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bstract

Previous studies suggest that the magnocellular pathway, a visual processing system that rapidly provides low spatial frequency information to
ast-responding structures such as the amygdala, is more involved in the processing of emotional facial expressions than the parvocellular pathway
which conveys all spatial frequencies). The present experiment explored the spatio-temporal characteristics of the spatial frequency modulation
f affect-related neural processing, as well as its generalizability to non-facial stimuli. To that aim, the event-related potentials (ERPs) elicited by
ow-pass filtered (i.e., high spatial frequencies are eliminated) and intact non-facial emotional images were recorded from 31 participants using a
0-electrode array. The earliest significant effect of spatial frequency was observed at 135 ms from stimulus onset: N135 component of the ERPs.
n line with previous studies, the origin of N135 was localized at secondary visual areas for low-pass filtered stimuli and at primary areas for intact

timuli. Importantly, this component showed an interaction between spatial frequency and emotional content: within low-pass filtered pictures,
egative stimuli elicited the highest N135 amplitudes. By contrast, within intact stimuli, neutral pictures were those eliciting the highest amplitudes.
hese results suggest that high spatial frequencies are not essential for the initial affect-related processing of visual stimuli, which would mainly

ely on low spatial frequency visual information. According to present data, high spatial frequencies would come into play later on.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

Survival requires organisms to process the environment accu-
ately and reliably, but also to react rapidly, at the cost of
ome precision, to certain biologically important events. This
ual capability is favoured by the existence of two different
eural systems for processing visual information. The mag-
ocellular pathway carries low-quality visual information but
apidly distributes it to fast-responding areas such as the pre-
rontal cortex (Bar, 2003; Bar et al., 2006) or the amygdala
Vuilleumier, Armony, Driver, & Dolan, 2003), thus allowing
n urgent response that may be critical for coping with biologi-
ally significant stimulation. On the other hand, the parvocellular

athway, while being precise, is exclusively directed towards
isual cortex (Merigan & Maunsell, 1993), allowing a deep
xploration of the stimulation. A key visual feature that distin-
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uishes the ‘style of processing’ of these two visual systems is
patial frequency. The magnocellular pathway conveys mainly
ow frequencies, which provide only gross information about
he shape of an object, while the parvocellular pathway carries
ll spatial frequencies, necessary for the processing of details
uch as edges, or small visual elements or contrasts.

Rapid motor and autonomic responses to emotional events
re organized by the amygdala (e.g., LeDoux, 2000). Several
ata indicate that high spatial frequencies are not essential for
he amygdala to be activated, suggesting that this structure is
ble to process, at least in some phases, magnocellular informa-
ion exclusively: low-pass filtered emotional facial expressions
i.e., faces which only present low spatial frequencies) elicit a
reater activation of this structure than emotional expressions
ontaining high frequencies (Vuilleumier et al., 2003). This is
n adaptive neural strategy, since emotional stimuli often require

rgent responses. Convergently, haemodynamic studies consis-
ently show that the activity of the human amygdala increases
o a higher extent in response to emotional stimuli, particularly
egative, than in response to non-emotional stimuli (see reviews

mailto:carretie@uam.es
dx.doi.org/10.1016/j.neuropsychologia.2006.10.013
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n Murphy, Nimmo-Smith, & Lawrence, 2003; Phan, Wager,
aylor, & Liberzon, 2002; Zald, 2003).

Meanwhile, additional data indicate that the visual cortex also
ncreases its activation in response to low-pass filtered emotional
aces (Winston, Vuilleumier, & Dolan, 2003). These data, how-
ver, come from haemodynamic brain signals, so they do not
rovide information on the latency of response of visual cortex
o low-pass filtered emotional stimuli. This is a key issue in order
o advance our knowledge of the emotional processing circuitry.
or example, it could help to determine whether visual prefer-
ntial activation in response to low-pass filtered emotional faces
ight reflect the effects of modulatory feedback signals on visual

reas from the amygdala (Adolphs, 2004; Emery & Amaral,
000), or whether they may rather be caused by direct, faster,
halamo-cortical visual pathways, which convey both magno-
ellular and parvocellular information.

An important set of experiments reveal that event-related
otentials (ERPs), a temporally agile manifestation of brain
lectrical activity, are a useful tool to study the visual cortex
ensitivity to the spatial frequency of stimulation. Although
hey have consistently used non-emotional stimulation consist-
ng of simple sinusoidal or square-wave gratings, these studies
how that visual areas are sensitive to spatial frequency from as
arly as 80 ms from stimulus onset (e.g., Boeschoten, Kemner,
enemans, & van Engeland, 2005; Kenemans, Baas, Mangun,
ijffijt, & Verbaten, 2000). Such a short latency would suggest

hat direct thalamo-cortical pathways are underlying this ERP
ensitivity to spatial frequency. However, no data exist indicating
hether this early visual cortex sensitivity to spatial frequency

s also susceptible of being modulated by the affective content
f complex stimulation.

In this respect, recent data using complex emotional stimuli
faces) report brain wave differences associated with spatial fre-
uency approximately at 130 ms (P1 component of the ERPs:
ourtois, Dan, Grandjean, Sander, & Vuilleumier, 2005). An

nteraction of spatial frequency with emotional content was
bserved. The authors of the study found greater amplitudes in
esponse to low-pass filtered emotional faces than in response to
ow-pass filtered neutral faces, the relevance of low frequencies
or emotional neural processing being therefore clearly sup-
orted. The origin of P1 was located within the extraestriate
isual cortex. Also, based on its temporal characteristics, the
uthors propose that the visual cortex activation reflected by
his component is mediated by the activity of the amygdala.
ifferences before 100 ms are not reported in the Pourtois et

l.’s study.
The present experiment will attempt to obtain additional data

n the role of spatial frequency in emotional processing using
wo strategies that may help to complement previous data: the
se of ERPs and the use of non-facial stimuli. With respect to
he use of ERPs, it is important to indicate at this point that
he activity of closed field structures such as the amygdala is
ot reflected in ERPs. However, the ERP signal is an excellent

ool to record the activity of open field structures such as neo-
nd paleo-cortex: along with its rich temporal information, it
ay provide spatial data through the use of source localization

lgorithms. Meanwhile, the use of non-facial stimuli may be
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ery relevant too. Studies referred to above testing the inter-
ction of the spatial frequency and the emotional content of
he stimulation (Pourtois et al., 2005; Vuilleumier et al., 2003;

inston et al., 2003), exclusively employed facial stimuli. This
ype of stimulation has recourse to specialized neurons both in
he amygdala (Leonard, Rolls, Wilson, & Baylis, 1985; Rolls,
984) and in the visual cortex (Perret, Rolls, & Caan, 1982;
olls, 1984). Studying whether other relevant emotional events
ot linked to specialized brain areas could also be differentially
rocessed as a function of their spatial frequency is an important
uestion that will be addressed here.

Specifically, three questions will be explored in our study. The
rst one is a time related question: whether complex non-facial
motional stimuli can also elicit an ERP differential cortical
esponse as a function of spatial frequency as early as 80–100 ms,
s simple non emotional stimuli do (e.g., Boeschoten et al., 2005;
enemans et al., 2000). The second question deals with space:
hich cortical areas are activated by complex non-facial stim-
lation presenting different spatial frequencies. In this regard,
everal ERP studies using non-emotional stimulation suggest
hat high spatial frequencies mainly activate primary visual
reas, whereas low spatial frequencies mainly activate secondary
isual areas (Boeschoten et al., 2005; Kenemans et al., 2000;
ssenblok & Spekreijse, 1991), a pattern that will be explored

n the present experiment. Third, our study will explore the
nvolvement of each of the spatial frequency patterns (magno-
ellular versus parvocellular) in emotional processing and how
he data may be integrated with previous experiments using dif-
erent stimuli and methodologies.

Positive, negative and neutral non-facial visual stimuli will
e presented to subjects in two formats: one containing low
requencies only, and the other containing both low and high
requencies. As already indicated, these are the patterns of spa-
ial frequency conveyed by the magnocellular and parvocellular
athways, respectively. Differences in the ERPs evoked by the
wo conditions may be assumed to reflect high frequency effects
n neural processing. Both the spatio-temporal characteristics
f the earliest component at which the processing of high fre-
uencies is reflected in the ERPs and the sensitivity of such
omponent to the affective content of the stimulation will be
nalyzed in order to achieve the three-fold goal of the present
xperiment.

. Methods

.1. Subjects

Thirty-one students (27 women) from the Universidad Autónoma de Madrid,
ith an age range of 20–38 years (mean = 23.4) voluntarily took part in this

xperiment. They gave informed consent to participate, reporting normal or
orrected-to-normal visual acuity. The experiment was approved by the research
thics committee of the Instituto Pluridisciplinar (Universidad Complutense de
adrid), where the recording sessions took place.
.2. Stimuli and procedure

Original stimuli were 24 black and white images. They were divided into
hree different emotional categories (n = 8 for each category): arousing positive
A+), neutral (N) and arousing negative (A−), which consisted of opposite-sex
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Fig. 1. Examples of “Intact” and “LowFreq” stimuli belon

udes, objects and spiders, respectively (see Fig. 1 for an example). Each
articipant filled out a bidimensional scaling test for each picture after the
ecording sessions, assessing each picture valence and its arousal level (two
ffective dimensions that are widely considered to explain the principal variance
f emotional meaning: Lang, Greenwald, Bradley, & Hamm, 1993; Osgood,
uci, & Tannenbaum, 1957; Smith & Ellsworth, 1985). Table 1 shows the
eans and standard error of means on both dimensions for each type of image.
ne-way repeated measures ANOVAs were computed for valence and arousal

ssessments, using Stimulus (three levels: A+, N and A−) as a factor. The lower
ound (LB) correction was applied to adjust the degrees of freedom of the F
atios. Post hoc comparisons were also made to determine the significance of
air-wise contrasts, using the Bonferroni procedure (alpha = 0.05). ANOVAs
ielded significant differences in both valence (F(2, 60) = 88.986, LB corrected
< 0.001) and arousal (F(2, 60) = 60.864, LB corrected p < 0.001), respectively.
ost hoc contrasts indicated that A− and A+ showed different valences but not
ifferent arousal levels. A+ and A− differed from N in both arousal and valence.

The eight original images within each category were presented along with a
ow-pass filtered version of the same images (“Intact” and “LowFreq” stimuli,
espectively): Fig. 1. A low-pass Gaussian filter (10 pixel ratio) was employed
o this aim. The final number of presentations for each emotional category was
2, since these 16 A+, 16 A− and 16 N images (8 Intact and 8 LowFreq in each
ase) were presented twice. Participants were instructed to fixate at a small mark
ocated in the center of the screen at all times. In all cases, image sizes were
1.7◦ (high) × 18◦ (wide), and each image was presented for 100 ms. Order of
resentation was random. Average brightness level (from 0 or pure black to 255
r pure white) was 150.84 for LowFreq stimuli and 151.08 for Intact stimuli.

Subjects were instructed to press “button 1” if a person appeared in the image,
button 2” if an object appeared, and “button 3” if an animal appeared. How-
ver, in order to avoid motor-related activity in the ERPs, they had to wait until
100-ms beep sounded, 1200 ms after image onset, to respond (consequently,
eaction times were not informative). The next image appeared 2500 ms after the
eep. The aim of this indirect task was two-fold. Its main goal was to facilitate
aintenance of attention level (those trials in which subjects responded erro-

eously were eliminated, as explained below). The second aim of the task was to
void making it easy for subjects to consider that some of the stimuli were more

able 1
eans and S.E.M. (in parentheses) of valence (−2, negative to +2, positive) and

rousal (−2, calming to +2, arousing) assessments given by the 31 participants to
he three types of stimulation (A−, arousing negative; N, neutral; A+, arousing
ositive)

A− N A+

alence −1.33 (0.11) 0.11 (0.03) 0.68 (0.14)
rousal 1.08 (0.09) −0.11 (0.05) 0.88 (0.8)

T
t
7
N

3

3

s
p
S
a

to the same emotional category (A−, arousing negative).

mportant for the experiment than others, in order to prevent the ‘relevance-for-
ask effect’ described in previous studies (e.g., Duncan-Johnson & Donchin,
977). Direct tasks (i.e., pressing different keys as a function of the emotional
ontent of the stimulation) may lead subjects to consider that emotional, salient
timuli, are more important than neutral stimuli for an experiment on emotional
eactions. Indeed, previous research indicates that ERPs elicited by emotional
timuli in direct tasks are different from those elicited in indirect tasks (i.e., as in
he present experiment, the goal of studying emotion is not explicitly revealed
o participants) (e.g., Carretié, Iglesias, Garcı́a, & Ballesteros, 1997).

.3. Recording

Electroencephalographic data were recorded using an electrode cap (Elec-
roCap International) with tin electrodes. A total of 60 scalp locations homoge-
eously distributed all over the scalp were used. All active scalp electrodes (58),
s well as one electrode at the left mastoid (M1), were originally referenced
o an electrode at the right mastoid (M2). For the entire sample of electrodes,
riginally M2-referenced data were re-referenced offline using the average of
he mastoids (M1 and M2) method.

Electrooculographic (EOG) data were recorded from supra- and infra-
rbitally located electrodes (vertical EOG) as well as from the left versus the
ight orbital rim (horizontal EOG). Electrode impedances were always kept
elow 3 k�. A bandpass of 0.1–50 Hz (3 dB points for −6 dB/octave roll-off)
as set for the recording amplifiers. The channels were continuously digitizing
ata at a sampling rate of 250 Hz for the entire duration of the recording session.
he continuous recording was divided into 960 ms epochs for each trial, starting
00 ms before target onset. Trials in which subjects pressed the wrong button or
o which they did not respond to were eliminated. Moreover, visual inspection
as also carried out, epochs with eye movements or blinks being eliminated.
his artifact and error rejection led to the average elimination of 8.71 A− Intact

rials (standard error of means, S.E.M.: 0.62), 7.84 N Intact trials (S.E.M: 0.65),
.10 A+ Intact trials (S.E.M.: 0.76), 7.93 A− LowFreq trials (S.E.M.: 0.62), 9.26
LowFreq trials (S.E.M.: 0.86), and 7.20 A+ LowFreq trials (S.E.M.: 0.61).

. Data analysis

.1. Detection and quantification of ERP components

The waveform recorded at a site on the head over a period of

everal hundreds of milliseconds represents a complex super-
osition of different overlapping potentials or components.
uch recordings, especially when high-density electrode arrays
re employed, can stymie visual inspection. The complex
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uperpositions involved can also complicate efforts of source
ocation. In the present study, components explaining most of the
RP variance were detected and quantified through covariance-
atrix-based temporal principal component analysis (tPCA), a

trategy that has widely been recommended for these purposes
e.g., Chapman & McCrary, 1995; Coles, Gratton, Kramer, &

iller, 1986; Dien, Beal, & Berg, 2005; Donchin & Heffley,
978).

The main advantage of tPCA is that it presents each ERP
omponent with its ‘clean’ shape, extracting and quantifying it
ree of the influences of adjacent or subjacent components (tradi-
ional grand averages often show components in a distorted way,
nd may even fail to show some of them). In brief, tPCA com-
utes the covariance between all ERP time points, which tends to
e high between those time points involved in the same compo-
ent, and low between those belonging to different components.
he solution is therefore a set of independent factors made up of
ighly covarying time points, which ideally correspond to ERP
omponents. Temporal factor score, the tPCA-derived param-
ter in which extracted temporal factors may be quantified, is
quivalent to amplitude. In this study, the decision on the num-
er of factors to select was based on the scree test (Cliff, 1987).
xtracted factors were submitted to varimax rotation.

.2. Analysis of the experimental effects on ERP and
ehavioral data

With respect to electrophysiological data, the analysis of
xperimental effects required ERPs recorded from 58 glob-
lly distributed scalp points to be clustered into different scalp
egions, since ERP components frequently behave differently in
ome scalp areas than in others (e.g., present opposite polar-
ty or react differently to experimental manipulations). This
egional grouping was determined through a covariance matrix-
ased spatial PCA (sPCA). sPCAs were carried out, for each
f the temporal factors, on their temporal factor scores (directly
elated to amplitudes, as already mentioned) in order to delimit
nd quantify these regions. This system is preferable to the tra-
itional, a priori subdivision into geometrically defined scalp
egions, since sPCA demarcates them according to the real
ehavior of each scalp-point recording (Carretié, Hinojosa, &
ercado, 2003; Spencer, Dien, & Donchin, 1999): basically,

ach region or spatial factor is formed with the scalp points where
ecordings tend to covary. As a result, the shape of the sPCA-
onfigured regions is functionally based, and scarcely resembles
he shape of the traditional, geometrically configured regions.

oreover, each spatial factor can be quantified through the spa-
ial factor score, a single parameter that reflects the amplitude
f the whole spatial factor.

With respect to behavioral data, only number of errors (i.e.,
ncorrect button presses and no responses) was analyzed. Reac-
ion times do not provide relevant information in the present
tudy since, in order to avoid motor-related interferences in the

RPs, participants were instructed to wait to respond until a
eep sounded 1200 ms after image onset (see Section 2.2).

Repeated-measures ANOVAs on spatial factors and number
f errors with respect to emotional content (three levels: A+, A−
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nd N) and spatial frequency (two levels: Intact and LowFreq)
ere carried out. The lower bound (LB) epsilon correction was

pplied to adjust the degrees of freedom of the F ratios where
ecessary. Post hoc comparisons were also made in order to
etermine the significance of pair-wise contrasts applying the
onferroni procedure (alpha < 0.05).

.3. Source location

In order to three-dimensionally locate the cortical regions
hat were sensitive to the experimental effects, low-resolution
rain electromagnetic tomography (LORETA) was applied to
emporal factor scores. LORETA is a 3D, discrete linear solu-
ion for the EEG inverse problem (Pascual-Marqui, Michel, &
ehman, 1994). Although, in general, solutions provided by
EG-based source-location algorithms should be interpreted
ith caution due to their potential error margins, LORETA

olutions have shown significant correspondence with those pro-
ided by haemodynamic procedures in the same tasks (Dierks et
l., 2000; Vitacco, Brandeis, Pascual-Marqui, & Martı́n, 2002),
heir error margin being modest (14 mm: Pascual-Marqui, 1999;
ascual-Marqui et al., 1994). Moreover, the large sample size
mployed in the present study (n = 30), the use of tPCA-derived
actor scores instead of direct voltages (which leads to more
ccurate source-localization analyses: Carretié, Tapia et al.,
004), and the estimation of convergence with sPCA data, all
ontribute to reducing this error margin. In the employed ver-
ion, LORETA refers to a three-shell spherical model registered
o the Talairach human brain atlas (Talairach & Tournoux, 1988).

. Results

.1. ERP data

Fig. 2 shows four grand averages once the baseline value
prestimulus recording) had been subtracted from each ERP.
hese grand averages correspond to the right occipital scalp area,
here experimental effects were most prominent. As a conse-
uence of the application of the tPCA (see Section 3 for details),
even components were extracted from the ERPs (Fig. 3). As
hown in Table 2, the sPCAs subsequently applied to temporal
actor scores extracted both frontal and posterior spatial factors
or each temporal factor.

Repeated-measures ANOVAs on these spatial factors with
espect to emotional content (three levels: A+, A− and N) and
patial frequency (two levels: Intact and LowFreq) were carried
ut, together with Bonferroni post hoc tests (see Section 3 for
etails). As indicated in Section 1, our aim was to detect the
arliest component in which responses to Intact stimuli differed
rom those elicited by LowFreq stimuli. That is, the point at
hich high spatial frequencies begin to significantly contribute

o the recorded response, since low frequencies are present both
n Intact and LowFreq stimuli. Table 2 shows the statistical

etails of the contrasts concerning spatial frequency. As may be
bserved, temporal factor 6 (peaking at 136 ms) was, chronolog-
cally, the first in which the effect of this factor was significant
the earliest component detected by tPCA, which was temporal



L. Carretié et al. / Neuropsychologia 45 (2007) 1187–1195 1191

Fig. 2. Grand averages at right occipital sites, where the experimental effects
(described in the text) are clearly visible. (A) Intact vs. LowFreq grand averages
w
c

f
s
o
(
c
g
m
(

Fig. 3. tPCA: factor loadings after varimax rotation. Temporal factor 6 (N135)
is drawn in black.

Table 2
Results of the statistical contrasts concerning spatial frequency (Intact vs.
LowFreq) carried out on all extracted spatio-temporal factors

Temporal factor Peak (ms) Spatial factor Spatial frequency
(d.f. = 1,30)

TF1 472 Frontal F = 1.042, n.s.
Posterior F = 0.019, n.s.

TF2 712 Frontal F = 3.016, n.s.
Posterior F = 6.687, p < 0.025

TF3 240 Frontal F = 24.425, p < 0.001
Posterior F = 29.731, p < 0.001

TF4 184 Frontal F = 38.178, p < 0.001
Posterior F = 0.439, n.s.

TF5 96 Frontal F = 0.048, n.s.
Posterior F = 1.113, n.s.

TF6 136 Frontal F = 32.637, p < 0.001
Posterior F = 9.113, p < 0.01

TF7 344 Frontal F = 0.391, n.s.
Posterior F = 4.642, p < 0.05

S
n

c
s
r
be appreciated, Intact stimuli activated areas close to, or within,
primary visual cortex, while LowFreq stimuli activated regions
more dorsally located.

Table 3
Foci provided by LORETA for N135 factor scores in response to LowFreq and
to Intact stimuli

Talairach (x, y, z) Anatomically close regions (d < 5 mm)
ithout separating by emotional categories. (B) Distinguishing by emotional
ategories. All amplitude and time scales are as in (A).

actor 5, peaking at 100 ms, did not show significant effects of
patial frequency). More specifically, significant effects were
btained in the posterior spatial factor of temporal factor 6
see Table 2 and Fig. 4). Factor peak-latency and topography
haracteristics associate factor 6 with the wave labeled N135 in

rand averages (Fig. 2). This label will be employed hereafter to
ake results easier to understand. Intact stimuli elicited higher

i.e., more negative) N135 amplitudes than LowFreq stimuli.

I
L

F, spatial factor; n.s., non significant; d.f., degrees of freedom. In italics, sig-
ificant results.

The next step was to three-dimensionally localize the corti-
al sources in which N135 was originated. Table 3 and Fig. 5
how LORETA’s solutions for N135 temporal factor scores in
esponse to Intact and to LowFreq stimuli separately. As may
ntact −3, −74, 29 BA 31, d = 2 mm; BA 7, d = 2 mm
owFreq 4, −81, 1 BA 18, d = 2 mm; BA 17, d = 4 mm
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Table 4
Results of the statistical contrasts concerning the spatial frequency (Intact, LowFreq) × emotional content (A−, N, A+) interaction carried out on the spatio-temporal
factors in which spatial frequency produced significant effects (see Table 1)

Temporal factor Spatial factor Spatial frequency × emotional
content (d.f. = 2,60), LB corrected p

Significant post hoc (Bonferroni) contrasts (alpha <0.05)

TF2 Posterior F = 3.51, n.s.

TF3 (N240) Frontal F = 29.142, p < 0.001 Intact A− < (Intact N < Intact A+); LowFreq N < (LowFreq A− < LowFreq A+)
Posterior F = 1.300, n.s.

TF4 (P180) Frontal F = 19.382, p < 0.001 Intact A+ > (Intact N = Intact A−); LowFreq A+ > LowFreq N

TF6 (N135) Frontal F = 0.289, n.s.
Posterior F = 5.166, p < 0.05 Intact N < Intact A +; LowFreq A− < (LowFreq N = LowFreq A+)
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F7 Posterior F = 3.840, n.s.

F, spatial factor; n.s., non significant; LB, lower bound; d.f., degrees of free
ignificant results.

Additionally, the possibility that spatial frequency interacted
ith emotional content in N135 was further explored through

epeated-measures ANOVAs. A significant effect of such inter-
ction would indicate that the two spatial frequency patterns
Intact or parvocellular and LowFreq or magnocellular) inter-
ene differently at initial affect-related processes. The spatial
requency by emotional content interaction showed significant
ifferences in the posterior spatial factor of N135 (Table 3). Bon-
erroni post hoc tests indicated that, within LowFreq stimuli, A−
licited the highest amplitudes (significantly higher than A+ and
). Interestingly, within Intact stimuli, N (i.e., non emotional)

timuli elicited the highest amplitudes (significantly higher than
+ but not than A−): see Table 4. Thus, high spatial frequencies,
hich are only present in Intact stimuli, seem not to intervene
t initial affect-related neural processes.
In order to determine the moment at which high frequen-

ies begin to intervene in emotional processing, post-N135 ERP
omponents were also analyzed. ANOVAs on the spatial fre-

ig. 4. Temporal factor 6 (N135): (left) mean temporal factor scores (directly
elated to amplitudes) for each of the 58 electrode locations in the form of scalp
aps; (right) spatial factors extracted for N135 through sPCA (posterior factor
as sensitive to the experimental treatment). Values below each map indicate

olor scales (in spatial factor score units).
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A−, arousing negative stimuli; N, neutral; A+, arousing positive. In italics,

uency by emotional content interaction in those components
hich had been sensitive to spatial frequency (see Table 1) were

arried out. As Table 4 shows, frontal P180 (temporal factor 4)
nd frontal N240 (temporal factor 3) amplitudes were sensitive
o this interaction. In both cases, high spatial frequencies seem to
ontribute to the emotional processing of the stimulation, since
ntact A+ and/or A− elicited higher amplitudes than Intact N
timuli. For N240, this high frequency contribution is remark-
bly clear, since its amplitude in response to LowFreq images
s not sensitive to the affective content of stimuli: the highest
mplitudes in response to LowFreq pictures were elicited by N
mages.

.2. Behavioral data

As previously indicated, the categorization task employed
n the present experiment (person, object, animal discrimina-
ion) was indirect (i.e., orthogonal to the scopes of the study),
nd was used in order to maintain the attention level and to
revent the relevance-for-task effect (see Section 2.2). Exe-
ution in this categorization task was expected to be very
ependent on the spatial frequency of pictures. Particularly,
lurred, low frequency images are more difficult to be catego-
ized than sharp, well-defined ones. In fact, repeated-measures
NOVAs on the number of errors (see Table 5) with respect

o the spatial frequency factor confirmed that errors increased
n response to LowFreq stimuli (F(1, 30) = 9.956, p < 0.005).
nterestingly, the spatial frequency × emotional content inter-

ction also yielded significant differences (F(2, 69) = 7.408,
B corrected p < 0.025). Thus, Bonferroni post hoc tests indi-
ated that differences were elicited exclusively within LowFreq
timuli: LowFreq N images were associated with more errors

able 5
eans and S.E.M. (in parentheses) of the number of trials in which subjects

esponded erroneously or did not respond (A−, arousing negative; N, neutral;
+, arousing positive)

A− N A+

ntact 0.323 (0.188) 0.581 (0.261) 0.387 (0.120)
owFreq 0.645 (0.189) 1.968 (0.505) 0.484 (0.201)
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ig. 5. Images of neural activity computed with LORETA factor scores. The
liced through the region of the maximum activity. Left slice: axial, seen from a
he rear. Talairach coordinates: x from left (L) to right (R); y from posterior (P)

han LowFreq A+ and LowFreq A− ones. In other words, for
owFreq stimuli, execution was significantly better for emo-

ional than for neutral stimuli, while in response to Intact stimuli
he execution level was homogeneous across emotional content.
eaction times were not measured by the reasons exposed in
ection 3.

. Discussion

As indicated in Section 1, the present experiment aimed to
btain data on three different issues. The first issue was whether
he cortical response to different spatial frequencies is similar
n temporal terms for complex emotional stimuli than for sim-
le non emotional stimuli. In this regard, our ERP results failed
o reveal responses sensitive to spatial frequency at 80–100 ms,
s simple non emotional stimuli showed in prior studies (e.g.,
oeschoten et al., 2005; Kenemans et al., 2000). The first index
f differential spatial frequency-related activity in our study
rose at approximately 135 ms. This finding is in agreement with
revious data showing sensitivity to spatial frequency of com-
lex emotional stimuli (faces, in this case) at similar latencies
Pourtois et al., 2005).

It is important to indicate that results from both lines of
esearch (i.e., that using simple non emotional stimuli and that
sing complex emotional stimuli) could be complementary.

hus, it may be hypothesized that they are the reflection of two
ifferent visual processing pathways or systems: differentiation
t 80–100 ms may reflect processes related to direct thalamo-
ortical pathways (de Gelder, Vroomen, Pourtois, & Weiskrantz,

s
i
s

focus is represented through three orthogonal brain views in Talairach space,
nose up; center slice: sagittal, seen from the left; right slice: coronal, seen from
erior (A); z from inferior to superior. Color scale represents LORETA units.

999; Merigan & Maunsell, 1993), whereas differentiation later
n at 135 ms could reflect the influence of a pathway in which
he amygdala intervenes (thalamo-amygdalo-cortical pathway).
n fact, the amygdala is capable of modulating the activity of
ensory cortices, including the visual cortex (Adolphs, 2004;
mery & Amaral, 2000). As indicated in Section 1, this mod-
lation may start out from the low frequencies of stimulation,
hich are sufficient for the amygdala to respond (Vuilleumier

t al., 2003).
The second issue examined by the present study dealt with the

ortical origin of this initial differential response to the spatial
requencies contained in complex emotional stimuli. Responses
o both low-pass filtered and intact stimuli were originated in the
isual cortex, according to source location analyses on the N135
omponent. However, there is a source divergence as a function
f spatial frequency: while intact stimuli, which include high
requencies, mainly activated primary visual areas, low-pass fil-
ered stimuli, containing exclusively low frequencies, activated
isual areas more dorsally located. This spatial pattern con-
erges with results obtained in experiments on cortical response
o different spatial frequencies, where high spatial frequencies

ainly activate primary visual areas, whereas low spatial fre-
uencies mainly activate secondary visual areas (Boeschoten
t al., 2005; Kenemans et al., 2000; Ossenblok & Spekreijse,
991).
The third scope was to study the involvement of each of the
patial frequency patterns (magnocellular versus parvocellular)
n emotional neural processing. Indeed, N135 amplitudes were
ensitive to the spatial frequency × emotional content interac-



1 ycholo

t
e
h
b
t
t
r
f
w
t
t
(
t
r
l
d
i

n
t
c
n
r
o
t
i
a
&
P
a
t
t
t
n
N
p
n

t
f
(
2
v
w
m
R
a
s

v
e
i

A

0

a
a

R

A
B

B

B

C

C

C

C

C

C

C

C

d

D

D

D

D

E

K
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ion. Analyses revealed that when low spatial frequencies were
xclusively present in the stimuli, negative pictures elicited the
ighest N135 amplitudes, significantly higher than those elicited
y positive and neutral images. A reasonable interpretation is
hat magnocellular-related processing, mainly based on low spa-
ial frequencies, facilitates the detection of (and the subsequent
esponse to) urgent visual events. On the other hand, when high
requencies were not filtered-out, the highest N135 amplitudes
ere elicited by neutral stimuli. This response pattern suggests

hat urgency is not a parameter of stimulation preferentially
aken into account by parvocellular-related neural processing
which includes high spatial frequencies). These trends appear
o be supported by our behavioral data: execution was better in
esponse to low frequency emotional stimuli than in response to
ow frequency neutral stimuli. On the other hand, no behavioral
ifferences were observed in response to neutral and emotional
ntact stimuli.

This magnocellular initial involvement in emotional-related
eural processes may be a key neural mechanism underlying
he ‘negativity bias’, a well-known phenomenon defined by the
apability of unpleasant or dangerous events to rapidly mobilize
eural mechanisms whose purpose is to emit (direct or indi-
ectly) a response (Cacioppo & Gardner, 1999). The existence
f a negativity bias has been supported by several experimen-
al studies on brain activation in response to emotional stimuli,
n which aversive visual stimuli elicit neural changes as early
s 100–150 ms (Carretié, Hinojosa, Martı́n-Loeches, Mercado,

Tapia, 2004; Kawasaki et al., 2001; Northoff et al., 2000;
ourtois, Grandjean, Sander, & Vuilleumier, 2004; Pourtois et
l., 2005; Simpson et al., 2000). However, our results suggest
hat, in subsequent phases of affect-related processing, high spa-
ial frequencies become essential. Thus, P180 and N240 ampli-
udes are sensitive to the emotional charge of Intact stimuli, but
ot to the emotional charge of LowFreq stimuli (in the case of
240). These subsequent phases would be in charge of deeper
rocessing of the emotional event once the urgent response, if
ecessary, has been triggered.

An additional issue that will also be discussed here is related
o the degree of generalizability of previous results showing that
acial expression processing is modulated by spatial frequency
Pourtois et al., 2005; Vuilleumier et al., 2003; Winston et al.,
003). Present results clearly state that other types of emotional
isual stimuli such as those employed in the present experiment,
hich are not processed in specialized subcortical and cortical
odules as faces are (Leonard et al., 1985; Perret et al., 1982;
olls, 1984), also elicit a neural response that reflects an inter-
ction of the spatial frequency and the emotional content of the
timulation.

In sum, our study suggests that the magnocellular and par-
ocellular visual processing systems differently contribute to
motion-related neural processes, the former being implicated
n the initial phases, and the later intervening in subsequent steps.
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