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Visual attention and visual working memory (VWM) are two major cognitive functions in humans, and they have much in
common. A growing body of research has investigated the effect of emotional information on visual attention and VWM.
Interestingly, contradictory findings have supported both a negative bias and a positive bias toward emotional faces (e.g., angry
faces or happy faces) in the attention and VWM fields. We found that the classical paradigms—that is, the visual search
paradigm in attention and the change detection paradigm in VWM—are considerably similar. The settings of these paradigms
could therefore be responsible for the contradictory results. In this paper, we compare previous controversial results from
behavioral and neuroscience studies using these two paradigms. We suggest three possible contributing factors that have
significant impacts on the contradictory conclusions regarding different emotional bias effects; these factors are stimulus choice,
experimental setting, and cognitive process. We also propose new research directions and guidelines for future studies.

1. Introduction

In the processing of visual information, attention and memory
are two cognitive processes that play pivotal roles in human life,
and they are extremely important aspects of psychology and
cognitive neuroscience research. Previously, however, these
two topics have been studied separately; for example, memory
studies have not tended to explore the effect of selective atten-
tion on memory encoding, while attention studies have often
neglected the consequence of past experience [1]. In recent
years, a growing body of research has begun to explicitly link
visual attention to visual working memory (VWM, which
could also be called “visual short-term memory,” VSTM).
These studies have reached a broad consensus that attention
and VWM are intimately linked [2–4]. This consensus is

unsurprising, given that the definitions of “attention” and
“VWM” already overlap significantly.

As defined by Olivers et al. [2], visual attention describes a
process during which individuals select relevant information
and ignore irrelevant information. By contrast, VWMdescribes
the process during which individuals temporarily retain rele-
vant information and suppress irrelevant information. In addi-
tion to the similarity of their definitions, the visual attention
and VWM processes may have many overlapping mecha-
nisms, such as the activation of many similar brain regions
(e.g., the supplementary motor area and frontal eye fields, the
lateral prefrontal cortex, the anterior cingulate, the superior
and inferior parietal cortex, and the occipital area) and a similar
capacity limitation (for about four units or chunks), as well as
similar control processes (for a review, see [3]). Therefore,
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exploring the relationship between visual attention and VWM
is highly significant for obtaining a better understanding of
basic human cognition [5–11].

Emotional processing, anothermajor cognitive function for
humans, has attracted considerable interest in both the visual
attention and VWM fields. Regarding visual attention, many
studies have examined attentional bias toward emotional stim-
uli, which can be further divided into negative bias and positive
bias (for negative bias, see [12–15]; for positive bias, see [16–
18]; for reviews, see [19, 20]). (The phenomenon of negative
and positive bias has been studied extensively using a variety
of emotional materials, such as faces, scenes, and words [19,
21]. However, we mainly focus in this paper on previous stud-
ies that have used emotional faces for the following reasons.
First, humans are experts in assessing faces [22]. Compared
to other stimuli, faces more easily attract visual attention, and
they are more likely to be stored in the human VWM than
other complex stimuli [23]. Second, the same facial identity
can reflect different types of emotions with little physical differ-
ence between the emotions, while other emotional stimulus
materials (e.g., different emotional scenes) differ greatly in
physical features between emotions [24]. Finally, due to the
short history of researching VWM as such [25, 26], the study
of the emotional bias effect on VWM began only decades
ago, mostly using emotional faces as materials [27–29].) “Neg-
ative bias” refers to the processing advantage of negative stimuli
(e.g., angry, fearful, sad, or disgusted faces) over positive stimuli
(i.e., happy faces); conversely, a “positive bias” refers to the
preference for positive stimuli (i.e., happy faces) in emotional
processing [19, 21]. Interestingly, VWM studies have revealed
a similar phenomenon, finding both negative and positive
advantages to VWM performance (for negative bias, see [27,
28, 30, 31]; for positive bias, see [32–34]). These controversial
results are derived mainly from two kinds of paradigms,
namely, the visual search paradigm in visual attention studies
and the change detection paradigm in VWM studies. Some pre-
vious review papers have discussed the contradictory findings
of previous visual attention studies (e.g., [19, 20, 35–37]). How-
ever, to our knowledge, no studies have yet combined the find-
ings of visual attention studies with those of VWM studies to
discuss the possible factors that have contributed to their
contradictory outcomes. Therefore, in this paper, we conduct
a literature review on previous studies that have investigated
the different emotional bias effects in (a) visual attention stud-
ies using the visual search paradigm and (b) VWM studies
using the change detection paradigm. Our purposes in con-
ducting this work are to list the distinct behavioral and neural
levels of evidence, to discuss the possible reasons behind the
existing controversial results, and to provide new guidelines
and suggestions for future emotional bias studies.

2. Controversial Results in
Different Expressions

2.1. Behavior and Neural Evidence with Different Emotional
Faces in the Visual Search Paradigm

2.1.1. Negative Bias. With their use of a visual search para-
digm, Hansen and Hansen [12] first found an attentional bias

toward angry faces presented as black-and-white photo-
graphs, with the bias reflected in a shorter response time
(RT) and a lower error rate for angry faces versus happy
and neutral faces (see Figure 1 for an illustration of the stim-
ulus conditions; see Supplementary Materials for more
detailed introduction of this paradigm and frequently used
behavioral and neural indexes). However, this result soon
met with challenges from other studies because of the extra-
neous dark areas in Hansen and Hansen’s black-and-white
stimuli [38]. Nevertheless, even with better control of the
stimuli, some follow-up studies still found an attentional bias
toward angry faces (e.g., [15, 39, 40]). In addition to angry
faces, fearful faces (commonly referred to as “threatening
faces”—together with angry faces) have been suggested to
have a similar automatic attention capture as angry faces
[39]. Indeed, a fearful face seems even easier to detect than
an angry face [41]. The attentional bias toward angry and
fearful faces, taken together, has been called the “threat supe-
riority effect.” This threatening bias is more widely validated
by schematic face studies (e.g., [13, 42, 43]) than by studies
using photographs of real faces. However, some studies have
suggested that the attentional bias toward threatening faces
in schematic experiments was actually an attentional bias to
sad faces because the participants were more likely to label
the corresponding stimulus material as “sad faces” [13].

In addition to behavioral studies, studies using other tech-
niques have also supported the threat superiority effect. Using
the eye tracking technique—which allows for relatively direct
and continuous measurement of overt visual attention—a pre-
vious study using schematic faces found that, in the context of
neutral faces, participants took a longer time and more fixa-
tions to fixate on the emotional face target if it was a positive
face versus a negative face [44]. Another study using photo-
graphs found that participants fixated on more distractors
before first fixating on a happy face target compared to an
angry face target [45]. The use of electroencephalogram
(EEG) technology in previous studies confirmed that angry
face targets induced earlier and greater N2pc (N2-posterior-
contralateral) than did happy face targets [46]. An enhanced
contralateral delay activity (CDA) (also known as sustained
posterior contralateral negativity [SPCN]) then indicated that
angry faces might involve more subsequent processing than
was required for happy faces. Moreover, lateralized early pos-
terior negativity (EPN) showed that angry faces already
induced greater negativity than happy faces at 160ms, indicat-
ing early threat-relevant information processing.

2.1.2. Positive Bias. Although early research found evidence
supporting the bias toward happy faces, this phenomenon
has not received sufficient attention. Most studies tended to
regard it as a perceptual confounder rather than an emo-
tional factor (see, e.g., [16]). However, further accumulation
of relevant evidence [17, 18, 47–49] has renewed interest in
this phenomenon. For example, Becker et al. [18] used pho-
tographs and realistic computer-graphic faces to control all
the confounding variables that have arisen in previous atten-
tional bias studies, and they found no support for efficiently
detecting angry faces; however, they did find a robust positive
bias effect across seven experiments. They suggested that the
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positive bias in their studies could not be attributed to low-
level visual confounders [18]. Unlike the negative bias, which
yielded a robust effect with schematic stimuli, little evidence
supported the positive bias with schematic faces [19]. Only
one study showed a positive bias when the distractors were
changed to a heterogeneous (i.e., using different identities in
the search array) background instead of a homogenous (i.e.,
using the same identity in the search array) background [50].

Similarly, several other neuroscience studies have sup-
ported the positive bias. For example, studies using the eye-
tracking technique have provided evidence for an attentional
bias toward happy faces. Calvo et al. [48], in their study,
showed that happy targets were detected faster than any other
expressions (e.g., surprised, disgusted, fearful, angry, or sad).
Conversely, and in contrast to previous studies [44, 45], angry
faces were detected more slowly and less accurately than were
happy, surprised, disgusted, and fearful faces [48]. However,
compared to studies on the search advantage of angry faces,
fewer EEG studies have supported a bias toward happy faces,
which only indirect evidence has implied. For example, one
study [51] suggested that the widely used stimuli in previous
studies (e.g., happy and angry faces) are not equal in biological
relevance to observers. Therefore, the authors used baby faces
as positive stimuli and compared the results with angry adult
faces (as negative stimuli) in an attention task. Their results
indicated that positive and negative stimuli induced similar
modulations in P1 amplitude and with corresponding topog-
raphy and source localization, suggesting that both positive

and negative stimuli have similar advantages in capturing
attention at the neural level [51].

2.2. Behavior and Neuroscience Evidence with Different
Emotional Faces in the Change Detection Paradigm

2.2.1. Negative Bias.Using the change detection paradigm (see
Figure 2 for an illustration of the stimulus conditions; see Sup-
plementary Materials for more detailed introduction of this
paradigm and frequently used behavioral and neural indexes),
Jackson et al. [27] first examined how expression and identity
interact with one another (face identity was task relevant while
expression was task irrelevant). Their results consistently
showed enhanced VWM performance with different set sizes,
durations, and face sets. With schematic faces, other
researchers limited the cognitive resources by manipulating
the encoding time and set size, and they found better memory
performance for angry faces with short exposure time
(150ms) and a large set size of stimuli (five items) [52]. Simi-
larly, researchers found that participants could better maintain
fearful faces in VWM than they could retain neutral faces [30,
53]. Research has also shown enhanced VWM storage for
fearful faces compared to neutral faces [30, 54].

The use of EEG confirmed that threatening faces (both
fearful and angry faces) showed an enhanced N170 response
and higher theta power compared to both positive faces (very
happy and somewhat happy faces) and neutral faces, both at
the encoding stage and at the early maintenance interval after
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Figure 1: Illustration of a visual search paradigm. Participants needed to detect whether one face differed from the other faces. The letter F
denotes a face in the search array. Usually, in half of the trials, all faces show the same expression, while in the other half of the trials, one face
shows a different expression from the other faces. The trials containing different kinds of expressions (as presented in panels (a)–(d)) have
usually occurred in four versions: (a) one positive face with a neutral face background (P: positive face; Ne: neutral face); (b) one negative
face with a neutral face background (N: negative face; Ne: neutral face); (c) one positive face with a negative background (P: positive face;
N: negative face); (d) one negative face with a positive background (N: negative face; P: positive face). Note that the set size in each search
array can differ across studies. Negative face: angry, fearful, sad, or disgusted expression face; positive face: happy expression face; neutral
face: neutral expression face.
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the memory array disappeared [55]. Sessa et al. [30] found
that fearful faces showed an enhanced CDA compared to
neutral faces, which suggested an increased maintenance
for a fearful face in VWM than for a neutral face. With a sim-
ilar experimental setting as their own study, Jackson et al.
[28] found the results of functional magnetic resonance
imaging (fMRI) supported a benefit of angry faces in the
change detection paradigm. Compared to happy and neutral
faces, angry faces significantly enhanced blood oxygen level-
dependent responses—particularly in three areas of the right
hemisphere: the prefrontal cortex, the superior temporal sul-
cus, and the globus pallidus internus [28].

2.2.2. Positive Bias. Although initial studies have generally
reported a negative bias in VWM, the happy face benefit
(or threatening face cost) has appeared in recent studies
[32–34, 53, 56]. One study that used photographs [53] found
superior memory sensitivity for fearful faces but also for
happy faces compared to neutral faces. Interestingly, by
manipulating memory array and encoding time, Curby
et al. [34] found worse VWM performance for fearful faces
than for neutral and happy faces, which suggested a fearful
face cost in VWM compared to happy and neutral faces.
The addition of location information to the change detection
paradigm also revealed that the relocation accuracy for happy
faces was significantly enhanced compared to angry faces
[33]. Studies using schematic faces have also found that,
although no memory differences occurred between different
emotional faces (approach-oriented positive faces versus
avoid-oriented negative faces), high-capacity participants

tended to maintain more positive (e.g., happy) than negative
(e.g., sad/angry) faces, and this was reflected in a significant
correlation between affective bias and the participants’
VWM capacity [32].

However, as with the attention studies, the positive advan-
tage in VWM has found less support from neuroscientific evi-
dence. Compared to happy faces, sad faces tend to significantly
attenuate facial identity recognition, a finding supported by
the exhibited components of N170, N250, P3b, vertex positive
potential, and late positive potential [57]. This finding can be
partially verified by the overall emotional advantage effect.
For example, using the EEG technique, researchers examined
the event-related potential (ERP) components of P1, N170,
P3b, andN250r in a VWM task [58]. Their results showed that
none of these ERP components were modulated by emotional
faces during the encoding stage. During maintenance, a
decreased early P3b and increased N250r for emotional faces
were observed when compared to neutral faces, but no differ-
ence in ERP components was apparent between positive and
negative faces.

Overall, the development processes and evidence patterns
of the change detection paradigm and visual search paradigm
are quite similar. The findings of a negative bias have a rela-
tively longer history and greater support from empirical
research using cognitive neuroscience techniques. By contrast,
the findings of a positive bias have mostly resulted from recent
behavioral studies with better control over the potential con-
founding variables. However, scant neuroscience evidence
has supported the positive bias for either the attentional or
the VWM studies.
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Figure 2: Two versions of the change detection paradigm. Participants need to detect (a) whether the single probe is present or absent in the
memory array or (b) whether the probe array is identical to the memory array or one of the faces has changed. The letter F denotes a face,
which can be emotional (positive or negative) or neutral in different studies. Note that the set size in the search array can differ across
studies. Negative face: angry, fearful, sad, or disgusted expression face; positive face: happy expression face; neutral face: neutral expression
face.
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3. Possible Contributing Factors for
Emotional Bias

The findings above show that both attention and VWM stud-
ies have revealed some controversial results regarding emo-
tional bias. Some studies have discussed and listed several
potential contributors for the emotional bias in attention
(e.g., [19, 20, 35, 36]). However, to the best of our knowledge,
no study has summarized the positive and negative face
advantages in VWM. Therefore, we have summarized and
listed these advantages in Supplementary Table 1 (including
20 papers with 36 experiments), especially regarding the
adoption of the change detection paradigm [27, 28, 30–34,
52, 53, 55–65]. Based on the table summarized by previous
studies on visual attention (see [18] for a summary of the
visual search paradigm; see [19] for more general methods)
and our table for VWM (see Supplementary Material
Table 1), we found some common factors responsible for the
contradictions in these two areas—especially for studies using
the visual search and change detection paradigms. Below, we
discuss these possible contributing factors separately, using
three aspects: stimulus choice, experimental setting, and
cognitive process.

3.1. Differences in Stimulus Choice. In both visual search and
change detection paradigm, the experimental materials used
for different studies often differ. Previous controversial
results could therefore simply reflect the different choices in
stimulus materials.

3.1.1. Schematic Faces versus Real Faces. Both photographs of
real faces and schematic faces are widely used stimuli in the
visual search and change detection paradigms. However, a
more consistent negative bias occurs with schematic faces,
while photographs of real faces show more evidence of a pos-
itive bias for visual attention (for reviews, see [19, 37]). Thus,
the choice of stimulus (schematic or real faces) used in an
experiment is crucial. Similarly, in the field of VWM, as we
mentioned in the previous section, different studies using
different stimuli have yielded different results.

For visual attention, a schematic face undoubtedly allows
for better control of physical features than can be achieved
with photographs. However, the representative expressions
of a schematic face are limited, and they lack ecological valid-
ity. Thus, schematic faces have been criticized for presenting
differences in the perceived configuration of the stimulus
itself, rather than reflecting a direct response to emotions
[66–68]. For example, some researchers have emphasized
that the attentional bias toward angry faces in the visual
search paradigm using schematic faces resulted from percep-
tual grouping, in which participants perceived happy faces as
a group more easily than angry faces; therefore, angry faces
were more salient when happy faces served as distractors
[68]. Photographs of real faces are more ecologically valid;
however, the results differ significantly for visual search stud-
ies. Previous studies have even found different results based
on individual differences and different stimulus sets as the
materials in the visual search paradigm [69]. Moreover, when
using photographs, various settings of the eyes and mouth

may be potential influencing factors. For example, emotional
bias can be obtained from the eye characteristics alone (for
bias toward angry faces, see [70]; for bias toward happy faces,
see [18]). Whether the teeth are exposed also leads to differ-
ent results as well [71]. However, these factors undeniably
also serve as the major composition of the expression per
se; thus, one cannot entirely attribute this controversy to
perceptual differences, especially for photographs.

Similarly, in the change detection paradigm, the results for
schematic faces have also tended to favor either a negative bias
or an overall affective bias, which may also relate to problems
that we mentioned earlier in attention studies. Different stud-
ies using photographs have used various sets of stimulus mate-
rials (see Supplementary Table 1). For example, the series of
experiments by Jackson et al. [27] used the Ekman set [72]
and the Karolinska Directed Emotional Faces (KDEF)
database [73], while the materials used by Curby et al. [34]
were a collection of four stimulus databases (the NimStim
database [74], the KDEF database [73], the CVL Face
Database [75], and the Radboud Faces Database [76]). These
variations in stimulus materials from different studies
complicate any direct comparison of the two effects. Besides,
the stimuli used in previous studies did not rule out the
effect of some subtle issues that we mentioned above, such as
potential influences from the eyes or mouth regions.
Although we cannot conclude that different results are due
to the use of different stimuli (e.g., the study by Jackson et al.
[27] validated an angry face advantage in both image
databases), neither can we completely reject the possibility
that different memory advantages are irrelevant to the choice
of stimulus material.

3.1.2. Stimulus Arousal. “Stimulus arousal” refers to the
intensity of metabolic and neural activations of the indepen-
dent or coactive appetitive or aversive system [77]. Arousal,
combined with emotional valence and dominance, has been
suggested as a universal, three-dimensional conceptualiza-
tion of the emotional stimuli [78] in which arousal and
valence are culture-free, accounting for major proportion
variance in emotional judgment [79, 80]. Reasonably, then,
a fair comparison of different expressions requires similar
fundamental parameters used in different stimuli. We have
found controversial results in previous studies using faces
with different emotional valences (i.e., negative and positive
biases). Thus, we suggest that stimulus arousal may, in part,
be considered responsible for these past results.

A recent meta-analysis of attention studies found a larger
negative bias effect for high-arousal scenic or verbal emo-
tional stimuli than for low-arousal stimuli [21]. Although
this meta-analysis did not include the factor of face stimuli,
other studies have suggested that the degree of arousal also
affects the processing of different expressions [81]. For exam-
ple, in the study by Lundqvist et al. [81], the authors reana-
lyzed their previous studies (e.g., [16, 82, 83]) and found
that the degree of arousal from a picture was highly corre-
lated with the participants’ response as the direction of their
corresponding superiority effect. At the same time, the
researchers asked the participants to rescore the degree of
arousal to the photographic stimuli widely used in the visual
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search research, and they predicted attentional bias based on
the arousal score collected from the original stimulus set. The
predicted result ultimately fit well with previous studies [81].
Thus, these findings suggest that the contradiction between
negative and positive bias in the visual search paradigm is
based on the degree of arousal in response to picture
stimulation.

No VWM studies have directly investigated the effect of
emotional arousal on memory bias toward positive or negative
faces. However, although lacking a direct comparison to emo-
tional arousal between happy and angry faces, one study found
that different intensities of angry expressions evoked different
CDA amplitudes [61]. Specifically, full expressions had a higher
amplitude than both subtle (intermediate intensity angry face,
morphed from the continuum between neutral and intense
angry face) and neutral expressions, while neutral faces had a
higher amplitude than subtle expressions, suggesting that differ-
ent intensities of emotional faces may affect VWM [61]. Studies
have also suggested a reduced overall working memory perfor-
mance when people need to memorize several high-arousal
stimuli simultaneously [84]. Taken together, these results indi-
cate that arousal could at least partly affect VWM performance.
However, not all previous studies havemeasured and controlled
for a stimulus’s arousal level (see Supplementary Table 1; e.g.,
[55, 56]), and variations exist in the definition of arousal
across different studies, i.e., some studies used intensity as
their index (e.g., [34]) while others used arousal (e.g., [58]).

In brief, the choice of stimulus material, as well as stimulus
arousal, affects the results of both the visual search and the
change detection paradigms. However, some studies have used
similar materials and obtained different results (e.g., both used
schematic faces or photographs but obtained different results),
suggesting that differences in stimulus material choices are not
the only reason for the inconsistent results. Thus, differences
in experimental settings can also account for some variance
in results. We further discuss this issue below.

3.2. Differences in Experimental Settings. The visual search
and change detection are different paradigms; however, sev-
eral aspects in the experimental settings are similar and affect
the experimental results for both paradigms. We next discuss
the possible experimental settings that may affect the results
of the emotional bias from three main perspectives.

3.2.1. Visual Display Size and Corresponding Time. In both
the visual search and change detection paradigms, the visual
display set size is an essential index concerning behavioral
results, such as the search slope (the function of RT and
display set size) in the visual search paradigm and number
of VWM representations in the change detection paradigm.
Thus, both the display set size and the amount of time given
to participants to process the task matter.

Previous attention studies have shown that varying the
time settings can lead to differences in the composition of
an individual’s attention [85]. Using an attention task,
researchers have found that a probed stimulus presentation
time of 100ms accompanies an attentional bias toward nega-
tive stimuli (such as angry faces in an angry–neutral stimuli
pair and neutral faces in a neutral–happy stimuli pair), and

this trend was reversed when the presentation time was
extended to 500ms [86]. Although this hypothesis may not
explain all the previous studies on the visual search paradigm,
the time setting seems to affect the results of emotional bias.
For example, in studies supporting a negative bias, partici-
pants have usually needed to respond in a limited time [15,
42]. However, in studies supporting a positive bias, partici-
pants have usually not had specific time limits for their
responses. These trials ended when participants pressed a but-
ton (e.g., [16, 17]) or when the interval time was much longer
than participants needed (e.g., 10 s in [18] or 30 s in [71]).

VWM studies have found more direct evidence support-
ing the effect of display size and corresponding time. For
example, one study found that high perceptual processing
competition (e.g., 150ms exposure time for encoding)
revealed an emotional face advantage (i.e., both happy and
angry faces had an advantage over neutral faces). By contrast,
an angry face advantage emerged when the competition
between stimuli was further increased by increasing the stim-
ulus set size [52]. Furthermore, with the same set size of five,
a previous study found a VWM performance cost for fearful
faces compared to neutral faces, but only with a longer
encoding duration (4,000ms), as it showed no differences
with a shorter encoding duration (1,000ms [34]: Experiment
1 and Experiment 2). Consistently, the advantage of happy
faces compared to angry and fearful faces has also been
extractable from a long encoding time condition (4,000ms
[34]: Experiment 4a). These results suggest that the emotional
bias in VWM may be affected by the set size and stimulus
exposure time of memory array. However, we should note that
as the processing time of a single stimulus reduces or extends,
the VWM representations might risk being confounded with
representations of perception or long-term memory.

3.2.2. TheManner of Stimulus Presentation.The visual search is
a very context-dependent process; therefore, discussions of
targets should not be isolated from those of background stim-
uli. This concept is also true for the process of the change detec-
tion paradigm in which multiple stimuli are usually presented
simultaneously, rather than sequentially. Consequently, differ-
ences in the manner of the stimulus presentation for the target
and the distractor or background stimuli may also contribute to
variations in the results on emotional bias.

For example, the presentation of happy and angry faces in
the same visual search array could result in different processing
speeds for distractors instead of targets [13, 87]. This hypothe-
sis is mainly applicable to situations where opposite emotions
are used as the distractors. For example, one study set a homog-
enous condition in which all stimuli were presented with the
same emotional face. The authors found that participants
responded more slowly to all-negative faces than to all-
positive and neutral faces [13]. From this point of view, the fas-
ter processing of angry target stimuli can be explained by the
faster processing of happy distractor stimuli, whereas the
slower perception of happy target stimuli can be explained by
the degree to which negative faces cause attentional difficulties
in attention disengagement from the distractors. Thus, the dif-
ferent setting in distractors may ultimately result in processing
differences for both types of target stimuli. In addition, the use
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of heterogeneous or homogenous identities as a background
can also lead to different results. For example, while previous
schematic faces had yielded more consistent results for a nega-
tive bias, a positive bias emerged when a heterogeneous back-
ground was used [50]. However, this phenomenon does not
fully explain the results obtained with photographs because
some studies with a heterogeneous background showed a pos-
itive bias [16, 18], while others showed a negative bias [40, 45].

The effect of the manner of presentation may be general-
ized to the findings of VWM studies. Previous studies can be
roughly divided into two kinds of settings in terms of stimu-
lus presentation, namely, different identities with the same
expression [27, 28] and the same identity with a different
expression [52, 56]. Although these settings do not appear
to directly cause different results, differences in stimulus
presentation have occurred across studies despite the use of
a similar experimental paradigm. In addition, the change
detection paradigm typically involves two stimulus arrays, a
“memory array” and a “probe array.” The patterns of both
arrays affect the experimental results, and the results may
also be influenced by the visual search process itself—either
at the memory array or the probe array. Besides memory
maintenance, memory filtering is another essential aspect of
studying VWM. The manipulation of fearful and neutral
faces as targets or distractors in a change detection task has
revealed in previous studies that—in general—fearful faces
are more challenging to filter than are neutral faces, thereby
reflecting a larger CDA amplitude in the fearful-distractor-
with-neutral-target condition [54]. Follow-up behavioral
and fMRI studies found similar result patterns [88, 89]. Ye
et al. [90], who used the CDA component, found that partic-
ipants with high VWM capacity were able to filter all the
facial distractors from VWM, regardless of their expression,
while low-capacity participants failed to filter the neutral
and angry faces but efficiently filtered happy faces. In addi-
tion, a follow-up study used a similar paradigm and found
that participants in the personal relative deprivation group
failed to filter out neutral or angry facial distractors but suc-
ceeded in filtering out happy facial distractors from VWM
[91]. All these studies suggest that the expression types of
stimuli modulate both storage and distractor filtering in
VWM. From this point of view, the use of the same or differ-
ent emotional faces in a memory array could also lead to
different results.

3.2.3. Differing Demands in Experiments. Another important
aspect in experimental settings relates to the observers. We
human beings, as subjective animals with our own thoughts,
may also be indirectly affected by how experimenters provide
instructions and by our own understanding of an experiment.
As Supplementary Table 1 shows, although the paradigm
remains basically the same, the participants’ task can be
further divided (e.g., detect whether identity is present or
absent, detect whether identity is the same or different, detect
whether the expression is the same or different, and detect
whether the probe is the same or different). Therefore, the
demands placed by the experiment and the participants’ own
strategies in understanding the task instructions could
partially affect the results of emotional bias.

Previous studies using a visual search have suggested
employing a fixed target to avoid the discrepancies caused
by different strategies across participants. That is, the specific
target would be given an emotion (e.g., happy face) at the
beginning of the task, and the participants were then asked
to constantly search for this target emotion across trials
[35]. Although this type of control reduces the variation in
subjects’ own search strategies, we argue that it also makes
the search task more difficult to distinguish from the recogni-
tion task. Unlike the controversial results on the visual
search, which require a rapid but less in-depth process,
expression recognition studies have more consistently sup-
ported positive bias [37]. Most of the previous visual search
studies supporting negative bias also did not specify the
target stimulus before conducting their experiments with
participants [12, 13, 43]. On the contrary, studies in favor
of positive bias have often asked participants to find target
stimuli for specific emotions (i.e., they used a fixed target
[16, 18, 47]). These results also raise concerns that some of
the positive bias findings might be confounded with the
interference of face recognition.

A similar impact from experiment instruction can also
occur in VWM studies using the change detection paradigm.
For example, the information that participants were required
to remember has differed across studies (see column 8 in
Supplementary Table 1). Some studies have regarded
emotional information as a form of task-independent
information [27, 28, 30, 34], while others have regarded the
expression as task-related information [31, 32, 52].
Although this setup difference may not directly explain the
observed discrepancy, a deeper processing of emotional
information seems to be more likely to trigger positive bias.
For example, in a relocated task [33], or when a longer
encoding time was provided [34], the happy face advantage
emerged in VWM.

These results suggest that different experimental settings
may involve different cognitive resources. Therefore, by
moving beyond these methodological challenges, a more
likely explanation for the conflicting results of previous
studies is that negative bias and positive bias act at different
cognitive stages.

3.3. Different Stages in the Cognitive Process. In both the
visual search and the change detection paradigms, the partic-
ipants must finish several cognitive processes to accomplish
their whole task. In attention research, the process of the
visual search paradigm has, conventionally, contained at least
two distinct but interrelated stages: the preattentive stage and
the attentive or postattentive stage. The preattentive stage
occurs before the attentional selection of a target stimulus.
In this stage, the process does not require attentional alloca-
tion to the stimulus, whereas the attentive or postattentive
process involves the direct focus on a target stimulus [92].
Calvo et al. [48], who used eye movement techniques, pro-
posed a third stage of visual search for emotional faces called
“decision efficiency.” The decision efficiency stage occurs
immediately before decision-making, as the varying decision
times between fixing the gaze on the target stimulus and
making a choice have shown for different emotional faces
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[48]. For VWM studies, the change detection paradigm pro-
cess comprises four stages: the encoding stage, the consolida-
tion stage, the maintenance stage, and the retrieval stage [93].
The encoding stage in VWM overlaps with the processes in
attention research, during which, perception representations
are created and then consolidated into VWM representations
during the consolidation stage. After the stimulus disappears,
the participants need to “maintain” VWM representations
and then “retrieve” them in subsequent tasks to complete
the whole cognitive process of VWM. In addition, the
VWM consolidation comprises two different stages [94–
96]. In the early consolidation stage, individuals automati-
cally create low-precision representations. Subsequently, in
the late consolidation stage, individuals can voluntarily create
high-precision representations.

For visual search studies, one possibility is that an auto-
matic bias toward negative emotions exists in the early preat-
tentive stage, whereas the positive bias is revealed in the later
recognition and/or decision-making stages. Consistent with
this point of view, the use of an emotion classification task
combined with the EEG technique has revealed that N170,
in the early stage, showed a higher response to negative
faces—such as angry, fearful, and sad faces. By contrast,
happy faces tended to correlate with facilitation in categori-
zation (reflected by P3b) and decision-making (reflected by
a slow positive wave in the later stage) [97]. LeDoux [98] con-
cluded from animal model studies that the fear response
could comprise two pathways. In the subcortical pathway,
information is sent rapidly and directly to the amygdala. By
contrast, in the cortical path, information is sent to the cortex
for subsequent analysis before reaching the amygdala. There-
fore, the subcortical pathway activates the amygdala in
advance and enables a ready state for fearful information.
Thus, once information on the cortical path is transmitted
to the amygdala, the individual can respond immediately.
Therefore, the amygdala can combine limited information
for a rough but rapid assessment of threat stimulation at
the early stage. This first stage of quick evaluation is likely
the neural mechanism that produces the superiority effect
of threat stimuli (angry and fearful faces). However, other
emotional information (i.e., a happy face) may reach the
cortical path with more comprehensive processing. Studies
have confirmed that although happy faces can also activate
the amygdala, the effect is mainly observed at the later stim-
ulus presentation time [99]. On the contrary, Becker and
Rheem [36] have an opposite view and suggest that threaten-
ing faces are privileged at a later stage because of the difficulty
of attention disengagement. For either order, however, future
studies will need to separate the different stages, as this may
help to shed light on the real reasons for the discrepancies
in previous results.

Similarly, for VWM studies, although memory usually
requires more in-depth processing of task-related information,
different emotional information could also affect VWM at
different processing stages. For example, different expressions
did not show any effect at the encoding stage, but emotional
faces (both angry and happy) showed a greater resource alloca-
tion at the maintenance stage [58]. Information with different
emotional valences also influences VWM via different neural

bases [100]. More importantly, previous studies have not been
able to dissociate attention from VWM. Therefore, whether
attention or VWM is responsible for this discrepancy is difficult
to discern.

In conclusion, after controlling for the effects of stimulus
materials and experimental procedures, further delineation
of different cognitive processing stages may be an effective
way to resolve previous conflicts.

4. Summary and Prospects

In this paper, we have mainly considered studies on attention
and VWM using different emotional faces, and we have pro-
posed three possible factors that could explain the mixed
results of the previous studies. A recent study by Becker and
Rheem [36] listed five necessary points of guidance for future
researchers who use the visual search paradigm to study
expressions. (Extracted from the conclusion of Searching for
a Face in the Crowd: Pitfalls and Unexplored Possibilities
([36], p. 635). “(a) Vary the crowd size so that search slopes
can be assessed. (b) Account for the speed with which distrac-
tors are rejected by considering the target-absent search rates
or ensure that all of the distractor arrays are equivalent. (c)
Ensure that participants are processing the stimulus signal of
interest rather than low-level features that are correlated with
this signal. (d) Vary the distractors and targets in ways that
keep participants from learning to use any low-level features
to complete the task. (e) Jitter the positions of the items in
the crowds so that textural gestalts cannot be exploited.”) In
addition to their guidance, we offer several other suggestions
for addressing the problems common to both the visual search
paradigm and the change detection paradigm.We first discuss
the limitations and recommendations of the existing para-
digms related to the visual search and change detection para-
digms in order to minimize discrepancies. We then propose
some possible directions for future research.

4.1. The Choice of Emotional Stimuli. Above all, in studies of
change detection and visual search, researchers need to be
more careful in the selection of stimulus materials, especially
regarding the control of low-level physical features and stim-
uli’s arousal. The degree of arousal resulting from the stimu-
lus itself should be defined (e.g., distinguish between arousal
and intensity) and evaluated comprehensively. Collecting the
participants’ own arousal evaluations for each experimental
stimulus within the study is also important since arousal as
such is subjective. We offer three other suggestions for the
selection of emotional stimuli.

First, future research should pay more attention to the
selection of photographs and schematic faces. Therefore,
more advanced technology for further control of facial
expression—for example, using computer-generated tech-
niques to create human-like pictures [101]—is needed in
future work. The application of dynamic facial expressions,
as well as body expressions, also offers possible directions
for future exploration [40, 102, 103].

First, future research should pay more attention to the
selection of photographs and schematic faces in terms of
physical features. Therefore, more advanced technology or
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accurate way for further control of physical features—for
example, using computer-generated techniques to create
human-like pictures [101]—is needed in future work. In
addition, the application of dynamic facial expressions, as
well as body expressions, also offers possible directions that
future research should explore [18, 102, 103].

Second, both attention and VWM studies have consid-
ered the use of neutral faces as a baseline setting for compar-
ison with emotional faces. However, neutral faces are more
likely to be perceived as negative than positive [19]. This ten-
dency may lead to imbalance in a search array or the encod-
ing stage of a memory array. The use of fearful and angry
faces for the threat effect should also be interpreted with
caution. Although fearful and angry faces have usually been
classified into the same category as threatening faces by pre-
vious studies (e.g., [13, 42, 43]), they actually contain differ-
ent information. The threat source of anger is basically the
face per se, while fear serves as a reminder of the threat in
the viewer’s environment [34, 104]. Therefore, future studies
should discuss fearful and angry faces separately, rather than
simply categorizing both of them as threatening stimuli.

Third, since emotional faces (e.g., angry faces) are already
a source of emotional information per se, another question
that future studies should address is whether the currently
available results are due to emotional states triggered by
expression stimuli. The answer to this question may be neg-
ative, mainly because emotional induction usually takes time
and needs to remain relatively stable. In typical visual search
and change detection paradigms, different emotional faces
(positive and negative) often randomly appear in the same
trial or in adjacent trials, which can create difficulty for the
participants to form a stable emotional state. Thus, emotional
states should not be the main cause of the previous contro-
versial studies. However, this suggestion does not negate
the effects of emotional states on an individual’s processing
of attentional or memory tasks. Indeed, previous studies have
shown that emotional states or mental illnesses (e.g., depres-
sion, anxiety, and worry) can affect attention and VWM [64,
65, 88, 105–109]. However, knowledge is currently limited
regarding the influence of emotional states on the results of
the visual search or change detection paradigms that use
emotional face stimuli. This area should therefore be explored
further in future research.

4.2. Standardization of the Experimental Setting. Based on
our summary, the experimental settings for both paradigms
evidently require further standardization. For example, when
testing different visual matrix sizes, future studies should also
consider the timing of the stimulus presentation and explore
the effects of different combinations of stimulus set sizes and
times for both paradigms. The experimental instructions
should also be carefully controlled to prevent the involve-
ment of unnecessary cognitive processes.

Most previous studies have used the visual search para-
digm and change detection paradigm to investigate emotional
face processing in attention and VWM; however, some other
paradigms can investigate similar topics in these fields. For
example, in the field of attention, the dot-probe paradigm
[86], rapid serial visual presentation task (RSVP) [110], and

visual crowding paradigm [111] can also explore attentional
bias to emotional faces. Similar contradictory results have also
been found for emotional bias in studies using the RSVP par-
adigm (for negative bias, see [112]; for positive bias, see [113]).
Some studies have even suggested that VWM and the atten-
tional blink observed in the RSVP paradigm might share the
same neural processing and storage capacity mechanisms
[52, 114]. In the VWM field, the N-back task [115] is also an
appropriate paradigm for testing emotional bias. A growing
body of research has used N-back tasks or other tasks to
explore the potential differential impact of emotional faces
versus neutral faces (for a review, see [116]). Thus, future
research should examine whether paradigm types modulate
emotional bias in attention and VWM. Likewise, many of
the issues mentioned in this paper (e.g., selection of stimulus
materials) are applicable to other attention or VWM studies.

4.3. Controlling and Tracking Cognitive Processes. Future stud-
ies also need to explore the causes of the positive and negative
biases underlying different cognitive processes. This explora-
tion will require that future studies define and divide the
different processing stages in corresponding paradigms. Future
studies can succeed in this regard by combining traditional
behavioral indicators with other neuroscience techniques. Spe-
cifically, they can combine different ERP indicators (e.g., N2pc
in visual attention studies and CDA in VWM studies) or
combine EEG with eye movements to generate fixation-based
ERPs [117].

In VWM studies, both attention and memory play vital
roles; therefore, different emotional advantages may already
exist in the attention process rather than in the memory pro-
cess. This makes determining whether attention or memory
processes caused the mixed results from VWM studies in
emotional advantages rather difficult. Future studies can try
to separate the attention-related process from the VWM-
related process when exploring emotional face advantages in
VWM. Alternatively, future studies could include attention
and VWM in the same context (e.g., using similar stimuli
and experimental settings) and examine the associations
between visual attention and VWM. For example, previous
study showed a high correlation between the reciprocals of
VWM capacity and the visual search slope with line-drawing
objects [118]. Therefore, a joint study of these two paradigms
could be a feasible alternative to better study the role that
attention serves in the emotional bias of VWM.

5. Conclusion

This review of the literature supports the view that the mixed
results from previous studies could have been arisen due to
differences in stimuli, experimental settings, and processing
stages at the neural level. The empirical research and the the-
oretical background indicate that both negative and positive
biases are likely. However, if we eliminate the influence of
the stimulus materials and experimental settings, a more
likely explanation would be that both biases occur but in dif-
ferent cognitive stages. Researchers should adapt more com-
parable and well-designed paradigms to provide new
evidence of positive and negative bias for emotional faces in
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future studies. A combination of neuroscience techniques
and advanced data analysis should be also applied to this field
to provide a better understanding of the mechanism behind
the advantage effect of different expressions. We believe that
the adoption of these suggestions will help to settle the
controversy of positive/negative emotional bias in visual
attention and VWM.

Conflicts of Interest

There is no interest conflict among the authors.

Authors’ Contributions

QX and CY developed the concept of the review. QX wrote
the first draft of the manuscript. CY supervised the review
and assisted in paper revision. QL, SG, LY, HZ, XL and LH
provided critical revisions. All authors read and approved
the submitted version.

Acknowledgments

This work was supported by grants from the National Natu-
ral Science Foundation of China (No. 31700948 and No.
31970989) and from the Academy of Finland (No. 333649
to CY). All the authors had full independence from the fund-
ing sources. We would like to thank Dr. Wenbo Luo, Dr.
Weiqi He, Dr. Piia Astikainen, and Dr. Jarmo Hämäläinen
for their insightful comments especially regarding the atten-
tional part and Dr. Weizhen Xie for the valuable discussion.

Supplementary Materials

Supplementary Material 1 summarizes the paradigms and
measures used in visual search and change detection para-
digm. Supplementary Table 1 lists the key setups and results
in previous VWM studies, especially on the adoption of the
change detection paradigm. (Supplementary materials)

References

[1] M. M. Chun and N. B. Turk-Browne, “Interactions between
attention and memory,” Current Opinion in Neurobiology,
vol. 17, no. 2, pp. 177–184, 2007.

[2] C. N. L. Olivers, F. Meijer, and J. Theeuwes, “Feature-based
memory-driven attentional capture: visual working memory
content affects visual attention,” Journal of Experimental Psy-
chology. Human Perception and Performance, vol. 32, no. 5,
pp. 1243–1265, 2006.

[3] C. N. L. Olivers, “Interactions between visual working mem-
ory and visual attention,” Frontiers in Bioscience, vol. 13,
no. 13, pp. 1182–1191, 2008.

[4] K. Oberauer, “Working memory and attention – a conceptual
analysis and review,” Journal of Cognition, vol. 2, no. 1, 2019.

[5] A. S. Souza and K. Oberauer, “In search of the focus of atten-
tion in working memory: 13 years of the retro-cue effect,
attention, perception,” Attention, Perception, & Psychophys-
ics, vol. 78, no. 7, pp. 1839–1860, 2016.

[6] C. Ye, Q. Xu, X. Liu et al., “Individual differences in working
memory capacity are unrelated to the magnitudes of retrocue
benefits,” Scientific Reports, vol. 11, pp. 1–11, 2021.

[7] C. Ye, Z. Hu, T. Ristaniemi, M. Gendron, and Q. Liu, “Retro-
dimension-cue benefit in visual working memory,” Scientific
Reports, vol. 6, no. 1, pp. 1–13, 2016.

[8] J. Lu, L. Tian, J. Zhang, J. Wang, C. Ye, and Q. Liu, “Strategic
inhibition of distractors with visual working memory con-
tents after involuntary attention capture,” Scientific Reports,
vol. 7, no. 1, pp. 1–9, 2017.

[9] Y. Zhang, C. Ye, D. Roberson, G. Zhao, C. Xue, and Q. Liu,
“The bilateral field advantage effect in memory precision,”
The Quarterly Journal of Experimental Psychology, vol. 71,
no. 3, pp. 749–758, 2018.

[10] T. Liang, X. Chen, C. Ye, J. Zhang, and Q. Liu, “Electrophys-
iological evidence supports the role of sustained visuospatial
attention in maintaining visual WM contents,” International
Journal of Psychophysiology, vol. 146, pp. 54–62, 2019.

[11] K. Fukuda and E. K. Vogel, “Human variation in overriding
attentional capture,” The Journal of Neuroscience, vol. 29,
no. 27, pp. 8726–8733, 2009.

[12] C. H. Hansen and R. D. Hansen, “Finding the face in the
crowd: an anger superiority effect,” Journal of Personality
and Social Psychology, vol. 54, no. 6, pp. 917–924, 1988.

[13] E. Fox, V. Lester, R. Russo, R. J. Bowles, A. Pichler, and
K. Dutton, “Facial expressions of emotion: are angry faces
detected more efficiently?,” Cogn. Emot., vol. 14, no. 1,
pp. 61–92, 2000.

[14] G. Horstmann and A. Bauland, “Search asymmetries with
real faces: testing the anger-superiority effect,” Emotion,
vol. 6, no. 2, pp. 193–207, 2006.

[15] A. E. Pinkham, M. Griffin, R. Baron, N. J. Sasson, and R. C.
Gur, “The face in the crowd effect: anger superiority when
using real faces and multiple identities,” Emotion, vol. 10,
no. 1, pp. 141–146, 2010.

[16] P. Juth, D. Lundqvist, A. Karlsson, A. Ohman, and
A. Öhman, “Looking for foes and friends: perceptual and
emotional factors when finding a face in the crowd,” Emotion,
vol. 5, no. 4, pp. 379–395, 2005.

[17] M. Williams, S. Moss, J. Bradshaw, and J. Mattingley, “Look
at me, I’m smiling: visual search for threatening and non-
threatening facial expressions,” Visual Cognition, vol. 12,
no. 1, pp. 29–50, 2005.

[18] D. V. Becker, U. S. Anderson, C. R. Mortensen, S. L. Neufeld,
and R. Neel, “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, vol. 140, no. 4, pp. 637–
659, 2011.

[19] C. Kauschke, D. Bahn, M. Vesker, and G. Schwarzer, “The
role of emotional valence for the processing of facial and ver-
bal stimuli—positivity or negativity bias?,” Frontiers in Psy-
chology, vol. 10, pp. 1–15, 2019.

[20] Q. Xu, W. He, C. Ye, and W. Luo, “Attentional bias process-
ing mechanism of emotional faces: anger and happiness
superiority effects,” Sheng Li Xue Bao, vol. 71, pp. 86–94,
2019.

[21] J. Yuan, Y. Tian, X. Huang, H. Fan, and X. Wei, “Emotional
bias varies with stimulus type, arousal and task setting:
meta-analytic evidences,” Neuroscience and Biobehavioral
Reviews, vol. 107, pp. 461–472, 2019.

10 Neural Plasticity

https://downloads.hindawi.com/journals/np/2021/8851066.f1.pdf


[22] I. Gauthier, P. Skudlarski, J. C. Gore, and A. W. Anderson,
“Expertise for cars and birds recruits brain areas involved in face
recognition,” Nature Neuroscience, vol. 3, pp. 191–197, 2002.

[23] K. M. Curby and I. Gauthier, “A visual short-term memory
advantage for faces,” Psychonomic Bulletin & Review,
vol. 14, no. 4, pp. 620–628, 2007.

[24] D. Sabatinelli, E. E. Fortune, Q. Li et al., “Emotional percep-
tion: meta-analyses of face and natural scene processing,”
NeuroImage, vol. 54, no. 3, pp. 2524–2533, 2011.

[25] S. J. Luck and E. K. Vogel, “The capacity of visual working
memory for scenes,” Nature, vol. 390, no. 10, pp. 279–281,
2018.

[26] S. J. Luck and E. K. Vogel, “Visual working memory capacity:
from psychophysics and neurobiology to individual differ-
ences,” Trends in Cognitive Sciences, vol. 17, no. 8, pp. 391–
400, 2013.

[27] M. C. Jackson, C. Y. Wu, D. E. J. Linden, and J. E. Raymond,
“Enhanced visual short-term memory for angry faces,” Jour-
nal of Experimental Psychology. Human Perception and Per-
formance, vol. 35, no. 2, pp. 363–374, 2009.

[28] M. C. Jackson, C. Wolf, S. J. Johnston, J. E. Raymond, and
D. E. J. Linden, “Neural correlates of enhanced visual short-
term memory for angry faces: an fMRI study,” PLoS ONE,
vol. 3, no. 10, p. e3536, 2008.

[29] F. Gambarota and P. Sessa, “Visual working memory for faces
and facial expressions as a useful “tool” for understanding
social and affective cognition,” Frontiers in Psychology,
vol. 10, pp. 1–7, 2019.

[30] P. Sessa, R. Luria, A. Gotler, P. Jolicœur, and R. Dell’acqua,
“Interhemispheric ERP asymmetries over inferior parietal
cortex reveal differential visual working memory mainte-
nance for fearful versus neutral facial identities,” Psychophys-
iology, vol. 48, no. 2, pp. 187–197, 2011.

[31] D. V. Becker, C. R. Mortensen, U. S. Anderson, and T. Sasaki,
“Out of sight but not out of mind: memory scanning is attuned
to threatening faces,” Evolutionary Psychology, vol. 12, no. 5,
pp. 147470491401200–147470491401912, 2014.

[32] W. Xie, H. Li, X. Ying et al., “Affective bias in visual working
memory is associated with capacity,” Cogn. Emot., vol. 31,
no. 7, pp. 1345–1360, 2017.

[33] S. Spotorno, M. Evans, and M. C. Jackson, “Remembering
who was where: a happy expression advantage for face
identity-location binding in working memory,” Journal of
Experimental Psychology. Learning, Memory, and Cognition,
vol. 44, no. 9, pp. 1365–1383, 2018.

[34] K. M. Curby, S. D. Smith, D. Moerel, and A. Dyson, “The cost
of facing fear: visual working memory is impaired for faces
expressing fear,” British Journal of Psychology, vol. 110,
no. 2, pp. 428–448, 2019.

[35] A. Frischen, J. D. Eastwood, and D. Smilek, “Visual search for
faces with emotional expressions,” Psychological Bulletin,
vol. 134, no. 5, pp. 662–676, 2008.

[36] D. V. Becker and H. Rheem, “Searching for a face in the
crowd: Pitfalls and unexplored possibilities,” Attention, Per-
ception, & Psychophysics, vol. 82, no. 2, pp. 626–636, 2020.

[37] L. Nummenmaa and M. G. Calvo, “Dissociation between rec-
ognition and detection advantage for facial expressions: a
meta-analysis,” Emotion, vol. 15, no. 2, pp. 243–256, 2015.

[38] D. G. Purcell, A. L. Stewart, and R. B. Skov, “It takes a con-
founded face to pop out of a crowd,” Perception, vol. 25,
no. 9, pp. 1091–1108, 1996.

[39] V. Lobue, “More than just another face in the crowd: superior
detection of threatening facial expressions in children and
adults,” Developmental Science, vol. 12, no. 2, pp. 305–313,
2009.

[40] F. Ceccarini and C. Caudek, “Anger superiority effect: the
importance of dynamic emotional facial expressions,” Visual
Cognition, vol. 21, no. 4, pp. 498–540, 2013.

[41] A. Taylor and J. Barton, “The detection of fearful and angry
expressions in visual search,” Journal of Vision, vol. 15,
no. 12, pp. 1354–1354, 2015.

[42] A. Öhman, D. Lundqvist, and F. Esteves, “The face in the
crowd revisited: a threat advantage with schematic stimuli,”
Journal of Personality and Social Psychology, vol. 80, no. 3,
pp. 381–396, 2001.

[43] G. Horstmann, “Visual search for schematic affective faces:
stability and variability of search slopes with different
instances,” Cognition & Emotion, vol. 23, no. 2, pp. 355–
379, 2009.

[44] M. G. Reynolds, J. D. Eastwood, M. Partanen, A. Frischen,
and D. Smilek, “Monitoring eye movements while searching
for affective faces,” Visual Cognition, vol. 17, no. 3, pp. 318–
333, 2009.

[45] J. R. Shasteen, N. J. Sasson, and A. E. Pinkham, “Eye tracking
the face in the crowd task: why are angry faces found more
quickly?,” PLoS ONE, vol. 9, no. 4, p. e93914, 2014.

[46] T. Feldmann-Wüstefeld, M. Schmidt-Daffy, and A. Schubö,
“Neural evidence for the threat detection advantage: differen-
tial attention allocation to angry and happy faces,” Psycho-
physiology, vol. 48, no. 5, pp. 697–707, 2011.

[47] M. G. Calvo and L. Nummenmaa, “Detection of emotional
faces: salient physical features guide effective visual search,”
Journal of Experimental Psychology. General, vol. 137, no. 3,
pp. 471–494, 2008.

[48] M. G. Calvo, L. Nummenmaa, and P. Avero, “Visual search of
emotional faces eye-movement assessment of component
processes,” Experimental Psychology, vol. 55, no. 6, pp. 359–
370, 2008.

[49] M. G. Calvo and H. Marrero, “Visual search of emotional
faces: the role of affective content and featural distinctive-
ness,” Cognition & Emotion, vol. 23, no. 4, pp. 782–806, 2009.

[50] B. M. Craig, S. I. Becker, and O. V. Lipp, “Different faces in
the crowd: a happiness superiority effect for schematic faces
in heterogeneous backgrounds,” Emotion, vol. 14, pp. 794–
803, 2014.

[51] T. Brosch, D. Sander, G. Pourtois, and K. R. Scherer, “Beyond
fear,” Psychological Science, vol. 19, no. 4, pp. 362–370, 2008.

[52] L. Simione, L. Calabrese, F. S. Marucci, M. O. Belardinelli,
A. Raffone, and F. A. Maratos, “Emotion based attentional
priority for storage in visual short-term memory,” PLoS
One, vol. 9, no. 5, p. e95261, 2014.

[53] H. J. Lee and Y. S. Cho, “Memory facilitation for emotional
faces: visual working memory trade-offs resulting from atten-
tional preference for emotional facial expressions,” Memory
and Cognition, vol. 47, no. 6, pp. 1231–1243, 2019.

[54] D. M. Stout, A. J. Shackman, and C. L. Larson, “Failure to fil-
ter: anxious individuals show inefficient gating of threat from
working memory,” Frontiers in Human Neuroscience, vol. 7,
pp. 1–10, 2013.

[55] C. A. Brenner, S. P. Rumak, A. M. N. Burns, and P. D. Kieffa-
ber, “The role of encoding and attention in facial emotion

11Neural Plasticity



memory: an EEG investigation,” International Journal of Psy-
chophysiology, vol. 93, no. 3, pp. 398–410, 2014.

[56] D. Švegar, I. Kardum, and M. Polič, “Happy face superiority
effect in change detection paradigm,” Psihologijske teme,
vol. 22, pp. 249–269, 2013.

[57] M. Liu, L. Zhou, X. Wang, and B. Ye, “Sad expressions during
encoding attenuate recognition of facial identity in visual
working memory: behavioural and electrophysiological evi-
dence,” Cognition and Emotion, vol. 34, no. 6, pp. 1271–
1283, 2020.

[58] S. J. E. Langeslag, H. M. Morgan, M. C. Jackson, D. E. J. Lin-
den, and J. W. Van Strien, “Electrophysiological correlates of
improved short-term memory for emotional faces,” Neurop-
sychologia, vol. 47, no. 3, pp. 887–896, 2009.

[59] M. C. Jackson, D. E. J. Linden, and J. E. Raymond, ““Distrac-
ters” do not always distract: visual working memory for angry
faces is enhanced by incidental emotional words,” Frontiers
in Psychology, vol. 3, pp. 1–9, 2012.

[60] M. C. Jackson, D. E. J. Linden, and J. E. Raymond, “Angry
expressions strengthen the encoding and maintenance of face
identity representations in visual working memory,” Cogn.
Emot., vol. 28, no. 2, pp. 278–297, 2014.

[61] P. Sessa, A. S. Lomoriello, and R. Luria, “Neural measures of
the causal role of observers’ facial mimicry on visual working
memory for facial expressions,” Social Cognitive and Affective
Neuroscience, vol. 13, no. 12, pp. 1281–1291, 2018.

[62] S. C. Linden, M. C. Jackson, L. Subramanian, D. Healy, and
D. E. J. Linden, “Sad benefit in face working memory: an
emotional bias of melancholic depression,” Journal of Affec-
tive Disorders, vol. 135, no. 1-3, pp. 251–257, 2011.

[63] P. M. J. Thomas, M. C. Jackson, and J. E. Raymond, “A
threatening face in the crowd: effects of emotional singletons
on visual working memory,” Journal of Experimental Psychol-
ogy. Human Perception and Performance, vol. 40, no. 1,
pp. 253–263, 2014.

[64] T. Maran, P. Sachse, andM. Furtner, “From specificity to sen-
sitivity: affective states modulate visual working memory for
emotional expressive faces,” Frontiers in Psychology, vol. 6,
pp. 1–16, 2015.

[65] L. Zhou, M. Liu, B. Ye, X. Wang, and Q. Liu, “Sad expressions
during encoding enhance facial identity recognition in visual
working memory in depression: behavioural and electrophys-
iological evidence,” Journal of Affective Disorders, vol. 279,
pp. 630–639, 2021.

[66] D. G. Purcell and A. L. Stewart, “Still another confounded
face in the crowd,” Attention, Perception, & Psychophysics,
vol. 72, no. 8, pp. 2115–2127, 2010.

[67] K. M.Mak-Fan,W. F. Thompson, and R. E. A. Green, “Visual
search for schematic emotional faces risks perceptual con-
found,” Cognition & Emotion, vol. 25, no. 4, pp. 573–584,
2011.

[68] S. I. Becker, G. Horstmann, and R. W. Remington, “Percep-
tual grouping, not emotion, accounts for search asymmetries
with schematic faces,” Journal of Experimental Psychology.
Human Perception and Performance, vol. 37, no. 6,
pp. 1739–1757, 2011.

[69] R. A. Savage, S. I. Becker, and O. V. Lipp, “Visual search for
emotional expressions: effect of stimulus set on anger and
happiness superiority,” Cogn. Emot., vol. 30, no. 4, pp. 713–
730, 2016.

[70] E. Fox and L. Damjanovic, “The eyes are sufficient to produce
a threat superiority effect,” Emotion, vol. 6, no. 3, pp. 534–
539, 2006.

[71] G. Horstmann, O. V. Lipp, and S. I. Becker, “Of toothy grins
and angry snarls–Open mouth displays contribute to effi-
ciency gains in search for emotional faces,” Journal of Vision,
vol. 12, no. 5, pp. 7–7, 2012.

[72] P. Ekman and W. V. Friesen, “Measuring facial movement,”
Environmental Psychology and Nonverbal Behavior, vol. 1,
no. 1, pp. 56–75, 1976.

[73] D. Lundqvist, A. Flykt, and A. Öhman, “The Karolinska
directed emotional faces (KDEF),” in CD ROM from Depart-
ment of Clinical Neuroscience, Psychology section, Karolinska
Institutet, 1998.

[74] N. Tottenham, J. W. Tanaka, A. C. Leon et al., “The NimStim
set of facial expressions: Judgments from untrained research
participants,” Psychiatry Research, vol. 168, no. 3, pp. 242–
249, 2009.

[75] F. Solina, P. Peer, B. Batagelj, S. Juvan, and J. Kovač, Color-
based face detection in the “15 seconds of fame” art installa-
tion, Proceedings of Mirage INRIA Rocquencourt, France,
2003, http://web.mit.edu/emeyers/www/face_databases.html.

[76] O. Langner, R. Dotsch, G. Bijlstra, D. H. J. Wigboldus, S. T.
Hawk, and A. D. Van Knippenberg, “Presentation and vali-
dation of the Radboud Faces Database,” Cognition & Emo-
tion, vol. 24, no. 8, pp. 1377–1388, 2010.

[77] P. J. Lang, M. M. Bradley, and B. N. Cuthbert, “Emotion,
motivation, and anxiety: brain mechanisms and psychophys-
iology,” Biological Psychiatry, vol. 44, no. 12, pp. 1248–1263,
1998.

[78] J. A. Russell, “Culture and the categorization of emotions,”
Psychological Bulletin, vol. 110, no. 3, pp. 426–450, 1991.

[79] J. A. Russell, “A circumplex model of affect,” Journal of Per-
sonality and Social Psychology, vol. 39, no. 6, pp. 1161–1178,
1980.

[80] J. A. Russell, “Is there universal recognition of emotion from
facial expression? A review of the cross-cultural studies,” Psy-
chological Bulletin, vol. 115, no. 1, pp. 102–141, 1994.

[81] D. Lundqvist, P. Juth, and A. Öhman, “Using facial emotional
stimuli in visual search experiments: the arousal factor
explains contradictory results,” Cognition and Emotion,
vol. 28, no. 6, pp. 1012–1029, 2014.

[82] A. Öhman, P. Juth, and D. Lundqvist, “Finding the face in a
crowd: relationships between distractor redundancy, target
emotion, and target gender,” Cognition & Emotion, vol. 24,
no. 7, pp. 1216–1228, 2010.

[83] T. B. Lonsdorf, P. Juth, C. Rohde, M. Schalling, and
A. Ohman, “Attention biases and habituation of attention
biases are associated with 5-HTTLPR and COMTval158met,”
Cognitive, Affective, & Behavioral Neuroscience, vol. 14, no. 1,
pp. 354–363, 2014.

[84] M. Mather and M. R. Sutherland, “Arousal-biased competi-
tion in perception and memory,” Perspectives on Psychologi-
cal Science, vol. 6, no. 2, pp. 114–133, 2011.

[85] E. Fox, R. Russo, and K. Dutton, “Attentional bias for threat:
evidence for delayed disengagement from emotional faces,”
Cogn. Emot., vol. 16, no. 3, pp. 355–379, 2002.

[86] R. M. Cooper and S. R. H. Langton, “Attentional bias to angry
faces using the dot-probe task? It depends when you look for
it,” Behaviour Research and Therapy, vol. 44, no. 9, pp. 1321–
1329, 2006.

12 Neural Plasticity

http://web.mit.edu/emeyers/www/face_databases.html


[87] G. Horstmann, I. Scharlau, and U. Ansorge, “More efficient
rejection of happy than of angry face distractors in visual
search,” Psychonomic Bulletin & Review, vol. 13, no. 6,
pp. 1067–1073, 2006.

[88] D. M. Stout, A. J. Shackman, J. S. Johnson, and C. L. Larson,
“Confocal imaging–guided laser ablation of basal cell carci-
nomas: an ex vivo study,” Journal of Investigative Dermatol-
ogy, vol. 135, no. 2, pp. 612–615, 2015.

[89] D. M. Stout, A. J. Shackman,W. S. Pedersen, T. A. Miskovich,
and C. L. Larson, “Neural circuitry governing anxious indi-
viduals’ mis-allocation of working memory to threat,” Scien-
tific Reports, vol. 7, no. 1, 2017.

[90] C. Ye, Q. Xu, Q. Liu et al., “The impact of visual working
memory capacity on the filtering efficiency of emotional face
distractors,” Biological Psychology, vol. 138, pp. 63–72, 2018.

[91] L. Zhang, L. Qiao, M. Xu et al., “Personal relative deprivation
impairs ability to filter out threat-related distractors from
visual working memory,” International Journal of Psycho-
physiology, vol. 162, pp. 86–94, 2021.

[92] D. Smilek, A. Frischen, M. G. Reynolds, C. Gerritsen, and
J. D. Eastwood, “What influences visual search efficiency?
Disentangling contributions of preattentive and postattentive
processes,” Perception & Psychophysics, vol. 69, no. 7,
pp. 1105–1116, 2007.

[93] C. Ye, “Visual working memory resource allocation mecha-
nism in consolidation and maintenance phase,” Jyväskylä
studies in computing, vol. 280, 2018.

[94] C. Ye, Z. Hu, H. Li, T. Ristaniemi, Q. Liu, and T. Liu, “A two-
phase model of resource allocation in visual working mem-
ory,” Journal of Experimental Psychology. Learning, Memory,
and Cognition, vol. 43, no. 10, pp. 1557–1566, 2017.

[95] C. Ye, H. J. Sun, Q. Xu, T. Liang, Y. Zhang, and Q. Liu,
“Working memory capacity affects trade-off between quality
and quantity only when stimulus exposure duration is suffi-
cient: evidence for the two-phase model,” Scientific Reports,
vol. 9, no. 1, 2019.

[96] C. Ye, T. Liang, Y. Zhang, Q. Xu, Y. Zhu, and Q. Liu, “The
two-stage process in visual working memory consolidation,”
Scientific Reports, vol. 10, no. 1, pp. 1–11, 2020.

[97] M. G. Calvo and D. Beltrán, “Recognition advantage of happy
faces: tracing the neurocognitive processes,” Neuropsycholo-
gia, vol. 51, no. 11, pp. 2051–2061, 2013.

[98] J. LeDoux, “Chapter 26 Emotional networks and motor con-
trol: a fearful view,” Progress in Brain Research, vol. 107,
pp. 437–446, 1996.

[99] L. H. Somerville, H. Kim, T. Johnstone, A. L. Alexander, and
P. J. Whalen, “Human amygdala responses during presenta-
tion of happy and neutral faces: correlations with state anxi-
ety,” Biological Psychiatry, vol. 55, no. 9, pp. 897–903, 2004.

[100] M. Osaka, K. Yaoi, T. Minamoto, and N. Osaka, “When do
negative and positive emotions modulate working memory
performance?,” Scientific Reports, vol. 3, no. 1, pp. 1–8, 2013.

[101] J. Spencer-Smith, H. Wild, Å. H. Innes-Ker et al., “Making
faces: creating three-dimensional parameterized models of
facial expression,” Behavior Research Methods, Instruments,
& Computers, vol. 33, no. 2, pp. 115–123, 2001.

[102] T. Gilbert, R. Martin, and M. Coulson, “Attentional biases
using the body in the crowd task: are angry body postures
detected more rapidly?,” Cogn. Emot., vol. 25, no. 4,
pp. 700–708, 2011.

[103] E. G. Krumhuber, A. Kappas, and A. S. R. Manstead, “Effects
of dynamic aspects of facial expressions: a review,” Emotion
Review, vol. 5, no. 1, pp. 41–46, 2013.

[104] F. C. Davis, L. H. Somerville, E. J. Ruberry, A. B. L. Berry,
L. M. Shin, and P. J. Whalen, “A tale of two negatives: Differ-
ential memory modulation by threat-related facial expres-
sions,” Emotion, vol. 11, no. 3, pp. 647–655, 2011.

[105] Y. Bar-Haim, D. Lamy, L. Pergamin, M. J. Bakermans-Kra-
nenburg, and M. H. van IJzendoorn, “Threat-related atten-
tional bias in anxious and nonanxious individuals: a meta-
analytic study,” Psychological Bulletin, vol. 133, no. 1, pp. 1–
24, 2007.

[106] Q. Xu, E. M. Ruohonen, C. Ye et al., “Automatic processing of
changes in facial emotions in dysphoria: a magnetoencepha-
lography study,” Frontiers in Human Neuroscience, vol. 12,
p. 186, 2018.

[107] E. M. Ruohonen, V. Alhainen, and P. Astikainen, “Event-
related potentials to task-irrelevant sad faces as a state marker
of depression,” Biological Psychology, vol. 149, p. 107806,
2020.

[108] F. Long, C. Ye, Z. Li, Y. Tian, and Q. Liu, “Negative emotional
state modulates visual working memory in the late consolida-
tion phase,” Cognition and Emotion, vol. 34, no. 8, pp. 1646–
1663, 2020.

[109] E. H. Ronold, J. Joormann, and Å. Hammar, “Facing recov-
ery: Emotional bias in working memory, rumination, relapse,
and recurrence of major depression; an experimental para-
digm conducted five years after first episode of major depres-
sion,” Applied Neuropsychology: Adult, vol. 27, no. 4, pp. 299–
310, 2020.

[110] W. Luo, W. Feng, W. He, N. Wang, and Y. Luo, “Three stages
of facial expression processing: ERP study with rapid serial
visual presentation,” NeuroImage, vol. 49, no. 2, pp. 1857–
1867, 2010.

[111] M. Gong and L. J. Smart, “The anger superiority effect revis-
ited: a visual crowding task,” Cognition and Emotion, vol. 35,
no. 2, pp. 214–224, 2021.

[112] F. A. Maratos, K. Mogg, and B. P. Bradley, “Identification of
angry faces in the attentional blink,” Cognition & Emotion,
vol. 22, no. 7, pp. 1340–1352, 2008.

[113] S. Miyazawa and S. Iwasaki, “Do happy faces capture atten-
tion? The happiness superiority effect in attentional blink,”
Emotion, vol. 10, no. 5, pp. 712–716, 2010.

[114] L. Simione, A. Raffone, G. Wolters et al., “ViSA: a neurody-
namic model for visuo-spatial working memory, attentional
blink, and conscious access,” Psychological Review, vol. 119,
no. 4, pp. 745–769, 2012.

[115] E. A. Kensinger and S. Corkin, “Effect of negative emotional
content on working memory and long-term memory,” Emo-
tion, vol. 3, no. 4, pp. 378–393, 2003.

[116] S. Schweizer, A. B. Satpute, S. Atzil et al., “The impact of
affective information on working memory: a pair of meta-
analytic reviews of behavioral and neuroimaging evidence,”
Psychological Bulletin, vol. 145, no. 6, pp. 566–609, 2019.

[117] L. Kulke, “Neural mechanisms of overt attention shifts to
emotional faces,” Neuroscience, vol. 418, pp. 59–68, 2019.

[118] G. A. Alvarez and P. Cavanagh, “The capacity of visual short-
term memory is set both by visual information load and by
number of objects,” Psychological Science, vol. 15, no. 2,
pp. 106–111, 2004.

13Neural Plasticity


	Negative and Positive Bias for Emotional Faces: Evidence from the Attention and Working Memory Paradigms
	1. Introduction
	2. Controversial Results in Different Expressions
	2.1. Behavior and Neural Evidence with Different Emotional Faces in the Visual Search Paradigm
	2.1.1. Negative Bias
	2.1.2. Positive Bias

	2.2. Behavior and Neuroscience Evidence with Different Emotional Faces in the Change Detection Paradigm
	2.2.1. Negative Bias
	2.2.2. Positive Bias


	3. Possible Contributing Factors for Emotional Bias
	3.1. Differences in Stimulus Choice
	3.1.1. Schematic Faces versus Real Faces
	3.1.2. Stimulus Arousal

	3.2. Differences in Experimental Settings
	3.2.1. Visual Display Size and Corresponding Time
	3.2.2. The Manner of Stimulus Presentation
	3.2.3. Differing Demands in Experiments

	3.3. Different Stages in the Cognitive Process

	4. Summary and Prospects
	4.1. The Choice of Emotional Stimuli
	4.2. Standardization of the Experimental Setting
	4.3. Controlling and Tracking Cognitive Processes

	5. Conclusion
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

