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that the most consistent alpha oscillatory pattern indexing emotional processing
is an enhanced desynchronization (ERD) over posterior sensors when viewing
emotional compared with neutral pictures. This enhanced alpha ERD is not spe-
cific to unpleasant picture content, as previously proposed for other measures of

affective response, but has also been observed for pleasant stimuli. Evidence sug-
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gests that this effect is not confined to the alpha band but that it also involves a
desynchronization of the lower beta frequencies (8-20 Hz). The emotional modu-
lation of alpha ERD occurs even after massive stimulus repetition and when emo-

[Correction added on September 29, 2023, tional cues serve as task-irrelevant distractors, consistent with the hypothesis that
after first online publication: “Evidence
suggests that this effect involves a
desynchronization of the upper alpha
band and of the lower beta frequencies
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“Evidence suggests that this effect is not
confined to the alpha band but that it also
involves a desynchronization of the lower
beta frequencies (8-20Hz)” in Abstract
section].

evaluative processes are mandatory in emotional picture processing. A similar
enhanced ERD has been observed for other significant cues (e.g., conditioned
aversive stimuli, or in anticipation of a potential threat), suggesting that it reflects
cortical excitability associated with the engagement of the motivational systems.
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1 | INTRODUCTION

Cortical responses, recorded through electroencephalogra-
phy, can be characterized not only in the time domain for

Emotional stimuli activate cortico-limbic appetitive and
defensive systems, which, in turn, elicit an orienting re-
sponse, and allow for adaptive behavior when opportu-
nities and threats are detected (Bradley, 2009; Codispoti
et al., 2016; Gottlieb, 2012; Keil et al., 2008; LeDoux, 2012;
Ohman, 1992). Electrocortical activity during emotional
processing has been extensively investigated through elec-
troencephalography (EEG), by averaging time-locked elec-
trical changes and determining the amplitude, timing, and
topography of the resulting event-related potentials (ERP).

the study of ERPs but also in the time-frequency domain in
order to study oscillatory activity (Cohen, 2017; Herrmann
etal., 2016; Klimesch, 2018). EEG oscillations represent pe-
riodic decrements and increases, with different time scales,
in the electrical activity of populations of neurons. The
past twenty years have seen increased interest in human
brain oscillations, and it has been suggested that they are a
potentially useful tool with which to understand the neural
mechanisms involved in cognitive and emotional processes
(Cohen, 2017). However, whereas both early and late ERPs
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at occipito-parietal sensor sites are reliably modulated
when viewing emotional, compared with neutral, scenes
(Codispoti et al., 2007; Keil et al., 2002; Schupp et al., 2006),
oscillatory changes during emotional picture processing
have been less widely investigated.

Alpha activity is closely associated with many basic
aspects of perception (Busch et al.,, 2009; Mathewson
et al., 2009), and in the past 20years, several studies have
examined its functional meaning in visual processing
(Jensen & Mazaheri, 2010; Woodman et al., 2022). As
pointed out by Klimesch (2012), alpha band activity is the
only oscillatory band (with the exception of low beta; see
also “fast alpha variant” Mazaheri & Picton, 2005) that re-
sponds to a stimulus and/or task demands either with a
decrease or an increase in amplitude (relative to a baseline
level measured preceding the event), termed event-related
desynchronization and synchronization, or ERD and ERS,
respectively (Klimesch, 2012). In terms of cortical mech-
anisms, it has been suggested that alpha increase (ERS)
indicates cortical inhibition, while alpha decrease reflects
cortical excitability (Klimesch, 2012; Lorincz et al., 2009).
According to the “information via desynchronization” ac-
count (Michelmann et al., 2022), and building on informa-
tion theory (Shannon & Weaver, 1949), alpha/beta power
decreases are functionally involved in neural computa-
tions. Following this account, synchronous (and therefore
informationally redundant) neural activity does not pro-
vide enough coding space for information representation,
while desynchronized neural activity (power decreases in
the alpha/beta band) provides the required coding space
through locally decoupled neural assemblies (Hanslmayr
et al., 2012; Michelmann et al., 2022). Moreover, it has
also been suggested that power decreases in the alpha/
beta band reduce the background noise in the cortex, al-
lowing for key signals to be more clearly communicated
(Michelmann et al., 2022; Mitchell et al., 2009).

Focusing on the functional significance of alpha os-
cillations, in their seminal work, Ray and Cole (1985)
found that alpha power is lower in sensory-intake tasks
(i.e., tasks requiring attention to external stimuli) as com-
pared to rejection tasks (i.e., tasks not requiring atten-
tion to the environment, such as mathematical tasks or
imagery tasks). It has recently been proposed that alpha
power is suppressed when new incoming stimuli need to
be processed, whereas it is increased to maintain existing
representations in the presence of competing processing
streams (Gratton, 2018). Moreover, research has shown
that alpha power also decreases phasically when a task-
relevant visual stimulus appears or when visual attention
is engaged (Bacigalupo & Luck, 2019; Mazaheri & Pic-
ton, 2005; Woodman et al., 2022; Yordanova et al., 2001).
While previous research examined the effects of directed
attention on alpha oscillations, with “top-down” signals

deriving from task demands (Klimesch, 2012; Woodman
et al., 2022), less is known about the effects of the intrinsic
relevance of a stimulus, i.e., its emotional significance.

In a previous literature review assessing EEG oscilla-
tory activity during emotional visual perception, Giintekin
and Basar concluded that the effects of emotional pro-
cessing on alpha band activity were unclear and incon-
sistent (Basar & Giintekin, 2012; Giintekin & Basar, 2014;
Giintekin et al., 2017; see also Bekkedal et al., 2011;
Knyazev, 2007; Masood & Farooq, 2021). However, despite
many studies on alpha activity being available, they were
not included in the reviews mentioned above. The pri-
mary goal of the current review is to determine whether
there are reliable patterns in alpha activity during emo-
tional visual processing.

In the literature on emotion, it has been proposed that
unpleasant events tend to have larger effects than pleasant
ones do (put simply, “Bad is stronger than good”; Baumeis-
ter et al., 2001, Rozin & Royzman, 2001). This phenome-
non is called “Negative bias” and appears to be pervasive,
as evidence has been found in a number of domains
(Baumeister et al., 2001; Hilgard et al., 2014). While no con-
clusive evidence was reported in previous reviews of alpha
activity (Basar & Gilintekin, 2012; Giintekin & Basar, 2014;
Masood & Farooq, 2021), a large and consistent body of
evidence has demonstrated that emotional engagement
modulates both cortical and autonomic responses, and
this modulation is primarily driven by motivational in-
tensity (or arousal) induced by visual stimuli, regardless
of hedonic content (i.e., similar reactivity for unpleasant
and pleasant, compared with neutral, stimuli; Adolphs &
Anderson, 2018; Bradley et al., 2001, 2012; Codispoti &
De Cesarei, 2007; Keil et al., 2008; Sabatinelli et al., 2005;
Schupp et al., 2006; Zald, 2003). Therefore, one focus of
the present review will be the valence-specificity of alpha
emotional modulation, i.e., whether alpha activity is mod-
ulated only by unpleasant stimuli or also by those that are
pleasant and whether the modulation is more pronounced
for unpleasant, compared with pleasant, stimuli.

Previous research examined alpha changes when view-
ing emotional pictures in different experimental conditions;
participants could be performing a task on the pictures (or
on other stimuli) or simply asked to look at them (free
viewing). It has been suggested that emotional effects on
alpha activity vary with task conditions (Luther et al., 2023;
Noguchi & Kubo, 2020; Strube et al., 2021; Uusberg
et al., 2013). Uusberg et al. (2013) reported enhanced alpha
ERS for emotional compared to neutral stimuli, and this
effect was particularly pronounced during an emotional
task (rating the valence and arousal of the affective state
induced by the picture), compared with a non-emotional
task (evaluating physical properties of the pictures), lead-
ing the authors to suggest that emotion-modulated alpha

85U8017 SUOWIWIOD BA 118810 3ol [dde ay) Aq pauenob ae sapoile VO ‘8sN JO Sa|n. 10} Afeld]TauIjUQ AB|1M UO (SUONIPUCD-pUe-SWRIALI0O A3 | 1M Ale.q Ul Uo//:Sdny) SUONPUOD pue SWie 1 8y} 88S *[£202/2T /2] Uo AriqTauljuo A|iM ‘uewnood 7 vediq IWexsIS ealy Ad 88T dASA/TTTT OT/I0p/wW00 A8 | AReaq 1 puijuo//:sdiy Wouy papeojumoq ‘ZT ‘€202 ‘986869%T



CODISPOTI ET AL.

30f 16

(a) Emotional - Neutral (b)
| LNl M
‘ AdB

[y
s

o
o

o
o

o

Alpha Power (dB)
S @

~N
o

Frequency (Hz)

o
o

°
°
T

IPSYGHOPHYSIUI.OGY sprf e

Neutral
—— Threat
—— Mutilation|

\ —— Erotica
Romance 004
Neutral

-05

0 0.5 1 15 2
Time (s)

(¢)  EroTICA ROMANCE NEUTRAL ATTACK
AN

1
20

o

T T T T g v v T
0.0 05 10 15 20 05 0.0 05 1.0
Time (s) Time (s)

C
Erotica
Romance
Neutral
Threat
Mutilation

MUTILATION

Alpha ERD (dB)

-3.0-

FIGURE 1 Affective modulation of alpha-ERD. Data from Ferrari et al., 2020 (overall blocks). (a) Time-frequency plot of the emotional-
neutral difference at occipitotemporal sensor sites. (b) Waveform of the power changes in the alpha range (8-12 Hz, baseline corrected from

—0.5 to —0.23). (c) Topography of alpha power changes for each stimulus category during the 400-800 ms interval. (d) Alpha power changes

for each stimulus category at occipitotemporal sensor sites in the 400-800 time interval.

power changes may be sensitive to task requirements. Can
affective modulation of alpha activity be observed only in
free viewing or only when participants are asked to focus on
the emotional content of the stimuli? How is alpha activ-
ity modulated by task requirements and emotion? In order
to answer these questions, the present review summarizes
findings for experiments that used free-viewing paradigms
(in which no specific instruction was given to participants),
emotional tasks (in which the participants’ attention was
directed to the emotional characteristics of a stimulus),
and non-emotional tasks (in which the participants were
asked to judge a non-affective feature of an emotional stim-
ulus, such as its luminance, or were asked to focus on a
separate neutral target stimulus, such as a Gabor patch).
Finally, since the most common visual stimuli presented
when studying emotion are natural scenes and images of
facial expressions, oscillatory data measured when viewing
either type of cue will be assessed and included in separate
sections of the present review.

1.1 | Emotional processing of natural
scenes and alpha changes

Across studies, the processing of emotional, compared to
neutral, pictures was reliably associated with an enhanced

power decrease in the alpha band (“emotional modulation
of alpha ERD” hereafter) over posterior sensors' (see
Figure 1; Cui et al., 2013; De Cesarei & Codispoti, 2011;
Ferrarietal., 2015, 2020, 2022; Menget al., 2016; Messerotti
Benvenuti et al., 2019; Murphy et al., 2020; Parvaz
et al., 2015; Scharinger, 2023; Schubring & Schupp, 2019,
2021; Simons et al., 2003; Wang et al., 2021).

In terms of the time course, the emotional modulation
of alpha ERD was observed in the time window begin-
ning around 300-400ms after stimulus onset and lasted
approximately until 900-1000ms or longer after stimulus
onset. Several studies report the emotional modulation of
alpha ERD only in the time window in which the effect
was larger (or in which it overlapped with the affective
modulation of the Late Positive Potential; Cui et al., 2013;
De Cesarei & Codispoti, 2011; Ferrari et al., 2015, 2020,

! Few studies reported affective modulation of alpha power over frontal
regions, in the direction of a larger alpha ERS for emotional, compared
to neutral, stimuli (Aftanas et al., 2001, 2002; Uusberg et al., 2013), or a
larger ERD for emotional, compared to neutral, stimuli (Balconi et

al., 2009; Schubring & Schupp, 2019; Weinreich et al., 2016), while a
substantial number of studies analyzing frontal regions failed to report
affective modulation in the alpha range, or found weaker effects
compared to posterior areas (Cui et al., 2013; De Cesarei &

Codispoti, 2011; Ferrari et al., 2020; Ferrari et al., 2022; Keil et al., 2001;
Lee et al., 2017; Messerotti Benvenuti et al., 2019; Miiller et al., 1999;
Schubring & Schupp, 2019, 2021).
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2022); however, other experiments clarified the time
course by assessing the whole time interval (Messerotti
Benvenuti et al., 2019; Schubring & Schupp, 2019, 2021).
Interestingly, the emotional modulation of alpha ERD
mostly involved the upper alpha band, consistent with
previous studies on visual processing (Klimesch, 2018).
Moreover, this effect seems not to be confined to the upper
alpha band, but also involves the lower beta band (Ferrari
et al., 2020, 2022; Schubring & Schupp, 2019, 2021). The
emotional modulation of alpha ERD was found even for
stimuli that were only briefly presented (150 ms or lon-
ger, Ferrari et al., 2022; Murphy et al., 2020; Schubring &
Schupp, 2019), suggesting that it is triggered by the rapid
detection of stimulus significance and does not rely on
sustained picture scanning and processing (similar find-
ings have been reported for the affective modulation of the
Late Positive potential; Codispoti, Ferrari, & De Cesarei,
2009, 2012; Ferrari et al., 2008).

The emotional modulation of alpha ERD seems to re-
flect the engagement of the motivational systems when
a significant/arousing stimulus is detected. Consistently,
a modulation of alpha ERD was also observed in stud-
ies that manipulated stimulus significance (arousal) by
conditioning neutral stimuli (Bacigalupo & Luck, 2022;
Bierwirth et al., 2023), and in anticipation paradigms,
in which participants had to anticipate negative events,
painful/aversive stimulation or possible threats (Del
Percio et al., 2006; Onoda et al., 2007). Several condition-
ing studies reported greater alpha-band suppression fol-
lowing a conditioned stimulus (CS) that was paired with
an aversive (CS+) vs. neutral (CS—) outcome (Bacigalupo
& Luck, 2022; Chien et al., 2017; Friedl & Keil, 2020,
2021; Panitz et al., 2019; Yin et al., 2020). It is worth men-
tioning that enhanced alpha desynchronization was also
found during the anticipation of significant stimuli, not
only when stimuli were visually available (Bacigalupo &
Luck, 2022; Balderston et al., 2017; Onoda et al., 2007).
The anticipation of a painful stimulus prompted larger
suppression of alpha activity (Babiloni et al., 2003; Del
Percio et al., 2006; on the subject of pain perception, see
also Li et al., 2020) compared to a non-painful stimulus;
likewise, in a “threat of shock” paradigm (also called “in-
structed threat paradigm”, Grillon et al., 1991), the threat-
ening context was associated with a sustained larger
alpha reduction compared to a safe context (Balderston
et al., 2017). Interestingly, Balderston et al. (2017) found
that threat reduced parietal alpha oscillations and in-
creased functional connectivity (measured with fMRI)
in the intraparietal sulcus and in other regions known
to play a key role in attention orienting. Taken together,
these findings suggest that enhanced alpha desynchro-
nization following arousing/significant cues reflects the
engagement of the motivational systems.

A similar pattern of findings was also observed in
previous research using dynamic stimuli (film clips, or
looming stimuli), in which it was reported that emo-
tional stimuli trigger a greater alpha sustained decrease
compared to neutral stimuli (Kim et al., 2021; Romeo
et al., 2022; Sarlo et al., 2005; Vagnoni et al., 2015). The im-
pact of unpleasant film clips on oscillatory activity was in-
vestigated by Sarlo et al. (2005) who wanted to clarify the
specificity of alpha changes induced by different unpleas-
ant contents. Consistent with picture processing studies, a
film clip depicting the early phases of a thoracic surgical
procedure (open wounds, a category akin to mutilations)
elicited larger alpha ERD compared to other unpleasant
and neutral contents (Sarlo et al., 2005). Recently, Kim
et al. (2021) examined the impact of 32 emotional videos
on EEG oscillations. A larger alpha and beta desynchroni-
zation was found in widely distributed areas of the cortex
for film clips containing high, compared to low, arousal
scenes (Kim et al., 2021). Moreover, it has been reported
that threatening looming stimuli, compared with non-
threatening ones, induced larger alpha ERD (Vagnoni
et al., 2015).

While larger alpha ERD for emotional compared to
neutral stimuli is the most replicated pattern during the
processing of natural scenes, one study observed larger
alpha power (ERS) for unpleasant, compared to neutral
pictures, within the first second of viewing over posterior
regions (Uusberg et al., 2013; see section 5.0 for a discus-
sion on the task effects), and another two studies over
frontal areas (Aftanas et al., 2001, 2002).

Finally, a few studies did not observe any significant
emotional effects over posterior regions (Aftanas et al., 2001;
Aranaetal., 2022; Dell'Acqua et al., 2022; Lee et al., 2017; Lu-
ther et al., 2023; Miiller et al., 1999; Noguchi & Kubo, 2020),
while one only reported an early and short-lived (280 -
340ms) alpha power affective modulation, in the direction
of larger desynchronization for unpleasant compared with
neutral and pleasant stimuli but only when pictures were
presented in the right hemifield (Keil et al., 2001). Notably,
in some of these studies, the most arousing stimulus cate-
gories, such as erotic scenes and/or mutilation/injury, were
not used (Dell'Acqua et al., 2022; Lee et al., 2017; Luther
et al., 2023; Noguchi & Kubo, 2020), or a combination of
different picture categories, such as babies, family, animals,
sport, romance, and erotica, were included for the pleasant
condition, while pollution, human attack, animal attack, and
mutilation/injury were used as stimuli for the unpleasant
category (Aftanas et al., 2001; Arana et al., 2022; Dell'Acqua
et al., 2022; Miiller et al., 1999). As erotic and mutilation/in-
jury scenes have been shown to be the strongest elicitors of
emotional alpha-ERD modulation (Cui et al., 2013; De Cesa-
rei & Codispoti, 2011; Ferrari et al., 2020, see also Figure 1),
consistent with other cortical and autonomic measures
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(Bradleyetal.,2017; De Cesarei & Codispoti, 2010; Sabatinelli
et al., 2005; Schupp et al., 2004; Stevens et al., 2019;
Weinberg & Hajcak, 2010), it is possible that the absence (or
low percentage) of highly engaging pictures from the emo-
tional categories might be a factor (among others) in deter-
mining the findings.

Previous research has shown that emotional cues, es-
pecially pictures of mutilation/injury and erotic scenes,
activate cortical and subcortical processes, and engage a
cascade of orienting, metabolic mobilization, and action
preparation. Brain responses to emotional stimuli have been
widely investigated via the presentation of pictures evok-
ing a broad range of subjective and autonomic reactions,
varying in intensity (Bradley, 2000; Keil et al., 2008; Schupp
et al., 2006). fMRI studies showed enhanced activation for
emotional pictures in secondary visual processing sites in
the lateral occipital cortex, extending up the dorsal stream
to the parietal cortex (Bradley et al., 2003; Keil et al., 2012;
Lang & Bradley, 2010; Pessoa, 2008; Pourtois et al., 2013;
Sabatinelli et al., 2007; Satpute et al., 2015). In a MEG study,
Popov et al. (2012) found that the larger alpha (again in the
upper range) reduction for unpleasant, compared to neutral,
pictures involved the parietal and occipital areas.

The emotional modulation of alpha ERD that was reli-
ably reported within the first second of viewing emotional
pictures largely overlapped with the late positive potential
(LPP) in terms of timing (De Cesarei & Codispoti, 2011;
see Figure 2). The LPP affective modulation reflects both
motivational significance and attention allocation (Codis-
poti et al., 2007, 2016; De Cesarei et al., 2017; Ferrari
et al., 2020; Schupp et al., 2006; Weinberg & Hajcak, 2010).

IPSYGHOPHYSIUI.OGY s

Although these two brain markers of emotional process-
ing share some similarities (De Cesarei & Codispoti, 2011;
Ferrari et al., 2022), increasing evidence has also shown
that emotional modulation of alpha ERD and of the LPP
are differentially affected by stimulus novelty, especially
in terms of habituation pattern across picture repetitions:
whereas the enhanced LPP for emotional pictures reliably
decreases with stimulus repetition, the emotional mod-
ulation of alpha ERD remains stable across repetitions
(Codispoti et al., 2007; Ferrari et al., 2015, 2020; Schubring
& Schupp, 2021), suggesting that it reflects the engage-
ment of motivational systems when a significant stimu-
lus is detected, rather than attentional processes that are
expected to decrease with stimulus repetition. Moreover,
no correlation was found across participants between
the emotional modulation of the LPP and the alpha ERD
effect (De Cesarei & Codispoti, 2011; Parvaz et al., 2015;
see also Figure 2, and Li et al., 2020, for dissociation in
pain perception). Furthermore, these patterns have been
replicated in several studies and suggest that the affective
modulation of these two measures (LPP and alpha ERD)
reflect partially distinct mechanisms engaged in emotional
picture processing (see Valentini et al., 2017, for similar
findings on death-related cues in nociceptive processing).
It should be noted that the dominant spectral components
of the LPP (and P300) belongs to delta and theta frequency
ranges (e.g., Wang & Ding, 2011). Several mechanisms
might be involved in the relationship between oscillatory
EEG activity and LPP affective modulation (e.g. baseline-
shift mechanism; Nikulin et al., 2010), and more research
is needed to clarify it.

Alpha ERD and Late Positive Potential: Emotional Modulation
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Alpha ERD has been interpreted as an electrocortical
component of the orienting response to environmental
events (Barry & Beh, 1972; Sokolov, 1963). Consistently,
previous research has shown that both top-down cogni-
tive demands and bottom-up visual stimulation impact
measurements of alpha oscillations (Klimesch, 2012; Riz-
zuto et al., 2003). In picture processing paradigms, the
overall alpha ERD was affected by top-down/attentional
processes (with a greater desynchronization for targets vs.
non-targets; Schubring & Schupp, 2019), as well as by sen-
sory/perceptual manipulations, such as picture size and
exposure duration (less pronounced desynchronization for
smaller or briefly presented pictures; Codispoti, Ferrari, &
De Cesarei, 2009; De Cesarei & Codispoti, 2011). However,
affective modulation of alpha ERD (i.e., emotion vs. neu-
tral difference) was independent of task (e.g., Schubring
& Schupp, 2019), picture size, and exposure time. Con-
sistently, when pictures were presented lateralized (left
and right), the overall alpha ERD, but not the emotional
modulation of alpha ERD, was greater in the contralat-
eral hemisphere compared to the ipsilateral hemisphere
(notably, the lateralized pattern of alpha ERD differed
from the topography of the LPP; Ferrari et al., 2022). Alto-
gether, these results seem to indicate that while the overall
change in alpha ERD may reflect a cortical activation that
is modulated by contextual or perceptual features, its af-
fective modulation constitutes a further modulatory and
independent factor, which is likely to be related to the en-
gagement of motivational systems (appetitive and defen-
sive) in reaction to emotional contents.

1.2 | The processing of emotional facial
expressions and alpha changes

The current review also summarizes studies that used fa-
cial expressions as stimuli to assess emotional modulation
of oscillatory alpha activity. Overall, studies using faces as
induction stimuli reported mixed results. Only a few stud-
ies reported a larger alpha ERD for emotional compared
with neutral facial expressions (Balconi & Mazza, 2009;
Chen et al., 2012; Sollfrank et al., 2021). On the other
hand, two studies reported the opposite pattern, that is,
a larger alpha power for emotional compared with neu-
tral expressions (Almeida et al., 2016; Fisher et al., 2015),
while others failed to observe significant alpha modula-
tion (Balconi & Lucchiari, 2006; Balconi & Pozzoli, 2007;
Baumgartner et al., 2006; Gonzalez-Roldan et al., 2011;
Gonzdlez-Roldan et al., 2013; Knyazev et al., 2008). These
mixed findings are consistent with previous research, sug-
gesting that static emotional facial expressions are weak
stimuli in the induction of reliable emotional effects
in autonomic responses (Alpers et al., 2011; Bublatzky

etal., 2019; Fisher et al., 2015; Surcinelli & Codispoti, 2007;
Vrana & Gross, 2004; Wangelin et al., 2012; for a similar
argument see Levenson et al., 2017) and, at least in part, in
cortical responses (Bradley et al., 2003; Thom et al., 2014;
Wangelin et al., 2012). Interestingly, in a recent study by
Schubring et al. (2020), facial expressions seem to en-
gage alpha power changes in a late time window (1000-
1800 ms) when immersion is enhanced in a virtual reality
(VR) environment. In this study, the authors found more
pronounced alpha ERD for angry avatar faces compared
to neutral faces, suggesting that an enhanced immersion
with avatar expressions enabled by VR technology can
affect alpha activity in the same direction as pictures of
natural scenes (Schubring et al., 2020).

2 | NEGATIVE BIAS IN
AFFECTIVE MODULATION OF
ALPHA ERD?

It has been proposed that effects of emotion on attention
are specific to unpleasant stimuli (e.g., Koster et al., 2004;
Ohman et al., 2001; Pratto & John, 1991). A previous re-
view (Glintekin & Basar, 2014) that summarized the stud-
ies on neural oscillations and affective visual processing
that were available at the time concluded that a nega-
tive bias could exist concerning other oscillatory bands,
but no conclusion was reached concerning alpha activ-
ity. Does emotional modulation of alpha ERD occur only
for unpleasant stimuli? What about responses to pleasant
stimuli? Does alpha ERD modulation differ in response to
pleasant and unpleasant stimuli?

A larger alpha ERD has been observed for unpleas-
ant compared to neutral images (Cui et al., 2013; De
Cesarei & Codispoti, 2011; Ferrari et al., 2015, 2020, 2022;
Meng et al., 2016; Messerotti Benvenuti et al., 2019; Par-
vaz et al., 2015; Scharinger, 2023; Schubring et al., 2020,
Exp. 2 and 3; Wang et al., 2021), but also for pleasant com-
pared to neutral pictures (Cui et al., 2013; De Cesarei &
Codispoti, 2011; Ferrari et al., 2015, 2020, 2022; Messerotti
Benvenuti et al., 2019; Schubring & Schupp, 2019, 2021,
in Exp 1. and 3; Wang et al., 2021). Most studies failed
to find a difference between pleasant and unpleasant
contents (Cui et al., 2013; De Cesarei & Codispoti, 2011;
Messerotti Benvenutietal., 2019; Murphy et al., 2020; Wang
et al., 2021), while in two studies erotica elicited a larger
alpha ERD than mutilation/injury (Ferrari et al., 2020,
2022). Consistently, this pattern of ERD findings has
been observed not only with pictures but also with other
emotional reactivity induction techniques, such as film
clips (Romeo et al., 2022). Romeo et al. (2022) reported
a larger alpha ERD for erotic and fear-inducing film clips
compared to neutral ones, and, in addition, a larger alpha
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ERD for erotic compared to fear-inducing film clips over
posterior regions. Although picture repetition does not
affect the alpha ERD for either pleasant or unpleasant
stimuli, an enhanced alpha ERD has been observed when
novel emotional stimuli (pleasant and unpleasant), but
not neutral ones, are presented after an extensive phase
of stimulus repetition. This suggests that the detection of
any specific perceptual change in pleasant and unpleas-
ant stimuli results in an enhanced alpha ERD (Ferrari
et al., 2020). Altogether, the available evidence does not
support the possibility of emotional modulation of alpha
ERD being specific for unpleasant stimuli compared with
pleasant and neutral stimuli. The negativity bias may be
involved in several processes — including attitudes, social
contagion, and contamination (Ito et al., 1998; Rozin &
Royzman, 2001) — however, the current review does not
reach the same conclusion regarding the existence of this
negativity bias on emotional modulation of alpha ERD
during picture processing.

Modulatory patterns as a function of stimulus intensity,
driven mostly by mutilation/injury and erotic scenes, have
been consistently reported for other physiological measures
of emotional reactivity, including skin conductance, pupil
dilation, late positive potential, and functional changes in
the amygdala and visual cortex (Bernat et al., 2006; Brad-
ley et al., 2001; Bradley et al., 2017; Codispoti & De Cesa-
rei, 2007; Keil et al., 2008; Stevens et al., 2019; Weinberg &
Hajcak, 2010; Sabatinelli et al., 2005; Schupp et al., 2004),
suggesting that alpha activity, similarly to other physiolog-
ical components of the orienting response (see also similar
findings for attentional interference/capture by emotion in
Codispoti et al., 2016; De Cesarei & Codispoti, 2008; Fer-
rari et al., 2017; Most et al., 2007; Schimmack, 2005), varies
with motivational significance of the stimuli, more than
with their hedonic content (i.e., valence).

3 | FRONTAL ALPHA
ASYMMETRY AND EMOTION

Since the 1980s, a large body of research has exam-
ined frontal alpha asymmetry in relation to emotion
and psychopathology (Ahern & Schwartz, 1985; Coan &
Allen, 2004; Davidson, 1992; Harmon-Jones, 2003; Reznik
& Allen, 2018). The “approach-withdrawal motivational”
hypothesis of frontal asymmetry proposes a lateralization
of emotion across the left and right frontal hemispheres;
appetitive motivation and approach-related affect are as-
sociated with greater left-frontal activity, whereas with-
drawal motivation and negative motivation are linked
to greater right-frontal activity (Coan & Allen, 2004;
Harmon-Jones, 2003). Several studies examined frontal
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alpha asymmetry as an individual difference variable (rest-
ing activity) related to emotional responses and disorders
(for reviews on this specific topic see Coan & Allen, 2004;
Davidson, 1992; Hagemann, 2004; Harmon-Jones &
Gable, 2018; Reznik & Allen, 2018). Concerning frontal
alpha asymmetry as a state-dependent concomitant of
emotional responding (“activation”) to visual stimuli, the
studies failed to observe any effect of emotional picture
content (Adolph et al., 2017; Deng et al., 2021; Elgavish
et al.,, 2003; Gable & Harmon-Jones, 2008; Gilintekin
et al., 2017; Hagemann et al., 1998; Harmon-Jones, 2007,
Harmon-Jones et al., 2010; Harmon-Jones et al., 2022;
Ponkdnen & Hietanen, 2012; Poole & Gable, 2014; Uus-
berg et al., 2014; for reviews, see Sabu et al., 2022). Con-
sistently, most of the studies examined in the present
review did not report any hemispheric difference in alpha
activity for pleasant and unpleasant stimuli, and neu-
roimaging studies (fMRI and PET) failed to find asym-
metrical frontal activation differences as a function of
type of affective stimuli (Garcia-Garcia et al., 2016; Kober
et al., 2008; Murphy et al., 2003; Pizzagalli et al., 2003; Xu
et al., 2021; Wager et al., 2015). Several studies on alpha
activity assessed frontal asymmetry during emotional
picture processing, but the findings did not support the
“approach-withdrawal motivational” hypothesis, and this
focus on frontal asymmetry for pleasant and unpleasant
contents might have contributed to the emotional modu-
lation ERD effect being somewhat neglected.

4 | ALPHA ACTIVITY AND
EMOTION: THE EFFECT OF TASK

It has been suggested that the pattern of alpha modulation
as a function of stimulus emotionality may depend on the
task the system is carrying out (Strube et al., 2021; Uusberg
et al., 2013). More specifically, it has been proposed that
while larger alpha ERD for unpleasant compared to
neutral pictures may be observed during free viewing,
a different pattern (larger ERS for emotional compared
to neutral) could be found during active tasks (Uusberg
etal., 2013).

Most of the studies examining the free viewing of
emotional and neutral pictures reported emotional mod-
ulation of alpha ERD over posterior sensor sites, with a
sustained stronger ERD for emotional compared with
neutral pictures from 300 to 400 ms to about 1000 ms after
the onset of the pictures (Cui et al., 2013; De Cesarei &
Codispoti, 2011; Ferrari et al., 2015; Messerotti Benvenuti
et al., 2019; Parvaz et al., 2015; Schubring & Schupp, 2021;
but see Dell'Acqua et al., 2022; Lee et al., 2017; Luther
et al., 2023; Miiller et al., 1999 for null findings in
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free-viewing tasks). A similar emotional effect was also
found when emotional pictures were presented while
participants were asked to perform cognitive tasks, again
showing a significant alpha ERD over posterior sen-
sors between about 300 ms to 1000 ms post-picture onset
(Ferrari et al., 2020, 2022; Murphy et al., 2020; Schubring
& Schupp, 2019, 2021). Finally, in emotional tasks (i.e.,
either judging emotional picture content or rating one's
affective reactions), two studies reported increased alpha
power for emotional compared with neutral pictures
(Aftanas et al., 2002; Uusberg et al., 2013), but a higher
number of studies reported a larger alpha ERD for emo-
tional compared with neutral pictures (Schubring &
Schupp, 2019, 2021 [three independent experiments];
Simons et al., 2003; Strube et al., 2021). Altogether, these
investigations indicate that the nature of the task does not
seem to be crucial in affecting the emotional modulation
of alpha ERD. A sustained posterior emotional modula-
tion of alpha ERD is reliably observed during free view-
ing as well as in active task conditions, regardless of the
fact that the emotional pictures were task relevant stimuli
(Schubring & Schupp, 2019, 2021), or served as distrac-
tor stimuli during a main task (Ferrari et al., 2020, 2022;
Schubring & Schupp, 2019, 2021). Enhanced alpha ERD
for highly arousing compared with low arousing pictures
was found with a variety of task conditions: a categoriza-
tion task for the scenes that required an explicit decision
to press one of two buttons (Schubring & Schupp, 2019);
counting, in one's head, the number of scenes depicting a
specific target category (Schubring & Schupp, 2021); tasks
not specifically focused on the scene, such as detecting
the appearance of a low-probability target (a geometric
shape; Ferrari et al., 2020) or identifying the orientation
of a centrally presented Gabor patch while emotional pic-
tures were distractors presented in the peripheral visual
field (4° from the inner edge of the distractor to the center
of the Gabor patch, Ferrari et al., 2022). Taken together,
the findings reported in the current review do not support
the hypothesis that emotional (differential) effects (ERS
vs. ERD) in the alpha band depend on the concurrent task
in the picture-processing context. Furthermore, several
studies indicate that the emotional modulation of alpha
ERD occurs even when participants are performing a cog-
nitive competing task on the images, or when emotional
cues serve as task-irrelevant distractors and appear dis-
placed in space compared to the target of the perceptual
task at hand. These findings, together with evidence that
the emotional modulation of alpha ERD occurs even after
massive stimulus repetition, seem to be consistent with
the hypothesis that evaluative processes and the engage-
ment of motivational systems are mandatory in emotional
picture processing.

5 | LIMITATIONS AND FUTURE
DIRECTIONS

Some potential limitations of the current review need to
be addressed. First, we were not able to assess the emo-
tional modulation of alpha ERD in terms of onset time,
length, and topography because most of the studies re-
ported only a specific time interval and sensor selection
(however, see Schubring & Schupp, 2019, 2021). Second,
in the present review, we focused on the impact of static
visual stimuli on alpha modulation, therefore future
reviews and studies should examine whether similar
findings are obtained for other modalities (e.g., acous-
tic, olfactory). Third, alpha oscillation was assessed
using a variety of techniques (see baseline selection and
quantification, e.g., Gyurkovics et al., 2022) across stud-
ies, that, together with missing methodological details
(often basic statistical parameters, such as means and
standard error, or partial eta squared), might have con-
tributed to the underestimation/overestimation of pos-
sible “between studies” manipulations/comparisons
(e.g., task requirements or exposure time) and prevent a
meta-analysis from being performed. We believe future
research would benefit from recent methodological rec-
ommendations on oscillations (Donoghue et al., 2020;
Keil et al., 2022) and signal processing techniques (Cole
& Voytek, 2019; Donoghue et al., 2020; Gyurkovics
et al., 2022; Kosciessa et al., 2020).

The literature on EEG oscillatory activity and emo-
tional processing has also been characterized by an in-
consistent focus on various EEG bands, often without a
specific rationale, and most of the studies analyzed each
oscillatory band separately with few studies assessing the
coherence between bands. Concerning other oscillatory
bands, less systematic research has been reported; there
is some evidence of emotional effects on delta, theta, and
gamma bands (Giintekin & Basar, 2014; but see Schubring
& Schupp, 2019, 2021, for null findings). Moreover, few
studies have examined the electrocortical synchroniza-
tion (spectral power and phase EEG coherence) of corti-
cal regions/networks during emotional picture perception
(Glintekin et al., 2017; Miskovic & Schmidt, 2010; Yang
et al., 2020), again with no consistent findings. Future
studies might clarify the neural mechanisms and pro-
cesses (e.g., attention or memory) engaged by emotional
stimuli by systematically examining the coherence be-
tween oscillatory bands (e.g., alpha and gamma; Ono
et al., 2023; Srinivasan et al., 2007), and between cortical
regions/networks.

Alpha ERD has repeatedly been shown to be related
to heightened attentional engagement (Klimesch, 2012;
Mazaheri & Picton, 2005; Yordanova et al., 2001) and it
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was recently proposed that alpha oscillations might reflect
“a cognitive mechanism of attention that not only works to
select new, important inputs from our visual field, but also
operates to activate memory representations” (Woodman
et al., 2022). Since emotional stimuli capture attention
(Micucci et al., 2020; Mulckhuyse, 2018; Ohman, 1992),
the emotional modulation of alpha ERD is consistent with
these previous EEG studies on attentional selection. How-
ever, it has been shown that stimulus repetition does not
reduce the emotional modulation of alpha ERD (Ferrari
et al., 2020, 2022), and future studies should clarify how
attention affects alpha ERD in emotional processing.

In the present review, we focused on emotional pic-
ture perception, and although a similar alpha ERD effect
has been observed for other significant/arousing stimuli
(e.g., anticipation of threat), or during the processing of
dynamic stimuli (film-clips or looming images), less is
known regarding acoustic stimuli and naturalistic multi-
sensory stimulation/contexts. The emotional modulation
of alpha ERD has mostly been assessed and reported using
static visual stimuli, and, even though it is a reliable effect,
an open question for future research would be to examine
EEG oscillations in emotionally intense quasi-naturalistic
settings. Experimental control is a problem with everyday-
life conditions, but new technologies, such as immersive
virtual reality (VR), allow individuals to experience dy-
namic/interactive situations and might represent an ex-
traordinary tool to improve the tradeoff between internal
and external validity in psychophysiological research (and
neuroscience). Recently, Hofmann et al. (2021) pioneered
this new field and used VR to investigate EEG oscillations
during an intense emotional situation (a roller coaster ride
with high immersion). Signal processing of EEG activity
through statistical modeling revealed an inverse rela-
tionship between subjective emotional arousal and alpha
power over parieto-occipital regions, consistent with the
emotional modulation alpha ERD effect reported in pic-
ture perception studies. Future research should examine
EEG oscillations in other high and low arousing pleasant
and unpleasant contexts in everyday-life conditions.

51 | Summary and conclusions

Alpha band activity has long been examined in psycho-
physiological research in the context of the orienting re-
sponse to visual and acoustic stimuli (e.g., geometric figures
and tones); however, oscillatory activity during emotional
processing has been less widely investigated. Previous lit-
erature reviews assessing EEG oscillatory activity during
picture perception focused on a small number of stud-
ies showing inconsistent findings, and concluded that
the emotional effects on alpha band activity were unclear

IPSYGHOPHYSIUI.OGY s

(Giintekin et al., 2017; Glintekin & Basar, 2014; Masood &
Farooq, 2021). Recently, systematic research has been con-
ducted, and the studies reviewed here indicate that alpha
desynchronization (ERD) over posterior sensors is reliably
enhanced when viewing emotional compared with neutral
pictures. Consistent with other measures of emotional reac-
tivity, alpha ERD is modulated by highly arousing picture
contents, such as stimuli depicting mutilation/injury and
erotic scenes, suggesting that it is triggered by the high mo-
tivational significance of the stimuli more than with their
hedonic content (i.e., valence). Evidence indicates that the
emotional modulation of alpha ERD occurs even after mas-
sive stimulus repetition (Ferrari et al., 2020; Schubring &
Schupp, 2021), when participants are asked to perform a
perceptual task, and when emotional cues serve as task-
irrelevant distractors and appear displaced in space com-
pared to the target of the task at hand (Ferrari et al., 2022;
Murphy et al., 2020), consistent with the hypothesis that
evaluative processes are mandatory: that is, they are not af-
fected by ongoing top-down goal settings in emotional pic-
ture processing when enough time is available for stimulus
identification (Reisenzein & Franikowski, 2022).

A similar enhanced ERD has been observed for other
significant stimuli (e.g., conditioned threat stimuli, or
in anticipation of a potential threat), suggesting that
it reflects cortical excitability associated with the en-
gagement of the motivational systems (Bacigalupo &
Luck, 2022; Balderston et al., 2017; Friedl & Keil, 2021).
Michelmann et al. (2022) pointed out that alpha activity,
similar to any other neural phenomenon (Cacioppo &
Tassinary, 1990; Tassinary et al., 2023), does not reflect
a specific cognitive process (i.e., attention, memory;
see the “reverse inference error”, Poldrack, 2011) but
is more likely to indicate a basic mechanism involved
in different contexts and processes (Klimesch, 2012;
Michelmann et al., 2022). One possibility is that the
enhanced alpha/beta ERD might reflect a basic mech-
anism associated with the engagement of the motiva-
tional systems, which is mandatory in the processing of
stimulus significance.
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