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Abstract

In our visual environment, emotional stimuli play an important role. They provide pivotal
information about potential danger or threat that trigger defensive actions, or, conversely,
prompt approach behaviour when confronted with pleasant and appetitive stimuli. A long lasting
debate revolves around the question as to whether emotional stimuli have the potential to attract
attention involuntarily, and thus, bias attentional resources in their favour in order to gain
preferential stimulus processing. Furthermore, it is not yet known to what extent that competition
for processing resources relies on higher-order cognitive processes, such as the extraction of
the emotional content of a certain image. In a series of four electrophysiological studies that we
review here, we aimed to investigate to what degree attentional resource allocation towards
emotional stimuli is linked to the higher-order process of emotional cue extraction. Our results
strongly indicated that the speed at which emotional cue extraction can be performed influences
the latency of the attentional resource bias in early visual cortex. Moreover, affective images
are required to be displayed for sufficient time that allows for emotional content identification,
in order to result in neural facilitation for emotional compared to neutral images in early visual
areas of the human brain. The present findings open further insights into affective stimulus
processing speed and highlight frequency tagging technique that allows extracting the so-called
steady-state visual evoked potential as a powerful tool in investigating neural dynamics
in visual cortex activity.

Keywords: human electroencephalography (EEG), steady-state visual evoked potentials
(SSVEPs), event-related potentials (ERPs), N170, N1-EPN complex, attention-emotion inter-
action, temporal dynamics of competition for visual resources, emotional cue extraction.

In everyday life, the human visual system is confronted with a challenging
amount of visual information projected onto the eye’s retina. Due to the limited capaci-
ty of the visual system, not all information can be processed equally well and various
visual stimuli undergo neural competition for a restricted amount of processing re-
sources [1]. Notably, stimuli that convey emotionally significant information relative
to other visual stimuli are considered strong competitors due to their intrinsic motiva-
tional significance resulting in the ability to attract attention, or “bias” processing
resources involuntarily because of their behavioural relevance [2-4]. For example,
an image of an angry face or a terrible car crash scene can capture attention even if we
focus on other information in our visual environment. Several important questions
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arise with regard to neural competition between attention and visual emotional cues.
What is the time course of competitive interactions for processing resources between
emotional stimuli that act as distractors and other non-emotional stimuli within the focus
of attention? Do different visual emotional stimuli produce similar distracting effects
on attention in a comparable time course and magnitude? What is the time required
for the brain to extract an emotional content of a stimulus and, hence, is there a certain
presentation time of emotional cues necessary for attentional resources to be shifted
towards those stimuli? Here we review a series of experiments that were conducted
to shed further light on these important questions. Given the review character of this
chapter, we will not focus on specific details of the experimental designs and analyses
used and want to refer the interested reader for more details to the respective publica-
tions [5, 6].

Two types of visual stimuli which are commonly employed to study emotional
content discrimination and its interplay with attention are emotional scenes (i.e., picture
scenes from the International Affective Picture Set (IAPS, [7])) and faces. A wealth of
studies in affective neuroscience have repeatedly shown that both types of these affec-
tive cues are associated with changes in visual event-related potentials (ERPS) reflect-
ing the electrical activity of the brain evoked by visual stimuli and measured by means
of electroencephalography (EEG). These ERP changes are related to the emotional
content discrimination of affectively-laden picture or face stimuli following the stimu-
lus presentation onset [8]. Interestingly, emotional face expressions and more complex
image scenes seem to differ from each other on the speed at which their affective con-
tent can be discriminated. For example, one of the first robust neural markers of face
discrimination [9; 10] that is also sensitive to facial affect [11-13] is the N170 com-
ponent which occurs at about 140-180 ms following presentation of a face stimulus.
The N170 has a negative amplitude peak over occipito-temporal electrode sites and
has been reported to be more pronounced when emotional compared to neutral faces
are presented [11-13]. Differently to the time range of emotional face discrimination,
for more complex emotional scenes, one of the most commonly observed ERP com-
ponents related to the discrimination of affective content, the so-called early posterior
negativity (EPN), occurs later in time, developing about 200-360 ms after stimulus
onset as a more negative amplitude deflection for emotional than neutral images [8,
14, 15]. The EPN serves as a robust indicator of extraction of emotional image con-
tent [16]. However, in several studies [8] emotional discrimination of affective IAPS
is seen even earlier, already at the level of the N1 [17, 18], with a variation of the peak
latency between 160 to 190 ms [19], and thus the neural signature of emotional cue
extraction of IAPS images may be better described as early negativities [19], or
an N1-EPN complex [20]. Taken together, these findings give grounds to suggest
that these two types of emotional stimuli produce distinct effects on visual attention.

The previous evidence, with regard to distracting effects of emotional complex
image scenes on visual attention, has suggested that affective images exert interference
with a primary visual task at early stages of processing around 400 ms after the emo-
tional image onset [21, 22]. The neural competition between the highly arousing
emotional information and the concurrent visual attention task lasts for several hun-
dreds of milliseconds. In a typical distraction paradigm utilized in those studies, par-
ticipants were engaged in an attentional task in which they had to attend to constantly
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flickering and moving square dots and detect their occasional coherent motion (target),
while ignoring distracting and task-irrelevant emotional or neutral complex images that
appear in the background. The flickering dots that form the task elicit the steady-state
visual evoked potential (SSVEP), a neural oscillatory response that has the same fre-
quency as its driving stimulus and can be easily measured in EEG [23]. Importantly,
the SSVEP provides a continuous measure for temporal dynamics of the competition
for attentional resources in human visual cortex, because its amplitude increases or
decreases dependent on whether attention is focused on the flickering stimulus or
withdrawn, respectively [24, 25]. Notably, the findings revealed that the occurrence
of task-irrelevant emotional relative to neutral background images resulted in a signifi-
cant reduction in amplitude of SSVEPs driven by the task-relevant dots. The greater
amplitude reduction with unpleasant and pleasant distracter images relative to their
neutral counterparts reflected a withdrawal of attentional resources from the fore-
ground task by affective as compared to neutral stimuli around 400 ms after their
presentation for a period of time lasting up to 1 sec. Significantly, this timing of the
emotional distraction effect in early visual areas was also paralleled in the behavioural
data: detection of coherent motion decreased considerably following the presentation
of emotional relative to neutral distracter images [21, 22]. Although these findings
provided support for the view that emotional cues involuntarily attract visual attention
and bias processing resources in favour of affective information, the role of affective
content discrimination process in the time course of such attentional resource bias
was less clear.

To provide an answer to the question as to whether different types of visual emo-
tional stimuli, such as emotional faces and more complex picture scenes, produce
dissimilar distracting effects on attention, i.e., can withdraw attention resources and
produce distraction effects from the concurrent attention task at distinct speeds, we
conducted an experiment utilizing similar distraction paradigm as described above
(see Fig. 1). Crucially, we concurrently recorded and analyzed not only the SSVEP
elicited by the task stimuli, but also the visual ERP response evoked by the appearance
of the background distracting emotional images — faces and complex pictures (see [6]
for more details). Such a combined measurement allows to examine, on the one hand,
the attentional resource allocation towards flickering stimulus over extended time
periods, and, on the other hand, the latency at which emotional content discrimination
of the two types of distracter images occurs. Based on the previous findings cited
above, we expected that affective discrimination should occur earlier for faces (at
~170 ms, as indexed by the N170 component) than for IAPS images (~200-360 ms,
N1-EPN complex). Importantly, we hypothesized that the latency of the attentional
shift toward task-irrelevant affective distracter images away from the concurrent visual
task, as reflected in a greater SSVEP amplitude reduction for emotional compared to
neutral distracter images, is not fixed in time but dependent on the type of stimulus
and the speed with which its affective content will be extracted. In other words, is the
time for the dynamic shift of attentional resources related to the latency of emotional
cue extraction, such that emotional cue extraction precedes competitive interactions
between the foreground task and the emotional distractor in visual cortex?
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scrambled picture/face

IAPS: neutral or unpleasant

face: neutral or fearful

Fig. 1. Schematic layout of experimental design and iso-contour voltage map of the grand
average SSVEP. a) A trial started with the presentation of the scrambled view of the image.
After a variable time interval it changed to the intact view of either a neutral or a fearful facial
expression or a neutral or unpleasant IAPS picture. Superimposed red squares constituted
the foreground visual task. b) Topographical distribution of the grand average 15 Hz SSVEP
amplitude across all subjects and conditions for the time interval of 1 sec before and 2 sec
after the image change, with a clear peak around electrode Oz. For illustrative purposes,
an example for unpleasant and neutral pictures is taken from the GAPED database [26]

The results indicated that attentional resources were withdrawn from the visual
task only after the affective content for both stimulus types was identified. Importantly,
the emotional content of facial expressions was discriminated faster than that of com-
plex scenes. This was reflected in the emotional modulation of the N170 with faces and
N1-EPN complex for IAPS images, which occurred, as predicted, at ~170 ms and
200-360 ms, respectively, as a more negative amplitude deflection with affective
than neutral face/image contents (see Fig. 2). Crucially, this was accompanied by
differences in the time course of SSVEP amplitude modulation: a greater SSVEP
amplitude reduction with emotional compared to neutral background images oc-
curred earlier for faces (~ 180 ms) than for IAPS pictures (~ 550 ms, see Fig. 3).

Taken together, the results from that experiment are consistent with emotion-
related re-allocation of attentional resources following emotional cue extraction rather
than being linked to a time-fixed shifting process. Specifically, the results showed that
affective bias in visual resources at early visual areas as indexed with SSVEP ampli-
tude modulation with emotionally-laden images follows affective content extraction.
However, the question as to whether the process of emotional cue extraction is man-
datory to drive the modulation of the SSVEP amplitude when affective images are
viewed was not clear. We addressed the issue as to whether the period of time neces-
sary for their discrimination can critically influence modulation of visual attention
with emotional content in three further experiments.
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Fig. 2. Time courses of ERP waveforms for N170, N1 and EPN components in microvolts
(uV). a) Grand mean N170 waveform averaged across all subjects for fearful (dashed line)
and neutral faces (solid line) across parietal electrodes P9 and P10. b) Grand mean N1 wave-
form averaged for unpleasant (dashed line) and neutral pictures (solid line) across the cluster
of 12 parieto-occipital electrodes (11, 12, P7, P8, P9, P10, P07, PO8, PO3, PO4, O1 and O2).
¢) Grand mean EPN waveform averaged for unpleasant (dashed line) and neutral pictures
(solid line) across identical electrodes as for the N1

The following three experiments took advantage of the main property of the
SSVEP as a continuous measure of attentional resource allocation and its amplitude
sensitivity to affective stimuli: SSVEP amplitude increases when emotional relative
to neutral stimuli are presented [27, 28]. The goal was to determine whether the emo-
tion-related SSVEP amplitude modulation during affective image viewing requires
emotional content extraction of each individual image, or reflects the integration of
emotional picture valence across the entire image presentation period [5]. To address
this, rapid serial visual streams of negative and neutral images were shown at two
different rates of 15 Hz (67 ms per image) or 6 Hz (167 ms per image). In both exper-
iments, a new image was presented at each presentation cycle of the image stream (see
Fig. 4, upper panel). Two alternative hypotheses were considered. If SSVEP amplitude
changes were driven by the extraction of emotional content at each presentation cycle,
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Fig. 3. Gabor filtered SSVEP time course for emotional face or IAPS background images.
a) Grand average of SSVEP amplitudes for neutral (solid line) and fearful background faces
(dotted line) at electrode Oz. b) Grand average of SSVEP amplitudes for neutral (solid line)
and unpleasant IAPS pictures (dotted line) at electrode Oz. The vertical gray line at time point
zero in both panels indicates the onset of the face/picture (change from the scrambled version
of an image to the intact one). The vertical dotted lines with an asterisk show the onset of
significant (p < 0.05) SSVEP differential amplitude effects between emotional and neutral
background images

the amplitude modulations would only be expected with a rate that allows for emo-
tional cue extraction for each individual image (around the N1-EPN complex latency,
in the 140-160 ms range). Hence, at a presentation rate that does not provide suffi-
cient time for the extraction of content, no SSVEP amplitude modulation as function
of emotional valence was expected, given that faster rates are more likely to cause
disruption of processing of individual images due to masking by the following and
preceding images. Alternatively, if the rapid presentation of different images of the
same valence category were instead integrated as either “emotional” or “neutral”
across the entire stimulation period, shorter presentation times would suffice to drive
differential SSVEP amplitude effects. Additionally, as a control study, “scrambled”
image versions were shown at 6 Hz, with low-level physical parameters preserved
but any content-related information distorted (see Fig. 4, lower panel).

In line with the idea that emotional cue extraction is required for deploying at-
tentional resources to an emotional image, we found no SSVEP amplitude modula-
tion for the 15 Hz stimulation rate. However, as depicted in Fig. 5, with the presenta-
tion rate of 6 Hz, SSVEP amplitude increased significantly when the picture stream
changed from neutral to unpleasant pictures, and decreased when the presentation of
images of negative content switched to that of neutral ones (lower panel). When we
presented an entire stream of either emotional or neutral images, continuously greater
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4sec

Fig. 4. Experimental design. Upper panel. Unpleasant and neutral picture scenes presented in
a rapid visual serial presentation for ~67 ms (15 Hz) or ~167 ms (6 Hz, also used for the
scrambled versions of the images). a) Trial without a change in affective content of images:
only unpleasant pictures are shown. b) Trial without a change in affective content of images:
only neutral pictures are shown. c) Trial with a change from unpleasant to neutral. d) Trial
with a change from unpleasant to neutral. Lower panel. Left: Example of spectrally equiva-
lent, phase-scrambled image with a neutral content. Right: Example of spectrally equivalent,
phase-scrambled image with an unpleasant content. Examples for unpleasant and neutral pic-
tures are taken from the GAPED database [26]
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Fig. 5. Left: Gabor filtered time course of 6Hz SSVEP amplitudes for the stream of unpleasant
and neutral pictures with a change in emotional content (upper panel) and without such a change
(lower panel). Time point zero shows the onset of change in emotional content. Right: The grand
average of 6 Hz SSVEP amplitude across all subjects and conditions for the time period of
1 sec before and 2 after the change in emotional content

SSVEP amplitudes were observed for affective compared to neutral images (upper
panel). This result is insofar important, because it indicates that there is no habituation
of the SSVEP to emotional content, resulting in a greater deployment of attentional
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resources to emotional relative to neutral stimuli for as long as they are presented.
Additionally, we were able to demonstrate that SSVEP amplitudes did not differ bet-
ween emotional and neutral images when we presented them in a scrambled version,
not allowing to extract any content. Thus, our effects were not driven by possible
differences in low-level features between the two image categories, such as spatial
frequency or different colour content.

To summarize, the results from these experiments supported the idea that presen-
tation duration for emotional pictures is critical for neural facilitation of early visual
cortex activity that resulted in increased SSVEP amplitudes for emotional compared
to neutral images. Interrupting content extraction by a new image, even if the image
is of the same valence category, seems to disrupt individual content extraction. Thus,
the findings clearly demonstrated that emotional cue extraction of each individual
image, rather than an integration process of emotional valence, seems to be required
to drive SSVEP affective modulations in early visual areas, and this emotional modu-
lation seems to be elicited by differences in picture valence and not by their low-level
featural composition. Hence, the establishment of the affective SSVEP amplitude
modulation in early visual areas is likely to be contingent on the process of emotional
information extraction.

In conclusion, our electrophysiological findings highlight the importance of affec-
tive cue identification in the mechanisms of attention capture with emotional stimuli
when they pose as task-irrelevant distractors or are passively viewed. The data obtained
strongly suggests that the attentional resource bias observed in early visual cortex
in favour of emotional images is contingent on higher-level discrimination of visual
affective cues. Firstly, the speed of affective cue extraction has an impact on the tem-
poral dynamics of affective bias in visual attention. Secondly, emotional images need
to be displayed for sufficient time allowing for emotional cue extraction, in order to
drive affective modulation at early visual areas with SSVEP response. Thus, our results
clearly demonstrate that at least in case of complex scenes, emotional images need
to be displayed for sufficient time to have an effect upon attentional resource bias as
well as upon neural facilitation in early visual cortex. This poses further questions for
research regarding temporal limits of affective processing, thus challenging the view
under which emaotional stimuli are considered as processed automatically, even when
presented subliminally, for an extremely short duration. Future research has now
a powerful technique in hand to elaborate on these fundamental questions.

The authors thank Renate Zahn for her kind assistance in data recording. This work
was supported by the Deutsche Forschungsgemeinschaft (DFG), Graduate School
“Function of Attention in Cognition” and grant MU972/22-1.

Pe3rome

B . bexmepesa, M.M. Mionanep. Bocpusitue 3MOLMOHAIBHOIO COAEPXKAHMS U KOHKY-
pEHIUS 32 peCypChl BHUMAaHUS B 3pUTENBHOM KOpPE TOJIOBHOTO MO3ra UeJIoBeKa.

OMOUMOHANBHBIE CTUMYJBI HTPAIOT BAXKHYIO POJIb B 3PUTEIBHOM BOCHPHUATHH OKpPYKa-
IoIIeH AeHCTBUTEIHHOCTH, TIepeaaBasi TOIOBHOMY MO3TY KIIIOYEBYIO HH(OpMALINIO O TIOTEHIH-
aJIbHOHM OMACHOCTH WJIM YIPO3€, UTO, B CBOIO OUEpPE/ib, BBI3bIBAET 3AILUTHBIC JEUCTBHS UIIU XKeE,
Hao00pOT, PeakIHIo NPUOIKEHHS B CIydae, €ClI YKa3aHHbIE CTUMYJIbI BOCIIPHHUMAIOTCS Kak
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IIPUATHBIC U IIPUBJIEKATENbHbIEC. B TeueHre J0aroro BpeMEeHU BEAETCS JUCKYCCHS O TOM, MOT'YT
JI1 YMOLIMOHANBHBIE CTUMYJIBI IPUBJIEKATh BHUMAaHKE YEI0BEKa Ha MOACO3HATEILHOM YPOBHE H
TEM CaMbIM 3aBJIaJ€BATh PECYpPCaMU BHUMAHUs C LIEIBIO TONYYNUTh IPUOPUTET B BOCTIPUATHH
10 CPaBHEHUIO C IPYTUMH CTUMYyIaMu. KpoMe Toro, 1o CHX Iop HEM3BECTHO, B KAKOM CTENEHU
Takasi KOHKYPEHIHs 3a PeCypChbl BHUMaHHs OMMPAETCS Ha KOTHUTHBHBIE IPOLECCH BBICILETO
TIOpsAIKaA, HAIPUMEp, B BOCHPHUSITHH 3MOLMOHAIBLHOTO COZEepKaHns n3o0paskeHus. Hamm mpo-
BEJICHA CepHsl YEThIPEX 3JIEKTPO(U3HOIOTUUECKUX SKCIIEPUMEHTOB, 0030p KOTOPBIX NMPHBEACH
B HACTOALIECH CTaThe, C LIEIbI0 U3yUUTh 3aBUCUMOCTb PaCIpEeACICHUs PECYPCOB BHUMAHHUS 110/
BO3JECUCTBUEM 3MOLUOHAIBHBIX CTUMYJIOB OT BBICIIUX IIPOLIECCOB BOCIPHUATUSA dMOLIMOHAIb-
HOH MHpOpManuy. Pe3ysibTaThl HAIIETO HCCIIEA0BAaHUS JOKAa3bIBAIOT, YTO CKOPOCTh, C KOTOPOI
MIPOUCXOJTUT M3BJICUCHUE AIMOLIMOHANIBHON HH(OPMAaIMK, BIUSET Ha CKPhITOE cMelleHne (Gokyca
BHHMaHUs B NEPBUYHOMN 3pUTENBHOM KOope rojioBHoro mMo3ra. Ha Bocmpusitue a(eKTUBHBIX
n300pakeHnH TpeOyeTcs ONpEAeICHHOE BPEMS, JOCTATOYHOE ISl HACHTU(DUKALMH UX SMOLIHO-
HaJIbHOTO COZEP)KaHWsL, YTOOBI OOJICTYUTH PACIO3HABAaHHE SMOLMOHAIBHBIX 00pa3oB OT HEW-
TPaJIBHBIX B TIEPBUYHBIX 3PUTEIBHBIX 00JIACTSX TOJIOBHOTO MO3Tra uenoBeka. [lomydeHHbIe naH-
HBIE PACHIUPSAIOT CYLIECTBYIOIIEE MPEACTABICHUE O CKOPOCTH OOpabOTKH SMOIMOHATBHBIX
CTHUMYJIOB U MOJYEPKUBAIOT BaXHOCTh PaJHOYaCTOTHOIO aHANIN3a, MO3BOJIOIIErO ONpese-
JIATh TaK Ha3bIBAEMBI 3PUTENBHO BBI3BAHHBIA MOTEHIMANI YCTOWYMBOIO COCTOSIHUS B Kaye-
CTB€ MOLIHOI'O MHCTPYMEHTA IJId U3Yy4YCHUA HeﬁpOHHOﬁ JAWHAMHUKH B XOJI€ aKTUBHOCTH 3pH-
TEIbHOU KOPBI TOJIOBHOI'O MO3ra.

KiroueBble ciioBa: anekTpodHIedanorpadpieckoe uccienopaue denoseka (391), 3pu-
TEJIFHO BBI3BaHHBIC IIOTEHIHANBI yCTOHUUBOTO coctosHuA (SSVEP), coOpITnitHO 00yCIOBICH-
uele notenimaisl (ERP), N170 u N1-EPN xoMIuiekcsl, B3anMOACHCTBIE BHUMAHHS M SMOLIMIA,
BpEMEHHAas TUHaMHKa KOHKYPEHIIMH 32 3pUTENbHBIE PECYPChl, H3BJICUYCHUE dMOLMOHAIBHOM
nHpopmanum.
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