, 1988ppresented infants with a flash- elicits attention in both the visual and the auditory system, then
ing checkerboard simultaneously with a pulsing tone and therthere should be enhancement of reflex blinks from either visual or
tested for responsiveness to changes in the auditory, visual, or bottuditory blink stimuli. If only one or the other of the attention
stimuli. The 6-month-old infants responded only to the auditorysystems is engaged, then there should be differential enhangement
and combined changes, whereas the 10-month-old infants reattenuation of reflex blinks elicited by the visual or auditory blink
sponded to all three types of changes. These findings were intestimuli. The available research evidence does not suggest which of
preted as suggesting that the auditory modality dominated théhe possible outcomes for this study would occur, so specific pre-
attention of young infants who were presented with concurrentdictions or expectations were not made for this goal.
auditory-visual information. Subsequent studies have shown, how-
ever, that intersensory dominance relationships are dependent 7
the specific nature of the information presented. Thus, when in-
fants were habituated to a bouncjfisgunding object, they re- Participants
sponded to changes in the auditory, visual, and combined auditoryRarticipants were recruited from birth notices published in a
visual changes at 4, 6, and 8 months of &gewkowicz, 1992, Columbia, South Carolina newspaper. The infants were full term,
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defined as having a birthweight of more than 2,500 grams andhat were placed at the edges of the TV. The noise bursts were
gestational age of 38 weeks or longer based on the motherpresented at 100 dBA-scalg at the infant’s ear, with 5-ms rige
report of her last menstrual cycle. The participants were tested dall times, and 50 ms at the maximum level. The audio blink
8 (M = 58.0 daysSD = 4.09,n = 22, 1¢/12 femal¢male, 14 stimulus was generated by a Coulbourn White Noise Generator
(M =99.8 daysSD= 4.04,n =21, 11/10 femal¢ malg), 20 (M = (S81-02, shaped with a CoulbourtS84-04 rise/fall gate, and
142.7 daysSD = 4.06,n = 20, 11/9 femalg¢'male), or 26 (M = amplified by a Yamaha Power AmplifiefMX-35). The visual
184.0 daysSD= 4.38,n = 21, Y12 femal¢male), weeks of age.  blink stimulus was produced by two Vivitar photo flash uriltéodel

The infants were assigned either to an auditory blink stimulus 02800 that were placed in the same location as the speakers used
visual blink stimulus conditiofbetween-subjects condition§here  for the auditory blink stimulus. They were approximately 60 cm
were at least 10 infants in each condition at each age. An additiondtom either side of the infant, and at approximately’ 22 the

28 children were tested but were eliminated from the study beperiphery.

cause they did not have at least two identifiable blinks in the blink

reflex control condition or did not have at least one blink in eachMeasurement and Quantification of Heart Rate Changes

testing condition(n = 13) or did not complete the testing session The electrocardiograciECG) was recorded with Ag-AgCl elec-

due to fussiness or cryingn = 15). trodes on the infant’s chest and was digitized at 100Qddzh mg
with a microcomputer. An online computer algorithm identified the
Apparatus QRS complex in the ECG and interbeat inter(d@l ) was defined

The child was held on the parent’s lap approximately 55 cm fromas the duration between successive R-waves in the ECG. This
a 49-cm(19 in) TV monitor. The TV subtended a 44isual angle.  evaluation was made within 30—60 ms following the R-wave oc-
Two Radio Shack “Realistic” audio speakers were placed aboveurrence. This online evaluation was used to define two of the
the TV for the audio portion of the foreground. A neutral color delay conditions. The “heart rate deceleration” condition was de-
material covered the surrounding area. A video camera was aboviened as five successive beats occurring with IBls each longer than
the TV, and in an adjacent room an observer judged the particithe median of the five prestimulus beats. The “return of heart rate
pant’s fixations on a TV monitor. The session was recorded orto prestimulus level” was defined as occurring after a heart rate
videotape with a time code to synchronize fixation changes withdeceleration, and when five successive beats occurred each with
heart rate and stimulus information for analysis. IBls shorter than the median of the five prestimulus bdaee

The foreground stimuli were visual patterns shown on the TVRichards, 1997, 1998
accompanied by sounds. The stimuli were computer-generated For offline analyses, IBls were corrected for artifacts using the
auditory-visual stimuli, interspersed with segments selected from £heung(1981) and Berntson, Quigley, Jang, and Boy$&890
Sesame Street movisee Richards & Gibson, 1997; Richards & algorithms along with visual inspection of the ECG of suspect
Cronise, 200D The computer-generated stimuli consisted of 16beats. The IBl was assigned to 0.5-s intervals by averaging the IBls
visual patterns accompanied by 12 auditory stimulus patterns, rann each interval weighted by the proportion of the interval occu-
domly paired together for each presentation. The computer-generatgided by that beat. The interbeiaterval is the reciprocal of heart
visual patterns were dynamie.g., a series of concentric squares rate, so that lengthening of the IBI corresponds to heart rate de-
of varying size, a flashing checkerboard pattern, a small box shapeeleration and shortening of IBI corresponds to heart rate accel-
moving across a diamondand changed at approximately 4 Hz eration, or the return of heart rate to its prestimulus level. The IBI
(foreground visual patterns in Richards, 1898he computer- rather than heart rate was used in the analysis of the heart function
generated auditory patterns consisted of changing patterns of sourtianges, because the IBI has characteristics suggesting it is related
(e.g., a pulsed 1200-Hz tone, a pulsed 1400-Hz tone, a pulsed tomaore linearly to neural control mechanisif&erntson, Cacioppo,
alternating 1200 HZ400 Hz, a sliding frequency from 0 to 1200 Hz & Quigley, 1995.
or from 400 to 1600 Hz, random frequencies across the range from
0 to 1600 Hz; foreground audio patterns in Richards, 199Be Measurement and Quantification of Reflex Blinks
audio stimuli were generated by Coulbourn Precision Signal GenThe electromyograniEMG) of the obicularis oculi muscle was
erator(S81-06 and Voltage Controlled OscillatqS24-05 mod-  measured by placing two miniatu¢8ensoriMedic, 3 mm contact,
ules and were presented on two Radio Shack Realistic audio speakers mm collaj Ag-AgCl electrodes just below the lower right eye-
located above the TV and amplified by two channels of a Yamahdid (11 mm center-to-centgrThe electrodes were affixed with
Power Amplifier(MX-35, four channels in pairs of tWwpand were  adhesive collars, and SignaCreme electrode cream was used to
approximately 60 dBA-scalg at the infants’ ears. The dynamic complete the electrical contact. The EMG signal was amplified
changes in the audio and visual patterns were synchronized an@0 k), filtered (bandpass 10—-300 kand digitized at 1 kHz.
occurred at approximately 4 Hz. The segments from the Sesame The digitized values were used to quantify the reflex blinks.
Street movie consisted of 12 scenes that contained two or mor&he digitized values were first converted &/ values, and then
characters, and the scene continued without perspective shifts fohe root-mean-squarddms) ©V EMG was calculated on a milli-
at least 25 s. Two computer-generated stimuli and one Sesansecond basis. The EMG from each trial was displayed, and blinks
Street segment were presented randomly in three-trial blocks. Theere scored on each trial for latency to blink onset and latency and
auditory-visual patterns are known to elicit heart rate deceleraamplitude of maximum rmgV EMG for the blink (see Haerich,
tions, typically result in first look durations of longer than 10 s, and 1994). Blinks were included only if the onset of the EMG activity
are easily discriminable by each of the four age grolRishards  began within 350 ms of the blink stimulus onset. Trials without
& Gibson, 1997. identifiable blinks were not included in the analyses. Each partici-

The blink stimuli were either auditory or visudbetween-  pant had identifiable blinks in two of the blink reflex control trials
subjects condition The auditory blink stimulus was noise bursts and at least one identifiable blink in a trial for each of the four
that were presented binaurally on Radio Shack Realistic speakedelay conditions. In addition to the raw rme/ EMG values, a
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proportion change score was analyzed. The proportion changgplitinto those trials in which the heart rate had slowed down again
score was the score found in the experimental t(@iseground+ indicating attention was reengaged, and those trials in which the
blink stimulug divided by the average blink amplitude from the heart rate remained at or above prestimulus level indicating atten-
no-foreground blink reflex control, separately for each participant.tion was still unengaged. The IBI changes also included a within-
The latter dependent variablproportion changestandardizes the  subjects “beats” factor representing five beats before blink stimulus
blink amplitude between groups, because a difference might occusnset, the beat occurring at blink stimulus onset, and five beats
in the blink amplitude for the visual and auditory modality stimuli. following blink stimulus onset. The beats effects were adjusted by
the Huynh-Feldt correctiogHuynh & Feldt, 1970 for lack of
homogeneity in the covariance matrices for repeated measures

Procedure ) . ) )
The parent sat in a chair in the viewing area with the infant on the£<Huynh & Feldt, 1970; Jennings & Wood, 1976; Keselman, 1998
eselman & Keselman, 1988

parent’s lap facing the TV monitor. There were four trials consist-

ing of the alternating presentation of the foreground stimulus alone The apalyses of vanande!\NOVAg) were carried out W'th a
or the presentation of the blink stimulus alotie/o trials each general linear models approach using nonorthogonal design be-

These trials were administered to familiarize the infant with thecause of the unequal distribution of rials across subjects and delay

stimuli and testing situation, and the two blink stimulus trials Werecondltlons. Thg sums of.squar(elsypo'.[hesm anq er‘r‘ﬁ)rfo‘r the,,

- . . nested effects in the design were estimated using “subjects” as a
used as “blink reflex control” trials. These four trials were fol- . - e

) : . . ) lass and nesting repeated measuees., delay conditionwithin
lowed by the experimental trials. The experimental trials consisted. . ) B .
. . - : his class variable. The “PROC GLM" of SAS was used for the

of the presentation of an auditory-visual foreground stimulus foI-Com Utations
lowed by a delay, the presentation of the blink stimulus, and a P '
minimum 5-s intertrial interval. One of four delays was used on
each trial: a 2-s delay, a heart rate deceleratidhis delay, adelay RESULTS
until heart rate returned to its prestimulus level following a heart
rate deceleration, and a delay of 5-s after heart rate returned to i
prestimulus level. These conditions represent “stimulus orienting’
(2-9), “sustained attention” engagemeéheart rate deceleration
2-9) and “attention termination(return of heart rate to prestimulus

Bl Changes

The IBI changes were analyzed to determine if the experimental

manipulations based on heart rate had their desired effect and to

determine if the blink stimulus affected IBI changes. Five beats

level following sustained attention; see Richards, 1987, 1997,)1998 bgfore t_he presentation of the blmk stimulus, the bea@ at Wh'Ch the
blink stimulus occurred, and five beats after the blink stimulus

For some analyses, the return of heart raté-s delay condition . . .
. R . . _Wwere analyzed as the difference in IBl and the mean IBI of the five
was separated into those trials in which the heart rate was still af ~ . - .
or above prestimulus level and trials in which the heart rate ha restimulus beats. This change score was analyzed with an Age
P ) X Blink stimulus modality(2) X Delay(5) X Stimulus presence

decelerated again. A second deceleration of heart rate indicate 1 . .
. . X .
that attention was reengaged, whereas if the heart rate was sti Present, contrglx Beats(11) ANOVA.® For this analysis, epochs

. . ) ... were selected in which the delay criteria was reached but a blink
near prestimulus level attention was still unengaged. In addition

during the experimental trials, trials in which the foreground stim-StImUIUS was not presented, in order to compare IBI changes to the

ulus was presented alone, or in which the blink stimulus Wasbllnk stimuli with IBI changes that occurred due to the delay

presented alonéblink reflex contro), were interspersed with the manipulations. Only the effects that interacted with the “beats
. ; L ", factor were examined.
experimental trials. These six trial typé®ur delay conditions, . .
) . There was the expected interaction between delay and beats,
blink reflex control, foreground stimulus alonevere presented

. S L F(40,3040¢ = 0.367 = 91.02,p < .001. This effect was due to
randomly without replacement in six-trial blocks. Each participant o . ; ;
. T .. the definition of the experimental manipulatiofesg., heart rate
received at least two six-trial blocks and as many as three six-tria

blocks. The duration of the trials differed due to the delay Condi_deceleratlon’r 2 s; return of heart rate to prestimulus levaihere

tion. The 2-s trial wa 2 s induration. The average durations of the were interactions between beats and stimulus preséfit, 760,

heart-rate-defined trials were 5.15, 10.44, and 16.36 s for the heaf)t: 0.467 = 2.30,p = .058, and a three-way interaction between

rate deceleratior 2 s, heart rate return to prestimulus level, heart eats, delay, and stimulus prgsellééao,G_SSO_e =0.440 = 4"9'79‘
. . : p < .001. These effects are illustrated in Figure 1. The “All Con-
rate return to prestimulus level 5-s trials, respectively.

ditions” figure shows the IBI changes for the trials on which the
blink stimulus occurred and the epochs with no blink stimulus.
Experimental Design for Data Analysis There was an increase in IBI length of about 4 ms on the beat
The results were analyzed with factorial designs. Testingfage  following the blink stimulus, compared with an increase in that
conditions: 8, 14, 20, and 26 weglkand blink stimulus modality beat of about 1 ms on the control epochs. The three-way inter-
(two conditions: auditory and visualvere between-subjects fac- action reflected a difference in the extent of the IBI change for the
tors. The delay factor was a within-subjects factor in the designdelay conditions. It can be seen in Figure 1 that for most of the
For the raw rmsuV EMG dependent variable, there were five delay conditions there was a significant increase of about 3-5 ms
levels of this delay factor: blink reflex control, 2-s, heart rate in the beat following the blink stimulus compared with the control
decelerationt 2 s, heart rate return to prestimulus level, and heartepochs. Post hoc tests showed that the BeaBsimulus presence
rate return to prestimulus level 5-s. For the proportion change interaction was significant for each delay conditiops < .05)
score(experimental trial amplitude divided by amplitude on the

blink .reflex CoerI trial$ the delay factor used only .the four 1The analysis of IBI changes that is reported used data from all trials.
e).(perlmental trials, _because the. data Wgre standardized on tWealso compared the IBI changes on trials with and without identifiable
blink reflex control trial. For the blink amplitude effects, the mean pjinks, and found no difference in the 1Bl response to the blink stimulus on
values on the heart rate return to prestimulus levBts trials were  those trials.
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Figure 1. Beat-to-beat interbeat intervelBl ) change at the blink stimulus onset as a function of delay types. The blink stimulus was
presented at “beat 0.” The solid line represents the IBI changes on blink stimulus present trials, and the dotted line represents the IBI
changes occurring on control epochs in which the appropriate delay was met but did not have a blink stimulus presented.
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except the 2-s conditiop = .098. There were no significant trials was first examined with an Ag@) X Blink stimulus mo-
interactions that included age or blink stimulus modality for the dality (2) ANOVA. There was a significant effect of blink stimulus

IBI changes modality on blink amplitudeF (1,75 = 7.06, p = .0096. The
blinks to the visual blink stimulus were smaller than those to the
Blink Latency auditory blink stimulugMs = 22.74 and 37.0 rmaV, respective-

The latency to the onset of the blink, and the time from the onsety). The amplitude of the blinks on the blink reflex control trials
to the peak of the blink, were analyzed. These latencies werglid not change significantly over the four testing ages. A “trials”
analyzed with an Agé4) X Blink stimulus modality(2) X Delay  factor also was tested, comparing the two preexperimental blink
(5) ANOVA. Because of the possibility that these latency scoresreflex control trials and the blink reflex control trials interspersed
were not distributed normally, the natural logarithms of the timesin the experimental trials. Blink amplitude did not differ signifi-
were analyzed. There was a significant effect of blink stimuluscantly between the preexperimental and experimental trials, nor
modality on the blink onset latencl,(1,76 = 50.52,p < .0001,  did it show habituation within the experimental trials.
and peak latencys (1,76 = 15.72,p = .0002. The onset and peak Blink reflex amplitude for the experimental and control trials
latencies were shorter for the auditory blink stimuls = 114.0 ~ was analyzed. The peak of the rm¥ value during the blink was
and 48.0 ms, for onset and peak, respectivedan for the visual ~€xamined with an Agé4) X Blink stimulus modality(2) X Delay
blink stimulus(Ms = 163.9 and 65.1 msThere were no signifi-  (5) ANOVA. There were significant main effects of blink stimu-
cant effects on the onset-to-peak latency involving testing agelus modality, F(1,76 = 7.63,p = .0072, and delay condition,
There were no effects of delay condition on either the onset or peak (4,257 = 5.80, p = .0002. The effect of blink stimulus was
latencies. similar to that found on the blink reflex control trials, in which the
There was a significant interaction of age and blink stimulusauditory blink stimulus elicited larger amplitude blinks than did
modality on the latency to the onset of the blif3,76 = 3.57, the visual blink stimulus. The delay condition effect is illustrated
p = .0178. Post hoc Scheffé tests showed that there was no ade Figure 2. This figure shows an effect of attention engagement on
effect for the blink onset latency to the auditory blink stimulus andthe blink amplitude. The blink amplitude on the trials representing
that there was a significant effect of age on the blink onset latencyhe return of heart rate to prestimulus levels s were split into
to the visual blink stimulugp < .05). There was a decrease in the those in which the heart rate responses was reengaged and those in
onset latency to the visual blink stimulus over the first threewhich the heart rate response remained at or above the prestimulus
testing agegMs = 201.3, 165.2, and 135.1 ms for the 8, 14, and level. The blinks were enhanced in the delay conditions represent-
20 week oldg and the onset latency for the 26-week-old infants ing attention engagemef2 s, heart rate deceleration2 s, and

was not significantly different from the 20-week-old infafig =  return of heart rate to prestimulus level5 s when reengaged

147.1 ms for the 26 week olgls The delay conditions representing attention unengdgetdrn of
heart rate to prestimulus level, return of heart rate to prestimulus

Blink Amplitude level + 5 s when unengagedlid not show the facilitation of the

Blink amplitude was analyzed as the peak of the pays value reflex blink. Post hoc tests showed that blink amplitude in the three
during the blink. The blink amplitude from the blink reflex control conditions representing attention engagement were not signifi-
cantly different(p = .2265. The blink amplitude in the two delay

) ] conditions representing inattention and the blink reflex control
2The IBI changes were compared with data from Richdf®98. In tri

Richards, infants at the same ages as this study were tested, auditory an«l!ials were not significantly differentp = .1103). The blink am-

visual blink stimuli were used as in this study, but the foreground stimuli Plitude in the three attention conditions was significantly larger
were presented in a single modaliguditory or visual in Richardsather ~ than the conditions in which attention was unengagee< .05).

than as a combined auditory-visual stimu(tisis study. The IBI changes There was a significant interaction of age and delay condition
from Richards and this study were analyzed with an Aéex Blink on blink amplitude F (12,257 = 1.81,p = .0468. This effect is

stimulus modality(2: auditory, visugl X Delay (5) X Stimulus presence . - . .
(2) X Beats(11) X Foreground stimulug3: visual, auditory, auditory- illustrated in Figure 3, which shows the peak rpg amplitude,

visua) ANOVA. The effects found for this study were nearly identical for Separately for the four testing ages, and combined across trials in
the combined datée.g., Delayx Beats, Stimulus presenceBbeats, and ~ which attention was engagé@ s, heart rate deceleratien? s, and
Delay X Stimulus presence Beats interactions A graph of the means  return of heart rate to prestimulus leveb s when reengagednd

from that study(not presented in Richargdsvere nearly identical to this ;
study. In each of the conditions, there was a 4- or 5-ms increase in the IB'Tmengagedretum of heart rate to prestimulus level, return of heart

of the beat following the blink stimulus compared with the control epochs'ate {0 prestimulus levet 5 s when unengagedrhe blink reflex
when no beat occurred, and as much as a 7-8-ms IBI increase over @implitude for the four ages in the attention-engaged delay condi-
affected beats. There were no significant interactions with the beats factdions was significantly differentp = .0002. There was an in-
involving age or blink stimulus modality, and no interactions involving the crease over the four testing ages in the enhancement of the blink
foreground stimulus typévisual, auditory, or combined auditory-visual - - -, . .
stimulug that showed a difference in the IBI change for the different re_flex in th-e attentlon-engaged. delay conditions. Thg (_:ilfference in
foreground stimuli. blink amplitude between the blink reflex control condition and the
There were some statistically significant differences between the IBlattention-engaged conditions was 1.77, 3.89, 10.25, and 11.14
level for the three foreground stimulus types for the delay conditions reprms uV for the 8-, 14-, 20-, and 26-week-old infants, respectively
resenting the heart rate deceleration2 s, and return of heart rate to (Figure 3. The blink reflex amplitude for the four ages in the

prestimulus level- 5 s. The IBI change at the heart rate deceleratidts . d del diti v sh d inal
delay was 19, 23, and 26 ms for the visual, auditory, and visual—auditor)f“ttem'on'unengage elay conditions only showed a marginal sta-

stimuli, respectively, and the peak of the average responses for these stirfistically significant effect p = .0862. The difference between the
uli was 22, 26, and 29 ms. The IBI change at the return of heart rate tattention-unengaged and blink reflex control trials showed a smaller

prestimulus levet 5-s delay was 6, 3, and 10 ms for the visual, auditory, jncrease over age from 1.93 to 4.71 rm¥ over the four testing

and auditory-visual stimuli. These two findings suggest a larger decelera: . . - - L .
tion for the multimodal stimulus than the unimodal stimuli, and a greaterages' The blink amplitude in the blink reflex control condition did

tendency for heart rate to decelerate a second time after inattention, indP0t change significantly with agé= < 1.0). It also can be seen in
cating a reengagement of attention for the multimodal stimulus. Figure 3 that the difference in blink amplitude between the attention-
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40.0
38.0
I I Figure 2. Reflex blink amplitudgrms V) as a
36.0 function of the delay types. The bars in this fig-
ure represent the rmsV blink amplitude in the
; 34.0 auditory-visual foregroune- blink stimulus ex-
- perimental trials, and the dark solid line repre-
g sents the mean rmgV blink amplitude on the
= 320 reflex blink control trials along with the standard
error (dotted line$. The heart rate return to
30.0 =MWl ———F—— prestimulus level- - delay condition was sep-
X arated into trials in which the heart rate was
Blink Reflex still at or above prestimulus levéattention un-
28.0 Control engaged and in which a second heart rate de-
.................................... celeration had occurrettention reengaged
26.0 2-Sec Dec+2-s HR Return HR Return+5-S HR Return+5-S
Unengaged Re-engaged
Delay Conditions

engaged and attention-unengaged trials increased over ages, antkraction was not significar(tp = 0.5872. Figure 4 illustrates
was the largest in the 26-week-old infants. the interaction between testing age and delay condition separately
None of the interactions that involved the modality of blink for the visual and auditory blink stimuli. There was an increase
stimulus were significant. The lack of a significant AgeBlink over age in the blink reflex to the auditory probe that occurred only
stimulus modalityx Delay interaction indicates that attention to for the trials during which attention was engaged. There was a
the auditory-visual foreground had the same facilitatory effect onsignificant and steady increase over age in the level of the blink
the blink amplitude to the auditory blink stimulus as it did to the reflex to the visual blink probe when attention was engaged or
visual blink stimulus. However, the data for the visual blink stim- unengaged. This effect was larger for the trials during which at-
ulus and the auditory stimulus were examined separately to detetention was engaged, but the lack of a significant Ag®elay
mine if there were different age or attention effects on the twoeffect indicates this difference was not statistically significant. For
blink modalities. The blink reflex amplitude in response to the the attention-engaged trials, there was a slightly larger blink reflex
auditory blink stimulus was affected by the delay condition, to the auditory blink stimulus than to the visual blink reflex, though
F(4,125 = 3.30,p = .0132, and the interaction between age andthe omnibus interaction testing such an effect was not statistically
delay,F (12,125 = 1.93,p = .0371. The blink reflex amplitude in  significant.
response to the visual blink stimulus was affected by the delay Because there were differences in the amplitude of the blink
condition, F(4,132 = 2.78,p = .0296, but the age and delay reflex to the auditory and visual stimuli on the blink reflex control

48.0 Control I

Attentive
44.0 Inattentive

Figure 3. Reflex blink amplitudgrms V) as a
function of testing age separately for the delay
conditions hypothesized to have attention en-
gaged and attention unengaged at blink stimulus
onset. The solid bars represent blink reflex con-
trol trials, the dotted bars represent trials on which
attention is engaged, and the gray bars represent
trials on which attention was unengaged.

8 14 20

Testing Age
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Attention Engaged Attention Unengaged
15.0 —
Visual
12.0 Auditory [
Figure 4. Reflex blink amplitude(rms wV) in re-
> 9.0 I ey sponse to the visual and auditory blink stimuli. The
37" o difference in blink amplitudg(peak rmsuV) be-
E [ B tween the experimental trials and the blink reflex
£ 6.0 — — control trials is shown as a function of testing age
— separately for the delay conditions hypothesized to
— have attention engaged and attention unengaged at
3.0 | N blink stimulus onset. The dotted bars represent trials
with the visual blink stimulus and the gray bars rep-
resent trials with the auditory blink stimulus.

14 20 26 8 14 20 26
Testing Age

trials, the proportion change from the blink reflex control trials to directed toward the foreground auditory-visual stimulus. If the
the experimental trials also was analyzed. This proportion scoréeart rate changes indicated that the infant was viewing but in-
standardizes the scores across the two modalities for participan&ttentive, there was a smaller enhancement of the blink reflex than
who were presented with the auditory blink stimulus and thosewhen attention was engaged. The enhancement of the blink reflex
presented with the visual blink stimulus. This proportion score wasluring attention to the multimodal stimulus increased over the age
analyzed with an Agé4) X Blink stimulus modality(2) X Delay range of 2—6 months. The blink reflex enhancement due to atten-
(four; only experimental tria}sANOVA. The blink stimulus mo-  tion toward the multimodal foreground stimulus was similar for
dality factor did not affect the proportion score significantly = the auditory and visual blink stimuli.

4574, indicating the proportion score equated the auditory and The development of the blink reflex enhancement during at-
visual blink amplitudes. The interaction between age and delayention replicates previous findings by Richarfd998 and was
condition approached statistical significang€9,180 = 3.47,p = consistent with a study of 16-week-old infants by Anthony and
.0591. Similar to the raw rmgV amplitude, there was a signifi- Graham(1983. Richards(1998 reported an attention-related en-
cant increase over the four testing ages in this proportion score ihancement in auditory and visual blink reflexes when the infant
the attention-engaged delay conditiof&ss, heart rate decelera- was attending to a unimodal auditory or visual foreground that
tion + 2 s, and return of heart rate to prestimulus levéd s when  matched the modality of the blink-eliciting stimulus. This enhance-
reengagedp < .05). The values of this score were 1.01, 1.24, 1.24, ment increased over 8-26 weeks, as in this study. Similarly, An-
and 1.36 for the 8-, 14-, 20-, and 26-week-old infants, respectivelythony and Grahan{1983 found with 16-week-old infants that
These values indicate that during the attention-engaged trials theeflex blinks were enhanced during an interesting foreground stim-
response of the 8-week-old infants was similar to the blink reflexulus more than during a “dull” foreground stimulus. The develop-
control trials, whereas for the oldest aged infants the blink reflexmental changes in this study and in Richafd998 show an
amplitude was 1.36 times larger during the attention-engaged trialsicrease in this attention-enhancement effect from 8 to 26 weeks of
than during the blink reflex control trials. The proportion score did age, with the 16-week-old infants in the Anthony and Graham
not increase significantly over the four testing ages in the attentionstudy falling midway between the effects found in the 14 and
unengaged conditiongeturn of heart rate to prestimulus level, 20 week olds of Richards’ studi¢Berg & Richards, 1997; Rich-
return of heart rate to prestimulus level5 s when unengaged  ards, 1998

The values of this score were 1.07, 1.15, 1.13, and 1.17 for the 8-, One goal of this study was to determine if infants’ attention to
14-, 20-, and 26-week-old infants, respectively. This pattern ofa foreground multimodal stimulus differentially affected the blink
change over testing age in the attention-engaged and attentioneflex to auditory and visual blink stimuli. The studies of Richards
unengaged conditions parallels the findings with the raw EMG(1998 and Anthony and Grahaiti983 engaged infant attention
score(Figure 3. There were no interactions that were significant to unimodal auditory or visual foreground stimuli. There was a

that involved the modality of blink stimulus. selective enhancemefattenuation of the blink reflex during at-
tention, depending on the matthismatch between the fore-
DISCUSSION ground and blink stimuli. The facilitatory effects of attention on

blink reflex amplitude presumably are due to enhancement of af-
This study showed that the blink reflex of young infants to audi- ferent sensory pathways that are complementary to the attention
tory and visual stimuli was modulated by attention to foregroundsystem that is engagédnthony & Graham, 1983, 1985; Graham,
auditory-visual stimuli. Relative to control trials with no fore- 1992; Richards, 1998In this study, there was enhancement of the
ground stimulus, there was an enhancement of the blink reflexblink reflex to the auditory blink stimulus and the visual blink
when the infants’ heart rate changes showed that attention wastimulus in the conditions in which attention was engaged relative
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to the conditions in which attention was hypothesized to be un-ever, on about 50% of the trials there was a subsequent decelera-
engaged. Additionally, for the auditory blink stimulus this attention tion of heart rate, indicating a reengagement of attention to the
enhancement effect significantly increased over the four testingnultimodal stimulus, and a corresponding facilitation of the blink
ages(Figure 4. For the visual blink stimulus the attention en- reflex (Figure 2. Some studies examining the modality-selective
hancement effect also increased over the four testing €gjgs effect of attention on the blink reflex have shown an attenuation of
ure 4, although this effect was not statistically significant. The the blink reflex amplitude relative to control triale.g., Putnam,
enhancement of the blink amplitude for both blink stimuli implies 1990, whereas others have not included an appropriate control
therefore that the auditory and visual attention systems were ereondition with no foreground patterfe.g., Anthony & Graham,
gaged by the compound auditory-visual stimuli used in this study1983; Hackley & Graham, 1983Thus, whereas the facilitation

There were two differences in the amplitude of the blink reflex effects for the complementary foreground and blink reflex chan-
modulation found in this study and in Richard998. First, the  nels are well established, the inhibitory effects of the foreground
facilitation of the blink reflex during attention to the multimodal attention system on the competing sensory systems are not.
stimuli in this study was nearly twice the size as the facilitation to  The heart rate changes and blink reflex elicited by the auditory
the unimodal stimuli used in Richard$998. For example, the and blink stimuli were dissimilar to what had been expected. Graham
difference between the blink reflex control trials and the 2-s or(1992; also see Berg & Richards, 1997; Cook & Turpin, 1997;
heart rate deceleratioh 2-s delay conditions was about 3 rm¥ Graham, 1979; Graham et al., 1988stinguished two types of
when the foreground and blink stimuli matched in Richards, 1998 physiological responses to short latency stimuli depending on the
but was about 6—7 rmgV in this study(cf. Figure 1 in Richards, intensity of the stimulus. The “startle reflex” was hypothesized to
1998, with Figure 2 in this studySimilarly, the facilitation of the  be a response to high-intensity short duration stimuli, and included
blink reflex amplitude for attention-engaged conditi¢éasd match ~ widespread flexor jerke.qg., startle blink reflexand transient heart
foreground-blink stimul)i, changed from 8 to 26 weeks of age from rate acceleration. The startle reflex should habituate quickly. The
about—1 to +5 rms wV for unimodal stimuli(Richards, 1998 “transient-detecting response” was hypothesized to be a response
compared to a change froml to +11 rmsuV in this study  to low-intensity short duration stimuli, should show heart rate
(cf. Figure 2 in Richards, 1998, with Figure 3 in this studjhe  deceleration and body movements directing sensors to the stimu-
heart rate changes to the multimodal stimulus were larger than thleis, and should not habituate.
heart rate changes to the unimodal stin{elig., heart rate decel- The stimuli in this study meet the high intensity criteria and the
eration+ 2-s delay, and attention seemed to be reengaged moraeflex blinks to both auditory and visual blink stimuli represent flexor
easily by the multimodal stimdli(return of heart rate to prestim- movements characteristic of the startle reflex. The characteristics of
ulus level+ 5-s delay. The larger blink reflex facilitation during the auditory blink stimulug5-ms rise time, 60-ms total time, 100
attention and the larger heart rate responses suggest that there w3 (A) intensity) match what has been used in infant and adult re-
heightened attention to the multimodal stimulus in this study oversearch to elicit the startle reflex. The visual blink stinfphoto flash
the unimodal stimuli in Richard&1998. The heart rate changes unit9 may be less “intense” primarily because their total time is prob-
in infants occurring during sustained attention have been interably less than 10—20 ms, accounting for the smaller blink reflex am-
preted as indexing a general arousal syst®ithards & Casey, plitude and longer latenciggnthony, Zeigler, & Graham, 1987
1992; Richards & Hunter, 1998Thus, the infants in this study For both stimuli, however, reliable blink reflexes were elicited. Al-
were more “attentive” or more highly “aroused” for the multi- ternatively, the ubiquitous heart rate deceleration at blink stimulus
modal stimulus than for the unimodal stimuli in Richafd998. onset(lengthening of IBI$ found across delay conditiori&ig-
This finding is consistent with several reports by Lewkowicz ure 1), and occurring in the presence of unimotRichards, 1998
(1988a, 1988h, 1992, 1996, 199Bat infants’ visual fixation re- and multimodal(this study foreground stimuli, appear more like
sponses to combined auditory and visual changes in multimodahe transient-detecting response. The heart rate change to the blink
stimuli were larger than the responses to the changes in a singkimuli occurred without foreground stimuyllink reflex control tri-
stimulus modality of multimodal stimuli, or to changes of a uni- als), during attention to all three types of foreground stin{uti-
modal stimulus. modal auditory, unimodal visual, multimodal auditory-vigyahd

A second difference between the current study and Richardsgluring periods of “inattentive fixation(e.g., return of heart rate to
(1998 was the response of the blink reflex during inattentive prestimulus level The blink reflex amplitude and latency did not
periods. The return of heart rate to its prestimulus level followinghabituate during the course of the testing session. The blink stimuli
sustained attention represents a period in which attention is uralso seemed to reengage a heart rate deceleration after attention had
engagedBerg & Richards, 1997; Richards & Casey, 1992; Rich- waned. This observation can be made in the delay conditions rep-
ards & Hunter, 1998 and may signal a refractory period for the resenting the return of heart rate to prestimulus level, and the return
reengagement of attentiq€asey & Richards, 1991; Richards & of heartrate to prestimulus level5 s(Figure 1. In these cases, the
Casey, 1992 The blink reflex during this period was attenuated trials during which the blink stimulus occurred had a small heart rate
below the blink reflex control trials for both matémismatch stim-  deceleration due to the blink and then a more sustained heart rate
uli when the foreground stimulus was unimodRlichards, 1998 deceleration to the foreground stimulus. These characteristics sug-
In contrast in this study, the delay condition representing the returigest that the response to the auditory and visual blink stimuli did
of heart rate to its prestimulus level had a blink reflex amplitudeinvolve the “startle reflex” system. Unlike the functions of the star-
that was not different from the control trialEigure 2, heart rate tle reflex system hypothesized by Graham, which should interrupt
return delay or slightly enhanced above the blink reflex control current processing, the response to the blink stimuli was more like
trials (Figure 2, heart rate returit 5 s unengaged, or Figure 3, the “transient-detection response” in that it involved primitive in-
inattentive trialg. Additionally, for the unimodal stimuli in Rich- formation processing.e., stimulus detectiorand led to increased
ards (1998, there was little difference between the reflex blink stimulus processing.
response immediately upon return of heart rate to its prestimulus The changes across testing ages in the blink reflex modulation
level, ard 5 s later(Richards, 1998, Figure)lin this study, how-  found in this study and in Richard$998 were not due to changes
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in the blink reflex itself. In neither study was there a significant rather than one tied to specific sensory modalities. This general
effect of testing age on the blink amplitude to either the visualarousal system invigorates specific attentional systems, such as the
blink stimulus or the auditory blink stimulus. The decrease acrosauditory or visual attention systems. On the other hand, blink
ages in blink latency found in this study for the visual blink stim- reflex facilitation represents sensory-specific attention engage-
ulus was not consistent with the pattern of reflex facilitation at thement. The blink reflex in infants is dependent on the modality of
older two ages, and such an effect of age was not found in Richardke eliciting stimulus matching the specific cortical attention sys-
(1998 with identical blink reflex control trials. This lack of effect tem that is engage@nthony & Graham, 1983; Richards, 1998
of age on the blink reflex is consistent with its neurophysiological Blink reflex modulation by sustained attention in the same modal-
bases. The acoustic blink startle and the visual blink startle aréy would imply that blink stimuli are processed as complementary
based on short-latency reflex pathways involving first-order neu+o the cortical attention system. In this study, the blink reflex to
rons in the sensory pathways, the brain stem, and spinal motaither auditory or visual blink stimuli was facilitated by attention
neurons for the blink reflexBalaban, 1996; Davis, 1997; Hackley to the multimodal stimulus. This finding indicates that the multi-
& Boelhouwer, 1997. The spinal motor neurons controlling the modal stimulus engaged auditory and visual cortical attention sys-
blink muscles and the brain stem afferent pathways involved items, which enhanced the afferent sensory pathways for both
these reflexes are relatively mature at birth. Thus, the reflex itselmodalities.
should show little developmental change over the testing ages such The pattern of results in this study and in Richald998
as those used in this study. provides information about the development of attention in young
The pattern of results in this study, and in studies examiningnfants. In this study, the multimodal stimuli elicited auditory and
selective modality effects of attentigAnthony & Graham, 1983, visual attention systems, shown in the facilitation of the blink
1985; Balaban et al., 1989; Hackley & Graham, 1983; Haericheflex to both visual and auditory stimuli. This change in attention
1994; Richards, 1998uggest that a general arousal system andalso was indexed by heart rate. The developmental changes in this
modality-specific systems are involved in attention. The heart ratestudy were in the general arousal systésustained attention”
changes in infants occurring during sustained attention have beemather than in the specific systems underlying auditory or visual
interpreted Richards & Casey, 1992; Richards & Hunter, 1988 attention. The developmental change in sustained attention found
indexing a general arousal systéhteilman et al., 1987; Mesulam, in this study was similar to increases in sustained attention found
1983; Posner, 1995; Robbins & Everitt, 199%he lack of selec- in other paradigméBerg & Richards, 1997; Richards, 1987, 1997,
tive modality effects on the heart rate respofRe&hards, 1998 Richards & Hunter, 1998 This change in sustained attention from
the lack of attention effects on the heart rate increase at blink refle to 6 months of age in the human infant seems to be characterized
onset(Figure 1, and the modulation of auditory and visual blink by an increase in cortically mediated behavior and an increasing
reflexes during heart-rate-defined attention engagerfeegt, Fig-  influence of cortically mediated functions over subcortically me-
ure 2; Figure 1 in Richards, 1998; also Anthony & Graham, 1983 diated behaviofJohnson, 1990, 1995; Johnson, Gilmore, & Csi-
imply that the heart rate changes index a general arousal systebra, 1998; Richards & Casey, 1992; Richards & Hunter, 1998
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