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Abstract: Regions of the fusiform gyrus (FG) respond preferentially to faces over other classes of visual
stimuli. It remains unclear whether emotional face information modulates FG activity. In the present
study, whole-head magnetoencephalography (MEG) was obtained from fifteen healthy adults who
viewed emotionally expressive faces and made button responses based upon emotion (explicit condi-
tion) or age (implicit condition). Dipole source modeling produced source waveforms for left and right
primary visual and left and right fusiform areas. Stronger left FG activity (M170) to fearful than happy
or neutral faces was observed only in the explicit task, suggesting that directed attention to the emo-
tional content of faces facilitates observation of M170 valence modulation. A strong association
between M170 FG activity and reaction times in the explicit task provided additional evidence
for a role of the fusiform gyrus in processing emotional information. Hum Brain Mapp 34:1-11,
2013.  © 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Accurate identification of facial features is important to
human verbal and nonverbal communication, and investi-
gators have noted the evolutionary advantage of being
able to quickly determine from facial features an individu-
al’s identity, approximate age, gender, attractiveness, race,
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and emotional state [e.g., Darwin, 1872; Fox et al., 2000]. In
humans, PET and fMRI studies have localized face
responses to the occipito-temporal junction, the inferior pa-
rietal lobe, and the middle temporal lobe [e.g., Lu et al.,
1991; Morris et al., 1998]. Intracranial EEG has localized
both invariant (e.g., physical traits) and variant facial fea-
tures (e.g., facial expressions) to the ventral temporal cor-
tex [Tsuchiya et al., 2008]. Most reliably, ventral temporal
cortex constituting the fusiform gyrus, including the fusi-
form face area (FFA), is preferentially activated when
viewing faces compared to other classes of stimuli, such as
cars, houses, hands, and scrambled or inverted faces [Alli-
son et al., 1994; Grill-Spector et al., 2004; Halgren et al.,
2000; Haxby et al., 1999; Kanwisher et al., 1997; Pourtois
et al., 2009; Watanabe et al., 1999].

Current theories of face processing suggest that emo-
tional face information is served by a brain system some-
what independent from that used to decode structural
facial features [Bruce and Young, 1986; Haxby et al., 2000].
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Brain areas implicated in processing facial expressions and
emotion include the medial prefrontal cortex, subcallosal
cingulate, anterior cingulate, and insula [e.g., Fusar-Poli
et al., 2009; Phan et al., 2002]. An additional region is the
amygdala, a brain area involved in the recognition of emo-
tion [e.g.,, Adolphs et al., 1994, 1995; Costafreda et al.,
2008; Sergerie et al., 2008]. Feedback loops between amyg-
dala and regions associated with processing facial struc-
ture have been suggested, and it has been postulated that
the amygdala has a top-down effect on fusiform gyrus ac-
tivity [Morris et al., 1998; for a recent review, see Vuil-
leumier and Pourtois, 2007; Vuilleumier et al., 2004]. Thus,
the FG may show sensitivity to facial expressions of
emotion.

Regional brain activation to facial emotions has been
investigated in studies contrasting explicit with implicit
processing [Cunningham et al., 2004; Mathersul et al,
2009; Scheuerecker et al., 2007, Williams et al., 2009].
Although results of these studies indicate widespread
increases during explicit processing (e.g., occipital, tempo-
ral, parietal, and frontal lobes), greater amygdala and fusi-
form activity is also observed. For example, in an fMRI
study contrasting explicit (emotion identification) with
implicit processing (age identification), both amygdala and
bilateral fusiform cortices showed greater BOLD activation
during the explicit task [Habel et al., 2007]. Along these
lines, an fMRI event-related study showed amygdala and
fusiform involvement in facial emotion recognition associ-
ated with accurate recognition of threat-related emotions
[Loughead et al., 2008]. Finally, a recent meta-analysis of
fMRI studies showed increased activation in fusiform and
amygdala regions in explicit than implicit emotion face
tasks [Fusar-Poli et al., 2009].

Examining temporal features of face processing, electro-
encephalographic (EEG) and magnetoencephalographic
(MEG) techniques have identified several face-related
responses that appear to be modulated by emotion. For
example, late-latency occipito-temporal event-related
potentials (ERPs) 250-550 ms post-stimulus have been
observed to differ with respect to facial emotion [Krolak-
Salmon et al., 2001; Streit et al., 2000]. A P200 responds
preferentially to faces and is also modified by emotion
[Ashley et al., 2004]. An even earlier response referred to
as N170 in EEG [Pizzagalli et al., 2002] and M170 in MEG
[Liu et al., 2000], occurs ~ 170 ms after stimulus onset and
localizes to the FFA [Deffke et al., 2007, Henson et al.,
2009]. Multiple studies support the hypothesis that the
N170/M170 response reflects encoding of the structural
components of faces and face familiarity [Eimer, 2000;
Ewbank et al., 2008; Harris and Aguirre, 2008; Kloth et al.,
2006; Liu et al., 2002; Pourtois et al., 2009; Sagiv and Ben-
tin, 2001], and additional studies suggest that the N170/
M170 is sensitive to faces of personal import [e.g., self or
mother; see Caharel et al., 2005], or even to how much an
individual likes a face [Pizzagalli et al., 2002]. In terms of
emotion, several EEG/MEG studies indicate that N170/
M170 is also modulated by facial emotion [Blau et al.,

2007; Caharel et al., 2005; Japee et al.,, 2009; e.g., Streit
et al., 1999; Turetsky et al., 2007], although several studies
have reported negative findings [e.g., Ashley et al., 2004;
Balconi and Lucchiari, 2005]. It is likely that some of the
conflicting 170 ms results may stem from variability in ex-
perimental paradigms and task demands. Specifically, in
many EEG studies employing implicit facial emotion tasks,
N170 amplitude differences were not observed to different
emotional stimuli [Ashley et al, 2004; Balconi and Luc-
chiari, 2005; Eimer and Holmes, 2002; Herrmann et al.,
2002; Holmes et al., 2003, 2005; Santesso et al., 2008]. In
contrast, in EEG studies where facial emotion was explic-
itly assessed, emotional face stimuli elicited greater
responses than neutral emotions [Japee et al., 2009; Kromb-
holz et al., 2007; Turetsky et al., 2007], and in an MEG
study utilizing an explicit task, positive emotion (happi-
ness) produced larger M170 FFA responses than disgust or
neutral expressions [Lewis et al., 2003]. Although modula-
tion of M170 as a function of emotion appears more often
in explicit tasks, it should be noted that some studies have
observed amplitude differences during an implicit task.
For example, three EEG studies and one MEG study
showed greater N170 amplitudes to fearful faces than
other emotional face stimuli when emotion was implicitly
judged [Batty and Taylor, 2003; Blau et al., 2007; Hung
et al., 2010; Jiang et al., 2009], and one EEG study showed
greater N170 amplitudes to disgust than neutral or smiling
faces in explicit and implicit conditions [Caharel et al.,
2005]. Differences in study findings, however, do not
always appear to be accounted for by explicit/implicit
task demands, as one EEG study found no N170 ampli-
tude differences between emotional and neutral expres-
sions when emotion was explicitly judged [Eimer et al.,
2003].

It remains unclear whether the N170/M170 is involved
in purely structural or in face structure and emotion proc-
essing. To better examine the effect of emotion on M170
activity, the present study examined the modulatory effect
of task demand by employing a within-subject design in
which participants performed explicit and implicit emo-
tion judgment tasks while whole-cortex magnetoencepha-
lographic (MEG) data were obtained. Source localization
allowed for examination of face processing in primary and
secondary visual areas. Compared to several previous
studies, the tasks employed in the present study were
improved by the use of a large set of unique and well-vali-
dated emotional face stimuli in order to decrease possible
habituation effects on M170 amplitude [Ishai et al., 2006;
Morel et al., 2009], a confound that may also account for
some of the discrepant findings in previous studies.

Although there are some inconsistent findings in the lit-
erature, most studies show FG activity modulation in
explicit tasks. Thus, the primary study hypothesis was that
M170 would show stronger activation to emotional than
non-emotional faces only in the explicit condition, as indi-
cated by a M170 source strength x condition (explicit,
implicit) interaction. In addition, to assess associations
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between brain activity and performance, correlation analy-
ses examined associations between behavioral measures
and primary visual and FG activity. As previous studies
have not examined associations between FG activity and
performance, these analyses were exploratory.

MATERIALS AND METHODS
Subjects

Seventeen healthy adults (nine females) participated
(mean age + s.d. = 26.8 + 5.4). All subjects were right-
handed. Subjects were familiarized with the MEG scan-
ning procedures and task prior to the experiment. All sub-
jects gave written informed consent as approved by the
Institutional Review Board at The Children’s Hospital of
Philadelphia (CHOP).

Stimuli

Face stimuli were taken from a large set of faces devel-
oped by Gur et al. A full description of the methods for
obtaining these stimuli can be found in Gur et al. [2002a].
Pictures of 50 actors, with each actor displaying a fearful,
happy, and neutral emotion, were used (= total of 150
faces). An oval crop was applied to remove clothing, hair,
and other non-relevant features. Image color and bright-
ness were normalized across the three images of each
actor. As images from individuals with a wide range of
skin color were used, it was not possible to standardize
color and brightness across individuals.

Experimental Design

Subjects were seated in a dimly lit and sound attenuated
room. Stimulus presentation was accomplished using Pre-
sentation (Neurobehavioral Systems, Albany, CA), with
images projected onto a screen positioned ~ 45 cm from
the subject. In both the explicit and implicit task, faces
appeared for 500 ms, followed by a fixation cross dis-
played for 2.3 + 0.2 s (see Fig. 1). Stimuli were presented
using a Sanyo Pro xtraX Multimedia LCD Projector PLC-
XP41, and a photodiode trigger ensured accurate timing of
the MEG data relative to stimulus presentation.

Faces were presented in pseudorandom order, with the
stipulation that neither the same emotion/age nor actor
was seen twice in a row. Three hundred faces were shown
during the explicit task (100 trials for each emotion cate-
gory) and three hundred faces were shown during the
implicit task (100 trials for each age category). As 50 actors
each displayed fearful, happy, and neutral faces, to obtain
100 trials per condition each image was shown twice. In
the explicit task, subjects made a button response based
on emotion (fearful, happy, neutral); in the implicit task,
subjects viewed the same stimuli and made a button
response based on age (young = <25, middle-aged = 25—

Explicit
condition
500 ms 500 ms
ISI 2300 +/-
200 ms
TImplicit
condition .
(young,
middle-aged,
old")
500 ms 500 ms
ISI: 2300 +I
200 ms
Figure I.

Examples of emotion face stimuli: upper and lower left = happy;
upper right = neutral; lower right = fearful. Order of explicit
(upper row) and implicit tasks (lower row) was counterbalanced
across subjects. Stimuli were presented for 500 ms with a 2,300
=+ 200 ms ISI.

45, older = >45). Subjects were asked to respond as
quickly and accurately as possible. Task order was coun-
terbalanced across subjects.

MEG and Anatomical MRI Data Acquisition and
Coregistration

MEG recordings were performed at the CHOP Lurie
Family Foundations MEG Imaging Center in a magneti-
cally and electrically shielded room using a whole-cortex
275-channel MEG system (VSM MedTech, Coquitlam, BC).
At the start of the session, three head-position indicator
coils were attached to the scalp at nasion and bilateral pre-
auricular points. These coils provided specification of the
position and orientation of the MEG sensors relative to the
head. As it was necessary for the participant’s head to
remain still in the MEG dewar across the recording ses-
sion, foam wedges were inserted between the side of the
participant’s head and the inside of the dewar to ensure
immobility. To aid in the identification of eye-blink activ-
ity, the electro-oculogram (EOG; bipolar oblique, upper
right and lower left sites) was collected. Data were
sampled at 600 Hz and 4th order bandpass filtered from
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Source (regional) | x y Z

L Occipital Pole | -16.5 | 943 | 54
R Occipital Pole | 16.3 | -94.3 | 54
L Fusiform -30.7 | -49.3 | -13.1
R Fusiform 306 | -49.3 | -13.1

Figure 2.
Standard regional source model locations for visual and FG sources (Talairach coordinates). Aver-
age 3D distance from the mean values was | [.6 mm (s.d. = 4.5) and 9.8 mm (s.d. = 4.0) for visual
and fusiform sources, respectively (left and right do not differ due to symmetry constraints).

0.1 to 150 Hz, with 3rd order gradiometer environmental
noise reduction.

For MEG source modeling, 3D volumetric magnetic res-
onance images (MRI) were acquired with 1 x 1 x 1 mm®
resolution (Siemens 3T Verio™). The T1-weighted images
were acquired in the axial plane using a 3D-MPRAGE
pulse sequence (TR = 1,670 ms, TE = 3.41 ms, TI = 1,100
ms, flip angle = 15°, FOV = 256 mm, whole brain, slice
thickness = 1 mm, 160 slices). MR data were available on
9 of 17 participants. To co-register the functional MEG and
structural MR data (in the eight subjects without individ-
ual MR data, MEG data was co-registered to the standard
MNI brain), the three head-position indicator coils
attached to the scalp and ~ 400 other points across the
surface of the head and upper face were digitized using a
Polhemus digitizer system (Colchester, VT). A transforma-
tion matrix that involved rotation and translation between
the MEG digitized points and structural MRI coordinate
system was used to co-register the MEG and MR data.

Data Analysis

For source analyses, epochs 800 ms pre-stimulus to
1,500 ms post-stimulus were defined from the continuous
recording. Using BESA 5.2 (MEGIS Software GmbH, Gra-
felfing, Germany), eye blink artifacts were removed [Berg

and Sherg, 1994, Lins et al., 1993]. Scanning the eye-blink
corrected raw data, epochs with artifacts other than blinks
were rejected by amplitude and gradient criteria (ampli-
tude >5,000 fT ecm}, gradients >2,500 fT/cm/sample).
Non-contaminated epochs were averaged according to
stimulus type, and a 1 Hz (24 dB/octave, zero-phase) to
50 Hz (48 dB/octave, zero-phase) bandpass filter was
applied. Approximately 95 of 100 trials were included in
each average.

In the nine subjects with MR data, primary visual and
FG responses were individually localized using regional
sources (i.e.,, two orthogonally oriented dipoles per re-
gional source). Left and right occipital pole visual areas,
identified between 85 and 115 ms, were first localized
using two symmetric regional sources (left and right hemi-
sphere). The position of the left and right hemisphere occi-
pital pole visual sources were fixed and then two
symmetric regional sources were added to model the
M170 response, identified between 120 and 180 ms. In all
nine subjects, the early left and right visual responses
localized to or near the calcarine sulcus. M170 localized to
left and right fusiform gyrus. Talairach coordinates of each
source were averaged across subjects, and the grand aver-
age locations were then used to create a standard source
model that was applied to each subject. As illustrated in
Figure 2, the standard source model was constructed by
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Figure 3.
Left and right hemisphere early visual source waveforms for the fearful, happy, and neutral condi-
tions (explicit task). No early visual source strength main effects or interactions were observed.

including: (1) left and right occipital pole regional sources,
(2) left and right fusiform regional sources, and (3) the
subject’s eye-blink artifact source.

Using all 275 channels of MEG data, determination of
the strength and peak latency of left and right early visual
and fusiform activity was accomplished by applying the
standard source model to each individual to transform the
raw MEG surface activity into brain space [Scherg and
Berg, 1996; Scherg and von Cramon, 1985]. The final
source model serves as a source montage for the raw MEG
data [Scherg and Ebersole, 1994; Scherg et al., 2002]. In
contrast to signal-space projection methods, the multiple
source inverse contrasts activity in different brain regions
and does not require orthogonality, with the regularization
in source space providing sufficient smoothing while keep-
ing a strong separation between regions. Thus, it is compa-
rable to a distributed model with sources at fixed points
within the brain serving as readout points of the regional
activity [Scherg and Berg, 1996; Scherg et al., 1989, 2002].
As a result, the MEG sensor data can be transformed from
channel space (femtotesla, fT) into brain source space
where the waveforms are the modeled source activities
(current dipole moment, nAm).

Source strength and latency scoring was obtained from
the root-mean-squared regional source waveforms. Using
in-house MATLAB software, pre-stimulus baseline (—700
to —200 ms) source waveform activity was subtracted, and
left and right early visual and FG peak source strength
and latency were identified (maximum point in the scoring
window). Early visual activity was identified in an 85-115
ms scoring window. In all subjects, two distinct FG peaks
were observed. As such, FG activity was scored in an early
(120-180 ms) and late latency window (190-260 m:s).

Statistical Analyses

Repeated measure ANOVAs with Condition (explicit,
implicit), Hemisphere, and Valence (fearful, happy, neu-

tral) examined effects on source strength and latency for
(1) primary visual, (2) early FG, and (3) late FG activity.
Pearson’s r correlations examined associations between
source strength, latency, reaction time, and percent-correct
values (associations with reaction time were performed
excluding trials with incorrect responses). To obtain a nor-
mal distribution, amplitude and latency scores were trans-
formed to a logarithmic scale (all P-values >0.05 per
Kolmogorov-Smirnov test). Findings remained the same
when using the non-transformed scores and excluding two
subjects with amplitude or latency scores more than
two standard deviations from the group mean. All statisti-
cal tests were performed using PASW for Windows,
Release 18.

RESULTS

Of the 17 subjects, early visual or fusiform activity was
not observed in 2 subjects, and data from these 2 subjects
were excluded. The remaining 15 subjects showed early
visual and early and late FG responses bilaterally.

Behavioral Results

Performance on both tasks was significantly above
chance, with accuracy of judging emotion 93.1% =+ 1.0%
(mean + s.e.m.), and accuracy of judging age 64.6% =+
1.4%. Although subjects judged emotion more accurately
than age, reaction times (RT) did not differ between the
explicit (averaging RT across emotion) and implicit (aver-
aging RT across age) tasks, t(14) = 0.99, ns.

Regarding accuracy, simple effects analysis of a Valence
main effect, F(2,13) = 5.71, P < 0.05, indicated that happy
faces (95.3% + 0.01%) were identified more accurately
than fearful faces (89.6% =+ 0.02%) in the explicit task. Also
in the explicit task, a main effect of Valence for reaction
times, F(2,13) = 10.96, P < 0.01, indicated faster button
responses to happy (766.1 + 41.7 ms) than fearful or
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Figure 4.
Left and right hemisphere FG grand average source waveforms for the fearful, happy, and neutral
conditions (explicit task), showing stronger early left fusiform source strength (~ 150 ms) to
fearful than happy or neutral faces (P < 0.05). Late FG activity (~ 230 ms) can also be observed.
It should be noted, however, that each individual’s FG response was temporally shifted to the
grand average MI70 latency and, as such, activity before and after the MI170 peak may be

imprecise.

neutral faces (841.4 + 42.9 ms). In the implicit task, an Age
main effect, F(2,13) = 28.0, P < 0.01, indicated faster
responses to young and older (808.2 &= 36.0 ms) than mid-
dle-aged faces (926.5 + 44.9 ms).

Brain Activity Results
Amplitude

No significant main effects or interactions were observed
for early visual source strength (all ps = ns)." Source wave-
forms for the occipital pole sources are shown in Figure 3.
As shown in Figure 4, for the early fusiform response,
simple effects analysis of a significant hemisphere x va-
lence x condition interaction, F(2,13) = 5.07, P = 0.02,
showed greater activity for fearful (40.08 + 5.10 nAm)
than happy or neutral faces (34.88 + 4.76 nAm), only in
the explicit condition, and only in the left hemisphere (P <
0.05). For the late fusiform response, a significant Valence
main effect, F(14) = 4.46, P < 0.05, indicated a stronger
response to fearful (27.84 + 3.73 nAm) than happy or neu-
tral faces (25.70 & 3.48 nAm) bilaterally. Finally, a Hemi-
sphere main effect, F(14) = 9.89, P < 0.01, indicated
stronger late fusiform responses in the right (29.88 + 3.46
nAm) than left hemisphere (22.95 & 3.82 nAm).

Latency

Examining occipital pole and FG sources, the only sig-
nificant finding was a main effect of hemisphere for the

!To ensure no differences existed between subjects with and without
individual MRs, analyses were run with MR availability as a
between group factor. The main effect of group was not significant
nor were the group x condition (explicit vs. implicit) and group x
valence interactions (P-values > 0.30).

late fusiform response, F(14) = 5.87, P < 0.05, indicating
earlier right (225.3 + 4.27 ms) than left (230.0 £+ 4.07 ms)
hemisphere responses.

Associations With RT

Associations between source strength, latency, task per-
formance, and RT for each response measure (early visual
and early and late fusiform) were examined for the explicit
task. Significant or marginally significant associations were
seen only between early left and right fusiform source
strength and RT, with greater amplitudes predicting ear-
lier button presses for all three emotion conditions (see Ta-
ble I). As shown in Figure 5, collapsing across hemisphere
and emotion, early fusiform source strength accounted for
nearly 50% of RT variance (r = 0.70, P < 0.01).

DISCUSSION

The present study examined the effect of explicitly ver-
sus implicitly processing the emotional content of faces on
early visual and FG activity. In support of our hypotheses,
stronger early left FG activity to fearful than happy or
neutral faces was observed only in the explicit task. Pres-
ent findings thus suggest that directed attention to the
emotional content of faces modulates early FG activity.
Present findings are consistent with fMRI studies showing
differential activation of fusiform regions for explicit com-
pared to implicit task conditions [Gur et al., 2002b; Habel
et al., 2007; Loughead et al., 2008], and increased FG acti-
vation to faces that are explicitly judged as threat-related
[Pinkham et al., 2008]. The finding of greater left FG activ-
ity to fearful than happy or neutral faces during an explicit
task also replicates findings reported in previous studies
[Critchley et al., 2000; Japee et al.,, 2009]. For example,
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TABLE I. Pearson’s r values for explicit task reaction time and left and right early (first two columns) and late
(second two columns) fusiform activity for each emotion condition

Left FG (early) Right FG (early)

Left FG (late) Right FG (late)

r P-value r P-value r P-value r P-value
Fearful 0.60 0.02 0.60 0.02 0.08 0.77 0.00 1.00
Happy 0.48 0.07 0.53 0.04 0.24 0.38 0.19 0.50
Neutral 0.49 0.07 0.69 <0.01 0.03 0.89 0.24 0.39

using a task similar to the one employed here, Critchley
et al. [2000] observed greater left middle temporal gyrus
and left fusiform gyrus activity during explicit than
implicit processing of facial expressions. A failure to
observe FG emotion effects in some previous studies may
be due to the use of an implicit task. Additionally, the lack
of an effect in previous studies may be due to repetition
effects [Morel et al., 2009; Schweinberger et al., 2007]. In
particular, to the extent that the M170 response decreases
to repeated stimuli, studies with small stimulus sets may
have more difficulty observing M170 amplitude differen-
ces to emotional face stimuli.

The influence of task demands did not extend to the
early visual response, suggesting that the sensitivity seen
in the FG was not due to a global increase in brain activity
associated with explicitly processing emotion versus age.
Further, an association between early FG amplitude and
RT in the explicit task for all emotion conditions also sup-
ports a role of FG in processing emotion. The association
between early FG activity and RT in the explicit task may
indicate that the cognitive processes needed to make a cor-
rect response occur downstream of early visual activity,
but prior to late fusiform activity, as neither early visual
nor late fusiform activity were associated with RT. Present
results thus provide evidence for a multifaceted role of
fusiform areas that includes encoding structural facial fea-
tures [Eimer, 2000; Halgren et al., 2000], identity [Rotshtein
et al.,, 2005], and emotion [Krombholz et al., 2007; Streit
et al., 1999]. As such, present findings indicate that path-
ways for the processing of identity and emotion are not as
segregated in the brain as postulated by traditional models
of face processing [e.g., Bruce and Young, 1986].

In the present study, increased activity was observed to
the fearful face stimuli. Several studies suggest that the FG
is modulated by the amygdala when viewing fearful facial
expressions. For example, two recent meta-analyses of PET
or fMRI amygdala emotion studies found that fear and
disgust were more likely to be associated with amygdala
activation than happiness and unspecified positive emo-
tions [Costafreda et al., 2008; Fusar-Poli et al., 2009]. Fusar-
Poli et al. [2009] also noted that the processing of fearful
faces activated fusiform areas as well as the amygdala.
Other findings support amygdala modulation of FG activ-
ity. Morris et al. [1998] showed a significant positive corre-
lation between fusiform responses to fearful faces and

amygdala activity (as measured by differential fearful vs.
happy responses). Vuilleumier et al. [2004], studying
patients with hippocampal sclerosis, found that in a subset
of these patients with concomitant amygdala lesions there
was no significant increase in fusiform activity when view-
ing fearful over neutral faces. In contrast, patients with
lesions restricted to the hippocampus showed the expected
pattern of increased fusiform activity to fearful faces, with
the degree of amygdala sclerosis correlating inversely with
the size of the differential response to fearful vs. happy
faces. Evidence for a top-down amygdala effect on the FG
is provided by Luo et al. [2007], who observed that amyg-
dala responses to fear were earlier than FG responses. As
this finding did not generalize to other facial emotions, the
amygdala/FG association may be specific to fear stimuli
[see Vuilleumier and Pourtois, 2007 for a detailed discus-
sion of this issue].

It is also possible that the left-hemisphere emotion effect
may be related to hemisphere differences in amygdala acti-
vation. A meta-analysis examining differential amygdala
responses to fearful versus happy or neutral stimuli found

1200[
1100 |

1000

Reaction time (ms)

1.2 1.3 14 15 16

FG source strength (loeg(nAm))

17

Figure 5.
Pearson’s r correlation between early fusiform source strength
and RT, collapsed across hemisphere. The strong association (r
= 0.70), accounting for nearly 50% of the RT variance, suggests
involvement of the fusiform gyri in explicit emotion processing.
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that significant emotion effects are observed most often in
the left hemisphere [Baas et al. 2004; although for a more
nuanced examination of this issue see Sergerie et al., 2008].
Other studies suggest that whereas the right amygdala is
involved in a rapid and automatic detection of facial emo-
tion, a more delayed and evaluative response is subserved
by the left amygdala [Costafreda et al., 2008; Morris et al.,
1998; Wright et al., 2001]; if true, this may account for the
hemisphere differences observed in the present study.
Additional evidence of a left hemisphere bias comes from
an intracranial EEG study by Tsuchiya et al. [2008] who
showed a possible left-hemisphere dominance for emotion
decoding in ventral temporal cortex. Future studies examin-
ing associations between the timing of amygdala and FG ac-
tivity in both hemispheres, as well as functional
connectivity between the amygdala and FG, are of interest.

In the present study, early and late fusiform responses
were observed, a finding also reported in previous studies.
For example, Halgren et al. [2000] observed fusiform
responses at 165 and 256 ms. Whereas early fusiform emo-
tion findings were observed only during the explicit task,
for late fusiform activity (~ 228 ms) a stronger response to
fearful than happy or neutral faces was observed bilater-
ally, and in both the explicit and implicit task. Previous
studies have reported similar findings, with augmented
late potentials to threatening faces in explicit and implicit
tasks [Ishai et al.,, 2006; Sato et al., 2001; Schupp et al.,
2004]. It is possible that whereas one must attend to the
emotional content of a face to elicit increased early fusi-
form activity to fearful faces, later fusiform activity may
reflect the need to attend to potential environmental
threats regardless of current task demands. Present results
are similar to the increased FG activity to emotional stim-
uli observed in some fMRI studies. For example, Gur et al.
[2002b] reported greater FFA activation during the explicit
emotion identification condition, and Ganel et al. [2005]
observed higher FFA activation when subjects judged
expression or directed attention to identity. Present early
and late FG results, however, suggest that FG activity to
emotional stimuli varies across a relatively short time pe-
riod and thus underscores the need to use neuroimaging
methods with high temporal resolution to fully under-
stand the role of the FG in processing emotional stimuli.

A few issues are worth comment. A potential study con-
found is that subjects were more accurate in the explicit
than implicit task. Performance on both tasks was well
above chance, however, and RTs did not differ between
the tasks. In addition, in an fMRI study examining the
effect of task difficulty on fusiform activation, Bokde et al.
[2005] showed that FFA activation increased with increas-
ing task difficulty. The lack of a main effect showing
greater implicit than explicit FG activity in the present
study indicates that possible differences in task difficulty
do not account for the present findings.

It is also worth commenting on the latency of the FG
response observed in the present study. The average early
latency was 140.8 ms in the left and 139.7 ms in the right

FG. Although these latencies are earlier than those
reported in some studies, they are similar to other N170/
M170 studies reporting responses prior to 155 ms [Bayle
and Taylor, 2010; Campanella et al., 2002; Henson et al.,
2009; Krolak-Salmon et al., 2001; Lueschow et al., 2004;
Pourtois et al., 2009; Streit et al., 1999]. For example, using
intracranial electrodes and recording directly from the
right fusiform gyrus, Pourtois et al. [2009] observed a face-
specific response at ~ 144 ms, a latency very similar to
that observed in the present study. Here, as stimulus onset
was determined from a photodiode rather than the trigger
sent from the stimulus presentation program, our latencies
may be more accurate (and thus earlier) than latencies
reported in studies that time-lock to the trigger sent from
the stimulus presentation program (and especially in stud-
ies that do not account for the projector refresh rate). In
general, however, there appears to be a fairly large range
of “normal” N170/M170 values reported in the literature.

To conclude, stronger early left fusiform activity to fearful
than happy or neutral faces was observed in the explicit
emotion judgment task, indicating that directed attention to
the fearful content of faces facilitates observation of early
fusiform valence modulation. The strong association
between early fusiform activity and RT in the explicit task
provides additional evidence for the involvement of the
fusiform gyrus in processing emotional information. By the
late FG response, a stronger fusiform response to fearful
faces was observed in both the explicit and implicit task,
perhaps reflecting the need to direct attention to potentially
threatening environmental stimuli regardless of task
demands. Present findings thus suggest that studies investi-
gating the effect of emotion on FG activity should (1)
employ an explicit task to increase the chance of observing
emotion condition differences, (2) utilize a large number of
novel face stimuli to minimize the likelihood of response
habituation, and (3) use source analysis to specifically exam-
ine left and right hemisphere FG activity.
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