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Abstract

An emotion-modulated acoustic startle paradigm for inducing positive and negative affect was used to address pregoal
and postgoal affect. Participants played a computerized lottery task in which they chose digits that could match a
subsequently displayed, random set of numbers. In the positive conditions, matches led to monetary rewards. In the
negative condition, matches led to an aversive noise blast. In three experiments, we found eyeblink startle magnitude
was potentiated just prior to feedback concerning reward outcome, suppressed following the feedback that a monetary
reward was won, and potentiated when threatened with an aversive noise. When presented with a 0%, 45%, 90%, or
100% chance of winning, higher probabilities suppressed startle response after feedback whereas the 45% trials did not.
These data indicate that postgoal positive aff@dnning reward reliably suppressed the startle response whereas
pregoal positive affect did not.

Descriptors: Emotion-modulated startle, Reward, Threat, Positive affect, Anticipation

Affective modulation of startle eyeblink has become a standardgositively valenced stimuli and the negatively valenced defensive
measure with which to physiologically and objectively investigatereflex. The stimuli's degree of arousal level also interacts with the
emotional responses. The magnitude of the startle eyeblink revalence to affect the emotional modulation of startle. For example,
sponse has repeatedly been shown to be sensitive to the valence@iithbert, Bradley, and Land@ 996 found that the most arousing
affective stimuli. People show increased blink magnitude whenrstimuli of either positive or negative valence showed the greatest
presented with negatively valenced or aversive stimuli and demodulation of the startle response.
creased blink magnitude when presented with positive or appeti- Although the affective modulation of the startle response by
tive stimuli (Dawson, Schell, & Bohmelt, 1999; Lang, Bradley, & negative-valenced stimuli is very robust, the effects of positively
Cuthbert, 1990 This general pattern is found regardless of thevalenced stimuli are less robust, even though most studies match
sensory modality of the stimulBradley, Cuthbert, & Lang, 1999  positive and negative stimuli for rated arousal levels. Most studies
The enhancement of the startle response with negative stimuli ighat found significant potentiation of the startle response to nega-
presumably due to matching the aversive motivational state intively valenced stimuli compared to either neutral or positively
duced by the negative stimuli with the negatively valenced defenvalenced stimuli found no significant effects comparing positive
sive reflex(Lang, 1995; Lang et al. 1990Conversely, the reduced and neutral conditions using picture stim(#iradley, Cuthbert, &
startle response with positive stimuli appears to be the result of &ang, 1990, 1996; Larson, Ruffalo, Nietert, & Davidson, 2000;
mismatch between the appetitive motivational state induced by th¥rana, Spence, & Lang, 1988fiims (Jansen & Frijda, 1994

soundgBradley & Lang, 2000 odors(Ehrlichman, Brown, Zhu,

& Warrenburg, 1995; Miltner, Matjak, Braun, Diekmann, & Brody,

Alexander J. Skolnick was supported by an individual NRSA postdoc—1994)’ or Imager)_/(Cook, Hawk, Davis, & Stevensor_],_1991_; quna,

toral fellowship award F32 MH11693. This work was also supported by 1999. Suppression of the startle response to positive stimuli may
NIMH Grants R01-MH40747, R37-MH43454, P50-MH52354 to RJD. be more dependent on the arousal level of the stimuli than the
Portions of this research were presented at the 1999 and 2000 annuﬂsponse to nega’[i\/e stimuli, as Significant startle Suppression is

meetings of the Society for Psychophysiological Research. ; ; ; P
We thank Adrian Pederson for computer programming, Christine Lar-mOStIy seen with highly arousing erotic stim(#irana et al., 1988,

son for much helpful advice, and Jennifer Sontag and Michelle Mertz forVhen only comparing erotic stimuli; Koukounas & Over, 2000
assistance in data collection and analysis. We are grateful to Katheringsing erotic films; Manber, Allen, Burton, & Kaszniak, 2000,
Putnam, Carien Van Reekum, and Pam Tannenbaum for comments aromparing erotic to action stimuli; Sabatinelli, Bradley & Lang,
earlier versions. 2001, comparing erotic stimuli to objettsA few other studies

Address requests for reprints to: Richard J. Davidson, Laboratory, e I . . L
for Affective Neuroscience, Department of Psychology, University of have found significant startle inhibition to positive stimuli using

Wisconsin, 1202 W. Johnson St., Madison, WI 53706, USA. E-mail: Pictures(Sutton, Davidson, Donzella, Irwin, & Dottl, 1997, pre-
ridavids@facstaff.wisc.edu. senting each valence separately; Codispoti, Bradley & Lang, 2001;

835



836 A.J. Skolnick and R.J. Davidson

Putnam, Gooding, Larson, Jackson, & Davidson, 1999, presentingared to unconditioned contralkoch et al., 1996; Schmid, Koch,
affective pictures for only 500 m&nd odor in a between-subjects & Schnitzler, 1995.
design(Ehrlichman, Brown Kuhl, Zhu, & Warrenburg, 1997 Afew preliminary studies examined startle responsiveness dur-
The lack of strong effects of positive affect on the startle ing anticipation of a positive versus negative outcome. Two studies
response may be due to the nature of the tasks used. By havirigoked at startle modulation during anticipation of upcoming af-
subjects passively view or listen to stimuli to elicit positive affec- fective slides after a warning sign@llen, Wong, Kim, & Trinder,
tive states, positive affect may be elicited without a strong ap-1996; Erickson, Levenston, Curtin, Goff, & Patrick, 198®Hd one
proach component. It may be the case that to generate sufficierxamined startle responses during a warning period prior to a
changes in the activation of neural circuitry involved in apprgach reaction time task and after receiving feedback concerning a win or
appetitive processes assumed to underlie positive dffotidson  loss (Spence & Cook, 1993 Although these reports were not
& Irwin, 1999), subjects must be more engaged with the task sucldetailed, they did find affective modulation of starfecreased
that they can actively obtain positively valenced stinislich asa  magnitude during anticipatior(pregoal of positive slides and the
desirable rewardinstead of passively experiencing positive stim- chance to win money but not during postgoal attainment positive
uli. Reward processes influence adaptive behavior leading to su@ffect (after receiving reward feedback; Spence & Cook, 1993
cessful survival and reproduction and are integral to approactMore recent reports have also used cueing of the valence of
systems. Rewarding stimuli are more likely to invoke approachupcoming affective slides to examine the anticipation of positive
systems than stimuli either not tied to reward or stimuli tied to stimuli (Nitschke et al., 2002; Sabatinelli et al., 200Both stud-
punishment. Thus, active task engagement that has the prospectiet found that anticipation of both positivand negativestimuli
reward may have a more potent effect of inducing approach-relatedroducedarger startle responses than anticipation of neutral stim-
positive affect than a passive viewing condition. uli, although Nitschke et al. found anticipation of positive stimuli
The appetitive and consummatory components of an organsignificantly reduced startle magnitude compared to anticipation
ism attaining a reward likely have different ramifications for of negative stimuli. However, reservations are warranted in the
positive affect processes. Davids¢t994, 1998 has suggested interpretation of the latter two studies. In Nitschke et al., the
that while seeking out and obtaining a reward, approach-relatedifference between anticipatory startle between neutral and posi-
positive affect is likely to occur(pregoal attainment positive tive was only marginally significant, and Sabatinelli et al. only
affecy. Positive affect related to the consummatory responseised male subjects scoring high in fear of snakes, so the validity to
after obtaining a reward, however, is unlikely to activate ap-non-high-fear subjects remains in question.
proach processes, but represents something akin to contentment During periods of anticipation, it is possible that modality of
(postgoal attainment positive affecfThere are likely important the stimuli and direction of attentional focus modulate startle
neurobiological differences between pregoal and postgoal attairresponsiveness as in the above studies. Directing attentional re-
ment positive affect related to the role of prefrontal cortex andsources to stimuli leaves fewer resources that can be directed to
other subcortical structures such as the ventral striatum anthe startle probe. Thus, when attention is directed away from the
nucleus accumben@avidson, 1998; Davidson & Irwin, 1999  startle probe itselfe.g., to a warning stimulysa diminution of
Recently, Knutson, Fong, Adams, Varner, and Homrg801), startle magnitude is usually seéHackley, 1999. This issue is
using event-related functional imaging, found differences in prefurther complicated by the fact that studies using different par-
goal and postgoal positive affect in a reward paradigm. Antici-adigms have found different effects of attentional deployment on
pation of reward activated ventral striatum, whereas rewardedtartle responsiveness: inhibitighlackley, 1999; Putnam & Van-
outcomes activated ventromedial frontal cortex. Interestingly, theman, 1999, facilitation (Jennings, Schell, Filion, & Dawson,
data on the neural substrates of startle suppression to rewat®96; Lipp, Siddle & Dall, 1997, 1998, 20p0Oor little or no
implicate these circuitries, especially those involving the nucleusffect (Cuthbert, Schupp, Bradley, McManis, & Lang, 1998;
accumbens. Koch, Schmid, and SchnitZ[£#996 lesioned either Vanman, Boehmelt, Dawson, & Schell, 1996
the nucleus accumbens or the amygdala prior to conditioning a Across the studies that have investigated startle responses to
light with desirable food. Only lesions of the nucleus accumbengositively valenced stimuli, there is variability in the manner that
blocked the attenuation of the startle response found in controlpositive affect was addressed. Whereas some studies probed sub-
and amygdala-lesioned animals. Dopamine from the nucleus agects during a pregoal phageg., Hamm & Vaitl, 1996; Lipp et al.,
cumbens likely plays an important role in sensorimotor integra-1994; Nitschke et al., 2002; Sabatinelli et al., 2001; Schmid et al.
tions that facilitate pregoal approach behavidkemoto & 1995 most studies have probed emotional states during a phase
Panksepp, 199%nd modulate startle circuitry. akin to a postgoal phase in which subjects passively experienced
Research with both humans and nonhuman animals havpositive stimuli. Given this variability, the origin of the effects of
shown diminution of startle in a nonaversive conditioning para-positive affect remains unclear and requires systematic examina-
digm. Two studies(Hamm & Vaitl, 1996; Lipp, Sheridan, & tion. We created the current paradigm to enable us to separately
Siddle, 1994 used a rewarded reaction time design in which theexamine these two componentgregoal and postgoal positive
rewarded conditioned stimulusCS+) signaled a trial with the affec) in a within-subject design.
chance to win money with a quick response. Both studies found The following “lottery paradigm” was used to induce both
reduced startle magnitude during €Srials signaling potential positive and negative affect without the use of pictorial stimuli,
reward as compared to trials when €Signaled shock. How- loosely based on a experimental design of Grillon e{@tillon,
ever, neither study found startle magnitude duringtCSgnaling Ameli, Merikangas, Woods, & Davis, 1993; Grillon, Ameli, Woods,
reward to be significantly inhibited as compared with control trials. Merikangas, & Davis, 1991 In Grillon’s studies, subjects were
Two studies with rats have shown that appetitive rewarding stimuligiven cues that they should either anticipate a possible negative
can suppress the startle response compared to controls. Whewent(e.g., electric shogkor not and startle responses were mea-
food-deprived rats were conditioned to a light-signaled rewardsured while the subjects waited for each trial's outcome. In the
(desirable food and watgrstartle amplitude was suppressed com- present paradigm, participants performed an engaging computer-
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ized lottery task in which they chose digits that could or could notwould be potentiated at the probe immediately prior to receiving
match with another randomly displayed set of digits. They enteredeedback and at the probe presented after receiving feedback that
their numbers, watched the numbers “spin” for 10 s, and therthe aversive noise will be delivered. The positive and negative
received feedback as to whether they had a lottery match or notonditions were identical in structure except for the outcome.
Trials were designed such that acoustic startle probes were pre- Experiment 1 was divided into a portion where subjects per-
sented either before or after receiving visual feedback in botHormed all the reward or threat conditions in one block without a
positive and negative conditions. break(1a) and a portion where reward and threat trials were each
In Experiment 1, we ran both positideeward and negative divided into three blocks of trial§élb). The change to dividing
(threa) conditions. The reward and threat conditions paralleledsessions into blocks was made to present winnings more frequently
each other in structure. In the positive condition, on each trialthan only at the end of all the trials. No major differences were
participants knew whether they had a chance to win a monetargxpected or found between these two versions, therefore they were
reward or not. There was no punishment condition; participantcombined for statistical analyses.
never lost money. In each trial of the negative condition, partici-
pants knew whether they had a chance to receive a loud avers“f\ﬁethods
noise or no chance to receive the noise. Startle probes were
presented either early or late in the anticipat(y prefeedback  Participants
period, and soon after they received feedback and in the middle dbixteen women and 6 men participated in the Experiment 1a and
a blank-screen intertrial interval. Experiments 2 and 3 addresseti2 women and 7 men participated in Experiment(dfged 18—-28
how participants responded to the anticipation of reward. In thesgears. Participants were recruited by advertisement and word of
experiments participants were presented with three different probmouth. Incentive for participation was the knowledge that money
abilities of receiving a reward and how these different expectanciegould be won in the experiment. All participants were told, “Most
affected their startle responses was measured. Independent saparticipants win more than $10.” Payment for participation was
ples were tested in each study to assess the replicability of ththe money “won”(fixed at $53. Five participants were dropped
basic effects. due to an insufficient number of startle responses, leaving a total
sample of 36mean age= 20.9, once the two experiments were
EXPERIMENT 1 combined.
The lottery paradigm allowed us to test several hypotheses corseneral Procedure
cerning startle responsiveness to situations invoking positive oParticipants were given an overview of the experiment and asked
negative affect. When presenting participants with trials in whichto sign a consent form. They sat comfortably, while wearing
they had a chance to win money, we could test whether pregoaheadphones, in front of a 17-in. NEC-6FG multi-sync monitor on
postgoal, or both types of positive affect suppressed the startlavhich all stimuli were displayed. Three electrodes for recording
During the prefeedback period, while participants waited to findEMG responses were applied to the face before participants re-
out if they won, we hypothesized that the expectation of rewardceived detailed instructions for the task. They were told that the
(pregoal positive affegtwould suppress startle eyeblink magni- study examined facial responsiveness during the lottery task. Emo-
tude. Specifically, we predicted that prefeedback startle eyeblinkional aspects were never mentioned.
magnitude would be smaller during trials in which there was a  Participants were given two or three practice trials for each part
chance to win than when there was no chance to win. This hyeof the experiment to explain the task. At the start of the experi-
pothesis followed from the theory that pregoal positive affect mostment, participants viewed a blank screen and received nine startle
likely activates approach processes and from research on signalimgobes spaced apart by 18-22 s in order to habituate the early large
of reward in rats and humar(&ipp et al.,, 1994; Schmid et al., startle responses. The order of blocks of experimental trials fol-
1995. An alternative prediction would suggest an increase inlowing the habituation trials was counterbalanced. At the conclu-
startle magnitude during a pregoal period due to differing tasksion, participants filled out questionnaires and were debriefed.
demandgLipp et al., 1997, 1998, 2000nstantiated by the dif-
ferent chances to win money. Knowing there is a chance to wirExperiment la: Reward Trials
could increase the attention paid to the spinning numbers as confRarticipants were told that for each trial they would enter six digits
pared to trials when there was no chance to win. If receivingand try to match this set to another six-digit number. Any matches
feedback about a positive reward outcome is a pleasant experienaesulted in monetary gain. Participants were presented with a
then we also expected to find suppression of the startle responsereen on which to enter a six-digit number. On the screen read,
postfeedback. Specifically, rewarded trials should produce smalletEnter Your Lucky Number Here” and below were two sets of six
blinks than nonrewarded trials or trials in which there was nodashes where the numbers entered appeared. Entering the sixth
chance to receive a reward. Although receiving a reward is notigit marked the beginning of each trial. Upon entering the sixth
expected to involve approach processes, it should generate positivigit, the top row of digits remained while the bottom row began
affect, which would likely cause a mismatch with the defensiveto rapidly change digits giving the appearance of spinning. This
startle reflex, reducing startle amplitude. No effects due to taslanticipatory period lasted 10 s, over which time the digits spun
demand in this period were expected when comparing rewarded t@andomly, initially changing 20 tim¢s, and gradually slowed
nonrewarded trials, as the only difference between conditions wadown to 3 timegs before stopping to display a new set of numbers.
the type of feedback. Immediately following the anticipatory period was a 3-s feedback
The negative version was used to replicate the fear-potentiateperiod when the participant was informed as to whether they
startle paradigm in humar(&rillon et al., 1991, 1998using the  matched a digits) or not between their original selectigremain-
threat of noise during anticipation of a negative event. In contrasing on top and the new displayat the bottorh Matched digits
to the reward condition, we anticipated that the startle responseffashed in red; the amount of money won was displayed in red in
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the center of the screen along with a total of winnings thus far. Aprobes were collapsed between matching and nonmatching trials,

6-s intertrial interval(ITI) consisting of a blank screen followed as participants could not tell the outcome of these trials prior to the

the feedback period after which a new trial was presented. feedback periodfor a total of eight probes eaghFor both the
Trials were divided into reward trials in which the participants feedback and ITI probe times, a total of seven startle probes were

knew they could win money and neutral trials in which they knew administered for each conditidmeutral, reward, no rewaydOf

they could not. Participants were alerted to the different trials bythe 79 trials, 7 trials were not probed.

a message between the two rows of dashes: “chance of money”

trial for reward trials and “no chance of money” trial for neutral

trials. In a chance of money trial, any match resulted in monetar

gain (matching one digit= $0.50; two digits= $1; three digits=

$2; four digits= $5; five digits= $20; six digits= $50). During

Experiment 1b: Reward Trials
Yhis procedure was identical to that of Experiment 1a except the
reward block of trials was divided roughly equally into three parts

. L . . uch that there was a break after each third of the trials. At each
neutral trials, participants could either match or not match their Segreak articinants were given the money thev had won during the
of digits, but the message during the feedback period read “Ng P P 9 y ey g

Money This Trial” regardless of the outcome. All participants preceding block and they continued with the next block. Also, the

; . feedback probe was deliveretias instead of 1.5 s.
experienced the same schedule of matches and nonmatches ina . " . : . . .
During this version of the experiment, the amount of time it

fixed sequence. Participants matched on half of both the 51 Chan(i%ok for each subject to enter each set of six digits for all reward

of money trials and 28 no cr_\ance of money triafgal =79 trials. and threat trials was recorded. Entering the first digit started the
A quasi-random order of trials was generated such that each pa;

ticipant “won” $52.00. Of the chance of money trials, palrti(:ipants{Imer and it ended when the sixth digit was entered.

received 25 nonmatching trials, 12 trials matching one digit, 6

trials matching two digits, 5 trials matching three digits, 2 trials Experiment 1a: Threat Trials

matching four digits, and 1 trial matching five digits. Participants Threat trials were identical to the reward trials in that participants

never matched six digits, and all money was distributed at the entiad to enter a six-digit number each trial, each period was the

of the experiment. same, as was the timing of the probes. Threat trials were divided

Startle probes were presented at githes or 9 safter the trial  into trials in which the participants knew there was a possibility of

began(anticipatory probes 1.5 s after receiving the resultieed- receiving a loud aversive noise blast and safe trials in which they

back probg or 6 s after receiving resultdTI probe 3 s into the  knew there was no possibility of receiving the noise. Participants

ITI period) in a counterbalanced ordéFigure 1. At each of the  were alerted to the different trials by a message between the two

anticipatory probe times$2 s, 9 3, participants received seven rows of dashes: “Chance of Noise” trial for threat trials and “No

startle probes for neutral trials and four probes for each of theChance of Noise” trial for safe trials. Participants were informed

matching and nonmatching reward trials. The anticipatory startléhat on a chance of noise trial, if they matched three digits or more
they would receive the aversive noise through their headphones.
The number of trials receiving the aversive noise was smaller than
the number of rewarded trials to reduce possible habituation to the
aversiveness of the noise. Participants were told that the more
digits they matched the “larger the noise got.” Matching three

digits resulted in a 2-s noise, four digits resulted in a 3-s version of
Trial Begins Anticipatory Freguaes  InterTeint Interval the noise, and five digits resulted in a 4-s version of the noise.
I 105 I 15 I s During the feedback period, the display indicated any matched
- digits and whether they would receive the noiseessage on
I 1‘ I 1‘ I ‘r screen: NOISE)!or not(message on screen: No Noise This Trial
25 95 Feedback - If a noise was delivered, it occude? s into the 3-s feedback
_ - _ period and played into the ITI. If the feedback probe was also
: presented, it always preceded the noise. The noise was delivered a
Fmtrrvulr:d:v — 4 i total of eight timgs, th(_e same n.umber of times pa_rticipants_rr_]atched
’ ) S 126 91 81 26 9 1 three, four, or five digits during the reward trials. Participants

received a similar proportion of matches and nonmatches as in the

Chance of Maney reward trials(33% for reward; 37% for threat
e _||3rre s s B3 Startle probes were presented at the exact same times as in
the reward trials(2, 9 s, feedback probe, or ITI probén a
Trial Begins Anticipatory Period Fexdhack Period counterbalanced order. During the safe trials and threat trials in

which no aversive noise was received, a total of seven startle
Figure 1. Design of the study. The top portion of the figure depicts a probes were delivered during each of the four probe times.
single trial that begins with a participant entering his or her six digits Trials in which participants received the aversive noise were
(“Trial Begins”). During the anticipatory period, the numbers on the lower only probed during the feedback and ITI periods due to the
part of the screen “spin.” During the feedback period, the outcome of thesmall number(eight of trials with the aversive noise. Thus,
trial is displayed. The bottom portion of the figure provides an examplethere were four startle probes for each of the feedback and ITI

trial in which three digits matche@ray). For display purposes, the figure . . -
is shown in inverted colors compared with actual testing. Normally, theprObeS on threat trials with the noise. Also, because no probes

background was black, the letters and figures were white, and the feedbackere de"v_e'jed during the anticipatory per_'o_d on threa_t trials
messages and matched digits were fBd- probe presentedv = noise ~ When participants would match enough digits to receive the
delivered: aversive noise in Experiment 1, positive ndiseering in ~ Noise, no conditions were collapsed as in the reward analysis.
Experiments 2 and 3. Of the 68 threat trials, 4 trials were not probed.
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Experiment 1b: Threat Trials Data Analysis

This procedure was identical to that of Experiment 1a except théll ANOVAs were repeated measures unless stated otherwise.
threat block of trials was divided roughly equally into three partsProbe timg?2 s, 9 s, feedback, ITland conditionreward, neutral,
such that there was a break after each third of the trials. Also, théhreat, safewere always within-subject factors. Separate ANOVAs
feedback probe was deliveredl 2 s and the noise, if delivered, were performed on pre- and postfeedback probe times. This was

occurred at 2.5 s. necessary in the reward condition because collapsing matching and
nonmatching trials in the prefeedback period made it incomparable
Apparatus to the postfeedback period where no collapsing across conditions

Presentation of stimuli and acoustic startle probes were controlledccurred. Separate ANOVAS were also necessary for the threat
by in-house software on a 100-MHz Pentium PC. The acousticondition due to the lack of probes during the prefeedback period
startle probe was a white noise burst 40 ms in duration, 95 dB, andhen participants would receive the aversive noise. All ANOVAs
with a nearly instantaneous rise time. Startle probes were geneusing a within-subjects factor used a Huynh—Feldt correction where
ated with a Coulbourn S81-02 noise generator and a CoulbourappropriatelHuynh & Feldt, 1970.

S82-24 audio-mixer power amplifier, and were delivered binau- To test hypotheses that the startle blink will be affected by
rally through Audio-Technica ATH-M3X headphones. The aver- either expecting or receiving a monetary reward, separate repeated
sive noise was created by overlaying a smoke alarm, ringing bellmeasures ANOVAs were used for the anticipatory period, feed-
foghorn, and guitar electric feedback using Cool Edit BBgn-  back, and ITI probe times. Comparisons among reward, nonre-
trillium Software Corporation, Phoenix, AZoftware. The sounds ward, and neutral trials were performed for each analysis on
were from commercially available sound effects compact discspostfeedback probe times. Similarly, threat trials were analyzed
The noise was played as a .WAV file lasting 2, 3, or 4 s, 97-98 dB separately for the anticipatory period, feedback, and ITI probe

with a nearly instantaneous rise time. times. The possibility of order effects due to whether participants
received reward or threat trials first was checked using ANOVAs
Data Acquisition and Reduction with order as a between-group factor. Fluctuations in the degrees

Raw and integrated EMG from the orbicularis oculi were collectedof freedom for the error term occurred because it was affected by
(in microvolty using two Sensormedics mini-electrodes placedmissing cells that were dropped due to not having at least three
directly below the left eyéas done by van Boxtel, Boelhouwer, & good blinks for analyses.
Bos, 1998. A third electrode was placed in the center of the  To test for differences in startle responses between Experiments
forehead as a ground. The impedance for the electrode pair wala and 1b, the two experiments were compared using repeated
less than 20 K. Using SAI Bioelectric amplifierfJames Long measures ANOVAs on blink magnitude, with probe time and
Co., Caroga Lake, NY, EMG signals were filtered with a band- condition as the repeated measures factors and experifreerith
pass of 1-800 Hz and then amplified 10,000 times. After passings the between-groups factor. An ANOVA comparing reward trials
through a Rockland high pass filter set at 30 Hz, raw EMG signaldgn Experiments 1a and 1b found no significant differences due to
were integrated and rectified using a Coulbourn S76-01 contourthe main effect of experiment, or to any two-way or three-way
following integrator with the time constant set at 20 ms. All signalsinteraction effectgall pertinentps > .15). In an ANOVA compatr-
were digitized at 500 Hz and stored on a 100 MHz Pentium POng prefeedback threat trials, although the main effect for experi-
throughout the stimuli presentation using SnapStream softwarenent was not significanf < 1.0, the Probe Tim& Experiment
(HEM Data Corporation, Springfield, Mland a 12-bit analog-to- and Probe Timex Condition X Experiment interactions were
digital board(Analogic Corporation, Wakefield, MA Recording  significant, F(1,30 = 5.65,p = .02; F(1,30 = 7.21,p = .01,
equipment was calibrated before and after each session. respectively. These significant interaction effects were due to dif-
Orbicularis oculi EMG in response to acoustic startle probesferences in blink magnitude for safe trials during both anticipatory
was reduced to eyeblink reflex magnitudes using the followingprobe times: At the 2-s probe time, blinks were significantly
procedure. First, automatic peak and blink onset detection wasmaller in safe trials of Experiment 1b than Experiment 1a, and at
performed on the integrated EMG response to each probe usintpe 9-s probe time, blinks were significantly smaller in safe trials
in-house programmin@ising MATLAB, The MathWorks, Natick, of Experiment la than Experiment 1b. Finally, in an ANOVA
MA). The authors then reviewed each response. Approximatelgomparing postfeedback threat trials, no significant main effects or
8% of eyeblink reflexes were excluded from further analyses duenteractions were foundall pertinentps > .21). Given that there
to excessive noise during a 50-ms, prestartle baseline p@igd  were no significant differences in the reward trials or postfeedback
blinks, unusually high amounts of integrated EMG during base-threat trials between the two versions of Experiment 1, with only
line) or because the onset of the integrated EMG eyeblink reflexninor and inconsistent differences during some of the safe trials,
began less than 20 ms following the startle probe. Eyeblink reflexhe two experimental versions were combined for further analyses.
magnitudes were calculated by subtracting the amount of inte-
grated EMG at reflex onset from the peak amplitydeximum
amount of integrated EMG between 20 and 120 ms following
probe onset Trials with no perceptible eyeblink reflex were as- Order Effects
signed a magnitude of zero and included in analysis. Finally,The order in which the blocks of reward or threat trials were
eyeblink reflex magnitudes wergtransformed within subjects due presented to participants significantly influenced the outcome for
to large individual differences in the distribution of this measureboth reward and neutral trials in a straightforward fashion; blink
and within block due to habituation over the course of the expermagnitude was significantly larger when reward and neutral trials
iment. Blinks that were greater than three standard deviationsvere presented prior to threat trials than when afpeefeedback
above the mean for a given participant were excluded. There haprobesF (1,28 = 33.82,p < .0001; postfeedback probé¥1,28 =
to be at least three good blinks per participant per condition pe7.36, p = .011). There was no significant Ordet Probe Time
probe time to be included in the analyses. interaction in either case. When threat and safe trials were pre-

Results
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A Condition (chance of money, no chance of money tiaks
Prefeedback Probe Tim& s, 9 3 ANOVA found significant

2500 | effects for both conditionf(1,29 = 8.81,p = .006, and probe
time, F(1,29 = 48.3,p = .0001, and a marginally significant
Condition X Probe Time interactionk (1,29 = 3.59,p = .068.
Pairwise comparisons showed that the combined reward blink
magnitude at the 9-s probe time was significantly larger than the
blink magnitude for the neutral trialp,= .004, as well as the 2-s
responsesps < .0001 (Figure 3. The magnitude of the blink

| response during neutral trials at the 9-s probe time was signifi-

cantly larger than the neutral trials at 2ps= .0014.

1 In the postfeedback period, receiving a monetary reward af-
fected the size of the startle response. An ANOVA comparing

THREAT SAFE

across conditions for the feedback startle probe found a marginally
O ) o (Cha A el (Mo Cho & Noise) significant difference in blink magnitudd; (2,58 = 3.09,p =
.053. Blink magnitude during matching trials was significantly
Figure 2. Mean duratior(in milliseconds to enter digits in Experiment 1 gmaller than during nonmatching trialp, = .024 (Figure 3.
collapsed across blocks = 15). Error bars represent standard error of - v ever, the feedback blink response during reward trials was not
the mean. significantly smaller than neutral trials. Although the pattern of
startle blinks at the ITI probe time was similar to the feedback
probe, blink responses did not differ based on reward outcome,
sented prior to reward trials, there were no significant order effects=(2,64) = 1.46,p > .05. The size of the rewar0.50 to $20.0p
for threat trials and no significant OrderProbe Time interaction.  had no significant effect on blink magnitudas > .15.
For safe trials, no main effect for order was found but the Order
Probe Time interaction was significa(3,54 = 4.04,p = .012.  1peat Trials?
This effect was geherated at the 2-s probe tlme.where bllnkI'he anticipation of a possible thre@versive noisewas hypoth-
responses to safe trials were smaller when threat trials were Preized to potentiate the startle blink response. A Conditioreat,

§ } ) -

X -
effects suggest habituation may be a factor overall, but does n(%t; fee dtr(;ilr?ng ;r:t;t-iré?;(:\(tir? sez(;A(\stou\;gcjftresr?h?:Shsggrllrg:is by
affect the integrity of any effects at any one probe time.

finding significant effects for conditionF(1,31) = 9.51,p =
.0043, probe time-(1,31) = 39.37,p < .0001, and the interaction

Manipulation Check B X
To assess whether participants adjusted their behavior based on t gtween the two factor$;(1,31) = 19.46,p < .0001(Figure 4.

. . . - . Pairwise contrasts confirmed that during threat trials, startle blink
trial type, the amount of time spent entering digits for each trial . . .
. . magnitude was increased at the 9-s probe compared to safe trials at
was examinedfrom Experiment 1b onlyn = 15). The amount of

. - . 9 s,p < .0001, and compared to the 2-s propes .0001. There

time to enter digits for chance of money trials, no chance of money, & 1o affect of condition at the 2-s probe time

ggﬂqs’aizg(n:ie uorfe gm?r?i;'?ls’eaizguzzczh dauzsvor;gsrllstein:galsaxvas During the feedback period, participants were presented a star-
P g ) yp P tle probe 500 ms prior to the onset of the noise. ANOVAs for both

“C'pf"“?‘s spent ent_erlng d|g|t$§(3,42) ~ 5'98’ P= 005, with tpe feedback and ITI probe times confirmed the robust differences
participants spending the most time selecting digits on chance of : - . :
evident in Figure 4. Significant differences were found among

money trials(compared to no chance of money trigéss .0024. the three conditions for the feedback prolf&2,62 — 60.05,

;—QI(Z;P :ﬁgitt;;gc;s%)dld not significantly affect the time taken top_) < .0001_. Impprtantly, startle_ t_)link responses were more_poten-
e tiated during trials when participants were about to receive the
noise than when participants learned at feedback that they would
ot receive noiséno-noise trialsp = .0001) or knew prior that
hey had no chance to receive the nofsafe trials,p = .000J.
. . . . S %Iso, a paired test comparing threat trials at the 9-s probe and at
matching and nonmatching reward trials during the anticipatonye e ghack probe for trials when they received the noise confirms

perlqd were expected. Pairadtests on thez—tran.sformed data hat the magnitude at the feedback probe was greater than at the 9-s
confirmed that reward outcome had no effect prior to feedback at)robe t(32) = 4.54,p = .0001. During the ITI, blink magnitude

both 2'3. and 9-s probe timet$31) = 1.57, n.s.1(30) = 1.58, n.s., was also differentiated by noise and no-noise trifl&2,58 =
respectively. Therefore, startle probes were collapissetraged 17.91,p < .0001, but in the opposite direction. Trials in which

across reward and nonreward trials for the 2-s and 9-s probe tImegubjects received the aversive noise showed significantly smaller

g

Mean Duration Entering digits (ms)
3 g

&

Reward Trials!

Participants did not know the outcome of a chance of money tria
until the feedback period. Therefore, no differences between th

1Analyses of the raw untransformed dé&taD units) showed the same
general effects and trends. At the prefeedback probe times, startle magni- 2Analyses of the raw data showed the same general effects. There was
tude was significantly largerteéd s than 2 s, regardless of condition, all no condition difference at the 2-s probe time. At the 9-s probe, the chance
ps < .01. At the 9-s probe, chance of money trials were significantly largerof noise trials produced significantly larger blink responses than 9-s safe
than no chance of money trialg,= .01. At the feedback probe, matching trials, p = .011. At the feedback probe, matching trials leading to the
trials showed the same trend of being smaller than nonmatching trials, budversive noise potentiated the startle response to a greater extent than the
it was not significantp = .31. At the ITI probe, matching trials produced no-noise and safe trials, bopls < .0001. At the ITI probe, blink magnitude
significantly smaller blinks than nonmatching= .023, or neutral trials,  was significantly smaller for trials when they received the noise compared
p = .057. to the other conditiongno-noise trialsp = .004; safe trialsp = .005.
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Figure 3. Standardizedz scorg eyeblink magnitude averaged for each probe time for each reward condition in Experiment 1. Error
bars represent standard error of the mean.

blink magnitudes as compared to either no-noise triats,.0001, the startle response was significantly potentiated compared to
or safe trialsp = .0001. trials when subjects knew they could not win. The size of the mean
response at the 9-s probe time was almost equivalent to the same
. . response during the threat conditions when subjects were possibly
Discussion . . . .

expecting an outcome of an aversive noise. One possible explana-
These data do not support the hypothesis that the anticipation of #on for finding larger startle responses to anticipation of a poten-
potential reward would suppress the startle eyeblink in humansal reward may be that the conditions of the study inadvertently
compared to anticipation of no reward. On the contrary, we foundgenerated negative affect. Participants spent significantly more

2
[0 Safe trials
M Threat-Noise trials
is OThreat-MoNoise trials
=
L] 1
2 -
s Bos
cc
5
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y PreFeedback PostFeedback
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Figure 4. Standardizedz scorg eyeblink magnitude averaged for each probe time for each threat condition in Experiment 1. Error
bars represent standard error of the mean.
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time entering their numbers when there was a chance of winning During the ITI period of the threat trials, the few trials when
money, suggesting that they may have been invested in the ousubjects did receive the aversive noise produced smaller startle
come of those trials. They always had the chance of winning a@links than either safe or no-noise trials. This effect may be an
relatively large reward$20 or $50. Combined with the uncer- artifact of the aversive noise itself. In two of the four startle probes
tainty of obtaining a matching set of digits, we may have createcadministered during the ITl, the aversive noise ran for 3 s, offset-
an anxiogenic situation facilitating the startle respoiisensu ting jug 1 s prior to the probe onset. The proximity in time of the
Grillon et al., 199]. This explanation will be examined in Exper- high intensity aversive noise may have affected the blink response
iments 2 and 3, in which subjects were given more informationitself (e.g., due to a refractory effgcAlso, this probe time had the
about their chances of receiving a reward in order to reduce thenost missing responses, due to evasive facial movemriergs
potential aversiveness of the anticipation. tensing up during the noise delivery. Alternatively, the decreased
The differential startle responsiveness at the 9-s probe timsize of the eyeblink could indicate a positive emotional state, such
between the chance of money and no chance of money trialas relief that the noise had stopped.
supports the alternative hypothesis that increased attention to one The lottery paradigm as a whole was successful in inhibiting
condition facilitated the response. Participants likely focused morehe startle response to a rewarding stimulbging told you won
attention on the chance of money trials. Several previous studiesioney and in facilitating the startle response to a threatening
involving anticipation of positively valenced stimuli have also stimulus(threat of an aversive noisa comparison to the relevant
found larger startle responses compared to ne(fiischke et al.  control conditions. However, the finding of larger startle responses
2002; Sabatinelli et al., 200lor when anticipating a positive while anticipating a potential reward prompted further investiga-
reaction time taskHamm & Vaitl, 1996; Lipp et al., 1994 For  tion. Questioning participants during debriefing highlighted the
example, Hamm and Vaitl found that during nonaversive condi-fact that participants may have been anxious about whether they
tioning, both CS- and CS- trials and ITI probes were potentiated would win during each chance of money trial. Also increasing their
when anticipating responding to a rewarded reaction time taskanxiety was the fact that they knew there was always a chance to
Whereas the two latter studies suggested that increased attentiovain a large amount$20 or $50. In a subsequent experiment,
demands facilitated the response, the former studies argued for afforts were taken to control for these potential sources of anxiety.
important role of anticipatory arousal. To remove some of the uncertainty in Experiment 1, participants in
Interestingly, after the participants learned that they received aubsequent experiments were provided information about the prob-
match (reward, we found the startle response was significantly ability that they would receive a match. Rewards were always the
smaller compared to when they did not receive a mamnre-  same amoun($1.00 per match instead of a wide-ranging variable
ward). This finding adds to the corpus of startle research showingamount($0.50—-$50to reduce the anxiety of knowing they may or
that inducing a positive experienc¢éke viewing positively va-  may not get a big win.
lenced stimuli can attenuate the startle eyeblink response in con-

trast to relevant comparison conditions. However, caution isEXPERIMENTS 2 AND 3: LEVEL OF EXPECTATION OF

yvarranted in interpreting this result, as rewarded trials did r?OtREWARD AEFECTS STARTLE RESPONSE MAGNITUDE
induce smaller startle responses than no chance of money trials.

The postgoal positive affective experience is thought to lack inpuParticipants performed a similar computerized lottery task to the
from approach processg®avidson, 1994 Thus, the present reward trials of Experiment 1 except that their expectations of win-
findings suggest that an approach component to positive affectivaing were manipulated. Three colors cued three possible probabil-
stimuli is unnecessary to induce startle suppression. ities (low [zera], medium, or high of winning a trial. Participants

At the 2-s probe time, magnitudes of eyeblink responsegeceived the color cues at the beginning of each trial after digits
were consistently small. Regardless of whether reward or threawere entered and their eyeblink startle response was measured at
trials, chance of money or no chance trials, the magnitude athe same four points: two probes during the anticipatory period and
this probe time remained consistently small. The most likelyone probe during feedback and the ITI periods. Participants learned
explanation is related to the fact that the numbers have justhe color—probability relationships before the trials commenced.
begun to spin and more attention is being paid to the stimuli as In this experiment, we expected the zero probability trials to be
part of an orienting response. This phenomenon occurred in alireated similarly as the no chance of money trial in Experiment 1,
experiments reported herein. The phenomenon of short lead iras the participants would know immediately upon being signaled
tervals producing inhibited blink responsgesg., Jennings et al., that they had no chance to win. The medium probability trials
1996; Vanman et al., 1996nay be playing a role here as well, matched the chance of money trials in Experiment 1; in both
even though time of the prob@ 9 is longer than traditional categories participants basically had a 50% chance of winning.
short leads. We, therefore, predicted that at the 9-s probe time, the medium

In the threat condition, as predicted, participants showed largeprobability trials would generate the most anxiety and the largest
eyeblink responses prior to discovering whether they would restartle response as compared to the low and high probability
ceive the aversive noise or not compared to safe trials. Evidenceials. For the high probability trials, we predicted that participants
for an anticipatory effect of the negative event was bolstered by thevould show reduced startle responses at the 9-s probe time be-
results from the feedback probe. When participants were probedause the uncertainty and anxiety of receiving a match should
after they learned that they would receive the noise, the startlelecrease, and confidence that they would receive a match should
response was significantly larger than even the startle response imicrease. An alternative hypothesis, based on the idea that the
the 9-s probe time. These results parallel previous data using thredifferent probabilities of matching would induce different levels of
of shock to induce fear-potentiated startle respo(Gedion etal.,  attentional resources directed at the stimuli, would predict medium
1991, 1993 Thus, for the threat condition, increased size of theand high probability trials to produce a greater focus of attention
startle response likely indicates increased anticipatory anxiety fothan low probability trials and thus facilitate the startle response to
the potential unpleasant noise blast. a greater extent.
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EXPERIMENT 2 mentally track the triajsand a questionnaire was given in which
they rated their confidence that each color led to a match. Only
Methods relatively accurate participants that paid attention to the color
o information throughout the experime(&.g., correctly reported the
Participants colors as very low, medium, and very high at the second estima-

Forty-six women and 13 mefaged 18-27 yeargparticipated in  tion) were analyzed statistically. Color meaning was counterbal-
the experiment. Some participants were dropped due to an insufinced across participants using three sets such that each color was
ficient number of startle respons¢$2) or due to not paying presented with each probability. There were no significant differ-
attention to the color—probability relationshig$l), leaving 36 gnces due to the color set.

participants(29 women, 7 men; mean age 21.4. Participants Startle probes were presented at the exact same times as in
were recruited by advertisement and word of mouth. Incentive forExperiment 1(2 s, 9 s, feedback probe, or ITI probie a coun-
participation was the knowledge that money would be won in theerbalanced order. The number of startle probes delivered was
experiment. All participants were told, “Most participants Win getermined by the demands of the winning percentage. For the 0%
more than $10.” Payment for participation was the money “won”color trials, six startle probes were delivered during each of the

(fixed at $36. four probe times. For the 45% color trials, seven startle probes
were delivered during each of the anticipatory prokes, 9 3
General Procedure divided into three or four probes for each of the trials that either led

As in Experiment 1, participants sat at a monitor, wearing headto a match or to a nonmatch. During the postfeedback probe times,
phones, with three electrodes in standard locations around the lefihere were five startle probes delivered during matching 45% color
eye and on the forehead. The first block of trials participantstrials, and six startle probes delivered during nonmatching 45%
received was a “learning block” in which participants played thecolor trials. For the 90% color trials that matched, five startle
lottery task to learn the color—probability associations withoutprobes were delivered during each of the four probe times. Finally,
receiving any monetary rewards. Participants also received ninghere were only four trials in which a subject did not receive a
startle probes to habituate the initial probes. Following this block,match during a 90% coldthe nonrewarding 10%Thus, the four
participants performed the task for money by entering digits to trystartle probes were delivered @ither the feedback or ITI probes

to obtain a match as in Experiment 1. Each trial with at least onesounterbalanced across participants.

digit matching won $1.00. At the end of each of the three blocks

of trials, participants were paid their winnings. All participants Self-Report Measures

matched on 36 trials of 85 trials in a counterbalanced order. At 2 Shortly after the final block of trialéwithin 2 min), for each color,
into the feedback period of a matching triaégardless of proba- participants rated1 = not at all, 7 = extremely Likert scale:
bility), participants were also provided auditory feedback; they“How did you feel while the numbers slowed down and you were
heard a 2-s pleasant noisan audience gently saying “ygato  about to find out if you got a match or not” on 11 descriptive
further reinforce positive affect. Startle probes were administere@motion words(amuseg angry, anxious aroused disappointed

at similar times as in Experiment 2 s or 9 safter the digits began  excited happy irritable, proud relieved sad). For each color,
spinning (prefeedback probgsor 1.75 s(feedback probeor 6 s participants also rated their “confidence that each color would lead
(ITI probe) after receiving feedback. At the end, participants filled to a match”(1-7 Likert scaleJow-high).

out questionnaires concerning their emotional response to the col-

ored trials. Apparatus
Control of presentation stimuli and the startle probes were the
Color-Coded Information same as in Experiment 1. The pleasant noise played during a

Unlike in Experiment 1, when a trial began in Experiment 2, matching trial was a 2-s clip of an audience gently saying “yea”
participants were not told if there was a chance to win money oiduring a performance. The noise was played as a .WAV file, 76—80
not. Instead the screen just asked them to “Enter Your LuckydB, with a slow rise time. The sound was from a commercially
Digits.” Upon entering the final digit commencing the bottom row available sound effects compact disc.

of digits “spinning” as before, a word showing the color naineel,

blue, yellow of the trial popped into center screen and remainedData Acquisition and Reduction

until feedback. Participants were told that each of the three color&EMG from the orbicularis oculi was collected and reduced using
indicated a different probability of receiving a match. Participantsidentical procedures as in Experiment 1. Approximately 14% of
experienced a 0%, 45%, and 90% chance of winning moneyeyeblink reflexes were excluded from further analyses due to
During the first block of the trial§learning block, participants excessive noise during a 50 ms, prestartle baseline péeiod,
were told to pay attention to the colors and report at the end of thélinks, unusually high amounts of integrated EMG during base-
block what the probability was for each color in an on-screenline) or because the onset of the integrated EMG eyeblink reflex
estimating task(The on-screen estimating task consisted of threebegan less than 20 ms after the startle probe. Eyeblink reflex
squares representing each color and participants were asked meagnitudes were-transformed within subjects and within block
“guess the probability that each color resulted in a match.” Paras before.

ticipants entered their estimates below each cofubjects were

randomly presented seven trials of each color, matching eitfier 0 Data Analysis

3/7, or §/7 times. The participants’ color—probability associations To test hypotheses that the startle blink will be affected by either
were further confirmed in two ways. The onscreen estimating taslexpecting or receiving a monetary reward, separate repeated mea-
was repeated after the final experimental bl¢pkrticipants were  sures ANOVAs were used for each probe time. All ANOVASs using
unaware of the second color—probability estimation at the end o& within-subjects factor used a Huynh—Feldt correction where
the experiment until it was presented to them to avoid attempts tappropriate(Huynh & Feldt, 1970. Participants had the 90%
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nonmatching startle probes at either the feedback or ITI probén a match. Confidence ratings welmean,=SD): 0% color= 1,
times but not both. Therefore, startle response for 90% nonmatch=0; 45% color= 3.89, +0.78; 90% color= 6.25, +0.55. The

ing probes were not included in the ANOVAs, but were comparedmean ratings for each color were significantly differéat2, 70 =

to 90% matching trials with pairettests at both feedback and ITI 862,p < .0001, indicating that, overall, participants paid attention
times. These paireitests only included about half the participants to color differences.

at each probe time. Analyses of the emotion ratings based on the color of the trial
suggested the probability of reward altered emotional stdies

ure 53. ANOVAs performed on each emotion rating resulted in
significantF values for all ratinggall F(2,50, ps < .0001; even
Manipulation Checks if a Bonferroni correction is made for the 11 tests: new .0045.

To ensure that participants were paying attention to the colors, thess would be expected for the 0% color, participants gave signif-
were asked to rate their “confidence” that each color would resulicantly higher ratings for being angry, disappointed, sad, and irri-

Results

A O0% color
W 45% color
8 [090% color

Mean Score (Range 1 - 7, Low - High)
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Figure 5. Mean score for emotion words in Experiment$”A) and 3(B) in response to the question: “How did you feel while the
numbers slowed down and you were about to find out if you got a match or not?” Error bars in A and B repretsmmiard error
of the mean.
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Figure 6. Standardizedz score eyeblink magnitude averaged for each probe time for each reward condition in Experiment 2. Error
bars represent standard error of the mean.

table,ps < .0001, than for the 45% or 90% colors. The 45% color color matching trialsp = .002. Further, a pairedl test found
garnered significantly higher ratings for anxious compared to thesignificantly smaller blink responses during 90% matching trials
0% color,p = .0001. The 90% color showed significantly higher than 90% nonmatching trial$(14) = 3.45,p = .004. However,
ratings for aroused, excited, happy, relieved, and prqsd< startle magnitude for 45% color matching trials did not differ from
.0015. Surprisingly, ratings for anxious did not differ statistically either 45% nonmatching or 0% color trialps > .18. As an
between the 45% color and 90% colpr= .071, and were both indication of the possible negative affect induced by not winning

significantly greater than for the 0% colqr,= .0004. a 90% color trial when participants likely expected to win, the 90%
nonmatching trials were compared to 0% chance to win and the
Startle Response: Prefeedback Perfd 45% nonmatching trials. No significant differences were found

At the 2-s probe time, no significant differences between different 90% nonmatching vs. 0%(15) = .58; 90% nonmatching vs. 45%

color probabilities were sedfFigure 8. And, contrary to what was ~nenmatchingt(14) = .40 )

expected, at the 9-s probe time no significant differentiation of  INterestingly, during the ITl, startle eyeblink responses were

blink magnitudes occurred based on the probability of receiving a9nificantly modulated depending on reward outcome regardless

reward,F < 1.0. of the probability of winning,F(3,87) = 13.03,p < .0001. Re-

warding trials for both the 45% and 90% colors were significantly

d d d to the 0% lpr< .0001,p = .0008

Startle Response: Postfeedback Period (see footnote 3) :Z S;g;w:@ (:nrgﬁz;ei r eos D egtiv eo ngﬂg\;\/ arding t I’iF;J s 0001’

Although the different probabilities of winning had little effect_ paired t-test, t(16) = 4.03, p = .0011. At the ITI probe that

during the anticipa_tory period, during the feed_back and ITI PeI" o ccurred 4.25 s later than the feedback probe, the 45% and 90%
ods, the startle blink response was differentiated based on th

probabilities of winning and on whether a match occurred or notgOIOred matching trials were no longer significantly different.
(Figure 6. At the feedback probe, the ANOVA comparing the four

outcomes(0%, 45% match, 45% no match, 90% matahas  Discussion

significant,F (3,81 = 8.09,p = .0002. Paired comparisons showed

that startle magnitude for the 90% color matching trials wasOverall, these data indicate a similar pattern to Experiment 1.

significantly smaller than the 0% colgp, < .0001, and the 45% Startle eyeblink responses were enhanced while participants an-
ticipated receiving feedback concerning a possible reward and
were smaller once they received a positive reward as compared to

3Analyses of the raw data showed the same general significant effect o . : : . £
At the prefeedback probe times, no significant differences for condition%Ot recelengb.llt.. _Moreovgr, preTer(Ijtlng pgrft;mpants Vélth three dif
were found. At the feedback probe, the 90% color matching trials showed€€Nt probabilities to win resulted in a differentiated response to

significantly smaller startle magnitude than Op6= .001, and 45% color ~ receiving a match{reward. During the feedback period, 1.75 s
matching trialsp = .024. The 90% matching trials were also smaller than after learning that they won, participants showed a smaller startle
o SI)IO% Ronn:\at%r;/mg tn&lg: .051 '422/9 45|% color t”a'hs_ Wer?qﬂargé%a"y response when it was a trial with the 90% color but not when it was
smaller than the 0% = .061, an % color nonmatching triajs= .08. 0 - .

At the ITI probe, both the 45% and 90% color matching trials producedthe 45/0_ °9'°r; Contrary to our pl‘edICtlonOS, howevg,\r, no reliable
significantly smaller blinks than 0%, bogn< .0001, and their respective  differentiation in response between the 45% and 90% color match-

nonmatching trial$45%: p < .0001, 90%p = .04). ing trials was seen at either the 2-s, 9-s, or ITI probe times. Those
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trials only differed at the feedback probe when the participants firssaliency of the matches with the knowledge of the probabilities of

discover the outcome of a trial. At the 9-s probe time, the 0%winning.

colored trials produced startle responses that were no different

from the other trials in which there was a chance to win money.

With no differences at the 9-s probe time, differential attention toEXPERIMENT 3

the task did not seem to affect the startle response, and our

prediction concerning increased attention was not supported.  Experiment 3 was conducted to test the prediction that by remov-
At the pregoal 9-s probe time, not only was there a lack ofing any source of uncertainty or anxiety, the size of the startle

differentiation in startle response, but the 90% colored trials actutesponse at the 9-s probe time would be reduced by pregoal reward

ally tended to show the largest potentiation, in relation to otheras compared to trials with some level of uncertainty. Thus, par-

probes, of the three conditions. This finding is similar to the resultsticipants received three different probabilities of reward as before,

of Hamm and Vaitl(1996, who found increased facilitation of €xcept that a 100% colored trial replaced the 90% colored trial.

startle magnitude while subjects were anticipating eithet-@8  Upon seeing the 100% color, participants should realize that they

CS- conditions during the acquisition period in a nonaversivewere going to match on the trial and no feelings of uncertainty

learning paradigm. One factor that may play a role is some form ofvould alter their emotional state in a negative direction on those

anticipatory arousal. High arousal stimuli produced potentiatedrials.

blink responses in two recent studiéllitschke et al., 2002;

Sabatinelli et al., 2001which suggests arousal related to antici- General Procedure

pation, as in Hamm and Vaitl, is a possible candidate explanatiomrocedures were identical to Experiment 2 except the probabilities
here. Analysis of the self-report scales revealed that the 90% winning were changed to 0%, 45%, and 100%. All participants
colored trials produced a significant amount of arousal and anxietynatched on 36 trials of 81 trials in a counterbalanced order.

in the participants as the spinning digits slow&tgure 5a. It may

be the case that the small amount of uncertainty and subsequeﬁt

. . articipants
anxiety produced by knowing there was a 10% chance of no - .
winning was enough to influence the participants’ arousal level ourteen women and 13 méaged 18-29 yearparticipated in

and their startle response. In Experiment 3, all uncertainty wa%".3 e>t<per|nl1)ent. fsotmil participants wer(;a dr?ppe? due_ 0 aln insuf-

removed by presenting participants with a set of colored trials thal icient number ot startie resp_o_nse@ or due fo not paying close

removes all doubt about their chances of winning. attention to the color—probability relationshif® or due to tech-
The feedback information was identical when par'[icipantsnlcal problems(1) leaving 19 participants11 women, 8 men;

received a match and won money, and thus, placed no differer’ €1 9= 20.5. Particip_ants were _rt_acru_ited by advertisement
tial demands on attention directed at the screen. Therefore, th nd word of mouth. Incentive for participation was the knowledge

different pattern of suppression of the startle response betwee at rI]oney qulq be won in the expenmen’t’. All participants were
the 45% and 90% color matching trials at the feedback probéc’ld.' Most part|C|pants‘)N|n more than $10.” Payment for partici-
time can be explained by the different expectations of the parpatIon was the money “won(fixed at $39.

ticipants. During the anticipatory period, participants when pre-

sented with the 90% color had 10 s to think about their highColor-Coded Information

likelihood of receiving a match. Thus, they were likely “primed” The design of the experiment was identical to Experiment 2 except
to expect to win during the 90% trials. During the 45% trials, that participants experienced a 0%, 45%, and 100% chance of
when participants were confronted with greater uncertainty, theravinning money. During the learning block, participants were pre-
was probably little priming that a reward was imminent. This sented with seven trials of each color, matching eith&r, G/7, or

case is similar to the reward condition in Experiment 1, when7/7 times.

there was little differentiation at the feedback probe. The 90% Startle probes were presented at the exact same times as in the
matching trials produced startle responses that were smaller thgirevious experiment& s, 9 s, feedback probe, or ITI protie a

90% nonmatching trials. This effect could be due to largercounterbalanced order. The amount of startle probes delivered was
responses in the nonmatching trials from the negative feelingexactly the same as in Experiment 2, except the four 90% color
induced when participants did not win when they expected tofrials in which participants did not receive a match were dropped.
However, the 90% nonmatching trials were no different from

either 0% trials or from 45% nonmatching trials, suggesting thatSeIf-Report

any negative affect generated from not winning was no differentrhe same self-report measures were administered as in Experi-
from the other nonmatching trials. ment 2.

During the ITI, the screen was completely blank so that no
differences in attention likely occurred. Yet, at the ITI probe time
that occurred 4.25 s after the feedback probe time, both rewardin
schedules resulted in smaller startle responses compared to the
colored trials or their respective trials in which they did not win.
This pattern may be due to the lingering effects of the time cours
of the positive affect generated by receiving a reward. Specifically,
for the 45% colored trials, it may take longer than 1.75 s for the
full registration that a winning trial was received if participants
were not necessarily expecting to receive a match. One reason whyata Analysis
this differentiation of the eyeblink response was more robust inAnalyses identical to Experiment 2 were performed. Between-
Experiment 2 than in Experiment 1 could be due to increasedubjectt tests were used to compare confidence ratings and emo-

ata Acquisition and Reduction

%ocedures for acquiring and reducing the data were identical to
Experiment 2. Approximately 11% of eyeblink reflexes were ex-
&Iuded from further analyses due to excessive noise during the
baseline period or because the onset of the integrated EMG eye-
blink reflex began early.
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Figure 7. Standardizedz score eyeblink magnitude averaged for each probe time for each reward condition in Experiment 3. Error
bars represent standard error of the mean.

tion ratings for the 90% and 100% colored trials and eyeblinkStartle Response: Prefeedback Pertbd
magnitude between Experiments 2 and 3. As in Experiment 2, no differences in startle blink magnitude based
on color probability were detected at the 2-s probe tifes 1.0
(Figure 7. Again, similar to Experiment 2, an ANOVA for startle
blink magnitude at the 9-s probe time revealed no significant dif-
Manipulation Checks ferences based on color probabilif(2,36) = 1.43,p = .25. The
Confidence ratings wer@mean,+SD): 0% color= 1, +=0; 45% lack of a main effect for condition at the 9-s probe time is surprising
color = 3.37, +£1.01; 100% color= 6.84, +0.69. The mean considering the significant decrease in the ratings for anxious com-
ratings for each color were significantly differef(2,36) = 234, pared to Experiment 2 and the use of the 100% probability. Subjects
p < .0001, bolstering the claim that, overall, participants paidknew when the color first appeared that they would receive a re-
attention to the different color probabilities. Comparing the con-ward that trial. Between-group comparisons across Experiments 2
fidence ratings between the 90% cold@xperiment 2 and the  and 3 were made with the 0% color trials, the 90% color trials, and
100% color revealed that the mean rating for confidence thathe 100% color trials for startle blink magnitude at the 9-s probe
participants would receive a match significantly increased whenime. Although thez scores for startle blink magnitude were com-
the 100% color was useti43) = 3.41,p = .0014. paratively smaller in Experiment 3 as in Experiment 2 for both the
As in Experiment 2, analyses of the emotion ratings based% and 100% color trials, only the reduction in the magnitude for
on the color of the trial suggested the probability of rewardthe 0% color was significan0% color:t(52) = 2.06,p = .044;
altered emotional states. The pattern of significant effects wad00% color:t(52) = 1.39,p = .17).
identical to Experiment Zwith the same Bonferroni correctipn
with only two notable exceptionscompare Figure 5a to 3b  gtartle Response: Postfeedback Period (see footnote 4)
For ratings of anxious, the 45% color was significantly greaterGenerally replicating Experiment 2, at the feedback probe time,
than both the 0% and 100% cologss < .0008, whereas ratings  the probabilities of receiving a reward marginally affected the
for the 100% color were low and statistically equal to that of
the 0% color,p > .05. Ratings for aroused for both the 45%
and 100% colors were significantly greater than for the 0% 4Analyses of the raw data showed the same general significant effects.

_ ; ; ; At the 9-s prefeedback probe time, a marginally significant effect for
color, ps = .0015, but unlike in Experiment 2, were equal to condition was found: the 0% color trials showed smaller blinks than the

each otherp > .05. Ratings for the categories of anxious an(.1.45%,p= .054, and 100% = .06, matching trials. At the feedback probe,
aroused across experiments were compared when the probabilifiye 100% color matching trials showed marginally smaller startle magni-
of the color was altered from 90% to 100%. Ratings of anxioustude than 0%p = .06, and 45% color matching trialp,= .14. The 45%

were significantly reduced when the color had a 100% probabil-matChi”g trials were not different from other conditions. At the ITI probe,
both the 45% and 100% color matching trials produced significantly

ity as compared to a 90% probabilitt00% mea”*is'? 2.63, smaller blinks than 0%p = .016,p = .007, respectively, and the 45%
+£2.04; 90%: 3.94£1.86;t(57) = 2.57,p = .013. Ratings for  matching trials produced significantly smaller blinks than the 45% non-

aroused did not differ by probabilityy > .05. matching trialsp = .005.

Results
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startle blink responsé&;(3,48 = 2.60,p = .063(Figure 7). Paired  ing that one has received a rewdmbstgoa), that same acoustic
comparisons showed that the 100% color had significantly smalleprobe produced a smaller response that was modulated by the
startle blink magnitude compared to either the 0% color triats,  expectation of receiving that reward. Reward trials with higher
.032, or the 45% matching trialg,= .015. Blink magnitude for the initial expectations of matching produced blinks that were smaller
45% color when matching did not differ from either 45% non- than trials with no rewards either due to not matching or when
matching or 0% color trialsps > .05. there were no expectations to receive a reward. When it was
The startle responses during the ITI indicated an identicalifficult to predict the reward outcome, the results were variable
pattern for the 100% color as found previously for the 90% color.immediately following reward feedback information, but showed a
Startle blink responses were significantly modulated depending osimilar pattern to trials with higher reward expectations seconds
reward outcomef(3,51) = 6.24,p = .002. Both the 45% color later.
matching trials and the 100% color were significantly suppressed This pattern of findings ran counter to predictions that approach-
compared to the 0% color trialp,= .005,p = .003, respectively. related positive affeanamely, pregoal attainment positive affect
Additionally, the 45% color matching trials were significantly would generate strong inhibitory effects on the startle response.
reduced compared to the nonmatching trigdls< .003. Startle Instead, we found the stronger effects of postgoal attainment pos-
responses to the 45% and 100% colored trials were equivalent. itive affect in suppressing the startle response compared to trials
that did not induce positive affect. This type of positive affect
likely does not reflect the activity of an approach system in the
brain (Davidson, 1994, 1998 but rather is tied to processes
Altering the probability of receiving a reward from 90% to 100% associated with consummatory responses.
had the desired effect of reduced ratings of anxiety and arousal and In previous studies to test for reward-attenuated startle respon-
increased the confidence that a match would be obtained and siveness, Koch and colleagu@soch et al., 1996; Schmid et al.,
monetary reward received. Although, relative to other probes, thd995 found that startling a rat when it was presented with a
magnitude of the startle response at the 9-s probe time decreaseeliable signal for desirable food suppressed the whole-body startle
using a 100% probability color versus a 90% probability color, theresponse. These rodent studies can be directly compared to Exper-
difference was not reliable. Thus, the level of reward expectatioriment 3, in which participants were provided with a reliable signal
had little effect at the moment when anticipation was at its pregoal100% coloj indicating they would receive a desirable object
attainment peakd-s probé. Based on the hypothesis that attention ($1.00. However, when presented with a reward signal, the human
may be directed at trials with different consequene@es medium,  eyeblink startle response was potentiated, not attenuated relative to
or high chance to windifferently, the prediction that differences the comparison conditions. This discrepancy is unlikely to be due
would be found between the 45% and 100% color trials and 0%o differences in response measuresole-body vs. eyeblink
trials in startle responsivity was also not supported in this sampleUltimately, these findings may be influenced by the nature of the
The data during the postfeedback period were consistent witlanticipation itself, potentially overriding the effects of induced
Experiment 2: At the feedback probe, relatively smaller startlepositive affect.
eyeblinks were found only for the high probability cold00% Studies that have used warning signals to indicate the valence
and not the middle probability coldd5%). At the ITI probe, the  of an upcoming stimulus have shown similar effects. Putnam and
data revealed the same exact pattern as in Experiment 2. Sianman(1999 suggested that for long lead stimuli, the attention
seconds following the presentation of the reward information,or orienting processes during anticipation of an event contributes
smaller startle eyeblink magnitudes were found during matchingdo facilitating a potentiated startle response. Hamm and {886
(winning) trials versus nonmatching trials, suggesting again thatlso found potentiation in anticipation of both potential reward and
positive affect generated by receiving the reward has a lasting timaonreward trials. If similar attentional processes were induced in
course, in the range of seconds. The results also confirm théhe current lottery paradigm, the pattern of potentiated eyeblink
finding from Experiment 2 that matching on a 45% trial seems tomagnitude during anticipation at the 9-s probe time may be ex-
take longer to influence the magnitude of the startle response thaplained. A recent study in this laboratory used warning signals to
high probability trials when participants may be primed to expectalert participants to the valence of upcoming affectively valenced
a reward. slides. Startle probes presented during the stimuli that warned of
Given that differentiation between positive- and negative-positively valenced pictures also showed larger startle eyeblink
valenced pictures has been found during very short lead intervalesponses than during warning of neutrally valenced pictures
(<500 ms; Codispoti et al., 2001; Vanman et al., 1996 is (Nitschke et al., 2002; see also Sabatinelli et al., 200ese data
surprising that no differentiation occurred at the 2-s probe timewere comparable to the 100% colored trials in Experiment 3 and
When the digits began to spin, the color word appeared and if thenay result from a similar process.
color represented 100%r 0%), the participants knew immedi- Lipp et al. (1997 suggested attention to a signal indicating a
ately that they would win another rewafor nop. By the time of ~ chance to win money may induce arousal. The Sabatinelli and
the probe, participants had known for 2,000 ms that they had womitschke studies also found evidence for an arousal effect such that
the trial or had no chance to win, yet no differences were foundpictures rated highest on arousal, regardless of valence, produced
larger startle blinks than low arousal stimuli. Sabatinelli et al.
(2001 suggested that large startle responses found during the
anticipation of viewing erotidpositivel stimuli were due to the
Two patterns of response to receiving a reward emerged in tharousing quality of the stimuli. However, reports showing in-
present paradigm. At the peak of an anticipatory period, when onereases in arousal level increasing the suppressive effects of pos-
was about to learn the outcome of a potential reward {paé- itive stimuli (Cuthbert et al., 1996; Koukounas & Over, 20Ghd
goal, an acoustic probe producing a startle response induced largbe present data suggest a simple analysis of arousal may be
eyeblink responses regardless of condition. In contrast, after learnradequate to understand this phenomenon. The 9-s probe comes at

Discussion

General Discussion
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a point when one might expect the maximal anticipatory arousalabout the effects of matching versus mismatching stimulus and
This arousal may result from the integration of feelings of excite-startle probe modalities on startle response and on task demand
ment(i.e., being excited at the prospect of receiving the rewardeffects. For example, Lipp et al. only found strong differences
especially in high-probability triaJs uncertainty, and anxiety of between visual and auditory stimuli affecting startle responses
the possibility of not winning the reward. Concurring with this using reaction time task&000, not with discrimination tasks
notion, when the 90% probability colored trials were switched to(1997, 1998. Thus, the role of modality modulating these effects
100% colored trials, ratings for arousal decreased such that theg complicated by other aspects of the experimental tasks, such as
were no longer significantly greater than ratings for the 45%the motor preparedness necessary during reaction time tasks. Tra-
colored trials. Yet in both Experiments 2 and 3, participants con-ditional attention theories suggested that startle magnitude is fa-
sistently rated exciting the highest for both high probability col- cilitated when subjects attend to the modality in which the startle-
ored trials and showed potentiated startle responses. Thus, loweliciting stimulus is presented but is inhibited when attending to a
ratings of arousal did not correspond to suppressed startle rafifferent modality. Recent studies by Filion, Dawson, and Schell
sponses during the anticipatory period. Previous studies examinind 993, Lipp et al. (1994, 1997, 1998, 2000 and work with
startle responses with participants passively viewing stimuli mayemotion modulated starti@Bradley et al., 199Phave shown that

not have generated the type of arousal produced by anticipation ahodality effects can be modified or overshadowed by different
a desired reward. attentional and affective influences.

A novel finding from this study is the effect of receiving a In this set of experiments, startle responses were modulated by
winning match on postfeedback period startle responses. Althougbeveral different sources. Receiving a matching trial resulting in
a previous study(Spence & Cook, 1993found no effects of winning a monetary reward decreased the startle response presum-
reward feedback in a reaction time task, we found startle blinksably by changes in concomitant emotions. While participants an-
were smaller on reward trials than nonreward trials, especiallyticipated receiving feedback, attentional effects related to anticipatory
when the participants had knowledge of the likelihood of obtainingarousal likely facilitated startle responses regardless of the emo-
a reward. Three seconds after the offset of feedback about the triibns invoked. When the aversive noise was delivered in a match-
outcome, differential blink responses, based on reward outcoméng threat trial, anticipatory anxiety likely facilitated startle responses
were still evident. Although it is possible that the different condi- once participants were told the aversive event was imminent.
tions invoked different amounts of attention directed at the stimuliAlthough these three mechanisms all impacted the startle response
on-screen, there are several lines of evidence that suggest that for different ways and have different underlying neurocircuitries,
this particular effect, attention is not likely to play a strong role. they all have in common connections to brainstem nusleeécif-
Recent studies by Lipp et a11997, 1998, 2000have shown that ically, the caudal pontine reticular nucleus; Koch, 19@ven the
attention directed to a task-relevant stimulus facilitates startlevariability across studies in the approach to assessing affective
magnitude compared to a task-irrelevant stimulus. If trials with anmodulation of the startle response, the current data suggest that
increased opportunity for reward garner greater attention, we wouldtartle responsivity may not be an appropriate blanket measure of
expect them to produce larger blink responses rather than smallaall types of affect(Lang, 1995; Lipp et al., 1997; Putnam &
Startle probes delivered during the ITI come several seconds afté&fanman, 1999
the screen has gone blank. Attention to visual feedback informa- In sum, this lottery paradigm successfully showed eyeblink
tion ended and we find strong differences between rewarded anstartle response differences to winning and not winning a reward
nonrewarded trials. Finally, several studies have found either &amoney and a potentiation of eyeblink startle to the threat of a
shift over time in the effects of attentional and affective cues, withnegative eventlaversive noise blast In the former case, the
attentional effects occurring earlier and affect showing influencegpostgoal rather than pregoal attainment of a reward likely caused
later (Bradley et al., 1999 or have found that startle eyeblink the attenuation of the startle eyeblink responses. It may be that any
inhibition occurs at short lead intervals and startle facilitation atanticipation facilitates the startle response regardless of the affec-
long lead intervalgJennings et al., 1996The former effect fits  tive valence of the organism at the time. The physiological mech-
well with our findings, but the latter effect does not. We did not anisms of this anticipation effect have yet to be elucidated. Further
find facilitation at longer lead times with the rewardghe likely studies are needed using positively valenced stimuli to address
attended tptrials, but smaller blink sizes. how positive affect influences neurophysiology and to adequately

The sensory modalities of the stimuli and the startle probe useg@lace the present study involving reward in the appropriate con-
have been proposed to be an important factor modulating startleext. The startle response is but one measure that seems to differ-
responsivenesHackley, 1999; Lipp et al. 2000; Putnam & Van- entiate positive and negative emotions, but more studies are required
man, 1999. However, there are inconsistencies in the literatureto better understand this differentiation.
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