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Abstract

Modulation of the startle reflex by sensory, attentional, and emotional processes was explored by presenting acoustic
startle probes at various delays following picture onset. Within 500 ms of onset, blinks were first greatly facilitated and
then inhibited, indicating prepulse facilitation and prepulse inhibition that did not vary with affect. Attention
allocation to the picture continued across the viewing interval and was most pronounced for emotional pictures, as
determined by attenuation of the P3 component to the startle probe. Startle potentiation for unpleasant pictures
occurred later in the viewing interval and was strongest for highly arousing pictures. Taken together, the startle reflex
during picture viewing is modulated by sequential and sometimes concurrent processes of prepulse facilitation, pre-
pulse inhibition, attentional inhibition, and affective modulation, with reflex magnitude reflecting the net effect of

multiple processes.

Descriptors: Startle, Prepulse, Emotion, Attention, ERP, Reflex, Pictures

The reflexive blink response to a sudden, startling probe is mod-
ulated by a number of different factors that are held to reflect
specific sensory, attentional, and emotional processes. In partic-
ular, prepulse and affective modulation of the startle reflex
constitute well-replicated phenomena that have received consid-
erable experimental scrutiny. In the “prepulse’ paradigm (e.g.,
Graham, 1975) a nonstartling stimulus is presented at different
temporal delays before a startle probe. An acoustic prepulse
stimulus inhibits blink magnitude for up to 500 ms, peaking
around 150 ms after prepulse onset (see Anthony, 1985). This
prepulse inhibition effect is usually interpreted as reflecting the
operation of a low-level sensory gating process, as it occurs on
the first trial in which a prepulse is presented, is resistant to
habituation, and is not greatly affected by close temporal rep-
etition of the prepulse stimulus (for a review, see Hackley &
Boelhouwer, 1997). On the other hand, when attention is direct-
ed to a prepulse stimulus via instruction or task relevance, blink
inhibition increases, indicating that attention can also modulate
the degree of prepulse inhibition (e.g., DelPezzo & Hoffman,
1980; Filion, Dawson, & Schell, 1993; Hackley & Graham, 1987;
Ison & Ashkenazi, 1980).

The startle reflex is also reliably modulated by the affective
component of a stimulus, with larger blinks elicited when
processing aversive events. In animals, for example, the startle
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reflex is reliably potentiated when presented in the context of a
stimulus previously associated with shock (e.g., Davis, 1997). In
humans, the startle reflex is also reliably potentiated by aversive
stimulation, with larger reflexes not only elicited in contexts as-
sociated with shock (e.g., Greenwald, Bradley, Cuthbert, &
Lang, 1998) but also when people simply view unpleasant pic-
tures (Vrana, Spence, & Lang, 1988). We have hypothesized that
affective modulation reflects priming of defensive reflexes such as
startle when the motivational system mediating defense behavior
is active (Lang, Bradley, & Cuthbert, 1997). Conversely, when
appetitive motivation is dominant, as when people view pleasant,
arousing pictures, the defensive startle reflex is inhibited (for an
overview, see Bradley, Cuthbert, & Lang, 1999).

In a previous study (Bradley, Cuthbert, & Lang, 1993), we
found evidence of both prepulse inhibition and affective mod-
ulation of the startle reflex when viewing pictures. Using an
acoustic startle stimulus, probes were delivered at one of four
delays following onset of an affective (pleasant or unpleasant) or
neutral picture. Significant inhibition of the blink reflex was
found for probes presented soon after picture onset (i.e., 300 ms)
compared to probes presented later in the interval. In addition,
inhibition was somewhat more pronounced for emotional (pleas-
ant or unpleasant), compared to neutral pictures, suggesting that
affectively engaging stimuli may draw more attentional resources
than neutral stimuli, producing inhibition early in the viewing
interval.

This prepulse effect was subsequently replicated in some
studies (e.g., Dichter, Tomarken, Shelton, & Sutton, 2004;
Levenston, Patrick, Bradley, & Lang, 2000), but not in others
(Stanley & Knight, 2004; Vanman, Boechmelt, Dawson, & Schell,
1996). One hypothesis is that reflex modulation in the picture
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viewing paradigm reflects the net effects of multiple modulatory
processes on the startle response, including those mediated by
sensory, attentional, and affective factors. In the current exper-
iments, we measured the reflexive blink response as well as the
event-related potential to startle probes that more completely
spanned the viewing interval in order to determine more precisely
the nature of reflex modulation during picture perception.

Affective pictures are viewed here as cues that activate one of
two motivational systems—either defensive or appetitive—that
have evolved to mediate transactions in the environment that
either threaten or promote physical survival (Lang, 1995; Lang
et al., 1997). At extremely high levels of defensive or appetitive
activation (e.g., as when an actual predator or food source is
present), appropriate action (e.g., fleeing, consuming) ensues. At
lower levels of defensive or appetitive activation, however, the
primary adjustment is an increase in attentional resource allo-
cation and sensory intake, which presumably increases the prob-
ability that an appropriate, life-saving (or sustaining) action will
be selected. In the picture viewing context, in which the affective
cue is merely symbolic and motivational activation is rarely in-
tense enough to prompt actual action, a number of physiological
and behavioral measures are consistent in suggesting increased
attention allocation when viewing motivationally relevant pic-
tures (for an overview, see Bradley & Lang, 2000). As startle
inhibition is often held to reflect variations in attention allocation
(e.g., Filion et al., 1993), it is likely that reflex inhibition may play
a role in the affective modulation of the startle reflex during
picture viewing, particularly early in the viewing interval.

In Experiment 1, 12 new probe delays were added to those
reported by Bradley et al. (1993), including a set of probes pre-
sented immediately after picture onset to gauge very early sen-
sory and attentional effects. Effects of the picture prepulse were
assessed by comparing blink magnitude following picture onset
to reflexes elicited in the absence of picture (i.e., no-picture
probes). We hypothesized that prepulse effects due to sheer sen-
sory stimulation (e.g., sensory gating) would be accompanied by
magnitude inhibition but would not be affected by the hedonic
content of the picture, whereas effects reflecting differences in
attentional resource allocation would not only be accompanied
by magnitude inhibition but would be heightened for emotional,
compared to neutral, pictures. Onset latency of the blink reflex
was also assessed to assist in interpreting the modulatory proc-
esses ongoing during prepulse processing.

Recent data suggest that the magnitude of reflex potentiation
for unpleasant (compared to neutral) pictures increases with
longer stimulation of the defensive motivational system. For ex-
ample, Smith, Bradley, and Lang (2005) reported increased
reflex potentiation following sustained exposure to a series of
unpleasant pictures, compared to reflexes elicited early in expo-
sure, and Sutton, Davidson, Donzella, Irwin, and Dottl (1997)
found greater potentiation for probes presented later in a 12-s
viewing of unpleasant pictures, compared to those presented
earlier. Based on these findings, we expected defensive potent-
iation to be strongest later in the viewing interval. Relatedly,
although Smith et al. (2005) found some support for an increase
in blink inhibition as sustained exposure to pleasant pictures in-
creased, the evidence was weaker, and do not prompt a strong
prediction that inhibition should increase with longer duration of
appetitive picture viewing.

The importance of emotional intensity in the affective mod-
ulation of the startle reflex is now clear, with a number of studies
reporting that the most arousing picture contents (e.g., erotica,
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threat) prompt the greatest modulation of the blink reflex (e.g.,
Bradley, Codispoti, Cuthbert, & Lang, 2001; Cuthbert, Bradley,
& Lang, 1996). We therefore compared early and late reflex
modulation for pictures rated high or low in emotional arousal.
We expected to find stronger effects of affective modulation late
in the picture interval (e.g., potentiation for unpleasant pictures
and inhibition for pleasant pictures) for pictures rated high in
emotional arousal, whereas low arousal pictures were not ex-
pected to be strongly modulated by affect. To the extent that even
low levels of motivational activation prompt increased attention
(compared to neutral stimuli), we hypothesized that effects of
early inhibition due to attentional allocation in this picture view-
ing context may be more similar for low and high arousal pic-
tures. Finally, we expected that emotional arousal would not
affect reflex modulation processes engaged solely by perceptual
processing (e.g., sensory inhibition).

EXPERIMENT 1
Method

Participants

The subjects were 113 members (58 female) of University of
Florida introductory psychology courses who participated for
course credit. Probe delays were varied across three groups of
subjects with n =40 (18 female), n = 38 (22 female), and n = 35
(18 female) in each group.

Materials and Design

Fifty-four pictures—18 pleasant, 18 neutral, and 18 unpleas-
ant—were selected from the International Affective Picture Sys-
tem on the basis of their affective valence ratings' (IAPS; Lang,
Bradley, & Cuthbert, 2005). Eleven additional pictures that also
varied in valence were presented on the trials that were not
probed with a startle stimulus. The acoustic startle probe con-
sisted of a 103-dB, 50-ms burst of white noise with instantaneous
rise time and was presented binaurally over Telephonic head-
phones.

Each picture was presented for a 6-s viewing interval, followed
by a randomly determined 10-20 s intertrial interval. Startle
probes were presented at one of six delays on each trial, distributed
across groups such that probes were presented both early and late
in the viewing period, as well as during the interpicture interval in
each group. In Group 1, probes were delivered at 300, 800, 1300,
or 3800 ms after picture onset or 300 or 3800 ms after picture
offset. In Group 2, probes were delivered at 500, 1800, 2300, or
5300 ms after picture onset, 500 ms after picture offset, or 500 ms
before picture onset. In Group 3, probes were delivered at 50, 150,
3000, or 4500 ms after picture onset, 3800 ms after picture offset,
or 500 ms before picture onset. Thus, across the three groups of
subjects, 16 different probe delays were used.

!The International Affective Picture System and technical manuals
(Lang et al., 2005) are available on CD-ROM and can be obtained on
request from the authors. IAPS numbers for unpleasant pictures used in
Experiment 1 are: 1070, 1090, 1120, 1300, 2120, 3000, 3010, 3100, 3130,
3150, 3530, 6020, 6190, 6200, 6230, 6370, 9040, 9490; for neutral pic-
tures: 2190, 2200, 5500, 7000, 7010, 7020, 7050, 7080, 7090, 7100, 7130,
7150, 7160, 7170, 7180, 7500, 7550, 7700; for pleasant pictures: 1600,
2080, 2250, 4650, 4660, 4680, 7200, 7330, 7350, 8030, 8080, 8200, 8510;
4180, 4210, 4250, 4290, and 4310 for males; 4470, 4490, 4500, 4520, and
4550 for females.
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Pictures were arranged in nine blocks of six, such that (1) each
of the six probe conditions occurred once in each block and (2)
two pictures of each of the three types of valence occurred in each
block. Two presentation orders varied the serial position of spe-
cific pictures across subjects, and six different timing orders
completely counterbalanced probe delay for specific pictures and
serial positions across subjects. Pictures were presented using a
Kodak Ektagraphic III projector situated in a room adjacent to
the experimental room, which rendered slide changes inaudible.
Picture offset resulted in a blank (i.e., nonilluminated) screen.

Stimulus control and physiological data acquisition were ac-
complished using an IBM-compatible computer running VPM
data acquisition and reduction software (Cook, 1997). The eye-
blink component of the startle response was measured by re-
cording EMG activity from the orbicularis oculi muscle beneath
the eye.> The raw EMG signal at each site was amplified (30,000),
and frequencies below 90 Hz and above 250 Hz were filtered,
using a Coulbourn S75-01 bioamplifier. The raw signal was rec-
tified and integrated using a Coulbourn S76-01 contour-follow-
ing integrator, with a calibrated time constant of 123 ms. The
blink response was sampled at 1000 Hz for 50ms prior to
the onset of the startle probe and for 250 ms after probe onset.
The startle data were reduced off-line by a program that scored
each trial for magnitude and onset latency, using an algorithm
developed by Globisch et al. (1993). Trials with zero magnitude
were omitted in analyses of onset latency.

Procedure

Following completion of the informed consent and several ques-
tionnaires, physiological sensors were attached while the subject
reclined in a comfortable chair. The subject was instructed that a
series of pictures would be presented, and that each picture
should be viewed the entire time it was on the screen. Shortly
after picture offset (i.e., 5s), the subject rated the emotional re-
action to the picture in terms of pleasure, arousal, and domi-
nance, using a 20-point line rating displayed on a computer
screen; these ratings are not reported here. Finally, the subject
was told that occasional noises heard over the headphones could
be ignored. After the picture series was finished, a number of
additional questionnaires were completed and the subject was
debriefed.

Data Analysis and Reduction

Blinks were standardized for each subject, using the mean and
standard deviation of reflexes elicited on trials in which the startle
probe was presented in the intertrial inteval, when no picture
served as a foreground stimulus. For Groups 1| and 3, no-picture
startle data were those elicited 3800 ms after picture offset; for
Group 2, the no-picture startle data were elicited 500 ms before
picture onset.® This z-standardization procedure removes effects

Blinks were measured from both the left and right eyes. ANOVAs
conducted on raw blinks with site of measurement (left, right eye) as a
factor resulted in no main effects or interactions involving measurement
site, and we averaged over site in the main analyses primarily to make use
of all the data. Magnitude was standardized for each eye based on the
data from the intertrial interval for that eye. Analyses conducted using
data from either one eye alone or averaged over eyes produced the same
statistical outcome.

3The raw magnitude of blinks elicited during the no-picture probe
trials were analyzed to determine that there were no effects due to picture
content at these probe delays, which was the case. For Group I,
Foun(2,78) = 0.08, p =.92; for Group 2, Fy.,(2,74) = 1.04, p = .36; for
Group 3, Fyp(2,68) = 1.08, p =.35. Thus, the mean and standard de-

M.M. Bradley, M. Codispoti, and P.J. Lang

due to normal intersubject variability in blink magnitude across
subjects, and yet continues to provide an appropriate compar-
ison condition within each subject (i.e., relative to blinks elicited
in the no-picture intertrial interval) which is necessary in order to
assess prepulse inhibition effects. These z scores were then ex-
pressed as ¢ scores (i.e., (z * 10)+50) to provide unidirectional
data. The raw magnitude data for Group 1 were previously
published as a brief report (Bradley et al., 1993).

Because not all subjects contributed data at each probe delay,
the main ANOVAs were conducted using picture (i.e., n = 54) as
the random factor, rather than the subject. In these analyses,
standardized T scores (as described above) were determined for
each subject and for each trial and were averaged across subjects
for each picture and probe delay condition. An ANOVA was
conducted using picture content (pleasant, neutral, unpleasant)
as a between-picture factor and probe delay (15 levels) as a
within-picture factor.* There were at least 35 subjects contrib-
uting to each data point in these analyses. When specific com-
parisons included data from the same set of subjects (e.g., the
simple main effect of picture content at each probe delay), two
analyses were conducted and are reported, one using picture as
the random factor (labeled Fy;.), and the more typical analysis
that used subject (labeled Fi,;,) as the random factor.

For analyses assessing differences in emotional arousal, the
pictures in each of the pleasant and unpleasant picture categories
were divided into two sets, based on a median split of their
arousal ratings in the IAPS (Lang et al., 2005). For unpleasant
pictures, the mean arousal ratings were 5.9 and 6.9 for pictures
low and high in arousal, respectively, F(1,16) =21.2, p =.0003;
for pleasant pictures, the mean arousal ratings were 5.0 and 5.8
for pictures low and high in arousal, respectively, F(1,23) = 4.42,
p = .04. For the 18 neutral pictures, the mean arousal was 2.7.
Tests comparing blink magnitude at different probe delays for
high or low arousal pictures were conducted with ANOVAS that
used picture as the random factor.

Greenhouse—Geisser corrections were applied where relevant.

Results

Figure 1 illustrates blink magnitude for startle probes presented at
each delay (from 50 ms after picture onset to 500 ms after picture
offset) for pleasant, neutral, and unpleasant pictures. In the main
analysis, there were significant effects of probe delay,
Fpic(14,714) = 21.99, p<.001, picture content, [,(2,51) = 7.80,
p<.001, and their interaction Fy,;(14,714) = 1.73, p<.05. The in-
teraction of probe delay and picture content was decomposed by
assessing (1) simple main effects of probe delay for each picture
content, in order to determine the nature of the temporal function
for pleasant, neutral, and unpleasant pictures; and (2) simple main
effects of picture content at each probe delay, in order to determine
the nature of modulation at each time interval.

Temporal Modulation of Startle
There was a significant effect of probe delay for each picture
content, Fp;i(14,238) =12.89, 6.79, and 6.40 for pleasant, neu-

viation of blink magnitude for blinks elicited on the no-picture probe
trials was used to standardize the distribution of blink data for each
subject.

“Analyses that could be conducted using raw blink magnitude (i.e.,
within-group) were similar in all major aspects to those reported here for
standardized blink scores.
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Figure 1. The magnitude of the blink reflex to an acoustic startle probe (standardized with respect to blinks elicited during the no-picture intertrial
interval) presented during and after viewing of pleasant, neutral, or unpleasant pictures.

tral, and unpleasant pictures, respectively, all ps<.001. Two
general effects of probe delay, significant in comparisons eval-
uating differences across time for each content, are apparent in
Figure 1: For all three picture contents, probes presented at
50 ms after picture onset were significantly facilitated, compared
to blinks elicited at every other delay, whereas blinks elicited at
300 ms after picture onset were significantly inhibited, compared
to blinks elicited at every other delay. Thus, within 250 ms of
picture onset, blinks went from maximum facilitation (at 50 ms)
to maximum inhibition (at 300 ms) for all picture contents.
Thus, blinks elicited at 50 ms were significantly facilitated,
compared to those elicited in the no-picture control distribution
(i.e., a mean of 50; #[53] = 7.4, p<.01), whereas blinks elicited
at 150 and 300 ms following picture onset were significantly
inhibited (i.e., #[53]= —2.4 and —11.6, ps<.01). In fact,
compared to the no-picture probes, blinks were inhibited by
the picture prepulse until 3 s after picture onset (7[53]= —7.5,
—7.1,—54,—3.4, and —2.1 for probes presented 500, 800,
1300, 1800, and 2300 after picture onset, respectively). Moreo-
ver, immediately following picture offset, blinks again showed

inhibition, compared to the no-picture control conditions
(7[53] = — 5.1 and — 3.7, ps<.01, for probes elicited 300 and
500 ms after picture offset, respectively).

In general, blinks increased from 300 ms to the end of the
picture viewing interval, linear F(1,51)=73.5, p<.001, and
a significant linear trend over this interval was obtained for
each picture content. On the other hand, the size of the linear
increase varied with picture content, Content x Probe Delay,
linear F(2,51)=3.24, p<.05. Unpleasant pictures prompted a
steeper linear across across time than did neutral pictures,
F(1,34) =4.84, p<.05, and tended to show a steeper increase
than pleasant pictures, F(1,34) = 3.26, p = .08, whereas reflexes
elicited when viewing neutral and pleasant pictures clearly did
not differ in slope, F<1.

Picture Content Effects

For probes presented at 50 or 150 ms after picture onset, there
were no significant effects of picture content, indicating that in-
itial reflex facilitation and inhibition are not modulated by the
emotionality of the picture.
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At 300 ms after picture onset, a quadratic trend suggested that
reflexes were more inhibited for emotional (pleasant or unpleas-
ant), compared to neutral, pictures, Fp,i(1,52) = 4.04, p<.05. By
500 ms, however, blinks were significantly larger when viewing
unpleasant, compared to pleasant, pictures, Fpic(1,34) =94,
p<.005, and blinks continued to be potentiated when viewing
unpleasant, compared to pleasant, pictures throughout picture
viewing (Fpi[1,34]=9.3, 2.7, 4.6, 5.1, 8.4, 8.9, 3.6, 5.5, and 8.9
for probes presented at 500, 800, 1300, 1800, 2300, 3000, 3800,
4500, and 5300, respectively). For probes presented at 800 and
4500 ms, these effects were marginal when picture served as a
random factor (p = .11, .07), but significant when subject served
as the random factor (ps<.05). When compared to blinks elic-
ited during neutral pictures, blinks were significantly inhibited
for pleasant materials from 500 ms to picture offset (with a single
exception at 3800 ms); blinks elicited when viewing unpleasant
pictures were not significantly different from those elicited during
neutral pictures at any delay in either set of analyses.

Figure 1 illustrates that emotional content of the picture be-
gan to affect reflex magnitude around 300 ms and continued
throughout picture presentation. Based on these modulatory ef-
fects in Figure 1, reflexes were averaged into an initial viewing
region (300ms to 1s) and a later viewing region (I1s to 65s).
Figure 2 illustrates these data. In the initial processing region, a
significant effect of picture content, Fj,i«(2,51) = 7.30, p<.005,
Foup(2,154) = 12.43, p<.001, was accompanied by a significant
quadratic  trend,  Fy;i(1,52) =8.29, p<.005, Fyuw(1,77)
=9.85, p<.001. Blinks elicited during pleasant pictures were in-
hibited, compared to neutral pictures, Fp;(1,34)=18.42,
p<.001, Fy(1,77) = 19.24, p<.001, as well as to unpleasant
pictures, F,i(1,34) =4.77, p = .036, Fyu(1,77) = 16.76, p<.001.
For unpleasant pictures, blinks were not different from those
elicited during neutral picture processing, Fyic(1,34)=2.07,
p=.16, F,(1,77) = 1.54, p = .22.

Later in the viewing interval (>1s), a significant effect of
picture content, F,io(2,51) = 10.74, p<.001, Fo(2,224) = 31.76,
p<.001, indicated that blinks elicited during unpleasant pictures
were significantly larger than those elicited during pleasant pic-
tures, Fp,i(1,34) = 17.41, p<.001, Fy(1,112) = 60.01, p<.001.
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Figure 2. Startle blink magnitude averaged over an early region of
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early inhibition that is greater for emotional, compared to neutral,
pictures, and affective modulation in the later region.
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Compared to blinks elicited during neutral pictures, blinks were
inhibited when viewing pleasant pictures, Fpc(1,34)=11.32,
p<.005, Fgp,(1,112) = 35.14, p <.001, and facilitated when view-
ing unpleasant pictures in one analysis, Fg,(1,110) = 6.66,
p<.05, and marginal in the other, Fj,i(1,34) =2.31, p=.14.

Emotional Arousal
Consistent with the previous analyses, picture content did not
significantly affect startle magnitude for probes presented 50 or
150 ms after picture onset in the analysis of either the high
arousal or low arousal pictures. Figure 3 illustrates blink mag-
nitude in the initial (300 ms to 1s) and later (1s to 65s) viewing
regions for pictures rated low and high in emotional arousal. In
the early processing region, blink magnitude was modulated by
picture content for both high and low arousal pictures,
Fic(2,33) =498, p<.05 for highly arousing pictures and
Fpie(2,33) = 5.17, p<.05 for low arousal pictures, with signifi-
cant quadratic trends in each case, Fpic(1,34) =8.89 and 5.61,
ps<.02 for low and high arousal pictures, respectively. Separate
comparisons indicated that, for both high and low arousal pic-
tures, blinks elicited during pleasant pictures were significantly
inhibited, compared to neutral stimuli, F,(1,25)=13.24,
p<.005 for high arousal, F(1,25)=10.17, p<.005 for low
arousal. For unpleasant pictures, there was no significant differ-
ence from blinks elicited during neutral pictures.

Later in the viewing interval, blink modulation for pictures
judged high and low in emotional arousal differed. For highly
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Figure 3. Experiment 1. Blink magnitude for high arousal pictures (top
panel) and low arousal picture (bottom panel) for startle reflexes
averaged over probes presented in an early region (300 ms—1 s) and a later
region (1-65s).
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arousing pictures, a main effect of picture content,
Fpie(2,33) = 15.37, p<.001, indicated that blinks were facilitat-
ed when viewing unpleasant, compared to neutral, pictures
Fpie(1,25) = 6.59, p<.05, as well as inhibited when viewing
pleasant, compared to neutral, pictures Fp(1,25)=17.88,
p<.001. Clearly, blinks were potentiated when viewing unpleas-
ant, compared to pleasant, pictures, Fpic(1,16) =24.37, p<.001.
For low arousal pictures, on the other hand, picture valence did
not reach significance in this region, Fp,i(2,33) = 1.78, p = .18.

Startle Onset Latency

Table 1 lists the mean onset latency for startle probes delivered
at different delays before and after picture onset. In the
overall analysis, there was a significant effect of probe delay,
Fic(15,765) = 8.38, p<.001. Blinks elicited at 50 ms and 150 ms
after picture onset and those presented immediately following
picture offset (300 ms) were significantly faster than probes pre-
sented at all other delays.

A marginally significant main effect of picture content,
F,ic(2,51) =298, p=.06, indicated that overall latencies were
faster for probes presented during unpleasant pictures, compared
to pleasant pictures, Fp;i(1,34) = 5.05, p <.05 (and were marginally
faster than when viewing neutral pictures, Fpui[1,34]=3.20,
p = .08). Separate tests at each probe delay indicated faster laten-
cy for unpleasant, compared to pleasant, pictures for all probe
delays in a window from 2300 ms to 4500 ms after picture onset.
Before and after this time window, onset latency did not differ as a
function of picture content. In this time window, highly arousing
unpleasant pictures prompted faster blinks (mean = 36.9 ms) than
pleasant arousing materials (mean = 40.6; F[1,16] = 9.07, p<.05),
but pleasant and unpleasant pictures low in arousal did not differ in
onset latency (means = 39.5 and 38.2 ms, respectively).

EXPERIMENT 2

In Experiment 1, blink inhibition decreased across the viewing
interval suggesting a general decrease in attentional resources. In
Experiment 2, we more specifically assessed the allocation of
attention over the picture interval using the P3 component of the

Table 1. Mean Onset Latency (in Milliseconds) at Each Probe
Delay for Pleasant, Neutral, and Unpleasant Pictures

Picture content

Probe delay (ms)  All pictures  Pleasant Neutral ~ Unpleasant
50 349(29) 345(39) 351(3.2) 351(4.0)
150 362 (2.8) 36.4(64) 37.1(6.2) 350(44)
300 39.9(3.8) 40.7(5.1) 38.8(6.00 40.2(4.7)
500 41.7(3.2) 41347 418(43) 419(5.8)
800 39.3(3.9) 40.7(5.5 383(5.00 38.9(4.9)
1300 414(29) 423(39) 403(24) 41.7(6.1)
1800 38.2(3.3) 38.2(3.7) 383(4.00 38.0(3.2)
2300 39.5(2.4) 40.8(4.0) 3994.00 38.0(2.3)
3000 39.8(29) 40.7(4.1) 39.7(5.7)  39.0(4.3)
3800 379(3.2) 38.0(3.5 39.2(5.00 36.5(3.4)
4500 39.2(2.6) 40.6(5.8) 40.2(54) 36.8(3.7)
5300 39.1(29)  39.7(29) 392(2.1) 38.5(4.1)
6300 372(29) 35.6(50) 383(3.7) 37.5(8.6)
6550 39.9(3.3)  39.7(43) 393(3.6) 40.7(4.9)
No picture 39.4(19) 39.4(2.8) 40.1(2.4) 38.8(2.6)

Notes: Standard deviations are in parentheses. Latencies underlined in
the second column are significantly faster than those that are not under-
lined in that column.
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event-related potential (ERP) to the startle probe as a measure of
attention. Previously, we found that the P3 component to a
startling acoustic probe is inhibited when pleasant or unpleasant
pictures serve as the foreground stimulus, compared to neutral
pictures (e.g., Schupp, Cuthbert, Bradley, Birbaumer, & Lang,
1997), and interpreted these findings as indicating that less at-
tention is available for probe processing when emotional, com-
pared to neutral, pictures were being viewed. In Experiment 2, we
again varied the delay at which probes were delivered following
picture onset to track attention allocation from early to late in the
viewing interval and as it varies with picture emotionality.

As a further assessment of attentional differences prompted
by stimulus processing, we included a set of visual stimuli that
involved no semantic content, consisting of only an illuminated
screen the same size as the pictures that was uniformly gray or
colored. If blink magnitude reflects attentional processing
prompted by the information content in the picture, we expect-
ed that these “blank” pictures would prompt less blink inhibi-
tion, particularly early in the viewing inteval, than pictures with
semantic content (including neutral pictures). Based on the data
from Experiment 1, all of the affective pictures presented in Ex-
periment 2 were highly arousing, allowing the best opportunity
to assess attentional differences during viewing of emotionally
arousing, compared to neutral, materials.

Method

Participants

The participants were 40 (23 female) members of an Introductory
Psychology course at the University of Florida. Because of
equipment failures and/or excessive artifacts, data were missing,
with the final N: ERPs: n = 35; startle reflexes, n = 39.

Materials and Design

Seventy-two pictures were selected from the International
Affective Picture System (Lang et al., 2005) to comprise 24 pleas-
ant, 24 neutral, and 24 unpleasant pictures.” Highly arousing
picture contents were used that included erotic couples, opposite
sex erotica, threatening humans, threatening animals, and mu-
tilated bodies. Neutral contents included humans and objects.
Twenty-four additional blank pictures consisted of either gray-
scale or color backgrounds, with no semantic content. Each pic-
ture was presented for 65, separated by a randomly determined
10-20-s intertrial interval.

The startle stimulus and measurement of the blink response
were as described in Experiment 1. Probes were presented at 300,
1500, 3500, or 4500 ms after picture onset, or in the no-picture
intertrial interval (5 s after picture offset). The P3 response to the
startle probe was measured using a SanDiego amplifier and Lab-
View software on a Macintosh computer. The International 10-20
system was followed for 21 electrode sites: Fpl, Fp2,
Af7, Af8, F7, F3, Fz, F4, F8, T7, C3, Cz, C4, T8, P7, P3, Pz,
P4, P8, O1,02; in addition, electrodes were placed on the mastoids
(A1, A2). All channels were referenced to Cz and digitally

5The IAPS numbers for unpleasant pictures used in Experiment 2 are:
Pleasant: 4001, 4002, 4003, 4005, 4210, 4232, 4235, 4240, 4250, 4290,
4300, 4310, 4611, 4650, 4651, 4652, 4658, 4659, 4664, 4669, 4672, 4680,
4800, 4810; Neutral: 2190, 2200, 2210, 2230, 2270, 2381, 2440, 2480,
2570, 2830, 2850, 7002, 7009, 7010, 7020, 7030, 7040, 7050, 7080, 7175,
7190, 7233, 7235, 9070; Unpleasant: 1050, 1052, 1113, 1120, 1201, 1300,
1930, 3000, 3010, 3053, 3060, 3071, 3080, 3102, 3110, 3130, 3150, 3400,
3530, 6260, 6350, 6510, 6540, 9405.
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re-referenced off-line to linked mastoids. Vertical and horizontal
eye movements were recorded using Sensormedics silver/silver
chloride miniature electrodes to account for ocular artifacts.
A 35-Hz high-frequency cutoff and a 3-s time constant (0.053 Hz
low-frequency cutoff) were used to record all cortical and ocular
channels. The data sampling rate was 125 Hz/channel. To correct
for vertical and horizontal ocular artifacts, an eye movement ar-
tifact correction procedure (Gratton, Coles, & Donchin, 1983;
Miller, Gratton, & Yee, 1988) was applied to the EEG recordings.

Procedure

The procedure was similar to that described in Experiment 1. The
main difference was that evaluative ratings were not acquired
after picture presentation (as the pictures in each valence cate-
gory were from very few categories). The intertrial interval varied
from 10 to 20's across trials.

Data Analysis

The blink response was scored and analyzed as described in Ex-
periment 1. For the probe P3 response, separate epochs of stim-
ulus-synchronized EEG traces were extracted from the 10-s EEG
recording, extending from 120 ms before until 1s after probe
onset. The P3 wave of the ERP was scored by determining the
base-to-peak amplitudes on averaged waveforms for each sub-
ject, valence category, startle probe time, and electrode site. The
P3 component was scored within a window beginning at N2
latency and continuing until 504 ms. When an unequivocal pos-
itive peak could not be detected, an inflection point was calcu-
lated such that the smallest vertical distance between adjacent
points within the time window defined the location for the latency
of the P3, with the corresponding amplitude as the peak score. P3
responses to startle probes presented at 300 ms after picture onset
were difficult to score, as these ERPs occurred at the same time as
the P3 response to the picture stimulus itself. Thus, these P3
responses were excluded from further analysis.

Initial analyses of the P3 data used a three-way ANOVA that
included the factors affective valence (pleasant, neutral, and
unpleasant) and topography (posterior—anterior and left-right
dimensions). Replicating previous results (e.g., Schupp et al.,
1997) the probe P3 component was significantly modulated as a
function of affective valence. No main effect or interactions were
found involving the laterality (left—right) factor. Also, replicating
previous effects, affective modulation was greatest at parietal
recording sites for the probe P3. Accordingly, for brevity, ERP
analyses for specific picture contents included Pz only.

Results

Startle Blink
Figure 4 (top) illustrates blink magnitude for startle stimuli pre-
sented when viewing pleasant, neutral, unpleasant, or blank pic-
tures at different probe delays. Probe delay affected startle reflex
magnitude, F(3,36) = 10.19, p<.001, with reflexes increasing in
size from the earlier to the later probe positions, linear trend
F(1,38) = 31.38, p<.001. As in Experiment 1, effects of picture
content on blink magnitude were dependent on probe delay, in-
teraction F(9,30) =3.13, p<.01, and this interaction was de-
composed by assessing (1) simple main effects of probe delay for
each picture content and (2) simple main effects of picture con-
tent at each probe delay.

A main effect of probe delay was found for pleasant, neutral,
and unpleasant pictures, Fs(3,36) = 3.89, 4.46, and 18.56, respec-
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Figure 4. Experiment 2. Top: Blink magnitude when viewing emotional,
neutral, and blank pictures at varying probe delays following picture
onset. Bottom: Probe P3 magnitude when viewing emotional, neutral, or
blank pictures at varying probe delays following picture onset.

tively. Compared to no-picture probes (i.e., T'score = 50), reflexes
were inhibited for probes presented at 300 or 1500 ms after picture
onset, #(38) = — 6.5 and — 3.2, respectively, ps <.005, but not for
those presented at 3500 or 4500 ms. A significant linear trend
across delay was obtained for pictures of unpleasant, neutral, or
pleasant content, indicating an increase in blink magnitude from
300 to 4500 ms after picture onset. For blank pictures, on the other
hand, the main effect of probe delay was not significant,
F(3,36) = 2.047, p = .12, suggesting relatively little change in re-
flex magnitude across time for these content-free stimuli.

Picture content affected blink magnitude for probes presented
300ms after picture onset, with smaller blinks elicited when
viewing unpleasant or pleasant pictures, compared to blank
slides (quadratic F[2,37]=8.7, p=.001; Fs[1,38] =16.69 and
7.92 for pleasant and unpleasant pictures, respectively). Pleasant
pictures also tended to prompt smaller reflexes than neutral pic-
tures at this probe delay, F(1,38) = 3.98, p = .05, whereas blinks
elicited when viewing neutral and blank pictures were not sig-
nificantly different. At 1500 ms after picture onset, blinks were
significantly inhibited when viewing pleasant pictures compared
to each of the other picture contents, Fs(1,38)> 13, ps<.001. By
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3500 ms, on the other hand, larger reflexes were elicited when
viewing unpleasant, compared to neutral, F(1,38) = 5.12, p<.05,
blank, F(1,38)=11.5, p<0.01, or pleasant pictures, F(1,38)
=17.13, p<.001, and this pattern continued for probes
presented at 4500 ms (Fs[1,38] = 11.66 and 19.35 for unpleasant
compared to neutral and pleasant pictures, respectively, p <.05).
At the two later delays, pleasant pictures also prompted
significantly smaller blink reflexes than neutral pictures, Fs(1,
38) =4.10, 8.50, ps<.05.

Startle Probe ERPs

Figure 5 shows the general event-related potential (averaged over
probe delays) elicited by the acoustic startle probe in different
viewing conditions and illustrates that picture content affected
ERP magnitude beginning around 250 ms after probe onset.

In the main analysis of P3 amplitude, there were main effects
of probe delay, F(2,33) = 16.71, p<.001, and of picture content,
F(3,32) =29.10, p<.001, but the interaction of picture content
and probe delay was not significant. As illustrated in Figure 4
(bottom), probe P3 amplitudes were smaller for probes presented
at 1500 ms compared to probes presented later in the viewing
interval (Fs[1,34]=27.29 and 25.72 for 3500 ms and 4500 ms,
respectively, ps<.001), suggesting greater attention allocation to
picture foregrounds early in the viewing interval. The amplitude
of the probe P3 did not significantly differ for probes presented at
3500 and 4500 ms postonset, but both were still significantly
smaller than P3 amplitude for probes presented in the interpic-
ture interval (mean=22 mV; Fs(1,34)=5.15, p<.05 for
3500 ms probes; 4.25, p<.05 for 4500 probes), suggesting sus-
tained attention during picture viewing.

Probe P3 amplitudes when viewing pleasant and unpleasant
pictures were smaller than when viewing neutral (F[1,35] = 56.61
and 12.16 for pleasant and unpleasant, respectively), or blank
pictures (F[1,35] = 74.73 and 16.91 for pleasant and unpleasant,
respectively) throughout the picture viewing interval. In addi-
tion, pleasant pictures prompted smaller probe P3 response than
unpleasant stimuli, F(1,35) = 12.57, p<.01, whereas neutral and
blank pictures never differed in probe P3 amplitude.

Startle Probe ERP

20
//‘.\\\
15 ’
o 10
(=]
c
2
c 51
=
(=]
>
[~
L2
= —O— Pleasant
-5 1 ===- Neutral
—a— Unpleasant
-10 4 ” Blank
---- No Picture (ITl)
_15 T T T T T T T T T T T T 1
o 9 © 9 o o o O O o o o o o
[< 2 e] L o v O v O uw © v O u
‘T | - -~ N N O O S < O O
Time (ms)

Figure 5. Experiment 2. Event-related potential (Pz) to an acoustic
startle probe presented when viewing pleasant, neutral, unpleasant or
blank pictures or during the interpicture interval.
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General Discussion

A number of different modulatory blink effects occurred during a
6-s picture viewing interval, including (1) A very early facilitatory
(< 50 postonset) effect for both blink magnitude and onset latency
that was not affected by picture content, (2) an early inhibitory
effect (100-250 ms) on blink magnitude and facilitatory effect on
latency that was not affected by picture content, (3) an inhibitory
effect on blink magnitude (without accompanying latency chang-
es) that peaked around 300 ms and was variably affected by pic-
ture content, and (4) affective modulation, in which unpleasant
pictures prompted larger reflexes than pleasant pictures, beginning
within a half second after picture onset and continuing throughout
the viewing interval. At certain time periods, more than one of
these processes appeared to be coactive, with net reflex magnitude
presumably reflecting contributions from more than one factor.
Below, we discuss these different modulatory effects in terms of
hypothetical processes that reflect (1) intersensory (i.e., picture
onset—probe onset) integration, (2) sensory prepulse inhibition, (3)
attentional inhibition, and (4) affective modulation.

Picture-Probe Integration

Probes presented almost concurrent with picture onset (i.e., 50 ms
postonset) elicited large, fast blink reflexes that constituted the
largest modulatory effect in the study. Although blink inhibition
has been the hallmark of prepulse studies, rapid facilitation of
blink magnitude for probes presented shortly after stimulus onset
was reported in 1933 by Hilgard, who found reflex potentiation
when a visual prepulse was presented 25-50 ms before an acoustic
startle probe. In fact, most reports of early magnitude facilitation
in animals and humans involve cross-modal stimulation (Blu-
menthal & Gescheider, 1987; Campeau & Davis, 1995; Graham,
1980; Sanes, 1984; Sarno, Blumenthal, & Boelhouwer, 1997).

In their interstimulus integration account of prepulse facilita-
tion, Boelhouwer and associates (1991) hypothesized that
reflex facilitation reflects summation that occurs when activation
from different sensory sources reaches a common neural location.
For a visual prepulse and an acoustic startle probe, magnitude
facilitation occurred between 10 and 50 ms after onset (Sarno et
al., 1997), which is quite consistent with the temporal window in
which reflexes were facilitated for picture-probe stimuli in the
current study. On the other hand, a reflex priming account of
prepulse facilitation (e.g., Sarno et al., 1997; Schicatano, Peshor,
Gopalaswamy, Sahay, & Evinger, 2000) posits that blinks are
facilitated when a prepulse engages the reflex circuit, priming the
blink response. Gating picture onset in the current paradigm
would provide a test between reflex priming and intersensory in-
tegration accounts of early reflex facilitation. Regardless of which
mechanism is supported, the data indicate that this early facili-
tation is quite large, very brief, and unaffected by stimulus content.

Sensory Prepulse Inhibition

By about 150 ms after picture onset, blink magnitude was sig-
nificantly inhibited, whereas blink onset latency continued to be
facilitated. Picture content still did not modulate these effects. In
general, onset latency is facilitated in prepulse paradigms (Lipp,
Blumenthal, & Adam, 2001) and the discordant effects of a pre-
pulse on startle measures—magnitude inhibition and latency
facilitation—have been interpreted as reflecting the operation of
two neural systems, with magnitude reflecting a system sensitive
to stimulus onset (a fast rise-time system) and latency reflecting a
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system sensitive to stimulus duration (a slow time-constant sys-
tem; Graham & Murray, 1977).

We interpret these reflex effects, which were not modulated by
picture content, as reflecting a form of sensory prepulse inhibi-
tion—that is, an obligatory inhibition of reflex magnitude that
occurs whenever another stimulus precedes the startle probe by a
brief delay and which is often interpreted as due to sensory
gating. Sensory prepulse inhibition is held to occur on the first
trial a stimulus is presented (i.e., is not learned), is resistant to
habituation, and is probably the predominant mechanism
underlying blink inhibition when simple noninformative
stimuli (e.g., tones or lights) serve as prepulse stimuli. The cur-
rent data are consistent with a sensory inhibition (gating) hy-
pothesis, as there was no evidence of modulation in this time
window by picture content. Although not previously linked with
latency facilitation, magnitude inhibition was also clearly ac-
companied by latency facilitation for probes presented shortly
after picture offset in the current study, suggesting that a
change in the sensory array is a primary variable underlying
these startle effects.

Attentional Prepulse Inhibition

For all pictures in Experiment 1, startle probes presented be-
tween 300ms and 1000 ms after onset elicited inhibited blinks,
compared to those elicited in the no-picture intertrial interval,
and significant inhibition of the startle reflex continued up to
3000 ms after picture onset, suggesting a relatively long inhibi-
tory interval for these complex picture prepulses, compared to
simpler tone stimuli. On the other hand, reflex latency was not
facilitated in this time window, and picture content now pro-
duced significant effects on reflex magnitude. These general in-
hibitory effects—long-lasting and affected by stimulus
content—are hypothesized here to reflect reflex inhibition by
attention, in which resource allocation to affectively engaging
foregrounds decreases the number of resources available for
processing the acoustic startle probe.

Attention allocation across the viewing interval was measured
in Experiment 2, using the amplitude of the P3 component of the
ERP to the startle probe. Consistent with the hypothesis that
attentional resource allocation is greatest during initial process-
ing, probe P3 was smallest early in the viewing interval for all
visual stimuli. Moreover, emotional pictures prompted greater
attention allocation throughout the viewing interval than either
neutral or blank pictures, as evidenced by significant P3 differ-
ences at every probe delay. It is of interest that pictures depicting
affectively neutral content were no different from blank slides in
either blink magnitude or P3 amplitude, suggesting little mod-
ulation by either attention or affect for pictures of low motiva-
tional relevance. On the other hand, the pronounced attenuation
of the P3 response for affectively engaging pictures, compared to
neutral or blank pictures throughout the viewing interval, sug-
gests a sustained difference in attention allocation that presum-
ably contributes an inhibitory component to the startle blink
response at all probe delays.

The hypothesis that attention inhibits the startle reflex late in the
picture viewing interval is different from a very common finding of
late startle facilitation (compared to the intertrial interval) when
simple prepulse stimuli (e.g., tones, letters, lights) precede the star-
tle probe. Late prepulse facilitation is found in both task and no-
task contexts, although it can be larger when attention is directed
toward the prepulse stimulus (e.g., Lipp et al., 2001). Although it
initially appeared that stimulus modality is important in modulat-
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ing this effect, more recent data suggest modality is not central (e.g.,
Lipp, Siddle, & Dall, 2000). It is possible that, for simple prepulse
stimuli such as tones or letters, prepulse facilitation might reflect
postencoding processes such as perceptual memory, motor read-
iness, or response engagement rather than differences in resource
allocation that only become apparent using more complex prepulse
stimuli, such as affective pictures.

For pleasant pictures, blink inhibition was apparent early in the
viewing interval (300 ms), and the amplitude of the probe P3 was
smallest, replicating the strong P3 attenuation the startle probe
found previously when viewing erotic stimuli (Schupp et al., 2004)
and consistent with heightened attention. We previously reported
that startle reflexes were significantly inhibited when viewing un-
pleasant, compared to neutral, pictures early in the viewing inter-
val (Bradley et al., 1993). When blink magnitude during picture
viewing was explicitly compared to blinks elicited by no-picture
probes (via standardization) in the current analysis, this difference
was less apparent, although, in Experiment 2, blinks continued to
be significantly inhibited early in the viewing interval when viewing
unpleasant, compared to blank, pictures, supporting the idea that
reflex inhibition prompted by increased attention can be a com-
ponent of early blink modulation for aversive contents. As noted
below, however, concurrent potentiation due to reflex priming can
attenuate these inhibitory effects. Taken together, it appears that
attentional processing has sustained inhibitory effects on the star-
tle blink reflex that are maximal early in the viewing period and for
affectively engaging pictures.

That these effects may reflect differential attention allocation
to emotional pictures is supported by ERPs measured during
picture viewing itself, which consistently find a larger late positive
potential when viewing emotional (pleasant or unpleasant),
compared to neutral pictures, which begins around 300 ms after
picture onset and develops into a positive slow wave over centro-
parietal sensors (e.g., Cuthbert, Schupp, Bradley, Birbaumer, &
Lang, 2000; Palomba et al., 1997). Two additional relationships
between the late positive potential during picture viewing and the
probe P3 responses measured here are consistent with an atten-
tion allocation account: First, the late positive potential meas-
ured during picture viewing is larger for erotic content than for
pictures depicting mutilation or threat (Schupp et al., 2004),
which meshes well with the finding in Experiment 2 that the
smallest probe P3 amplitudes were obtained when viewing erot-
ica. Second, the positive slow wave that develops across picture
viewing generally decreases in amplitude across time (Cuthbert
et al., 2000) consistent with the finding in Experiment 2 that
attention to the picture decreases across time. Taken together, the
amplitude of the late positive potential measured during picture
viewing and the amplitude of the P3 component to a secondary
startle probe show a reciprocal relationship consistent with an
interpretation of heightened attention/perceptual processing of
affectively engaging pictures.

Coactivation of Sensory and Attentional Inhibition

If sensory inhibition and attentional inhibition reflect different
inhibitory processes, reflex modulation early in the picture view-
ing should reflect their net effect (perhaps additive). In Exper-
iment 1, maximum inhibition occurred between 150 and 500 ms,
suggesting a relatively narrow window in which these processess
might be coactive. On the other hand, attentional inhibition may
be mediated by the same neurocircuitry as that implicated in
studies of sensory gating. Thus far, in fact, the common as-
sumption is that prepulse inhibition and attentional inhibition



A multi-process account of startle modulation

reflect the same gating process (e.g., Filion et al., 1993). The
routine use of simple prepulse stimuli (e.g., brief tones), may have
made it difficult to discern independent effects, as simple pre-
pulses are data limited (Norman & Bobrow, 1975) and may not
show the benefits of additional resource allocation. The use of a
relatively more complex picture as a prepulse stimulus, on the
other hand, apparently results in a more extended processing
period, allowing further tests of how a sensory prepulse and/or
attention modulate reflex reactions. We hypothesize that sensory
prepulse inhibition is brief, obligatory, and does not habituate,
whereas attentional reflex inhibition, because it reflects resource
requirements, is longer lasting, more susceptible to motivational
control, and can habituate. It would not be surprising to find that
these processes are subserved by different neural circuits. These
hypotheses can clearly be tested in future psychophysiological
and neuroimaging studies.

Aversive Potentiation: The Defense Cascade

Reflex potentiation when viewing unpleasant, compared to pleas-
ant, pictures began around 500 ms after picture onset in Exper-
iment 1 and continued throughout the picture viewing interval. On
the other hand, compared to neutral pictures, reflexes elicited
when viewing unpleasant pictures were not potentiated during the
initial second of picture viewing for aversive contents that were
either high or low in emotional arousal. Rather, blinks showed
significant potentiation when viewing unpleasant, compared to
neutral, pictures only in the later stages of picture viewing and only
for highly arousing aversive materials. These data are consistent
with previous studies finding greatest startle potentiation for high-
ly arousing unpleasant pictures (e.g., Bradley et al., 2001).

That strength of defensive activation is important for hedonic
modulation of the startle reflex is consistent with the defense
cascade model (Lang et al., 1997). The defense cascade model
also notes that at lower levels of defensive activation, reflexes
associated with orienting, attention, and information intake
dominate in aversive responding. That is, at this early stage of
defense (i.e., when a threat is at distance), attention (with freez-
ing), rather than action, is the primary process initiated by the
brain’s motivational system. Consistent with this view, unpleas-
ant pictures rated low in arousal prompt startle reflex inhibition
rather than the potentiation found for more arousing unpleasant
stimuli (Bradley et al., 2001; Cuthbert et al., 1996). In the current
study, a similar relationship appears to play out in time: Early in
picture processing, defensive activation is at an early stage in
which information intake and sensory procesing dominate, at-
tenuating the reflexive startle response. This was obtained for
unpleasant pictures rated low or high in arousal. With increased
exposure, unpleasant pictures rated as highly arousing begin to
prompt increasingly more defensive activation, resulting in reflex
priming that leads to significant startle potentiation (over neutral
pictures) later in the viewing interval. This later aversive potent-
iation is apparently due to the priming of defensive actions
(rather than decreasing attentional allocation), as shown by the
sustained difference in probe P3 amplitude between unpleasant
and neutral pictures throughout picture viewing, which suggests
a constant (inhibitory) attentional modulation for aversive cues.

When both of these modulatory processes are active (assum-
ing their independence), net reflex magnitude for unpleasant
pictures will reflect both differential attention allocation and de-
fensive priming. Thus, inhibitory effects due to increased atten-
tion will subtract from defensive potentiation, rendering blink
magnitude when viewing unpleasant pictures not significantly
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different from that elicited when viewing neutral pictures. This is
the pattern generally obtained early in the picture viewing inter-
val. Moreover, when pictures are presented briefly (e.g., for
500 ms), blink reflexes are potentiated when viewing unpleasant,
compared to pleasant stimuli, but not compared to neutral,
which is consistent with the hypothesis that brief presentation
results in relatively weak defensive activation (Codispoti, Brad-
ley, & Lang, 2001). Waters, Lipp, and Spence (2005) recently
interpreted a similar lack of modulation for unpleasant, com-
pared to neutral, pictures as resulting from the use of relatively
low arousal pictures in their study, which included children as
participants.

Taken together, the data suggest that reflex potentiation for
unpleasant, compared to neutral, pictures early in the picture
viewing interval occurs primarily when defensive activation is
intense. Consistent with this, Globisch, Hamm, Stevens, and
Ohman (1999) found significant startle potentiation at 250 ms
after picture onset when snake phobics viewed snake pictures,
which are presumably rapidly resolved and defensively very ac-
tivating for these frightened folks. More recently, Stanley and
Knight (2004) reported early potentiation for specifically fearful,
compared to neutral, pictures (although the statistical test actu-
ally encompassed both early and late probe times). On the other
hand, Levenston et al. (2000) and Dichter et al. (2005) both
observed early inhibition for unpleasant, compared to neutral,
pictures in a passive viewing context. Whether attentional inhi-
bition or defensive priming will dominate in modulating the
startle reflex during the initial stages of unpleasant picture view-
ing will depend upon the threat intensity of the aversive material.

Appetitive Inhibition

Reflexes were inhibited when viewing pleasant pictures, com-
pared to neutral stimuli, for probes presented from 300 ms on,
and these inhibitory effects were strong and of long duration in
both Experiments 1 and 2. We have hypothesized that inhibition
of the startle reflex during pleasant picture viewing may reflect
attenuation of defensive reflexes when appetitive motivation is
high (Lang, Bradley, & Cuthbert, 1990). Finding a similar pat-
tern of modulation with a different defensive reflex (particularly
one that is also not modulated by attention) would assist in ad-
dressing this question, as would finding potentiation of an
appetitive reflex (e.g., salivation) in the context of pleasant stim-
uli (White, 1978).

On the other hand, it is possible that startle inhibition during
pleasant picture viewing is primarily modulated by attentional
processes. That is, we presume that, as for the defense system,
appetitive activation initially prompts greater resource alloca-
tion, orienting, and information intake, in the service of selecting
an appropriate consummatory response. Moreover, for symbolic
picture cues, appropriate appetitive actions can never be instru-
mental (e.g., ingestion, copulation, etc.), suggesting that in-
creased attention may be the primary mode of appetitive
approach in this affective context. The finding of greater atten-
uation of the probe P3 response throughout the viewing interval
for pleasant, compared to unpleasant, pictures in Experiment 2 is
consistent with this interpretation, as is the finding that, unlike
aversive potentiation, inhibition of the blink reflex during pleas-
ant picture viewing did not increase across the viewing interval in
either experiment. Whether reflex inhibition for pleasant pictures
represents the summation of two processes—increased attention
allocaton and inhibition of defensive reflexes due to appetitive
activation—or is due to a single attentional process that dom-
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inates during appetitive picture perception awaits further empir-
ical test.

Startle: Blink and P3 Measures

These data highlight the utility of measuring two responses to the
same startling probe—the reflexive eyeblink and the P3 compo-
nent of the event-related potential—in understanding emotion
and attention during picture viewing (see also Cuthbert et al.,
1996; Schupp et al., 1997). The probe P3 measure is taken here as a
relatively pure index of the amount of resources allocated during
picture processing, with smaller P3 amplitude to the startle probe
when greater attention is allocated to emotionally salient (pleasant
and unpleasant) pictures. The reflexive eyeblink, on the other
hand, appears to be modulated differently, with initial orienting
and attention attenuating blink responses, and intense emotional
engagement potentiating or inhibiting the blink response for un-
pleasant or pleasant pictures, respectively. Taken together, meas-
uring the probe P3 allows one to estimate differences in picture
viewing that are related to information intake, whereas the blink
component further allows an estimate of affective engagement.
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Summary

Using a complex picture as a prepulse stimulus, startle reflex
magnitude was initially facilitated, then quickly inhibited, and
later either facilitated or inhibited as a function of its affective
content. We interpret these effects as reflecting a series of inter-
acting sensory, attentional, and motivational processes engaged
by the presentation of a picture stimulus, involving rapid inter-
stimulus integration, sensory prepulse inhibition, attentional in-
hibition, and defensive or appetitive modulation. We propose
that initial activation of either the defensive or appetitive moti-
vational systems by an affective picture engages attentional
orienting processes that prompt significant inhibition of the blink
reflex, as well as a reduced P3 to the startle probe. With increas-
ing defensive activation, however, defensive actions are primed,
including the startle reflex, which potentiates the blink response.
Taken together, the data suggest that the startle reflex is a com-
plex index of defensive and appetitive motivation, reflecting in-
itial sensory engagement, sustained attentional processing, and
the organism’s disposition to action when confronted by an
emotionally arousing cue.
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