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A B S T R A C T

Emotional bias, which describes human’s asymmetric processing of emotional stimuli, consists of negativity bias
(Increased response to negative over positive stimuli) and positivity offset (the reversed phenomenon). Previous
studies suggest that stimulus arousal (high/low), stimulus type (scenic/verbal), cultural background (Eastern/
Western), and task setting (explicit/implicit) may modulate emotional bias, but with inconclusive findings. To
address how the profile of emotional bias varies with these factors, a meta-analysis of emotional P3 event-related
potential amplitudes was performed. Forty-nine effect sizes from 38 studies involving 1263 subjects were cal-
culated using Hedges’g. The results highlight significant moderators of arousal, stimulus type, and task setting.
Specifically, high-arousal stimuli enhance negativity bias relative to low-arousal stimuli; scenic stimulus leads to
a negativity bias while verbal stimulus is linked with a positivity offset; explicit emotion tasks lead to negativity
bias, whereas implicit emotion tasks do not exhibit emotional bias. These results indicate that emotional bias is
labile depending on stimulus arousal, stimulus type and task setting. The implication of these findings for
emotion regulation is discussed.

1. Introduction

Human’s reaction to emotional materials has been considered an
important gift from evolution. It not only drives us to approach benefits
but also motivates us to withdraw from danger. Though a common
classification is to bisect emotional stimuli symmetrically into positive
and negative categories (Lang et al., 1998; Russell, 1980), human re-
actions to emotional stimuli are usually asymmetrical, which is called
emotional bias. Specifically, there are two phenomena of emotional
bias. One is negativity bias that describes more intense response to
negative stimuli than to positive stimuli (Carretié et al., 2001; Huang
and Luo, 2007; Ito et al., 1998a,b); while the other is positivity offset
that describes enhanced responses to positive than to negative stimuli
(Cacioppo, 2004; Keil, 2006; Carretié et al., 2008). These emotional
biases have been considered to reflect the activation of motivation
system, which is evolutionarily important for human survival (Ito et al.,
1998a,b; Ito and Cacioppo, 2000; Nisbett, 1990). Specifically, the ne-
gativity bias is associated with the aversive motivational system that

facilitates human’s defensive behavior such as avoiding danger,
whereas the positivity offset is associated with the appetitive motiva-
tional system that promotes human’s approach behavior such as seeking
food (Cacioppo and Gardner, 1999; Taylor, 1991; Yang et al., 2013).

In order to investigate the emotional bias, many researchers have
used event-related potential techniques to compare the difference in
brain activity induced by positive and negative stimuli at different
temporal stages and scalp locations. One of the most salient findings is
that the event-related potential component P3 amplitudes change due
to using different stimuli and tasks. The P3 (also known as P3b, P300,
Late Positive Potential, or Late Positive Component) is the third posi-
tive-going event-related potential component at centro-parietal loca-
tions. It could be evoked by either visual or auditory stimuli (e.g., van
Dinteren et al., 2014a; Yuan et al., 2012), and it has been linked to
multifarious cognitive processing, so its function has been considered
complex and cannot be linked to specific cognitive processes (Luck,
1998; van Dinteren et al., 2014b; Vogel and Luck, 2002; Vogel et al.,
1998). A prominent view is that P3 amplitudes may be a manifestation
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of the processes whereby cognitive schemas are modified (Donchin,
1981; Verleger, 1988; Donchin and Coles, 1988), so that P3 amplitudes
can be considered as indicating the amount of central nervous system
activity related to incoming information processing (Johnson, 2010;
Polich and John, 2004). In emotion studies, P3 amplitudes have been
thought to reflect the functional mobilization of attentional resource
and the activation of the motivational circuits in the brain that mediate
emotional engagement (Bradley et al., 2007; Schupp et al., 2007), and
can be used as a criterion variable to indicate the intensity of emotional
stimuli (Delplanque et al., 2006; Keil et al., 2007; van Schie et al., 2005;
West and Holcomb, 1991). The empirical studies suggested that the
arousal (high/low) of stimulus, stimulus type of stimulus (scenic/
verbal), processing type of the stimuli (explicit/ implicit emotion task),
and the participant’s cultural background (Eastern/Western) may play
important roles in emotional bias (Cacioppo and Berntson, 1994; De
Leersnyder et al., 2015; González-Villar et al., 2014; Hinojosa et al.,
2009; Ito and Cacioppo, 2005, 2000). The current study focused on the
role of these factors in emotional bias.

1.1. The effect of arousal on emotional bias

Arousal, which refers to physiological activation strength elicited by
emotional stimuli (Lang et al., 1998; Russell, 1980), has been proposed
to have an influence on the emotional bias (Cacioppo and Berntson,
1994; Ito and Cacioppo, 2005). Specifically, exposure to the high-
arousal stimuli is linked with a negativity bias; by contrast, the brain
may respond to low-arousal emotional stimuli with a positivity offset.
This proposal was supported by empirical evidence. The studies using
low arousal stimuli observed that positive stimuli induced a greater P3
relative to negative stimuli (Kissler et al., 2009; Rohr and Rahman,
2015; Zhang et al., 2014b),while the studies using high arousal stimuli
found that negative stimuli result in a greater P3 relative to positive
stimuli (Chen et al., 2015; Ito et al., 1998a,b; Wangelin et al., 2012).
More directly, a study which manipulated the arousal of stimuli ob-
served the negativity bias of P3 in high arousal condition, and such bias
was reversed in low arousal condition (Kaestner and Polich, 2011).
However, there are also inconsistent results in the studies concerning
the effects of arousal, including the studies which did not observe the
arousal effect on P3 (Bayer et al., 2012; Rozenkrants et al., 2008), the
studies that found negativity bias or positivity offset when arousal was
low or high (Long et al., 2015; Van Dongen et al., 2016; Yao et al.,
2016), or the studies finding no emotional bias when arousal was low or
high (Grzybowski et al., 2014; Schacht and Sommer, 2009). Therefore,
the effect of arousal on emotional bias remains controversial.

1.2. The effect of stimulus type on emotional bias

Scenic display and verbal description are the two most common
stimulus types through which people receive emotional information. An
important and recurrent question is whether verbal description and
scenic display are equally capable of inducing emotional responses
(Bayer and Schacht, 2014; Hinojosa et al., 2009). In empirical studies,
the scenic display is focally embodied by emotional pictorial materials,
while the verbal description is usually manifested by emotional words
(Gross and Jazaieri, 2014; Ito et al., 1998a,b; Liu et al., 2010). A the-
oretical perspective concerning the difference between word and pic-
ture processing considers that word processing comprises additional
process compared to picture processing before access to its emotional
aspects (Glaser and Glaser, 1989; Wilhelm, 1992). The additional pro-
cessing of word involves the top-down processing, which generates the
psychological representation to help us access emotional aspects of
stimuli (Ishai, 2010; Kosslyn et al., 2007; Manzoni et al., 1983; Marslen-
Wilson and Welsh, 1978). Due to the instinct of self-preservation
(Janssen et al., 2012), the negative psychological representation of
word may be weakened. Thus, the emotional bias may differ between
word and picture. Nevertheless, the results of empirical studies are

inconsistent. Using P3 amplitudes as an indicator, some studies ob-
served that word elicited a positivity offset(Palazova et al., 2011;
Phavichitr et al., 2008; Rostami et al., 2016; Yao et al., 2016), while
other studies showed picture led to a negativity bias (Hajcak and
Dennis, 2010; Smith et al., 2005; Van Strien et al., 2009). By contrast,
several studies showed the negativity bias in word (Amrhein et al.,
2004; Cuthbert et al., 2000), the positivity offset in picture (Hinojosa
et al., 2009; Zurrón et al., 2013), or no emotional bias (Flaisch et al.,
2008; Lu et al., 2011; Tapia et al., 2008). Thus, a meta-analysis is in
need to clarify this ambiguity.

1.3. The effect of cultural background on emotional bias

Cultural background modulates affective preferences by preparing
people for the experience and expression of emotions in a culturally
consistent manner (De Leersnyder et al., 2015). Specifically, European
Americans prefer positive states involving high activation, such as ex-
citement and elation, whereas East Asians prefer to experience positive
states involving low activation, such as peacefulness and serenity (Tsai
et al., 2006). The different emotional preference between Eastern and
Western cultures may lead participants with Western cultural back-
ground to experience more emotional positivity relative to those with
Eastern cultural background. Thus, it is reasonable to infer that cultural
background may play an important role in emotional bias. Moreover,
using P3 amplitudes as the criterion variable, some studies observed
positivity offset in participants with typical Western cultural back-
ground (Kissler et al., 2009; Phavichitr et al., 2008; Rohr and Rahman,
2015), while negativity bias occurred in those with Eastern cultural
background (Chen et al., 2015; Liu et al., 2010). However, some studies
have shown the opposite (Citron et al., 2013; Ito et al., 1998a,b; Wang
et al., 2011; Yao et al., 2016). At least, these findings suggest that
emotional bias may be modulated by the cultural background, which
needs to be clarified by a meta-analysis.

1.4. The effect of task setting on emotional bias

There are many tasks that are used in literature to study emotional
processing. For example, participants are required to rate the valence
and arousal of the stimuli using a computerized Self-Assessment
Manikin procedure (Lang, 1980; Delplanque et al., 2006; Smith et al.,
2005), to classify the emotional type of stimuli (Ito and Cacioppo, 2000;
González-Villar et al., 2014; Huang and Luo, 2006; Liu et al., 2010), to
complete the emotional stroop task (González-Villar et al., 2014) or
emotional oddball task (Campanella et al., 2002; Rozenkrants and
Polich, 2008), to perform the old/new discrimination using emotional
stimuli (Van Strien et al., 2009; Kaestner and Polich, 2011), to read
emotional words (Bayer et al., 2012; Grzybowski et al., 2014; Herbert
et al., 2008), and to passively watch emotional pictures (Feng et al.,
2014; Flaisch et al., 2008; Hajcak et al., 2007). Despite numerous task
categories, a common classification is to divide them into the explicit or
implicit emotion tasks. Explicit emotion tasks required participants to
explicitly identify stimulus valence, arousal, or emotional category,
while implicit emotion tasks required them to perform a non-emotional
cognitive task such as watching, reading, and classification according to
non-emotional attributes. It was reported that explicit emotion tasks
evoked greater allocation of the attentional resource to emotional sti-
muli relative to implicit emotion task (Delaney-Busch et al., 2016;
González-Villar et al., 2014; Rostami et al., 2016). Due to the instinct of
self-preservation and evolution (Janssen et al., 2012; Nisbett, 1990),
greater recruitment of attentional resources may facilitate one’s
awareness of negative stimuli, such as danger. Therefore, it is more
likely that negativity biases are observed in explicit emotion tasks.
Using P3 amplitudes as the criterion variable, some studies indicate that
explicit emotion tasks led to negativity bias (Liu et al., 2010; Smith
et al., 2005), and implicit emotion tasks led to positivity offset (Kissler
et al., 2009; Phavichitr et al., 2008; Rohr and Rahman, 2015). One
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study has used the same materials to compare emotional processing
between explicit and implicit emotion tasks. The results showed that
the negativity bias was greater during explicit emotion task than during
implicit emotion task (Ito and Cacioppo, 2000). However, these find-
ings were not extensively replicated, and there are still inconsistent
results. For example, it was reported that implicit task elicits either
negative bias (Bayer and Schacht, 2014; Huang and Luo, 2007) or no
emotional bias (Flaisch et al., 2008; Van Strien et al., 2009), and that
explicit emotion task elicits positive bias (Zhang et al., 2014a). There-
fore, it is necessary to clarify whether task setting has an effect on
emotional bias in a meta-analytic approach.

1.5. The current study

Numerous studies used P3 amplitudes as an indicator to assess
people’s emotional bias. As reviewed above, prior studies suggest that
the arousal, stimulus type, cultural background, and task setting may
play important roles in emotional bias. However, the results are mixed,
requiring a meta-analysis for clarification. Given that many of the
studies reviewed above have relatively small sample sizes, it is clear
that some results were limited in statistical power and had increased
risk of type I and random errors. These results can be well-suited for
meta-analysis, a powerful statistical method that can identify trends
across numerous small sample studies based on effect sizes. Therefore,
the aim of the present study is to clarify whether the arousal, stimulus
type, cultural background, and task setting modulate emotional bias
through meta-analysis. Specifically, a meta-analysis was conducted to
examine the impact of potential moderators (i.e., arousal, stimulus
type, cultural background, and task setting) on emotional bias based on
the P3 amplitudes induced by emotional stimuli.

2. Method

2.1. Literature search

We performed the meta-analyses in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines
(Iwaihara et al., 2015). Published articles were selected via searches of
the Sciencedirect.com, John Wiley, Taylor & Francis, PsycInfo, and
PubMed databases. The in press articles were selected via searches of
the Google Scholar online databases. The combinations of the key
search terms were as follows: “picture” or “word” or “scenic” or
“verbal”, “affective” or “emotion,” “positive” or “pleasant,” “negative”
or “unpleasant,” combined with “ERP” or “event-related potential.” In
addition, we performed a search of the reference lists of all included
articles, to ensure that no relevant articles were omitted. When study
results were ambiguous or insufficient for inclusion in the meta-analysis
(e.g., information required to calculate effect size was not reported), we
contacted the corresponding authors of the studies to request further
information. Multiple studies conducted by the same researchers were
flagged for further review, to ensure that the samples did not overlap.
The start date for the literature search was January 1, 1993, because we
believe the first article related to the current research topic was pub-
lished in 1993 (i.e., Cacioppo et al., 1993); the end date for the lit-
erature search was September 1, 2018.

2.2. Study selection

The inclusion criteria for the articles were as follows: first, the
studies included healthy participants; second, the studies employed
both positive and negative pictures and/or both positive and negative
words; third, the studies reported the arousal level of stimulus; fourth,
the arousal of negative and positive stimuli matched; fifth, the studies
reported P3 in response to emotional stimuli; sixth, the studies reported
statistics that allowed for the calculation of effect size; seventh, the
studies used emotional stimuli as task-relevant stimuli; eighth, the

studies were published in a peer-reviewed journal.
The P3 was distinguished by both the timing and topography of the

component because the nomenclature and specification of P3 varied in
different studies (Zhang et al., 2014a). The P3 component, also known
as the late positive component, P3b, P300, or late positive potential,
was identified as a positive-going component, the third positive wave-
form following stimulus presentation of central-parietal or parietal
distribution, and an emotion-evoked ERP component.

The analyzed articles were published between 1993 and 2018. The
title and abstract of every article identified were manually reviewed to
ensure that the articles were suitable for inclusion in the meta-analysis.

2.3. Data extraction

Data were extracted independently by two doctoral candidates and
cross checked until consensus was reached. The following variables
were extracted from each eligible article: study identification data (i.e.,
first author and publication year), participants’ mean age with standard
deviation (SD), the proportion of female participants, sample size, sti-
mulus valence and arousal, stimulus type (i.e., pictures or words), task
setting, the window time of P3, the electrodes of P3, the statistics for
the calculation of effect size, and participants’ country of residence
(based on primary participants).

In order to cover as many studies as possible to strengthen the
current meta-analysis, we included the studies involving factors un-
related to topics. For these studies, we merely extracted the data related
to the theme of the present meta-analysis. Specifically, only data for
healthy samples (Wangelin et al., 2012), young adult samples (Smith
et al., 2005), and tasks completed in participants’ first languages (Chen
et al., 2015) were included in the meta-analysis for the studies invol-
ving mental disorders, aging, and bilingualism, respectively. For studies
that included multiple conditions beyond the variables of interest (i.e.,
high and low valence extremity), mean ERP responses to emotional
stimuli across conditions were used to perform calculations.

2.3.1. Arousal and valence
The arousal and valence data were uniformly converted to 9-point

Likert-scale (1 = “low arousal” or “negative”, 9= “high arousal” or
“positive”), as most studies used this scale.

The current study adopted the bisection method to extract the
arousal data in each study, because the criteria to classify arousal values
are inconsistent across studies (Yao et al., 2016; Kaestner and Polich,
2011; Rozenkrants et al., 2008; Bayer et al., 2012), and there is no
recognized criterion to divide arousal into high and low. Specifically,
we sorted the averaged arousal values across the included studies by an
ascending order, with the first half as low-arousal and the second half as
high-arousal. Typical examples of high-arousal stimuli were words or
scenes of spider, violence and cheers while typical examples of low-
arousal stimuli were those of insect, refugee and banquet. Though this
bisection method is rough, it helps to check whether arousal affects the
emotional bias. The bisection was performed for the scenic studies and
the verbal studies separately, because stimulus type may also affect the
emotional bias. If the studies didn’t report specific arousal values (e.g.,
Citron et al., 2013; Ito and Cacioppo, 2000), the classification depended
on their description of the stimuli. An independent t-test revealed that
the arousal values of high arousal studies (mean ± SD=6.65 ± 0.35)
are significantly higher than that of low arousal studies (5.20 ± 0.63),
t(43) = -9.14, p < 0.001, suggesting that the bisection method is ef-
fective in dividing the arousal level.

2.3.2. Stimulus type
The data of stimulus type in each study were extracted according to

the authors’ description of stimuli. In scenic studies, if the studies used
both face images and scenic pictures, only the data of scenic pictures
were extracted as emotional processing of face differs from that of
scenic picture (Bayer, et al., 2014). In verbal studies, only the data of
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participants’ first languages were extracted; if the studies used both
word and picture as stimuli, the data of them were extracted separately.

2.3.3. Cultural background
The data of cultural background were extracted according to the

authors’ description of participant. As none of included studies reported
the cultural background of participant, the classification of cultural
background was based on the place where participants took part in the
experiment. Specifically, the participants from East Asia (e.g., China)
were divided into Eastern, the participants from European or North
America (e.g., France, Britain, Dutch, Poland, Spain, Germany and
America) were divided into Western.

2.3.4. Task setting
The data of task setting were extracted according to the description

of experimental procedure. The study which instructed participants to
make explicit emotional classification was identified as explicit emotion
task (e.g., identify stimulus valence, arousal, or emotional category). By
contrast, the study requiring participants to perform non-emotional
tasks was identified as implicit emotion task (e.g., watching, reading, or
classification according to non-emotional attributes).

Since the task-relevance of emotional stimuli (i.e., whether emo-
tional stimuli were used as the task-related stimuli or as distractors)
may have potential influence on the results (see Blair and Mitchell,
2009), and few studies have used emotional stimuli as task-irrelevant
distracters (e.g. Delplanque et al., 2005), we only extracted the data
from the studies that used emotional stimuli as the task-relevant stimuli
(regardless of whether the task required emotional or non-emotional
judgement).

The data extraction was presented in Table 1.

2.4. Meta-analysis

2.4.1. Effect size
Hedges’g was calculated for each study, as it shows lower levels of

bias, even with small samples (Borenstein et al., 2009). In the current
analysis, Hedges’g was calculated as follows: g = (Mean positive – Mean
negative) / SD pooled. If the related statistics of this formula were lacking,
Hedges’ g would be derived from t or p values and sample sizes. Similar
to previous studies, if the reported results were significant, but p values
were not provided, one-tailed p values were assumed to be 0.025. If
results were reported as p < 0.05, p < 0.01 or< 0.001, two-tailed p
values were assumed to be 0.05, 0.01 or 0.001, respectively. If results
were reported as insignificant, but no data were provided to calculate
exact p values, the results were conservatively assigned a one-tailed p
value of 0.50 (Borenstein et al., 2009; Higgins et al., 2003).

The Comprehensive Meta-Analysis (Version 2; CMA; Biostat,
Englewood, NJ, USA) software package was used to order, calculate,
and compare effect sizes.

2.4.2. Model selection
Most meta-analyses were based on fixed- or random-effects models.

Borenstein et al. (2010) suggested that model selection should depend
on previous confirmation that included studies shared the same purpose
and showed the same effects. If the features (e.g., participants and
methods) of the included studies were consistent, and the results of the
meta-analysis would not be generalizable to a wider population, the use
of a fixed-effects model is appropriate. Otherwise, a random-effects
model should be selected (Borenstein et al., 2010). Because the selected
articles were inconsistent with respect to participants, methods, and
stimulus types, and we expected the results generalizable to a wider
population, thus a random-effects model was selected for the current
meta-analysis.

2.4.3. Homogeneity
The homogeneity of the distribution of effect sizes was assessed

using Q and I2 tests. In the Q test, a statistically significant Q value
(p < 0.05) denotes heterogeneity in the distribution of effect sizes. In
the I2 test, I2 reflects the proportion of the overall variance explained by
real effect size differences, and higher I2 values indicate greater het-
erogeneity. According to Higgins et al. (2003), 25%, 50%, and 75%
should be regarded as low, moderate, and high thresholds for hetero-
geneity, respectively.

Furthermore, heterogeneity can be used to assess the adequacy of
model selection. Some studies have indicated that the use of a random-
effects model would be most appropriate if the heterogeneity of effect
sizes across studies exceeds the low threshold. Random-effects models
are generally more conservative, relative to fixed-effects models, but
the two models provide similar results when heterogeneity is low (Little
et al., 2012). Therefore, if heterogeneity exceeds the low threshold
(I2>25%), a random-effects model should be used in meta-analyses.

Based on the detection of significant moderators, the follow-up
analyses used Z-test to examine whether the weighted effect sizes for
each level of the moderator, as measured by Hedges’g, is statistically
different from zero. A Z-value significantly above zero indicates a re-
liable positivity offset while that significantly below zero indicates a
reliable negativity bias.

2.4.4. Publication bias
Publication bias was assessed via visual inspection of funnel plots,

Egger’s regression test (De Maria et al., 2015), and Duval and Tweedie’s
trim-and-fill method. In the funnel plot, a symmetrical, inverted cone-
shaped distribution of effect sizes centered around the weighted overall
effect size suggests the absence of publication bias. In Egger’s regression
test, Egger’s intercept and a 95% CI should be calculated, and intercepts
that do not differ significantly from zero (p > .05) indicate the absence
of publication bias. In Duval and Tweedie's trim-and-fill method, the
distribution of the effect sizes in included studies is trimmed or filled on
the left or right to provide symmetrical distribution, and insignificant
differences between adjusted and observed effect sizes indicate the
absence of publication bias.

3. Results

In total, 49 effect sizes from 38 articles fulfilled the inclusion criteria
(Fig. 1). The total number of participants was 1263. A forest plot of the
effect size and 95% CI for each study is presented in Fig. 2.

3.1. Overall effect size

The overall effect size was statistically non-significant, g = -0.06,
CI: -0.21 to 0.10, Z = -0.72, p=0.47. Heterogeneity analysis showed a
moderate heterogeneity across the included studies, Q(48)= 173.01,
p < 0.001, I2=72.26, suggesting that random-effects model was
appropriate and there were significant moderators affecting emotional
bias.

3.2. Moderator analysis

The moderator of arousal (high/low) was statistically significant, Q
(1)= 6.70, p < 0.05. The overall effect size for high arousal stimuli (g
= -0.27, CI: -0.48 to -0.05) was significantly more negative compared
to that for low arousal stimuli (g=0.12, CI: -0.08 to 0.32). Specifically,
the high-arousal stimuli are linked with reliable negativity bias (Z =
-2.46, p < 0.05), whereas the emotional bias of low-arousal stimuli
was not statistically significant (Z=1.17, p= 0.24).

The moderator of stimulus type (scenic/verbal) was statistically
significant, Q(1)= 13.33, p < 0.001. Specifically, the overall effect
size of the scenic studies (g = -0.30, CI: -0.49 to -0.12) was significantly
more negative compared to that of verbal studies (g=0.21, CI: 0.01 to
0.41). Specifically, scenic stimuli are linked with reliable negativity
bias (Z = -3.22, p < 0.01), whereas verbal stimuli are linked with
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significant positivity offset (Z=2.01, p < 0.05).
The moderator of task setting (explicit/ implicit emotion task) was

also statistically significant, Q(1)= 6.72, p < 0.05. The overall effect
size of the explicit emotion task (g = -0.37, CI: -0.62 to -0.11) was
significantly more negative compared to that of implicit emotion task
(g=0.04, CI: -0.14 to 0.22). Specifically, explicit emotion task is linked
with a reliable negativity bias (Z = -2.84, p < 0.01), whereas implicit
emotion task exhibits no reliable emotional bias (Z=0.46, p= 0.65).

However, the moderator of cultural background (Eastern/Western)
was statistically insignificant, Q(1)= 0.03, p= 0.86, indicating that
cultural background does not significantly moderate emotional bias.

3.3. Publication bias

The publication bias was assessed via visual inspection of funnel
plots, Egger’s regression test, and Duval and Tweedie’s trim-and-fill
method. The funnel plot was roughly symmetrical (Fig. 3). Egger’s re-
gression test indicated an absence of publication bias, t(47)= 0.80,
p= 0.43. Duval and Tweedie’s trim-and-fill showed the adjusted effect
size for 5 missing effect sizes to the left of the overall effect size (g =
-0.15, CI: -0.31 to -0.01) was not significantly different from the ob-
served overall effect size (g = -0.06, CI: -0.21 to 0.10), indicating there
was no obvious publication bias.

3.4. Additional analyses of arousal and valence

The current meta-analysis found significant moderation effects of
arousal and stimulus type. However, some studies pointed out that
scenic stimuli are associated with more extreme levels of emotional
arousal and valence than is verbal stimuli (Keil, 2006; Carretié et al.,
2008; Marvan, 2003; Mogg and Bradley, 1998). It is necessary to

compare whether the scenic and verbal studies included in the current
meta-analysis differ in arousal and valence. Although different studies
used emotional materials taken from different stimulus systems (e.g.,
IAPS, CAPS, CAWS, BAWL-R, and ANEW), these stimulus systems were
established by the same method (i.e., Self-Assessment Manikin, SAM;
Lang, 1980; Bradley and Lang, 1994). Thus, the data for emotional
materials of different studies should be comparable. These comparisons
would clarify whether the effect of stimulus type is independent of
arousal and valence differences between scenic and verbal stimuli.

Two analysis of variance (ANOVA) with valence (positive, negative)
and stimulus type (scenic, verbal) as independent variables were run for
arousal and valence value, respectively. The ANOVA for arousal found
no significant main effect or interaction, Fs< 0.22, ps> 0.64,
ηp

2s< 0.01. The ANOVA for valence found a main effect of valence,
with a higher overall value observed for positive (7.20 ± 0.44) than
for negative (2.50 ± 0.40) stimuli, F(1,86)= 2820.50, p < 0.001,
ηp

2=0.97. However, the main effect of stimulus type or the interaction
between valence and stimulus type was not significant, Fs< 2.88,
ps> 0.09, ηp2s< 0.04. These results suggest the arousal value and the
valence value were matched in the scenic and the verbal studies.
Consequently, the stimulus type effect reported above should be in-
dependent of the arousal effects.

The studies that didn’t report arousal (Ito and Cacioppo, 2000; Van
Strien et al., 2009) or valence (Citron et al., 2013; Van Strien et al.,
2009; Wangelin et al., 2012) were excluded from above analyses.

4. Discussion

The aim of the current meta-analyses was to quantitatively assess
the effect of stimulus arousal (high/low), stimulus type (scenic/verbal),
cultural background (Eastern /Western), and task setting (explicit/

Fig. 1. Flowchart of the study selection process. Note: n represents the number of articles, and k represents the number of independent effect sizes.
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implicit emotion task) on the emotional bias based on the P3 ampli-
tudes induced by emotional stimuli. The results highlighted the mod-
eration effects of stimulus arousal, stimulus type and task setting on
emotional bias.

4.1. Meaning of emotional bias

Although emotions can be symmetrically divided into positivity and
negativity (Lang et al., 1998; Russell, 1980), human’s processing of
emotional stimuli is usually asymmetrical as positivity offset or nega-
tivity bias. The former describes that the brain is more sensitive to

positive over negative stimuli, while the latter shows that the brain
responds more strongly to negative over positive stimuli (Cacioppo,
2004; Keil, 2006; Carretié et al., 2008; Marvan, 2003).

Some researchers indicate that the emotional bias derives from the
activation of the motivational system, which evolutionarily shapes
human’s adaptive function of reward pursuit and threat avoidance.
Specifically, there are two main motivational systems, appetitive and
aversive (Schupp et al., 2004). If the activation of the appetitive mo-
tivational system plays a leading role, the brain would show positivity
offset and allocate more cognitive resources to positive emotional
processing, which is conducive to approach behavior, such as seeking

Fig. 2. Effect sizes and corresponding forest plot.
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food and exploring outside world. By contrast, if the activation of
aversive motivational system is predominant, the brain would show
negativity bias and allocate more resources to negative emotional
processing, which helps to detect environmental danger and mobilize
defensive behavior, such as escaping from danger and maintaining
vigilance. Both forms of emotional bias reflect human’s adaptive be-
haviors for survival in the changing environment, according to the idea
of natural selection in evolution theory (Nisbett, 1990; Tooby and
Cosmides, 2005).

4.2. Moderation effects in emotional bias

Our moderator analyses show that arousal, stimulus type and task
setting play roles of moderator in emotional bias, whereas cultural
background does not significantly affect emotional bias.

4.2.1. Arousal
As stated above, high-arousal stimuli result in a significant nega-

tivity bias, which is significantly more negative than the emotional bias
of low-arousal stimuli. This suggests that the emotional bias varies with
the activation inputs of the stimuli, which is embodied by stimulus
arousal. Previous studies have proposed that arousal and valence are
interacting, leading organisms to respond asymmetrically to emotional
stimuli (Cacioppo and Berntson, 1994; Ito and Cacioppo, 2005; Lang
et al., 1998). The bipolar structure theory of emotion (Cacioppo and
Berntson, 1994; Cacioppo and Gardner, 1999) posits that the increased
stimulus arousal is associated with a more intense responding in de-
fensive compared to appetitive motivational systems, as it is evolutio-
narily important to avoid a threatening event faster than to approach a
rewarding target (Peeters and Czapinski, 1990; Taylor, 1991). Conse-
quently, elevated arousal is linked with prioritized processing of ne-
gative over positive stimuli throughout the information processing
stream. This asymmetry could be reflected by the differences in func-
tional mobilization of cognitive resources to negative compared to
positive stimuli (Bradley et al., 2007; Schupp et al., 2007). Therefore, in
the current meta-analysis, the negativity bias is observed by high
arousal instead of low arousal stimuli.

4.2.2. Stimulus type
The moderation effect of stimulus type is manifested by the sig-

nificant positivity offset in verbal stimuli, and a reliable negativity bias
in scenic stimuli. This indicates that the emotional bias shifts from
verbal to scenic stimuli. A theoretical perspective concerning the cog-
nitive processing differences between picture and word suggests that
words require additional processing before access to its emotional as-
pects, while picture processing does not (Glaser and Glaser, 1989;
Wilhelm, 1992). This additional processing involves the top-down
processing, which generates the psychological representation to help us
access emotional aspects of stimuli through mental imagery, proposi-
tions, or both (Chen, 1993; Collins and Quillian, 1969; Kanske and Kotz,
2007; Levelt et al., 1999; West and Holcomb, 1991). However, the
psychological representation of word is changeable. For example, the
word “blood” could be represented as a bloody situation, a scene of a
hospital, or a neutral proposition “the red liquid that your heart pumps
around your body”. On the other hand, the involvement of more pro-
cessing of word compared to picture materials suggests that picture
elicits faster emotional processing in the brain compared to words
(Hinojosa et al., 2009). Empirical evidence suggests that negative pic-
tures receive prioritized attentional allocation relative to positive or
neutral pictures (Feldmann-Wüstefeld et al., 2011; Pourtois et al., 2006;
Raz et al., 2014), and it is difficult to disengage attention from negative
scenic stimuli (Fox et al., 2001; Salemink et al., 2007; Van Damme
et al., 2008). Therefore, in contrast to verbal stimuli that exhibit a
positive emotional bias, the scenic stimuli elicit reliable negativity bias.
This stimulus type effect has an implication for emotion regulation, in
that selecting verbal compared to scenic situations to receive emotional
information relieves negative emotional bias and facilitates the gen-
eration of positive emotional experiences. Future studies should com-
pare picture and word stimuli in a single study, with valence and
arousal controlled, in order to obtain a more direct conclusion.

4.2.3. Cultural background
The current meta-analysis did not show a significant moderation

effect of cultural background. Specifically, the emotional bias of
Western participants is not significantly different from that of Eastern
participants. Cultural background (Western v.s. Eastern) has been
considered to modulate emotion processing for decades (Matsumoto

Fig. 3. Funnel plots of publication bias analysis.
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et al., 2008). Also, empirical evidence confirms that cultural back-
ground indeed affects many aspects of emotional processing, such as,
valuation for emotion (Tsai et al., 2006), preference for the emotional
situation (Heine et al., 2001), and strategy for emotional regulation
(Mauss et al., 2008). However, the current meta-analysis indicates a
cross-cultural consistency in the phenomenon of emotional bias. One
possible explanation is that emotional bias may reflect an evolutionary,
adaptive function rather than a sociocultural shaped, higher-order
emotional function (Ito et al., 1998a,b; Ito and Cacioppo, 2000; Nisbett,
1990). Irrespective of cultural background people live in, it is evolu-
tionarily important for humans to pursue goals or avoid threat simi-
larly. Thus, the rules of emotional processing bias should be applicable
to humans in general, irrespective of cultural background. Another
possible explanation is the cultural globalization effect. Globalization
has been recognized as a promoter of cultural homogeneity, and the
“culturally erosive” effects of globalization would reduce cultural dif-
ferences, making different cultures more and more similar (see Chiu
et al., 2011).

4.2.4. Task setting
The moderation effect of task setting is significant, indicating more

pronounced negativity bias during explicit (i.e., perform explicit emo-
tional judgment) relative to implicit (i.e., non-emotional judgment)
tasks. Specifically, the explicit emotion tasks result in a reliable nega-
tivity bias, while there is no significant emotional bias in implicit
emotion tasks. This indicates that the emotional bias varies with the
task setting.

One of the most salient difference between explicit and implicit
emotion tasks is whether participants were required to perform the
emotion-relevant response (e.g., rate emotional valence, classify emo-
tional category, or estimate the arousal of stimuli). Explicit emotion
tasks require participants to make explicit emotional judgment, where
emotional processing entails top-down attention derived from the task
specification or previous knowledge (Uncapher et al., 2011; Xu et al.,
2009). By contrast, the implicit emotional tasks require participants to
perform non-emotional judgment, wherein emotional processing in-
volves bottom-up attention elicited by salient stimulus. As explicit
emotional tasks lead to more top-down attention resources being allo-
cated to emotional processing, the explicit tasks often enhanced emo-
tional processing relative to implicit tasks (Hajcak et al., 2006). On the
other hand, threat avoidance is usually more important and urgent than
reward pursuit due to the instinct of self-preservation (Janssen et al.,
2012; Nisbett, 1990). Thus, the enhanced emotional processing during
explicit tasks may prioritize one’s detection and coping of threat over
goal information. In this regard, it is reasonable that explicit emotional
tasks induced greater negativity bias relative to implicit emotional
tasks.

4.3. Limitations and future research directions

Several important issues warrant consideration in the interpretation
of current results. Firstly, we used a bisection method for arousal
classification during extracting the data for each study. Although the
current meta-analysis observed a significant moderation effect of
arousal, this effect may be underestimated as stimulus arousal in most
included studies was above the midpoint of a 9-point scale (i.e., 5).
Secondly, the included studies used stimuli from different material
systems. It needs to be noted that these material systems used different
Likert-scales (e.g. 5-point, 7-point, or 9-point) which, as indicated
(Matell and Jacoby, 1972), are distinct in validity to represent raters’
power of discrimination. In this regard, the approach of converting all
the rating data uniformly to the 9-point Likert-scale should be con-
sidered tentative, and caution should be taken with this approach.
Thirdly, the current meta-analysis didn’t take processing load into ac-
count due to the lack of reliable method to quantify this variable across
studies. However, the processing load has been found to affect

emotional processing (Erthal et al., 2005). Future studies should try to
resolve this issue and examine whether processing load moderates
emotional bias in meta-analysis. Fourthly, we did not find sufficient
eligible studies that used emotional stimuli as task-irrelevant dis-
tracters, the current analysis did not consider the moderator of task-
relevance. Fifthly, it has been indicated that low-level visual features,
such as spatial frequency or visual complexity, should be tested and
controlled in exploring emotional processing via pictorial stimuli, as
these visual features may influence early visual processing (Delplanque
et al., 2007). However, few included studies in this work have tested
these low-level features for positive relative to negative stimuli. Future
empirical studies need to take these attributes into account, particularly
when pictorial stimuli are used. Lastly, the current analysis included
only word and picture studies, as it allowed the assessment of a con-
sistent ERP indicator (P3 amplitude) for emotional bias. However,
sounds, sentences, and videos are also considered to represent verbal or
scenic stimuli. Future studies should confirm the present findings via
sound, sentence, and video studies with appropriate indicators.

5. Conclusion

In contrast to the ambiguous findings of empirical studies with small
sample sizes, the current meta-analysis, using P3 amplitude as an in-
dicator, clarified the moderation effect of arousal (high/low), stimulus
type (scenic/verbal), task setting (explicit/implicit emotion task), and
background setting (Eastern/Western) on emotional bias. Specifically,
high arousal stimuli result in a negativity bias relative to low arousal
stimuli; scenic stimuli lead to a negativity bias, whereas verbal stimuli
result in a positivity offset; explicit emotion tasks lead to negative
emotional bias, while implicit emotion tasks do not show reliable
emotional bias; cultural background does not affect emotional bias.
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