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Abstract

The review summarizes and integrates findings from 40 years of event-related potential (ERP) studies
using pictures that differ in valence (unpleasant-to-pleasant) and arousal (low-to-high) and that are
used to elicit emotional processing. Affective stimulus factors primarily modulate ERP component
amplitude, with little change in peak latency observed. Arousal effects are consistently obtained, and
generally occur at longer latencies. Valence effects are inconsistently reported at several latency
ranges, including very early components. Some affective ERP modulations vary with recording
methodology, stimulus factors, as well as task-relevance and emotional state. Affective ERPs have
been linked theoretically to attention orientation for unpleasant pictures at earlier components (< 300
ms). Enhanced stimulus processing has been associated with memory encoding for arousing pictures
of assumed intrinsic motivational relevance, with task-induced differences contributing to emotional
reactivity at later components (> 300 ms). Theoretical issues, stimulus factors, task demands, and
individual differences are discussed.
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1.0 Introduction

1.1. Present review

Affective processing in the human brain is receiving increased interest (Calder et al., 2001;
LaBar and Cabeza, 2006; LeDoux, 2000). Event-related potentials (ERPs) enable the
assessment of neural responses to affective events with millisecond temporal resolution.
However, even though ERP affect assessment has a comparatively long history—since the late
1960's—relatively little integration of findings has been made. The present review attempts to
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summarize affective ERP studies using picture stimulil. The major goals are to: (1) describe
the characteristic ERP effects from affective picture stimulation; (2) evaluate their possible
dependency on methodology, stimulus characteristics, and task procedures; and (3) provide a
critical discussion of limitations in the empirical literature as a guide for future investigations.
The review is organized by describing ERP effects in terms of primary affective stimulus
dimensions (valence and arousal), specific components defined by their latency range, and
scalp topography. The review begins with a sketch of the historical background, which is
followed by a highlighting of contemporary findings through examples from a summary table.

1.2. Cortical processing of affect

The current enthusiasm for assessing affective processing contrasts with the history of
experimental psychology in which emotion research has been largely neglected due to its
traditional focus on subjective emotional states (LeDoux, 2000). In addition, it has been
assumed that cognitive and emotional processes had separate neuroanatomical localizations in
the neocortex and the limbic system, respectively (MacLean, 1949, 1952). However, this initial
dichotomization has eroded because of accumulating evidence that several neocortical regions
are crucial for intact affective functioning (Bechara et al., 2000; Bush et al., 2000; Phillips et
al., 1997, 1998).

Processing of affective information can be assayed by analyzing amplitudes (size) and latencies
(timing) of ERP components (Rugg and Coles, 1995). Although psychophysiological measures
such as heart rate and skin conductance provide useful indices of affective reactions, a major
advantage for using ERP measures is that these electrophysiological processes can be defined
temporally in contrast to other neuroimaging technologies such as fMRI and PET. Rapid
processing of affective stimuli is a critical aspect of emotional responsivity, with the perception
of potentially dangerous events facilitated by a fast processing route involving the thalamus
and amygdala (LeDoux, 2000; Morris et al., 1999). Indeed, characterizing the temporal order
of affective ERPs can contribute to theoretical development through models of the affective
time course (Codispoti et al., 2007; Schupp et al., 2006). Thus, scalp-recorded brain potentials
offer a powerful means to characterize affective processing in the human brain (Batty and
Taylor, 2003; Britton et al., 2006; Maratos and Rugg, 2001; Smith et al., 2004).

2.0 Early ERP Affect Investigations

Classic ERP studies have found that neuroelectric responses are influenced by whether the
participant is required to respond to the stimuli or not, thereby emphasizing task-relevance as
amajor determinant of component measures (Chapman and Bragdon, 1964; Davis, 1964; Davis
etal., 1964; Larsson, 1960). Assessing affective picture processing with ERPs occurred in part
because of the assumed intrinsic motivational relevance of emotional stimuli. An early ERP
finding suggested that unpleasant (repulsive medical images) and pleasant (erotic) pictures,
compared to neutral (scenic) pictures, produced a positive-going waveform at about 350-450
ms after stimulus onset (Lifshitz, 1966). However, only qualitative assessments of waveform
morphologies were provided, with little emphasis on the affect-related positivity.

Begleiter and colleagues (1967, 1969) elicited ERPs with neutral visual stimuli (line figures)
that were affectively conditioned by using words of unpleasant, neutral, and pleasant valence.
In three experiments, ERPs were recorded during passive figure viewing, and peak-to-peak

IThe approach was focused and excluded topics such as non-visual stimuli, affective pathologies, and fear learning (Karl et al., 2006;
LaBar et al., 1998). Excluded also were studies employing emotional words or pictures of facial expressions, as these stimuli involve
highly specific neurophysiological processing (Britton et al., 2006; Horovitz et al., 2004; Puce et al., 1996), stimulus assessment, and
specific procedures not employed in most affective ERP studies (Batty and Taylor, 2003; Campanella et al., 2002; Ekman and Friesen,
1971; Esslen et al., 2004; Smith et al., 2004).
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amplitudes varied with affective category. If participants were notified of an association
between words and figures just before the ERP session, amplitude was largest for stimuli
associated with unpleasant words, whereas the opposite pattern (lowest peak-to-peak
amplitudes for unpleasantly conditioned stimuli) was obtained from naive subjects. No
affective ERP modulation was found in participants who were fully informed of the
conditioning procedure. The combined results were interpreted as highlighting the role of
awareness as a modulating factor in affective conditioning.

These initial reports spurred the use of affective picture stimuli to assess emotional reactions
with ERPs. Radilova and colleagues reported enhanced P300 amplitudes for strongly
unpleasant (dead bodies) and pleasant (erotic) pictures, compared to neutral (natural scenes/
landscapes) pictures under passive viewing conditions (Radilova, 1982; Radilova et al.,
1983). The findings suggested that intensive emotional pictures elicit an increased P300
“irrespective of the pleasant or unpleasant nature of the emotion induced” (Radilova, 1989, p.
365). Since these early ERP affect studies, the use of pictures as emotional stimuli has increased
in part because image presentation on computers and use of normative picture stimuli have
been well developed. A major goal has been to characterize ERP component modulations
related to affective valence and arousal. These findings are outlined below.

3.0 Empirical and Theoretical Background
3.1. Affective ERP studies

Most affective ERP studies have employed stimuli from the International Affective Picture
System (IAPS), which was constructed to provide a standardized stimulus set for attention and
emotion research (Lang et al., 1999). These images are rated with respect to their valence
category (unpleasant-to-pleasant) and arousal level (low-to-high) on a nine-point scale by both
female and male young adults. The availability of this organized stimulus set was a major
impetus for affective ERP studies, as the images vary systematically in valence and arousal.

Figure 1 illustrates the distribution of mean ratings across female and male raters for each
image by plotting the image valence and arousal ratings in a two-dimensional space. Note that
extreme valence levels are typically associated with high arousal for both unpleasant and
pleasant pictures. Arousal is somewhat stronger for unpleasant stimuli—a stimulus
characteristic that may reflect a motivational function of adaptive utility (Ito et al., 1998).
Valence effects are obtained by comparing ERPs elicited with IAPS images rated as unpleasant
and pleasant and have comparable arousal levels.

Table 1 summarizes the major affect ERP studies in chronological order, and lists demographic
information, stimulus/study-design characteristics, the primary affect results, and component
topographic distribution. This listing conveys the appreciable variability for stimulus and task
conditions that have been employed, even for the more recent reports. Despite the paradigm
heterogeneity, some consistent valence and arousal manipulations have been demonstrated
even though affective amplitude topographies are less consistent. Table 1 also suggests that
systematic assessments of stimulus and task factors generally have not been performed within
the study sessions, although several contemporary studies have begun to dissect how
procedural factors contribute to the obtained ERP modulations. It is also noteworthy that many
affective ERP studies have employed high-arousing unpleasant/pleasant stimuli that were
compared to neutral pictures of low arousal value. These issues are discussed below.

3.2. Theoretical perspective

The present review attempts to organize affective ERP methodological variability by using
representative studies from the table to characterize the major empirical outcomes. The
organizational scheme follows ERP component generation order from short (P1 and N1) to
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middle (N2 and P2) to long (P300 and slow wave) latencies. This approach facilitates at least
a broad generalization of affective influences on the waveform, such that the affective ERP
timing pattern serves as theoretical scaffolding that supports the empirical valence and arousal
ERP effects. In general, ERPs from IAPS images suggest that more attention is garnered by
affective content compared to neutral conditions, with amplitude modulations observed for the
early and late components (Carretie et al., 2001, 2004;Conroy and Polich, 2007;Delplanque et
al., 2006;Schupp et al., 1997,2000). The temporal courses of ERP valence and arousal effects
differ, however, as valence appear to influence relatively early (100-250 ms) and arousal
influences relatively late (200-1000 ms) components (Codispoti et al., 2007;0lofsson and
Polich, 2007). Such effects can be obtained in passive viewing as well as active response tasks
(Bernat et al., 2001;Cuthbert et al., 2000;Roschmann and Wittling, 1992;Yee and Miller,
1987). Thus, affective processing can be described as an automatic feature of perception
(Esteves et al., 1994;Fox, 1991;Kunst-Wilson and Zajonc, 1980;LeDoux, 1989;0hman and
Soares, 1998).

Support for this hypothesis comes from findings suggesting that valence category reflects initial
selective attention capture by salient image content (appetitive, threatening). In general,
unpleasant stimuli can produce stronger emotional effects than pleasant stimuli (Cacioppo et
al., 1999; Crawford and Cacioppo, 2002; Ohman and Mineka, 2001), and such a “negativity-
bias” may reflect rapid amygdala processing of aversive information (LeDoux, 1995; Morris
etal., 1998). Arousal level is thought to determine attentional resource allocation for emotional
picture processing (low, medium, high). This increase in attentional resources for arousing
stimuli has been explained in terms of high intrinsic motivational properties of picture stimuli
(e.g., viewer-directed threat), as these appear to facilitate encoding and memory storage of the
affective event (Bradley et al., 1992; Lang et al., 1993). In sum, stimulus valence activates
selective attention, whereas arousal is elicited by stimulus motivational qualities that engages
the attentional resources that contribute to memory encoding (Dolcos and Cabeza, 2002;
Schupp et al., 2004).

4.0 Contemporary ERP Affect Investigations
4.1. Short latency (100-200 ms)

Many affect-related ERP modulations for picture stimuli have been reported in the 100-200
ms range. The P1 and subsequent N1 components are sensitive to physical stimulus factors
and index early sensory processing within the extrastriate visual cortex. When a stimulus
discrimination task is employed, these potentials also respond to manipulations of selective
attention (Clark and Hillyard, 1996; Hillyard et al., 1973; Luck et al., 2000; Mangun et al.,
1997; Thorpe etal., 1996; VVogel and Luck, 2000). As Table 1 indicates, studies assessing these
potentials have employed a wide range of valence/arousal levels and a variety of processing
requirements, which have produced variable affective ERP outcomes for the P1 and N1
components.

The P1 component has been obtained in studies where affective pictures stimuli were varied
in unpleasant and pleasant valence. These pictures either (1) occurred within a temporal
sequence of neutral stimuli (Carretie et al., 2004; Delplanque et al., 2004), (2) were presented
as single-stimuli under a non-emotional categorization task (Carretie et al., 2006), or (3) were
superimposed on larger background pictures that varied in valence under an emotional
discrimination task (Smith et al., 2003). In the last study, the P1 (117 ms) potential elicited by
the affective target pictures was found to be larger for unpleasant than pleasant target stimuli
over the occipital sites. As pleasant and unpleasant valence categories were matched on arousal
level, the findings suggested that unpleasant valence pictures engage more focal attentional
processing than pleasant valence pictures. A similar valence effect was reported when single
targets of unpleasant (snarling wolf) and pleasant (opposite-gender nude) motifs were
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presented within a sequence consisting of a repeated neutral picture during a simple target
counting task (Carretie et al., 2004). Although this study has limited generalizability due to the
few picture stimuli used, this effect was replicated at parietal-occipital sites for a “late

P1” (150-165 ms) component when using an oddball task with multiple picture targets
(Delplanque etal., 2004). Another study found enlarged ERP positivity (160 ms) for unpleasant
valence pictures at frontal sites when using a non-emotional discrimination task (Carretie et
al., 2006). Taken together, these findings imply that unpleasant valence images can produce
larger P1 amplitudes than pleasant and neutral images, which is consonant with a processing
system that is sensitive to unpleasant stimuli (Cacioppo et al., 1999; Crawford and Cacioppo,
2002; LeDoux, 1995; Morris et al., 1998; Ohman and Mineka, 2001). Although most studies
report occipital topography distributions for this negativity effect, discrepancies across papers
likely originate from a combination of methodological, stimulus, task, and analysis differences
(Carretie et al., 2006).

The 150-200 ms latency range further contains the onset of an arousal-related positivity that
reaches its maximum effect at the longer latencies as described below. A later N1 (176 ms)
component has been found resistant to habituation with increases of time-on-task for high-
arousing unpleasant images compared to other stimulus categories when a single picture for
each valence occurred multiple times (Carretie et al., 2003). However, later studies using
multiple pictures within each category have not supported this effect, implying that the original
findings might not be generalizable across stimuli (Codispoti et al., 2007; Olofsson and Polich,
2007). Hence, the early ERP latency findings suggest that amplitude modulations are largest
for unpleasant valence pictures, which may indicate that unpleasant valence preferentially
attracts attention early in the information processing stream. Habituation of affective ERP
amplitudes has not been found consistently within this latency range, and after 150 ms stimulus
arousal level also begins to influence the ERP waveform.

Table 1 demonstrates that the affective ERP findings evince a great deal of variability across
studies in the early latency range. Different mixes of stimulus valence categories and arousal
levels might induce processing differences that have not yet been investigated systematically.
The varying number of stimulus repetitions could further modulate these affective ERP effects.
As previous studies ranges from using only one picture per affective category to only novel
picture stimulation, tonic arousal level and motivation of the participants might differ among
studies in ways that could interact with affective reactivity (Polich and Kok, 1995).
Furthermore, early ERPs are influenced by the perceptual characteristics of the pictures: Simple
figure-ground compositions produce larger amplitudes than complex scenes (Bradley et al.,
2007), color contributes to ERP affective outcomes (Cano et al., 2007), and stimulus spatial
frequency affects ERP responsivity in this latency range (Carretie et al., 2007). No lateralization
of early potentials is apparent, and occasional reports of timing changes for these early
potentials are inconclusive (De Cesarei and Codispoti, 2006;Keil et al., 2001).

4.2. Middle latency (200-300 ms)

Processing within the 200-300 ms latency range reflects early stimulus discrimination and
response selection processes (Di Russo et al., 2006). ERP modulation by affective arousal has
been observed, primarily with high-density electrode arrays that employ an “average” reference
derived from active-to-Cz recordings. An “early posterior negativity” (EPN) has been reported
at 200-300 ms for arousing compared to neutral stimuli. The EPN consists of a negative
amplitude deflection over fronto-central sites and a positive-going waveform over temporo-
occipital sites (Schupp et al., 2003a, 2003b, 2004, 2006). The main theoretical interpretation
of the EPN is that it indexes “natural selective attention,” such that evaluation of image features
is guided by perceptual qualities that select affectively arousing stimuli for further processing
(Dolcos and Cabeza, 2002; Schupp et al., 2004).
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Stimulus arousal level contributes to EPN since highly arousing pictures (mutilations and
erotica) elicit larger amplitude EPNSs than less arousing pictures for both unpleasant and
pleasant categories (Schupp et al., 2003a). Moreover, middle latency arousal-related ERP
modulations have been obtained across tasks (passive viewing, target detection, neutral non-
picture target-detection), picture presentation inter-stimulus intervals (O msto 6 s), and stimulus
durations (120-1500 ms). These findings imply that the middle latency arousal modulation can
occur automatically during affective picture viewing even when processing resource
availability is limited by rapid presentation rate (Junghéfer et al., 2001; Schupp et al., 2003a,
2003b). This sensitivity for arousal level may reflect rapid affective amygdala processing of
aversive information (LeDoux, 1995; Morris et al., 1998)

Stimulus valence also has been shown to influence the middle latency N2 component, which
overlaps with the EPN. Unpleasant stimuli elicit a decreased N2 negativity compared to
pleasant valence stimuli—an effect that was localized to the anterior cingulate cortex by means
of source analysis algorithms (Carretie et al., 2004). This result, although not consistently
found, resembles valence effects found at early latencies (100-150 ms) and the EPN component
(Codispoti et al., 2007), however methodological differences among studies preclude strong
inferences. Given that stimulus discrimination and response selection are thought to occur
during the 200-300 ms range, it seems likely that affective visual stimuli would influence neural
activation before behavioral response execution stages. N2 amplitude modulation between
arousal levels sometimes (but not consistently) demonstrate larger amplitude changes over the
right compared to left hemisphere (Junghofer et al., 2001; Schupp et al., 2006). Habituation
patterns that differentiate between affective picture categories within this latency range are not
observed, and there is little evidence of N2 timing changes that can be attributed to affective
picture category (Codispoti et al., 2007; Olofsson and Polich, 2007; Schupp et al., 2006).

Scalp electrode arrays using linked earlobe or mastoid references have demonstrated affective
modulation in the 200-300 ms latency range, but this montage does not share the properties of
the unpleasant-to-pleasant shift obtained with an average reference montage. Differences in
direction and magnitude of ERP effects from affective pictures as a function of reference type
have to date attracted little empirical interest. However, standard ERP recording methods find
that the P2 component and adjacent N2 component are sensitive to the onset of pleasant-going
arousal-related amplitude modulation that persists until stimulus offset (Amrhein et al.,
2004; Carretie et al., 2001a, 2001b, 2004; Cuthbert et al., 2000; Olofsson and Polich, 2007).

Theoretically, the underlying factor determining middle latency amplitude modulations is
selective attention to objects within the affective image that are assumed to be of intrinsic
relevance (Schupp et al., 2006). This interpretation has received indirect support from studies
demonstrating non-affect perceptual and category-related ERP modulations in the middle
latency range that were attributed to selective attention mechanisms (Bradley et al., 2007;
Codispoti et al., 2006). Additional assessment of how valence and arousal effects interact, how
non-affective stimulus parameters contribute to affective outcomes, and how recording
methods may produce ERP differences are needed to further clarify these issues.

4.3. Long latency (>300 ms)

The later segment of the affective ERP is dominated by the P300 component and following
positive slow wave. These potentials are often elicited using some variant of the oddball
paradigm in which a covert or overt response is made to a designated target stimulus presented
in a series of non-target stimuli. The P300 is composed of the P3a and P3b subcomponents
that are hypothesized to index attentional and initial memory storage events (Polich, 2007),
whereas the subsequent slow wave activity appears related to task demands involving working
memory operations (Azizian and Polich, 2007; Mecklinger and Pfeifer, 1996; Ruchkin et al.,
1988, 1995). The P300/slow wave elicited with affective pictures is sometimes denoted as a
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“late positive potential” (LPP), with the finding that the latter portion of the ERP waveform
over a broad latency interval demonstrates elevated positivity to high-arousing stimuli
(Cuthbertetal., 2000). Table 1 summarizes the relevant results wherein similar affect outcomes
often encompass both P300 and slow wave ERPs. A systematic account of similarities and
possible differences between P300 and slow wave for affective stimulus parameters has not
yet emerged.

4.3.1. P300 processes—Major determinants of P300 amplitude are task-relevance,
motivational significance, arousal level and the influence of these factors on mental resource
allocation (Duncan-Johnson and Donchin, 1977; Polich and Kok, 1995; Squires et al., 1977).
Recent reviews have proposed P300 reflects dopaminergic modulatory effects exerted by
phasic activity of the locus coeruleus-norepinephrine system as associated with decision-
making processes (Nieuwenhuis et al., 2005). P300 emotional arousal effects have been
obtained for passive (viewing) and active (affect discrimination) procedures as well as for
images presented as distracting or target stimuli in an oddball task (Delplanque et al., 2004,
2005; Keil et al., 2002; Mini et al., 1996; Schupp et al., 2000). Affective ERP results are
typically of maximum amplitude over the parietal cortex, suggesting that emotional arousal
amplifies activity in cortical structures that are normally engaged for target processing
(Sabatinelli etal., 2007). Valence level also can modulate P300 when arousal level is controlled
(Cano and Polich, 2006; Conroy and Polich, 2007; Rozenkrants and Polich, 2007), which may
be related to affective EEG findings of approach/withdrawal stimulus evaluation (Davidson,
2001).

The relationship between affective stimulus conditions to the P3a and P3b subcomponents has
been addressed using temporal principal component analysis. In this context, image valence
level does not alter P3a but does influence P3b amplitude, such that pleasant pictures elicit
larger components than unpleasant pictures when the pictures are task-relevant (Carretie et al.,
2006; Delplanque et al., 2004). However, when the affective pictures are task-irrelevant
distractors, P3a amplitude becomes larger over frontal/central sites for unpleasant and pleasant
stimuli relative to neutral images (Delplanque etal., 2005). A theoretical integration of affective
processing influences on P3a in relation to P3b has not been developed in part because affect
ERP studies using a passive viewing condition have not reported such valence-dependent
effects (Amrhein et al., 2004; Codispoti et al., 2006; Cuthbert et al., 2000). Thus, only the P3b
appears sensitive to both valence and arousal variation, which suggests that these factors
specifically influence target processing (Conroy and Polich, 2007; Delplanque et al., 2006).

4.3.2. Slow wave processes—A long-lasting elevated ERP positivity to arousing pictures
is a common finding (Amrhein et al., 2004; Cuthbert et al., 2000; Ito et al., 1998; Keil et al.,
2002; Mini et al., 1996; Olofsson and Polich, 2007; Palomba et al., 1997; Schupp et al.,
2000). Evidence suggests that the slow wave arousal positivity is involved in memory
formation. Palomba and colleagues (1997) reported that arousing stimuli (unpleasant/pleasant)
elicited more positive-going ERPs in the 300-900 ms range (including the P300) and were
recalled more often than neutral and relatively low-arousing stimuli. This finding has been
interpreted as indicating enhanced encoding processing for arousing stimuli since memory
performance also is associated with late latency ERP amplitude (Azizian and Polich, 2007;
Karis et al., 1984; Paller et al., 1988). Dolcos and Cabeza (2002) replicated the affective slow
wave arousal effects during an incidental encoding phase and found that the subsequent
memory ERPs—higher positivity during the encoding of items that were later recalled—over
centroparietal sites was larger for arousing pictures than for neutral pictures (400-600 ms). The
amplitude increases corresponded to improved recognition memory performance, and the
results can be interpreted as ERP memaory formation effects for affective stimuli. This finding
illustrates the benefits of using paradigms that combine affective ERPs with behavioral
assessment for functional interpretation of ERP effects.
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Additional findings also suggest that ERP arousal modulations within the slow wave latency
range (>500 ms) are susceptible to top-down processing influences. This effect is related to
evaluation of the affective stimuli (Hajcak et al., 2006; Moser et al., 2006): When categorizing
affective pictures along a non-affective dimension (e.g., number of people in the pictures), ERP
positivity for arousing (unpleasant and pleasant) pictures was decreased during a 500-650 ms
interval compared to when participants performed an affective categorization task.
Furthermore, an experimentally induced suppression emotional reactions to unpleasant stimuli
has been associated with diminished ERP positivity compared to other viewing conditions
(Moser et al., 2006).

Carretie and colleagues (2006) presented affective picture stimuli during a non-affective
discrimination task. An increase in ERP amplitude (680 ms) following stimulus onset was
present for unpleasantly arousing stimuli. The effect was located in the left precentral gyrus
by means of LORETA (low resolution tomography algorithm) source localization, leading the
authors to speculate on a possible “motor-related bias” when responding to unpleasant stimuli.
Affective stimuli may therefore elicit not only attention and perceptual processes but also motor
effects. Taken together, top-down processes such as emotional evaluation or suppression
appear to interact with affective stimulus activation during slow wave ERP ranges as do
memory encoding processes.

5.0 Discussion

Component amplitude is influenced by affective stimulus value from around 100 ms to several
seconds after stimulus onset, and peak latency is typically not changed. Affective valence and
arousal can independently modulate ERP outcomes at several partially overlapping latency
ranges, mainly between 200 and 400 ms. VValence exerts influence predominantly for early and
middle-range components, whereas arousal induces a positive shift in the ERP waveform that
is the primary affective influence of the middle-range and later ERP component amplitudes.
Table 1 indicates that arousal-related ERP modulation is observed across a wide range of
studies, using different picture stimuli and experimental procedures, whereas valence yields
fewer consistent effects. Thus, ERP affective processing begins early, remains sustained over
time, and occurs across several processing stages.

5.1. Theoretical implications

A few theoretical interpretations have been proposed to account for affective ERP modulations
produced by complex picture stimuli. The “negativity-bias” framework emphasizes the
intrinsic relevance for unpleasant and threatening stimuli and has been used to account for
valence-related ERP modulations (Cacioppo et al., 1999; Crawford and Cacioppo, 2002;
Ohman and Mineka, 2001). Such negativity bias may reflect rapid activity by amygdala
processing of aversive information (LeDoux, 1995; Morris et al., 1998), so that attentional
resources are engaged more readily for unpleasant relative to neutral or pleasant stimuli
(Cacioppo and Berntson, 1994; Ito et al., 1998). The negativity-bias framework has been linked
to attention processing through findings of picture valence effects in ERPs (Carretie et al.,
2001, 2004; Wood and Kisley, 2006). According to this view, attention is automatically
oriented towards events that might pose a threat to the perceiver in an evolutionarily adaptive
fashion (Ohman et al., 2001). Thus, valence ERP effects may originate from a predisposition
towards rapid orienting of attention to threatening stimuli in order to facilitate processing
efficiency.

Another approach suggests that an early selective attention mechanism produces an enhanced
EPN depending on arousal value across valence categories (Schupp et al., 2006). This
perspective implies that emotional processing may reflect a default mechanism that does not
require overt valence categorization (Schupp et al., 2004). This outcome has led to the
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theoretical view that stimuli of high motivational relevance facilitate processing independent
of the motivational direction (Schupp et al., 2000). Stimulus motifs that are particularly erotic
or threatening, for example, differ in their intrinsic motivational properties and may induce
“motivated attention” from their physical contents. Since highly motivating stimuli also
generate the strongest arousal IAPS ratings, this theoretical viewpoint provides a connection
with the physiological concept of arousal. Findings of non-affective picture factors that
influence neuroelectric measures ERPs in ways similar to affective parameters are likely to
become important for understanding early affective ERPs (Bradley et al., 2007; Codispoti et
al., 2006).

The hypothesis of an attentional bias to affective events, whether affect is varied along the
valence or arousal dimension, needs to be evaluated by manipulating attention and obtaining
performance measures to complement early ERP amplitude modulation. Most stimulus-driven
affective ERP modulations can be generated automatically in conditions wherein the
participant is viewing the images. Passive viewing paradigms, however, do not produce overt
performance measures. The major advantage of obtaining behavioral measures is that they can
validate the theoretical interpretation of the ERP outcomes by providing an overt index of
attention. Integrating affective ERPs with behavioral paradigms should help reveal the
functional significance of waveform modulations by arousal and valence. For example,
although it is unclear how early affective ERP modulations will be influenced by divided
attention, the EPN to arousing stimuli may be attenuated under high task-demands (Schupp et
al., 2007). Mapping the correlates between behavioral performance measures and affective
ERP changes will help to identify the psychological mechanisms underlying affective
neuroelectric changes.

Table 1 indicates that long-latency ERPs are strongly influenced by arousal, since later ERP
positivity covaries with subjective arousal levels (Cuthbert et al., 2000). Arousal has been
shown to be relevant for encoding and long-term memory storage (Bradley et al., 1992;Lang
etal., 1993). Successful attempts have been made to associate the arousal-related influence on
long-latency ERPs with emotional memory (Dolcos and Cabeza, 2002;Maratos and Rugg,
2001) and emotion regulation (Hajcak and Nieuwenhuis, 2006).

The P300 component may be associated with phasic activity of the locus coeruleus-
norepinephrine (LC-NE) neuromodulatory system (Nieuwenhuis et al., 2005; Pineda et al.,
1989). This hypothesis proposes that the LC-NE system is activated by events that are relevant
for goal-directed behavior. In addition, it has been speculated that the long-latency ERPs to
affective pictures are secondary to LC-NE activity (Schupp et al., 2006). P300 amplitude is
related to tonic arousal as well as to phasic modulations by stimulus features, and testable
hypotheses are likely to be generated from the LC-NE account of P300 (Cuthbert et al.,
2000; Polich and Kok, 1995). A challenge for the LC-NE theory is to account for effects on
both P3a and P3b subcomponents (Polich and Criado, 2006), given the differential
susceptibility of these subcomponents to affective modulation (Delplanque et al., 2004, 2005,
2006).

5.2. Empirical considerations

The listing of ERP affective picture studies in Table 1 suggests certain topics that warrant
consideration. These points will be discussed in the subsections below to highlight issues
related to methodological disparities among reported studies and characterize issues for further
investigation. As each topic encompasses a relatively specific area, the presentation order and
contents are necessarily somewhat idiosyncratic. However, the choice of topics presents a
snapshot view of adjacent affective ERP issues that are emerging.
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5.2.1. Affective ERP neural sources—As the above review suggests, neural origins of
affective ERP effects have been broadly painted, but a variety of approaches are attempting to
define the generator parts and pathways observed at the scalp. Evidence from fMRI methods
suggests that the amygdala is a key structure in affective processing (Dalgleish, 2004;
Vuilleumier et al., 2004). This structure receives initial sensory input directly through the
thalamus and enhances cortical and subcortical processing of the visual stimulus based on its
affective arousal value, which leads to improved memory for emotional stimuli (Cahill et al.,
1995, 1996; Hamann et al., 1996; LeDoux, 2000; McGaugh, 2004, 2005; McGaugh et al.,
2002). Such a mechanism can be conceived of an “overall heightened perceptual vigilance”
for affectively arousing stimuli (Phelps et al., 2004). Several studies have attempted to localize
affective ERP modulations to specific intra-cranial sources (Carretie et al., 2001, 2004,
2006). However, integration of hemodynamic neuroimaging and scalp-recorded ERPs only
recently has been conducted. For example, the arousal-related slow wave ERP positivity was
localized by means of fMRI-ERP correlation analyses (Sabatinelli et al., 2007). Results reveal
adistributed network of brain regions in the lateral occipital, inferotemporal, and parietal visual
areas that likely underlie scalp-recorded ERP modulation. In addition, contributions of intra-
cranial recordings of key affective regions could facilitate development of a more
comprehensive theoretical framework for the spatio-temporal dynamics of affective processing
(Krolak-Salmon et al., 2004).

Traditional ERP technology using low-density electrode arrays might not provide sufficient
sensitivity to detect subtle affective modulations. Findings of early arousal effects (200 ms)
are obtained primarily by means of high-density electrode arrays and reference-free recordings
(Codispotietal., 2007; Junghdofer etal., 2001). Application of advanced analysis methods (ICA,
PCA, LORETA) could prove important for detecting, localizing, and explaining complex ERP
patterns related to affective picture responsivity (Delplanque et al., 2004; Dien et al., 2004,
Makeig et al., 2004).

5.2.2. Subjective stimulus assessment—~Figure 1 illustrates the IAPS ratings and
demonstrates that the images reflect a wide variety of affective influence that permits
experimental manipulations through the use of picture subsets. The fundamental affect
dimensions of valence category and arousal level are typically determined by normative
stimulus judgments. The pictures are composed of various themes within broad emotional
categories, some of which are more arousing than others. For example, images of erotica
(pleasant/arousing) and mutilations/threat (unpleasant/arousing) are perceived as particularly
arousing and produce large ERP modulations within both middle- and long-latency intervals
(Schupp et al., 2003b2004). Affective responsivity is determined in part by the evolutionary
significance of the image content, so that ERP variation to these pictures is mediated by a
picture's inherent arousal level or motivational relevance (Schupp et al., 2003a).

Most ERP studies using IAPS have relied on the associated stimulus ratings by undergraduate
female and male students who examined the pictures during free viewing (Lang et al., 1999).
However, as Table 1 indicates, affective ERP studies differ appreciably in stimulus parameters
and task requirements. For example, unpleasant and pleasant pictures used in an ERP task were
equally arousing according to IAPS ratings. However, stimulus assessment of arousal during
the experiment by the participants differentiated between the two categories, which suggests
that procedural differences between the IAPS normative rating and ERP recording sessions
(e.g., stimulus duration and size) might be of importance (Pollatos et al., 2005). Subjective
ratings of valence and arousal could therefore be performed within the ERP session to assess
stimulus effects (Dolcos and Cabeza, 2002; Spreckelmeyer et al., 2006).

Experimental designs that carefully manipulate and control valence/arousal parameters
perceived by the participants within the laboratory setting will be useful (Conroy and Polich,
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2007; Rozenkrants and Polich, 2007). Uncertainties regarding stimulus assessment complicate
the interpretation of the resulting ERP modulation. Studies sometimes employ rating scales
that may be conceptually different from other rating procedures, such as the pictorial Self-
Assessment Manikin (Amrhein et al., 2004; Bradley and Lang, 1994). ERP effects attributed
to differences in picture valence might be influenced by relatively subtle and unappreciated
differences in arousal level. Careful evaluation of affective stimuli using methods derived from
psychophysical scaling might further improve the disentangling of valence and arousal effects
(Cuthbert et al., 2000; De Cesarei and Codispoti, 2006; Schupp et al., 2004).

5.2.3. Stimulus repetition—In a similar vein, experimental manipulations of repeating
stimuli to induce valence and arousal affective ERP changes is a common procedure, but
systematic assessment of repetition number, non-affect stimulus controls, or habituation is
generally lacking. Studies have used reoccurring affective pictures to increase the number of
stimuli, thereby effectively obtaining a high signal/noise ratio in the ERP recording (Carretie
etal., 2001a, 2001b; Schupp et al., 2000). However, a limited number of picture motifs restricts
the generalizability of any obtained findings. Moreover, multiple stimulus repetitions are
associated with a short-term amplitude decline observed in an early (150-300 ms) and a slower
decline in later (300-600ms) processing stages (Codispoti et al., 2006, 2007). In contrast,
repetition of IAPS images within an oddball discrimination paradigm revealed increased
positivity (200-450 ms) as a function of affective stimulus repetition, regardless of whether the
stimulus was reoccurring with a short or long lag. Decreases in response time and peak P300
latency over repeated trials also have been observed (Olofsson and Polich, 2007; Rozenkrants
et al., 2007). Characterization of repetition-induced affective changes may prove useful in
distilling how valence/arousal relationships contributes to memory-related ERP effects (Bentin
and McCarthy, 1994; Segalowitz et al., 1997).

5.2.4. Physical stimulus attributes—Affective stimulus categories are generally
interpreted as originating from the semantic properties or “meaning” of the affective stimuli,
with the physical aspects of the images left to vary. Affect ERP studies that have evaluated
variables such as stimulus complexity, color, spatial frequency, etc. find some influences of
physical variables on affective waveforms (Cano and Polich, 2006; Carretie et al., 2004;
Junghofer et al., 2001). In addition, participant ratings of familiarity and physical complexity
have not supported the interpretation that such variables help determine ERP valence/arousal
effects (Carretie et al., 2004). Picture composition such as the relationship between a central
figure and background image relative to complex scenes composed of several items appears
to influence ERPs at a very early stage (150 ms), whereas no effect of picture composition was
found at long latencies. These effects are largely additive to the image affective value, implying
little confound from perceptual factors (Bradley et al., 2007). Evaluation of stimulus features
by removing semantic content but maintaining perceptual characteristics can be obtained by
using “scrambled” images of the affective item in the same task. This procedure appears to
attenuate, but entirely remove, affective outcomes and can help determine the sources of
stimulus affective influences such as separation of local from global features (Maljkovic and
Martini, 2005; Rozenkrants et al., 2007; Rozenkrants and Polich, 2007).

Table 1 suggests that most affective ERP studies use IAPS stimuli that are typically selected
by using the ratings from bipolar scales (valence: unpleasant-to-pleasant; arousal: low-to-high).
However, this bipolar structure has been criticized, because unpleasantness and pleasantness
might not be reciprocal and antagonistic such that some stimuli could engage both unpleasant
and pleasant motivational systems (Ito et al., 1998) . Humans are predisposed to exploration
of neutral environments, described as a “positivity offset”, which is complemented by a
“negativity bias” that makes unpleasant encounters induce a stronger emotional impact
(Cacioppo and Berntson, 1994). As evident from Table 1 and the review above, ERP valence
findings are appreciably less consistent than manipulations of the arousal dimension.
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Alternative or empirically validated assessment of valence and arousal dimensions might help
to clarify the nature of how these primary affective dimensions influence ERP outcomes.

5.25. Behavioral assessment—Related to the identification and evaluation of stimulus
characteristics are task effects. Many ERP affective studies have used passive viewing
methods, others have employed detection time measurements (Carretie et al., 2001,
2003;0lofsson and Polich, 2007;Smith et al., 2003). Speeded emotional categorization tasks
also have been employed (Delplanque etal., 2005;Schupp et al., 2004), but these studies display
ERP findings similar to those from detection tasks and passive perception (Schupp et al.,
2006). Affective ERP modulations by comparing task conditions on the same stimulus set
would help identify behavioral correlates of emotional processes. For example, the EPN
component is attenuated by increasing task load (Schupp et al., 2007), and long-latency
affective ERPs can be altered by changing the stimulus evaluation task (Hajcak et al.,
2006;Moser et al., 2006). Such studies would help to clarify the functional significance
underlying affective ERP outcomes.

5.3. Individual differences and affective ERPs

Individual variability in affective reactivity is a topic that is receiving increased interest: for
example, normal variation in fMRI amygdala activation by emotional face and word stimuli
has been associated with genetic and personality factors, suggesting fundamental and
systematic differences in affective perception (Canli et al., 2002, 2005). However, affective
ERP waveform variability across individuals has received very little consideration. Although
such variability is likely multifactorial in nature, finding correlations with demographic factors
and psychological traits are important first steps towards a theoretical characterization of
affective ERP variability. One major source of individual variation may stem from gender
differences in IAPS ratings for certain pictures, most of which are of pleasant valence and
containing humans (female/male nudes, babies) as content (Lang et al., 1999). fMRI findings
indicate stronger activation to arousing erotic pictures in males compared to females, but an
opposite pattern for mutilations (Sabatinelli et al., 2004). Larger positive potentials in the
250-700 ms range have been found in females compared to males for arousing pictures with
unpleasant affect (Gasbarri et al., 2006). Not all studies find gender effects, but systematic
assessment of gender could prove fruitful in characterizing stimulus- and task factors (Cahill,
2004; Rozenkrants and Polich, 2007).

Participant age is another potential factor of affective import. When young and older adult
subjects were compared using startle-elicited ERPs as a measure of arousal from emotional
pictures, smaller N1 and P3 amplitudes were obtained for the older adults irrespective of
affective stimulation (Smith et al., 2005). IAPS images produced a decrease in LPP amplitude
for arousing pictures in older adults (particularly for unpleasant pictures) but no age-related
difference for earlier components (Wood and Kisley, 2006). The results imply that a “negativity
bias” is present in younger adults, but decreased in elderly adults. Since corresponding
differences in affective ratings were not found, and as valence effects are absent in many
comparable studies, this finding should be replicated using different unique 1APS pictures
before firm conclusions can be made. Given the relatively large literature on cognitive ERPs
and aging for neutral stimuli (Fjell and Walhovd, 2005; Kok and Zeef, 1991; Kugler et al.,
1993; Polich, 1997), age-related affect changes have not been well defined and are not yet
conclusive.

A relatively new topic is cultural affective processing effects, which could provide clues to the
mechanisms underlying cultural differences. For example, Hot et al. (2006) compared Japanese
and French individuals on their reactivity to affective pictures. Smaller affective ERP

components in the mid-range (170-450 ms) were obtained in the Japanese compared to French
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subjects, which may suggest that emotional expressivity differs among cultural backgrounds.
In addition, individuals with high interoceptive awareness (self-perception of cardiac signals)
demonstrated increased late ERP amplitudes to affective pictures (Pollatos et al., 2005).

Individual ERP variation to affective pictures remains a collection of interesting but disparate
findings, and such investigations may contribute to understanding the functional significance
of affective ERP responsivity. Indeed, amplitude modulations associated with instructed
emotional reappraisal correspond to subjectively perceived affective stimulus change (Hajcak
and Nieuwenhuis, 2006). Strategic abilities to cope with unpleasant situations could be
reflected in the associated waveforms, and the affective ERP reactivity might therefore vary
with general executive control capabilities. Explanations for individual differences in affective
ERPs also will be helpful for characterizing clinical affective dysfunction. Future affective
ERP applications could include assessment of individual differences as associated with cultural
idiosyncrasies, demographic, and personality factors related to affective disposition (Davidson,
2001, 2003; Ito and Cacioppo, 2005).

6. Conclusion

The primary affective dimensions of valence and arousal influence ERP amplitudes at several
processing stages that occur at separate and overlapping latencies. Valence effects, when
reported, have been mainly found at short latencies (100-300 ms) and appear associated with
rapid selective attention processes within the “negativity bias” framework are modulated by
target detection as indexed by the P3b subcomponent. However, ERP valence effects are less
consistently obtained than arousal effects, and the heterogeneity of results prevents strong
conclusion about the nature of the effects of pictorial valence on ERPs. Arousal elicits a
positive-going waveform from about 200 ms until stimulus offset. This effect is consistently
obtained but varies with task relevance within the P300 range. Arousal-related ERP modulation
has been linked with automatic attention at middle-range latencies, and intrinsically
motivational stimuli facilitate processing for subsequent memory storage at longer latencies.
ERP arousal effects can be inhibited by emotional reappraisal and task instructions, especially
at longer latencies.

Further development of affective ERP paradigms will help to characterize brain processes
produced by emotional picture stimuli. Complementary behavioral evidence is needed to
clarify the functional significance of affective ERP modulations, especially for short-latency
components related to attentional processing. Additional investigations of task-demands and
picture composition as attention-related modulators of affective influences and emotional
regulation would be informative (Bradley et al., 2007; Hajcak et al., 2006; Hajcak and
Nieuwenhuis, 2006; Moser et al., 2006; Schupp et al., 2007). The susceptibility of early ERP
components to non-affective perceptual features particularly highlights the need for balanced
stimulus categories. Behavioral findings of affective influences on perception and visuo-spatial
attention (Carrasco et al., 2004; Lundqvist and Ohman, 2005; Phelps et al., 2006; Ohman et
al., 2001), as well as the evidence from non-affective ERPs that correlate with visuo-spatial
attention (Hillyard and Anllo-Vento, 1998; Luck et al., 2000; Mangun and Hillyard, 1991;
Mangun et al., 1993; McDonald et al., 2005), will contribute to a theoretical synthesis of ERP
findings on attention, perception, and affect. Theoretical advances are likely to benefit from
integration across different neurophysiological methods and stimulus types (Vuilleumier,
2005). Finally, additional topics for further investigation are the demographic, cognitive,
procedural, and non-affective stimulus factors that interact with the affective ERP modulation.
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Figure 1.

Mean of female and male ratings of the arousal (low to high) and valence (unpleasant to
pleasant) values from a 1-9 scale for each stimulus image from the International Affective
Picture System (IAPS).
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Table 1
Description and main results of ERP studies in chronological order using affective picture stimuli.
Female/male Stimulus
(FIM) characteristics (C) Special study features (F) Effects of stimulus affect (A)
Study (year) number, age [duration in and task (T) during ERP| and topography interaction
(A) range or ms] and basis for its recording (T) at latency [component]
mean (vrs) selection (B)
C: High-arousing neg, - . .
Lifshitz (1966) F/M: 0/10 low-arousing neu F: Emotion and P300 Qéti ;&%E\Sriar;;gi/s?:ngzgy no
A:18-33 [1000-2000] T: Passive viewing T: Not ted
B: Not reported - Mot reportef
C: Line figures
conditioned by . “ : . 100 oy
Begleiter et al. FIM: 0/31 unpleasant, F:ERPsto ’}m_consupusly A:~100 229 ms [peak-to-peak
(1967) A 19.0 neutral and pleasant conquned 'V|s'ual stimuli amplitudes]: neu > pos > neg
e words [1500] T: Passive viewing T: Not reported
B: Not reported
A A [when informed of a non-
C: Line figures ig "
conditioned by F: ERPs to conditioned ;gsegéfi::ti\gr?]r-dji%ggzo ms
Begleiter et al. F/M: 0/31 unpleasant, visual stimuli in partly [peak-to- eék amplitudes]:
(1969, Study 1) A:19.7 neutral and pleasant informed participants npe > p p :
words [1600] T: Passive viewing og > neu
B: Not reported p.
T: Not reported
C: Line figures :
conditioned by F: ERPs to conditioned sp‘gé\;?iinv\'/gfrgi?;eﬂrgf the
Begleiter et al. F/IM: 0/16 unpleasant, visual stimuli in fully ars)sociation]' g
(1969, Study 2) A:19.2 neutral and pleasant informed participants no effects
words [1600] T: Passive viewing T Not d
B: Not reported - Not reporte
C: High-arousing neg, Cn o
Radilova (1982) FIM: 1/9 low-arousing neu F: Emotion and P300 Q3] ?120 nggeak to-peak Nz
A: 20-50 [300] T: Passive viewing TN 4 d
B: Not reported - Not reporte
C: High-arousing pos . . -
. . A: ~300 ms [P3]: erotic >
Radilova et al., FIM: 0/12 (erotl(_:a), low- F: ER.PS foy sex_ually neutral; no statistical analysis
(1983) A: 243 arousing neu arousing stimuli reported
s (landscapes, etc.) [300] T: Passive viewing T'pN d
B: Not reported - Not reporte
. F:ERPs to affective A: 300-600 P3 and slow wave
Johnston et al. F/M: 10/10 gl T;Cr;l;rﬁ(?g]d cve pictures components, PCA, neg > pos
(1986) A: 18-35 B'gPrevious stud paired with CVC trigrams T: Parietal maximum;
: Y T: Count stimuli hemispheric differences
C: Neg (dermatological
cases), neu A: 410 ms [P3]: female models]
. (people), pos (babies, F: Different menstrual > babies/male
i]/?/g?t(()?g%l) 2'\203&/’0 male models, female phases models/dermatology cases >
9 ) models) [130] T: Passive viewing people
B: Used in previous T: Not reported
study
C: High-arousing neg/ . .
- FIM: 8/5 pos, low-arousing F/T: Memorization of A: 300-400 and 400-500 ms:
Mini et al. (1996), . P neg/pos > neu
A: 24 neu [2000] stimuli T: No effects
B: Not reported :
A: 225 ms [N225], 285 ms
C: High-arousing neg [P285] and 450 ms [Sw]: neg >
(dermatological . neu; 380 ms [P380]: neu > neg|
Kayser et al. F/M: 23/0 cases before treatment), ls:t.inlgztltierally presented T: 225 ms: largest valence
(1997) A: 22 neu (cases after T: Passive viewin effect at medial sites; 285 ms:
treatment) [250] ’ 9 right-parietal sites; 380 ms:
B: Pilot study fronto-central sites; 450 ms:
centro-posterior sites
C: Neg (mutilations), A: 282 ms [N2], 351 ms [P3]
Palomba et al. F/IM: 17/3 neu (objects), pos F: Emotional memory and 600-900 ms: neg/pos >
(1997) A:25.3 (puppies, babies) [6000] T: Memorization of stimuli neu; 400-600 ms: pos > neu
B: IAPS normative data T: Not reported
S(I)SH:(Q)CV-_B;;%L:JSSI;:%HEQ/ F: “Negativity bias” in
. ’ emotional categorizaton A: 400-900 ms [LPP]: neg >
Istﬁjg;ait') (1998, Z'Nlljnzdsergraduates geuIEF(’)g ?1]ormative data T qutioqal pos
’ : categorization T: No effects

Ito et al. (1998,
Study 2)

FIM: 14

A: Undergraduates

C: High-arousing neg/
pos (dead
animals/food), low-
arousing neu [1000]
B: Same as Study 1

F: Same as Study 1
T: Emotional
categorization

A: 400-900 ms [LPP]: neg >

pos
T: No effects
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Female/male Stimulus
(F/M) characteristics (C) Special study features (F), Effects of stimulus affect (A)
Study (year) number, age [duration in and task (T) during ERP| and topography interaction
(A) range or ms] and basis for its recording (T) at latency [component]
mean (vrs) selection (B)
A: 200-300 ms: pos > neu;
C: High-arousing neg/ . : 300-400 ms: pos > neg/neu;
Cuthbert et al. F/M: 14/23 pos, low-arousing .'|:.1 ﬁ%ﬂgg{n;;da\rlgfesslce 400-
(2000) A: Undergraduates neu [6000] ra{tin of stimuli 700 ms: pos > neg > neu;
B: IAPS normative data 9 700-5000 ms: neg/pos > neu
T: Not reported
i : F: Emotional stimulus
Schupp et al FIM: 23 (not gésH;gc\;ﬂ%ﬁﬁ%neg/ contexteffects A: 350-750 ms: neg/pos > neu
(2000) ’ specified) n euy [1500] T: Valence categorization T: 350-750 ms: largest arousal
of effect at Cz/Pz sites

A: Undergraduates

B: IAPS normative data

stimuli

C: High-arousing neg,

F: Cues indicating

A: 176-224 ms [P200]: pos >
neg/neu; 312-368 ms [P340]:

- . low-arousing neu, stimulus neg > pos/neu
(sz’géit)'e etal. ,i/-'\g'zasle high- and low-arousing category T: 176-224 and 312-368 ms:
ne pos [1750] T: Matching of picture largest valence effect at visual
B: Participant ratings stimuli to schematic cues association cortex (temporal
lobe; LORETA algorithm)
A: 168-232 ms [P200]: high
. arousal > low arousal (at 3 Hz);
Junahdfer et al sF[gg/tl:.ifgd()nOt C: High-arousing, low- F: Rapid stimulus §§§J§§6>T§V\[/'\§(i?s];|h(i§th3 Hz)
(2081) ) A: 12 arousing [200-333] presentation (3-5 Hz) T: 168-232 and 232-296 ms:
students, B: IAPS normative data T: Passive viewing ' :

5 researchers

largest arousal effect at right-
hemisphere (occipital and

parietal) sites

C: Arousal: neg > pos >

F: Laterally presented

A: 160 ms [N1]: neg/pos > neu;
400-600 ms [Sw]: neg/pos >

: FIM: 713 ; neu
Keil et al. (2001) . neu [1000] pictures ; . .
A:261 B: IAPS normative data T: Passive viewing -rlw—wslfe?rg;zzt ggoig;cé}?e%?ﬁoo
parietal sites
U : A: 500-800 ms: neg/pos > neu
C: High-arousing neg/ F: Emotional memo 0. A
. . : ry T: 500-800 ms: largest valence
(DZ%I(;:S)S & Cabezey zl\gtulczgts ﬁgj [Ié)(\)lé—oa]rousmg T: Emotion rating and effect at right-hemisphiere
’ B: IAPS normative data memorization of stimuli sites; largest arousal effect at
: parietal sites
A:120-150 ms [N1]: pos > neg.
neu; 300-340 ms [early P3],
380-440 ms [late P3] and
C: High-arousing neg/ 550-900 ms [SW]: neg/pos >
. pos, low-arousing . ; neu
Keil et al. (2002) i‘/_'\gém 1 neu: neg > pos > neu '1:.'_ Igggsri(i?ea\?izlv}\l/?rgs T: 380-900 ms: largest valence
: [6000] ) 9 effect at centro-parietal sites,
B: IAPS normative data largest arousal effect at right
hemisphere; 550-900 ms:
largest valence effect at right-
parietal sites
" - A: 176 ms [N1]: habituation
C: High-arousing neg/ F: Habituation to cued larger f
- . p : ger for pos/neu than neg
é{gggt)le etal. i‘/.'\g'zlg,g/e ggi’ [Ié)(\)/\(l)-]arousmg affective stimuli T: 176 ms: habituation/affect
B: Participant ratings T: Valence discrimination |Sri1tt§8ract|on largest at frontal
A: 160-224 ms [N1] and
232-292 ms [N2]: neg/pos >
F: Task-irrelevant neu;
C: High-arousing neg/ affective erotica > other pos,
Schupp et al. FIM: 8/7 pos, low-arousing pictures mutilations/threat > other neg
(2003a) A: Undergraduates neu [333] T: Detection of non- T: 160-224 ms: largest valencef
B: IAPS normative data picture effect at occipito-temporal
stimuli sites; 232-292 ms: largest
valence effect at right temporo-
occipital sites
A: 312 ms: neg/pos > neu;
C: High-arousing neg/ . : 416-456 ms: neg/pos > neu
Schupp et al. F/M: 12/8 pos, low-arousing '1:.'_ Eﬂrﬂg{}gﬂgfne' ERP T: 312 ms: neg > neu largest af}
(2003b) A: Undergraduates neu [1500] cateqorization temporo-occipital sites, pos >
B: IAPS normative data 9 neu largest at centro-medial
sites
Smith et al FIM: 16/16 ;(a:rbtlsegllfec\)/sélmatched fo F: Affective target pictures A: 117 ms [P1]: neg > pos
’ o presented on affective T: 117 ms: largest valence
(2003) A: Undergraduates [1000]

B: IAPS normative data

background pictures
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Female/male Stimulus
(F/M) characteristics (C) Special study features (F), Effects of stimulus affect (A)
Study (year) number, age [duration in and task (T) during ERP| and topography interaction
(A) range or ms] and basis for its recording (T) at latency [component]
mean (vrs) selection (B)
T: Emotional
discrimination
C: High-arousing neg > F: Habituation of . . .
Amrhein et al. F/M: 6/10 pos, low-arousing psychophysiological A: 200 300’_300 400 and
400-700 ms: neg/pos > neu
(2004) A: 295 neu [8000] responses T: No effects
B: Participant ratings T: Passive viewing :
A: 105 ms [P1]: neg > pos/neu;
C: Neg (snarling wolf), 180 ms [P2]:.neg/pos > eL;

- . neu (wristwatch), F: Source analysis 2‘_10 ms [N,Z]' neg > pos
Carretié et al. F/M: 28/9 : . A T: 105 ms: largest valence
(2004) A: 215 Pos (opposite-gender T: Count of target stimuli effect in occipital cortex; 180

ne nude) [200] ) (oddball paradigm) ms ’
B: Participant ratings and 240 ms: anterior cingulate
(LORETA algorithms)
A: 150-165 ms [late P1]: neg >
pos; 180-213 ms [P2]: neg >
C: Neg/neu/pos . pos > neu; 406-603 ms [P3b]:
Delplanque et al. F/M: 12/0 balanced for arousal '1:.'_ \Iézltzgfi%sf;???fective neg < pos
(2004) A:20.6 [1000] icture target stimuli T: 150-165 and 180-213 ms:
B: IAPS normative data p 9 largest valence effect at
occipito-temporal sites;
406-603 ms: fronto-central site]
babics: 400-500 mé [LPL |
. . . ; abies; 400-500 ms :
CO.SH:(g)\r;V-_a;%ltsslir:]g neg > Fé essgrc])gtsigrr:wulus erotic > babies/mutilations >
Schupp et al. F/M: 14/2 geu' [120] Y Q- Emotional threat
(2004) A:21.2 B: Partici : P T: 200-350 ms: largest valence
: Participant categorization L
categorization of stimuli effect at occipital-temporal
sites; 400-500 ms: centro-
parietal sites
. T A: 411-599 ms [P3b]: neg/pos
C: High-arousing neg/ gﬁ;rgtsi\ljelrrelevant > neu
Delplanque et al. F/IM: 17/0 pos, low-arousing icture stimuli T: 411-599 ms: largest valence
(2005) A: 217 neu [750] p' : effect for neg at posterior
- T: Detection of non- :
B: IAPS normative data aﬁective target stimuli sites, largest effect for pos at
Y anterior sites
A: 290-500 ms [P3]: pos > neg|
> neu; 550-900 ms [SW]:
. . o0s/neg > neu
C: High-arousing neg/ . . po )
. . F: Interoceptive awareness| T: 290-500 ms: largest valence
(P;(;:)ag)os etal. Z/_I\Q.SZSB/lG ggj [Ig(\)%—oa]rousmg T: Rating of valence and effect for pos > neg/neu at
e B- IAPS normative data arousal frontal/centro-lateral sites and
) for arousal neg/pos > neu at
posterior sites; 550-900 ms:
alobal effect
A: 160 and 680 ms: neg > neu
L . 0s; 400 ms: pos > neg/neu
C: High-arousing neg/ . . p_ N
- . . F: Source analysis T: 160 ms: largest valence
E:Zaor(;%t)le etal. i‘/"\gf?l/ 9 ﬁgj [Ifgé—oa]rousmg T: Non-emotional effect in prefrontal cortex; 400)
TeT B: IAPS normative data categorization ms: visual association cortex;
’ 680 ms: left precentral gyrus
(LORETA algorithm)
C: High-arousing neg/ F: Habituation of f‘}}ggo[ﬁgg:;:eg{spgf]: neg/pos
Codispoti et al. FIM: 26/24 pos, low-arousing psychophysiological habituation]
(2006) A: 22-34 neu [6000] responses T: 400-800 ms:
” . A AT : - s: largest arousal
B: IAPS normative data T: Passive viewing effect at posterior sites
L . A: 150-300 ms: pos > neg/neu;
C: High-arousing neg/ oy . ) :
De Cesarei & FIM: 8/8 pos, low-arousing F: Stimulus size 400-600 [LPP]: posineg >
Codispoti (2006) A 22.7 neu [100] T: Non-emotional neu
nee B: Not renorted categorization T: 400-600: largest arousal
: P effect at parietal sites
A: 333-384 ms [P3a]: neg >
C: High-arousing neg/ F: Affective influences on pgz/ge#é 4296539 ms [P3D]:
Delplanque et al. F/M: 17/0 pos, low-arousing P3a and P3b .ﬁ’. 333_324 m: largest valencel
(2006) A: 215 ne:'u [750] ) T: Emotional effect at parietél si?e; 439-
B: IAPS normative data categorization 630 ms: pos > neg effect largest
at frontal/central sites
: . C: High-arousing neg, F: Memory and gender . .
Gasbarri et al. FIM: 24/24 ; . ; ; A: 250-700 ms [P3]: females >
(2006) A: 28 low-arousing neu T: Affective rating of males for arousing stimuli;

[10000]

picture sequences
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Female/male Stimulus
(F/M) characteristics (C) Special study features (F), Effects of stimulus affect (A)
Study (year) number, age [duration in and task (T) during ERP| and topography interaction
(A) range or ms] and basis for its recording (T) at latency [component]
mean (vrs) selection (B)
. - . T: 250-700 ms: largest gender
B: Participant ratings effect at left-hemisphere sites
A: 200-400, 600-1000,
Hajcak & C: High-arousing neg/ F: Emotional reappraisal i200-1800 [LPP]: reappraisal
: . F/M: 11/3 pos, low-arousing 'S . L .
E\lzl(t)ag;\)/enhws A: Students neu [1000] ) passive viewing S?stsd;/ézswewmg for arousing
B: IAPS normative data T: Emotional rating T: largest effects of reappraisal
at centro-parietal sites
s . . . A: 500-650 ms [LPP]:
C: High-arousing neg/ F/T: Emotional vs. non- . N
Hajcak et al. F/M: 10/6 pos, low-arousing emotional categorization e)r'r:]%tr:(_)nal categorization task
(2006) A: Undergraduates neu [1000] of

B: IAPS normative data

stimuli

emotional categorization task
T: Not reported

C: High-arousing neg/
pos, low-arousing

F: Cultural differences:

A: 105-140, 176-230, 255-455)
ms: pos/neg > neu; 176-230
and 255-455 ms: French >
Japanese (parieto-occipital
area)

F/M: 16/14 neu [1500] T: 105-140 ms: largest arousal
Hot et al. (2006) A:22.6 B: IAPS normative data ?eggshs/i?ep?/?:vs;n effect at frontal-occipital
validated in pilot ’ 9 sites; 176-230 ms: largest
study arousal effects at frontal sites;
255-455 ms: largest arousal
and group effects at parieto-
occipital[b]r sites
A: 250-350 and 350-600 ms
C: High-arousing neg/ . : [LPP]: emotional
Moser et al. F/M: 16/3 pos, low-arousing EAEAECT%%%??S enhancement/passive viewing
(2006) A: Undergraduates neu [1000] SupDression ’ instructions > emotional
B: IAPS normative data PP suppression instructions
T: Not reported
A:200-300 ms [EPN]: pos/neg|
C: High-arousing neg > F: Habituation effects Vs neu
Schupp et al. FIM: 4/4 pos, low-arousing under T: 200-300 ms: largest arousal
(2006) A:24.0 neu [330] rapid presentation effect at occipito-temporal
B: Not reported T: Passive viewing and fronto-central sites, and
over the right hemisphere
A: 150-250 [P2]: pos > neg/
i . neu; 380-420 [P3]: pos/neg >
gésH;gcv_""ar%‘:fS'i':%"egl F: Multi-sensory neu; 500-1400 ms [LPP]:
Spreckelmeyer et F/M: 8/6 neu [302-515] [(Jr;iocctﬁsrzlsr}goices) lz;%er for congruent pairing
al. (2006) A2l \?a:l:c?aFt)Sdr}ﬁrmi?gtve data T: Emotional ratings of pictures/sad voices) than other|
study P stimuli combinations
T: >380 ms: largest effect of
pos > neu/neq at frontal sites
FIM: 15/5 : High-arousing neg/ A: 400-900 [LPP]: neg > pos
Wood & Kisle (young), 12/8 geuy [1200] 9 F: Age effects only for young adults. Neg/pos|
(2006) y (old) B: IAPS normative data T: Emotional ratings of > neu overall, but stronger
A: 21.0 (Y), validated by ! pictures effect in young adults
68.5 (0) participant ratings T: 400-900: not reported
A: 150-250: figure-ground vs
C: High-arousing neg/ complex scenes; 400-700
pos, low-arousing F: Picture comnosition: [LPP]: arousal effect; for pos/
: position; Ml
Bradley et al. F/M: 31/9 E?UIAGF(’)SO%]ormative data figure-ground vs. complex| chgr,]glsgure ground vs complex
(2007) A: Undergraduates picture Scenes T: 150-250: largest effect of

composition, ratings of
complexity

T: Passive viewing

composition at fronto-occipital
sites; 400-700: parietal locus off
arousal effect

Codispoti et al.
(2007)

FIM: 12/12
A:21-28

C: High-arousing neg/
pos, low-arousing

neu [1000]

B: IAPS normative data

F: Habituation of early and
late affective processes
T: Passive viewing

A: 150-300: valence/arousal
effects; overall habituation
within stimulus blocks, least
habituation for pos; 300-600:
valence/arousal effects;
habituation within/between
blocks

T: 150-300; 300-600: valence/|
arousal effects and their
interactions with habituation

vary with scalp region
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Female/male Stimulus
(F/M) characteristics (C) Special study features (F), Effects of stimulus affect (A)
Study (year) number, age [duration in and task (T) during ERP| and topography interaction
(A) range or ms] and basis for its recording (T) at latency [component]
mean (yrs) selection (B)
A: Exp. 1, 400 ms valence
C: Moderate identical F: Normal vs. scrambled gffects for color not blfw; Exp
Cano & Polich . arousal for neg, neut, pictures; color vs. bl/w . .
(2007) FIM: 16/0 pos [1000] T: Detection of affective m'tflnscfrgr'nf{ﬁg”ic;zgé‘sm'“ate"
B: IAPS normative data stimuli T: 400 ms valence effects
strongest over frontal areas
A: 135: spatial frequency
effect; 135, 180, 240: spatial
" - frequency interacts with
Cc.)sH:gC\:{r(Z)lijss%g neg/ F: Spatial frequency (fuzzy emotional content.
Carretié et al. FIM: 2714 geuy [100] 9 vs clear images) T: 135: largest spatial
(2007) A: 234 ; At . T: Non-emotional frequency effect in occipito-
B: Participant ratings of categorization parietal
valence/arousal cortex [LORETA]; 180, 240:
interaction effects largest at
frontal sites
A: 400 ms left frontal
C: Moderately arousing F: Arousal level controlled :mg::tﬂg: decreased P300
Conroy & Polich . neg, neut, pos across valence; .
(2007) FIM: 12/0 [1000] _ T: Detection of affective for neg relative to neut o pos
B: IAPS normative data stimuli T: P300 strongest valence
effect over frontal areas
C: High-arousing neg/ F: Repetition and time-on-| Ié\ooli%gi?snfss[ﬁdng%gneu
Olofsson & F/M: 18/0 pos, low-arousing task 850 ms [SW]: neg/pos > neu
Polich (2007) A: 18-27 neu [1000] ) T: Detection of affective T: Largest aréusa% gffects at
B: IAPS normative data picture stimuli posterior sites
C: Lowr/high arousal at F: Gender effects in A: 400-800 [P300, SW]: high
neg/pos valence, arousal arousal > low arousal, weak
Rozenkrants & FIM: 16/16 scrambled control and valence parameters valence effects, no gender
Polich (2007) ’ stimuli for each picture T: Detection of affective differences
condition [1000] picture stimuli, repeated T: Valence effects strongest
B: IAPS normative data stimulus conditions over frontal areas
A: 400-800 [P300, SW]: high
. : F: Independent arousal > low arousal
gé |7°(‘;\;/ leﬂznirg usal at manipulation of arousal differences that were found forj
Rozenkrants etal scr%r%bled contrbl and bqth n_ormal and scrambled
(2007) | F/M: 16/16 stimuli for each picture valence parameters stimuli, no valence effects, no
condition [1000]p T: Detection of affective gender differences
B: IAPS normative data picture stimuli, repeated T: 220-300: Arousal effect
’ stimulus conditions largest at parietal sites, stable
across repetions
C: High-arousing neg/ ﬁ;:u400—900 [LPP]: neg/pos >
ﬁgﬁ' [Ig(\)lg—oa]rousmg T: 400-900: largest effect at
Sabatinelli et al. F/M: 10/8 B- IAPS normative data F: ERP-fMRI correlations centro-parietal sites;
(2007) A: 20 ca{tegories ! T: Passive viewing correlations
to hemodynamic activity in
balanced on perceptual P p
dimensions Io(;:l;:égltal, parietal and temporal
A: 200-350 [EPN]: neg/pos <
s . neu; effect of attention similar
(Crﬁﬂ?art]{ggg?f'gg neg F: Attention manipulation across affect categories;
Schupp et al. F/IM: 8/8 (erotica) IowParousin through varying target 400-600 [LPP]; neg/pos > neu;
(2007) A: 25 ' 9 categories effect of attention largest for

neu (people) [333]
B: IAPS normative data

T: Count target stimuli

neg/pos
T: 200-350; 400-600: largest
effect at posterior sites

Neg = stimuli of unpleasant valence; neu = stimuli of neutral valence; pos = stimuli of pleasant valence. In the results column, only statistically significant
contrasts are reported. In description of stimuli, x <'y refers to lower affective ratings of x compared to y. In description of effects, x <'y refers to smaller
positive-going amplitude (or factor loading) for x compared to y. Complex interaction effects are not presented.
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