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Abstract

Reflexive eyeblinks to a startle probe vary with the pleasantness of affective pictures, whereas the corresponding P300
varies with emotional arousal. The impact of attention to the probe on these effects was examined by varying task and
probe type. Probes were either nonstartling tones or startling noises presented during affective picture viewing. Half the
participants performed a task requiring attention to the probes; the other participants were told to ignore the probes.
Blinks to the startle probe varied with picture pleasantness for both task and nontask conditions. In contrast, P300
magnitudes for both startle and tone probes were reduced during emotionally arousing pictures, irrespective of pleas-
antness, in task and nontask conditions. Further, attending to the startle probe prompted an augmentation of N100 during
unpleasant pictures. The data suggest that affective modulation of probe responses reflects obligatory processes in
picture perception.
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In a recent study, two concurrent measures of the evoked startle
response, the elicited blink reflex and the event-related potential
~ERP!, were recorded while participants viewed emotionally evoc-
ative pictures~Schupp, Cuthbert, Bradley, Birbaumer, & Lang,
1997!. Consistent with earlier studies, the reflexive blink response
was modulated by picture valence, that is, largest for unpleasant
and smallest for pleasant pictures~for an overview, see Lang,
Bradley, & Cuthbert, 1990!. The magnitude of the elicited P300
response to the startle probe was also modulated by picture content
but with a different valence pattern: P300 responses were reduced
similarly for both types of affective pictures~pleasant and unpleas-
ant! compared with neutral pictures.

One explanation of the ERP result is that perceptual processing
of emotionally intense pictures requires more attentional resources.
Thus, fewer resources are available for processing the probe stim-
ulus, and the reduction in probe attention is reflected in the dimin-
ished P300. This interpretation suggests that the attentional and
emotional properties of the affective pictures could be explored

using various probe paradigms. However, in most studies of af-
fective startle modulation, participants were instructed to ignore
the blink-eliciting probe. In contrast, a large literature has docu-
mented that responses to startle probes can be reliably modulated
by probe-relevant attentional manipulations. For instance, the eye-
blink reflex response is reliably augmented when attention is di-
rected to the modality in which the startle probe is presented and
inhibited when the participant attends to a modality that mis-
matches that of the probe~e.g., Anthony & Graham, 1985; Hackley
& Graham, 1987!.

No data exist as to whether such attentional effects may influ-
ence affective modulation. Accordingly, a primary goal of the cur-
rent study was to examine the effects of task-related attention to
the probe upon the eyeblink and ERP responses to the startle
probe. For one group of participants, the probe provided informa-
tion relevant to a postpicture task, and a second group received the
usual “ignore-the-probe” instructions. To the extent that emotional
responding is automatic and obligatory, affect modulation should
be independent of the probe’s signal value, so both groups would
be expected to show affective modulation of startle and ERP
responses.

A second goal of the experiment was to test whether the pattern
of P300 modulation across picture contents is unique to the startle
probe. According to Graham~1992!, startle has special status as a
processing interrupt, and Lang et al.~1990! viewed startle as a
defense unconditioned stimulus~UCS! that is specifically primed
by emotional foregrounds. Both views suggest that the startle P300,
like the blink reflex, could be modulated differently from re-
sponses to less compelling probe stimuli. To test this hypothesis,
low-intensity tones were included as a second probe type. When
presented with a slow rise time, tones do not produce reliable
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startle reflexes. In contrast, picture encoding demands are the same
regardless of probe characteristics. Thus, a tone ERP measured
during emotionally arousing pictures may still reflect greater at-
tention to the picture foreground and include a reduced P300.

A further consideration is the influence of emotional pictures
on the sensory ERP, in particular N100. This negative wave, oc-
curring around 100 ms poststimulus, has been shown to be en-
hanced when the participant is directed to attend to the eliciting
stimuli. The N100 is also sensitive to arousal and the physical
intensity of stimuli ~Näätänen & Picton, 1987!. In the present
study, we assessed the extent to which the probe N100 may also be
modulated by an intense emotional picture, in interaction with
attention toward the probe and the startle properties of the probe
stimulus.

Method

Participants
Forty volunteers with normal hearing~20 women, 20 men! from
the University of Florida introductory psychology course partici-
pated as part of a class requirement.

Materials
Fifty-four color pictures were chosen from the International Af-
fective Picture System~IAPS; Center for the Study of Emotion and
Attention, 1996!, depicting 18 unpleasant events~e.g., snakes, mu-
tilations!, 18 pleasant events~e.g., sports, opposite sex nudes!, and
18 neutral events~e.g., neutral faces, household objects!. These
were the same pictures as used in Schupp et al.~1997!.

The acoustic startle stimulus consisted of a 50-ms, 95-dB~A!
burst of white noise with instantaneous rise time. The tone stim-
ulus was 800 Hz, 65-dB~A!, 100-ms duration, and 50-ms rise
time. Startle and tone probes were presented binaurally through
matched Telephonics stereo headphones. In both a 6-s picture and
a 6-s postpicture period, either a startle or tone stimulus~50050
probability! was delivered at a random time point 2.5–5 s after the
beginning of the period. Nine startles and nine tones occurred at
each of the three valence levels of the picture period and again
during the postpicture period.

Procedure
After attachment of electrodes, the participants were familiarized
with the affective rating procedure. They were told that a series of
slides would be presented~6 s! and that each picture should be
viewed the entire time it was on the screen. One group of partici-
pants~n 5 20! was told to ignore the startle and tone stimuli, and
the other group performed a choice reaction time task at the second
~postpicture! probe, pressing a button with the middle or index
finger to indicate whether the probe was the same as~e.g., startle–
startle! or different from ~e.g., startle–tone! the picture probe. A
variable interval~12–18 s! occurred between each trial. Two neu-
tral pictures served as practice trials.

Data Collection and Reduction
The electroencephalogram~EEG! and vertical and horizontal elec-
trooculogram~VEOG and HEOG! were amplified and bandpass
filtered from 0.1 to 35 Hz. Data were collected at 125 Hz from 1 s
before until 2 s after probe onset. EEG was recorded from Fz, Cz,
and Pz and converted offline to a linked mastoid reference.~Cz
was used as the reference for all other sites, including separate
mastoid derivations, during recording.! All individual trials with
EEG activity above6150 mV were excluded from further analy-

sis, and the EEG was then corrected for eye movement and blink
artifacts~Miller, Gratton, & Yee, 1988!.1 The N100 base-to-peak
of the ERP was derived as the maximum negative deflection within
a window of 64–192 ms; the P300 component was scored as a
base-to-peak amplitude within a window beginning at N2 latency
and continuing until 504 ms~for additional details, see Schupp
et al., 1997!. The eyeblink component of the startle reflex was
measured as the base-to-peak deflection of the VEOG in the same
window as the N100.

Data Analysis
The startle eyeblink was analyzed in a 2~task: attended, un-
attended! 3 3 ~affect: pleasant, neutral, unpleasant! mixed-design
analysis of variance~ANOVA !. N100 and P300 analyses included
the additional variables of probe type~startle, tone! and location
~Fz, Cz, Pz!. Effects involving repeated measures were evaluated
using a multivariate test statistic~Wilks’s lambda!, with Bonferroni-
adjusted degrees of freedom used for pairwise comparisons of the
three affective categories. ERPs in the postpicture period and re-
action times did not differ by valence condition, and these data are
not reported here.

Results

Startle Blink Magnitude2

Eyeblink magnitude was significantly modulated by picture pleas-
antness, affectF~2,37! 5 3.6,p , .05. Potentiated startle reflexes
occurred when the probe was presented during unpleasant rather
than during pleasant pictures,F~1,39! 5 7.4, p , .01 ~Table 1!.
More critically, attention to the startle probe did not change these
modulatory effects, Affect3 TaskF~2,37! , 1.

The P300 Wave
Figure 1 illustrates the ERP waveforms as a function of affect,
probe type, and probe task, and Table 1 lists the component
scores used in the analyses. Replicating our earlier result, the P300
wave was significantly modulated by picture pleasantness, affect
F~2,37! 5 6.7, p , .01. P300 amplitudes were reduced when
viewing pleasant and unpleasant pictures as opposed to neutral
images,F~1,39! 5 13.2 and 9.1,ps , .01, respectively, whereas
P300 amplitudes to probes during pleasant and unpleasant pictures
were not different,F~1,39! 5 1.0, ns. Consistent with the blink
results, the same pattern of affective modulation was obtained
regardless of whether the probes were attended or ignored, Af-
fect3 TaskF~2,37! , 1, whereas an overall effect of task was not
observed,F , 1. The pattern of affective modulation also did not
differ as a function of whether the probe was a startling stimulus
or a tone, Affect3 Probe TypeF~2,37! 5 2.1,ns, indicating that
P300 modulation by picture content occurs for both types of sec-
ondary probe stimuli. To document this effect more thoroughly,
separate analyses showed reliable effects for both startle and tone
probes,Fs~2,38! 5 6.4,p , .005, and 3.6,p , 0.04, respectively.
Startle probes resulted in larger overall P300 amplitudes than tones,
F~2,37! 5 46.8,p , .001.

1 Nine trials were averaged for each Probe Type3 Valence condition,
a number that has proved sufficient in prior research due to the extended
time intervals between probes. A total of 31 trials were rejected out of
2,160 total trials across all participants, leading to 7 trials for three cell
averages, and 8 trials in the other affected cells.

2 The analysis of the m. orbicularis oculi revealed similar modulation
of the blink reflex.
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The modulation of the P300 by picture pleasantness varied
across electrode sites, Affect3 LocationF~4,35! 5 4.4,p , .01.
At Cz and Pz, P300 amplitudes were reduced for pleasant and
unpleasant as opposed to neutral pictures,Fs~1,38! . 7.1, p ,
.015. At Fz, only pleasant as opposed to neutral pictures resulted in
reduced P300 amplitude,F~1,38! 5 6.6, p , .015.

The N100 Wave
The effect of picture pleasantness on the N100 peak varied as a
function of task and probe type—Affect3 Probe TypeF~2,37! 5
7.7, p , .01; Affect 3 Probe Type3 TaskF~2,37! 5 5.8, p ,
.01—but not of task,F~1,38! , 1. To assess affective modulation,
separate analyses for tone and startle probes were conducted. For
the startle probes, affective modulation of the N100 differed as a
function of task, Affect3 TaskF~2,37! 5 4.4,p , .02. As shown
in Figure 1~left panel!, participants attending to the probes had a
larger N100 for unpleasant than for pleasant or neutral pictures,
F~1,19! 5 48.3 and 8.3,p , .01, respectively, affectF~2,18! 5
24.4,p , .001. No affective modulation was observed when the
startle probes were ignored~Figure 1, right panel!. In contrast, the
analysis of the tone probe N100s revealed no modulation as a
simple function of picture pleasantness or as a function of affect
and task, probe type, or location. As expected, startle probes elic-
ited a much larger N100 than did tone probes,F~1,38! 5 77.6,
p , .001.

Control Analysis for Attended Startle Probes
Because the peaks of both N100 and the eyeblink are very close in
time, an analysis of the EEG uncorrected for ocular activity was

performed to assess the possibility that the N100 effect was an
artifact of the eye-movement correction procedure. Attended star-
tle probes showed larger N100 responses for unpleasant than for
pleasant pictures, although the main effect for affect only ap-
proached significance,F~2,18! 5 2.8, p 5 .08. Because the eye-
blink distortion of the EEG is most prominent at Fz and less
pronounced toward more posterior sites, single lead ANOVAs were
conducted. Both Cz and Pz showed larger N100 for unpleasant
~18.3 and 7.1mV ! than for pleasant pictures~14.9 and 4.0mV !,
Fs~1,19! . 7.6, ps , .015. In contrast, Fz showed no significant
effect.

Discussion

Consistent with many other studies, blink reflexes were potentiated
when viewing unpleasant as opposed to pleasant pictures for par-
ticipants who were instructed to ignore the startle probe. Moreover,
an equally strong pattern of affective blink modulation was ob-
tained whether or not the startle probes were explicitly attended.
Thus, affective modulation of the startle blink is clearly not dis-
rupted by simply directing attention to the probe. This conclusion
received further support in the preliminary analysis of another
experiment: Affective blink modulation was obtained even when
participants made an explicit reaction time response to startle probes
presented during picture viewing~see abstract: Bradley, Drobes, &
Lang, 1996!. These findings are important and lift constraints on

Table 1. N1 and P3 Amplitudes (mV) for Attended and
Unattended Startle and Tone Probes, and Blink Responses
(vertical EOG,mv) for Startle Probes

Startle probe Tone probe

Site Affect Task No task Task No task

N1 amplitude
Fz Pleasant 14.2 15.8 9.8 7.7

Neutral 15.1 15.5 10.0 7.1
Unpleasant 17.7 15.6 8.5 6.8

Cz Pleasant 22.9 22.5 11.0 8.6
Neutral 25.3 23.9 11.7 8.3
Unpleasant 28.0 24.7 9.8 8.9

Pz Pleasant 8.8 10.4 7.5 6.7
Neutral 10.6 12.1 8.3 7.3
Unpleasant 12.7 11.3 6.1 8.2

P3 amplitude
Fz Pleasant 12.1 12.4 6.4 5.7

Neutral 12.8 15.2 8.0 8.2
Unpleasant 12.8 14.3 7.7 7.1

Cz Pleasant 12.1 9.3 8.5 7.0
Neutral 17.1 17.1 10.6 9.3
Unpleasant 10.6 11.5 10.2 7.9

Pz Pleasant 19.2 15.4 10.9 8.0
Neutral 22.0 19.1 11.9 9.9
Unpleasant 17.3 16.4 11.8 6.7

Vertical EOG~startle only!
Pleasant 105.9 102.1
Neutral 111.8 109.9
Unpleasant 120.3 118.5

Figure 1. Startle probe synchronized grand average waveforms for Fz, Cz,
and Pz during picture processing, separately for each valence category
~pleasant, neutral, and unpleasant!. Left: Waveforms for attended probes.
Right: Waveforms for unattended startle probes.
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the type of designs that can be used to measure affective modu-
lation of the startle reflex. That is, they show that probe startle
modulation is highly robust and clearly obtained even when probes
are embedded in a second task.

Replicating earlier findings~Schupp et al., 1997!, P300 re-
sponses to a secondary acoustic probe were smaller for emotion-
ally arousing pictures~both pleasant and unpleasant! as opposed to
neutral low-arousal materials. Furthermore, this pattern of modu-
lation was shown for both startling and nonstartling probe stimuli,
and the modulatory effect was again similar regardless of whether
the probe was attended or unattended. Using very different fore-
ground tasks, previous studies have found similar patterns of P300
inhibition for attended and unattended secondary probes that var-
ied in their startling characteristics~e.g., Polich, 1989; Roth, Do-
rato, & Kopell, 1984!. These data are consistent with the hypothesis
that reduction of secondary probe P300 when processing affec-
tively intense pictures reflects a greater allocation of attentional
resources to these visual stimuli.

A new finding was the modulation of the N100 component by
picture valence, an effect that depended on both probe type and
task. The N100 was larger for unpleasant than for pleasant pic-
tures, but only for startle probes and only when these probes were
attended. This pattern of modulation was reliable and could not
be ascribed to blink artifact. It does, however, mimic the blink

reflex, with a parallel potentiation of this sensory component of
the ERP. This pattern suggests the possibility that defensive mo-
tivation may uniquely prime early cortical processing of priority
sensory input by acting to enhance such stimuli and producing
an ERP response similar to that prompted by an increase in
stimulus intensity.

The data of this experiment extend earlier findings indicating
that two concurrent responses to a startle probe—the blink reflex
and the P300 component of the ERP—vary differentially with the
affective dimensions of pleasure and arousal. According to a mo-
tivational analysis of emotion, these dimensions are fundamental
in organizing affective response and indicate the behavioral direc-
tion and intensity prompted by an affective cue. It is hypothesized
that startle blink modulation indexes the extent to which a stimulus
engages defensive or appetitive motivational systems in the sub-
cortex of the brain~Lang et al., 1990; Lang, Bradley, & Cuthbert,
1997!. P300 modulation, however, although silent with regard to
affective direction, reflects the general motivational pertinence of
cues~appetitive or aversive!. One interpretation of these findings
is that, in natural environments, events that are important for sur-
vival automatically recruit natural selective attention processes~Lang
et al., 1997!. The fact that neither the pleasure–blink nor the arousal–
P300 relationship were diminished by attention to the startle probe
strengthens this view.
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