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Gaze Patterns When Looking at Emotional
Pictures: Motivationally Biased Attention1

Manuel G. Calvo2,4 and Peter J. Lang3

Pictures of either emotionally neutral, pleasant (affectionate), or unpleasant
(threat and injury) scenes were paired with nonemotional control pictures and
presented for 3 s, while eye fixations were monitored. Preferential attention to the
emotional picture of eah pair occurred at an early processing stage: The proba-
bility of placement of the first fixation and the proportion of viewing time during
the first 500 ms were higher for both pleasant and unpleasant pictures than for
neutral pictures, whereas later fixation location and time were not differentially af-
fected. This suggests that, when emotional and nonemotional stimuli are presented
simultaneously, emotional meaning captures initial overt orienting and engages
attention early, as measured by gaze direction and duration. The possibility that
this effect could be accounted for by perceptual differences—such as luminance
and complexity—between emotional and neutral pictures was ruled out.
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Emotional stimuli generate affective reactions and motivate appetitive or defensive
behavior, presumably because such stimuli represent events that have special
adaptive importance for preservative or protective functions (Lang, Bradley, &
Cuthbert, 1997). If this is so, our cognitive system must be motivationally biased
to allocate preferential attention to emotional stimuli. In this context, a major aim of
the present study was to determine the temporal course of overt selective attention
to emotional pictorial stimuli. To address this issue, we examined the viewers’
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eye-movement patterns at several stages when looking at emotional stimuli that
were presented simultaneously with nonemotional stimuli. A secondary aim was
to determine which affective contents of stimuli attract attention preferentially.
To address this issue, we compared gaze patterns for pictures depicting pleasant
(affectionate) and unpleasant (either threat or injury) scenes.

There has been growing interest in the mechanisms of emotional picture
processing, either using schematic or real faces expressing emotion (e.g., Fox
et al., 2000; Mogg & Bradley, 1999; Öhman, Lundqvist, & Esteves, 2001), phobic
stimuli such as spiders, blood, etc. (e.g., Hermans, Vansteenwegen, & Eelen, 1999;
Öhman, Flykt, & Esteves, 2001), or various unpleasant stimuli (photographs of
injured people, assaults, accidents, etc.) and pleasant stimuli (erotic pictures,
scenes of enjoyment and adventure, expressions of love and affection, etc.; e.g.,
Bradley, Cuthbert, & Lang, 1996; Buodo, Sarlo, & Palomba, 2002; Cuthbert,
Schupp, Bradley, Birbaumer, & Lang, 2000; Lang, Greenwald, Bradley, & Hamm,
1993). Some of these studies have adopted an approach based on individual
differences; others have investigated basic attentional processes—regardless of
individual differences—as a function of the emotional attributes of stimuli, which
is the approach we have followed in the present study.

In this second approach, four main paradigms have been used. First, with
a visual search task, Fox et al. (2000), Öhman, Lundqvist, et al. (2001), and
Tipples, Atkinson, and Young (2002) found that discrepant schematic angry faces
were detected faster among other faces than were friendly or sad faces. Öhman,
Flykt, et al. (2001) observed that phobic stimuli (spiders and snakes) were detected
faster among nonphobic stimuli (flowers and mushrooms) than vice versa. Tipples,
Young, Quinlan, Broks, and Ellis (2002) found a search detection advantage for
pictures of both threatening and pleasant animals compared with plants. Second,
with a free viewing time paradigm, Christianson, Loftus, Hoffman, and Loftus
(1991) reported that viewers fixated more often on unpleasant than on neutral
stimuli representing various emotional scenes, wheras in the Lang et al. (1993)
study viewing duration was longer for both unpleasant and pleasant scenes relative
to neutral scenes. Third, with a secondary task paradigm, Bradley et al. (1996) and
Buodo et al. (2002) found longer reaction times to a probe (e.g., a word or a tone)
that was presented when viewing unpleasant and pleasant pictures, compared with
when viewing neutral pictures. And, fourth, in studies assessing brain cortical
activity, such as ERPs (event-related potentials) and fMRI (functional magnetic
resonance), evidence of a large positive slow wave (Cuthbert et al., 2000) has
been obtained, as well as enhanced activation in the occipital cortex (Bradley
et al., 2003) during the presentation of highly pleasant and unpleasant pictures.
Accordingly, prior research has shown that emotional pictorial stimuli, particularly
those of negative content, are especially likely to draw and hold attention.

This phenomenon of enhanced attention to emotional pictures was further
explored in the current study. First, our experiments focus on one important
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aspect of emotionally-biased attention: the time course of preferential attention to
emotional stimuli. Preferential or selective attention refers to the probability that
an emotional stimulus is attended to, and to the amount of attentional resources
allocated to this stimulus, relative to a nonemotional stimulus, when both are
presented simultaneously. Secondly, we aim to identify specific emotional contents
that are responsible for the preferential attention that emotional pictorial stimuli
receive. Both aims represent relevant contributions of this study, which add to
prior research.

Regarding our first aim, preferential attention was not assessed in prior stud-
ies in which only one pictorial stimulus was presented at a time (Bradley et al.,
1996, 2003; Buodo et al., 2002; Christianson et al., 1991; Cuthbert et al., 2000;
Lang et al., 1993; Schupp, Cuthbert, Bradley, Birbaumer, & Lang, 1997). These
studies determined the total amount of attention received by emotional stim-
uli, but not the relative allocation of processing resources to emotional versus
neutral stimuli, when both competed for attention at the same time (and in the
same sensory modality). This issue is relevant to models on selective process-
ing of emotional information (e.g., Mathews & Mackintosh, 1998), proposing
that preferential attention to emotional stimuli is most clearly demonstrated in
the presence of competition for processing resources. This is best accomplished
if another (nonemotional) stimulus appears at the same time as the emotional
stimulus. Preferential attention was assessed in studies using the visual search
paradigm (e.g., Öhman, Flykt, et al., 2001), as this involves the presentation
of various stimuli simultaneously, with one of these differing in emotional va-
lence from the others. Nevertheless, the visual search task provides a single
global measure of the attentional resources invested in detecting the emotional
stimuli (i.e., search reaction time), but not a continuous measure of attentional
deployment, i.e., the time course of attention from the onset of the stimulus
display.

In an attempt to overcome these limitations and examine both preferential
attention and the attentional time course, we have used eye-movement monitoring.
This provided a continuous measure of how viewers divided attention between
two simultaneously present stimuli—emotional and neutral. Thus, gaze direction
and duration were assessed across a 3-s display for each pair of photographs. In
each stimulus display one picture was either emotional or neutral, whereas the
other was always neutral. The probability of the first fixation of the eyes on one
of the photographs served to assess initial orienting; viewing time for each photo
served to assess engagement of attention. The rationale of this approach rests on
the distinction between overt attention (gaze direction and duration) and covert
attention (the allocation of mental resources), as well as on two assumptions (see
Hoffman, 1998): First, normally, shifts in gaze closely follow, and are directed
by, shifts in covert orienting of attention; second, viewers can direct covert at-
tention to other perceptual and conceptual contents while the eyes remain fixed
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on a different location. Accordingly, eye fixations and attention can be dissoci-
ated. Nevertheless, the center of vision is normally reoriented to the fovea with
each eye movement, and coordinated with the direction of attention (see Klein,
Kingstone, & Pontrefact, 1992). As long as the eye generally lands in the at-
tended area, the contents of attention and current fixation will match (Hoffman,
1998).

Some prior studies have also used continuous eye-movement monitoring
to assess how viewers divide their attention between two (one emotional–one
neutral) simultaneous pictures (Bradley, Mogg, & Millar, 2000; Hermans et al.,
1999; Mogg, Millar, & Bradley, 2000; Rohner, 2002). There are, however, some
important differences between these studies and the current study. First, the pre-
vious studies were concerned with the role of individual differences, either in
trait anxiety (Rohner, 2002), social anxiety (Bradley et al., 2000), specific phobia
(Hermans et al., 1999), or general anxiety disorder (Mogg et al., 2000). Ac-
cordingly, the results obtained from these selected samples of participants may
not be representative of the cognitive processes characterizing most people in
general. Second, a reduced set of specific emotional stimuli was used, such as
emotional faces (B. Bradley et al., 2000; Mogg et al., 2000; Rohner, 2002) or spi-
ders (Hermans et al., 1999). Third, either probability of eye fixations on a picture
(Bradley et al., 2000; Mogg et al., 2000) or duration of fixations (Hermans et al.,
1999; Rohner, 2002) was reported, but not both. Fourth, the findings were not
totally consistent (which is understandable, given the differences in stimuli and
the criteria used to establish individual differences): Whereas anxiety patients and
socially anxious individuals tended to look first towards the threatening stimuli,
trait anxious individuals and spider phobics showed progressive gaze avoidance
of the threatening stimuli. Accordingly, the current study makes a contribution by
investigating attentional bias in nonselected participants, with a wider range of
emotional pictures, and by assessing both the probability of fixation and viewing
time.

Regarding our second aim, most prior studies have distinguished between
emotional visual scenes as a function of general valence, i.e., pleasant versus
unpleasant versus neutral (e.g., Bradley et al., 1996; Christianson et al., 1991;
Cuthbert et al., 2000; Lang et al., 1993; Tipples, Atkinson, et al., 2002). Although
hedonic valence is a central factor in the basic motives serving the appetitive and the
defensive systems of organisms, some recent studies have further distinguished be-
tween specific affective components within each broad valence category (Bradley
et al., 2003; M. Bradley, Codispoti, Cuthbert, & Lang, 2001; Buodo et al., 2002).
Both physiological responses (Bradley et al., 2001) and activation of the cortex
(Bradley et al., 2003) vary for different specific contents within the same valence
category (e.g., sex, affection, adventure and enjoyment, food, or nature, for the
pleasant category; or mutilation, attack, accidents, loss and illness, or pollution,
for the unpleasant category). Furthermore, differences in attentional demands
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have been found between some of these specific emotional contents, as mea-
sured by reaction time to an acoustic probe during picture viewing (Buodo et al.,
2002).

The current study adheres to this approach investigating the effect of specific
emotional contents of pictorial stimuli. We focus on one specific component of
positive valence, i.e., expressions of love and affection, devoid of explicit sexual
content; and on two specific components of negative valence, i.e., scenes of threat
and scenes of injury. In all cases, the target stimuli depicted people as the central
emotional subject, rather than animals, plants, or inanimate objects (e.g., food,
scenes of nature, etc.). The pleasant affectionate scenes showed charming babies,
happy families, romance in couples, kissing, and hugging. The unpleasant threat
scenes represented imminent danger: aimed guns, attacks with weapons, fires, and
warfare. The unpleasant injury scenes represented actual harmful consequences:
mutilated bodies, starving children, battered and handicapped men and women,
and weeping injured people. Accordingly, at the cost of reducing generalization,
we tried to identify significant specific emotional components that attract atten-
tion. However, unlike the prior studies, which examined attention focused on one
stimulus presented at a time, our contribution resides in exploring selective or
preferential attention when an emotional stimulus is presented simultaneously
with a neutral stimulus.

In two experiments, we used pictorial stimuli from the IAPS (International
Affective Picture System; Center for the Study of Emotion and Attention [CSEA-
NIMH], 1999; see also Lang, Bradley, & Cuthbert, 1999). There were four types
of target stimuli: neutral (nonemotional), pleasant (which depicted scenes of af-
fection), and unpleasant (which depicted scenes of threat or injury). There were
also nonemotional control stimuli. On each trial, pairs of pictures were presented
for 3 s, with one picture in each pair being a nonemotional control stimulus and
the other being a target stimulus, either negatively valenced (i.e., unpleasant),
positively valenced (i.e., pleasant), or neutral. Participants looked at them freely
and, at the end of the 3-s exposure, decided whether the two pictures were similar
or different in valence. Preferential attention was determined by the relative prob-
ability of fixation and gaze duration on the target stimulus in comparison with the
control stimulus.

In Experiment 1 we tested two alternative hypotheses comparing attention to
pleasant and unpleasant stimuli. According to the emotionality hypothesis, pref-
erential attention should occur for both pleasant and unpleasant stimuli, whereas
for the negativity hypothesis it should occur only for unpleasant stimuli. In Ex-
periment 2 we examined two hypotheses focusing on unpleasant stimuli depicting
either threat or injury scenes. According to the generality hypothesis, both types
of unpleasant stimuli would receive similar preferential attention, whereas for
the specificity hypothesis attention would vary as a function of threat and injury
content.
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EXPERIMENT 1

Method

Participants

Twenty-four psychology undergraduate students (18 female; 6 male) at La
Laguna University participated in the experiment for course credit.

Stimuli

Each stimulus display consisted of two color pictures selected from the
IAPS (CSEA-NIMH, 1999). A total of 92 pictures were used. There were 30
experimental trials and 10 filler trials, in addition to 6 practice trials. For the
experimental trials, there were three categories of target stimuli, classified as a
function of their emotional or affective valence: neutral (10), unpleasant (threat
and injury combined: 10), or pleasant (affectionate: 10), and one category of
control, neutral stimuli (30). All target pictures were matched by the presence
of people, either in daily nondangerous activities (neutral), or suffering attack
or harm (unpleasant), or showing positive affect (pleasant). All control pictures
included only inanimate objects (household objects and buildings).5 On each trial,
one target stimulus and one control stimulus were displayed. The control pictures
were randomly combined with the target stimuli. The filler trials were included to
balance the number of trials with emotional and nonemotional content. For each
participant and emotional valence category, the target picture appeared on the right
side in half of the trials; in the other half, on the left side.

Emotional Valence of Stimuli

According to norming studies conducted in large undergraduate Spanish sam-
ples (Moltó et al., 1999; Vila et al., 2001), which have yielded comparable results to
norming studies in the U.S.A. (Lang et al., 1999), mean valence rating scores were
5.39 (SD = 0.39) for the target neutral pictures, 1.98 (SD = 0.57) for the unpleasant
pictures, and 7.97 (SD = 0.26) for the pleasant pictures, in a 9-point scale (where
1 represents the unpleasant end and 9 represents the pleasant end). Mean valence
for the control pictures was 5.00 (SD = 0.38). A one-way ANOVA involving

5The IAPS number was, for the neutral pictures: 2190, 2235, 2393, 2595, 2745, 2840, 2850, 7493,
7496, and 7550; for the unpleasant pictures: 2800, 3051, 3181, 3530, 6313, 6560, 6838, 8485, 9040,
and 9410; and for the pleasant pictures: 2040, 2070, 2165, 2352, 2360, 2550, 4641, 4653, 4700, and
7325. The control pictures were: 6150, 7000, 7002, 7004, 7009, 7010, 7020, 7030, 7034, 7035, 7050,
7060, 7080, 7150, 7170, 7175, 7179, 7190, 7205, 7207, 7211, 7217, 7233, 7234, 7490, 7491, 7500,
7510, 7705, and 7950.
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the three categories of target stimuli yielded a significant effect, F (2, 27) =
495.39, p < .0001. Bonferroni corrected multiple post hoc comparisons showed
significant differences between the three categories (all ps < .0001). There were
no significant differences between neutral target stimuli and nonemotional control
stimuli.

Emotional Arousal of Stimuli

Apart from emotional valence, emotional arousal has been identified as an-
other basic attribute of emotional pictures. Emotional valence (unpleasantness
vs. pleasantness) reflects the dominant motive system (avoidance or approach),
whereas emotional arousal reflects the intensity of motive system activation (e.g.,
Lang, Bradley, & Cuthbert, 1998). For the target stimuli used here, a one-way
ANOVA revealed significant differences in arousal rating scores, F (2, 27) =
79.49, p < .0001: between the neutral (M = 3.86; SD = 0.63) and the unpleasant
(M = 7.10; SD = 0.41) stimuli, and between the pleasant (M = 4.58; SD = 0.73)
and the unpleasant stimuli (all ps < .01; also a 9-point scale), but not between
the neutral and the pleasant stimuli. The implications of these differences will be
addressed in the General Discussion.

Other Characteristics of Stimuli: Luminance, Complexity,
Familiarity, and Face Area

Average luminance values for each target picture were computed using the
Adobe Photoshop software (see Ochsner, 2000). A one-way repeated measures
ANOVA showed no significant differences in luminance between the neutral (M =
94.4; SD = 15.0), the unpleasant (M = 101.5; SD = 23.4), and the pleasant
pictures (M = 107.6; SD = 16.4), F (2, 27) = 1.26, p = .30, ns.

Complexity of digitized pictures has been assessed in terms of the number of
bytes of the compressed image file size (e.g., in JPEG format), on the assumption
that the more complex the image, the larger the file (see Buodo et al., 2002). A one-
way repeated measures ANOVA showed no significant differences in file Kilobytes
between the neutral (M = 525; SD = 300), the unpleasant (M = 481; SD =
295), and the pleasant pictures (M = 301; SD = 97), F (2, 27) = 2.28, p = .12,
ns. An alternative measure of complexity has also been used, by means of judges’
ratings (see Ochsner, 2000). In a postexperimental study, we presented a different
group of 18 undergraduates with each target picture one at a time for 3 s and asked
them to rate each one in visual complexity, in a scale ranging from 1 (not at all
complex) to 7 (very complex). Following Ochsner (2000), instructions specified
that a photograph could be considered complex either because it had many simple
objects that each had little detail, or a few objects that each was very detailed.
There were no significant differences between the neutral (M = 4.74; SD = 1.05),
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unpleasant (M = 4.90; SD = 0.93), and pleasant (M = 4.56; SD = 0.76) pictures,
F < 1.

To assess the familiarity of pictures, each was presented for 5 s to a group
of 16 participants, who were asked to indicate on a 9-point rating scale how
familiar the picture was, i.e., how often similar scenes are encountered in real life
(including TV and books or magazines). A one-way repeated measures ANOVA on
familiarity ratings showed significant differences, F (2, 27) = 15.54, p < .0001,
such that the unpleasant pictures were less familiar (M = 2.90; SD = 0.32) than
both the neutral (M = 5.60; SD = 1.50) and the pleasant (M = 5.20; SD = 1.32)
pictures (both ps < .001), which did not differ from each other.

In addition, on the assumption that the faces of people could be especially
informative and attract attention, we assessed the percentage of the area occupied
by faces in each picture, using the grids of the Adobe Photoshop software (the total
area of each picture was divided into 1,036 identical squares, and the percentage
of squares filled by faces was determined). The ANOVA showed no significant
differences in percentage face area, F (2, 27) = 2.23, p = .13, ns, between the
unpleasant (M = 16.1; SD = 13.8), neutral (M = 10.9; SD = 11.1), and pleasant
(M = 24.8; SD = 18.6) stimuli.

Apparatus

The pictures were displayed on a 210-cm high × 190-cm wide white screen
by means of a Hitachi LCD projector connected to a PC, which controlled the
presentation of stimuli. A digital Panasonic NV-MX7EG camera recorded the
participant’s eye position in time and space every 20 ms, with a 50-Hz sampling
rate. The spatial resolution accuracy was 2.5◦ of visual angle. At the beginning
of each trial, the participant had to look at a central fixation point, which served
to calibrate the location of the gaze, and determine subsequent changes in gaze
direction to any of the pictures in the pair. The camera was hidden behind a row
of lamps that sent indirect light, which was reflected by the cornea and the pupil
of the viewer and served to determine gaze location.

The viewing distance from the participants’ eyes to the screen on which the
stimuli were displayed was 260 cm. Each picture had a vertical angle of 17.1◦

(78 cm high) and a horizontal angle of 19.2◦ (88 cm wide). The fixation point
was above the pictures, at a distance of 9.2◦ of visual angle (42 cm) from the
inner top vertex of both pictures. The visual angles between the inner edges of the
two pictures, and between their respective centers were 6.6◦ (30 cm) and 25.5◦

(118 cm), respectively.
The sampling rate (one frame every 20 ms) and the resolution accuracy (2.5◦

of visual angle) of the digital camera were sufficient for our purposes. Regarding
sampling rate, for periods of 500 ms—as was the case in our study, sampling units
of 20 ms have been seen to discriminate between fixation durations for emotional
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and neutral pictorial stimuli (Hermans et al., 1999). Regarding resolution accuracy,
2.5◦ represent a much more reduced visual angle, and therefore more precise, than
the visual angles for the stimuli and the fixation point (see above). Thus, it was
reliably established that the participant was looking at the fixation point or at one
or the other picture in the pair.

Procedure

The participants were seated in a chair with an adjustable chin rest and
their forehead against a rounded bar to allow minimal movement. They were
asked to examine whether the two photos in each pair were similar or different
in their affective valence. The meaning of valence was explained as the feeling
of pleasantness or unpleasantness produced by a stimulus, and some examples
were given. On each trial, first, an asterisk (the fixation point) appeared for
2 s at the center of the screen, on which participants should fixate their gaze.
Second, the asterisk was replaced by a two-digit number for 1 s on the same
location; the participant had to pronounce the number aloud. This served to ensure
that the participant’s gaze was located on the central fixation point just before the
presentation of the stimuli. Third, a pair of pictures was displayed on the screen
horizontally, side by side (30 cm apart), for 3 s. Fourth, when the stimulus display
disappeared, the question DIFFERENT? appeared on the screen for 2 s, and the
participant had to respond aloud “yes” (if the two pictures were different in va-
lence) or “no” (if both pictures were of similar valence). Thus, the task involved
affective similarity judgments (see Pury & Mineka, 2001), which required the
participant to look at both pictures, in order to compare them. Finally, after a short
blank interval, a new trial began.

Measures

Two groups of eye-fixation measures were collected: Fixation probability and
viewing time, which indicated how likely and how long a picture was looked at.
There were three fixation probability measures: first fixation following the onset
of the two-picture display on each trial, proportion of fixations during display, and
last fixation before the display ended. Probability of the first fixation on a picture
was assumed to assess initial orienting of attention. First fixation was determined
as the first location of the eyes after leaving the fixation point. Viewing time was
monitored for each of six 500-ms consecutive intervals, and also for each of five
100-ms slices in the first 500 ms following picture onset, to obtain a more fine-
grained analysis of the time course in the early attentional stage. Viewing time on
the target picture in the first 500-ms interval was assumed to index early atten-
tional engagement. Viewing time and proportion of fixations across the subsequent
500-ms intervals measured late engagement.
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To assess these measures, we played back the videotapes at a very low speed,
i.e., from one-fifth of normal speed (i.e., 200 ms for each second of real time)
to one 50-Hz frame at a time (i.e., every 20 ms). The internal digital clock of
the camera was visible on the screen and synchronized with the image of the
participant’s gaze.

Results

Across the two experiments, correct responses in the valence evaluation task
(90.0%) did not differ between picture valence conditions (Neutral: 88%; Pleasant:
89.1%; Unpleasant: 91.1%; Threat: 91.0%; Injury: 91.2%). Eye fixations outside
the picture areas or with the participant’s eyes closed for more than 160 ms (7.5% of
the time) and fixations of less than 160 ms (approximately 2.5% of the time) were
eliminated from the data. For both experiments, all within-subjects effects were
Greenhouse-Geisser corrected (with adjusted degrees of freedom) for possible
violations of the sphericity assumption, if Mauchly sphericity test <0.5. Planned
comparisons between pictures were used, with alpha levels being determined by
Bonferroni corrections.

Probability of Fixations

For each trial, the probability of fixation on the target picture was estimated
in comparison with the control picture. A probability above .50 means that fixa-
tion was more likely on the target picture than on the control picture. A one-way
repeated measures ANOVA with three levels (Valence: Neutral vs. Pleasant vs.
Unpleasant) was conducted on each type of probability measure.6 Mean scores
are presented in Table I. There was a significant effect of valence on first fixation,
F (2, 22) = 4.63, p < .025, with higher probability of fixation on both pleasant
(p < .05) and unpleasant (p = .05) pictures than on neutral pictures. A simi-
lar trend emerged for last fixation, although it was not statistically significant,
F (2, 22) = 1.83, p = .18, ns. Valence also affected total fixation probability,
F (2, 22) = 11.26, p < .0001, with higher fixation probability on both pleas-
ant (p < .01) and unpleasant (p < .01) pictures than on neutral pictures. The
same effect applied to total number of fixations,7 F (2, 22) = 20.28, p < .0001

6Initially, visual field (left vs. right) was included as an additional factor in the ANOVAs. Main effects
appeared only for probability of first fixation, with pictures presented in the left field being fixated
more likely than those in the right field, both in Experiment 1 (target vs. control, relative probability:
M left = 0.71; M right = 0.64), F (1, 23) = 5.93, p < .025, and Experiment 2 (M left = 0.68; M

right = 0.61), F (1, 23) = 6.09, p < .025. As this effect did not modify the effect of valence (all
F s < 1, for the interactions) for any of the dependent variables, the visual field factor was removed
from further analyses.

7Total number of fixations refers to the number of different times a picture is visited as a whole, with
each new fixation requiring that the eyes move from outside the picture in the preceding fixation.
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Table I. Mean Probability of First Fixation, Last Fixation, and Total Fixation
on the Target Pictures, as a Function of Affective Valence in Experiment 1

First fixation Last fixation Total fixationsa

Valence M SD M SD M SD

Neutral 0.62a 0.14 0.57 0.16 0.52a 0.03
Pleasant 0.71b 0.18 0.64 0.20 0.56b 0.03
Unpleasant 0.70b 0.13 0.66 0.15 0.55b 0.03

Note. Significant differences between the three valence levels are indicated by
subscript letters. A different letter indicates that the scores are significantly
different between the corresponding valence levels; the same letter indicates
that the scores are equivalent; no subscript letter indicates that all scores were
equivalent.
aFor total fixation probability, differences between valence levels were no
longer significant after first and last fixation scores were partialled out.

(Neutral: 1.75; Pleasant: 1.97; Unpleasant: 1.94). However, the effect on to-
tal fixation probability was no longer significant (F < 1) when the effects on
first fixation and last fixation were partialled out. This suggests that intermedi-
ate fixations (those between the first and the last fixation) were not affected by
valence.

Duration of Fixations

To get a detailed picture of the time course in the deployment of attention,
on each trial the 3-s exposure was subdivided into six 500-ms intervals, and the
proportion of viewing time of the target picture was computed (viewing time of
the target picture/total viewing time of the target + control picture). The more
a participant looked at the target picture, the higher the proportion. The first
500-ms interval was further decomposed into five consecutive 100-ms slices.
Total fixation time on the target picture and mean time per fixation were also
analyzed.

A 3 (Valence: Neutral vs. Pleasant vs. Unpleasant) × 6 (500-ms consecutive
intervals across a trial: 0–499 vs. 500–999 vs. 1000–1499 vs. 1500–1999 vs.
2000–2499 vs. 2500–3000 ms) repeated measures ANOVA was conducted on the
proportion of viewing time scores. Mean scores are presented in Fig. 1. A main
effect of interval, F (3.32, 76.39 Greenhouse-Geisser adjusted df; henceforth, adj.
df) = 6.01, p < .001, was qualified by an interaction, F (5.57, 128.16) = 3.76,
p < .01. Planned contrasts between valence levels revealed significant differences
only for the first interval, F (2, 22) = 10.82, p < .001, with a higher proportion
of time looking at both the pleasant and the unpleasant pictures than at the neutral
pictures (both ps < .01). In addition, a one-way ANOVA (Neutral vs. Pleasant vs.
Unpleasant Valence) was conducted on total viewing time (M ms, Neutral: 1578
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Fig. 1. Proportion of time looking at the target pictures (relative to the control picture) across
six consecutive 500-ms intervals, as a function of affective valence, in Experiment 1. The scores
within the dotted boxes on the bars represent the mean proportions of time in each condition. Lines
depict polynomic trends across intervals, with the corresponding R2. Asterisks indicate significant
differences between the emotional and the neutral target pictures.

vs. Pleasant: 1750 vs. Unpleasant: 1596) and average viewing time8 on a picture
(M ms, Neutral: 901 vs. Pleasant: 888 vs. Unpleasant: 822), with no significant
effects on any measure. Additional ANOVAs on the five 100-ms slices of the first
500-ms interval yielded only a significant effect of valence, F (2, 22) = 10.95,
p < .001, thus corroborating that emotional pictures engaged attention during the
whole 500-ms period.

Effects of Emotional Arousal

The focus of this study was on the effects of emotional valence, reported
above. However, the fact that there were arousal differences between the va-
lence categories led us to explore whether emotional arousal was also associated
with gaze patterns. To this end, we reclassified the target pictures as a function of
arousal: low (N = 10), medium (N = 10), and high (N = 10), with the respective
mean arousal scores of 3.67, 4.77, and 7.11. A one-way ANOVA yielded significant

8Average viewing time on a picture refers to the amount of time from the eyes enter a picture until
a saccade is made to exit the picture; a new fixation therefore begins when the eyes launch from a
place outside the picture and land on this picture.
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differences between these three groups, F (2, 27) = 115.93, p < .0001, (all pair-
wise Bonferroni corrected contrasts, p < .01). Subsequently, the probability and
duration of fixations were analyzed as a function of the emotional arousal factor
(as was the case for emotional valence, previously). There were only borderline
effects on the probability of first fixation, F (2, 22) = 2.49, p = .11, (M = 0.64
vs. 0.70 vs. 0.69, for low vs. medium vs. high arousal, respectively), and on prob-
ability of last fixation, F (2, 22) = 2.80, p = .08, (M = 0.58 vs. 0.66 vs. 0.66,
for low vs. medium vs. high arousal, respectively). A main effect emerged for
viewing time, F (2, 22) = 4.53, p < .05, with low-arousal pictures (M = 0.52)
being looked at less than both medium- (M = 0.67) and high-arousal (M = 0.64)
pictures (both ps < .05), which did not differ from each other.

Discussion

There are three major conclusions from these results. First, emotional pictures
receive preferential attention in comparison with neutral pictures. Thus, pleasant
and unpleasant pictures were more likely to be looked at, and for longer, than
nonemotional pictures as soon as they were presented. Second, this preferential
processing of emotional stimuli affects the early stages of attention: initial orient-
ing and early engagement. Thus, only the probability of the first fixation (initial
orienting) and viewing time during the first 500 ms (early engagement) follow-
ing stimulus presentation were increased by emotional content. In contrast, later
attentional engagement was not especially affected, as probability of fixation and
viewing time after the first 500 ms were equivalent for emotional and neutral
pictures. Third, both pleasant and unpleasant pictures were more attended to than
neutral pictures, with the same measures being affected similarly for pleasant and
unpleasant pictures. This supports the emotionality rather than the negativity hy-
pothesis. It should be noted that the pleasant pictures were specifically concerned
with expressions of love and affection. This implies that this specific positive
emotional component is attractive of attention on its own (i.e., without sexual
components) to a similar extent as the negative emotional contents. The next
step involved the investigation of specific contents within the unpleasant stimulus
category, for which we conducted the following experiment.

EXPERIMENT 2

As indicated in the introduction, we distinguished between stimuli conveying
threatening information (i.e., imminence of danger; e.g., an aimed gun) and stimuli
showing actual serious injury (i.e., actual harm; e.g., a corpse). This distinction
is relevant, as threat and injury pictures are likely to elicit different emotions
(fear vs. disgust; see Lang et al., 1993). Furthermore, Bradley et al. (2001) have
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found psychophysiological differences between categories of negatively-valenced
pictures. Our purpose was to determine whether there are similar or different
preferential attention patterns for threat and injury stimuli.

Method

Participants

A different group of 24 undergraduate students (18 female; 6 male) at La
Laguna University participated in the experiment for course credit.

Apparatus, Stimuli, Procedure, and Measures

The equipment, procedure, and measures were the same as in Experiment
1. There were 30 experimental trials, each with a neutral control picture paired
with either one of the 10 neutral target pictures, or one of the 10 threat-related
target pictures, or one of the 10 injury-related target pictures. In addition, there
were 10 filler trials with 20 non-unpleasant stimuli. The same 30 control pictures
and the same 10 neutral target pictures as in Experiment 1 were used. Two new
categories of unpleasant stimuli were presented: 10 threat-related and 10 injury-
related pictures.9 The distinction between these categories was confirmed in a
norming study with 16 participants, who sorted each picture as pertaining to the
threat or the injury category (there was agreement for all stimuli in at least 87.5%
of the participants). All target stimuli included people; all control stimuli included
objects.

Mean emotional valence rating scores for the threat and the injury pictures
were 2.21 (SD = 0.42) and 1.72 (SD = 0.32), respectively (Moltó et al., 1999;
Vila et al., 2001). A one-way ANOVA on these valence scores and those of
the neutral target pictures (M = 5.39; SD = 0.39) revealed an effect of picture
category, F (2, 27) = 275.45, p < .0001. Bonferroni corrected multiple post hoc
comparisons showed significant differences between the neutral and both the threat
and the injury pictures (ps < .001), and between the threat and the injury pictures
(p < .05). A one-way ANOVA (neutral vs. threat vs. injury) was also conducted
on emotional arousal scores, luminance values, complexity, and rated familiarity.
There were significant differences in arousal scores, F (2, 27) = 100.75, p < .0001.
Bonferroni comparisons revealed lower arousal scores for the neutral pictures
(M = 3.86; SD = 0.63) than for both the threat (M = 6.95; SD = 0.45) and the
injury (M = 7.16; SD = 0.64) pictures (p < .001), which did not differ from each

9The IAPS number was, for the threat-related pictures: 3530, 6212, 6230, 6313, 6550, 6560, 6838,
6940, 8485, and 9921; and for the injury-related pictures: 2800, 3051, 3064, 3181, 3350, 9040, 9250,
9410, 9415, and 9421.
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other. Average luminance values were not significantly different for the neutral
(M = 94.4; SD = 15.0), the threat (M = 98.9; SD = 23.2), and the injury (M =
102.8; SD = 25.1) pictures, F < 1. Complexity, as measured by Kbyte number,
was also equivalent for the neutral (M = 525; SD = 301), the threat (M = 375;
SD = 293), and the injury (M = 421; SD = 173) pictures, F < 1. Complexity,
as measured by judges’ ratings, was equivalent for the neutral (M = 4.74; SD =
1.05), the threat (M = 4.91; SD = 0.77), and the injury (M = 4.85; SD = 0.91)
pictures, F < 1.10 Familiarity ratings were significantly different as a function of
emotional valence category, F (2, 27) = 23.72, p < .0001, such that the neutral
(M = 5.60; SD = 1.50) pictures were more familiar than both the threat (M =
3.10; SD = 0.32) and the injury (M = 2.80; SD = 0.79) pictures (both ps < .001),
which did not differ from each other. There were no significant differences in face
area, F < 1, between the threat (M = 11.7; SD = 10.8), injury (M = 14.5; SD =
11.7), and neutral (M = 10.9; SD = 11.1) stimuli.

Results

Probability of Fixations

A one-way repeated measures ANOVA (Valence: Neutral vs. Threat vs.
Injury; see mean scores in Table II) revealed a significant effect of valence on first
fixation, F (2, 22) = 4.30, p < .05, with higher fixation probability on both threat
(p < .05) and injury (p < .05) pictures than on neutral pictures. An effect also
appeared on last fixation, F (2, 22) = 3.45, p = .05, with higher fixation probability
on threat (p < .05) than on neutral pictures, and no significant differences between
injury pictures and both threat and neutral pictures. Valence also affected total
fixation probability, F (2, 22) = 11.25, p < .001, as well as total number of
fixations, F (2, 22) = 4.85, p < .05, (Neutral: 1.83; Threat: 1.87; Injury: 1.95).
However, these two last effects were no longer significant (all F s < 1) when those
of first and last fixation were partialled out.

Duration of Fixations

A 3 (Valence) × 6 (500-ms intervals) repeated measures ANOVA was con-
ducted on the proportion of viewing time scores (see Fig. 2). An effect of interval,
F (3.48, 80.00, adj. df) = 2.71, p < .05, was qualified by an interaction, F (5.96,
136.99, adj. df) = 2.24, p < .05. Planned contrasts between valence levels re-
vealed reliable differences only in the first interval, F (2, 22) = 25.96, p < .0001,

10The correlation between the two complexity measures did not reach statistical significance in Ex-
periment 1, r(30) = .32, p = .084, and Experiment 2, r(30) = .27, p = .15. Accordingly, these two
measures are not equivalent, and they should be used with care in future research.
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Table II. Mean Probability of First Fixation, Last Fixation, and Total Fixation
on the Target Pictures, as a Function of Affective Valence in Experiment 2

First fixation Last fixation Total fixationsa

Valence M SD M SD M SD

Neutral 0.59a 0.14 0.56a 0.21 0.52a 0.03
Threat 0.68b 0.12 0.70b 0.14 0.56b 0.03
Injury 0.67b 0.12 0.64 0.21 0.54b 0.04

Note. A different subscript letter indicates that the corresponding scores are
significantly different between two or more valence levels. Lack of subscript
indicates that the corresponding score did not differ from any of the others.
aFor total fixation probability, differences between valence levels were no
longer significant after first and last fixation scores were partialled out.

with more time looking at threat pictures than at both injury and neutral pictures
(both ps < .001). A 3 (Valence) ANOVA on total viewing time (M ms, Neutral:
1673 vs. Threat: 1683 vs. Injury: 1690) and average viewing time (M ms, Neutral:
914 vs. Threat: 900 vs. Injury: 867), showed no significant effects (all F s < 1).
Additional ANOVAs on the five 100-ms slices of the first 500-ms interval yielded
only a significant effect of valence, F (2, 22) = 21.13, p < .0001, thus confirming
that emotional pictures engaged attention similarly across the first 500 ms.

Fig. 2. Proportion of time looking at the target pictures (relative to the control picture)
across six consecutive 500-ms intervals, as a function of affective valence, in Experiment 2.
The scores within the dotted boxes on the bars represent the mean proportions of time in
each condition. Lines depict polynomic trends across intervals, with the corresponding R2.
Asterisks indicate significant differences between the emotional and the neutral target pictures.
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Effects of Emotional Arousal

As in Experiment 1, we reclassified the target pictures of Experiment 2 as a
function of arousal: low (N = 10), medium (N = 10), and high (N = 10), with
the respective mean arousal scores of 3.86, 6.65, and 7.46. A one-way ANOVA
yielded significant differences between these three groups, F (2, 27) = 157.75, p

< .0001, (all pairwise Bonferroni corrected contrasts, p < .01). Subsequently, the
probability and duration of fixations were analyzed as a function of the arousal
factor. There were significant effects on probability of first fixation, F1(2, 22) =
3.95, p < .05, (M = 0.55 vs. 0.65 vs. 0.68, for low vs. medium vs. high arousal,
respectively), and borderline effects on probability of last fixation, F (2, 22) =
2.79, p = .082, (M = 0.56 vs. 0.64 vs. 0.67, for low vs. medium vs. high arousal,
respectively). A main effect emerged for proportion of viewing time, F (2, 22) =
4.53, p < .05, with low-arousal pictures (M = 0.52) being looked at less (p <

.05) than high-arousal pictures (M = 0.67); medium-arousal pictures (M = 0.64)
were not significantly different from the other groups of pictures.

Discussion

The probability of the first fixation was similar for both threat and injury
stimuli, and higher than for neutral stimuli. In contrast, viewing time within the
first 500 ms was longer, and the probability of the last fixation tended to be higher
for threat than for injury stimuli. This suggests that attentional patterns vary across
processing stages as a function of specific unpleasant contents, with initial gen-
eral attraction of attention and later differentiation depending on specific content
(see General Discussion). The enhanced attention to threat pictures cannot be at-
tributed to greater unpleasantness, as threat pictures were actually less unpleasant
than injury pictures. Rather, the reverse occurred, as increased unpleasantness
was associated with an attentional bias away from (rather than towards) injury
stimuli. Once the injury stimulus was detected, viewers seem to have avoided
looking at it. In contrast, the threat picture continued to receive enhanced atten-
tion in both the first and the last 500-ms intervals. This is related to the adaptive
significance of threat-related stimuli, as these convey imminent danger, with the
outcome being uncertain, which would prompt sustained attention to gather more
information, whereas injury pictures convey explicit harm. Accordingly, there
would be two complementary factors influencing the vigilance for threat scenes
versus the avoidance of injury scenes in the later attentional stages: uncertainty of
danger and degree of unpleasantness. Enhanced vigilance would be functional for
those scenes in which harm is probable but not certain, and therefore there may be
possibilities of coping to be explored (and attended to), although representing a
less unpleasant event. Attentional avoidance would be functional for those scenes
in which the harm has already occurred and therefore there are no coping options
to be attended to further, although the event is highly distressing.
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GENERAL DISCUSSION

When emotional and nonemotional pictures were presented simultaneously,
viewers first fixated on, and looked longer at, the emotional pictures during the
first 500 ms of presentation, but not later. This pattern was similar for pleasant
(affectionate) and unpleasant (threat and injury) pictures, although there were
some differences between the two types of unpleasant pictures. These findings
are relevant in determining which attentional components are involved in the
preferential processing of emotional stimuli, and which emotional contents of
stimuli are susceptible of preferential attention.

Preferential Attention to Emotional Pictures: Attentional Processes

Attentional bias or preferential attention to emotional stimuli was demon-
strated by the fact that scenes with an affective content were looked at to a greater
extent than nonemotional scenes. Prior research has already demonstrated that
people pay special attention to emotional pictures, as indicated in the introduction
(Bradley et al., 1996; Cuthbert et al., 2000; Fox et al., 2000; Lang et al., 1993;
Mogg & Bradley, 1999; Öhman, Flykt, et al., 2001; Öhman, Lundqvist, et al.,
2001). The present study makes a contribution by investigating the time course of
this attentional bias to emotional stimuli, and showing that some components and
stages of attention are especially affected. This issue was addressed in the present
study using eye-fixation monitoring as a continuous measure of overt attention.
Both first fixation and viewing time in the first 500-ms of stimulus exposure were
greater for emotional than for neutral stimuli. Presumably, this finding indicates
that the emotional content of stimuli draws initial orienting of attention (prob-
ability of first fixation) and then engages attention briefly (viewing time in the
first 500 ms).11 In contrast, across the following five 500-ms intervals of stimulus
exposure, neither probability of fixation nor viewing time were affected by the
emotional content of stimuli. There was only one exception: Threat (but not in-
jury) pictures were especially likely to receive the last fixation at the end of a
trial, in Experiment 2. This might be understood as late engagement or delayed

11In the introduction we cited four studies that have assessed eye movements during emotional picture
viewing (Bradley et al., 2000; Hermans et al., 1999; Mogg et al., 2000; Rohner, 2002). The consider-
able methodological differences between these prior studies and the current study make it difficult to
compare them. In any case, some empirical relationships can be established. In all four prior studies,
anxious or phobic individuals showed early orienting towards negatively valenced stimuli; in two
studies, this was followed by late avoidance (Hermans et al., 1999; Rohner, 2002). In the current
study, we have extended this finding for nonselected participants (i.e., regardless of individual dif-
ferences) and for specific types of emotional stimuli: Thus, (a) we have found evidence of the prior
vigilance-avoidance pattern for injury stimuli; in contrast, (b) a vigilance–vigilance pattern seems to
apply to threatening stimuli; and (c) a vigilance–(no vigilance, no avoidance) pattern emerged for
pleasant-affectionate stimuli.
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disengagement from emotional pictures. However, this effect on probability of the
last fixation was not accompanied by an effect on viewing time in the last 500-ms
interval (see an explanation for this discrepancy below).

The consistent effects on probability of the first fixation and on viewing time
in the first 500 ms indicate that the attentional bias as a function of the emotional
content of stimuli takes place very early. To the extent that initial orienting is
automatic, our findings on first fixation location would converge with those from
prior research showing automatic effects (Mogg & Bradley, 1999; Öhman, Flykt,
et al., 2001). There is the possibility, however, as suggested by the longer viewing
time in the first 500-ms interval, that some strategic components are also involved,
although limited in time. That is, our data suggest that the viewer’s attention is
initially captured by the emotional content of stimuli, and then other processes
may sustain attentional focus on these stimuli for a short period, in order to more
fully appraise the emotional significance of the stimuli. However, this additional
processing and holding of attention seems to wear off relatively quickly. There is
an adaptive reason for the early, but not late, preferential attention to emotional
stimuli: As these are concerned with appetitive or aversive events, it is important
to detect and identify them as “good” or “bad” promptly, in case a preservative or
a defensive response is required. However, once it is determined that they do not
represent a real benefit or danger for the organism, there is less adaptive value in
sustaining attention, and processing resources are allocated elsewhere.

Thus far we have concluded from our findings that emotional stimuli draw
and hold attention early and briefly, but not later. Two potential limitations should,
however, be considered. One is concerned with the task requirements involving
comparison of two simultaneous pictures, which implies that both must be looked
at alternately. This may have hindered a more spontaneous allocation of attention
after initial orienting to one of the pictures. A different case is when only one
emotional stimulus is presented at a time (e.g., Bradley et al., 1996; Cuthbert
et al., 2000; Lang et al., 1993), and all attention can be freely devoted to this
stimulus, with no concurrent stimuli. The other limitation is concerned with the
validity of eye fixations to assess covert attention, particularly in late processing
stages. As indicated in the introduction, attentional resources can be allocated
to contents unrelated to the stimulus that is currently fixated by the eyes. Thus,
it is possible that, after having looked initially at the emotional picture, viewers
shift their eyes to the neutral picture, but keep focusing mentally on the emo-
tional picture, elaborating and thinking about it. At this point, the eyes may be
directed at either pictures of the pair, but attention could remain focused on the
emotional picture. Accordingly, the possibility that emotional pictures engage
late attention (apart from strongly affecting initial orienting and early engage-
ment), cannot be ruled out on the basis of our eye-fixation data. In any case, there
is clear support for the hypothesis of early preferential attention to emotional
pictures.
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Preferential Attention to Emotional Pictures: Affective Contents

Our results are also relevant to determine the affective properties of emo-
tional stimuli that are responsible for this attentional bias. First, the present findings
strongly support the emotionality hypothesis, rather than the negativity hypothesis,
as both pleasant and unpleasant pictures were preferentially attended to, relative to
neutral pictures. These results are not consistent with those indicating preferential
attention to threatening faces, in comparison with happy faces (Fox et al., 2000;
Mogg & Bradley, 1999; Öhman, Lundqvist, et al., 2001; Tipples, Atkinson, et al.,
2002), which would support the negativity hypothesis. In contrast, our results are
consistent with those of Lang et al. (1993; see also Bradley et al., 1996; Cuthbert
et al., 2000), who found enhanced attention to pictures depicting both pleasant
and unpleasant events (or animals, see Tipples, Young, et al., 2002). There are
important methodological differences between the two groups of studies, such as
the type of emotional stimuli (e.g., pictures of faces vs. pictures representing a
variety of real events) and the task (oriented search of stimuli vs. free looking at
them). A potential explanation of the discrepancies is concerned with the extent
to which the stimuli evoke emotion. Thus, emotional face stimuli are not judged
as highly pleasant or unpleasant, have lower emotional arousal ratings, and pro-
duce less extensive functional activity (fMRI) in the visual cortex than pictures
of emotional events (Bradley et al., 2003). Furthermore, regarding the specific
pleasant stimuli that we have used in the present study, i.e., affectionate scenes,
self-reported valence and arousal scores are typically higher for these pictures
than for those depicting simple smiling faces in the IAPS (see Lang et al., 1999;
Moltó et al., 1999; Vila et al., 2001). It is, therefore, understandable that these
affectionate scenes are especially likely to attract attention. The results of face
studies may be more relevant to perceptual discrimination by a face detector in
the brain than to the evocation of emotion.

Second, focusing on the effects of unpleasant valence, the present results sup-
port either the generality or the specificity hypothesis depending on the attentional
stage. Thus, the probability of first fixation was higher for both the threat and
the injury pictures than for the neutral pictures, which is in accordance with the
generality account. In contrast, viewing time in the first 500-ms interval was longer
for threat than for injury pictures, which is in line with the specificity account.
These findings, rather than being inconsistent, conform a theoretically meaningful
pattern. Thus, general unpleasant content—regardless of specific value—would
quickly capture attention as soon as the stimulus is presented, which would be
reflected in the direction of the first fixation. At this very early stage, the view-
ers could detect “something bad (or good),” but not identify specific properties.
Subsequently, in a few milliseconds following the first fixation, the viewer could
identify emotional attributes and decide whether to keep looking at the stimulus or
not, which would be reflected in viewing time. At this later stage, one reason for
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continuing fixating on the unpleasant stimuli is to further examine their adaptive
relevance and possible response requirements. One reason for avoiding unpleas-
ant pictures is that they produce distress. Two factors influencing the result of this
interplay of approach and avoidance tendencies would be the intensity of unpleas-
ant content (greater for injury than for threat pictures) and the danger-signalling
properties (presumably higher for threat than for injury pictures; see Discussion of
Experiment 2). This would explain why threat, but not injury, pictures continued
to attract attention. Accordingly, unpleasant valence may bias initial orienting of
attention regardless of quality or intensity; later attentional engagement can be bi-
ased either towards (threat) or away from (injury) stimuli depending on the quality
or the intensity of unpleasantness.

Alternative Explanations and Conclusions

We have attributed preferential attention to pleasant and unpleasant pictures
to their affective valence. Nevertheless, attention can be influenced by other emo-
tional characteristics of pictorial stimuli, such as arousal, as well as by nonemo-
tional characteristics, of which we have assessed picture luminance, complexity,
familiarity, and area filled by faces. None of these, however, is likely to account
for the effects of affective valence in our study.

First, there were no significant differences in luminance, complexity, and face
area, between pleasant, neutral, and unpleasant pictures. Second, regarding famil-
iarity, although unpleasant pictures were more novel than neutral and pleasant
pictures—which did not differ from each other, attention was similar for unpleas-
ant and pleasant pictures, and it was greater for pleasant than for neutral pictures;
in addition, there were attentional differences between threat and injury pictures in
the absence of familiarity differences. Nevertheless, as suggested by one reviewer
of this article, the combination of the preference for novelty, the preference for
positivity/interestingness in the absence of novelty differences, and the preference
to avoid disgusting scenes should be considered for further research. Thus, the
novelty factor might draw attention in situations in which there is a clear differ-
ence between two stimuli (i.e., unpleasant and neutral, in the present study), and
interestingness might grab attention when there is no difference in novelty (i.e.,
pleasant and neutral trials). Similarly, the factor of disgust could have driven look-
ing preferences. That is, although there is a default preference for novelty, which
explains the first fixation preference for threat and injury versus neutral stimuli,
there is also the motivation to avoid disgusting pictures, which would explain
why only threat pictures and not injury pictures continued to receive preferential
attention.

Third, regarding arousal, we found similar trends as for valence, which is
consistent with the fact that highly arousing pictures are attended to more than
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nonarousing pictures (Bradley et al., 1996; Lang et al., 1993), and that arousal
captures attention very early (Junghöfer, Bradley, Elbert, & Lang, 2001). Yet,
in our study, the effects of valence were genuine, as: (a) attentional differences
between pleasant and neutral stimuli occurred in the absence of arousal differences;
(b) attention was equivalent for pleasant and unpleasant pictures, even though
the former had lower arousal scores than the latter; (c) there were attentional
differences between threat and injury pictures, even though arousal was equivalent
for both; and (d) there were no attentional differences between injury and neutral
pictures in gaze duration in the first 500-ms interval, in spite of differences in
arousal.

In conclusion, when emotional and neutral pictorial stimuli are presented
simultaneously, there is preferential attention to the former. This effect occurs at
an early processing stage, and applies to both pleasant and unpleasant pictures,
thus supporting the emotionality hypothesis rather than the negativity hypothesis.
Both injury and threat pictures are equally likely to attract initial orienting of gaze,
whereas gaze avoidance of injury, but not of threat, seems to follow detection. In
general, this early allocation of attention to pleasant and unpleasant stimuli would
be a central cognitive mechanism in the service of prompt detection of important
events and activation of motivational resources for approach or avoidance.
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