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Abstract Emotional interference on behavior is com-

monly observed when task-irrelevant negative stimuli

appear before behavioral targets. One explanation postulates

that affect-laden stimuli readily capture attention, interfering

with the processing of the upcoming target. Emotional

stimuli might also preactivate motor programs incompatible

with the demanded response. Using a cued go/no-go proce-

dure we showed that task-irrelevant unpleasant stimuli cause

interference or facilitation depending on their onset asyn-

chrony relative to the target. We observed interference with

short (200 ms) stimulus-target asynchronies and facilitation

for longer ones (600 ms), both for key press (Experiment 1)

and key release (Experiment 2) responses. The interference

effect is compatible with an attentional explanation, but the

behavioral facilitation is hard to accommodate within either

attentional or motor accounts. This interference-facilitation

pattern can be explained assuming that once the attentional

effect subsides, emotional processing may enhance the per-

ceptual processing of the stimuli, or lower the decision

threshold, thereby facilitating the response selection process.

Keywords Emotion � Attention � Motor � Perception �
Decision-making

Introduction

The mutual influences between cognitive and emotional

processing have been the subject of a recent surge of

scientific interest (Dolan 2002; Zald et al. 2002). Studies on

the emotional modulation of cognitive processes frequently

adapt classical behavioral tasks by including some sort of

emotional manipulation. Usually, the targets in the

behavioral task are simply replaced by affect-laden stimuli

(words or images of positive or negative valence). Many

experimental studies, thus, introduce emotion just as the

target of discrimination in a discrimination task: e.g., the

participant has to decide whether a word shown on a screen

has negative or positive affective value. In those experi-

ments, there is no explicit aim to change the emotional

state of the participant, i.e., to make the participant feel

anything. In other words, the emotional value is treated

rather as an attribute of the discriminandum than as a state

of the subject. In such circumstances, it is hard to tell

whether the effects observed are attributable to emotional

processing or to the fact that the discrimination task is a

peculiar one (Goldstein et al. 2007). Only a few studies

have addressed the question of how emotional content

affects behavior when it is incidental to the task at hand. To

make emotional processing incidental to the task, some of

them have instructed participants to discriminate low level

features (such as typeface) of emotion-laden words

(Goldstein et al. 2007). Others have showed the partici-

pants task-irrelevant emotional stimuli (Pereira et al. 2004,

2006; Phelps et al. 2006; Bocanegra and Zeelenberg 2009;

Becker 2009). The second strategy mimics circumstances

encountered in a great number of situations in everyday life

(i.e.: driving after having watched a road accident) (Megı́as

et al. 2011a, b).

Using an implicit emotional task, Pereira et al. (2004)

found that visual detection times were slower after

watching negatively-valenced task-irrelevant images than

after positive or neutral ones (the targets themselves being

emotionally neutral). They attributed this effect to the
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interference caused by the motor program triggered by the

emotional stimuli (avoidance response for negative pic-

tures) on the response demanded by the task (keystroke,

that they considered an approach response). Using a similar

procedure, Pereira et al. (2006) have observed both tran-

sient and sustained emotional modulation of visual detec-

tion of targets after watching task-irrelevant mutilation

pictures. The sustained effect lingered several seconds after

image offset, and was apparent when the pictures were

blocked according to their emotional value. Conversely,

when the emotional value of the pictures was randomized

in the temporal sequence, only transient effects—affecting

just the first trial after image offset—were observed. The

authors believed that the former effect depended on the link

between the induced emotional state and approach/with-

drawal processes, so that watching mutilation images

engaged the subjects in avoidance behaviors incompatible

with the approach response demanded by the task (key-

stroke). An alternative explanation for the sustained effect

suggested in that study was based on the idea that affect-

laden stimuli may produce different degrees of freezing. A

freezing response is incompatible with any other response,

and, therefore, the same size of effect should be observed

either for approach or withdrawal responses. For the tran-

sient effect, however, these authors favored an attentional

account: unpleasant pictures reduced the available pro-

cessing resources as they have a greater capability for

capturing attention.

Buodo et al. (2002) found transient emotional interfer-

ence effects in an auditory discrimination task. In their

experiment, a task-irrelevant image was shown in each trial

for 6 s, with its onset 1 or 4 s before the target sound was

played. They observed that erotic and mutilation images

caused an increase in discrimination reaction times when

the pictures appeared 1 s before the target, but not when

they appeared 4 s before. Similarly, using a rapid serial

visual presentation procedure, Most et al. (2005) have also

observed that target detection accuracy was lower after

emotional pictures relative to non-emotional ones when the

SOA was 200 ms, but there were no differences when the

SOA was 800 ms.

These remarkable results show that the way task-

irrelevant emotional stimuli interfere with the response to the

target may depend on the picture-target onset asynchrony

(SOA). As mentioned, emotional interference has been

attributed to the allocation of attentional resources to the

emotional stimuli or, alternatively, to the preactivation of

motor processes by them. An attentional account predicts

that the emotional interference will fade shortly after

attention is disengaged from the emotional stimuli. Since

the attentional dwell time estimated from visual search

experiments is believed to be around 250 ms (Theeuwes

et al. 2004), it is reasonable to expect that attention should

be away from the emotional stimuli at around 500–800 ms

(Pereira et al. 2006), even if it is assumed that disengaging

attention from emotional stimuli takes longer than disen-

gaging it from neutral ones. On the other hand, the motor

hypothesis predicts that response facilitation or response

interference will be observed depending on whether the

motor response demanded by the task (e.g.: keystroke)

is compatible or incompatible with the motor response

presumably preactivated by the emotional stimulus (e.g.:

withdrawal). An integration of these two accounts predicts

maximal interference when the demanded response is

incompatible with the one preactivated by a task-irrelevant

emotional stimulus and the emotional stimulus is shown

shortly before the target (attention is still engaged in the

emotional stimuli and the preactivated motor response

must be inhibited). If the response demanded is incom-

patible with the emotional stimulus valence but the emo-

tional stimulus is shown long before the target, only motor

interference should occur, and the observed effect should

be weaker.

In our study, we used a cued emotional go/no-go task to

specifically investigate the emotional modulation of

behavioral responses by the visualization of task-irrelevant

emotional stimuli shown at different SOAs before the tar-

get. Originally introduced by Donders (1868/1969), the go/

no-go task requires the participant to discriminate between

two types of stimuli presented in random sequence—go

and no-go targets—and respond only to the former type. In

a typical experiment, go targets are more frequent than

no-go ones, and this is assumed to create a predisposition to

respond in every trial, which has to be overcome in the rare

cases when a no-go target appears. When go and no-go

emotionally charged stimuli are used, it is possible to

measure the modulation of performance by emotional

processing. Differences between the reaction times for

neutral and emotional go targets have been interpreted as

reflecting an emotional bias on the tendency to approach or

avoid the target (Hare et al. 2005). Differences in error

rates for emotional and neutral no-go targets are commonly

interpreted as the result of the emotional modulation of the

ability to inhibit motor responses (Schultz et al. 2007). In

our experiments, targets were, however, emotionally neu-

tral. The emotionally-charged stimuli were instead task-

irrelevant pictures shown before target onset.

In a cued go/no-go procedure, a warning signal indicates

the probable identity of the upcoming target. Anticipatory

activity throughout the foreperiod—the interval between

the warning cue and the target—leads to faster responses to

the target (Niemi and Näätänen 1981). It has been shown

that warning signals trigger motor activation (as measured

by electromyography) in an automatic way and that the

probability of commission errors depends on the strength of

this activation (Boulinguez et al. 2008, see also Nobre et al.
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2007). In our experiments, a predictive cue was shown

before the emotional picture in each trial. Thus, two forces

could contribute independently to create a proneness to

respond in our experiments: the predictive cue, and—

according to the motor preactivation hypothesis—the

emotional picture, depending on its valence. We also

manipulated the onset asynchrony between the emotional

image and the target that followed it, providing enough

time for the disengagement of attention from the emotional

stimuli in some experimental conditions but not in others.

Moreover, we manipulated the cue-target onset asyn-

chrony, to explore the effect on the response of the interval

between the cue and the task-irrelevant emotional stimuli.

Lastly, the response demands were manipulated between

experiments, requiring from the participant two types of

responses: key strokes (Experiment 1) and key releases

(Experiment 2). If visualizing emotional pictures causes the

activation of specific motor programs, a change in the

demanded response might alter or even reverse the effect of

the emotional pictures on reaction time. We also expected a

tendency towards interference when the emotional picture

was shown shortly before the target (for delays within the

attentional dwell time), but not when this interval was long

enough to allow attention to disengage from the picture.

Experiment 1

In this experiment we investigated the effect of the inci-

dental visualization of emotional pictures on the speed and

accuracy of keystroke responses in a cued go/no-go task. A

bias to respond or withhold motor responses was elicited

by a highly predictive cue, which was displayed 800 or

400 ms before the target. Task-irrelevant emotional dis-

tractors (pictures) were presented at two different time lags

(200 or 600 ms before the target) within the cue-target

interval in order to affect the ongoing mental activity

(attention engagement and motor pre-activation) elicited by

the cue. The shorter picture-target interval (200 ms)

occurred for trials with cue-target asynchrony of 400 or

800 ms whereas the longer picture-target interval (600 ms)

only happened in trials with 800 ms cue-target asynchrony.

A no-picture condition served as the baseline for measuring

the interference produced by the distractor pictures.

Method

Participants

Twenty (2 male) undergraduate students at the Faculty of

Psychology of the University of Granada (Spain) ranging in

age from 18 to 25 (mean 20.8) took part in this study, in

exchange for course credit.

Apparatus and stimuli

The stimuli were displayed on a 15-inch LCD monitor, at

1,024 9 768 pixels resolution, 32-bit color depth. Refresh

rate was 60 Hz (6 frames & 100 ms). The task was coded

in Java using PXLab library for psychophysical experi-

ments (Irtel 2006). The predictive cue was a white bar,

either vertical (100 9 300 pixels, which was predictive of

a go target) or horizontal (300 9 100 pixels, predicting a

no-go target), shown at the screen center. The target was a

bar whose size, location, and orientation were identical to

those of the cue presented before, but colored in blue (go

target) or green (no-go target). Affective pictures belonging

to four categories were selected from the International

Affective Picture System (IAPS) (Lang et al. 2005):

mutilation (average valence: 1.32, max = 1.42, min =

1.18, average arousal: 7.55), babies and children (average

valence: 8.34, max = 8.43, min = 8.18, average arousal:

3.76), neutral common objects (a towel, a stool, a cabinet, a

plate, average valence = 5.25, max = 5.69, min = 4.7,

average arousal = 2.43), and erotic (couples, average

valence = 7.21, max = 7.42, min = 7.06, average arou-

sal = 6.67). Four images were selected for each of the four

categories. Valence and arousal values are taken from the

Spanish female population tables (Moltó et al. 1999). The

original IAPS pictures were scaled down so that their

height was 384 pixels or their width was 512 pixels,

whichever was more restrictive, but maintaining their ori-

ginal aspect ratio. All visual stimuli were shown over a

black background. Participant responses were recorded

using a standard PC keyboard.

Design and procedure

All participants gave written consent to their participation

before the beginning of the experiment, after being warned

that the task involved briefly watching some images that

could be deemed offensive, and being also reminded of

their right to withdraw their participation without giving up

any of the benefits derived from it. Then the instructions

asked them to press the space bar as fast as they could

whenever they saw a blue bar and to refrain to respond

when they saw a green bar.

Each trial started with a fixation point (a 50 9 50 pixel

cross on the screen center) that lasted for 800 ms, imme-

diately followed by a blank screen for 500 ms (see Fig. 1).

The predictive cue (either a vertical or a horizontal white

bar) was then shown for 100 ms. Half of the trials had a go

(vertical) cue, and the other half a no-go (horizontal) cue.

Go cues were followed by a go target (blue) in most cases

(80%), and by no-go targets in the rest of the trials (20%).

Likewise, a no-go cue was followed by a no-go target in

80% of the occasions, and a go target in the remaining
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20%. The stimulus onset asynchrony (SOA) between cue

and target was 400 ms in one third of the trials and 800 ms

in the rest. The target remained on-screen for a maximum

of 1,000 ms or until the participant responded. After the

offset of the target a message was shown on the center of

the screen for 700 ms with the word ‘‘Correcto’’ (the

Spanish word for ‘‘correct’’) and, for go trials, the reaction

time in ms below it, or the word ‘‘Fallaste!’’ (‘‘You

failed!’’).

On 4 out of every 5 trials an affective image from IAPS

(Lang et al. 2005) was shown between cue and target for

100 ms. The image belonged to one of the four afore-

mentioned categories (mutilation, babies, categories, neu-

tral). On the remaining trials, no image was shown. We

manipulated the time onset of the image in order to explore

the temporal course of the affective interference. When the

cue-target SOA was short (SOA400 condition), the target

onset was 200 ms after the image onset. However, when

the cue-target SOA was long, the image onset could be

delayed either 200 ms (SOA800-early) or 600 ms

(SOA800-late) from cue onset.

There were 5 affective (mutilation, babies, erotic, neu-

tral and no-picture) 9 3 timing (SOA400, SOA800-early,

SOA800-late) conditions. Each affective 9 timing condi-

tion comprised 40 trials, 20 with go target and 20 with

no-go target. On 80% of the trials, the cue was congruent with

the target. Therefore, of the 40 trials in each condition, 16

were congruent go trials, 16 were congruent no-go trials, 4

were incongruent go trials, and the remaining 4 were

incongruent no-go trials. As there were only 4 incongruent

go and 4 incongruent no-go trials in each affective 9

timing condition, each affective picture category (babies,

mutilations, erotic, neutral) contained just four pictures, so

that every picture was shown at least once in each kind of

trial. This meant that each image was shown 10 times in

each affective 9 timing condition, 8 of them in congruent

trials (four go, four no-go), and 2 in incongruent trials (one

go, one no-go), totalling 30 repetitions in the whole task

(ten in each of the three timing conditions with pictures,

namely SOA400, SOA800-early, SOA800-late). Trials

were blocked according to timing condition, giving rise to

three blocks for conditions with task-irrelevant image

(SOA800-early, SOA800-late and SOA400), and two

blocks for conditions without picture, one with long

(800 ms) and another with short (400 ms) SOA. Within

each block, the order of the trials and images was ran-

domized for each participant. The blocks without pictures

had a total of 40 trials. The blocks with pictures contained

40 trials of each affective condition, totalling 160 trials per

block. The total number of trials was 560.

The experiment was carried out according to one of the

following sequences of blocks: 1) SOA400 without pic-

tures, SOA400 with pictures, SOA800 without pictures,

SOA800-late (or SOA800-early), SOA800-early (or

Target 

Feedback 

Trial proper 

800 ms 500 ms 700 ms 

Cue 

400 ms 600 ms 800 ms 

Picture 

Picture 

Cue Picture Target 

Cue Target 

SOA 800 early 

SOA 800 late 

SOA 400 

200 ms 

Fig. 1 Sequence of events in

typical go trials in Experiments

1 (space bar key press) and 2

(space bar release)
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SOA800-late); 2) SOA800 without pictures, SOA800-late

(or SOA800-early), SOA800-early (or SOA800-late),

SOA400 without pictures, SOA400 with pictures. Blocks

of trials with the same SOA were always placed together,

and blocks without pictures came always before blocks

with pictures. These sequences were chosen so that the

sequential effects caused by changes of SOA were minimal

in the blocks with images, since they always came after one

block with identical SOA. The sequence for each partici-

pant was randomly selected.

The interval between the participant response and the

beginning of the following trial was adjusted to compen-

sate for the variations in RT, so that a constant interval of

2,400 ms elapsed between the onset of the target on one

trial and the appearance of the fixation cross on the fol-

lowing trial. In this way the whole trial lasted always either

4.1 or 4.5 s (depending on whether the cue-target SOA was

400 or 800 ms). There was a 1-min break after each two

consecutive blocks, making the duration of the whole

experiment about 50 min.

Data analysis

Median RTs for correct go trials were computed for each

participant and condition. Commission error rates were

computed for no-go trials in each condition. Averages

across subjects of the medians of reactions times and error

percentages are displayed in Table 1. Data analysis was

organized in two sets of repeated-measures ANOVAs. In

the first set we explored differences between the conditions

without emotional pictures (Baseline analysis), while in the

second one we examined the differences between the

conditions with pictures (Emotion analysis). In the baseline

analysis, for the no-picture conditions, we performed a 2

(SOA: 400 and 800 ms) 9 2 (Cue-target congruence:

congruent and incongruent) repeated-measures ANOVA to

explore the differences in reaction time and commission

errors. For the Emotion analysis, median reaction times for

the conditions with pictures were submitted to a repeated-

measures ANOVA with timing condition (SOA400,

SOA800-early and SOA800-late), affective content of the

images (babies, erotic, mutilations, and neutral) and cue-

target congruence (congruent and incongruent) as within-

subject factors. The percentages of commission errors for

no-go trials were submitted to a repeated-measures

ANOVA with timing condition (SOA800-late, SOA800-

early and SOA400), affective content (babies, erotic, neu-

tral, and mutilation), and cue-target congruence (congruent,

incongruent) as within-subject factors. To further explore

significant effects we first checked the differences between

SOA400 and SOA800-late, as they shared the same short

picture-target onset asynchrony (200 ms). These two con-

ditions were then pooled together if no differences were

observed. Accordingly, we will use the term ‘‘short asyn-

chrony’’ for the pool SOA400-SOA800-late and ‘‘long

asynchrony’’ for SOA800-early. Finally, we performed

post-hoc LSD comparisons. A significance level of 0.05

was set up for all statistical decisions.

Results and discussion

Go trials

Omission errors occurred in only 0.1% of the go trials, so

no attempt to analyze omission errors was made. The

baseline analysis for reaction times revealed significant

main effects of cue-target SOA, F (1, 19) = 6.184,

p = .022, and cue-target congruence, F (1, 19) = 10.68,

p = .004, but no interaction. Responses were slower for

the long (800 ms) than for the short (400 ms) SOA

(319 and 301 ms, respectively). Also, responses were fas-

ter for the cue-target-congruent condition than for the

incongruent condition (301 and 318 ms, respectively),

indicating that the participants used the cue for preparing

their response to the target.

Emotion analysis (see Fig. 2). The ANOVA showed

significant main effects of affective content, F (3,

57) = 5.04, p = .003, R2 = .21, and timing condition,

F (2, 38) = 15.91, p \ .001, R2 = .46, and a significant

interaction between affective content and timing, F (6,

114) = 3.09, p = .007, R2 = .14. We also observed a

significant effect of congruence, F (1, 19) = 8.07, p = .01,

R2 = .29. No other effects were significant.

SOA800-late and SOA400 conditions showed no inter-

action with affective content either in median RTs or in

errors, both F (3, 57) \ 1, so they were pooled together to

obtain the short asynchrony reaction times. Post-hoc LSD

analyses of the affective content by timing interaction

revealed than in the short asynchrony conditions, reaction

times for mutilation pictures were slower than those in the

remaining conditions, all p’s \ .035, t(19) [ 2.28, and

reactions after babies pictures were faster than for all other

pictures, all p’s \ .012, t(19) [ 2.80, but erotic pictures

did not differ from neutral ones, p [ .30. In stark contrast,

in the long asynchrony condition reaction times for muti-

lation pictures were faster than for neutral ones, p = .044,

t(19) = 2.16, but not different from those for babies or

erotic pictures, both p’s [ .20. Moreover, reaction times

for positive pictures (either erotic or babies) did not differ

from those for neutral ones (p’s [ .28) or between them

(p = .81). On the other hand, reaction times in the long

asynchrony conditions were faster than those in the short

asynchrony ones for all emotional contents, all p’s \ .01,

t(19) [ 2.89. Interestingly, the difference between the

short and the long asynchronies was larger for mutilation

than for all other pictures, all p’s \ 0.02, t(19) [ 2.59.
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In summary, relative to the neutral condition mutilation

pictures interfered with the response if the picture preceded

the target by 200 ms (short asynchrony), but facilitated the

same response when the picture came 600 ms before the

onset of the target (long asynchrony). Babies pictures

facilitated the response for the short picture-target asyn-

chrony, but caused no effect for the long asynchrony.

Erotic pictures did not differ from the neutral ones. These

results support the idea that mutilations have qualitatively

different effects in these two time lags rather than one

transient effect that fades in less than 600 ms. To further

characterize those two separate effects, it is important to

complement the measures of reaction speed with those of

decision errors. Decision errors on go trials cannot be

observed directly, and their best available estimate are

response error rates on no-go trials. The estimate is reliable

if we assume the decision process is symmetric for both

types of target (go and no-go), despite the fact that the

motor responses are not (Gómez et al. 2007).

No-go trials

Commission errors occurred on 9.2% of no-go trials. No

differences were observed in the baseline analysis. Emo-

tion analysis showed only main effects of timing, F (2,

38) = 5.89, p = .006, R2 = .19. Error rates were higher in

the short asynchrony conditions (SOA800-late, 10.50, and

SOA400, 12.94) than in the long asynchrony one

(SOA800-early, 4.87), which indicates that errors depen-

ded on the picture-target interval, but not on the affective

content.

These results indicate that mutilation pictures shown near

the target onset may interfere with motor responses. Cru-

cially, response facilitation, rather than interference, was

observed when mutilation pictures appeared 600 ms before

the target. This last result is in apparent contrast with Pereira

et al. (2006) results showing that interference effects lasted

for 500–700 ms. However given that their pictures were

displayed for 500 and 2,000 ms, it is difficult to compare

Table 1 Averages of median

reaction times (in milliseconds)

and error percentages (within

parenthesis) for each timing

condition and picture contents

Experiment 1 Experiment 2

SOA800 late SOA800 early SOA 400 SOA800 late SOA800 early SOA 400

Babies 335 (9.00) 310 (4.50) 318 (14.25) 364 (8.75) 336 (8.44) 356 (12.34)

Erotic 349 (12.00) 311 (5.50) 327 (13.25) 384 (11.41) 338 (3.75) 349 (14.84)

No picture 319 (6.00) 319 (6.00) 301 (9.25) 337 (10.62) 337 (10.62) 326 (15.31)

Neutral 347 (8.00) 316 (4.00) 323 (12.75) 362 (12.66) 346 (6.25) 352 (15.78)

Mutilations 354 (13.00) 306 (5.50) 338 (11.50) 377 (17.81) 330 (12.19) 361 (16.87)

Fig. 2 Interference caused by pictures of different affective value for

each picture-target asynchrony (short: 200 ms, long: 600 ms). Ver-

tical dimension represents the difference between the RT in the

neutral condition and the RT in each affective condition. Positive

values indicate interference and negative ones facilitation. Vertical

bars represent the standard error of the difference. The left panel

represents the results of Experiment 1 (demanded response: key

press), and the right panel, Experiment 2 (demanded response: key

release). The pattern of interference and facilitation is similar in both

experiments. Significant differences are indicated using * for p \ .05

and ** for p \ .01. An asterisk above or below of a bar indicates a

significant difference between the RTs to that type of pictures and to

neutral ones, while over a bracket, it indicates a significant difference

between the two conditions connected by the bracket
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both results. At any rate, Pereira et al. (2006) results agree

with ours in that, even with longer viewing times, the effect

of mutilation pictures fades very fast. Thus, briefly watching

mutilation pictures had two opposite effects on the speed of

response, depending on the picture-target asynchrony. The

result observed in the short asynchrony conditions is con-

sistent both with the attentional and the motor preactivation

hypothesis. However, the facilitation effect for the longer

asynchrony is problematic both to the attentional and the

motor pre-activation hypotheses since they predict interfer-

ence or no effect when mutilation pictures are displayed

some time (600 ms) before the target. Neither the reduction

in attentional resources nor the preactivation of withdrawal

response tendencies (as expected for mutilation pictures)

explains the speed-up of responses observed in that condi-

tion, unless we assume that watching a mutilation picture

preactivates the response of pressing a key. Testing this last

possibility was the purpose of Experiment 2, in which we

asked the participants to release the key instead of pressing it.

In the general discussion we put forward two possible

explanations for this late facilitation of responses by

mutilation pictures, in terms of perceptual enhancement

(Pessoa 2008; Phelps et al. 2006; Bocanegra and Zeelen-

berg 2009; Becker 2009) or a relaxation of the decision

criterion (Simen et al. 2006).

Experiment 2

In this experiment we changed the response demands to

further discriminate the motor preactivation and the

attentional accounts. Several studies have reported modu-

lations of reaction time attributable to the emotional con-

tent of the target stimuli in speeded reaction tasks, that

could be reversed by changing the motor response

demanded from the participant. For instance, Solarz (1960)

asked students to evaluate affect-laden words as positive or

negative by pulling or pushing a lever, and he found they

were faster to do the evaluation if the response mapping

was pulling-positive and pushing-negative than when the

reverse mapping was used. Chen and Bargh (1999) repli-

cated Solarz (1960) results, and extended them to a simple

detection task, where participants had to always pull (or

always push) a lever as fast as possible whenever a stim-

ulus (word) appeared. They found the participants to be

faster to react to positive stimuli if the response demanded

was pulling but faster to react to negative ones if the

response demanded was pushing, which suggests that the

crucial aspect is the congruence between the stimulus

valence and the motor action, rather than the correspon-

dence between each action and its meaning for the task (the

response mapping).

Duckworth et al. (2002) obtained the same results using

completely novel visual stimuli—created specifically for

the experiment—showing that the motor effect of pleasant

or unpleasant stimulus does not require a previous learning

of the association between the stimulus and a motor

response. The actual motor response, however, may be

selected by the brain by virtue of a previously learned

arbitrary association between valence and response, and

this has been supported by the literature (e.g., McCall et al.

2011).

Wentura et al. (2000) found effects analogous to those

just described in a task in which the participants were

demanded a much simpler response (either pressing or

releasing a key): the reaction was faster when subjects had

to press a key in response to a positive word, and also when

they had to release the key in response to a negative one. In

all the studies mentioned so far, the affect-laden stimulus

was the target, but, as mentioned in the introduction, other

studies have recorded effects on reaction times of valenced

stimuli that were incidental to the experimental task, and at

least some of them attributed these effects to the activation

of motor programs by those stimuli (Pereira et al. 2004,

2006). On the other hand, general links between affective

states (fear, anger) and action tendencies (freezing, flight,

attack) have been widely documented across species in the

ethological and neurophysiological literature (Blanchard

and Blanchard 1988; Lang et al. 1998; LeDoux and Phelps

2000).

Therefore, at least in principle, even the slowdown of

responses observed for the short picture-target asynchrony

might be caused by some form of motor interference due to

emotional processing. Changing the response demanded in

the task may help rule out that possibility: if the effect of

mutilation images on reaction times arose just because they

primed a particular motor response, we would expect a

change in the pattern of results if the response demanded

now is antagonistic to the one demanded before. For

example, it might happen that reaction times were longer

when a mutilation picture appeared 200 ms before the

target simply because processing the picture preactivates

certain motor programs, which are incompatible with

pressing a key. In this case, the effect of image processing

on reaction times should be quite the opposite if the par-

ticipant was required to release the key for go targets,

instead of pressing it. The same can be said about the effect

of mutilation pictures when they are shown 600 ms before

the target: if the decrease in reaction times occurs because,

for some reason, mutilation pictures preactivate keystroke

responses in those circumstances, replacing the demanded

response by its antagonist should cause a reversal in the

effect. The attentional account, on the other hand, predicts

no change in the pattern of results for a change in the

demanded response.
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Method

Participants

Twenty undergraduate students (4 male) at the Faculty of

Psychology of the University of Granada, ranging in age

from 18 to 26 (mean 20.5) took part in this study in

exchange for course credit.

Stimuli and apparatus

The stimuli and the apparatus used in this experiment were

identical to those in Experiment 1.

Design, procedure and data analyses

After giving written informed consent, the participants read

the instructions of the task. The design and the data anal-

yses of this experiment were the same as those of Exper-

iment 1. The only difference was the response demanded

for go trials. As in Experiment 1, only those trials with a

correct response were included in RT analyses. Participants

had to keep the space bar pressed during the whole session

and release it only when a go target was displayed. After

releasing the bar, they should press it again. If a participant

forgot to press the space bar after having released it, the

fixation point of the following trial stayed on screen, and

the trial did not start until the participant pressed the space

bar again. Averaged median RTs and error percentages are

displayed in Table 1.

In order to test for differences in the response patterns

between Experiments 1 and 2, the RTs of both experiments

were submitted to an ANOVA with response demanded

(key press vs key release) as between-groups factor and

timing, affective content, and cue-target congruence as

within-subject factors.

Results and discussion

Go trials

Omission errors occurred in 0.5% of the go trials. Baseline

RT analysis showed only a main effect of congruence, F (1,

19) = 9.78, p = .006, R2 = 0.34, with faster reaction

times for congruent (322 ms) than for incongruent trials

(342 ms). Emotion analysis showed significant main

effects of congruence, F (1, 19) = 19.58, p \ .001,

R2 = 0.51, and timing condition, F (2, 38) = 6.29,

p \ .004, R2 = .25, and a significant interaction between

affective contents and timing, F (6, 114) = 4.22, p \ .001,

R2 = 0.18. No other effects were significant.

As in Experiment 1, SOA800-late and SOA400 conditions

showed no interaction with affective content, so we pooled

them together in a single Short picture-target asynchrony

condition. The a posteriori LSD analysis of the affective

content by timing interaction showed that reaction times were

slower for mutilation images than for neutral ones in the short

asynchrony condition (p = .044, t(19) = 2.16). Again,

responses were faster for mutilation than for neutral pictures in

the long asynchrony condition (p = .018, t(19) = 2.596) (see

Fig. 2). On the other hand, differences between short and long

asynchronies were significant in mutilation, babies and erotic

pictures (all p’s \ .03, t(19) [ 2.41), but not in neutral ones

(p = 0.259, t(19) = 1.16).

The comparison between the two experiments yielded a

marginally significant main effect of response demanded,

F (1, 38) = 3.42, p = .072, which can be attributed to a

difference in how hard is to perform each of the responses

that were demanded. Also significant was the interaction

between response demanded and congruence, F (1,

38) = .046. The Picture x SOA interaction was significant,

F (6, 228) = 6.11, p \ 0.01, as expected. Crucially, how-

ever, the Picture x SOA x response effect was not signifi-

cant (p = .21), which means that the combined effect on

RTs of timing and picture content was similar in both

experiments. There were no other significant effects.

In summary, relative to mutilation pictures, and despite

the change in the required response, the results of Exper-

iment 2 are similar to those of Experiment 1, as responses

were slowed down at the short picture-target asynchrony,

but they were speeded-up at the long asynchrony. Leaving

aside the question of whether pressing/releasing a keyboard

key can be considered as real approach/withdrawal

responses, these are motor responses with very different

motor programs, and therefore, it seems unlikely that the

emotional effects on reaction times can be attributed to the

preactivation of specific motor responses.

No-go trials

Commission errors occurred on 11.93% of no-go trials.

Higher error rates were observed for the short than for the

long cue-target interval in the no-pictures conditions.

Emotion analysis showed a significant main effect of

affective content, F (3, 57) = 3.90, p = .013, R2 = 0.18,

and significant main effect of timing, F (2, 38) = 4.12,

p = .024, R2 = 0.17. Error percentages were higher for

mutilation (15.62%) than for the remaining pictures types

(neutral: 11.56%, erotic: 10%, babies: 9.84%), as revealed

by post-hoc LSD comparisons. Error rates were higher for

the short asynchrony conditions (SOA800-late, 12.66, and

SOA400, 14.96) than for the long asynchrony one

(SOA800-early, 7.66), which indicates again that response

errors depended on the picture-target interval.

The results obtained in this experiment replicate the

pattern of facilitation and interference observed in
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Experiment 1 for mutilation images relative to neutral

ones. Commission errors were higher for mutilation images

than for the rest of the images.

General discussion

In two experiments we investigated the effects of viewing

task-irrelevant emotional pictures on the speed and accu-

racy of a subsequent non-emotional go/no-go task. With a

short (200 ms) picture-target asynchrony, mutilation pic-

tures induced a slowdown of reaction times both for key

press (Experiment 1) and key release (Experiment 2)

responses. Critically, with a longer (600 ms) picture-target

asynchrony, facilitation rather than interference was

observed for mutilation pictures (Experiments 1 and 2).

Moreover, there was a trend for error rates to be higher for

mutilation pictures than for neutral ones. Taken together,

these results suggest the existence of an immediate

(200 ms) emotional effect, interference, as observed in the

SOA800-late and SOA400 conditions, and a delayed

(600 ms) emotional effect, facilitation, as revealed by the

SOA800-early condition.

Mechanisms for the immediate emotional effect

Interference effects have been accounted for by two dif-

ferent mechanisms. First, emotional stimuli, especially

those of negative valence, appear to capture attention

(Bradley et al. 1997; Eastwood et al. 2001; White 1996)

thereby reducing the amount of attentional resources allo-

cated to the processing of the target. The slowdown of

responses and the error rates observed in the immediate

emotional effect (SOA800-late and SOA400, the short

asynchrony conditions) are compatible with this hypothe-

sis. It is suggestive that the time interval (200 ms) at which

the effect arises matches closely that of attentional blink

(Nieuwenhuis et al. 2005), that has been shown to occur

also when unconditionally aversive stimuli (as were the

mutilation pictures in our case) appear briefly before the

target, hindering its detection (Most et al. 2005). Interest-

ingly, this attentional blink effect fades completely for

distractor–target SOAs of around 800 ms and longer.

Second, it has also been suggested that interference

effects can be the result of the preactivation of motor

programs incompatible with the response demanded by the

task (Pereira et al. 2004, 2006). According to this idea,

positive and negative stimuli should activate approach and

withdrawal responses, respectively. There is ample exper-

imental support for this proposal. For example, Duckworth

et al. (2002) demonstrated that pulling a lever is faster than

pushing it when responding to positive stimuli, but the

converse is true when responding to negative ones. In a

similar study, Wentura et al. (2000) showed that go/no-go

lexical decisions tended to be faster when subjects had to

press a key in response to a positive word, but also when

they had to release the key in response to a negative one.

Hare et al. (2005) observed a slowdown of an approach

response (keystroke) when subjects responded to fearful

faces, and that the activity in the amygdala correlated well

with reaction time. In our procedure the preactivation

elicited by the emotional pictures adds to that triggered by

the warning cue. However, the ‘Emotion analysis’ we

performed should be free of the effect of the triggering

cue—at least if we assume that the effects of the cue and

the emotional content on response facilitation or interfer-

ence are additive—since we are comparing among emo-

tional conditions that share the same trial structure.

Therefore, in Experiment 1, a purely motor account would

predict response facilitation for positive images relative to

neutral ones, and interference for negative pictures, as the

response demanded was, if anything, an approach one

(keystroke). Conversely, for Experiment 2 such explana-

tion would predict interference for positive images, and

facilitation for negative images, as the response demanded

there have been considered by some (Wentura et al. 2000)

a withdrawal one (key release). Since the effects observed

were approximately the same in both experiments, our

results favor the attentional account over the motor pre-

activation account as an explanation of the immediate

emotional effect.

Mechanisms for the delayed emotional effect

The emotional modulation of attention accounts for the

response slowdown in the immediate emotional effect

(SOA800-late and SOA400 conditions), but it seems dif-

ficult to accommodate to explain the facilitation of the

response in the delayed effect (SOA800-early condition).

Apparently, once the effect on attention has gone by,

emotion acts by speeding up the behavioral response,

irrespective of its direction (key press or key release). This

facilitation may be explained by two mechanisms. First, it

is well known that emotional stimuli modulate the activity

of visual areas in the cortex (see Pessoa 2008, for a recent

review) possibly by means of direct or indirect projections

from the amygdala to the visual cortex (Freese and Amaral

2005; Phelps and LeDoux 2005). This effect of emotion on

perception has been shown to occur even when the emo-

tional stimulus is task-irrelevant (Phelps et al. 2006).

Bocanegra and Zeelenberg (2009) showed that task-irrelevant

fearful faces improve the visual sensitivity to some stimuli

(low spatial frequency Gabor gratings) but impair the

sensitivity to others (high spatial frequency Gabor grat-

ings). Padmala and Pessoa (2008) observed increased

sensitivity in a simple visual detection task to targets that
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had been paired to mild electrical shocks compared to the

same physical targets but devoid of affective value (see

Lim and Pessoa 2008, for a similar result using more

complex emotional stimuli). Moreover, enhanced detection

of affectively charged targets was associated to increased

BOLD activity in areas of primary visual cortex, whereas

detection of affectively neutral targets had no relation to

BOLD activity in the corresponding early visual areas. The

areas of increased BOLD activity for emotional targets

matched retinotopically their spatial location. Interestingly,

Lim et al. (2008) have shown that this enhanced processing

for emotional stimuli depends on the attentional resources

available. Under low-load attentional conditions, task-

irrelevant fearful faces paired to aversive electrical stimu-

lation elicited stronger activations in the amygdala and the

fusiform gyrus than unpaired fearful faces. However,

neither activation in these brain areas nor behavioral per-

formance were different for both types of stimuli under

high-load attentional conditions, indicating that facilitation

depends on the availability of attentional resources. Thus,

if we assume that the attentional load of our go/no-go task

is low, and that attention can be disengaged from the

emotional stimuli in a few hundred milliseconds (Koster

et al. 2006), our facilitation effect may well be explained

by this perceptual enhancement mechanism, given the

evidence that affect-laden stimuli, specially mutilation

ones, increase visual brain areas’ sensitivity to the target.

Emotional processing could also affect later stages of

the response selection process, such as decision-making.

The speed-up of responses observed in the delayed emo-

tional effect is reminiscent of a recent theoretical proposal

(Simen et al. 2006) that posits that average reward rate

provides a global signal that controls the decision threshold

during the task: the larger the reward rate, the lower the

selected decision threshold. This idea has been supported

by experimental results indicating that participants adjust

their decision threshold in order to maximize reward rate in

decision-making tasks (Simen et al. 2009). It has been

suggested that not only the average rate of recently

received rewards but also the opportunity to escape from an

aversive situation may lower the decision threshold (Niv

et al. 2007). Thus, we can speculate that an unpleasant

stimulus might cause the lowering of the threshold for a

decision made around that time, consequently speeding up

responses regardless of their direction. This explanation,

moreover, is consistent with the observed increase of error

rates in Experiment 2.

A direct way to contrast these two hypotheses (percep-

tual enhancement vs decision threshold lowering) could be

to present the emotionally charged stimuli in a sensory

modality different from that of the targets (e.g. emotional

auditory stimuli in a visual discrimination task or affective

visual stimuli in an auditory discrimination task). If the

effects are reproduced, that would argue against an

explanation in terms of perceptual facilitation.

Conclusions

In summary, the emotional go/no-go procedure we have

developed here enabled us to show the emotional modu-

lation of behavior when a very short-lived emotional image

preceded the target by several hundred milliseconds. We

have also shown how this effect depended on the contents

of the emotional image and of its onset asynchrony relative

to the target. Our first experiment revealed that, compared

to neutral images, mutilation images tended to speed up

responses when they were displayed 600 ms before the

target onset, but they slowed down the responses when

presented 200 ms before the target, while babies facilitated

the response for the 200 ms delay, but caused no effect for

the longer (600 ms) one, and erotic images did not differ

from neutral ones. The immediate (200 ms) emotional

effect can be attributed to a deficit in the processing of the

target as attention is still allocated to the emotional image,

while the delayed (600 ms) effect may be caused by either

an emotion induced perceptual enhancement or a reduction

in the response threshold. An alternative possible expla-

nation of the delayed effect, namely, that the facilitation

observed at the longer picture-target asynchrony was

caused by the preactivation of a particular motor program

by the mutilation pictures has been ruled out by the results

of our second experiment, in which we replaced the

demanded response by its antagonist (releasing a key

instead of pressing it), but reproduced the results of

Experiment 1. The overall results presented here agree with

previous findings (Coombes et al. 2007; Most et al. 2005)

and further suggest that emotion can modulate typically

‘‘cognitive’’ processes, such as attention and decision-

making (McClure et al. 2007; Pessoa 2008).
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