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Attentional Bias for Positive Emotional Stimuli:
A Meta-Analytic Investigation

Eva Pool, Tobias Brosch, Sylvain Delplanque, and David Sander
University of Geneva

Despite an initial focus on negative threatening stimuli, researchers have more recently expanded the
investigation of attentional biases toward positive rewarding stimuli. The present meta-analysis system-
atically compared attentional bias for positive compared with neutral visual stimuli across 243 studies
(N � 9,120 healthy participants) that used different types of attentional paradigms and positive stimuli.
Factors were tested that, as postulated by several attentional models derived from theories of emotion,
might modulate this bias. Overall, results showed a significant, albeit modest (Hedges’ g � .258),
attentional bias for positive as compared with neutral stimuli. Moderator analyses revealed that the
magnitude of this attentional bias varied as a function of arousal and that this bias was significantly larger
when the emotional stimulus was relevant to specific concerns (e.g., hunger) of the participants compared
with other positive stimuli that were less relevant to the participants’ concerns. Moreover, the moderator
analyses showed that attentional bias for positive stimuli was larger in paradigms that measure early,
rather than late, attentional processing, suggesting that attentional bias for positive stimuli occurs rapidly
and involuntarily. Implications for theories of emotion and attention are discussed.

Keywords: attentional bias, positive emotion, reward, emotional theories, attention

Emotions guide behavior (e.g., approach or avoidance), mod-
ulate many cognitive processes (e.g., memory and decision
making), and signal the presence of important events in the
environment (Sander, Grandjean, & Scherer, 2005). When sev-
eral stimuli compete for access to the limited attentional re-
sources of an individual, a bias toward emotional stimuli allows
efficient detection of these events and rapid preparation of
adaptive reactions (Pourtois, Schettino, & Vuilleumier, 2013).
Attentional bias for emotional stimuli has attracted considerable
interest in neuroscience (Vuilleumier, 2005) and psychology
(Van Bockstaele et al., 2014; Yiend, 2010). Initially, experi-
mental research in both fields mainly focused on the negative

emotion of fear. Indeed, fear was one of the first emotions
investigated in an experimental setting in neuroscience through
fear conditioning in rodents (see LeDoux, 1996). The earliest
investigations in human research tried to extend these findings
with the use of fear-relevant stimuli such as faces expressing
fear or anger (Mogg & Bradley, 1998; Vuilleumier, Armony,
Driver, & Dolan, 2001). In addition, a large corpus of studies
investigated attentional bias for threatening stimuli in healthy
participants, as well as in participants experiencing a variety of
anxiety disorders (for an encompassing meta-analysis on anx-
ious and nonanxious participants, see Bar-Haim, Lamy, Per-
gamin, Bakermans-Kranenburg, & van IJzendoorn, 2007).

Despite this initial focus on threatening stimuli, researchers
have more recently expanded the investigation of attentional
biases to rewarding stimuli. In the last decade, the topic of
attentional bias for these positive stimuli has seen a large
increase in interest. Several empirical experiments investigated
attentional bias for positive stimuli in healthy individuals (An-
derson, Laurent, & Yantis, 2012; Sali, Anderson, & Yantis,
2014) and in individuals experiencing substance addiction or
eating disorders (Brignell, Griffiths, Bradley, & Mogg, 2009).
Narrative reviews (Field & Cox, 2008; Franken, 2003) and a
meta-analysis (Field, Munafo, & Franken, 2009) focused on
attentional bias for positive stimuli in the context of substance
abuse. However, fewer works have reviewed experiments con-
ducted on healthy individuals. Recently, Anderson (2013) and
Pessoa (2014) reviewed experiments on attentional bias toward
positively valued stimuli in healthy participants, but to the best
of our knowledge, no quantitative review has been conducted.
Therefore, the goal of the present meta-analysis was to (a)
systematically compare attentional bias for positive stimuli
found across different experiments and (b) test whether the
emotional properties of a stimulus, which are conceived as
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fundamental in major theoretical models of emotion, modulate
this bias.

Attentional Bias for Emotional Stimuli
and Theories of Attention

One of the major challenges for cognitive sciences is to under-
stand how organisms deal with their limited resources in a multi-
farious and rapidly changing world (Posner, 1980). Not all of the
information entering the sensorial system can be processed and
represented thoroughly (Marois & Ivanoff, 2005). How do organ-
isms manage this overload of information? This function is typi-
cally imputed to attention, which selects the subset of stimuli that
can access the organisms’ limited resources to be more thoroughly
represented (Desimone & Duncan, 1995; Posner & Petersen,
1990).

A large variety of processes influence attentional selection
(Pourtois et al., 2013), but classically, two sources of influence are
distinguished (Corbetta & Shulman, 2002; Posner, Snyder, &
Davidson, 1980; Shiffrin & Schneider, 1977). The first influence is
driven by the low-level perceptual characteristics of the stimulus
and is often referred to as exogenous attention. When a stimulus
has some particularly salient physical properties (e.g., color, size,
or an unexpected and sudden onset), attention is rapidly and
involuntarily oriented toward it, even if this stimulus is not rele-
vant to the current task that the individual is performing (Theeu-
wes, 1994). The second influence is driven by the goals and
strategies of the individual and is referred to as endogenous atten-
tion. This process is voluntary, consciously initiated, and less rapid
than exogenous attention: Attention is oriented toward the stimuli
related to the task that the individual is currently trying to achieve
(Folk, Remington, & Johnston, 1992). Even though these two
influences are functionally different, they are not mutually exclu-
sive or fully independent (Egeth & Yantis, 1997). While they rely
on partially segregated brain networks (i.e., frontal and parietal
cortex, as well as some subcortical structures), they generally
function in a similar manner: These networks amplify the activity
of the sensorial regions that process the representation of the
salient or task-relevant stimulus to the detriment of other compet-
ing stimuli (Corbetta & Shulman, 2002).

It has been proposed that a stimulus’ emotional content might
represent a third distinct source of influence on attentional selec-
tion (Brosch, Pourtois, Sander, & Vuilleumier, 2011; Compton,
2003; Holland & Gallagher, 1999; Lang, 1995; Pourtois et al.,
2013; Vuilleumier, 2005). A consistent corpus of experiments
showed that when several stimuli compete for the organism’s
resources, attention is biased toward emotional stimuli (Yiend,
2010). This affective-driven modulation is referred to as emotional
attention (Vuilleumier, 2005) or motivated attention (Lang, 1995).
Like exogenous attention, emotional attention is rapid and invol-
untary; it is also comparable to endogenous attention, however, as
it strongly depends on some of the observer’s internal factors, such
as the affective state (e.g., a state of anxiety; Bar-Haim et al.,
2007). Some investigators have proposed that exogenous attention,
endogenous attention, and emotional attention have an additive
influence on attentional selection (Brosch et al., 2011), thereby
suggesting that these three systems can operate simultaneously and
that they each have a unique influence on attention (Pourtois et al.,
2013). Moreover, emotional attention has been shown to be par-

ticularly mediated by a neuronal structure (i.e., the amygdala) that
differs from the structures that mediate exogenous and endogenous
attention (Vuilleumier, 2005; Vuilleumier & Brosch, 2009). Even
though a distinct neuronal network seems to mediate emotional
attention, it has the same effect on the brain areas that process
sensorial information: It boosts the neuronal representation of the
emotional stimulus, making it more robust and, therefore, more
likely to win the competition for processing resources and gaining
access to awareness (Pessoa, Kastner, & Ungerleider, 2002). There
is a general agreement on the amygdala’s activity enhancing the
sensory analysis of the emotional stimuli. However, the degree of
automaticity of this perceptual enhancement underlying attentional
biases remains debated. Some authors claim that emotional stimuli
are processed automatically and independently of voluntary atten-
tional processes (Brosch et al., 2011; Pourtois et al., 2013; Vuil-
leumier, 2015), because emotional stimuli are processed even
when voluntary resources are allocated elsewhere. Other authors
claim that attention toward emotional stimuli requires the partici-
pation of voluntary resources (Lavie, 2005; Pessoa, Kastner et al.,
2002; Pessoa, McKenna, Gutierrez, & Ungerleider, 2002), consid-
ering that a high voluntary attention load seems to abolish the
processing of emotional distractors. The time-course of the emo-
tional attention effects might provide important insights to this
debate. Early attentional mechanisms, such as initial orienting, that
appear rapidly (i.e., before 120 ms after the stimulus onset) are
conceived as independent of the observer’s intentions. Later atten-
tional mechanisms, such as difficulty in disengaging one’s atten-
tion, that appear more slowly (i.e., 200–250 ms after the stimulus
onset), are more likely to be influenced by voluntary processes
(Theeuwes, 2010; Theeuwes & Belopolsky, 2012). Therefore, if
emotional attention effects are automatic and independent of vol-
untary processes, they should already modulate early attentional
mechanisms; whereas if emotional attention effects require volun-
tary processes they should only influence later attentional mech-
anisms. Accordingly, investigations using electroencephalic mea-
sures provided evidence corroborating the automaticity hypothesis,
by showing that the perceptual enhancement of emotional stimuli
appears at very early stages of visual processing. Strikingly, emo-
tional stimuli seem to modulate Event Related Potential (ERP)
components appearing at very early stages of visual processing
(i.e., before 150 ms) such as the C1 component generated by the
visual perceptual areas (Pourtois, Grandjean, Sander, & Vuil-
leumier, 2004; Stolarova, Keil, & Moratti, 2006). In the present
meta-analysis, we investigated this question by coding several
moderators reflecting early versus later attentional mechanisms.

Moderators Characterizing Attentional Bias

Attentional Bias Subcomponents

Attentional biases can be driven by two mechanisms: (a) initial
orienting toward the stimulus, or (b) difficulty in disengaging
attention from the stimulus and reallocating it toward another
stimulus (Posner, Inhoff, Friedrich, & Cohen, 1987). Although this
differentiation has been recognized as important (Field et al.,
2009), measures of attentional bias do not always allow distinction
between these two subcomponents. The initial orienting is con-
ceived as an early preselective mechanism driven by the stimulus,
independently of the intentions of the observer (Theeuwes, 2010;
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Theeuwes & Belopolsky, 2012). Initial orienting influences the
first attentional shift, which occurs before 150 ms. The difficulty in
disengaging one’s attention occurs after the first attentional shift
and after the stimulus has been selected; therefore, compared with
initial orienting, it is a later mechanism that occurs after 200–250
ms (Weierich, Treat, & Hollingworth, 2008). These two subcom-
ponents of attentional biases are dissociable processes that can be
differentially manipulated (Born, Kerzel, & Theeuwes, 2011).
Recent studies (Pool, Brosch, Delplanque, & Sander, 2014; Theeu-
wes & Belopolsky, 2012) parsing the contribution of these two
subcomponents in attentional bias for positive stimuli suggested
that the bias is driven by an initial orienting more than a difficulty
in disengaging attention. In the present meta-analysis, a moderator
was coded on the subcomponent of attentional bias (initial orient-
ing or difficulty in disengagement) when the experimental para-
digm used in the study allowed such a distinction.

Experimental Paradigm

To study the influence of emotion on attentional selection,
several experimental paradigms have been created on the basis of
classical cognitive tasks. The dot probe detection task is probably
the most used paradigm in the study of attentional bias for emo-
tional stimuli (Yiend, 2010). Participants are asked to detect as fast
and precisely as possible the location, orientation, or identity of a
target that appears in the same place as one of the two cues that
were presented simultaneously before the target. One of these two
cues has an emotional value, whereas the other is neutral. When
attention is oriented toward the emotional cue, participants are
faster at detecting the target when it appears in the location
previously occupied by the emotional cue compared with when it
appears in the location previously occupied by the neutral cue.
Although it is well recognized that this index reflects a bias in
attentional orienting, on the basis of the behavioral performances,
it is impossible to disentangle whether the bias is because of initial
orienting toward the emotional cue or difficulty in disengaging
attention from the emotional cue and reorienting it toward the
target (Fox, Russo, & Dutton, 2002; Posner, 1980). However, in
some adaptations of the dot probe detection task (Koster, Crom-
bez, Verschuere, & De Houwer, 2004), such a distinction becomes
possible thanks to the addition of a condition with two neutral cues
furnishing a neutral baseline. Comparison of such a baseline with
trials in which the target appears at the same location as the
emotional cue reflects initial orienting, whereas comparison of the
baseline with trials in which the target appears at the location
opposite to the emotional cue reflects difficulty in disengagement.

The spatial cuing task has been specifically designed to simul-
taneously measure initial orienting and difficulty in disengagement
through a simple behavioral index (Posner & Cohen, 1984). In this
task, a single cue is briefly presented before a target. The cue can
be emotional or neutral, and participants are asked to detect the
target. In valid trials, the target appears in the same location as the
cue; faster reaction times (RTs) in trials with an emotional cue
compared with a neutral cue are taken to reflect initial orienting
toward the emotional cue. In invalid trials, the target appears in the
opposite location to the cue; slower RTs to detect the target after
the emotional cue compared with the neutral cue are taken to
reflect difficulty in disengaging attention from the emotional cue.

A simple free viewing task is often used with a direct measure
of attention such as eye movements. Classically, an emotional and
a neutral image are presented simultaneously and the measures of
the first saccade (e.g., probability of fixating, velocity) represent
initial orienting, whereas the later measures (e.g., dwelling time,
proportion of fixation) represent difficulty in disengagement.

In visual search tasks, participants are asked to search for a
specific target among several distractors. Participants are faster at
detecting an emotional stimulus among neutral distractors and
slower at detecting a neutral target among emotional distractors
compared with when they have to detect a neutral stimulus among
neutral distractors. This task reflects attentional bias in the most
ecological way. However, as in the classical versions of the dot
probe detection task, it is impossible to disentangle initial orienting
from difficulty in disengagement.

Whereas the aforementioned tasks are used to investigate the
spatial dimension of attention, the rapid serial visual presentation
(RSVP) task targets its temporal dimension. A series of images
rapidly appears one after the other, with each image displayed
briefly (about 100 ms). Participants are asked to attend to a
particular type of target in this stream. A single target can be
reported accurately, but reporting a second target is considerably
impaired when the two targets are presented within a short interval
(200–500 ms). This impairment, termed attentional blink, reflects
attentional capacity limitations that restrict access to awareness
(Shapiro, Raymond, & Arnell, 1997). Attentional blink has been
shown to be considerably attenuated when the first target is neutral
and the second target is an emotional stimulus; similarly, atten-
tional blink is considerably increased when the first target is
emotional and the second is neutral (Anderson, 2005). Modulation
of the attentional blink may be underlined by early and rapid
attentional processes that can be assimilated to initial orienting
(Field et al., 2009); because no concrete empirical evidence has
demonstrated this, however, in the present meta-analysis, we con-
sidered this task to reflect global attentional bias.

In other tasks, emotional cues and neutral task-relevant targets
are not divided by spatial or temporal factors and are presented
simultaneously on the same stimulus. This is the case of the
emotional Stroop task in which participants are presented with
emotional words or photos in different colors and asked to name
the color of the ink as fast as possible and to ignore the semantic/
emotional content of the stimulus. The attentional bias is indexed
by the participant’s RT in naming the color when the stimulus has
emotional content compared with when it has neutral content. An
“emotional Stroop effect” is reported when the emotional content
involuntarily interferes with the task by slowing the participants’
performances. Because it is easy to administer, this paradigm has
been widely used in the literature, showing a robust emotional bias
(Phaf & Kan, 2007, for a meta-analysis). Initially, the interference
effect of emotion was attributed to early and rapid mechanisms
(for a review, see Cox, Fadardi, & Pothos, 2006); however, recent
evidence suggests that this effect instead reflects a later process
attributable to difficulty in disengaging attention (Field et al.,
2009; Phaf & Kan, 2007).

Because these paradigms might reflect different aspects of at-
tentional selection, we coded the moderators to assess how the use
of a particular experimental paradigm influences the size of the
attentional bias for positive stimuli.
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Measure and Stimulus Target Asynchrony

In the present meta-analysis, studies using different types of
measures of attentional biases are included. These measures are
divided into two main categories: (a) measures of electroenceph-
alographic activity and of eye movements are considered direct,
and (b) behavioral performances reflecting the influence of atten-
tional processes are considered indirect (Field et al., 2009). In
indirect measures (i.e., RTs, accuracy), the influence of an emo-
tional cue is assessed by detection of a subsequent neutral target.
Therefore, the timing of the attentional bias crucially depends on
the cue-target onset asynchrony (CTOA) of the emotional stimu-
lus, whereas the timing of the bias can be measured independently
of the exposure time of the emotional stimulus for direct measures.
When the target appears immediately after the emotional cue (i.e.,
not more than 150 ms), the behavioral performance reflects the
influence of the first attentional shift, which takes about 100–150
ms. A CTOA longer than 250 ms allows the participant to shift
attention repeatedly; therefore, performances during target detec-
tion are more likely to reflect the fact that attention is held on the
emotional stimulus and cannot be disengaged from it (Weierich et
al., 2008). Because several paradigms using indirect measures do
not allow disentanglement of initial orienting and difficulty in
disengagement (e.g., classic version of the dot probe detection
task), we coded time exposure of the emotional stimulus as a
moderator for studies using indirect measures. This moderator
provides a supplementary, although only indirect, indicator of the
role of initial orienting and difficulty in disengagement in atten-
tional biases for positive stimuli.

Attentional Bias for Positive Stimuli
and Theories of Emotion

Despite the amount of evidence demonstrating that attentional
selection is influenced by emotional stimuli, there is little agree-
ment on the psychological mechanism underlying the influence of
emotional stimuli on attention (Brosch, Pourtois, & Sander, 2010).
More particularly, little is known about the properties allowing
emotional stimuli to have such a privileged attentional status: If
attention is biased toward emotional stimuli, it is fundamental to
identify which properties qualify a stimulus as emotional.

The three major theories of emotion (basic emotion, circumplex,
and appraisal theories) have focused on different mechanisms
defining a stimulus as emotional, and three different models of
emotional attention (Anderson, 2005; Brosch, Sander Pourtois, &
Scherer, 2008; Öhman & Mineka, 2001) have been derived from
them. Although the prediction for negative threatening stimuli is
similar across the three different models of emotional attention,
different predictions exist concerning positive rewarding stimuli.

Positive rewarding stimuli have been defined as stimuli having
a positive hedonic value, which elicit approach behaviors, produce
learning of the behavior that led to the positive rewarding stimulus
and engaged positive emotions (Berridge & Kringelbach, 2008;
Schultz, 2004). These stimuli can be conceptualized as being
symmetrically opposite to negative threatening stimuli in terms of
valence and action tendency: Whereas the latter have a negative
value and elicit avoidance, the former have a positive value and
elicit approach. Positive rewarding and negative threatening stim-
uli, being both affectively relevant, share several brain structures

in their processing such as the amygdala and the orbitofrontal
cortex (e.g., Li, Howard, Parrish, & Gottfried, 2008; Murray,
2007; Sander, Grafman, & Zalla, 2003). Traditionally, however,
other structures such as the dopaminergic midbrain structures and
the ventral striatum, have been selectively linked to positive re-
ward processing (Berridge & Robinson, 1998; Schultz, 2004).

Basic emotion theory proposes that discrete basic emotions
(e.g., fear, happiness) are each underlain by unique psychological
mechanisms and neuronal signatures (Ekman, 1992). Therefore,
according to this principle negative threatening stimuli and posi-
tive rewarding stimuli, reflecting different basic emotions (e.g.,
fear and happiness), should rely on different mechanisms and
potentially have a different effect on attention. One attentional
model, consistent with the basic emotion theory is that attention is
rapidly directed toward emotional stimuli that represent a threat to
the organism’s survival (Flykt, 2006; Öhman & Mineka, 2001).
According to this proposition, through evolution, organisms have
developed an innate and automatic system implemented in the
amygdala that biases attentional resources toward stimuli that have
intrinsic perceptual features characteristic of classical threats to the
species for which organisms have been biologically prepared (e.g.,
a snake shape). The emotional influence on attentional selection is
conceptualized as being specific to threat; therefore, according to
this model, positive stimuli should not bias attentional resources.
Indeed, in interpreting the effect of positive and negative emo-
tional stimuli on attentional selection, Öhman, Lundqvist, and
Esteves (2001) wrote that there is “a constant affective activation
effect exclusively pertaining to the threatening face. . . . Fear-
irrelevant stimuli, on the other hand, only passed through the
feature analyses . . .” (p. 393).

Circumplex theories of emotion propose a different underly-
ing mechanism. They contest the assumption that single emo-
tions (i.e., fear, anger, and happiness) function independently of
each other and postulate that all emotions are underlain by two
orthogonal dimensions: valence, which defines how positive
and how negative one feels about the stimulus; and arousal,
which defines the extent to which the stimulus triggers a sym-
pathetic physiological reaction that is felt by the observer
(Russell, 1980; Yik, Russell, & Barrett, 1999). From this as-
sumption, it has been proposed that emotional stimuli influence
attentional selection contingent on their potential to elicit emo-
tional arousal, independently of their valence (Anderson, 2005).
According to this model, the amygdala is the key structure
orchestrating the arousal-modulatory influence on attention:
Involved in both high arousing positive and negative stimuli
(Anderson et al., 2003), the amygdala modulates the enhanced
perceptual processing underlying the attentional bias (Anderson
& Phelps, 2001). Therefore, according to this model, positive
stimuli modulate attention only if they are high on the arousal
dimension.

Appraisal theories of emotion (Moors et al., 2013; Moors,
2009; Scherer, Schorr, & Johnstone, 2001) also postulate that
common mechanisms underlie the large variety of emotions.
However, unlike the other theories, appraisal theories propose
that the determining factor is the appraised relevance of the
stimulus with respect to the organism’s current concerns (Fri-
jda, 1988; Sander, Grandjean, & Scherer, 2005). Current con-
cerns are associated to affective responses and differ from
purely cognitive task-relevant goals. Task-relevant goals do not
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require commitment: they relate to the task instructions and
begin and end in task context (Klinger, 1975). For instance, in
a task in which the blue distractor has to be found, the blue
color is task-relevant, but once the task is finished, it is no
longer relevant. Current concerns relate to affective represen-
tations of psychological and physiological motives (e.g., self-
achievement), needs (e.g., hunger), and values (e.g., security)
that are of major importance for the individual (Frijda, 1988).
They imply a state of commitment about their achievement that
generalizes to different contexts and situations beyond a par-
ticular task (Klinger, 1975). For instance, in a task in which our
own name has to be found, our own name is task relevant as
well as relevant for the current concern of self-identity; its
relevance does not end with the task. A multitude of concerns
can be identified as belonging to one of two categories in a
theoretical classification proposed by Frijda (2009): source
concerns are shared across individuals, are relatively stable, and
are commonly recognized (e.g., offspring caregiving, affilia-
tion, and self-affirmation) and surface concerns are specific to
an individual at any given time and situation (e.g., being hun-
gry, being attracted to a specific person; Frijda, 2009). Source
and surface concerns are not conceptualized as opposite cate-
gories, a given stimulus can be relevant to both surface and
source concerns simultaneously (e.g., a food stimulus can be
relevant to the common concern of nourishment and the specific
concern of hunger; Rodriguez Mosquera, Fisher, & Manstead,
2004). According to appraisal theories, organisms developed a
system to rapidly detect stimuli that are relevant to their current
concerns: If a stimulus is appraised as being affectively rele-
vant, it has privileged access to the individual’s resources. From
this assumption, it has been proposed that the influence of
emotional stimuli on attentional selection critically depends on
the stimulus’ relevance for the observer’s concerns: The
amygdala rapidly detects the stimulus’ relevance and enhances
the cortical perceptual representation of the relevant stimulus
that becomes more salient and likely to bias attention (Brosch et
al., 2008; Brosch, Sander, & Scherer, 2007; Brosch, Scherer,
Grandjean, & Sander, 2013; Sander et al., 2003). Similarly to
the attentional model derived from circumplex theories, this
proposition also postulates that positive stimuli have facilitated
access to attention, independently of their intrinsic properties.
For instance, a particular positive stimulus (e.g., an erotic image
of a woman) can be relevant and elicit a physiological state of
arousal for one individual (e.g., a heterosexual man), but not for
another (e.g., a heterosexual woman). However, there is a
fundamental difference between the two models. According to
models derived from appraisal theories, the attentional bias is
driven by an early and automatic relevance appraisal that occurs
before the emotional response, whereas models derived from
circumplex theories postulate that the bias is driven by a rela-
tively later mechanism consisting of the felt physiological re-
sponse of arousal.

In the present meta-analysis, we investigated this question by
coding several moderators reflecting the fundamental emotional
properties of positive stimuli according to the aforementioned
theories. We took advantage of the large existing literature that has
tested attentional biases using a large variety of stimuli with
different levels of valence, arousal, and relevance to investigate the
predictions of the models of emotional attention derived from the

main theories of emotion. If arousal is determining the attentional
bias (Anderson, 2005), then stimuli with a similar relevance that
vary in arousal could differently predict the size of the attentional
bias; whereas if relevance is the determining property, then the size
of the attentional bias could be predicted by stimuli that are
similarly arousing but differ in relevance (Brosch et al., 2008).
Finally, if the threat is the property determining the attentional bias
(Öhman & Mineka, 2001), then only threatening stimuli—and not
positive emotional stimuli—should bias attention.

Moderators Characterizing the Emotional Properties
of the Stimulus

Valence and Arousal

Circumplex theories postulate that valence and arousal are the
two orthogonal dimensions underlying the large variety of emo-
tions (Russell, 1980). The attentional model derived from this
theory (Anderson, 2005) predicts that arousal is the dimension
determining the attentional bias for emotional stimuli. From this
assumption, one would expect that the higher the positive stimuli
are on the arousal dimension, the larger the magnitude of the
attentional bias, independently of the intensity of the positive
valence of the stimuli. To test this prediction, we coded how
arousing and how positively valenced the positive stimuli used in
the studies reporting these values were.

Relevance to Specific Concerns

Appraisal theories postulate that the stimulus itself is not deter-
mining, as the critical factor is the interaction between the stimulus
and the current concerns of the individual (Lazarus, 1991). From
this assumption, one would expect a bigger attentional bias when
the positive stimuli are selected on the basis of a specific concern
of the participant than when they are selected without considering
the participant’s concerns (Brosch et al., 2008). To measure how
this factor modulates attentional bias for positive stimuli, we
controlled whether the experimenters considered a specific con-
cern of their participant (e.g., being hungry, craving chocolate, and
being homo-or-heterosexual) when they chose the positive stimuli
(e.g., food, chocolate, and same-or-opposite gender erotic stimuli).
Therefore, we coded whether the positive stimuli were selected on
the basis of their relevance to specific concerns or not.

Types of Positive Stimuli

Different types of stimuli have been used to investigate atten-
tional bias for positive stimuli. Initially, several experiments used
(a) smiling facial expressions inspired by experiments using fear-
ful and angry faces to investigate attentional bias toward negative
stimuli. However, smiling facial expressions might have a much
lower level of relevance to the observer compared with fearful and
angry expression: Whereas fearful and angry expressions reflect
their corresponding emotional feeling, smiling expressions more
often reflect other experiences than happiness, such as embarrass-
ment, nervousness, or simple politeness (Ambadar, Cohn, & Reed,
2009). Therefore, several authors preferred to use positive stimuli
with a higher level of relevance to biological source concerns such
as (b) nourishment (the use of food), (c) reproduction (the use of
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erotic or attractive stimuli), and (d) offspring caretaking (the use
of stimuli related to babies or children). Other studies used stimuli
that are not related to biological concerns, but that have acquired
their positive value and relevance through socialization; such
stimuli include (e) monetary reward and (f) affective stimuli
related to the self (e.g., first name, or first name of significant
others), these kinds of stimuli have been recognized to universally
have a positive affective value across healthy individuals of dif-
ferent cultures (Yamaguchi et al., 2007). Finally, some experi-
ments used sets of stimuli composed of (g) a mix of stimuli (e.g.,
photos illustrating sporting activities or happy families) that are
selected on the basis of their positive value, without considering
their relevance to the observer.

Intrinsic Properties of the Stimulus

Emotional stimuli often have peculiar perceptual properties
(e.g., big eyes of a baby face). The role played by these intrinsic
perceptual properties on attentional bias for emotional stimuli has
been largely debated in the literature. Emotional content and
low-level perceptual characteristics have been proposed to repre-
sent two independent sources of influence on attention (Brosch et
al., 2011; Pourtois et al., 2013). However, some authors (Calvo &
Nummenmaa, 2008) have suggested that some intrinsic low-level
perceptual characteristics of positive stimuli, such as the open
mouth of a smiling face, play a fundamental role in attentional
selection (for a meta-analysis see Nummenmaa & Calvo, 2015).
Whereas several studies used emotional stimuli that are perceptu-
ally salient (e.g., smiling face, babies), others used neutral stimuli
without perceptual salience that acquired emotional value by being
associated with a positive emotional event, thereby dissociating the
emotional value from the low-level perceptual characteristics.
Therefore, we decided to assess how attentional bias for positive
stimuli varies according to the intrinsic characteristics of the
stimulus by coding two moderators: (a) the positive value (intrinsic
or acquired) and (b) the format of the stimulus (word, illustration,
or photos).

Summary

In summary, accumulating evidence demonstrates that attention
is biased toward emotional stimuli. According to some theories
emotional attention represents a source of influence of attentional
selection distinct from exogenous and endogenous attention that
operates rapidly and independently of voluntary processes (Brosch
et al., 2011; Pourtois et al., 2013; Vuilleumier, 2005), whereas for
other theories emotional attention require at least some degree of
voluntary resources (Lavie, 2005; Pessoa, Kastner et al., 2002;
Pessoa, McKenna et al., 2002). Models of emotional attention
derived from theories of emotion (Anderson, 2005; Brosch et al.,
2008; Öhman & Mineka, 2001) propose different psychological
mechanisms underlying the influence of emotion on attention.
Whereas they all predict attentional modulation by negative threat-
ening stimuli, they have different predictions for positive stimuli.
Therefore, we had three main goals in the present meta-analysis.
The first was to investigate whether attention is biased toward
positive stimuli. The second was to investigate how the effect size
of the attentional bias varies according to the characteristics of the
attentional measure used in the study (e.g., Is the attentional bias

larger if it is measured at early stages of attentional processing
compared with late stages? Is the attentional bias larger in an
attentional paradigm that targets early rather than later stages of
attentional biases?). The last goal of this meta-analysis was to
investigate how the effect size of this attentional bias varies
according to the characteristics of the emotional stimulus used in
the study (e.g., Do positive stimuli elicit a larger bias if they are
high in the arousal dimension? Do positive stimuli elicit a larger
attention bias if they are relevant to the participants’ concerns
compared with when they are not?).

Hypotheses

We predicted that, across different studies, attention is biased
toward positive stimuli compared with neutral stimuli. Moreover,
we predicted that the attentional bias varies according to the
moderators characterizing the type of attentional bias and the
moderators characterizing the emotional stimulus.

For the type of attentional bias, on the basis of the conceptual-
ization of the influence of emotional stimuli on attention described
earlier (Pourtois et al., 2013; Vuilleumier, 2005), we predicted that
the emotional influence would already appear during early stages
of attentional processing that are not yet influenced by voluntary
processes. More precisely we predicted that attentional bias for
positive stimuli would be particularly strong in (a) paradigms
measuring rapid initial orienting rather than late difficulty in
disengaging attention, (b) behavioral paradigms using shorter (i.e.,
120 ms) rather than longer exposure times (i.e., more than 250 ms),
and (c) experimental paradigms targeting early stages of atten-
tional bias (e.g., RSVP task) rather than later stages of attentional
bias (e.g., emotional Stroop task).

For the moderators characterizing the emotional stimulus, we
formulated predictions based on different attentional models de-
rived from theories of emotion. Based on attentional models (An-
derson, 2005) derived from circumplex theories of emotion (Rus-
sell, 1980; Yik et al., 1999), we predicted that (a) the magnitude of
the attentional bias varies according to the arousal dimension,
independently of the valence dimension.

Based on attentional models (Brosch et al., 2007, 2008; 2013)
derived from of appraisal theories of emotion (Sander, Grandjean,
& Scherer, 2005; Scherer et al., 2001), we predicted that atten-
tional bias is not moderated by the intrinsic low-level perceptual
characteristics, but rather by the relevance of the stimulus for the
current concerns of the observer. More particularly, we hypothe-
sized that the influence of positive stimuli on attention is larger (b)
when the positive stimulus is selected for a specific concern of the
observer than when it is not and (c) when the type of positive
stimulus can be considered as generally relevant to a common
concern shared across individuals than when it conveys several
meanings without being clearly relevant to a common concern.

Method

Inclusion Criteria

To select the studies that are included in this meta-analysis, we
used seven criteria:

1. The article had to be written in English.
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2. Only original data collected from healthy adults before
the end of December 2013 were included. Studies inves-
tigating clinical populations (e.g., related to anxiety or
eating disorders) were included only when the data from
a control group of healthy participants were available.
Studies conducted on participants younger than 18 years
old were not included (Veenstra & de Jong, 2012).

3. The study had to use a paradigm measuring involuntary
attentional orienting (i.e., dot probe detection, spatial
cuing, visual search, free viewing, rapid visual serial
presentation, double task, and their different adaptations)
toward visual stimuli.

4. The dependent variable in the included studies had to
consist of behavioral measures (i.e., RTs, detection ac-
curacy), eye movements, or ERPs. When studies reported
both behavioral measures and ERPs or behavioral mea-
sures and eye movements, only ERPs and eye movement
measures were included because generally when these
measures are recorded, the paradigm is specifically de-
signed for them (e.g., Brosch et al., 2008; Isaacowitz,
Wadlinger, Goren, & Wilson, 2006a; Pourtois et al.,
2004).

5. The difference between positive stimuli and neutral stim-
uli could be assessed and tested. All studies comparing
positive stimuli with any stimuli other than neutral (i.e.,
negative stimuli or stimuli with different affective va-
lences) were not included, because the comparison of
attentional bias toward positive stimuli and other types of
emotional stimuli is beyond the scope of the present
meta-analysis.

6. The contrast of interest—the difference between positive
and neutral stimuli—had to be assessed and tested
through a within-subject design. Very few studies tested
the contrast of interest with a between design (Mak-Fan,
Thompson, & Green, 2011; Ogawa & Suzuki, 2004);
given the potential bias in combining between and within
designs in the same meta-analysis (Morris & DeShon,
2002), we decided not to include studies that used a
between-subjects design.

7. Data that allow the computation of an effect size based on
a statistic such as t, F, or p values had to be provided.
When the contrast of interest was tested, but only the
threshold of a p value was reported, the effect size was
extracted by assuming that the p value (e.g., p � .05) was
equal to the reported threshold. If the contrast of interest
was tested and reported as being nonsignificant, but no
exact statistic was given, we computed an estimated
effect size by assuming p � .5. This conservative ap-
proach (Rosenthal, 1991) allows a better representation
of the existing literature and was used only when it was
possible to determine the direction of the effect through
the provided descriptive statistics (15.22% of cases; for a
similar procedure, see Bar-Haim et al., 2007). In cases in
which the contrast of interest was not directly tested

through a planned test (e.g., positive vs. neutral), but
through a main effect test that included other modalities
(e.g., main effect of valence: Positive, negative, or neu-
tral), the effect size for the contrast of interest (i.e.,
positive vs. neutral) was extracted through the maximum
possible contrast F method (MPC-F; Rosnow &
Rosenthal, 1996). The method used to extract the effect
size (i.e., F, t, p, and MPC-F) was entered as a control
moderator and the between-groups homogeneity statistic
revealed a significant effect (QB � 10.819, p � .012).
Effect size extracted through p value were smaller (QB �
5.979, p � .014) than those extracted with the other
methods that did not significantly differ from each other
(QB � 4.996, p � .098). This was because of the fact that
the p value was often reported for nonsignificant results.

From these criteria, we were able to select 150 articles (108
published, 42 unpublished), with a total of 243 studies (186 pub-
lished, 57 unpublished) that had been conducted on 9,120 partic-
ipants between July 1976 and December 2013. All studies included
in the meta-analysis constituted independent samples; therefore,
data from the experiment of Anderson and Yantis (2013) were not
included, because their participants (N � 13) took part in previous
experiments (Anderson et al., 2012; Anderson, Laurent, & Yantis,
2013).

Literature Search Strategy

The literature search strategy was performed in two stages. First,
we searched for published studies. Initially, potential studies were
identified through a search in the electronic Web of Science
database. We searched for all available records until December
2013, using the following combinations of keywords: (emotion OR
affect OR arousal OR positive OR motivation) AND (“dot probe”
OR “spatial cuing” OR “spatial cueing” OR “singleton AND
attention” OR “visual search task” OR “Stroop task AND atten-
tion” OR “attentional blink”) with “participants” OR “subjects”
OR “patients.” The research yielded 592 hits. Subsequently, we
consulted several review articles for additional relevant studies
(Anderson, 2013; Bar-Haim et al., 2007; Becker, Anderson,
Mortensen, Neufeld, & Neel, 2011; Brosch et al., 2010; Frewen,
Dozois, Joanisse, & Neufeld, 2008; Frischen, Eastwood, &
Smilek, 2008; Klinger, 1975; Weierich et al., 2008; Yiend, 2010).
Moreover, the reference sections of the articles included in the
meta-analysis were systematically consulted for the same purpose.
These researches yielded 123 hits (after the removal of doubles)
for a total of 715 articles.

The process of winnowing these 715 articles proceeded in two
steps (see Figure 1). Step 1 involved two raters (graduate and
postgraduate levels) who are authors of this article, and read all
abstracts of the articles. Articles were included if the following
criteria were satisfied: (a) They contained original data collected
on a healthy human population; (b) a paradigm measuring invol-
untary attentional orienting toward visual stimuli was used; (c)
attentional bias was measured through behavioral measures (i.e.,
RTs, detection accuracy), eye movements or ERPs; and (d) if
positive visual stimuli were used. In case of doubt, the criterion
was considered as satisfied and the article was further inspected.
Both raters first read the same 20% of the abstracts, the overall
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raters agreement was very high (Cohen’s k � .83). The disagree-
ments were discussed and a consensual solution was used. One
rater read the remaining abstracts: In total, 223 articles survived
Step 1.

Step 2 involved one rater (graduate level) who is an author of
this article, and read the remaining article in full controlling for the
following criteria: (e) The method sections met all Step 1 criteria;
(f) the difference between positive and neutral stimuli in the
involuntary attention orienting was measured; and (g) statistically
tested using a within design. 100 articles survived Step 2 and were
included in the meta-analysis.

Second, we searched for unpublished studies. Initially, potential
unpublished theses were identified through a search in the elec-
tronic ProQuest Dissertations & Theses database. We searched for
all available records until December 2013 using the same key-
words as for published studies. Because this search yielded 29,117
hits, we further specified our search criterion by including only
theses that contained the terms attention AND affect OR emotion
OR motivation OR arousal in the abstract. This reduced the hits to
664. These 664 theses were winnowed according to the same
procedure used for published articles: 103 theses survived Step 1
and 44 theses survived Step 2. Only those that survived Step 2
were included in the meta-analysis. If a data from one of the
theses’ studies was published, only the published article was
included (8). Additionally, we acquired unpublished results by
contacting experts in the field of attentional bias for emotional
stimuli. More precisely, we contacted 76 authors who published
work on attentional bias toward positive stimuli that was included
in the present meta-analysis during the first stage. We received 23

replies leading to 14 unpublished results, 6 of which could be
included in the meta-analysis.

Coding System and Coding Decisions

We coded 10 different moderators characterizing the stimuli, the
attentional bias, and the experimental procedure (see Table 1).

For attentional bias, we coded four moderators. The first mod-
erator was the type of attentional bias: difficulty in disengagement
(k � 60) or initial orienting (k � 30). Attentional bias was coded
as initial orienting for early ERP components (i.e., P1, N2pc,
SSVEP) measured during emotional cues, for early eye move-
ments (i.e., first saccade, saccadic capture, saccadic RT, misdi-
rected saccade, and probability of fixate), and for valid trials of the
spatial cuing task. It was coded as difficulty in disengagement for
late ERP components measured during emotional cues (i.e., LPP),
for late eye movements (i.e., dwelling time, fixation time, fixation
ratio, and number of fixations), for invalid trials of the spatial
cuing task, and for the Stroop task. The second moderator was the
type of attentional paradigm used in the study: dot probe detection
task (k � 58), free viewing task (k � 24), rapid visual serial
presentation task (k � 24), spatial cuing task (k � 24), Stroop task
(k � 35), visual search task (k � 51), or other adaptations of these
tasks (k � 27). The third moderator coded was the type of
attentional measure. It was categorized as “direct” (k � 44) for
ERPs and eye movement measures and as “indirect” (k � 199) for
RTs and response accuracy (Field et al., 2009). The last moderator
was the CTOA: less than 250 ms (k � 44), 251–500 ms (k � 38),
or more than 500 ms (k � 25). This last moderator was coded only

Figure 1. Flowchart illustrating the literature search and the winnowing process.
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for studies using indirect measures, since in studies using direct
measures, the timing of the attentional bias can be decoupled from
the stimulus exposure time. Studies in which the stimulus was
displayed on the screen until the participants responded or in
which the emotional and the neutral information was presented
simultaneously (e.g., Stroop task) could not be coded for this
moderator.

For the stimuli used as positive information, we coded six
moderators. The first two moderators coded the valence and the
arousal dimensions. More precisely, these moderators coded in a
continuous way how pleasant and how arousing the positive stim-
ulus was. To code these moderators, we used the ratings reported
in the method section; ratings of valence, pleasantness, attractive-
ness, and positivity were used to reflect valence, whereas ratings of
arousal, emotional intensity, subjective intensity, and activation,
were used to reflect arousal. When these ratings were not reported
in the method section we adopted two strategies. First, if identifi-
able stimuli from the IAPS or the Affective Norms for English
Words (ANEW; Bradley & Lang, 1999) databases were used, we
retrieved their normative valence and arousal ratings from their
original databases. Second, for studies using smiling faces express-
ing happiness from the NimStim (Tottenham et al., 2009), the
Karolinska Directed Emotional Faces (KDEF; Lundqvist, Flykt, &
Öhman, 1997) and the Picture of Facial Affect (PFA; Ekman &
Friesen, 1976) databases we coded their valence and arousal based
on their respective studies investigating the arousal and valence
dimensions of these stimuli (Adolph & Alpers, 2010; Johnsen,
Thayer, & Hugdahl, 1995).1 Valence and arousal ratings were then
transformed into percentages and coded in a continuous way.

The third moderator was coded on whether the positive stimuli
were selected to be relevant to a specific concern of the partici-
pants. When the study used a specific positive stimulus (e.g., food,
opposite sex erotic image, chocolate, and beautiful faces) accord-
ing to a specific concern of the participants (e.g., hunger, hetero-
sexuality, craving chocolate, and auto-reported level of attractive-
ness toward the beautiful faces) and both were measured and
reported, the moderator was coded as “relevant to specific con-
cerns” (k � 68); otherwise it was coded as “not relevant to specific
concerns” (k � 175). Studies using stimuli such as the participants’
first name or the first name of the participants’ significant others

were also coded as “relevant to specific concerns.” The fourth
moderator was coded on the type of stimulus used in the study:
baby/child (k � 8), erotic/attractive (k � 34), food (k � 28),
general mixed (k � 54), money (k � 32), self-relevant (k � 34),
or smiling faces (k � 53). For this moderator, we used the stimuli
described in the Method section of the selected study. When the
study used visual stimuli from the International Affective Picture
System (IAPS; Lang, Bradley, & Cuthbert, 1999) and reported the
image numbers but not the image content, we retrieved the images
from the IAPS database, coded the type of content for each, and
calculated the percentage of each type of content in the set of
stimuli used in the study. We then coded the moderator on the
basis of the type of content that had the largest percentage.2

The fifth moderator was coded on whether the positive value of
the stimulus was intrinsic (k � 211) or acquired (k � 32); it was
considered acquired when an initially neutral stimulus acquired a
value through the experimental procedure (e.g., by being associ-
ated with a positive event). The last moderator was coded on the
stimulus format: illustrations (k � 41), photos (k � 118), or words
(k � 84).

To satisfy the requirement of independent effect sizes, only one
effect size could be extracted from a given sample of participants.
In several studies, it was possible to extract more than one effect
size; in that case, the effect size included in the meta-analysis was
selected according to the following criteria:

1. If a study tested several levels of a moderator for the
same participants, we included only the effect size of the
moderator that had the smallest sample; this procedure
was used to enhance the power of the moderator analysis
(Bar-Haim et al., 2007). More specifically, we selected

1 For the IAPS and ANEW stimuli we were able to retrieve the norma-
tive value for the exact stimuli used in the study. However, for the KDEF
the NimStim and PFA databases we could only retrieve the representative
average rating of the smiling faces expressing happiness, but not the exact
values for the subset of smiling faces used in the study.

2 For the study of De Oca, Villa, Cervantes, and Welbourne (2012), there
were 33.3% erotic/attractive, 33.3% baby/child, and 33.3% money stimuli.
Therefore, we randomly selected one of these three categories.

Table 1
Summary of the Coding System

Variable Levels

Attention
Bias Difficulty in disengagement; initial orienting
Paradigm DPDT; FV; others; RSVP; SCT; Stroop; VS
Measure Direct; indirect
CTOA �250; 251–500; �500 ms

Stimulus
Valence Continuous variable
Arousal Continuous variable
Relevance to specific concerns Relevant; not relevant
Types of stimuli Baby/child; erotic/attractive; food; general mixed; money;

self-relevant; smiling face
Positive value Acquired; intrinsic
Stimulus format Illustration; photos; word

Note. CTOA � cue-target onset asynchrony; DPDT � dot probe detection task; SCT � spatial cuing task;
VS � visual search; FV � free viewing; RSVP � rapid serial visual presentation.
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initial orienting over difficulty in disengagement, rele-
vant to specific concerns over not relevant to specific
concerns, Stroop over dot probe detection task, words
over photos, and 251–500 ms over more than 500 ms.

2. If a study used stimuli with different levels of positivity
(e.g., mildly positive, highly positive), we selected the
highest level.

3. If a study tested the attentional bias on the same partic-
ipants in a neutral mood or in a different induced mood,
we included the effect size extracted for participants in a
neutral mood, since mood was not a moderator of interest
for the scope of the present meta-analysis.

4. If the concerns were manipulated differently on the same
participants (e.g., through a questionnaire and hunger
induction; Talmi et al., 2013) we selected the experimen-
tal manipulation (i.e., the hunger induction) over the
quasi-experimental one (i.e., questionnaire).

5. If a study contained several effects that were equally
valid to the present meta-analysis and none of the afore-
mentioned criteria applied, we calculated an effect size
that reflected the average of the reported effects.

We assessed the intercoder variability by comparing the deci-
sions of two coders (both graduate level: an author of this article
and an incoming student) on 20% of the journal articles included
in the meta-analysis. Cohen’s k varied between .89 and 1 across
the different moderators, with a mean of .93. The disagreements
were discussed and a consensual solution was used for the final
coding.

Meta-Analytic Procedures

Mean difference effect size. The effect size index used was
the Hedges’ g, which represents the standardized mean difference
between two conditions and which is corrected for biases given the
sample size. Hedges’ g was given a positive sign when the atten-
tional bias was larger for the positive stimulus than for the neutral
stimulus. When the attentional bias was larger for the neutral
stimulus than for the positive stimulus, Hedges’ g was given a
negative sign. Values of Hedges’ g of .20, .50, and .80 are
interpreted as small, medium, and large, respectively (Cohen,
1988).

Mixed model and moderator analysis. We analyzed the data
using a mixed-effects model (Borenstein, Hedges, Higgins, &
Rothstein, 2011). This model combines random and fixed effects.
The random-effects model is used to model the sampling error and
the total homogeneity (QT), whereas the fixed-effects model is
used to model the moderator analysis. More specifically, the
moderator analysis tests which part of the heterogeneity in the
observed Hedges’ g can be explained by a particular theoretical
variable. In the moderator analysis, we estimated a variance of
true effect sizes across studies (T2) by pooling the variance
across subgroups, since we did not anticipate a larger variance
in a particular subgroup compared with others (Borenstein et
al., 2011). All of the analyses were computed with Comprehen-
sive Meta-Analysis software, version 3 (Biostat, Englewood,

NJ). The meta-analysis is based on within-design studies that
compare the attentional bias of the same participants in the
positive and neutral conditions. Therefore, in the estimation of
the effect size, the correlation between the two conditions is
critically important: The larger the correlation between the two
conditions, the smaller the effect size (Dunlap, Cortina,
Vaslow, & Burke, 1996). Nonetheless, this correlation is never
reported in published studies; thus, as suggested by Dunlap et
al. (1996), we estimated the correlation to be .75.

Results

Characteristics of the Studies

The Appendix summarizes the characteristics of the studies that
contributed to the primary meta-analysis. The data set was
screened for outliers, revealing one study that had an effect size
larger than 4 SDs from the mean (Ciesielski, Armstrong, Zald, &
Olatunji, 2010). This study was removed from the moderator
analyses (see Bar-Haim et al., 2007, for a similar procedure),
because the moderator analysis is a parametric test that relies on
the assumption of a normal distribution and can be biased by
outliers (Bar-Haim et al., 2007; Borenstein et al., 2011).

Primary Meta-Analysis

The primary meta-analysis (k � 243, n � 9,120) revealed a
significant effect across studies, showing globally that attention is
biased toward positive stimuli compared with neutral stimuli
(Hedges’ g � .258, confidence interval [CI] � .224–.292, Z �
14.82, p � .001). There was evidence for a significant variance
(QT � 1138.70, p � .001, I2 � 78.74) in the large sample of effect
sizes, which made it possible to conduct the moderator analysis.

Publication bias. The funnel plot of the individual studies
against the SE of the effect size revealed a slight asymmetry (see
Figure 2), the Egger’s test indicating a potential bias of published

Figure 2. Funnel plot using the random-effect model illustrating the
publication bias. Each study’s mean weighted effect size is displayed in
function of the study’s average variance; the funnel illustrates the 95% CI.
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studies with small samples, t(242) � 7.071, p � .001. However,
after applying Duval and Tweedie’s (2000) trim-and-fill correction
method (54 hypothetical studies were imputed), the global effect
across studies was reduced, (Hedges’ g � .152, CI � .115–.189),
but remained significant. Rosenthal’s Fail-Safe N was 12,245,
suggesting that there would need to be more than 10,000 hypo-
thetical studies with a zero effect added to the meta-analysis to
make the difference across all studies statistically nonsignificant.

Moderator Analyses of Attentional Bias
Characteristics

Attentional bias subcomponents. Attentional bias for posi-
tive stimuli was larger when initial orienting was measured com-
pared with when difficulty in disengagement was measured (QB �
4.091, p � .043), although the effect size was significant in both
cases (see Table 2 and Figure 3a). The measure (direct or indirect)
could represent a potential bias in this particular analysis, because
almost all studies assessing initial orienting used direct measures
of attentional bias, whereas studies assessing difficulty in disen-
gagement used both direct and indirect measures. To exclude this
possibility, we ran the same analysis but including only studies that
used direct measures, which again revealed a larger attentional bias
for measures of initial orienting (k � 22, Hedges’ g � .351, CI �
.251–.451) compared with measures of difficulty in disengagement
(k � 18, Hedges’ g � .219, CI � .094–.305, QB � 4.231, p �
.040.3

Attentional paradigm. The between-group homogeneity test
revealed that the attentional paradigm significantly moderates the
magnitude of attentional bias for positive stimuli (QB � 58.339,
p � .001; see Table 2 and Figure 3b). As predicted, in experimen-
tal paradigms targeting early stages of attentional bias, such as the
RVSP task, there was a larger effect size compared with those
targeting later stages, such as the Stroop task (QB � 25.954, p �
.001). However, the RVSP yielded a larger effect size not only
compared with the Stroop task, but also compared with all other
attentional paradigms pooled together (Hedges’ g � .225, CI �
.192–.259, QB � 23.336, p � .001).

Measure. The moderator analysis did not reveal a significant
difference between the effect sizes in studies using direct measures
and studies using indirect measures (QB � 1.970, p � .160; see
Table 2).

Cue-target onset asynchrony. The moderator analysis tested
the prediction that in studies using indirect measures of attention,
a shorter CTOA would produce a larger effect size of attentional
bias for positive stimuli. The between homogeneity test revealed a
main effect of CTOA (QB � 7.507, p � .023; see Table 2 and
Figure 3c). A specific contrast showed that a CTOA shorter than
250 ms yielded a larger effect size compared with a CTOA longer
than 250 ms (QB � 7.243, p � .007; see Table 2).

Moderator Analyses of the Emotional Properties of the
Stimulus

Valence. A meta-regression tested the prediction that the more
positive the stimulus is in the valence dimension, the larger the
attentional bias. The model homogeneity statistic revealed that
valence intensity was not a significant predictor of the attentional
bias’ magnitude (QM � 0.10, p � .705; see Figure 4a).

Arousal. Similarly to the previous analysis, a meta-regression
tested the prediction that the more a stimulus is arousing, the larger
the attentional bias. The model homogeneity statistic showed a
marginal effect suggesting the magnitude of the attentional bias
might increase as a function of the positive stimulus’ arousal
dimension (QM � 2.17, p � .099; see Figure 4b).

Relevance to specific concerns. The analysis tested the pre-
diction that the effect of the attentional bias for positive stimuli is
stronger when the positive stimulus is selected to be relevant to a
specific concern of the participant. The between-group homoge-
neity statistic revealed that, as predicted, when the positive stimuli
were relevant to the participant’s specific concerns, the attentional
bias was larger compared with when the positive stimuli were
selected without specifically considering the participant’s concerns
(QB � 15.336, p � .001; see Table 3 and Figure 4c).

Types of positive stimuli. The type of positive stimulus was
an important moderator of attentional bias for positive stimuli
(QB � 41.074, p � .001). Table 3 illustrates how, as predicted, the
stimuli that could convey several meanings; thus being less rele-
vant to a common concern (i.e., smiling faces and general mixed
stimuli) elicited smaller, but still significant, effect sizes compared
with the stimuli that were more clearly relevant to a common
concern (i.e., self-relevant, money, erotic/attractive, and baby/
child and food; QB � 28.018, p � .001, for the specific contrast).
However, stimuli of food produced an unexpectedly small effect
(see Table 3 and Figure 5b). Because the relevance of food stimuli
can vary idiosyncratically according to the physiological state of
the observer (e.g., hunger), we ran a supplementary analysis with
food stimuli (k � 28) that revealed that the attentional bias for food
stimuli was significantly larger when the relevance of the stimulus
for the specific concerns of the participants was considered
(Hedges’ g � .351, CI � .225–.477), than when the stimulus was
not relevant to the participant’s specific concerns (Hedges’ g �
.112, CI � .007–.216, QB � 8.258, p � .004).

Stimulus format. Words, photos, and illustrations of positive
stimuli yielded an attentional bias of different magnitude (QB �
6.877, p � .032; see Table 3 and Figure 5a). More precisely, words
yielded a significantly smaller attentional bias than illustrations
and photos taken together (QB � 6.914, p � .009) which did not
statistically differ from each other (QB � 0.01, p � .920).

Positive value. The attentional bias for stimuli that had an
intrinsic positive value was not significantly different from those
that were intrinsically neutral but acquired positive value by being
associated with a positive event (QB � 2.228, p � .130). In both
cases, there was a significant bias for positive over neutral stimuli
(Hedges’ gs � .242 and 320, respectively, ps �.001; see Table 3).

Direct Comparison of Valence, Arousal, and Relevance
to Specific Concern

Previous literature (Northoff et al., 2009) showed that very often
arousal and relevance are correlated dimensions; this was also the
case for our moderators: Stimuli selected to be relevant to the
participant’s specific concerns were rated as being more arousing
than stimuli selected without specifically considering the partici-

3 The study of Newman (2011) was excluded from this analysis, because
on the distribution of the effect sizes using direct measures it was an outlier
(i.e., more than 2 SD from the mean) with a large standard residual.
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pant’s concerns (Z � 3.27, p � .001). Therefore, we decided to
directly compare the valence, arousal, and relevance moderator
through a series of meta-regression models. This analysis was only
run on studies that could be coded for the all three moderators, the
sample was thereby drastically reduced (k � 85). Because the
hypothesis tested here had a clear theoretical direction, p-values
were one-tailed. Moreover, analogous to the previous analysis, a
random-effect model was used to estimate the sampling error and
then Z values were adapted to the random-effect model to estimate
the significance of individual covariates (Borenstein et al., 2011).

In the first model, we only inserted valence as a covariate. The
model was not statistically significant (QM � 0.06, p � .402),

confirming that the intensity of stimulus’ positive valence was not
a significant predictor of the magnitude of the attentional bias.

Subsequently, we created a second model in which we added
arousal as a covariate. The whole model was marginally significant
(QM � 4.18, p � .061). Tests of individual covariates revealed that
arousal was a significant predictor of the magnitude of the atten-
tional bias (Z � 2.03, p � .021), even when the variance explained
by valence was statistically held constant, whereas valence re-
mained a nonsignificant predictor (Z � �1.03, p � .151) when the
variance explained by arousal was statistically held constant.

Finally, we created a third model in which we added relevance
to specific concerns as a covariate. The whole model was signif-

Table 2
Summary of Results of the Moderators of Attentional Bias Characteristics

k Hedges’ g 95% CI Qw QB

Bias 4.091�

Initial orienting 30 .301��� .210–.393 92.560���

Difficulty in disengagement 60 .188��� .127–.249 287.407���

Paradigm 58.339���

Rapid serial visual presentation 23 .512��� .404–.621 86.924���

Others 27 .358��� .262–.454 96.038���

Visual search 51 .339��� .268–.410 154.095���

Free viewing 24 .285��� .190–.381 114.978���

Spatial cuing task 24 .158�� .061–.255 72.530���

Stroop 35 .154��� .077–.231 154.667���

Dot probe detection task 58 .127��� .065–.181 209.821���

Paradigm: Planned comp. 25.954���

Rapid serial visual presentation 23 .513��� .404–.626 86.924���

Stroop 35 .154��� .074–.235 154.667���

Measure 1.970
Direct 44 .301��� .224–.379 158.664���

Indirect 198 .240��� .203–.276 888.531���

CTOA 7.507�

250� 43 .305��� .222–.389 251.129���

500� 25 .187�� .082–.293 110.083���

251–500 38 .144�� .060–.228 125.415���

CTOA: Planned comp. 7.243��

250� 43 .305��� .222–.387 251.129���

250� 63 .160��� .095–.225 235.526���

Note. Hedges’ g values are the standardized differences between the neutral and the positive emotion
conditions; CI � confidence interval; QW values represent the within group homogeneity statistic; QB values
represent the between group homogeneity statistic; k values are the number of effect sizes; comp. � comparison.
� p � .05. �� p � .01. ��� p � .001.

Figure 3. Forest plots illustrating the variations of the attentional bias’ magnitude toward positive stimuli as
a function of (a) the type of attentional bias; (b) the types of attentional paradigms (c) the cue target onset
asynchrony. Means (diamond-shape points) and 95% CIs (error bars) and averaged overall effect (reference line)
are displayed.
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icant (QM � 7.10, p � .034). Tests of the individual covariates
revealed that when the variance explained by the other covariates
was statistically controlled, relevance to specific concerns was the
only significant moderator predicting the magnitude of the atten-
tional bias (Z � 1.69, p � .045). More precisely the analysis
revealed that: (a) Relevance to specific concerns was a significant
predictor of the magnitude of the attentional bias (Z � 1.69, p �
.045), even when the variance explained by valence and arousal
was statistically held constant; (b) arousal became a nonsignificant
predictor (Z � 1.09, p � .137), when the variance explained by
relevance to specific concerns and valence was statistically held
constant; and (c) valence remained a nonsignificant predictor
(Z � �0.53, p � .289), when the variance explained by relevance
to specific concerns and arousal was statistically held constant.

Discussion

The aim of the present meta-analysis was to test whether atten-
tion is biased toward positive stimuli compared with neutral stim-
uli and to how the size of this effect was modulated by variables
that address important current theoretical debates in both attention
and emotion research. Results indicate that across all studies there
is a significant bias for positive stimuli. The overall effect was
modest (Hedges’ g � .258), and the high heterogeneity suggested
that the bias for positive stimuli might significantly vary under
different circumstances. We aimed at modeling these factors in
moderator analyses by coding the characteristics of the emotional
stimuli and the attentional bias.

Role of the Characteristics of Attentional Bias

Consistent with the current conception of emotional attention
(Pourtois et al., 2013; Vuilleumier, 2005), the analyses of the
moderators characterizing attentional bias presented here suggest
that it occurs rapidly, involuntarily, and during early stages of
attentional processing.

First, the moderator analysis shows that attentional bias for
positive stimuli is larger when it is measured on the initial orient-
ing component rather than on the difficulty in disengagement

component. This finding indicates the rapidity and the involuntary
aspect of the bias, because initial orienting is conceived as a
preselective and involuntary mechanism, whereas difficulty in
disengagement is conceived as a postselective mechanism that
might already be influenced by the intention of the observer
(Theeuwes, 2010; Theeuwes & Belopolsky, 2012). Note that this
specific moderator analysis could be conducted on a smaller set of
effect sizes (k � 90) compared with the total sample of effect sizes
(k � 243), because the coding of this moderator strictly depended
on the type of paradigm used in the study.

Second, the moderator analysis of the CTOA of paradigms using
indirect measures (k � 106) indicates that using a CTOA shorter
than 250 ms yields larger attentional bias for positive stimuli
compared with a CTOA longer than 250 ms or 500 ms. This
finding also supports the hypothesis that attentional bias occurs
rapidly and influences mainly the first attentional shift that
occurs before 150 ms (Weierich et al., 2008). If an attentional
shift takes about 150 ms, measures of attentional bias taken
after 250 ms reflect the second, third, or even later attentional
shifts that are more likely to be influenced by voluntary pro-
cesses (Theeuwes, 2010; Theeuwes & Belopolsky, 2012;
Weierich et al., 2008). This CTOA finding is complementary to
the previous one, similarly suggesting that positive stimuli
modulate the initial orienting component of attentional bias
more than they modulate difficulty in disengagement.

Finally, the moderator analysis indicates that attentional bias is
significantly larger in the rapid serial visual presentation (RSVP)
task compared with all other attentional tasks. This is consistent
with the two previous findings, because it has been proposed that
the RSVP task is likely to reflect a rapid attentional bias that can
be assimilated to initial orienting (Field & Cox, 2008). Note,
however, that while we predicted a specific difference between the
RSVP task and the Stroop task, which is known to reflect late
attentional processes, we did not predict a general advantage of the
RSVP task over all other tasks. It is possible that the RSVP task
yields larger effect sizes because the CTOA is consistently short
(i.e., at lag 2, the CTOA is almost always shorter than 250 ms),
whereas in the other tasks, this parameter often varies (e.g., 100 or

Figure 4. (a) Effect sizes (k � 112) of the attentional bias displayed as a function of the valence rating (in
percentage) of the positive stimuli; (b) effect sizes (k � 91) displayed as a function of the arousal ratings (in
percentage) of the positive stimuli; (c) average effect sizes of the attentional bias when the positive stimuli were
relevant to specific concerns of the participants (i.e., relevant; k � 68) and when the positive stimuli were
selected without considering the participants’ concern (i.e., not relevant; k � 174), the reference line represents the
averaged overall effect size and error bars represent 95% confidence intervals. † p � .1. ��� p � .001.
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500 ms in the dot probe detection task), leading to a larger noise
that reduced the average size of the effect. Another aspect that
distinguishes the RSVP task from all others is the fact that it
directly tests the temporal aspect of attentional selection; thus, it is

also possible that the temporal selection of attention is particularly
sensitive to the influence of positive stimuli.

Implications for theories of emotional attention. Different
moderators analyses convergently suggest that positive stimuli

Table 3
Summary of Results of the Moderators of Emotional Properties of the Stimulus

k Hedges’ g 95% CI Qw/QR QB/QM

Valence 112 524.88��� 0.10
Arousal 91 452.25��� 2.71†

Relevance to specific concerns 15.336���

Relevant 68 .357��� .294–.419 195.720���

Not-relevant 174 .211��� .172–.283 822.587���

Types of stimuli 41.074���

Baby/child 8 .450��� .265–.633 5.201
Erotic/attractive 33 .415��� .327–.502 215.314���

Money 32 .363��� .271–.455 157.001���

Self-relevant 34 .286��� .200–.372 74.487���

Food 28 .216��� .122–.310 79.716���

General mixed 54 .173��� .107–.239 253.834���

Smiling face 53 .135��� .066–.204 177.985���

Types of stimuli: Planned comp. 28.018���

Money; baby/child; erotic/attractive;
food; Self relevant 135 .330��� .286–.373 563.353���

Smiling faces; general mixed 107 .155��� .107–.202 434.205���

Positive value 2.288
Acquired 32 .320��� .225–.416 88.604���

Intrinsic 210 .242��� .206–.277 967.743���

Stimulus format 6.887�

Photo 117 .285��� .198–.364 610.558���

Illustration 41 .281��� .238–.333 124.684���

Word 84 .192��� .137–.247 306.891���

Stimulus format: Planned comp. 6.914��

Illustration and photo 158 .284��� .243–.325 735.581���

Word 84 .192��� .137–.247 360.891���

Note. Hedges’ g values are the standardized differences between the neutral and the positive emotion
conditions; CI � confidence interval; QW and QR values represent the within group homogeneity statistic in
group comparisons and residual variability in meta-regression, respectively; QB and QM values represent the
between group homogeneity statistic in group comparison and the model homogeneity statistic in meta-
regression; k values are the number of effect sizes; comp. � comparison.
† p � .1. � p � .05. �� p � .01. ��� p � .001.

Figure 5. Forest plots illustrating the variations of the attentional bias’ magnitude toward positive stimuli as a function
of (a) the format in which the positive stimuli were presented, and (b) the types of positive stimuli. Means (diamond-shape
points) and 95% confidence intervals (error bars) and averaged overall effect (reference line) are displayed.
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influence attentional selection at early stages. This result contrib-
utes to the current debate on the role of voluntary processes on
attentional bias for emotion: While some scholars (Lavie, 2005;
Pessoa, Kastner et al., 2002; Pessoa, McKenna, Gutierrez, &
Ungerleider, 2002) postulate that this attentional bias for emotion
requires some degree of voluntary processing, other scholars
(Vuilleumier, 2005, 2015; Pourtois et al., 2013) instead suggest
that it is independent of voluntary processes. By showing that the
emotional effects on attention are not only already significant
during early stages of attention, but also larger compared with later
stages, our finding corroborates the hypothesis that emotional
effects on attention do not require voluntary processing (Vuil-
leumier, 2005, 2015) and represent a distinct source of influence
on attentional resource allocation (Pourtois et al., 2013). This rapid
and involuntary attentional bias for emotional stimuli has been
proposed to be underlain by an enhancement of the cortical per-
ceptual representation rendering the stimulus more salient and thus
more likely to access the conscious resources of the individual, and
to ultimately influence behavior. This affective modulation seems
to operate through a neuronal network in which the amygdala
plays an important role (Vuilleumier, 2005). A large part of the
research on the neuronal network of emotional attention has been
conducted on negative threatening stimuli. Therefore, for the mo-
ment, the role of the amygdala in attentional bias for positive
rewarding stimuli remains unsolved. However, the amygdala being
a vital structure of the reward circuit (Murray, 2007) and having
direct feedback to the visual areas (Amaral, Behniea, & Kelly,
2003) seems likely to play a similar role in attentional bias for
positive rewarding stimuli.

Role of the Properties of the Emotional Stimulus in
Biasing Attention

The main conclusion from the analyses of the moderators char-
acterizing the properties of the positive stimuli is that the stimulus
per se matters less than its interaction with the observer’s current
concerns.

The analyses indicate that the attentional bias is smaller when
the positive stimulus is presented as a word compared with when
it is presented as a photograph or an illustration. This is consistent
with other studies investigating attentional bias for affective stim-
uli (Pishyar, Harris, & Menzies, 2007) that have also found a
reduced bias for words compared with other formats. However, the
low-level perceptual characteristics of the positive stimulus (e.g.,
the big eyes of babies’ faces or the open mouth of smiling faces)
do not seem to be a necessary condition for the existence of the
attentional bias: The bias has similar sizes in stimuli that are
intrinsically emotional and stimuli that are not perceptually salient,
but that have acquired a positive value through associative learn-
ing. This finding, although not conclusive, is coherent with the
proposal that the emotional content and the low-level perceptual
characteristics represent two independent sources of influence on
attentional selection (Brosch et al., 2011; Pourtois et al., 2013).

The present meta-analysis indicates that the attentional bias is
significantly larger for babies, erotic attractive adults, money,
self-related and food stimuli compared with smiling faces, and a
mix of general positive stimuli. This could be because these stimuli
may be relevant to common source concerns, such as nourishment
(e.g., food stimuli), reproduction (e.g., erotic stimuli), or offspring

caretaking (e.g., stimuli of babies) as well as other common source
concerns that have been developed through socialization (e.g.,
money or self-related stimuli), whereas smiling faces and a mix of
general positive stimuli carrying several meanings (Ambadar et al.,
2009) are less relevant to common source concerns of observers.
However, this effect may also be because these stimuli (e.g.,
money, babies, food, and erotic stimuli) are typically reported as
highly arousing (Lang et al., 1999).

The present meta-analysis shows that the magnitude of the
attentional bias increases proportionally to the level of arousal of
the positive stimulus; however it also demonstrates that the mag-
nitude of attentional bias for positive stimuli is significantly larger
when the type of positive stimulus (e.g., food) is relevant to a
specific concern of the participants (e.g., hunger) than when it is
not. The meta-regression model suggests that the relevance mod-
erator might be a more powerful predictor of the attentional bias
magnitude than the arousal moderator. Arousal lost its predictive
power when the variance explained by relevance was controlled,
while relevance significantly predicted more variance of the atten-
tional bias’ magnitude than arousal.

Implications for models of emotional attention derived from
emotional theories. Emotional attention models derived from
the classical theories of emotion debate on the key properties
allowing the emotional stimulus to have a privileged attentional
status. Results of the moderators characterizing the properties of
the emotional stimulus contribute to this debate in several ways.

Results of the primary meta-analysis contradict the “threat hy-
pothesis” (Öhman & Mineka, 2001) according to which attention
is exclusively biased toward stimuli that have intrinsic perceptual
features characteristic of threats to the species for which organisms
have been biologically prepared. The present meta-analysis indi-
cates that attention is also biased toward positive stimuli and that
this bias occurs rapidly and independently of voluntary processes.

Our results are consistent with both the “arousal hypothesis”
postulating that emotional attention is driven by the stimulus’
potential to elicit arousal (Anderson, 2005; Russell, 1980) and the
“relevance hypothesis” postulating that the psychological mecha-
nism driving emotional attention is the detection of the stimulus
relevance for the observer’s concerns (Brosch et al., 2007; Frijda,
1988; Sander, Grandjean, & Scherer, 2005; Scherer, 2013). Posi-
tive stimuli that are relevant to the observer’s concerns are also
very often high on the arousal dimension. For this reason, the
respective roles of relevance and arousal are difficult to disentan-
gle in attentional bias for positive stimuli. Nevertheless, there is a
major difference in the underlying psychological mechanisms
modeled by the two respective emotion theories. Based on cir-
cumplex theories of emotion, it has been suggested that arousal
directly determines attentional bias, whereas according to appraisal
theories, it is relevance detection that determines attentional bias;
it also very often elicits a motivational state reflected in a conse-
quent physiological state of arousal that may be consciously felt.
Therefore, for appraisal theories, the mechanism responsible for
attentional bias resides in the emotion elicitation process, while for
circumplex theories, it resides in one aspect of the emotional
response.

The meta-analysis provides both indirect and direct evidence in
favor of the relevance hypothesis as compared with the arousal
hypothesis. Indirect evidence can be found in the fact that the
results suggest that the attentional bias occurs very rapidly. There-
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fore, it seems unlikely that this bias could be driven by the arousal
response elicited by the positive stimulus, as such an autonomic
response would take longer to occur and then be represented in the
brain to influence the attention system. Note that arousal has been
conceptualized as a psychophysiological reaction indexed by sym-
pathetic activity (Schachter & Singer, 1962), but also as a general
state of vigilance indexed by particular electroencephalic activity
(Jones, 2003), and even as a combination of vigilance and sym-
pathetic activity (Duffy, 1957; for a discussion, see Sander, 2013).
This conceptual ambiguity complicates the analysis of the role of
arousal in the emotional response. More direct evidence in favor of
the relevance hypothesis as compared with the arousal hypothesis
can be found in the fact that when arousal and relevance moder-
ators were tested by statistically controlling their respective vari-
ances, only relevance remained a significant predictor of the mag-
nitude of the attentional bias. This implies that two stimuli with
similar levels of arousal predict the magnitude of the attentional
bias for positive stimuli according to their relevance to the ob-
server concerns; by contrast two similarly relevant stimuli that
differ on their arousal dimension do not significantly differ in
predicting the magnitude of the attentional bias for positive stim-
uli.

Implications for other theories of positive emotions and
attention. The present meta-analysis contributes to another de-
bate on the influence of positive stimuli on attention. For a long
time, it has been postulated that positive stimuli, because they
induce a positive affect in the observer, do broaden attention and
facilitate the processing of stimuli surrounding the positive stim-
ulus (Fredrickson, 2001). An alternative proposal postulated that
positive stimuli reduce the attentional breadth if they have a high
motivational value: If an individual is motivated to obtain the
positive stimulus, then attentional resources will be focused on the
positive stimulus despite other stimuli (Gable & Harmon-Jones,
2008; Harmon-Jones & Gable, 2009). The results of the present
meta-analysis provide evidence favoring this alternative proposal
as long as the early attentional processing are concerned, since
they show that (a) when a positive stimulus is presented with
neutral information, attention focuses on the positive information
despite the neutral one; and that (b) the magnitude of this atten-
tional bias varies proportionally to motivational variables such as
relevance and arousal. However, findings of the present meta-
analysis do not allow for any conclusive interpretations regarding
the effect of positive stimuli on subsequent attentional processing:
A broadening of attention induced by positive stimuli occurring
much later after the stimulus perception would still be compatible
with our findings.

The findings of this meta-analysis showing the magnitude of the
attentional bias varying according to the observer’s concerns is
also in line with the incentive salience hypothesis, which has been
developed on the basis of animal models (Berridge & Robinson,
1998, 2003). An important tenet of this model is that positive
stimuli capture attentional resources, with the magnitude of this
involuntary attentional capture being directly modulated by the
relevance of the stimulus for physiological (e.g., hunger) and brain
(e.g., mesolimbic dopamine reactivity) states (Berridge & Robin-
son, 1998; Robinson, Yager, Cogan, & Saunders, 2014).

Moreover, the role of the observer’s concerns is also consistent
with a series of recent findings showing that attention is automat-
ically oriented toward stimuli that are motivationally relevant for

the temporary goal of the individual (Folk et al., 1992; Mazzietti,
Sellem, & Koenig, 2014; Rothermund, 2003; Vogt, De Houwer, &
Crombez, 2011; Vogt, De Houwer, Crombez, & Van Damme,
2013; Vogt, De Houwer, Moors, Van Damme, & Crombez, 2010;
Vogt, De Houwer, & Moors, 2011). These studies have consis-
tently demonstrated that even neutral stimuli bias attentional re-
sources if they are relevant to a desired end state that the individual
tries to achieve (Folk et al., 1992; Rothermund, 2003; Vogt et al.,
2010).

Comparison With the Attentional Bias for Negative
Threatening Stimuli

It is interesting that almost all theories predicting the existence
of an attentional bias for positive stimuli commonly postulate that
the fundamental property allowing positive stimuli to have a
privileged attentional status does not relate to their valence or
hedonic value but rather to their motivational dimension (Ander-
son, 2005; Berridge & Robinson, 1998, 2003; Brosch et al., 2007,
Brosch, Sander, et al., 2008, 2013; Gable & Harmon-Jones 2008;
Harmon-Jones & Gable, 2009; Robinson et al., 2014; Vogt et al.,
2011, 2013). This dimension is common to both positive reward-
ing and negative threatening stimuli; therefore, attentional bias for
these two kinds of emotional stimuli should be similar. The ex-
tensive meta-analysis conducted by Bar-Haim and collaborators
(2007) on attentional bias for negative threatening stimuli suggests
that this might be the case: Similarly to our findings on positive
stimuli, the bias for negative stimuli seemed to critically depend on
the observer’s anxious concerns. We could only compare the
functioning rather than the size of the effects, because we used
slightly different meta-analytic methods (e.g., we used Hedges’g
rather than Cohen’s d; we focused on within designs by estimating
the correlation at .75). Therefore, a direct comparison of the
biases’ size might be misleading.

Limitations

In meta-analytic investigations, publication bias is one of the
most common limitations because studies that obtain significant
findings are more likely to be published than studies that obtain
nonsignificant findings (Borenstein et al., 2011; Rosenthal, 1991),
and this produces an overrepresentation of the significance effect.
We tried to circumvent this limitation in several ways. First, we
searched for unpublished theses, we contacted experts for unpub-
lished data and manuscripts, and, we were able to include 57
unpublished studies in the meta-analysis. Second, we included the
studies reporting nonsignificant effects without providing the sta-
tistical values as null effects; this conservative procedure is known
to allow better representation of the nonsignificant effects
(Rosenthal, 1991). Third, we included several cases in which
attentional bias was tested on a control group that was not of
interest for the main goal of the study. These types of effects are
likely to be reported even if not significant, because they are
presented as a control. Despite these strategies, in the present
meta-analysis, evidence for a possible publication bias was found.
However, the overall effect was significant even after correction
with the trim-and-field procedure and Rosenthal’s Fail-Safe N
showed that there would need to be more than 10,000 null results
to reduce the main effect to insignificance. This effect is 10 times
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larger than the critical threshold (5 k � 1) proposed by Rosenthal
(1991).

A second important concern in meta-analytic investigations
conducted on studies using within-subject designs is the estimation
of the correlations between the two conditions that are compared in
the contrast of interest (e.g., positive vs. neutral stimuli). The size
of this correlation directly determines the size of Hedges’ g ex-
tracted on the basis of statistical values such as t, p, or F, but is
almost never reported in published studies. In Rosenthal’s formula
(1991), to extract effect sizes from such studies, the correlation is
estimated by default at .5; However, in the present meta-analysis,
we adopted a more stringent criterion, estimating this correlation at
.75, as suggested by Dunlap and colleagues (1996). Note that this
estimation may lead to an overestimation of the effect size in
studies that have a bigger correlation and to an underestimation of
studies that have a smaller correlation. This might represent a bias
for the present results.

Moreover, the present meta-analysis included studies exclu-
sively conducted on visual stimuli. Therefore, the conclusions that
can be driven from this data only apply to the visual attentional
system. Recently, a growing corpus of studies started exploring
attentional bias for affective stimuli on different sensory modali-
ties such as auditory perception (e.g., Asutay & Västfjäll, 2014;
Brosch, Grandjean, Sander, & Scherer, 2008, 2009; Sander,
Grandjean, Pourtois et al., 2005) and olfaction (e.g., Chen, Zhou,
Chen, He, & Zhou, 2013). Taken together, these studies suggest
that attentional bias for affective stimuli in other sensory systems
is similar to the one observed in the visual system.

Finally, several studies tested the attentional bias for positive
stimuli in control groups that were not of interest for their main
hypothesis (e.g., a control group of healthy participants in
studies investigating attentional orienting toward food in eating
disorders). Therefore, although we tried to be as systematic as
possible, we cannot exclude the possibility that some studies
have not been included in this meta-analysis. However, with
150 publications, more than 200 independent samples, and more
than 9,000 participants, this meta-analysis provides informative
data.

Conclusions

At the operational level, our findings suggest that in the
investigation of attentional bias for positive stimuli, it is suit-
able to (a) consider the participants’ concerns when choosing
the emotional stimulus and (b) use attentional paradigms and
measures likely to reflect the modulation of the first attentional
shift. With respect to theories of attention and emotion, the
present meta-analysis demonstrates that attention is biased to-
ward positive stimuli when compared with neutral stimuli, and
that this effect is larger during early than later stages of atten-
tional processing, supporting thereby the idea that emotional
stimuli are processed rapidly and independently of voluntary
processes (Vuilleumier, 2005, 2015). Moreover, as predicted by
the attentional model derived from appraisal theories of emo-
tion (Brosch et al., 2007, 2008, 2013; Sander, Grandjean, &
Scherer, 2005), this effect is significantly larger for positive
stimuli that are relevant to the current concerns of the observer.

References

�References marked with an asterisk indicate studies included in the
meta-analysis.

�Abraham, A. (2004). Cognitive processing bias in undergraduate female:
Predicting color-naming delays from bulimic behavior and its covari-
ates. (Doctoral dissertation). Available from ProQuest Dissertations and
Theses Database. (UMI no. 3223235).

Adolph, D., & Alpers, G. W. (2010). Valence and arousal: A comparison
of two sets of emotional facial expressions. The American Journal of
Psychology, 123, 209–219. http://dx.doi.org/10.5406/amerjpsyc.123.2
.0209

�Alexopoulos, T., Muller, D., Ric, F., & Marendaz, C. (2012). I, me, mine:
Automatic attentional capture by self-related stimuli. European Journal
of Social Psychology, 42, 770–779. http://dx.doi.org/10.1002/ejsp.1882

�Alpers, G. W. (2008). Eye-catching: Right hemisphere attentional bias for
emotional pictures. Laterality: Asymmetries of Body, Brain and Cogni-
tion, 13, 158–178. http://dx.doi.org/10.1080/13576500701779247

Amaral, D. G., Behniea, H., & Kelly, J. L. (2003). Topographic organiza-
tion of projections from the amygdala to the visual cortex in the macaque
monkey. Neuroscience, 118, 1099 –1120. http://dx.doi.org/10.1016/
S0306-4522(02)01001-1

Ambadar, Z., Cohn, J. F., & Reed, L. I. (2009). All smiles are not created
equal: Morphology and timing of smiles perceived as amused, polite,
and embarrassed/nervous. Journal of Nonverbal Behavior, 33, 17–34.
http://dx.doi.org/10.1007/s10919-008-0059-5

�Anderson, A. K. (2005). Affective influences on the attentional dynamics
supporting awareness. Journal of Experimental Psychology: General,
134, 258–281. http://dx.doi.org/10.1037/0096-3445.134.2.258

�Anderson, A. B. (2012). Unpublished raw data.
�Anderson, A. B. (2013). Unpublished raw data.
Anderson, A. K., Christoff, K., Stappen, I., Panitz, D., Ghahremani, D. G.,

Glover, G., . . . Sobel, N. (2003). Dissociated neural representations of
intensity and valence in human olfaction. Nature Neuroscience, 6, 196–
202. http://dx.doi.org/10.1038/nn1001

�Anderson, A. B., Egeth, H. E., & Yantis, S. (2012). Reward learning
mechanisms underlying value-driven attentional capture. Unpublished
manuscript.

Anderson, A. K., & Phelps, E. A. (2001). Lesions of the human amygdala
impair enhanced perception of emotionally salient events. Nature, 411,
305–309. http://dx.doi.org/10.1038/35077083

Anderson, B. A. (2013). A value-driven mechanism of attentional selec-
tion. Journal of Visions, 13, 7. http://dx.doi.org/10.1167/13.3.7

�Anderson, B. A., Laurent, P. A., & Yantis, S. (2011a). Learned value
magnifies salience-based attentional capture. PLoS ONE, 6, e27926.
http://dx.doi.org/10.1371/journal.pone.0027926

�Anderson, B. A., Laurent, P. A., & Yantis, S. (2011b). Value-driven
attentional capture. Proceedings of the National Academy of Sciences of
the United States of America, 108, 10367–10371. http://dx.doi.org/
10.1073/pnas.1104047108

�Anderson, B. A., Laurent, P. A., & Yantis, S. (2012). Generalization of
value-based attentional priority. Visual Cognition, 20, 647–658. http://
dx.doi.org/10.1080/13506285.2012.679711

�Anderson, B. A., Laurent, P. A., & Yantis, S. (2013). Reward predictions
bias attentional selection. Frontiers in Human Neuroscience, 7, 262.
http://dx.doi.org/10.3389/fnhum.2013.00262

�Anderson, B. A., & Yantis, S. (2012). Value-driven attentional and
oculomotor capture during goal-directed, unconstrained viewing. Atten-
tion, Perception, & Psychophysics, 74, 1644–1653. http://dx.doi.org/
10.3758/s13414-012-0348-2

Anderson, B. A., & Yantis, S. (2013). Persistence of value-driven atten-
tional capture. Journal of Experimental Psychology: Human Perception
and Performance, 39, 6–9. http://dx.doi.org/10.1037/a0030860

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

95ATTENTIONAL BIAS FOR POSITIVE EMOTIONAL STIMULI

http://dx.doi.org/10.5406/amerjpsyc.123.2.0209
http://dx.doi.org/10.5406/amerjpsyc.123.2.0209
http://dx.doi.org/10.1002/ejsp.1882
http://dx.doi.org/10.1080/13576500701779247
http://dx.doi.org/10.1016/S0306-4522%2802%2901001-1
http://dx.doi.org/10.1016/S0306-4522%2802%2901001-1
http://dx.doi.org/10.1007/s10919-008-0059-5
http://dx.doi.org/10.1037/0096-3445.134.2.258
http://dx.doi.org/10.1038/nn1001
http://dx.doi.org/10.1038/35077083
http://dx.doi.org/10.1167/13.3.7
http://dx.doi.org/10.1371/journal.pone.0027926
http://dx.doi.org/10.1073/pnas.1104047108
http://dx.doi.org/10.1073/pnas.1104047108
http://dx.doi.org/10.1080/13506285.2012.679711
http://dx.doi.org/10.1080/13506285.2012.679711
http://dx.doi.org/10.3389/fnhum.2013.00262
http://dx.doi.org/10.3758/s13414-012-0348-2
http://dx.doi.org/10.3758/s13414-012-0348-2
http://dx.doi.org/10.1037/a0030860


�Arnell, K. M., Killman, K. V., & Fijavz, D. (2007). Blinded by emotion:
Target misses follow attention capture by arousing distractors in RSVP.
Emotion, 7, 465–477. http://dx.doi.org/10.1037/1528-3542.7.3.465

�Arnell, K. M., Shapiro, K. L., & Sorensen, R. E. (1999). Reduced
repetition blindness for one’s own name. Visual Cognition, 6, 609–635.
http://dx.doi.org/10.1080/135062899394876

�Ashley, V., Honzel, N., Larsen, J., Justus, T., & Swick, D. (2013).
Attentional bias for trauma-related words: Exaggerated emotional
Stroop effect in Afghanistan and Iraq war veterans with PTSD. [Ad-
vance online publication]. BMC Psychiatry, 13, 86. http://dx.doi.org/
10.1186/1471-244X-13-86

Asutay, E., & Västfjäll, D. (2014). Emotional bias in change deafness in
multisource auditory environments. Journal of Experimental Psychol-
ogy: General, 143, 27–32. http://dx.doi.org/10.1037/a0032791

�Austin, A. J., & Duka, T. (2010). Mechanisms of attention for appetitive
and aversive outcomes in Pavlovian conditioning. Behavioural Brain
Research, 213, 19–26. http://dx.doi.org/10.1016/j.bbr.2010.04.019

�Bacon, A. K. (2011). The effect of alcohol on attention to social threat: A
test of avoidance-coping cognitive model. (Doctoral dissertation). Avail-
able from ProQuest Dissertations and Theses Database. (UMI no.
3465090).

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., &
van IJzendoorn, M. H. (2007). Threat-related attentional bias in anxious
and nonanxious individuals: A meta-analytic study. Psychological Bul-
letin, 133, 1–24. http://dx.doi.org/10.1037/0033-2909.133.1.1

�Baum, C., Schneider, R., Keogh, E., & Lautenbacher, S. (2013). Different
stages in attentional processing of facial expressions of pain: A dot-
probe task modification. The Journal of Pain, 14, 223–232. http://dx.doi
.org/10.1016/j.jpain.2012.11.001

�Becker, D. V. (2005). Is there selective attention to facial displays of
anger? (Doctoral dissertation). Available from ProQuest Dissertations
and Theses Database. (UMI no. 3178255).

Becker, D. V., Anderson, U. S., Mortensen, C. R., Neufeld, S. L., & Neel,
R. (2011). The face in the crowd effect unconfounded: Happy faces, not
angry faces, are more efficiently detected in single- and multiple-target
visual search tasks. Journal of Experimental Psychology: General, 140,
637–659. http://dx.doi.org/10.1037/a0024060

�Belopolsky, A. V., Devue, C., & Theeuwes, J. (2011). Angry faces hold
the eyes. Visual Cognition, 19, 27–36. http://dx.doi.org/10.1080/
13506285.2010.536186

Berridge, K. C., & Kringelbach, M. L. (2008). Affective neuroscience of
pleasure: Reward in humans and animals. Psychopharmacology, 199,
457–480. http://dx.doi.org/10.1007/s00213-008-1099-6

Berridge, K. C., & Robinson, T. E. (1998). What is the role of dopamine
in reward: Hedonic impact, reward learning, or incentive salience? Brain
Research Reviews, 28, 309 –369. http://dx.doi.org/10.1016/S0165-
0173(98)00019-8

Berridge, K. C., & Robinson, T. E. (2003). Parsing reward. Trends in
Neurosciences, 26, 507–513. http://dx.doi.org/10.1016/S0166-
2236(03)00233-9

�Blackmore, M. A. (2011). Attentional bias for affective stimuli: Evalua-
tion of disengagement in persons with and without self-reported gener-
alized anxiety disorder. (Doctoral dissertation). Available from Pro-
Quest Dissertations and Theses Database. (UMI no. 3457865).

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2011).
Introduction to meta-analysis. Retrieved from www.wiley.com

Born, S., Kerzel, D., & Theeuwes, J. (2011). Evidence for a dissociation
between the control of oculomotor capture and disengagement. Experi-
mental Brain Research, 208, 621– 631. http://dx.doi.org/10.1007/
s00221-010-2510-1

�Bradley, B. P., Mogg, K., Falla, S. J., & Hamilton, L. R. (1998). Atten-
tional bias for threatening facial expressions in anxiety: Manipulation of
stimulus duration. Cognition and Emotion, 12, 737–753. http://dx.doi
.org/10.1080/026999398379411

�Bradley, B. P., Mogg, K., Millar, N., Bonham-Carter, C., Fergusson, E.,
Jenkins, J., & Parr, M. (1997). Attentional biases for emotional faces.
Cognition and Emotion, 11, 25– 42. http://dx.doi.org/10.1080/
026999397380014

Bradley, M. M., & Lang, P. J. (1999). Affective norms for English words
(ANEW): Instruction manual and affective ratings. Tech. Rep. No. C-1,
The Center for Research in Psychophysiology, University of Florida.

�Brignell, C., Griffiths, T., Bradley, B. P., & Mogg, K. (2009). Attentional
and approach biases for pictorial food cues. Influence of external eating.
Appetite, 52, 299–306. http://dx.doi.org/10.1016/j.appet.2008.10.007

Brosch, T., Grandjean, D., Sander, D., & Scherer, K. R. (2008). Behold the
voice of wrath: Cross-modal modulation of visual attention by anger
prosody. Cognition, 106, 1497–1503. http://dx.doi.org/10.1016/j
.cognition.2007.05.011

Brosch, T., Grandjean, D., Sander, D., & Scherer, K. R. (2009). Cross-
modal emotional attention: Emotional voices modulate early stages of
visual processing. Journal of Cognitive Neuroscience, 21, 1670–1679.
http://dx.doi.org/10.1162/jocn.2009.21110

Brosch, T., Pourtois, G., & Sander, D. (2010). The perception and cate-
gorisation of emotional stimuli: A review. Cognition and Emotion, 24,
377–400. http://dx.doi.org/10.1080/02699930902975754

Brosch, T., Pourtois, G., Sander, D., & Vuilleumier, P. (2011). Additive
effects of emotional, endogenous, and exogenous attention: Behavioral
and electrophysiological evidence. Neuropsychologia, 49, 1779–1787.
http://dx.doi.org/10.1016/j.neuropsychologia.2011.02.056

�Brosch, T., Sander, D., Pourtois, G., & Scherer, K. R. (2008). Beyond
fear: Rapid spatial orienting toward positive emotional stimuli. Psycho-
logical Science, 19, 362–370. http://dx.doi.org/10.1111/j.1467-9280
.2008.02094.x

�Brosch, T., Sander, D., & Scherer, K. R. (2007). That baby caught my eye
. . . attention capture by infant faces. Emotion, 7, 685–689. http://dx.doi
.org/10.1037/1528-3542.7.3.685

Brosch, T., Scherer, K. R., Grandjean, D., & Sander, D. (2013). The impact
of emotion on perception, attention, memory, and decision-making.
Swiss Medical Weekly, 143, w13786. http://dx.doi.org/10.4414/smw
.2013.13786

�Calvo, M. G., & Avero, P. (2005). Time course of attentional bias to
emotional scenes in anxiety: Gaze direction and duration. Cognition and
Emotion, 19, 433–451. http://dx.doi.org/10.1080/02699930441000157

�Calvo, M. G., & Lang, P. J. (2004). Gaze patterns when looking at
emotional pictures: Motivationally biased attention. Motivation and
Emotion, 28, 221–243. http://dx.doi.org/10.1023/B:MOEM.0000040153
.26156.ed

�Calvo, M. G., & Lang, P. J. (2005). Parafoveal semantic processing of
emotional visual scenes. Journal of Experimental Psychology: Human
Perception and Performance, 31, 502–519. http://dx.doi.org/10.1037/
0096-1523.31.3.502

Calvo, M. G., & Nummenmaa, L. (2008). Detection of emotional faces:
Salient physical features guide effective visual search. Journal of Ex-
perimental Psychology: General, 137, 471– 494. http://dx.doi.org/
10.1037/a0012771

Chen, K., Zhou, B., Chen, S., He, S., & Zhou, W. (2013). Olfaction
spontaneously highlights visual saliency map. Proceedings of the Royal
Society B: Biological Sciences, 280. http://dx.doi.org/10.1098/rspb.2013
.1729

�Christopher, E. M. (2010). Biases to emotional expression in spatial
attention. (Doctoral dissertation). Available from ProQuest Dissertations
and Theses Database. (UMI no. 3414993).

�Ciesielski, B. G., Armstrong, T., Zald, D. H., & Olatunji, B. O. (2010).
Emotion modulation of visual attention: Categorical and temporal char-
acteristics. PLoS ONE, 5, e13860. http://dx.doi.org/10.1371/journal
.pone.0013860

Cohen, J. (1988). Statistical power analysis for the behavioral sciences.
Hillsdale, NJ: Erlbaum.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

96 POOL, BROSCH, DELPLANQUE, AND SANDER

http://dx.doi.org/10.1037/1528-3542.7.3.465
http://dx.doi.org/10.1080/135062899394876
http://dx.doi.org/10.1186/1471-244X-13-86
http://dx.doi.org/10.1186/1471-244X-13-86
http://dx.doi.org/10.1037/a0032791
http://dx.doi.org/10.1016/j.bbr.2010.04.019
http://dx.doi.org/10.1037/0033-2909.133.1.1
http://dx.doi.org/10.1016/j.jpain.2012.11.001
http://dx.doi.org/10.1016/j.jpain.2012.11.001
http://dx.doi.org/10.1037/a0024060
http://dx.doi.org/10.1080/13506285.2010.536186
http://dx.doi.org/10.1080/13506285.2010.536186
http://dx.doi.org/10.1007/s00213-008-1099-6
http://dx.doi.org/10.1016/S0165-0173%2898%2900019-8
http://dx.doi.org/10.1016/S0165-0173%2898%2900019-8
http://dx.doi.org/10.1016/S0166-2236%2803%2900233-9
http://dx.doi.org/10.1016/S0166-2236%2803%2900233-9
http://www.wiley.com
http://dx.doi.org/10.1007/s00221-010-2510-1
http://dx.doi.org/10.1007/s00221-010-2510-1
http://dx.doi.org/10.1080/026999398379411
http://dx.doi.org/10.1080/026999398379411
http://dx.doi.org/10.1080/026999397380014
http://dx.doi.org/10.1080/026999397380014
http://dx.doi.org/10.1016/j.appet.2008.10.007
http://dx.doi.org/10.1016/j.cognition.2007.05.011
http://dx.doi.org/10.1016/j.cognition.2007.05.011
http://dx.doi.org/10.1162/jocn.2009.21110
http://dx.doi.org/10.1080/02699930902975754
http://dx.doi.org/10.1016/j.neuropsychologia.2011.02.056
http://dx.doi.org/10.1111/j.1467-9280.2008.02094.x
http://dx.doi.org/10.1111/j.1467-9280.2008.02094.x
http://dx.doi.org/10.1037/1528-3542.7.3.685
http://dx.doi.org/10.1037/1528-3542.7.3.685
http://dx.doi.org/10.4414/smw.2013.13786
http://dx.doi.org/10.4414/smw.2013.13786
http://dx.doi.org/10.1080/02699930441000157
http://dx.doi.org/10.1023/B:MOEM.0000040153.26156.ed
http://dx.doi.org/10.1023/B:MOEM.0000040153.26156.ed
http://dx.doi.org/10.1037/0096-1523.31.3.502
http://dx.doi.org/10.1037/0096-1523.31.3.502
http://dx.doi.org/10.1037/a0012771
http://dx.doi.org/10.1037/a0012771
http://dx.doi.org/10.1098/rspb.2013.1729
http://dx.doi.org/10.1098/rspb.2013.1729
http://dx.doi.org/10.1371/journal.pone.0013860
http://dx.doi.org/10.1371/journal.pone.0013860


Compton, R. J. (2003). The interface between emotion and attention: A
review of evidence from psychology and neuroscience. Behavioral and
Cognitive Neuroscience Reviews, 2, 115–129. http://dx.doi.org/10.1177/
1534582303002002003

�Compton, R. J., Banich, M. T., Mohanty, A., Milham, M. P., Herrington,
J., Miller, G. A., . . . Heller, W. (2003). Paying attention to emotion: An
fMRI investigation of cognitive and emotional stroop tasks. Cognitive,
Affective & Behavioral Neuroscience, 3, 81–96. http://dx.doi.org/
10.3758/CABN.3.2.81

�Cooper, R. M., & Langton, S. R. H. (2006). Attentional bias to angry faces
using the dot-probe task? It depends when you look for it. Behaviour
Research and Therapy, 44, 1321–1329. http://dx.doi.org/10.1016/j.brat
.2005.10.004

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and
stimulus-driven attention in the brain. Nature Reviews Neuroscience, 3,
201–215. http://dx.doi.org/10.1038/nrn755

Cox, W. M., Fadardi, J. S., & Pothos, E. M. (2006). The addiction-stroop
test: Theoretical considerations and procedural recommendations. Psy-
chological Bulletin, 132, 443–476. http://dx.doi.org/10.1037/0033-2909
.132.3.443

�Craven-Thuss, B. (2007). Anxiety-related threat processing: Delayed
disengagement of attention and cardiac reaction to emotional pictures.
(doctoral dissertation). Available from ProQuest Dissertations and The-
ses Database. (UMI no. 304600498)

�Davies, D. R. (1998). Selective processing of emotional information in
subclinical depression and hypomania. (Master’s thesis). Available from
ProQuest Dissertations and Theses Database. (UMI no. 304479942)

�de Jong, P. J., Koster, E. H. W., van Wees, R., & Martens, S. (2009).
Emotional facial expressions and the attentional blink: Attenuated
blink for angry and happy faces irrespective of social anxiety. Cog-
nition and Emotion, 23, 1640 –1652. http://dx.doi.org/10.1080/
02699930802490227

�de Oca, B. M., Villa, M., Cervantes, M., & Welbourne, T. (2012).
Emotional modulation of the attentional blink by pleasant and unpleas-
ant pictures. Journal of General Psychology, 139, 289–314. http://dx
.doi.org/10.1080/00221309.2012.708681

Desimone, R., & Duncan, J. (1995). Neural mechanisms of selective visual
attention. Annual Review of Neuroscience, 18, 193–222. http://dx.doi
.org/10.1146/annurev.ne.18.030195.001205

�Dewitte, M., De Houwer, J., Koster, E. H., & Buysse, A. (2007). What’s
in a name? Attachment-related attentional bias. Emotion, 7, 535–545.
http://dx.doi.org/10.1037/1528-3542.7.3.535

�di Pellegrino, G., Magarelli, S., & Mengarelli, F. (2011). Food pleasant-
ness affects visual selective attention. The Quarterly Journal of Exper-
imental Psychology, 64, 560–571. http://dx.doi.org/10.1080/17470218
.2010.504031

�Dresler, T., Mériau, K., Heekeren, H. R., & van der Meer, E. (2009).
Emotional Stroop task: Effect of word arousal and subject anxiety on
emotional interference. Psychological Research PRPF, 73, 364–371.
http://dx.doi.org/10.1007/s00426-008-0154-6

�Drury, K. K. (1997). Sociotropy, autonomy and negative stimuli: Use of
a Stroop task to assess attentional biasing. (Doctoral dissertation).
Available from ProQuest Dissertations and Theses Database. (UMI no.
9809857).

Duffy, E. (1957). The psychological significance of the concept of arousal
or activation. Psychological Review, 64, 265–275. http://dx.doi.org/
10.1037/h0048837

Dunlap, W. P., Cortina, J. M., Vaslow, J. B., & Burke, M. J. (1996).
Meta-analysis of experiments with matched groups or repeated measures
designs. Psychological Methods, 1, 170–177. http://dx.doi.org/10.1037/
1082-989X.1.2.170

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analysis.

Biometrics, 56, 455–463. http://dx.doi.org/10.1111/j.0006-341X.2000
.00455.x

Egeth, H. E., & Yantis, S. (1997). Visual attention: Control, representation,
and time course. Annual Review of Psychology, 48, 269–297. http://dx
.doi.org/10.1146/annurev.psych.48.1.269

Ekman, P. (1992). An argument for basic emotions. Cognition and Emo-
tion, 6, 169–200. http://dx.doi.org/10.1080/02699939208411068

Ekman, P., & Friesen, W. V. (1976). Pictures of facial affect. Palo Alto,
CA: Consulting Psychologists Press.

�Farley, F. H., & Yen, S. J. (1976). Arousal and cognition: Word arousal
and visual search. Perceptual and Motor Skills, 43, 699–702. http://dx
.doi.org/10.2466/pms.1976.43.3.699

�Feldmann-Wüstefeld, T., Schmidt-Daffy, M., & Schubö, A. (2011). Neu-
ral evidence for the threat detection advantage: Differential attention
allocation to angry and happy faces. Psychophysiology, 48, 697–707.
http://dx.doi.org/10.1111/j.1469-8986.2010.01130.x

Field, M., & Cox, W. M. (2008). Attentional bias in addictive behaviors:
A review of its development, causes, and consequences. Drug and
Alcohol Dependence, 97, 1–20. http://dx.doi.org/10.1016/j.drugalcdep
.2008.03.030

Field, M., Munafò, M. R., & Franken, I. H. A. (2009). A meta-analytic
investigation of the relationship between attentional bias and subjective
craving in substance abuse. Psychological Bulletin, 135, 589–607.
http://dx.doi.org/10.1037/a0015843

Flykt, A. (2006). Preparedness for action: Responding to the snake in the
grass. The American Journal of Psychology, 119, 29–43. http://dx.doi
.org/10.2307/20445317

Folk, C. L., Remington, R. W., & Johnston, J. C. (1992). Involuntary
covert orienting is contingent on attentional control settings. Journal of
Experimental Psychology: Human Perception and Performance, 18,
1030–1044. http://dx.doi.org/10.1037/0096-1523.18.4.1030

�Fox, E., Russo, R., Bowles, R., & Dutton, K. (2001). Do threatening
stimuli draw or hold visual attention in subclinical anxiety? Journal of
Experimental Psychology: General, 130, 681–700. http://dx.doi.org/
10.1037/0096-3445.130.4.681

�Fox, E., Russo, R., & Dutton, K. (2002). Attentional bias for threat:
Evidence for delayed disengagement from emotional faces. Cognition
and Emotion, 16, 355–379. http://dx.doi.org/10.1080/0269993
0143000527

Franken, I. H. A. (2003). Drug craving and addiction: Integrating psycho-
logical and neuropsychopharmacological approaches. Progress in
Neuro-Psychopharmacology & Biological Psychiatry, 27, 563–579.
http://dx.doi.org/10.1016/S0278-5846(03)00081-2

Fredrickson, B. L. (2001). The role of positive emotions in positive
psychology. The broaden-and-build theory of positive emotions. Amer-
ican Psychologist, 56, 218–226.

Frewen, P. A., Dozois, D. J. A., Joanisse, M. F., & Neufeld, R. W. J.
(2008). Selective attention to threat versus reward: Meta-analysis and
neural-network modeling of the dot-probe task. Clinical Psychology
Review, 28, 307–337. http://dx.doi.org/10.1016/j.cpr.2007.05.006

Frijda, N. H. (1988). The laws of emotion. American Psychologist, 43,
349–358. http://dx.doi.org/10.1037/0003-066X.43.5.349

Frijda, N. H. (2009). Concerns. In D. Sander & K. R. Scherer (Eds.), The
Oxford companion to emotion and the affective sciences (p. 96). Oxford,
United Kingdom: Oxford University Press.

Frischen, A., Eastwood, J. D., & Smilek, D. (2008). Visual search for faces
with emotional expressions. Psychological Bulletin, 134, 662–676.
http://dx.doi.org/10.1037/0033-2909.134.5.662

Gable, P. A., & Harmon-Jones, E. (2008). Approach-motivated positive
affect reduces breadth of attention. Psychological Science, 19, 476–482.
http://dx.doi.org/10.1111/j.1467-9280.2008.02112.x

�Gable, P. A., & Harmon-Jones, E. (2010). Late positive potential to
appetitive stimuli and local attentional bias. Emotion, 10, 441–446.
http://dx.doi.org/10.1037/a0018425

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

97ATTENTIONAL BIAS FOR POSITIVE EMOTIONAL STIMULI

http://dx.doi.org/10.1177/1534582303002002003
http://dx.doi.org/10.1177/1534582303002002003
http://dx.doi.org/10.3758/CABN.3.2.81
http://dx.doi.org/10.3758/CABN.3.2.81
http://dx.doi.org/10.1016/j.brat.2005.10.004
http://dx.doi.org/10.1016/j.brat.2005.10.004
http://dx.doi.org/10.1038/nrn755
http://dx.doi.org/10.1037/0033-2909.132.3.443
http://dx.doi.org/10.1037/0033-2909.132.3.443
http://dx.doi.org/10.1080/02699930802490227
http://dx.doi.org/10.1080/02699930802490227
http://dx.doi.org/10.1080/00221309.2012.708681
http://dx.doi.org/10.1080/00221309.2012.708681
http://dx.doi.org/10.1146/annurev.ne.18.030195.001205
http://dx.doi.org/10.1146/annurev.ne.18.030195.001205
http://dx.doi.org/10.1037/1528-3542.7.3.535
http://dx.doi.org/10.1080/17470218.2010.504031
http://dx.doi.org/10.1080/17470218.2010.504031
http://dx.doi.org/10.1007/s00426-008-0154-6
http://dx.doi.org/10.1037/h0048837
http://dx.doi.org/10.1037/h0048837
http://dx.doi.org/10.1037/1082-989X.1.2.170
http://dx.doi.org/10.1037/1082-989X.1.2.170
http://dx.doi.org/10.1111/j.0006-341X.2000.00455.x
http://dx.doi.org/10.1111/j.0006-341X.2000.00455.x
http://dx.doi.org/10.1146/annurev.psych.48.1.269
http://dx.doi.org/10.1146/annurev.psych.48.1.269
http://dx.doi.org/10.1080/02699939208411068
http://dx.doi.org/10.2466/pms.1976.43.3.699
http://dx.doi.org/10.2466/pms.1976.43.3.699
http://dx.doi.org/10.1111/j.1469-8986.2010.01130.x
http://dx.doi.org/10.1016/j.drugalcdep.2008.03.030
http://dx.doi.org/10.1016/j.drugalcdep.2008.03.030
http://dx.doi.org/10.1037/a0015843
http://dx.doi.org/10.2307/20445317
http://dx.doi.org/10.2307/20445317
http://dx.doi.org/10.1037/0096-1523.18.4.1030
http://dx.doi.org/10.1037/0096-3445.130.4.681
http://dx.doi.org/10.1037/0096-3445.130.4.681
http://dx.doi.org/10.1080/02699930143000527
http://dx.doi.org/10.1080/02699930143000527
http://dx.doi.org/10.1016/S0278-5846%2803%2900081-2
http://dx.doi.org/10.1016/j.cpr.2007.05.006
http://dx.doi.org/10.1037/0003-066X.43.5.349
http://dx.doi.org/10.1037/0033-2909.134.5.662
http://dx.doi.org/10.1111/j.1467-9280.2008.02112.x
http://dx.doi.org/10.1037/a0018425


�Giel, K. E., Friederich, H. C., Teufel, M., Hautzinger, M., Enck, P., &
Zipfel, S. (2011). Attentional processing of food pictures in individuals
with anorexia nervosa—An eye-tracking study. Biological Psychiatry,
69, 661–667. http://dx.doi.org/10.1016/j.biopsych.2010.09.047

�Gotlib, I. H., McLachlan, A. L., & Katz, A. N. (1988). Biases in visual
attention in depressed and nondepressed individuals. Cognition and
Emotion, 2, 185–200. http://dx.doi.org/10.1080/02699938808410923

�Gronau, N., Cohen, A., & Ben-Shakhar, G. (2003). Dissociations of
personally significant and task-relevant distractors inside and outside the
focus of attention: A combined behavioral and psychophysiological
study. Journal of Experimental Psychology: General, 132, 512–529.
http://dx.doi.org/10.1037/0096-3445.132.4.512

�Hammersley, J. J. (2010). The modulation of covert attention by emotion:
Automatic processing of emotional versus neutral valenced cues in a
covert attention paradigm. Available from ProQuest Dissertations and
Theses Database. (UMI no. 3408632).

Harmon-Jones, E., & Gable, P. A. (2009). Neural activity underlying the
effect of approach-motivated positive affect on narrowed attention.
Psychological Science, 20, 406–409. http://dx.doi.org/10.1111/j.1467-
9280.2009.02302.x

�Harris, C. R., & Pashler, H. (2004). Attention and the processing of
emotional words and names: Not so special after all. Psychological
Science, 15, 171–178. http://dx.doi.org/10.1111/j.0956-7976.2004
.01503005.x

�Harris, C. R., Pashler, H. E., & Coburn, N. (2004). Moray revisited:
High-priority affective stimuli and visual search. The Quarterly Journal
of Experimental Psychology Section A: Human Experimental Psychol-
ogy, 57, 1–31. http://dx.doi.org/10.1080/02724980343000107

�Hickey, C., Chelazzi, L., & Theeuwes, J. (2010a). Reward changes
salience in human vision via the anterior cingulate. The Journal of
Neuroscience, 30, 11096–11103. http://dx.doi.org/10.1523/JNEURO-
SCI.1026-10.2010

�Hickey, C., Chelazzi, L., & Theeuwes, J. (2010b). Reward guides vision
when it’s your thing: Trait reward-seeking in reward-mediated visual
priming. PLoS ONE, 5, e14087. http://dx.doi.org/10.1371/journal.pone
.0014087

�Hickey, C., Chelazzi, L., & Theeuwes, J. (2011). Reward has a residual
impact on target selection in visual search, but not on the suppression of
distractors. Visual Cognition, 19, 117–128. http://dx.doi.org/10.1080/
13506285.2010.503946

�Hickey, C., & van Zoest, W. (2012). Reward creates oculomotor salience.
Current Biology, 22, R219–R220. http://dx.doi.org/10.1016/j.cub.2012
.02.007

�Hickey, C., & van Zoest, W. (2013). Reward-associated stimuli capture
the eyes in spite of strategic attentional set. Vision Research, 92, 67–74.
http://dx.doi.org/10.1016/j.visres.2013.09.008

�Hodsoll, J., Quinn, K. A., & Hodsoll, S. (2010). Attentional prioritization
of infant faces is limited to own-race infants. PLoS ONE, 5, 5. http://dx
.doi.org/10.1371/journal.pone.0012509

�Hodsoll, S., Viding, E., & Lavie, N. (2011). Attentional capture by
irrelevant emotional distractor faces. Emotion, 11, 346–353. http://dx
.doi.org/10.1037/a0022771

Holland, P. C., & Gallagher, M. (1999). Amygdala circuitry in attentional
and representational processes. Trends in Cognitive Sciences, 3, 65–73.
http://dx.doi.org/10.1016/S1364-6613(98)01271-6

�Hollitt, S., Kemps, E., Tiggemann, M., Smeets, E., & Mills, J. S. (2010).
Components of attentional bias for food cues among restrained eaters.
Appetite, 54, 309–313. http://dx.doi.org/10.1016/j.appet.2009.12.005

�Ioannou, M. C., Mogg, K., & Bradley, B. P. (2004). Vigilance for threat:
Effects of anxiety and defensiveness. Personality and Individual Differ-
ences, 36, 1879–1891. http://dx.doi.org/10.1016/j.paid.2003.08.018

�Isaacowitz, D. M., Allard, E. S., Murphy, N. A., & Schlangel, M. (2009).
The time course of age-related preferences toward positive and negative
stimuli. The Journals of Gerontology Series B: Psychological Sciences

and Social Sciences, 64B, 188–192. http://dx.doi.org/10.1093/geronb/
gbn036

�Isaacowitz, D. M., Toner, K., Goren, D., & Wilson, H. R. (2008). Looking
while unhappy: Mood-congruent gaze in young adults, positive gaze in
older adults. Psychological Science, 19, 848–853. http://dx.doi.org/
10.1111/j.1467-9280.2008.02167.x

�Isaacowitz, D. M., Wadlinger, H. A., Goren, D., & Wilson, H. R. (2006a).
Is there an age-related positivity effect in visual attention? A comparison
of two methodologies. Emotion, 6, 511–516. http://dx.doi.org/10.1037/
1528-3542.6.3.511

�Isaacowitz, D. M., Wadlinger, H. A., Goren, D., & Wilson, H. R. (2006b).
Selective preference in visual fixation away from negative images in old
age? An eye-tracking study. Psychology and Aging, 21, 40–48. http://
dx.doi.org/10.1037/0882-7974.21.1.40

�Izetelny, A. (2006). Attentional biases for negative and positive attach-
ment words associated with individual differences in adult attachment
and defensiveness: Effects of stimulus content, intensity, and valence.
(Doctoral dissertation). Available from ProQuest Dissertations and The-
ses Database. (UMI no. 3229853).

�Janer, K. W. (1994). Attentional bias, implicit memory, and general
slowing in Depression. (Doctoral dissertation). Available from ProQuest
Dissertations and Theses Database. (UMI no. 9509917).

�Jiang, Y., Costello, P., Fang, F., Huang, M., & He, S. (2006). A gender-
and sexual orientation-dependent spatial attentional effect of invisible
images. Proceedings of the National Academy of Sciences of the United
States of America, 103, 17048–17052. http://dx.doi.org/10.1073/pnas
.0605678103

�Johansson, L., Ghaderi, A., & Andersson, G. (2004). The role of sensi-
tivity to external food cues in attentional allocation to food words on dot
probe and Stroop tasks. Eating Behaviors, 5, 261–271. http://dx.doi.org/
10.1016/j.eatbeh.2004.01.005

Johnsen, B. H., Thayer, J. F., & Hugdahl, K. (1995). Affective judgment of
the Ekman faces: A dimensional approach. Journal of Psychophysiol-
ogy, 9, 193–202.

Jones, B. E. (2003). Arousal systems. Frontiers in Bioscience, 8, s438–
s451. http://dx.doi.org/10.2741/1074

�Joormann, J., & Gotlib, I. H. (2007). Selective attention to emotional faces
following recovery from depression. Journal of Abnormal Psychology,
116, 80–85. http://dx.doi.org/10.1037/0021-843X.116.1.80

�Kawahara, J., & Yamada, Y. (2004). Does one’s name attract visual
attention? Visual Cognition, 11, 997–1017. http://dx.doi.org/10.1080/
13506280444000049a

�Keil, A., & Ihssen, N. (2004). Identification facilitation for emotionally
arousing verbs during the attentional blink. Emotion, 4, 23–35. http://dx
.doi.org/10.1037/1528-3542.4.1.23

�Keil, A., Ihssen, N., & Heim, S. (2006). Early cortical facilitation for
emotionally arousing targets during the attentional blink. [Advance
online publication]. BMC Biology, 4, 23. http://dx.doi.org/10.1186/
1741-7007-4-23

�Kemps, E., & Tiggemann, M. (2009). Attentional bias for craving-related
(chocolate) food cues. Experimental and Clinical Psychopharmacology,
17, 425–433. http://dx.doi.org/10.1037/a0017796

Klinger, E. (1975). Consequences of commitment to and disengagement
from incentives. Psychological Review, 82, 1–25. http://dx.doi.org/
10.1037/h0076171

�Koranyi, N., & Rothermund, K. (2012). When the grass on the other side
of the fence doesn’t matter: Reciprocal romantic interest neutralizes
attentional bias towards attractive alternatives. Journal of Experimental
Social Psychology, 48, 186–191. http://dx.doi.org/10.1016/j.jesp.2011
.06.012

Koster, E. H. W., Crombez, G., Verschuere, B., & De Houwer, J. (2004).
Selective attention to threat in the dot probe paradigm: Differentiating
vigilance and difficulty to disengage. Behaviour Research and Therapy,
42, 1183–1192. http://dx.doi.org/10.1016/j.brat.2003.08.001

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

98 POOL, BROSCH, DELPLANQUE, AND SANDER

http://dx.doi.org/10.1016/j.biopsych.2010.09.047
http://dx.doi.org/10.1080/02699938808410923
http://dx.doi.org/10.1037/0096-3445.132.4.512
http://dx.doi.org/10.1111/j.1467-9280.2009.02302.x
http://dx.doi.org/10.1111/j.1467-9280.2009.02302.x
http://dx.doi.org/10.1111/j.0956-7976.2004.01503005.x
http://dx.doi.org/10.1111/j.0956-7976.2004.01503005.x
http://dx.doi.org/10.1080/02724980343000107
http://dx.doi.org/10.1523/JNEUROSCI.1026-10.2010
http://dx.doi.org/10.1523/JNEUROSCI.1026-10.2010
http://dx.doi.org/10.1371/journal.pone.0014087
http://dx.doi.org/10.1371/journal.pone.0014087
http://dx.doi.org/10.1080/13506285.2010.503946
http://dx.doi.org/10.1080/13506285.2010.503946
http://dx.doi.org/10.1016/j.cub.2012.02.007
http://dx.doi.org/10.1016/j.cub.2012.02.007
http://dx.doi.org/10.1016/j.visres.2013.09.008
http://dx.doi.org/10.1371/journal.pone.0012509
http://dx.doi.org/10.1371/journal.pone.0012509
http://dx.doi.org/10.1037/a0022771
http://dx.doi.org/10.1037/a0022771
http://dx.doi.org/10.1016/S1364-6613%2898%2901271-6
http://dx.doi.org/10.1016/j.appet.2009.12.005
http://dx.doi.org/10.1016/j.paid.2003.08.018
http://dx.doi.org/10.1093/geronb/gbn036
http://dx.doi.org/10.1093/geronb/gbn036
http://dx.doi.org/10.1111/j.1467-9280.2008.02167.x
http://dx.doi.org/10.1111/j.1467-9280.2008.02167.x
http://dx.doi.org/10.1037/1528-3542.6.3.511
http://dx.doi.org/10.1037/1528-3542.6.3.511
http://dx.doi.org/10.1037/0882-7974.21.1.40
http://dx.doi.org/10.1037/0882-7974.21.1.40
http://dx.doi.org/10.1073/pnas.0605678103
http://dx.doi.org/10.1073/pnas.0605678103
http://dx.doi.org/10.1016/j.eatbeh.2004.01.005
http://dx.doi.org/10.1016/j.eatbeh.2004.01.005
http://dx.doi.org/10.2741/1074
http://dx.doi.org/10.1037/0021-843X.116.1.80
http://dx.doi.org/10.1080/13506280444000049a
http://dx.doi.org/10.1080/13506280444000049a
http://dx.doi.org/10.1037/1528-3542.4.1.23
http://dx.doi.org/10.1037/1528-3542.4.1.23
http://dx.doi.org/10.1186/1741-7007-4-23
http://dx.doi.org/10.1186/1741-7007-4-23
http://dx.doi.org/10.1037/a0017796
http://dx.doi.org/10.1037/h0076171
http://dx.doi.org/10.1037/h0076171
http://dx.doi.org/10.1016/j.jesp.2011.06.012
http://dx.doi.org/10.1016/j.jesp.2011.06.012
http://dx.doi.org/10.1016/j.brat.2003.08.001


�Koven, N. S., Heller, W., Banich, M. T., & Miller, G. A. (2003).
Relationships of distinct affective dimensions to performance on an
emotional Stroop task. Cognitive Therapy and Research, 27, 671–680.
http://dx.doi.org/10.1023/A:1026303828675

�Krasnoperova, E. N. (1998). Attentional and memory biases for interper-
sonal stimuli in clinical depression and anxiety. (Doctoral dissertation).
Available from ProQuest Dissertations and Theses Database. (UMI no.
9908797).

�Lamy, D., Amunts, L., & Bar-Haim, Y. (2008). Emotional priming of
pop-out in visual search. Emotion, 8, 151–161. http://dx.doi.org/
10.1037/1528-3542.8.2.151

Lang, P. J. (1995). The emotion probe. Studies of motivation and attention.
American Psychologist, 50, 372–385. http://dx.doi.org/10.1037/0003-
066X.50.5.372

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1999). International
Affective Picture System (IAPS): Instruction manual and affective rat-
ings (Tech. Rep. No. No. A-4). Gainesville: University of Florida,
Center for Research in Psychophysiology.

Lavie, N. (2005). Distracted and confused?: Selective attention under load.
Trends in Cognitive Sciences, 9, 75–82. http://dx.doi.org/10.1016/j.tics
.2004.12.004

Lazarus, R. S. (1991). Progress on a cognitive-motivational-relational
theory of emotion. American Psychologist, 46, 819–834. http://dx.doi
.org/10.1037/0003-066X.46.8.819

�Leclerc, C. M., & Kensinger, E. A. (2008). Effects of age on detection of
emotional information. Psychology and Aging, 23, 209–215. http://dx
.doi.org/10.1037/0882-7974.23.1.209

LeDoux, J. (1996). The emotional brain. New York, NY: Simon & Schus-
ter.

�Lee, H.-J. (2009). Attentional biases in social anxiety: An investigation
using the inattentional blindness paradigm. (Doctoral dissertation).
Available from ProQuest Dissertations and Theses Database. (UMI no.
3372311).

�Lee, J. (2013). The effects of reward on attentional selection. (Doctoral
dissertation). Available from ProQuest Dissertations and Theses Data-
base. (UMI no. 3565173).

�Leland, D. S., & Pineda, J. A. (2006). Effects of food-related stimuli on
visual spatial attention in fasting and nonfasting normal subjects: Be-
havior and electrophysiology. Clinical Neurophysiology, 117, 67–84.
http://dx.doi.org/10.1016/j.clinph.2005.09.004

�Leung, K. K. (2008). The neural basis of attention bias toward mood-
congruent information in people with major depressive disorder. (Doc-
toral dissertation). Available from ProQuest Dissertations and Theses
Database. (UMI no. 0820924).

�Levens, S. M., & Gotlib, I. H. (2009). Impaired selection of relevant
positive information in depression. Depression and Anxiety, 26, 403–
410. http://dx.doi.org/10.1002/da.20565

Li, W., Howard, J. D., Parrish, T. B., & Gottfried, J. A. (2008). Aversive
learning enhances perceptual and cortical discrimination of indiscrim-
inable odor cues. Science, 319, 1842–1845. http://dx.doi.org/10.1126/
science.1152837

�Linder, A. M. (2013). Time-course of attentional biases for threatening
faces in youth with anxiety disorders and nonclinical controls. (Doctoral
dissertation). Available from ProQuest Dissertations and Theses Data-
base. (UMI no. 3606575).

�Lipp, O. V., Price, S. M., & Tellegen, C. L. (2009). Emotional faces in
neutral crowds: Detecting displays of anger, happiness, and sadness on
schematic and photographic images of faces. Motivation and Emotion,
33, 249–260. http://dx.doi.org/10.1007/s11031-009-9136-2

�Lucas, N., & Vuilleumier, P. (2008). Effects of emotional and non-
emotional cues on visual search in neglect patients: Evidence for distinct
sources of attentional guidance. Neuropsychologia, 46, 1401–1414.
http://dx.doi.org/10.1016/j.neuropsychologia.2007.12.027

Lundqvist, L. O., Flykt, A., & Öhman, A. (1997). The Karolinska directed
emotional faces: KDEF. Stockholm: Karolinska Institutet.

�Lykins, A. D. (2011). Unpublished raw data.
�Lykins, A. D., Meana, M., & Strauss, G. P. (2008). Sex differences in

visual attention to erotic and non-erotic stimuli. Archives of Sexual
Behavior, 37, 219–228. http://dx.doi.org/10.1007/s10508-007-9208-x

Mak-Fan, K. M., Thompson, W. F., & Green, R. E. A. (2011). Visual
search for schematic emotional faces risks perceptual confound. Cogni-
tion and Emotion, 25, 573–584. http://dx.doi.org/10.1080/02699931
.2010.500159

�Maner, J. K., DeWall, C. N., & Gailliot, M. T. (2008). Selective attention
to signs of success: Social dominance and early stage interpersonal
perception. Personality and Social Psychology Bulletin, 34, 488–501.
http://dx.doi.org/10.1177/0146167207311910

�Maner, J. K., Gailliot, M. T., & DeWall, C. N. (2007). Adaptive atten-
tional attunement: Evidence for mating-related perceptual bias. Evolu-
tion and Human Behavior, 28, 28 –36. http://dx.doi.org/10.1016/j
.evolhumbehav.2006.05.006

�Maner, J. K., Kenrick, D. T., Becker, D. V., Delton, A. W., Hofer, B.,
Wilbur, C. J., & Neuberg, S. L. (2003). Sexually selective cognition:
Beauty captures the mind of the beholder. Journal of Personality and
Social Psychology, 85, 1107–1120. http://dx.doi.org/10.1037/0022-3514
.85.6.1107

�Maner, J. K., Rouby, D. A., & Gonzaga, G. C. (2008). Automatic
inattention to attractive alternatives: The evolved psychology of rela-
tionship maintenance. Evolution and Human Behavior, 29, 343–349.
http://dx.doi.org/10.1016/j.evolhumbehav.2008.04.003

Marois, R., & Ivanoff, J. (2005). Capacity limits of information processing
in the brain. Trends in Cognitive Sciences, 9, 296–305. http://dx.doi.org/
10.1016/j.tics.2005.04.010

�Mather, M., & Carstensen, L. L. (2003). Aging and attentional biases for
emotional faces. Psychological Science, 14, 409–415. http://dx.doi.org/
10.1111/1467-9280.01455

Mazzietti, A., Sellem, V., & Koenig, O. (2014). From stimulus-driven to
appraisal-driven attention: Towards differential effects of goal relevance
and goal relatedness on attention? Cognition and Emotion, 28, 1483–
1492. http://dx.doi.org/10.1080/02699931.2014.884488

�McCabe, R. E. (2013). Cognitive aspects of restraint: Situational and task
influences on memory for body shape-related information in dieters and
non-dieters. (Doctoral dissertation). Available from ProQuest Disserta-
tions and Theses Database. (UMI no. NQ49986).

�McMillan, E. S. (2008). Processing social information: An investigation
of the modification of attentional biases in social anxiety. (Doctoral
dissertation). Available from ProQuest Dissertations and Theses Data-
base. (UMI no. 3329552).

�Meyers, M. (2012). The neurocognitive basis of cognitive and emotional
control. (Doctoral dissertation). Available from ProQuest Dissertations
and Theses Database. (UMI no. U598480).

�Meyers, P. J. (1997). The modulatory effects of emotion on automatic
processing: Mechanisms of the cognitive unconscious. (Doctoral disser-
tation). Available from ProQuest Dissertations and Theses Database.
(UMI no. 9731844).

�Miller, M. W. (1998). Anxiety and emotional Stroop interference: A
startle-probe analysis of affective and attentional mechanisms. (Doc-
toral dissertation). Available from ProQuest Dissertations and Theses
Database. (UMI no. 9903600).

Mogg, K., & Bradley, B. P. (1998). A cognitive-motivational analysis of
anxiety. Behaviour Research and Therapy, 36, 809–848. http://dx.doi
.org/10.1016/S0005-7967(98)00063-1

�Mogg, K., & Bradley, B. P. (1999a). Orienting of attention to threatening
facial expressions presented under conditions of restricted awareness.
Cognition and Emotion, 13, 713–740. http://dx.doi.org/10.1080/
026999399379050

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

99ATTENTIONAL BIAS FOR POSITIVE EMOTIONAL STIMULI

http://dx.doi.org/10.1023/A:1026303828675
http://dx.doi.org/10.1037/1528-3542.8.2.151
http://dx.doi.org/10.1037/1528-3542.8.2.151
http://dx.doi.org/10.1037/0003-066X.50.5.372
http://dx.doi.org/10.1037/0003-066X.50.5.372
http://dx.doi.org/10.1016/j.tics.2004.12.004
http://dx.doi.org/10.1016/j.tics.2004.12.004
http://dx.doi.org/10.1037/0003-066X.46.8.819
http://dx.doi.org/10.1037/0003-066X.46.8.819
http://dx.doi.org/10.1037/0882-7974.23.1.209
http://dx.doi.org/10.1037/0882-7974.23.1.209
http://dx.doi.org/10.1016/j.clinph.2005.09.004
http://dx.doi.org/10.1002/da.20565
http://dx.doi.org/10.1126/science.1152837
http://dx.doi.org/10.1126/science.1152837
http://dx.doi.org/10.1007/s11031-009-9136-2
http://dx.doi.org/10.1016/j.neuropsychologia.2007.12.027
http://dx.doi.org/10.1007/s10508-007-9208-x
http://dx.doi.org/10.1080/02699931.2010.500159
http://dx.doi.org/10.1080/02699931.2010.500159
http://dx.doi.org/10.1177/0146167207311910
http://dx.doi.org/10.1016/j.evolhumbehav.2006.05.006
http://dx.doi.org/10.1016/j.evolhumbehav.2006.05.006
http://dx.doi.org/10.1037/0022-3514.85.6.1107
http://dx.doi.org/10.1037/0022-3514.85.6.1107
http://dx.doi.org/10.1016/j.evolhumbehav.2008.04.003
http://dx.doi.org/10.1016/j.tics.2005.04.010
http://dx.doi.org/10.1016/j.tics.2005.04.010
http://dx.doi.org/10.1111/1467-9280.01455
http://dx.doi.org/10.1111/1467-9280.01455
http://dx.doi.org/10.1080/02699931.2014.884488
http://dx.doi.org/10.1016/S0005-7967%2898%2900063-1
http://dx.doi.org/10.1016/S0005-7967%2898%2900063-1
http://dx.doi.org/10.1080/026999399379050
http://dx.doi.org/10.1080/026999399379050


�Mogg, K., & Bradley, B. P. (1999b). Some methodological issues in
assessing attentional biases for threatening faces in anxiety: A replica-
tion study using a modified version of the probe detection task. Behav-
iour Research and Therapy, 37, 595–604. http://dx.doi.org/10.1016/
S0005-7967(98)00158-2

�Mogg, K., Bradley, B. P., Hyare, H., & Lee, S. (1998). Selective attention
to food-related stimuli in hunger: Are attentional biases specific to
emotional and psychopathological states, or are they also found in
normal drive states? Behaviour Research and Therapy, 36, 227–237.
http://dx.doi.org/10.1016/S0005-7967(97)00062-4

�Mohanty, A., Gitelman, D. R., Small, D. M., & Mesulam, M. M. (2008).
The spatial attention network interacts with limbic and monoaminergic
systems to modulate motivation-induced attention shifts. Cerebral Cor-
tex, 18, 2604–2613. http://dx.doi.org/10.1093/cercor/bhn021

Moors, A. (2009). Theories of emotion causation: A review. Cognition and
Emotion, 23, 625–662. http://dx.doi.org/10.1080/02699930802645739

Moors, A., Ellsworth, P., Scherer, K. R., & Frijda, N. H. (2013). Appraisal
theories of emotion: State of the art and future development. Emotion
Review, 5, 119–124. http://dx.doi.org/10.1177/1754073912468165

Morris, S. B., & DeShon, R. P. (2002). Combining effect size estimates in
meta-analysis with repeated measures and independent-groups designs.
Psychological Methods, 7, 105–125.

�Most, S. B., Smith, S. D., Cooter, A. B., Levy, B. N., & Zald, D. H.
(2007). The naked truth: Positive, arousing distractors impair rapid
target perception. Cognition and Emotion, 21, 964–981. http://dx.doi
.org/10.1080/02699930600959340

Murray, E. A. (2007). The amygdala, reward and emotion. Trends in
Cognitive Sciences, 11, 489–497. http://dx.doi.org/10.1016/j.tics.2007
.08.013

�Newman, K. (2011). Cognitive vulnerability in previously depressed
individuals: The impact of a negative mood induction on attentional
biases. (Master’s thesis). Available from ProQuest Dissertations and
Theses Database. (UMI no. MR91062).

�Noecker, T. L. (2010). Age-related changes in the allocation of attention
to emotional stimuli. (Doctoral dissertation). Available from ProQuest
Dissertations and Theses Database. (UMI no. 3470051).

Northoff, G., Schneider, F., Rotte, M., Matthiae, C., Tempelmann, C.,
Wiebking, C., . . . Panksepp, J. (2009). Differential parametric modula-
tion of self-relatedness and emotions in different brain regions. Human
Brain Mapping, 30, 369–382. http://dx.doi.org/10.1002/hbm.20510

Nummenmaa, L., & Calvo, M. G. (2015). Dissociation between recogni-
tion and detection advantage for facial expressions: A meta-analysis.
Emotion, 15, 243–256. http://dx.doi.org/10.1037/emo0000042

�Nummenmaa, L., Hietanen, J. K., Calvo, M. G., & Hyönä, J. (2011). Food
catches the eye but not for everyone: A BMI-contingent attentional bias
in rapid detection of nutriments. PLoS ONE, 6, e19215. http://dx.doi
.org/10.1371/journal.pone.0019215

�Nummenmaa, L., Hyönä, J., & Calvo, M. G. (2006). Eye movement
assessment of selective attentional capture by emotional pictures. Emo-
tion, 6, 257–268. http://dx.doi.org/10.1037/1528-3542.6.2.257

�Nummenmaa, L., Hyönä, J., & Calvo, M. G. (2009). Emotional scene
content drives the saccade generation system reflexively. Journal of
Experimental Psychology: Human Perception and Performance, 35,
305–323. http://dx.doi.org/10.1037/a0013626

�Oehlberg, K. A. (2013). Temporal analysis of attentional bias assessment
and modification. (Doctoral dissertation). Available from ProQuest Dis-
sertations and Theses Database. (UMI no. 35955692).

Ogawa, T., & Suzuki, N. (2004). On the saliency of negative stimuli:
Evidence from attentional blink. The Japanese Psychological Research,
46, 20–30. http://dx.doi.org/10.1111/j.1468-5884.2004.00233.x

Öhman, A., Lundqvist, D., & Esteves, F. (2001). The face in the crowd
revisited: A threat advantage with schematic stimuli. Journal of Person-
ality and Social Psychology, 80, 381–396. http://dx.doi.org/10.1037/
0022-3514.80.3.381

Öhman, A., & Mineka, S. (2001). Fears, phobias, and preparedness:
Toward an evolved module of fear and fear learning. Psychological
Review, 108, 483–522.

�Owens, K. M. (2013). The Modified Stroop task as a clinical tool for the
assessment of health anxiety. (Doctoral dissertation). Available from
ProQuest Dissertations and Theses Database. (UMI no. NR42509).

�Paelecke, M., Paelecke-Habermann, Y., & Borkenau, P. (2012). Temper-
ament and attentional bias in vocal emotional Stroop tasks. European
Journal of Personality, 26, 111–122. http://dx.doi.org/10.1002/per.1848

Pessoa, L. (2014). Multiple influences of reward on perception and atten-
tion. Visual Cognition, 23, 272–290.

Pessoa, L., Kastner, S., & Ungerleider, L. G. (2002). Attentional control of
the processing of neural and emotional stimuli. Cognitive Brain Re-
search, 15, 31–45. http://dx.doi.org/10.1016/S0926-6410(02)00214-8

Pessoa, L., McKenna, M., Gutierrez, E., & Ungerleider, L. G. (2002).
Neural processing of emotional faces requires attention. Proceedings of
the National Academy of Sciences of the United States of America, 99,
11458–11463. http://dx.doi.org/10.1073/pnas.172403899

�Petropoulos, A. (2012). Impulsivity and reward sensitivity: Attentional
and emotional factors underlying stimulus-reward learning. (Master’s
thesis). Available from Queen’s Dissertations and Theses Database.

Phaf, R. H., & Kan, K. J. (2007). The automaticity of emotional Stroop: A
meta-analysis. Journal of Behavior Therapy and Experimental Psychi-
atry, 38, 184–199. http://dx.doi.org/10.1016/j.jbtep.2006.10.008

�Piech, R. M., Pastorino, M. T., & Zald, D. H. (2010). All I saw was the
cake. Hunger effects on attentional capture by visual food cues. Appetite,
54, 579–582. http://dx.doi.org/10.1016/j.appet.2009.11.003

Pishyar, R., Harris, L. M., & Menzies, R. G. (2004). Attentional bias for
words and faces in social anxiety. Anxiety, Stress & Coping: An
International Journal, 17, 23–36. http://dx.doi.org/10.1080/
10615800310001601458

�Pool, E. (2011). Unpublished raw data.
�Pool, E. (2013). Unpublished raw data.
�Pool, E., Brosch, T., Delplanque, S., & Sander, D. (2014). Where is the

chocolate? Rapid spatial orienting toward stimuli associated with pri-
mary rewards. Cognition, 130, 348–359. http://dx.doi.org/10.1016/j
.cognition.2013.12.002

Posner, M. I. (1980). Orienting of attention. The Quarterly Journal of
Experimental Psychology, 32, 3–25. http://dx.doi.org/10.1080/
00335558008248231

Posner, M. I., & Cohen, Y. (1984). Components of visual orienting.
Attention and Performance X. Control of Language Processes, 32, 531–
556.

Posner, M. I., Inhoff, A. W., Friedrich, F. J., & Cohen, A. (1987). Isolating
attentional systems—A cognitive-anatomical analysis. Psychobiology,
15, 107–121.

Posner, M. I., & Petersen, S. E. (1990). The attention system of the human
brain. Annual Review of Neuroscience, 13, 25–42. http://dx.doi.org/
10.1146/annurev.ne.13.030190.000325

Posner, M. I., Snyder, C. R., & Davidson, B. J. (1980). Attention and the
detection of signals. Journal of Experimental Psychology: General, 109,
160–174. http://dx.doi.org/10.1037/0096-3445.109.2.160

�Pourtois, G., Grandjean, D., Sander, D., & Vuilleumier, P. (2004). Elec-
trophysiological correlates of rapid spatial orienting towards fearful
faces. Cerebral Cortex, 14, 619–633. http://dx.doi.org/10.1093/cercor/
bhh023

Pourtois, G., Schettino, A., & Vuilleumier, P. (2013). Brain mechanisms
for emotional influences on perception and attention: What is magic and
what is not. Biological Psychology, 92, 492–512. http://dx.doi.org/
10.1016/j.biopsycho.2012.02.007

�Prause, N. (2007). Role of emotion and attention in variations in sexual
desire. (Doctoral Dissertation). Available from ProQuest Dissertations
and Theses Database. (UMI no. 3278474)

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

100 POOL, BROSCH, DELPLANQUE, AND SANDER

http://dx.doi.org/10.1016/S0005-7967%2898%2900158-2
http://dx.doi.org/10.1016/S0005-7967%2898%2900158-2
http://dx.doi.org/10.1016/S0005-7967%2897%2900062-4
http://dx.doi.org/10.1093/cercor/bhn021
http://dx.doi.org/10.1080/02699930802645739
http://dx.doi.org/10.1177/1754073912468165
http://dx.doi.org/10.1080/02699930600959340
http://dx.doi.org/10.1080/02699930600959340
http://dx.doi.org/10.1016/j.tics.2007.08.013
http://dx.doi.org/10.1016/j.tics.2007.08.013
http://dx.doi.org/10.1002/hbm.20510
http://dx.doi.org/10.1037/emo0000042
http://dx.doi.org/10.1371/journal.pone.0019215
http://dx.doi.org/10.1371/journal.pone.0019215
http://dx.doi.org/10.1037/1528-3542.6.2.257
http://dx.doi.org/10.1037/a0013626
http://dx.doi.org/10.1111/j.1468-5884.2004.00233.x
http://dx.doi.org/10.1037/0022-3514.80.3.381
http://dx.doi.org/10.1037/0022-3514.80.3.381
http://dx.doi.org/10.1002/per.1848
http://dx.doi.org/10.1016/S0926-6410%2802%2900214-8
http://dx.doi.org/10.1073/pnas.172403899
http://dx.doi.org/10.1016/j.jbtep.2006.10.008
http://dx.doi.org/10.1016/j.appet.2009.11.003
http://dx.doi.org/10.1080/10615800310001601458
http://dx.doi.org/10.1080/10615800310001601458
http://dx.doi.org/10.1016/j.cognition.2013.12.002
http://dx.doi.org/10.1016/j.cognition.2013.12.002
http://dx.doi.org/10.1080/00335558008248231
http://dx.doi.org/10.1080/00335558008248231
http://dx.doi.org/10.1146/annurev.ne.13.030190.000325
http://dx.doi.org/10.1146/annurev.ne.13.030190.000325
http://dx.doi.org/10.1037/0096-3445.109.2.160
http://dx.doi.org/10.1093/cercor/bhh023
http://dx.doi.org/10.1093/cercor/bhh023
http://dx.doi.org/10.1016/j.biopsycho.2012.02.007
http://dx.doi.org/10.1016/j.biopsycho.2012.02.007


�Prause, N., Janssen, E., & Hetrick, W. P. (2008). Attention and emotional
responses to sexual stimuli and their relationship to sexual desire.
Archives of Sexual Behavior, 37, 934–949. http://dx.doi.org/10.1007/
s10508-007-9236-6

�Raymond, J. E., & O’Brien, J. L. (2009). Selective visual attention and
motivation: The consequences of value learning in an attentional blink
task. Psychological Science, 20, 981–988. http://dx.doi.org/10.1111/j
.1467-9280.2009.02391.x

Robinson, T. E., Yager, L. M., Cogan, E. S., & Saunders, B. T. (2014). On
the motivational properties of reward cues: Individual differences. Neu-
ropharmacology, 76, 450–459.

Rodriguez Mosquera, P. M., Fischer, A. H., & Manstead, A. S. R. (2004).
Inside the heart of emotion. On culture and relational concerns. In L. Z.
Tiedens & C. W. Leach (Eds.), The social life of emotions (pp. 187–
202). Cambridge, United Kingdom: Cambridge University Press. http://
dx.doi.org/10.1017/CBO9780511819568.011

Rosenthal, R. (1991). Meta-analytic procedures for social research (Vol.
6). Newbury Park, CA: Sage. http://dx.doi.org/10.4135/9781412984997

Rosnow, R. L., & Rosenthal, R. (1996). Computing contrasts, effect sizes,
and counternulls on other people’s published data: General procedures
for research consumers. Psychological Methods, 1, 331–340. http://dx
.doi.org/10.1037/1082-989X.1.4.331

Rothermund, K. (2003). Automatic vigilance for task-related information:
Perseverance after failure and inhibition after success. Memory & Cog-
nition, 31, 343–352. http://dx.doi.org/10.3758/BF03194392

�Rozak, A. M. (1993). Attentional biases for self-referent stimuli in collage
students. (Doctoral Dissertation). Available from ProQuest Dissertations
and Theses Database. (UMI no. 9324820).

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality
and Social Psychology, 39, 1161–1178. http://dx.doi.org/10.1037/
h0077714

�Rusting, C. L. (1997). Independent and interactive effects of personality
and mood on the processing of emotional cues. (Doctoral Dissertation).
Available from ProQuest Dissertations and Theses Database. (UMI no.
98111176).

�Rutherford, H. J., O’Brien, J. L., & Raymond, J. E. (2010). Value
associations of irrelevant stimuli modify rapid visual orienting. Psycho-
nomic Bulletin & Review, 17, 536–542. http://dx.doi.org/10.3758/PBR
.17.4.536

�Saas, S. (2010). The time course of attentional bias in anxiety. (Doctoral
Dissertation). Available from ProQuest Dissertations and Theses Data-
base. (UMI no. 3452204).

Sali, A. W., Anderson, B. A., & Yantis, S. (2014). The role of reward
prediction in the control of attention. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 40, 1654–1664. http://dx.doi
.org/10.1037/a0037267

Sander, D. (2013). Models of emotion: The affective science approach. In
J. L. Armory & P. Vuilleumier (Eds.), The Cambridge handbook of
human affective neuroscience (Vol. 1, pp. 5–54). Cambridge, United
Kingdom: Cambridge University Press. http://dx.doi.org/10.1017/
CBO9780511843716.003

Sander, D., Grafman, J., & Zalla, T. (2003). The human amygdala: An
evolved system for relevance detection. Reviews in the Neurosciences,
14, 303–316. http://dx.doi.org/10.1515/REVNEURO.2003.14.4.303

Sander, D., Grandjean, D., Pourtois, G., Schwartz, S., Seghier, M. L.,
Scherer, K. R., & Vuilleumier, P. (2005). Emotion and attention inter-
actions in social cognition: Brain regions involved in processing anger
prosody. NeuroImage, 28, 848 – 858. http://dx.doi.org/10.1016/j
.neuroimage.2005.06.023

Sander, D., Grandjean, D., & Scherer, K. R. (2005). A systems approach to
appraisal mechanisms in emotion. Neural Networks, 18, 317–352. http://
dx.doi.org/10.1016/j.neunet.2005.03.001

�Sato, W., & Yoshikawa, S. (2010). Detection of emotional facial expres-
sions and anti-expressions. Visual Cognition, 18, 369–388. http://dx.doi
.org/10.1080/13506280902767763

Schachter, S., & Singer, J. E. (1962). Cognitive, social, and physiological
determinants of emotional state. Psychological Review, 69, 379–399.
http://dx.doi.org/10.1037/h0046234

Scherer, K. R. (2013). The nature and dynamics of relevance and valence
appraisals: Theoretical advances and recent evidence. Emotion Review,
5, 150–162. http://dx.doi.org/10.1177/1754073912468166

Scherer, K. R., Schorr, A., & Johnstone, T. (2001). Appraisal processes in
emotion: Theory, methods, research. New York, NY: Oxford University
Press.

�Schimmack, U., & Derryberry, D. (2005). Attentional interference effects
of emotional pictures: Threat, negativity, or arousal? Emotion, 5, 55–66.
http://dx.doi.org/10.1037/1528-3542.5.1.55

Schultz, W. (2004). Neural coding of basic reward terms of animal learning
theory, game theory, microeconomics and behavioural ecology. Current
Opinion in Neurobiology, 14, 139–147. http://dx.doi.org/10.1016/j.conb
.2004.03.017

�Segerstrom, S. C. (2001). Optimism and attentional bias for negative and
positive stimuli. Personality and Social Psychology Bulletin, 27, 1334–
1343. http://dx.doi.org/10.1177/01461672012710009

�Shapiro, K. L., Caldwell, J., & Sorensen, R. E. (1997). Personal names
and the attentional blink: A visual “cocktail party” effect. Journal of
Experimental Psychology: Human Perception and Performance, 23,
504–514. http://dx.doi.org/10.1037/0096-1523.23.2.504

Shapiro, K. L., Raymond, J. E., & Arnell, K. M. (1997). The attentional
blink. Trends in Cognitive Sciences, 1, 291–296. http://dx.doi.org/
10.1016/S1364-6613(97)01094-2

�Shelley-Tremblay, J., & Mack, A. (1999). Metacontrast masking and
attention. Psychological Science, 10, 508 –515. http://dx.doi.org/
10.1111/1467-9280.00197

Shiffrin, R. M., & Schneider, W. (1977). Controlled and automatic human
information-processing: Perceptual learning, automatic attending, and a
general theory. Psychological Review, 84, 127–190. http://dx.doi.org/
10.1037/0033-295X.84.2.127

�Singh, J. S. (2011). Visual attention and social anxiety: Oculomotor
behavior when threatened. (Doctoral Dissertation). Available from Pro-
Quest Dissertations and Theses Database. (UMI no. 3465871).

�Stasio, M. J. (2011). Aspects of cognition in human mate selection.
(Doctoral Dissertation). Available from ProQuest Dissertations and The-
ses Database. (UMI no. 3135307).

�Steinmetz, M. K. R., Muscatell, K. A., & Kensinger, E. A. (2010). The
effect of valence on young and older adults’ attention in a rapid serial
visual presentation task. Psychology and Aging, 25, 239–245.

Stolarova, M., Keil, A., & Moratti, S. (2006). Modulation of the C1 visual
event-related component by conditioned stimuli: Evidence for sensory
plasticity in early affective perception. Cerebral Cortex, 16, 876–887.
http://dx.doi.org/10.1093/cercor/bhj031

�Stormark, K. M., & Torkildsen, Ø. (2004). Selective processing of lin-
guistic and pictorial food stimuli in females with anorexia and bulimia
nervosa. Eating Behaviors, 5, 27–33. http://dx.doi.org/10.1016/j.eatbeh
.2003.07.002

�Strauss, G. P. (2004). Attention and memory bias for positive emotional
words. (Master’s thesis). Available from ProQuest Dissertations and
Theses Database. (UMI no. 1427430).

�Sutton, T. M. (2010). The influence of emotion on attention: Examining
the processing of negative and positive emotion words in the dot probe
task. (Doctoral Dissertation). Available from ProQuest Dissertations and
Theses Database. (UMI no. 3403000).

�Sutton, T. M., & Altarriba, J. (2011). The automatic activation and
perception of emotion in word processing: Evidence from a modified dot
probe paradigm. Journal of Cognitive Psychology, 23, 736–747. http://
dx.doi.org/10.1080/20445911.2011.554392

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

101ATTENTIONAL BIAS FOR POSITIVE EMOTIONAL STIMULI

http://dx.doi.org/10.1007/s10508-007-9236-6
http://dx.doi.org/10.1007/s10508-007-9236-6
http://dx.doi.org/10.1111/j.1467-9280.2009.02391.x
http://dx.doi.org/10.1111/j.1467-9280.2009.02391.x
http://dx.doi.org/10.1017/CBO9780511819568.011
http://dx.doi.org/10.1017/CBO9780511819568.011
http://dx.doi.org/10.4135/9781412984997
http://dx.doi.org/10.1037/1082-989X.1.4.331
http://dx.doi.org/10.1037/1082-989X.1.4.331
http://dx.doi.org/10.3758/BF03194392
http://dx.doi.org/10.1037/h0077714
http://dx.doi.org/10.1037/h0077714
http://dx.doi.org/10.3758/PBR.17.4.536
http://dx.doi.org/10.3758/PBR.17.4.536
http://dx.doi.org/10.1037/a0037267
http://dx.doi.org/10.1037/a0037267
http://dx.doi.org/10.1017/CBO9780511843716.003
http://dx.doi.org/10.1017/CBO9780511843716.003
http://dx.doi.org/10.1515/REVNEURO.2003.14.4.303
http://dx.doi.org/10.1016/j.neuroimage.2005.06.023
http://dx.doi.org/10.1016/j.neuroimage.2005.06.023
http://dx.doi.org/10.1016/j.neunet.2005.03.001
http://dx.doi.org/10.1016/j.neunet.2005.03.001
http://dx.doi.org/10.1080/13506280902767763
http://dx.doi.org/10.1080/13506280902767763
http://dx.doi.org/10.1037/h0046234
http://dx.doi.org/10.1177/1754073912468166
http://dx.doi.org/10.1037/1528-3542.5.1.55
http://dx.doi.org/10.1016/j.conb.2004.03.017
http://dx.doi.org/10.1016/j.conb.2004.03.017
http://dx.doi.org/10.1177/01461672012710009
http://dx.doi.org/10.1037/0096-1523.23.2.504
http://dx.doi.org/10.1016/S1364-6613%2897%2901094-2
http://dx.doi.org/10.1016/S1364-6613%2897%2901094-2
http://dx.doi.org/10.1111/1467-9280.00197
http://dx.doi.org/10.1111/1467-9280.00197
http://dx.doi.org/10.1037/0033-295X.84.2.127
http://dx.doi.org/10.1037/0033-295X.84.2.127
http://dx.doi.org/10.1093/cercor/bhj031
http://dx.doi.org/10.1016/j.eatbeh.2003.07.002
http://dx.doi.org/10.1016/j.eatbeh.2003.07.002
http://dx.doi.org/10.1080/20445911.2011.554392
http://dx.doi.org/10.1080/20445911.2011.554392


�Talmi, D. (2006). The role of attention and organization in emotional
memory enhancement. (Doctoral Dissertation). Available from ProQuest
Dissertations and Theses Database. (UMI no. NR22031).

�Talmi, D., Schimmack, U., Paterson, T., & Moscovitch, M. (2007). The
role of attention and relatedness in emotionally enhanced memory.
Emotion, 7, 89–102. http://dx.doi.org/10.1037/1528-3542.7.1.89

�Talmi, D., Ziegler, M., Hawksworth, J., Lalani, S., Herman, C. P., &
Moscovitch, M. (2013). Emotional stimuli exert parallel effects on
attention and memory. Cognition and Emotion, 27, 530–538. http://dx
.doi.org/10.1080/02699931.2012.722527

�Tapper, K., Pothos, E. M., & Lawrence, A. D. (2010). Feast your eyes:
Hunger and trait reward drive predict attentional bias for food cues.
Emotion, 10, 949–954. http://dx.doi.org/10.1037/a0020305

Theeuwes, J. (1994). Endogenous and exogenous control of visual selec-
tion. Perception, 23, 429–440. http://dx.doi.org/10.1068/p230429

Theeuwes, J. (2010). Top-down and bottom-up control of visual selection.
Acta Psychologica, 135, 77–99. http://dx.doi.org/10.1016/j.actpsy.2010
.02.006

�Theeuwes, J., & Belopolsky, A. V. (2012). Reward grabs the eye: Ocul-
omotor capture by rewarding stimuli. Vision Research, 74, 80–85.
http://dx.doi.org/10.1016/j.visres.2012.07.024

�Tipples, J. (2006). Fear and fearfulness potentiate automatic orienting to
eye gaze. Cognition and Emotion, 20, 309 –320. http://dx.doi.org/
10.1080/02699930500405550

�Tipples, J., & Sharma, D. (2000). Orienting to exogenous cues and
attentional bias to affective pictures reflect separate processes. British
Journal of Psychology, 91, 87–97. http://dx.doi.org/10.1348/
000712600161691

�Tipples, J., Young, A. W., Quinlan, P., Broks, P., & Ellis, A. W. (2002).
Searching for threat. The Quarterly Journal of Experimental Psychology
Section A: Human Experimental Psychology, 55, 1007–1026. http://dx
.doi.org/10.1080/02724980143000659

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare,
T. A., . . . Nelson, C. (2009). The NimStim set of facial expressions:
Judgments from untrained research participants. Psychiatry Research,
168, 242–249. http://dx.doi.org/10.1016/j.psychres.2008.05.006

Van Bockstaele, B., Verschuere, B., Tibboel, H., De Houwer, J., Crombez,
G., & Koster, E. H. (2014). A review of current evidence for the causal
impact of attentional bias on fear and anxiety. Psychological Bulletin,
140, 682–721. http://dx.doi.org/10.1037/a0034834

�van Hooff, J. C., Crawford, H., & van Vugt, M. (2011). The wandering
mind of men: ERP evidence for gender differences in attention bias
towards attractive opposite sex faces. Social Cognitive and Affective
Neuroscience, 6, 477–485. http://dx.doi.org/10.1093/scan/nsq066

Veenstra, E. M., & de Jong, P. J. (2012). Attentional bias in restrictive
eating disorders. Stronger attentional avoidance of high-fat food com-
pared to healthy controls? Appetite, 58, 133–140. http://dx.doi.org/
10.1016/j.appet.2011.09.014

Vogt, J., De Houwer, J., & Crombez, G. (2011). Multiple goal management
starts with attention: Goal prioritizing affects the allocation of spatial
attention to goal-relevant events. Experimental Psychology, 58, 55–61.
http://dx.doi.org/10.1027/1618-3169/a000066

Vogt, J., De Houwer, J., Crombez, G., & Van Damme, S. (2013). Com-
peting for attentional priority: Temporary goals versus threats. Emotion,
13, 587–598. http://dx.doi.org/10.1037/a0027204

Vogt, J., De Houwer, J., & Moors, A. (2011). Unintended allocation of
spatial attention to goal-relevant but not to goal-related events. Social
Psychology, 42, 48–55. http://dx.doi.org/10.1027/1864-9335/a000042

Vogt, J., De Houwer, J., Moors, A., Van Damme, S., & Crombez, G.
(2010). The automatic orienting of attention to goal-relevant stimuli.
Acta Psychologica, 134, 61–69. http://dx.doi.org/10.1016/j.actpsy.2009
.12.006

Vuilleumier, P. (2005). How brains beware: Neural mechanisms of emo-
tional attention. Trends in Cognitive Sciences, 9, 585–594. http://dx.doi
.org/10.1016/j.tics.2005.10.011

Vuilleumier, P. (2015). Affective and motivational control of vision. Cur-
rent Opinion in Neurology, 28, 29–35. http://dx.doi.org/10.1097/WCO
.0000000000000159

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects of
attention and emotion on face processing in the human brain: An
event-related fMRI study. Neuron, 30, 829 – 841. http://dx.doi.org/
10.1016/S0896-6273(01)00328-2

Vuilleumier, P., & Brosch, T. (2009). Interactions of emotion and attention
in perception. In M. S. Gazzaniga (Ed.), The cognitive neurosciences IV
(pp. 925–934). Cambridge, MA: MIT Press.

�Wang, L., Yu, H., & Zhou, X. (2013). Interaction between value and
perceptual salience in value-driven attentional capture. Journal of Vi-
sion, 13, 13. http://dx.doi.org/10.1167/13.3.5

�Waters, A. M., Nitz, A. B., Craske, M. G., & Johnson, C. (2007). The
effects of anxiety upon attention allocation to affective stimuli. Behav-
iour Research and Therapy, 45, 763–774. http://dx.doi.org/10.1016/j
.brat.2006.07.002

Weierich, M. R., Treat, T. A., & Hollingworth, A. (2008). Theories and
measurement of visual attentional processing in anxiety. Cognition and
Emotion, 22, 985–1018. http://dx.doi.org/10.1080/02699930701597601

�Williams, M. A., Moss, S. A., Bradshaw, J. L., & Mattingley, J. B. (2005).
Look at me, I’m smiling: Visual search for threatening and nonthreat-
ening facial expressions. Visual Cognition, 12, 29–50. http://dx.doi.org/
10.1080/13506280444000193

�Wright, L. V. (1995). The role of sexual motivation in cognitive process-
ing (Doctoral Dissertation). Available from ProQuest Dissertations and
Theses Database. (UMI no. 9604088).

�Yamada, Y., Kawabe, T., & Miura, K. (2012). One’s own name distorts
visual space. Neuroscience Letters, 531, 96 –98. http://dx.doi.org/
10.1016/j.neulet.2012.10.028

Yamaguchi, S., Greenwald, A. G., Banaji, M. R., Murakami, F., Chen, D.,
Shiomura, K., . . . Krendl, A. (2007). Apparent universality of positive
implicit self-esteem. Psychological Science, 18, 498–500. http://dx.doi
.org/10.1111/j.1467-9280.2007.01928.x

Yiend, J. (2010). The effects of emotion on attention: A review of atten-
tional processing of emotional information. Cognition and Emotion, 24,
3–47. http://dx.doi.org/10.1080/02699930903205698

Yik, M. S. M., Russell, J. A., & Barrett, L. F. (1999). Structure of
self-reported current affect: Integration and beyond. Journal of Person-
ality and Social Psychology, 77, 600–619. http://dx.doi.org/10.1037/
0022-3514.77.3.600

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

102 POOL, BROSCH, DELPLANQUE, AND SANDER

http://dx.doi.org/10.1037/1528-3542.7.1.89
http://dx.doi.org/10.1080/02699931.2012.722527
http://dx.doi.org/10.1080/02699931.2012.722527
http://dx.doi.org/10.1037/a0020305
http://dx.doi.org/10.1068/p230429
http://dx.doi.org/10.1016/j.actpsy.2010.02.006
http://dx.doi.org/10.1016/j.actpsy.2010.02.006
http://dx.doi.org/10.1016/j.visres.2012.07.024
http://dx.doi.org/10.1080/02699930500405550
http://dx.doi.org/10.1080/02699930500405550
http://dx.doi.org/10.1348/000712600161691
http://dx.doi.org/10.1348/000712600161691
http://dx.doi.org/10.1080/02724980143000659
http://dx.doi.org/10.1080/02724980143000659
http://dx.doi.org/10.1016/j.psychres.2008.05.006
http://dx.doi.org/10.1037/a0034834
http://dx.doi.org/10.1093/scan/nsq066
http://dx.doi.org/10.1016/j.appet.2011.09.014
http://dx.doi.org/10.1016/j.appet.2011.09.014
http://dx.doi.org/10.1027/1618-3169/a000066
http://dx.doi.org/10.1037/a0027204
http://dx.doi.org/10.1027/1864-9335/a000042
http://dx.doi.org/10.1016/j.actpsy.2009.12.006
http://dx.doi.org/10.1016/j.actpsy.2009.12.006
http://dx.doi.org/10.1016/j.tics.2005.10.011
http://dx.doi.org/10.1016/j.tics.2005.10.011
http://dx.doi.org/10.1097/WCO.0000000000000159
http://dx.doi.org/10.1097/WCO.0000000000000159
http://dx.doi.org/10.1016/S0896-6273%2801%2900328-2
http://dx.doi.org/10.1016/S0896-6273%2801%2900328-2
http://dx.doi.org/10.1167/13.3.5
http://dx.doi.org/10.1016/j.brat.2006.07.002
http://dx.doi.org/10.1016/j.brat.2006.07.002
http://dx.doi.org/10.1080/02699930701597601
http://dx.doi.org/10.1080/13506280444000193
http://dx.doi.org/10.1080/13506280444000193
http://dx.doi.org/10.1016/j.neulet.2012.10.028
http://dx.doi.org/10.1016/j.neulet.2012.10.028
http://dx.doi.org/10.1111/j.1467-9280.2007.01928.x
http://dx.doi.org/10.1111/j.1467-9280.2007.01928.x
http://dx.doi.org/10.1080/02699930903205698
http://dx.doi.org/10.1037/0022-3514.77.3.600
http://dx.doi.org/10.1037/0022-3514.77.3.600


Appendix

Summary of the Studies Included in the Meta-Analysis

Study n Stimulus Valence Arousal Relevance Paradigm g 95% CI

Abraham (2004) 76 Food — — Not considered Stroop .29 .12–.45
Alexopoulos et al. (2012; Exp. 1) 27 Self relevant — — Considered SCT .31 .04–.58
Alexopoulos et al. (2012; Exp. 2) 33 Self relevant — — Considered SCT .26 .02–.51
Alexopoulos et al. (2012; Exp. 3) 32 Self relevant — — Considered SCT .32 .06–.57
Alexopoulos et al. (2012; Exp. 4) 19 Self relevant — — Considered SCT .35 .03–.67
Alpers (2008) 28 General mixed 78.88 61.66 Not considered Free viewing .51 .22–.80
Anderson (2005; Exp. 2; Group 1) 18 Erotic/attractive 70.00 64.29 Not considered RSVP .53 .17–.89
Anderson (2005; Exp. 2; Group 2) 18 General mixed 82.85 48.57 Not considered RSVP .40 .06–.74
Anderson et al. (2011a; Exp. 1) 26 Money — — Not considered Visual search .47 .18–.76
Anderson et al. (2011a; Exp. 3) 24 Money — — Not considered Visual search .52 .21–.84
Anderson et al. (2011b; Exp. 1) 18 Money — — Not considered Visual search .54 .18–.89
Anderson & Yantis (2012; Exp. 1.) 14 Money — — Not considered Visual search .82 .36–1.29
Anderson (2012) 13 Money — — Not considered Visual search .44 .04–.84
Anderson, Laurent et al., (2012; Exp. 1) 21 Money — — Not considered Other .38 .07–.70
Anderson et al. (2012) 30 Money — — Not considered Visual search .12 �.12–.37
Anderson (2013) 11 Money — — Not considered Visual search .45 .02–.88
Anderson et al. (2013) 16 Money — — Not considered Visual search .96 .49–1.43
Arnell et al. (1999; Exp. 1) 12 Self relevant — — Considered RSVP .60 .16–1.05
Arnell et al. (1999; Exp. 2a) 8 Self relevant — — Considered RSVP 1.03 .36–1.69
Arnell et al. (1999; Exp. 2b) 16 Self relevant — — Considered RSVP .84 .40–1.28
Arnell et al. (2007; Exp. 2) 24 General mixed 80.71 64.00 Not considered RSVP .00 �.27–.27
Arnell et al. (2007; Exp. 1) 18 General mixed 80.71. 64.00 Not considered RSVP .00 �.31–.31
Ashley et al., (2013) 30 General mixed 84.44 64.44 Not considered Stroop .13 �.12–.38
Austin & Duka (2010) 32 Money — — Not considered Free viewing .04 �.20–.28
Bacon (2011) 41 Smiling face 59.95 29.31 Not considered DPDT .00 �.21–.21
Baum et al. (2013) 100 Smiling face — — Not considered DPDT �.04 �.18–.09
Becker (2005; Exp. 1) 15 Smiling face 59.95 29.31 Not considered Visual search .85 .39–1.30
Becker (2005; Exp. 2) 22 Smiling face 59.95 29.31 Not considered Visual search .39 .08–.70
Belopolsky et al., (2011) 9 Smiling face — — Not considered Free viewing �.36 �.80–.09
Blackmore (2011) 32 General mixed 82.78 66.89 Not considered SCT .00 �.24–.24
Bradley et al. (1997; Exp. 1) 20 Smiling face — — Not considered DPDT .00 �.30–.30
Bradley et al. (1997; Exp. 2) 13 Smiling face — — Not considered DPDT .00 �.36–.36
Bradley et al. (1998) 18 Smiling face — — Not considered DPDT .00 �.31–.31
Brignell et al. (2009; External eating group) 19 Food 72.33 — Considered DPDT .55 .20–.90
Brosch et al. (2008; EEG Exp.) 19 Baby/child 75.62 61.53 Not considered DPDT .26 .03–.48
Brosch et al. (2008; Behavioral Exp.) 13 Baby/child 75.62 61.53 Not considered DPDT .48 .14–.82
Brosch et al. (2007) 38 Baby/child 75.62 61.53 Not considered DPDT .62 .19–1.05
Calvo & Avero (2005) 80 Erotic/attractive 81.11 54.44 Not considered Free viewing .35 .06–.64
Calvo & Lang (2004; Exp. 1) 24 Baby/child 84.44 51.55 Not considered Free viewing .41 .11–.70
Calvo & Lang (2005; Exp. 1) 24 Erotic/attractive 80.00 60.77 Not considered Free viewing .31 .15–.48
Christopher (2010; Exp. 1) 12 Smiling face 67.45 45.11 Not considered DPDT �.44 �.85–.03
Christopher (2010; Exp. 2b) 20 Smiling face 67.45 45.11 Not considered SCT �.24 �.55–.07
Christopher (2010; Exp. 5a) 24 Smiling face 67.45 45.11 Not considered Visual search .24 �.04–.52
Ciesielski et al. (2010) 50 Erotic/attractive 75.56 75.56 Not considered RSVP 2.34 1.84–2.83
Compton et al. (2003) 11 Erotic/attractive 82.48 84.28 Not considered Stroop .37 �.05–.78
Cooper & Langton (2006; Group 1) 22 Smiling face 59.93 29.31 Not considered DPDT �.38 �.69–.08
Cooper & Langton (2006; Group 2) 35 Smiling face 59.93 29.31 Not considered DPDT .20 �.03–.44
Craven-Thuss (2007) 50 General mixed 82 — Not considered SCT .00 �.19–.19
Davies (1998) 60 General mixed — — Not considered Stroop �.15 �.33–.27
de Jong et al. (2009) 67 Smiling face 68.77 43.33 Not considered RSVP .53 .34–.72
de Oca et al. (2012; Exp. 1) 29 Money 76.38 61.11 Not considered RSVP 1.08 .71–1.46
de Oca et al. (2012; Exp. 2) 65 Money 76.38 61.11 Not considered RSVP .85 .63–1.08
de Oca et al. (2012; Exp. 3) 64 Money 76.38 61.11 Not considered RSVP .81 .58–1.03
Dewitte et al., (2007; Exp. 1) 59 Self relevant — — Considered DPDT .26 .07–.44
Dewitte et al., (2007; Exp. 2) 59 Self relevant — — Considered DPDT .16 �.02–.34
Dewitte et al., (2007; Exp. 3) 54 Self relevant — — Considered DPDT .12 �.07–.31
Dewitte et al., (2007; Exp. 4) 62 Self relevant — — Considered DPDT .00 �.17–.17
Dresler et al., (2009) 50 General mixed 81.33 61 Not considered Stroop .34 .13–.54
Drury (1997) 89 General mixed 79.14 — Not considered Stroop .46 .29–.62
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Appendix (continued)

Study n Stimulus Valence Arousal Relevance Paradigm g 95% CI

di Pellegrino et al. (2011) 26 Food 85 79 Considered DPDT .67 .35–.99
Farley & Yen (1976) 9 General mixed — — Not considered Visual search �.59 �1.08–.09
Feldmann-Wüstefeld et al. (2011) 24 Smiling face 68.78 43.33 Not considered Visual search .12 �.15–.40
Fox et al. (2001; Exp. 1) 50 General mixed — — Not considered SCT �.11 �.31–.08
Fox et al. (2001; Exp. 2) 19 Smiling face — — Not considered SCT �.16 �.47–.15
Fox et al. (2001; Exp. 5) 36 General mixed — — Not considered Stroop �.13 �.36–.09
Fox et al. (2002; Exp. 2) 48 Smiling face — — Not considered SCT �.13 �.33–.07
Gable & Harmon-Jones (2010) 29 Food 56.67 82.78 Not considered Other .36 .09–.64
Giel et al. (2011; Fasted) 18 Food 66.50 — Considered Free viewing .41 .07–.75
Giel et al. (2011; Sated) 20 Food 64.00 — Not considered Free viewing .10 �.20–.40
Golib et al. (1988) 12 General mixed — — Not considered other .58 .14–1.01
Gronau et al. (2003; Exp. 1a) 32 Self relevant — — Considered Stroop .34 .08–.59
Gronau et al. (2003; Exp. 1b) 32 Self relevant — — Considered Stroop .35 .09–.60
Gronau et al. (2003; Exp. 2a) 32 Self relevant — — Considered Stroop .05 �.18–.30
Gronau et al. (2003; Exp. 2b) 32 Self relevant — — Considered Stroop .22 �.03–.46
Gronau et al. (2003; Exp. 3) 32 Self relevant — — Considered Stroop .27 .02–.51
Gronau et al. (2003; Exp. 4) 20 Self relevant — — Considered Stroop .89 .49–1.30
Gronau et al. (2003; Exp. 5) 20 Self relevant — — Considered Stroop .04 �.25–.34
Gronau et al. (2003; Exp. 6) 30 Self relevant — — Considered Stroop .30 .04–.56
Gronau et al. (2003; Exp. 7) 30 Self relevant — — Considered Stroop .07 �.17–.32
Hammersley (2010; Exp. 3) 64 General mixed 86.67 72.86 Not considered SCT .13 �.04–.31
Harris et al. (2004; Exp. 1) 60 Self relevant — — Considered Visual search .33 .15–.52
Harris et al. (2004; Exp. 2) 34 Self relevant — — Considered Visual search .37 .13–.62
Harris et al. (2004; Exp. 4) 45 Self relevant — — Considered Visual search .18 �.02–.39
Harris et al. (2004; Exp. 5) 41 Self relevant — — Considered Visual search �.03 �.25–.18
Harris et al. (2004; Exp. 7) 63 Self relevant — — Considered Visual search .00 �.17–.17
Harris et al. (2004; Exp. 8) 39 Self relevant — — Considered Visual search .22 .00–.44
Harris & Pashler (2004; Exp. 1) 59 Self relevant — — Considered Stroop .23 .04–.41
Harris & Pashler (2004; Exp. 1b) 58 Self relevant — — Considered Stroop .39 .19–.58
Hickey et al. (2010a; EEG Exp.) 14 Money — — Not considered Visual search .44 .05–.82
Hickey et al. (2010a; Behavioral Exp.) 20 Money — — Not considered Visual search .33 .01–.64
Hickey et al. (2010a; Control Exp.) 14 Money — — Not considered Visual search .41 .09–.73
Hickey et al. (2010b) 35 Money — — Not considered Visual search .26 .02–.50
Hickey et al., (2011) 15 Money — — Not considered Visual search .42 .05–.80
Hickey & van Zoest (2012) 18 Money — — Not considered Visual search .42 .08–.76
Hickey & van Zoest (2013) 15 Money — — Not considered Visual search .46 .08–.83
Hodsoll et al. (2010; White) 20 Baby/child 83.50 78.20 Considered DPDT .54 .20–.88
Hodsoll et al. (2010; Asiatic) 20 Baby/child 81.20 73.30 Considered DPDT .40 .08–.72
Hodsoll et al. (2011; Exp. 2) 24 Smiling face — — Not considered Visual search .52 .12–.91
Holitt et al. (2010) 78 Food — — Not considered Visual search �.03 �.19–.12
Ioannou et al. (2004) 10 Smiling face — — Not considered DPDT .00 �.40–.40
Isaacowitz et al. (2006a; Older) 28 Smiling face — — Not considered DPDT .41 .13–.68
Isaacowitz et al. (2006a; Younger) 32 Smiling face — — Not considered DPDT .10 �.14–.34
Isaacowitz et al. (2006b; Older) 27 Smiling face — — Not considered Free viewing .33 .05–.60
Isaacowitz et al. (2006b; Younger) 37 Smiling face — — Not considered Free viewing .00 �.22–.22
Isaacowitz et al. (2008; Older) 13 Smiling face — — Not considered Free viewing .00 �.35–.35
Isaacowitz et al. (2008; Younger) 27 Smiling face — — Not considered Free viewing .44 .15–.72
Isaacowitz et al. (2009; Younger) 34 Smiling face — — Not considered Free viewing .05 �.18–.28
Isaacowitz et al. (2009; Older) 29 Smiling face — — Not considered Free viewing �.21 �.46–.05
Izetelny (2006; Dismissing group) 21 General mixed 83.33 33.33 Not considered DPDT .28 �.03–.85
Izetelny (2006; Fearful group) 18 General mixed 83.33 33.33 Not considered DPDT �.27 �.60–.05
Izetelny (2006; Preoccupied group) 20 General mixed 83.33 66.66 Not considered DPDT .00 �.30–.30
Janer (1994) 20 General mixed — — Not considered Stroop .00 �.30–30
Jiang et al. (2006; Exp. 1; Hetero men) 10 Erotic/attractive — — Considered DPDT 1.45 .70–2.20
Jiang et al. (2006; Exp. 1; Hetero women) 10 Erotic/attractive — — Considered DPDT .50 .05–.96
Jiang et al. (2006; Exp. 2; Gay men) 10 Erotic/attractive — — Considered DPDT .62 .13–.1.10
Johansson et al. (2004) 43 Food — — Not considered Stroop .00 �.21–.21
Joormann & Gotlib (2007) 19 Smiling face 67.89 45.11 Not considered DPDT .50 .16–.85
Kawahara & Yamada (2004; Exp. 4) 10 Self relevant — — Considered RSVP .61 .13–1.09
Kawahara & Yamada (2004; Exp. 5) 14 Self relevant — — Considered RSVP .00 �.35–.35
Keil & Ihssen (2004; Exp. 1) 18 General mixed 91.11 75.55 Not considered RSVP .86 .44–1.28
Keil & Ihssen (2004; Exp. 3) 16 General mixed 83.89 43.11 Not considered RSVP .21 �.12–.55
Keil et al. (2006) 13 General mixed 87.45 78.45 Not considered RSVP .68 .24–1.13

(Appendix continues)
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Appendix (continued)

Study n Stimulus Valence Arousal Relevance Paradigm g 95% CI

Kemps & Tiggemann (2009; Exp. 1; Cravers) 40 Food — — Considered DPDT .24 .01–.46
Kemps & Tiggemann (2009; Exp. 1; Control) 40 Food — — Not considered DPDT �.09 �.31–.12
Kemps & Tiggemann (2009; Exp. 2; Cravers) 53 Food — — Considered DPDT .23 .04–.42
Kemps & Tiggemann (2009; Exp. 2; Control) 53 Food — — Not considered DPDT �.04 �.23–.15
Koranyi & Rothermund (2012; Exp. 1) 15 Erotic/attractive 71.50 — Considered SCT .43 .06–.80
Koranyi & Rothermund (2012; Exp. 2) 19 Erotic/attractive 69.00 — Considered SCT .81 .41–1.21
Koven et al. (2003) 138 General mixed — — Not considered Stroop .24 .11–.36
Krasnoperova (1998) 16 Smiling face 86.67 — Not considered DPDT �.09 �.42–.24
Lamy et al. (2008; Exp. 2a) 14 Smiling face 67.89 45.11 Not considered Visual search .33 �.04–.70
Leclerc & Kensinger (2008; Older) 24 General mixed 78.57 57.14 Not considered Visual search .36 .07–.65
Leclerc & Kensinger. (2008; Younger) 24 General mixed 78.57 57.14 Not considered Visual search .00 �.27–.27
Lee, H.-J. (2009; Exp. 1) 276 Smiling face — — Not considered Other .13 .05–.22
Lee, H.-J. (2009; Exp. 2) 261 Smiling face 59.94 29.31 Not considered Other .14 .05–.22
Lee, J. (2013; Exp. 1) 17 Money — — Not considered Visual search .52 .16–.89
Lee, J. (2013; Exp. 2) 19 Money — — Not considered Visual search .41 .08–.75
Leland & Pineda (2006; Exp. 1) 24 Food 70.00 — Not considered SCT .31 .07–.65
Leland & Pineda (2006; Exp. 2) 20 Food 70.00 — Considered SCT .38 .06–.69
Leung (2008; Exp. 1) 42 General mixed 86.67 77.78 Not considered DPDT �.03 �.24–.18
Levens & Gotlib (2009) 24 General mixed 86.67 77.11 Not considered Other .44 .14–.74
Linder (2013) 21 Smiling face 67.89 45.11 Not considered DPDT .00 �.29–.29
Lipp et al. (2009; Exp. 2) 40 Smiling face 75 71.25 Not considered Visual search .21 �.01–.43
Lucas & Vuilleumier (2008) 27 Smiling face 68.77 43.33 Not considered Visual search .55 .15–.81
Lykins (2011) 43 General mixed — — Not considered Free viewing .57 .33–.81
Lykins et al. (2008) 40 Erotic/attractive — 75 Not considered Free viewing .83 .55–1.11
McCabe (2013; Exp. 2) 39 General mixed — — Not considered Stroop .00 �.22–.22
Maner et al. (2003; Exp. 4; Women) 82 Erotic/attractive 75.29 — Considered Free viewing .38 .22–.54
Maner et al. (2003; Men) 69 Erotic/attractive 75.29 — Considered Free viewing .23 .06–.40
Maner et al. (2007; Women) 106 Erotic/attractive 83.56 — Not considered SCT .26 .13–.40
Maner et al. (2007; Men) 76 Erotic/attractive 83.56 — Considered SCT .20 .04–.36
Maner, DeWall et al. (2008; Exp. 2) 47 Erotic/attractive 84.78 — Not considered Free viewing .17 �.03–.37
Maner, Rouby et al. (2008) 56 Erotic/attractive 82.33 Considered SCT .06 �.13–.24
Mather & Carstensen (2003; Exp. 1; Younger) 52 Smiling face — — Not considered DPDT .00 �.19–.19
Mather & Carstensen (2003; Exp. 1; Older) 52 Smiling face — — Not considered DPDT .21 .02–.41
Mather & Carstensen (2003; Exp. 2; Older) 44 Smiling face — — Not considered DPDT .00 �.21–.21
Mather & Carstensen (2003; Exp. 2; Younger) 44 Smiling face — — Not considered DPDT .00 �.21–.21
McMillian (2008) 63 Smiling face — — Not considered DPDT .00 �.17–.17
Meyer, J. (1997; Exp. 2a) 29 Money — 65.57 Not considered Stroop �.17 �.50–.17
Meyer, J. (1997; Exp. 2b) 11 Money — 70.49 Not considered Stroop �.33 �.59–.07
Meyer, J. (1997; Exp. 3) 30 Money — 92.67 Not considered Stroop .17 �.08–.42
Meyer, M. (2012; Exp. 2) 58 Smiling face 67.89 45.11 Not considered Stroop .15 �.03–.33
Meyer M. (2012; Exp. 3) 63 Smiling face 67.89 45.11 Not considered Other .00 �.17–17
Miller (1998) 36 General mixed 90.00 72.22 Not considered Stroop .00 �.23–.23
Mogg et al. (1998; High-hunger) 15 Food — — Considered DPDT .14 �.11–.38
Mogg et al. (1998; Low-hunger) 15 Food — — Not considered DPDT �.17 �.46–.12
Mogg & Bradley (1999a; Exp. 1) 32 Smiling face — — Not considered DPDT .37 .00–.73
Mogg & Bradley (1999a; Exp. 3) 23 Smiling face — — Not considered DPDT .03 �.30–.37
Mogg & Bradley (1999b; Exp. 2) 20 Smiling face — — Not considered DPDT .43 .10–.76
Mohanty et al. (2008) 7 Food 80.00 — Considered Other .37 �.13–.86
Most et al. (2007; Exp. 1) 20 Erotic/attractive 78.89 67.78 Considered RSVP .93 .51–1.34
Most et al. (2007; Exp. 2) 20 Erotic/attractive 78.89 67.78 Considered RSVP .65 .29–1.00
Most et al. (2007; Exp. 3) 16 Erotic/attractive 75.56 75.56 Not considered RSVP .66 .30–1.02
Newman (2011) 58 General mixed — — Not considered Free viewing 1.03 .77–.1.29
Noeker (2006; Exp. 2; Older adults) 14 General mixed 83.33 65.56 Not considered Other .00 �30–.30
Noeker (2006; Exp. 2; Younger adults) 18 General mixed 82.44 55.56 Not considered Other .00 �.33–.33
Nummenmaa et al. (2006; Exp. 1) 23 Baby/child 83.67 56.78 Not considered Free viewing .64 .30–.97
Nummenmaa et al. (2006; Exp. 2) 32 Baby/child 83.67 56.78 Not considered Free viewing .37 .12–.63
Nummenmaa et al. (2009; Exp. 1) 30 Erotic/attractive 80.00 60.56 Not considered Visual search .26 .00–.51
Nummenmaa et al. (2009; Exp. 2) 30 Erotic/attractive 80.00 60.56 Not considered Visual search .60 .31–.89
Nummenmaa et al. (2009; Exp. 3) 15 Erotic/attractive 80.00 60.56 Not considered Visual search .96 .38–1.54
Nummenmaa et al. (2011; Exp. 1) 27 Food 73.78 — Not considered Visual search .44 .15–.72
Nummenmaa et al. (2011; Exp. 2) 18 Food 73.78 — Not considered Visual search �.09 �.35–.17
Oehlberg (2013) 110 Erotic/attractive 82.33 51.00 Not considered Free viewing .11 �.02–.24
Owens (2013; Exp. 1) 33 General mixed — — Not considered Stroop .06 �.17–.30

(Appendix continues)
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Appendix (continued)

Study n Stimulus Valence Arousal Relevance Paradigm g 95% CI

Paelecke et al. (2012) 112 General mixed 62.40 — Not considered Stroop �.28 �.41–.14
Petropoulos (2012) 178 General mixed 80.00 61.00 Not considered Stroop .00 �.10–.10
Piech et al. (2010) 23 Food 67.00 70.00 Considered RSVP .33 .03–.62
Pool (2011) 49 General mixed 83.56 59.22 Not considered DPDT .00 �.19–.19
Pool (2013) 21 Food 70.00 — Considered SCT .38 .07–.69
Pool et al. (2014; Exp. 1) 18 Food — — Considered SCT .43 .09–.77
Pool et al. (2014; Exp. 2: Control) 16 Food 51.00 — Considered SCT �.09 �.39–.22
Pool et al. (2014; Exp. 2: Sated) 19 Food 69.00 — Not considered SCT .52 .14–.89
Pourtois et al. (2004; Behavioral Exp.) 16 Smiling face 59.94 29.31 Not considered DPDT .14 �.19–.47
Pourtois et al. (2004; EEG Exp.) 12 Smiling face 59.94 29.31 Not considered DPDT .00 �.37–.37
Prause (2007) 66 Erotic/attractive 72.00 74.06 Not considered DPDT �.36 �.54–.18
Prause et al., (2008) 69 Erotic/attractive 62.78 57.22 Not considered DPDT �.71 �.50–.91
Raymond & O’Brien (2009; Exp. 2) 17 Money — — Not considered RSVP .00 �.32–.32
Rozak (1993) 88 General mixed — — Considered Stroop .22 .07–.37
Rusting (1997; Exp. 1) 149 General mixed 86.00 — Not considered DPDT .21 .09–.32
Rutherford et al. (2010) 38 Money — — Not considered SCT �.18 �.40–.04
Sass (2010) 122 General mixed — — Not considered Stroop .35 .22–.49
Sato & Yoshikawa (2010; Exp. 1a) 17 Smiling face 59.94 29.31 Not considered Visual search .63 .19–.1.01
Sato & Yoshikawa. (2009; Exp. 1b) 17 Smiling face 59.94 29.31 Not considered Visual search 1.14 .25–1.64
Schimmack & Derryberry (2005; Exp. 1) 126 Erotic/attractive 67.63 73.75 Considered Other .36 .23–.49
Schimmack & Derryberry (2005; Exp. 2) 60 Erotic/attractive 67.63 73.75 Considered Other .35 .16–.53
Segerstrom (2001) 48 General mixed 85.71 — Not considered Stroop .28 .08–.49
Shapiro et al. (1997; Exp. 1) 27 Self relevant — — Considered RSVP .52 .23–.81
Shelley-Tremblay & Mack (1999; Exp. 1) 11 Smiling face — — Not considered Other .62 .16–1.09
Shelley-Tremblay & Mack (1999; Exp. 2) 10 Self relevant — — Considered Other .64 .15–1.13
Shelley-Tremblay et al. (1999; Exp. 3) 10 Self relevant — — Considered Other .59 .11–1.07
Singh (2011) 86 Smiling face 67.89 45.11 Not considered Free viewing .14 �.01–.29
Stasio (2011; Exp. 2) 249 Erotic/attractive — — Not considered DPDT .00 �.09–.09
Steinmetz et al., (2010) 47 General mixed 83.22 68.22 Not considered RSVP .34 .13–.55
Stormark & Torkildsen (2004) 24 Food — — Not considered Stroop .00 �.27–.27
Strauss (2004) 30 General mixed — 95.14 Not considered Stroop .48 .20–.75
Sutton (2010; Exp. 2a) 64 General mixed 70.91 55.64 Not considered DPDT .00 �.17–.17
Sutton (2010; Exp. 2b) 64 General mixed 73.91 55.64 Not considered DPDT .15 �.03–.32
Sutton & Altarriba (2011; Exp. 1) 64 General mixed 86.67 68.00 Not considered DPDT .03 �.14–.21
Sutton & Altarriba (2011; Exp. 2) 64 General mixed 86.67 68.00 Not considered DPDT .08 �.09–.25
Talmi (2006; Exp. 1.) 24 General mixed — — Not considered Other .34 .05–.63
Talmi et al., (2007; Exp. 1) 24 General mixed 71.33 71.78 Not considered Other .36 .07–.65
Talmi et al. (2013; Fasted) 22 Food — — Considered Other .56 .23–.88
Talmi et al. (2013; Sated) 21 Food — — Not considered Other .00 �.29–.29
Tapper et al. (2010) 89 Food — — Not considered DPDT .21 .06–.36
Theeuwes & Belopolsky (2012) 16 Money — — Not considered Visual search .42 .06–.78
Tipples & Sharma (2000; Exp. 1) 28 General mixed 79.56 64.44 Not considered Other .32 .05–.59
Tipples et al. (2002; Exp. 2) 12 General mixed 85.22 48.33 Not considered Visual search .45 .04–.86
Tipples et al. (2002; Exp. 3) 15 General mixed 85.22 48.33 Not considered Visual search .00 �.34–.34
Tipples et al. (2002; Exp. 5) 16 General mixed — — Not considered Visual search .57 .19–.96
Tipples (2006) 38 Smiling face 59.94 29.31 Not considered Other .00 �.22–.22
van Hooff et al. (2011) 40 Erotic/attractive 65.00 — Considered Other .29 .13–.46
Wang et al. (2013; Exp. 1) 24 Money — — Not considered Visual search .61 .29–.93
Wang et al. (2013; Exp. 2a) 24 Money — — Not considered Visual search .65 .32–.98
Wang et al. (2013; Exp. 2b) 24 Money — — Not considered Visual search .00 �.27–.27
Wang et al. (2013; Exp. 2c) 24 Money — — Not considered Visual search .00 �.27–.27
Waters et al. (2007) 13 General mixed 80.11 66.89 Not considered SCT .06 �.31–.42
Williams et al. (2005; Exp. 1) 12 Smiling face — — Not considered Visual search 1.80 .99–2.61
Wright (1995; Heterosexual men) 20 Erotic/attractive — — Considered Other .87 .47–1.27
Wright (1995; Heterosexual women) 20 Erotic/attractive — — Considered Other .60 .25–.95
Wright (1995; Gay men) 20 Erotic/attractive — — Considered Other .92 .50–1.33
Wright (1995; Gay women) 20 Erotic/attractive — — Considered Other .86 .46–1.26
Yamada et al. (2012) 15 Self relevant — — Considered Other .42 .05–.80

Note. g � Hedges’ g, which is the standardized difference between the neutral and the positive emotion condition; CI � confidence interval; DPDT �
dot probe detection task; SCT � spatial cuing task; RSVP � rapid stream visual presentation; Exp. � experiment.
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