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bstract

Only hundreds of milliseconds after an incoming stimulus is perceived, we make an evaluation of whether it is good or bad. This evaluation
eems to occur automatically and can significantly influence behavior. According to several functional imaging studies, the amygdala, which is
ocalized in the temporal lobes of the brain, is an important structure for the automatic processing of affective stimuli. To investigate how critical a
ole the amygdala plays in this process, we had 20 participants with unilateral resection of the temporal lobe and 20 controls perform an affective
riming task. Both controls and patients demonstrated shorter response latencies on trials where prime and target had the same valence than on

rials where prime and target had the opposite valence. This finding is generally known as the affective priming effect and is considered to reflect
utomatic stimulus evaluation. More specifically, it is assumed that the valence of the prime stimulus is activated automatically and exerts an
nfluence on the speed by which the target stimulus is evaluated. Given that the affective priming effect is equally large in both groups, our results
uggest that the automatic processing of stimulus valence is intact in participants who sustained unilateral resection of the temporal lobe.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

Theorists working in diverse domains of psychology assume
hat humans are equipped with a biological mechanism that
utomatically evaluates all incoming stimuli as being good or
ad (Zajonc, 1980). Both lesion and neuroimaging studies have
llustrated that the amygdala, a little area localized in the tempo-
al lobes of the brain, plays a key role in the affective processing
f stimuli (e.g., Adolphs, Baron-Cohen, & Tranel, 2002). Based
n several animal studies, LeDoux (2000) has proposed that the
mygdala receives visual input from the thalamus via two main
athways: a subcortical pathway that allows for rapid, but crude
nformation processing, and a cortical route that conveys a more

etailed analysis of the visual input. In humans, evidence for the
ubcortical route comes from functional imaging studies, which
ave confirmed that the amygdala is involved in the automatic
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rocess of evaluation. In a study conducted by Whalen et al.
1998), for example, the amygdala showed greater activity
uring the subliminal presentation of fearful faces than during
he presentation of happy faces. In addition, Phelps et al. (2000)
ound that two indirect measures of racial attitudes (i.e., the
mplicit Association Test and the potentiated startle) correlated
ith amygdala activity, whereas a direct expression of racial

ttitudes (i.e., the Modern Racism Scale) did not. Although
hese imaging data suggest that the amygdala is involved in
he quick and crude processing of affectively charged stimuli,
esion studies are required to indicate whether the amygdala is
lso necessary for this process.

To date, only two human lesion studies have investigated
hether the amygdala plays a crucial role in the automatic
rocessing of affective stimuli. In an experiment with unilat-
rally amygdala-damaged participants (Kubota et al., 2000),

reater electrodermal activity (EDA) was observed for nega-
ive slides than for neutral ones when slides were presented
ubliminally to the intact hemisphere. When the slides were pre-
ented subliminally to the damaged hemisphere the difference

mailto:Evelien.Coppens@psy.kuleuven.be
dx.doi.org/10.1016/j.neuropsychologia.2006.07.004
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within-subjects variable.

The main effects of group, F(1,38) = 7.40, p < 0.05, and
affective congruence, F(1,38) = 21.24, p < 0.001, reached sig-
32 E. Coppens et al. / Neurop

n EDA between negative and neutral slides disappeared. In a
upraliminal condition, no such interaction between hemisphere
nd emotional valence was observed. This finding suggests
hat unilateral damage to the amygdala has crucial impact on
he processing of subliminally presented emotional slides and
ence confirms that this temporal lobe area plays an impor-
ant role in the automatic processing of affective stimuli. In

second lesion study, a patient with bilateral damage to the
mygdala and a control group were given an indirect measure
f racial attitudes (i.e., the Implicit Association Test) (Phelps,
annistraci, & Cunningham, 2003). Like the control group, the
ilaterally amygdala-damaged patient demonstrated a negative
valuation towards Black faces. Thus, although a previously con-
ucted imaging study clearly demonstrated that the amygdala is
nvolved in the indirect expression of racial bias (Phelps et al.,
000), it did not appear critical for this process.

In order to further investigate how crucial a role the amyg-
ala plays in the automatic evaluation of emotional stimuli, 20
atients who sustained unilateral resection of the temporal lobe
nd 20 controls were asked to perform an affective priming
ask. Affective priming refers to the observation that the eval-
ation of a positive or negative target stimulus proceeds faster
hen it is preceded by a prime stimulus with the same valence

positive–positive or negative–negative: congruent pairs) than
y a prime with the opposite valence (positive–negative or
egative–positive: incongruent pairs) (Klauer & Musch, 2003).
hus, although the task requires no judgments regarding the
rime, its valence interferes with the speed by which the target
s evaluated. Therefore, the effect is assumed to be based on
valuations of the primes that are triggered automatically upon
erceiving them. In line with this, affective priming effects have
een found when the time between the onset of the prime and the
nset of the target was only 300 ms, and even with subliminal
rime presentation (for a review, see Klauer & Musch, 2003).
herefore, the affective priming task seems a valid instrument to
ssess whether the amygdala is necessary for automatic stimulus
valuation. Accordingly, the size of the affective priming effect
btained in both test groups will be compared; and a reduced
ffect is expected in the patient group if the amygdala is crucial
or the automatic processing of affective stimuli.

. Method

.1. Participants

The study included 20 patients who had undergone a standard unilateral ante-
ior temporal lobectomy (at the University Hospital Gasthuisberg in Leuven) for
he relief of intractable mesial temporal lobe epilepsy associated with unilateral
ippocampal sclerosis (Van Paesschen, 2004) (10 left, 10 right). The medial
esection of the anterior temporal lobe included the amygdala and 3.5 cm of the
nterior part of the hippocampus. Postoperative, all patients underwent an MRI
f the brain to confirm that the amygdala was removed. In addition, pathologi-
al assessment of the resected brain tissue revealed the presence of hippocampal
clerosis in all patients. Since their operation, all patients were rendered seizure

ree for at least 2 years prior to the present study. The experiment was approved
y the Research and Ethics Committee of the University of Leuven and all
articipants gave written informed consent. Twenty normal participants that
ere recruited in a supermarket and matched to our lesion group with respect

o age formed the control group. An ANOVA revealed no difference in age
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etween the lesion (M = 45, S.D. = 6) and the control group (M = 42, S.D. = 13),
(1,38) < 1.

.2. Materials

Eight prime pictures (four positive, four negative) and eight target pic-
ures (four positive, four negative) were selected from a list of emotional
lides constructed by Spruyt, Hermans, De Houwer, and Eelen (2002).
he pictures depicted a variety of affectively polarized topics (mutilated
umans, explosions, kittens, rainbows, etc.). In a norming study, the posi-
ive primes were rated more positive (M = 2.68, S.D. = 0.39) than the negative
rimes (M = −2.65, S.D. = 0.28), t(6) = 22.65, p < 0.001, and the positive tar-
ets (M = 2.72, S.D. = 0.38) were evaluated significantly more positive than the
egative targets (M = −3.31, S.D. = 0.45), t(6) = 21.38, p < 0.001 (Spruyt et al.,
002). All pictures were presented 512 pixels wide and 384 pixels high against
he white background of a 17 inch computer monitor (85 Hz, screen resolution
00 × 600 pixels). Stimulus presentation and response registration were con-
rolled by Affect 3.0 software (Hermans, Clarysse, Baeyens, & Spruyt, 2001)
unning on a DELL Pentium II 300 MHz pc.

.3. Procedure

Each trial started with the 500 ms presentation of a fixation cross in the center
f the screen, followed by a prime for 250 ms. The target followed the offset
f the prime stimulus with an inter-stimulus interval of 50 ms, resulting in a
timulus onset asynchrony of 300 ms. The target stimulus stayed on screen until
he participant gave a response or 2200 ms elapsed. Participants were instructed
o attend to the target stimulus only and to judge its affective connotation as
ast and accurately as possible by pressing one of two keys. For half of the
articipants, the left key had to be pressed for positive targets and the right key
or negative targets, while for the other stimulus-response mapping was reversed.

Lesion patients were tested individually in a lab room, while controls were
ested individually in a quiet room of a supermarket. Prior to the experimental
rials, 16 practice trials were presented, which consisted of different prime and
arget pictures than the ones used in the actual experiment. During the experi-

ental phase, all 64 possible combinations of the 8 prime and 8 target pictures
ere administered twice, in random order. The 128 experimental trials were

ubdivided in four blocks, each consisting of 32 trials. The number of congruent
nd incongruent pairs was equal in each block and two successive trials could
ot contain the same prime or target stimulus.

. Results

Incorrect responses (4.71%) and responses outside the
esponse deadline (2.89%) were excluded from the analyses.
n order to reduce the impact of outliers, response latencies that
eviated more than 2.5 standard deviations from the participant’s
onditional mean latency were discarded (2.68%) as well. An
ccuracy analysis demonstrated that the amount of errors made
y the lesion group did not differ significantly from those made
y the control group, F(1,38) = 2.54, p = 0.119.

A 2 × 2 repeated measures ANOVA was executed on the
ean response latencies of the 40 participants, using group

lesion versus control) as a between-subjects variable and affec-
ive congruence (congruent versus incongruent trials) as a

1

ificance. The lesion group (M = 616 ms, S.D. = 18 ms) was sig-

1 Additional analyses conducted on the accuracy data led to similar results as
hose conducted on the response latencies.
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Table 1
Mean response latencies and standard deviations in ms as a function of affective
congruence, for the control group and the two lesion groups

Group Affective congruence APEa

Congruent Incongruent

Control 538 (18) 557 (18) 19
Lesion 599 (18) 633 (18) 34
Lesion left 596 (24) 634 (25) 38
Lesion right 602 (24) 632 (25) 30
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a APE: affective priming effect = mean response latency on incongruent tri-
ls − mean response latency on congruent trials.

ificantly slower on the priming task than the control group
M = 547 ms, S.D. = 18 ms) and response latencies were shorter
or congruent trials (M = 569 ms, S.D. = 13 ms) than for incon-
ruent trials (M = 594 ms, S.D. = 13 ms).

The lack of interaction between group and affective congru-
nce, F(1,38) = 1.75, p = 0.194, indicates that the size of the
ffective priming effect was not statistically different in both
roups (see Table 1). Planned comparisons further confirmed
hat the affective priming effect was significant in the control
roup, F(1,38) = 5.40, p < 0.05, as well as in the lesion group,
(1,38) = 17.59, p < 0.01.

Finally, a second 2 × 2 repeated measures ANOVA was car-
ied out on the mean response latencies of the 20 patients, using
esion side (left versus right) as a between-subjects variable and
ffective congruence (congruent versus incongruent trials) as a
ithin-subjects variable. With this second analysis we wanted

o examine whether there was any difference between partic-
pants with left and right resection of the anterior temporal
obe. Results demonstrated a main effect of affective congru-
nce, F(1,18) = 9.77, p < 0.01, which did not interact with lesion
ide, F(1,18) < 1 (see Table 1).

. Discussion

To investigate whether the amygdala is critical for the auto-
atic evaluation of emotional stimuli, 20 unilaterally amygdala-

amaged patients and 20 control participants performed an affec-
ive priming task. The results demonstrated that both the patient
roup and the control group exhibited a significant affective
riming effect. Moreover, the size of the affective priming effect
btained in the lesion group did not differ significantly from the
ize of the effect obtained in the control group. This indicates that
n both groups, the evaluative judgment of the target was influ-
nced by the valence of the preceding prime stimulus to the same
xtent. These results suggest that our lesion group, just like the
ontrol group, processed the valence of the primes automatically.
hus, unilateral damage to the amygdala is apparently insuffi-
ient to impair the automatic evaluation of affectively charged
timuli as measured with the affective priming task.

Although unilateral resection of the temporal lobe did not

educe the size of the affective priming effect in our study,
ther studies demonstrated that it does impair fear condition-
ng (LaBar, LeDoux, Spencer, & Phelps, 1995) and evaluative
onditioning (Johnsrude, Owen, White, Zhao, & Bohbot, 2000).

e
2
d
e
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his suggests that the amygdala plays a more crucial role in con-
itioning than in automatic stimulus evaluation. Interestingly,
uch reasoning coincides with the proposal of Kesner (1992)
hat the amygdala is more involved with the encoding of new
ffective information than with the processing of information
hat is already affect-laden.

The lack of deficit in affective priming following unilat-
ral amygdala damage does however not rule out a role for
he amygdala in the automatic processing of emotional primes.
or example, an automatic racial bias study with a bilater-
lly amygdala-damaged patient revealed no observable effect
f lesion on the Implicit Association Test (Phelps et al., 2003),
lthough a previously conducted imaging study (Phelps et al.,
000) clearly demonstrated amygdala involvement in perform-
ng the same task.

It cannot be excluded that compensation by the intact con-
ralateral amygdala or cortical regions influenced our results and
liminated any observable effect of lesion. The epilepsy popula-
ion used in the current study might be especially likely to exhibit
ompensation by other brain areas. Due to the long term epilepsy,
t is possible that the affected amygdala never functioned nor-

ally, which could have elicited compensation by other brain
egions even prior to amygdala resection. The longer response
atencies of the patient group compared to the control group may
oint to such compensation.

Compensatory cortical areas which may have been involved
n the automatic processing of the evaluative primes during the
ffective priming task are possibly located in the prefrontal
ortex. A recent imaging study conducted by Cunningham,
ohnson, Gatenby, Gore, and Banaji (2003), for example,
emonstrated that besides the amygdala, an area of the right
nferior frontal cortex appeared to be involved in the automatic
valuation of stimuli. In addition, Kawasaki et al. (2001) showed
hat in the ventromedial and ventrolateral prefrontal cortex, the
alence of a stimulus is detected within 160 ms, a speed that
uggests automatic evaluative processing.

For future studies with unilaterally amygdala-damaged
atients, a unilateral and subliminal presentation mode would
e particularly interesting. This way, compensation by the intact
mygdala or by cortical areas can possibly be ruled out. A similar
resentation mode was used in a study carried out by Kubota et
l. (2000), who demonstrated clear effects of unilateral amyg-
ala damage. For slides that were presented subliminally and
nilaterally to the intact hemisphere, a difference in electroder-
al activity (EDA) was observed between negative and neutral

ictures. This difference in EDA disappeared when the slides
ere subliminally presented to the damaged hemisphere. Thus,
sing this exposure mode in the future might result in observable
ffects of amygdala lesion.

In conclusion, several functional imaging studies demon-
trated that the amygdala is involved in the automatic processing
f affective stimuli (Whalen et al., 1998), offering support for the
ubcortical route hypothesis that the amygdala might respond to

arly and crude representations of affective stimuli (LeDoux,
000). According to the present findings, however, the amyg-
ala does not appear to be critical for the automatic processing of
motional prime stimuli, as measured with the affective priming
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ask. Although the amygdala is normally involved in automatic
timulus evaluation, in the present study an observable effect
f lesion was presumably eliminated by compensation of other
rain regions.
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