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Abstract

Many neuroimaging studies have investigated the neural correlates of face processing.
However, the location of face-preferential regions differs considerably between studies,
possibly due to the use of different stimuli or tasks. By using Activation likelithood estimation
meta-analyses, we aimed to a) delineate regions consistently involved in face processing and
b) to assess the influence of stimuli and task on convergence of activation patterns. In total,
we included 77 neuroimaging experiments in healthy subjects comparing face processing to a
control condition. Results revealed a core face-processing network encompassing bilateral
fusiform gyrus (FFG), inferior occipital (I0G) gyrus, superior temporal sulcus/middle
temporal gyrus (STS/MTGQG), amygdala, inferior frontal junction (IFJ) and gyrus (IFG), left
anterior insula as well as pre-supplementary motor area (pre-SMA). Furthermore, separate
meta-analyses showed, that while significant convergence across all task and stimuli
conditions was found in bilateral amygdala, right IOG, right mid-FFG, and right IFG,
convergence in IFJ, STS/MTG, right posterior FFG, left FFG and pre-SMA differed between
conditions. Thus, our results point to an occipito-frontal-amygdalae system that is involved
regardless of stimulus and attention, whereas the remaining regions of the face-processing
network are influenced by the task-dependent focus on specific facial characteristics as well

as the type of stimuli processed.

Keywords: emotion evaluation, emotional faces, gender evaluation, meta-analysis, neutral

faces
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1. Introduction

In daily life, social interactions rely to a large degree on the processing and interpretation
of non-verbal cues, most importantly facial expressions. The ability to recognize a face and
the multiplicity of information it may convey is hence a key prerequisite to social functioning.
Consequently, a wide range of studies has been conducted over the last decades to unravel the
neuronal mechanisms of face processing. The most influential theoretical model of face
recognition (Bruce & Young, 1986) distinguishes between seven types of information or
components that can be extracted from a face and are assumed to be independent from each
other. For example, the processing of the gender of a face is largely independent of the
analysis of the emotional expression. Thus, the information used when making decisions
about a face differ should depend on the specific task requirements. This implicates, that
different neuronal resources may be associated with these, i.e., that different brain modules
process different aspects such as the gender or the expression of a face.

Later Haxby, Hoffman, and Gobbini (2000) proposed a neurobiological model,
distinguishing between a core system for the visual processing and analysis of faces and an
extended system that process the meaning a face may convey as well as its significance. In
this context, the inferior occipital gyrus (I0G), lateral fusiform gyrus (FFG) and superior
temporal sulcus (STS) have been associated with the core system, while the amygdala and
other limbic regions were considered to belong to the extended system of emotion processing.
Within the core system, the FFG has been associated to processing configural cues (Barton,
Press, Keenan, & O'Connor, 2002; Maurer et al., 2007; Zhao et al., 2014) and invariant
features of faces (Haxby et al., 2000; Haxby, Hoffman, & Gobbini, 2002), while the IOG has
been suggested to process shape and face parts and thus primarily local facial cues (Liu,
Harris, & Kanwisher, 2010; for review see Atkinson & Adolphs, 2011 and Kanwisher &
Dilks, 2013). In contrast, the STS has been suggested to play a major role in processing the

changeable aspects of faces (Haxby et al., 2002). Thus, it may be assumed that invariant
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aspects like the gender activate regions like IOG and FFG while the STS is more strongly
responsive to facial expression. However, studies indicate also fusiform involvement in
processing emotional expressions (Fox, Moon, laria, & Barton, 2009; Ganel, Valyear,
Goshen-Gottstein, & Goodale, 2005; Harry, Williams, Davis, & Kim, 2013; Xu & Biederman,
2010) as well as a lack of STS activity related to facial processing (Barton et al., 2002;
Benuzzi et al., 2007; Jehna et al., 2011; Joassin, Maurage, & Campanella, 2011; Loven,
Svard, Ebner, Herlitz, & Fischer, 2014). In addition, studies by Gschwind, Pourtois, Schwartz,
Van De Ville, and Vuilleumier (2012) as well as Pyles, Verstynen, Schneider, and Tarr (2013)
reported that anatomical connections of the STS with fusiform and inferior occipital face
selective regions are weak, indicating that the STS is not as strongly interconnected within the
rest of core face-processing network as previously assumed. They thus concluded that the
STS has a functionally different role than the other regions of that network, even though its
contribution is still a matter of conjecture.

Additionally, the exact location of activation of face-preferential regions, especially FFG
and IOG varies considerably across studies (Weiner & Grill-Spector, 2013, and compare
Gauthier, et al., 2000; Hoffman & Haxby, 2000; Peelen & Downing, 2005; Pitcher et al.,
2011) and subjects (Frost & Goebel, 2012; Zhen et al., 2015). This might be related to
differences in acquisition/resolution, spatial normalization and smoothing between studies as
well as inter-individual differences in the sampled populations. However, studies
investigating the neural correlates of face processing use different tasks (the most widely used
are gender and emotion evaluation) and stimuli (emotional or neutral faces), which might also
have an impact on the specific regions (as well as location of those) recruited. One way to
deal with this variation of localization is to use localizers, providing face-preferntial regions
for individual subjects, which can be used for further analyses. Another way is to deliniate
where studies of face processing converge by using meta-analysis. This convergence can be

used as predictors of functional regions at the group level and thus provide functional ROIs of
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face-preferential regions for fMRI studies investigating group effects. However, if a meta-
analysis can’t find convergence across experiments of face processing, this would indicate
that common-space analyses should not be done for face processing fMRI and only individual

localizers used.

Taken together, even though there is a general agreement that a distributed network of
brain regions is involved in face processing, key questions pertaining to the specific
functional contribution and recruitment of these areas are still open. Furthermore, as outlined
above the exact location of activation within broader regions such as the FFG and 10G varies
considerably across studies. In light of previous models (Bruce & Young, 1986; Haxby et al.,
2000) of face recognition, suggesting that different facial information is processed within
different processing streams, this variation might be due to differences in methods, i.e. the use
of different stimuli (emotional or neutral faces), or task instructions (with evaluation of
emotion or gender of a face being most widely used). If the involvement of different brain
regions differs depending on task demands and/or the kind of stimuli used, this could explain
such inconsistencies. In addition, one of the downsides in the face processing literature is, that
a great deal of studies has primarily focused on specific a priori defined regions (especially on
the FFG and the amygdala). Thus, many studies only investigate activation and modulations
of specifically these regions, while concurrently ignoring other, putatively also relevant
regions. Hence, the importance of these a priori defined regions in face processing might be
overestimated.

Here, we aim to address these problems by performing coordinate-based meta-analyses
across published (whole-brain) studies of face processing. That is, given the variability of
face-preferential regions across experiments, we aim to identify convergent locations in
standard space across face processing experiments published until now. In particular, the goal

of the present study is to a) delineate those regions, which are consistently involved in face
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processing and to assess the influence of b) affective valence (emotional versus neutral face
stimuli) and c) task instructions (emotion or gender evaluation of faces) on the activation

patterns within the resulting regions.

2. Materials and Methods

2.1. Inclusion and Exclusion Criteria

Two researchers (VM and YH) conducted the literature research and coding of the current
meta-analysis. Published neuroimaging experiments using functional magnetic resonance
imaging (fMRI) or positron emission tomography (PET) included in this meta-analysis were

identified by a PubMed (http://www.pubmed.org), google scholar (https://scholar.google.de)

and web-of-knowledge (https://apps.webofknowledge.com) literature search (using different

combination of search strings: “fMRI”, “PET”, “face”, “facial”, “emotion”, “expression”,
“neutral”, “localizer”) of face processing studies published between 1992 and January 2016.
Further studies were obtained by reviewing previous meta-analyses on face or emotion
processing (Delvecchio, Sugranyes, & Frangou, 2013; Fusar-Poli et al., 2009; Sabatinelli et
al., 2011; Stevens & Hamann, 2012), review articles and reference tracing. We selected
studies, which focused on face processing using static faces or dynamic video clips of faces as
stimuli. Additionally, we included studies that performed and reported a localizer task for face
processing. In turn, studies using face stimuli as distractors or facial material for investigation
of other cognitive processes were not considered in the current analysis. Furthermore, we only
included studies that compared a face condition against a control condition, while studies
comparing different face conditions (i.e. comparison of emotional faces versus neutral faces)
or those contrasting against a resting baseline were excluded in order to avoid findings
reflecting primarily general task demands or emotion processing rather than the processing of

visual faces. We included only studies that reported results of whole-brain group analyses as
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coordinates in a standard reference space (Talairach/Tournoux or MNI). In turn, results
obtained in region of interest analyses (ROI) were not considered. This criterion was
necessary as ALE delineates voxels where convergence across experiments is higher than
expected under the null-hypothesis of random spatial association across the brain under the
assumption that each voxel has the a priori same chance of being activated (Eickhoff, Bzdok,
Laird, Kurth, & Fox, 2012). Differences in coordinate space (MNI vs. Talairach space) were
accounted for by transforming those coordinates reported in Talairach space into MNI
coordinates using a linear transformation (Lancaster et al., 2007). All coordinates of
experiments that reported the use of SPM or FSL were treated as MNI coordinates. The only
exception to this rule was papers that explicitly reported that a transformation from MNI
(which is the default space in SPM and FSL) into Talairach space was performed.
At last, we only included experiments, which report results on healthy adult subjects. In some
cases, the definition of healthy was based on standardized diagnostic interviews whereas
others used self-report and/or unstructured assessments by the investigators. Importantly,
however, all of the included studies explicitly stated that healthy subjects were assessed. In
turn we excluded results obtained from patients and children as well as experiments
investigating between-group effects pertaining, e.g., to disease effects or pharmacological
manipulation. However, if those studies separately reported within-group effects in healthy
subjects at baseline, those experiments were included.

These criteria resulted in inclusion of 63 studies reporting 77 experiments in 1317 healthy
subjects (see supplementary table 1 for a detailed list of included experiments and Figure 1 for

an illustration of the steps of the study).

Figure I about here please
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2.2. Statistical Methods

2.2.1. Activation likelihood algorithm. All meta-analyses were performed according to
standard analysis procedures as used in previous studies (cf. S. Caspers, Zilles, Laird, &
Eickhoff, 2010; Chase, Kumar, Eickhoff, & Dombrovski, 2015; Cieslik, Miiller, Eickhoff,
Langner, & Eickhoff, 2015; Langner & FEickhoff, 2013). In brief, coordinate-based meta-
analyses were performed in order to identify consistent co-activations across experiments by
using the revised Activation Likelihood Estimation (ALE) algorithm (Eickhoff et al., 2012;
Eickhoff et al., 2009; Turkeltaub et al., 2012) implemented as in-house MATLAB tools. This
algorithm aims to identify areas showing convergence of reported coordinates across
experiments, which is higher than expected under a random spatial association. The key idea
behind ALE is to treat the reported foci not as single points, but rather as centers for 3D
Gaussian probability distributions capturing the spatial uncertainty associated with each focus.
The width of these uncertainty functions was determined based on empirical data on the
between-subject (uncertainty of spatial localizations between different subjects) and between-
template (uncertainty of spatial localizations between different spatial normalization
strategies) variance, which represent the main components of this uncertainty. Importantly,
the between-subject variance is weighted by the number of examined subjects per study,
accommodating the notion that larger sample sizes should provide more reliable
approximations of the true activation effect and should therefore be modeled by smaller
Gaussian distributions (Eickhoff et al., 2009).

The probabilities of all foci reported in a given experiment were then aggregated for each
voxel, resulting in a modeled activation (MA) map for that experiment (Turkeltaub et al.,
2012). Importantly, in order to ensure that results were not driven by studies reporting more
than one emotional face contrast in the same subject group (i.e. angry faces vs control, fearful
faces vs control and happy faces vs control), the different contrasts were coded as one

experiment (i.e. all were coded as emotional faces vs control). However, as we performed
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different analyses for emotion and gender evaluation as well as emotion and neutral face
stimuli and some paper report results an all (or some) of these contrasts, some experiments
were included that were derived from the same subject group (for example two experiments
from the same paper in the gender evaluation analysis, one reporting results of the neutral and
one of the emotional face condition). We carefully inspected our resulting cluster with regard
to the contributing experiments in order to rule out that experiments from the same subject
group drive convergence (see supplement tables S2-S5 for contributions).

Taking the union across the MA maps yielded voxel-wise ALE scores describing the
convergence of results at each particular location of the brain. To distinguish true
convergence across experiments from random overlap, ALE scores were compared to an
analytically derived null-distribution reflecting a random spatial association between
experiments. Hereby, a random-effects inference was invoked, focusing on inference on the
above-chance convergence between studies, not clustering of foci within a particular study.
Conceptually, the null-distribution can be formulated as sampling a voxel at random from
each of the MA maps and taking the union of these values in the same manner as done for the
(spatially contingent) voxels in the true analysis. The p-value of ‘a true’ ALE was then given
by the proportion of equal or higher values obtained under the null-distribution. The resulting
non-parametric p-values for each meta-analysis were then thresholded at a cluster level
corrected threshold of p < 0.05 (cluster-forming threshold at voxel-level p<0.001) and
transformed into z-scores for display. Cluster level family-wise error (FWE) correction was
done as described in previous meta-analyses (Bzdok et al., 2012; Rottschy et al., 2012). First
the statistical image of the uncorrected voxel-wise p-values of the original analyses was
thresholded at the cluster-forming threshold of p<0.001. Then the size of the clusters
surviving this threshold was compared against a null-distribution of cluster-sizes. This null
distribution of cluster sizes was derived by simulating 5000 datasets of randomly distributed

foci but with otherwise identical properties (number of foci, uncertainty) as the original
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dataset. This distribution was then used to identify the cluster-size, which was only exceeded
in 5 % of all random simulations.

As a previous study (Eickhoff et al., 2016) indicated that the ALE algorithm behaves
unstably when calculating meta-analyses across experiments smaller than 17 experiments, we
only calculated analyses where at least 17 experiments were available. In particular Eickhoff
et al. (2016) showed that inclusion of a minimum of 17 experiments avoids that results are

driven by individual experiments.

All resulting areas were anatomically labeled using the SPM Anatomy Toolbox 2.2c
(Eickhoff et al., 2007; Eickhoff et al., 2005). Details on the cytoarchitectonic regions referred
to in the results tables may be found in the following publications reporting on Broca’s region
(Amunts et al., 1999), motor cortex (Geyer et al., 1996), somatosensory cortex (Geyer,
Schleicher, & Zilles, 1999; Gretkes, Geyer, Schormann, Roland, & Zilles, 2001), amygdala
and hippocampus (Amunts et al., 2005), visual cortex (Amunts, Malikovic, Mohlberg,
Schormann, & Zilles, 2000), lateral occipital and ventral extrastriate cortex (Malikovic et al.,
2015; Rottschy et al., 2007), cerebellum (Diedrichsen, Balsters, Flavell, Cussans, & Ramnani,
2009), posterior fusiform gyrus (J. Caspers et al., 2013), mid-fusiform gyrus (Lorenz et al.,
2015), basal forebrain (Zaborszky et al., 2008) and thalamus (connectivity-based regions:
Behrens et al., 2003).

All results were illustrated using Mango (Research Imaging Institute, UTHSCSA;

http://ric.uthscsa.edu/mango/mango.html).

2.2.2. Conjunctions. In order to determine those voxels where a significant effect was present
in two or more separate analyses, conjunctions were computed using the conservative
minimum statistic (Nichols, Brett, Andersson, Wager, & Poline, 2005). That is, only regions

significant on a corrected level in each individual analysis were considered. In order to
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exclude smaller regions of presumably incidental overlap between the thresholded ALE maps
of the individual analyses, an additional extent threshold of 25 voxels was applied (Langner &

Eickhoff, 2013).

2.3. Classification of Experiments

As we were interested in how brain networks may be differently recruited depending on
stimuli type and task instructions, we coded the included experiments with regard to different
criteria:
1. Task instructions: Here we coded the task the subjects had to perform while viewing the
faces, independent of the valence of the presented face. We thus classified for each
experiment if the task was to focus attention on the emotion expressed in the facial stimuli
(emotion evaluation), on the gender of the face (gender evaluation), facial identity (identity
evaluation), on other characteristics of the face (for example attractiveness) or if the subjects
had no task at all (passive viewing). As, as mentioned above, the algorithm behaves instable
when including a small amount of experiments, a minimum of 17 experiments had to be
available in order to calculate a separate meta-analysis. A sufficient number of experiments
was only available for emotion and gender evaluation. In turn there were too few experiments
reporting whole-brain activation results (cf. in-/exclusion criteria) for a separate analysis of
identity (12 experiments) or passive viewing (9 experiments). Please note, that an analysis
across identity judgments task was performed and results reported in the supplement
(supplementary table 5). These results should, however be regarded with caution given the
small sample size. The remaining experiments either reported results across more than one
task or had other instructions (for example attractiveness rating, object detection). We thus

only calculated meta-analyses across emotion and gender evaluation experiments.
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2. Type of facial stimuli used: Here the use of emotional or neutral faces or a mix of both as
stimuli was coded, independently of the task (i.e. pay attention to the emotion or other
characteristics of the face). Importantly, emotional stimuli were all categorized as emotional
independently of the specific valence of the presented face. This was done, as after applying
all exclusion/inclusion criteria there were not enough experiments left to differentiate between
emotional categories. Thus, two meta-analyses were calculated, one across studies using

emotional face stimuli and one across experiments using neutral faces.

Importantly, each experiment was coded on both criteria and was therefore included in the
calculation of more than just one analysis. For example, an experiment where subjects had to
rate the expression of emotional faces was included in the analysis of emotion evaluation, but

also in that across studies of emotional faces.

In total five different meta-analyses were calculated:

1. Main effect (general face processing network) across all experiments.
2. Emotion evaluation.

3. Gender evaluation.

4. Emotional stimuli.

5. Neutral stimuli.

Conjunction analyses were then calculated to reveal overlap between the individual results
and hence putative shared substrates between different processes. In total, three conjunctions
were calculated with the aim to reveal those regions that are found to be activated above
chance across experiments in more than one condition. First of all a conjunction was
performed across the meta-analytic results of emotion and gender evaluation, assessing effects
of evaluation type. This conjunction between task conditions revealed regions that are

consistently found when either evaluating the emotion or gender of a face, i.,e., regions
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consistently activated no matter what task was performed. If, conversely, a particular region
was not revealed by this conjunction but rather only in one of the two task conditions
(emotion or gender evaluation), we regarded involvement of this region as influenced by task.

Next, we assessed effects of stimulus type and a conjunction was calculated between the
meta-analytic correlates of processing emotional and neutral stimuli, respectively, revealing
regions for which convergence is found for both stimulus conditions, i.e. regions consistently
activated when emotional as well as when neutral stimuli are presented. If, a region was not
revealed by this conjunction but rather only in one of the two stimuli conditions (emotional or
neutral stimuli), we regarded involvement of this region as influenced by stimuli.

Lastly, a conjunction across all evaluation and stimulus conditions was performed, i.e.
across emotion evaluation, gender evaluation, emotional stimuli and neutral stimuli. Regions
revealed in this conjunction were regarded as being consistently activated in all task and
stimuli conditions because they were found in all individual meta-analyses.

Please note that the conjunctions revealed regions consistently found to be activated in the
different conditions, which does not imply that activation strength in those regions is the same
in the different conditions. More precisely, if a region is for example found in a conjunction
of two meta-analyses, we can confidently conclude that it is consistently activated in both of
the two conditions, but we cannot conclude, that activation is independent of the condition.
This is because, even though that region is consistently activated by both conditions, it could
still activate stronger and/or more consistently in one of them. That is, consistent activation

across two conditions does not preclude differential involvement.

3. Results

In total 63 papers reporting 77 neuroimaging experiments were included in the current

study (supplementary table 1). Of these 77 experiments, 24 experiments with 532 subjects
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conducted an emotion evaluation and 19 experiments with 337 subjects a gender evaluation
task. In addition, 38 of the 77 experiments and in total 647 subjects used the emotional and 21

experiments with 406 subjects neutral faces as stimuli.

3.1. Characterization of the experiments included in the different meta-analyses

3.1.1. Emotion Evaluation versus gender evaluation. Most of the experiments of both
meta-analyses used Ekman faces (Emotion evaluation: 71% of the emotion evaluation
experiments; Gender evaluation: 42% of the gender evaluation experiments). Other face sets
used were KDEF (Emotion: 8%; Gender:26%), Gur (Emotion:8%; Gender:0) and NimStim
(Emotion:4%; Gender:0). The remaining experiments used either faces of more than one set,
own material or didn’t specify the face stimuli used (Emotion: 8%; Gender: 32%).

Most experiments of both meta-analyses used shapes (Emotion: 58%; Gender: 52%) or
scrambled faces (Emotion: 29%; Gender: 32%) as control stimuli, while the remaining
experiments used other stimuli (Emotion:13%; Gender: 16%) like houses, animals, radios or

patterns.

3.1.2. Emotional versus neutral stimuli. Most of the experiments of the emotional face
stimuli meta-analyses used Ekman faces (Emotional faces: 63% of experiments; Neutral
faces: 14%). Other face sets used were KDEF (Emotional:11%; Neutral:10%), Gur
(Emotional: 3%; Neutral: 5%) and NimStim (Emotional:5%; Neutral:5%). The remaining
experiments used other face sets (POET, PICS, Vital longevity face database, Max Plank
dataset, faces from movies; Emotional:8%; Neutral:14%), faces of more than one set, own
material or didn’t specify the face stimuli used (Emotional: 8%; Neutral: 32%). Two
experiments of the neutral meta-analysis used face stimuli with different orientations (turning

heads and head movements).
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Most experiments of both meta-analyses used scrambled faces (Emotional: 47%; Neutral:
24%) or shapes (Emotional: 45%; Neutral: 24%) as control stimuli. Experiments using neutral
stimuli additionally used houses (Emotional:0; Neutral: 24%). The remaining experiments

used other stimuli (Emotional:8%; Neutral: 14%) like places, landscapes, animals or radios.

3.2. General Face Processing Network: Convergence Across All Face Processing
Experiments

The main effect across all 77 experiments revealed consistent activity in a broad network
(figure 2, table 1) encompassing bilateral amygdala (encompassing CM, SF and LB)
extending in hippocampus and basal forebrain, bilateral inferior occipital gyrus covering
ventral extrastriate (hOc3v, hOc4v) and lateral occipital cortex (hOc4la, hOc4lp), bilateral
(posterior and mid) fusiform gyrus extending into cerebellum, bilateral middle temporal
gyrus/superior temporal sulcus, bilateral inferior frontal junction, sulcus and gyrus, left

anterior insula as well as the posterior medial frontal cortex.

Figure 2 and Table I about here please

3.3. Influence of Task Instructions: Emotion Versus Gender Evaluation

As revealed by the conjunction analysis, both task instructions lead to consistent activity
(table 2, figure 3A in pink) in bilateral inferior frontal junction and sulcus/gyrus, bilateral
amygdala (encompassing CM, SF and LB) and basal forebrain, right midfusiform gyrus and
right inferior occipital gyrus (covering hOc4la, hOc4v and hOc3v).

The individual analysis of emotional evaluation (figure 3A in light blue, supplementary
table 2) shows additional convergence in left midfusiform gyrus, left thalamus, left inferior

occipital gyrus (hOc3v) and posterior medial frontal cortex.
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The individual analysis of gender evaluation (Figure 3A in orange, supplementary table 3)
shows additional convergence in left (hOc4v, hOc4lp) and right inferior occipital gyrus
(hOc4lp), left posterior fusiform gyrus as well as right inferior frontal gyrus (anterior to right

inferior frontal convergence found in the conjunction).

Figure 3 and Table 2 about here please

3.4 Influence of Stimuli: Processing of Emotional and Neutral Faces

The conjunction across both analyses (table 3, figure 3B in yellow) revealed conjoint
activity of bilateral amygdala (mainly encompassing CM, SF on the left and CM, SF and LB
on the right) and basal forebrain, bilateral mid-fusiform gyrus, left posterior fusiform gyrus,
left (hOc3v) and right (hOc4la) inferior occipital gyrus, as well as right inferior frontal gyrus
(overlapping area 45).

The individual analysis of emotional faces revealed additional convergence in bilateral
inferior frontal junction/sulcus, right posterior fusiform gyrus, left laterobasal amygdala, right
posterior middle temporal gyrus/superior temporal sulcus, right inferior occipital gyrus
(hOc3v) and posterior medial frontal cortex (figure 3B in red, supplementary table 4).

In contrast, the individual analysis of neutral faces (figure 3B in green, supplementary
table 5) revealed, in addition to the regions found in the conjunction, convergence in left

inferior occipital gyrus (hOc4la) and right posterior superior temporal sulcus.

Table 3 about here please

3.5. Regions with consistent Recruitment regardless of Task Instructions and Stimuli

Finally we aimed to determine those regions, which show convergence across all task

stimuli conditions. Such robust recruitment was evaluated by performing a conjunction across
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the four aforementioned meta-analyses (emotion evaluation, gender evaluation, emotional
stimuli, neutral stimuli). The resulting network (figure 4, table 4) involves bilateral amygdala
(encompassing mainly CM and SF), right inferior occipital (hOc4la) and mid-fusiform gyrus

as well as right inferior frontal gyrus (area 45).

Table 4 and Figure 4 about here please

4. Discussion

4.1. The Face Processing Network consistently activated across task and stimuli

By calculating a meta-analysis across all experiments included in our study we confirmed
a general face-processing network. Importantly, individual meta-analyses and conjunctions
across them showed, that five regions of this face processing network are consistently
recruited regardless of task and stimuli, namely right IOG and mid-FFG, but also bilateral
amygdala and right IFG. Importantly, it has to be noted that by consistent involvement across
task and stimuli we refer to regions for which convergence across experiments was found for
all individual analyses. Thus, the fact that we for all individual analyses do find convergence
in amygdala, IOG, FFG and IFG does not necessarily imply that the activation strength in
these regions is the same in response to the different conditions. It is possible, and in fact very
likely based on previous literature, that those regions do show activation differences when
directly comparing conditions. However, the current study aimed to delineate spatial
convergence of neuroimaging findings. Thus our results just indicate that those regions are
implicated in processes, which are always recruited regardless of what task the subjects had to

fulfill and what stimuli are presented.
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First of all, our task and stimuli consistent network points to a right hemisphere dominance
in face processing. This fits with the general view that in particular right-sided regions play a
major role in face processing while involvement of the left side is rather minor (Adolphs,
Damasio, Tranel, & Damasio, 1996; Bukowski, Dricot, Hanseeuw, & Rossion, 2013;
Duchaine & Yovel, 2015; N. Kanwisher, McDermott, & Chun, 1997; Pitcher, Walsh, &
Duchaine, 2011; Pitcher, Walsh, Yovel, & Duchaine, 2007; Yovel, Tambini, & Brandman,
2008).

Second, the result of consistent IOG and FFG involvement is in line with previous
literature granting them a key role in visual processing of faces (Atkinson & Adolphs, 2011;
Haxby et al., 2000, 2002; N. Kanwisher & Yovel, 2006). Especially, the FFG has a well-
established status in the face processing literature. First described by Sergent, Ohta, and
MacDonald (1992) and (Puce, Allison, Gore, & McCarthy, 1995) and labeled by N.
Kanwisher et al. (1997) as the “Fusiform face area” (FFA), this region has been recognized as
one of the most important regions in face processing. However, while originally the FFA has
been described as one face-selective region (N. Kanwisher et al., 1997), it has been argued
that there are two distinct face preferential cluster, one located in mid-FFG and the other in
the more posterior FFG (Haxby et al., 1994; Pinsk et al., 2009; Rossion et al., 2000; Weiner &
Grill-Spector, 2010). Our results now show, that the (more anteriorly located) right mid-FFG
is part of the face-processing network consistently involved across task and stimuli while right
posterior FFG (as discussed later) and left posterior and mid-FFG are influenced by either
task or stimuli. Thus, our meta-analyses supports the crucial role of the mid-FFG in face
processing, and additionally provides evidence that it is consistently involved regardless of
the emotional display in a face or the task that needs to be fulfilled.

The importance of the right IOG in face processing has been demonstrated in many clinical
studies of prosopagnosia as well as by TMS and intracerebral stimulation experiments. A

study investigating the structural scans of 52 patients with prosopagnosia shows that the
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majority of patients exhibit damage of the right IOG (Bouvier & Engel, 2006). Jonas et al.
(2012) provided more direct evidence by showing that intracerebral stimulation of the right
I0G temporarily led to prosopagnosia. Furthermore, previous TMS studies in healthy subjects
have reported impairments of gender (Dzhelyova, Ellison, & Atkinson, 2011) as well as
emotion evaluation (Pitcher, Garrido, Walsh, & Duchaine, 2008) when disrupting right [OG
with TMS. Our results, demonstrating involvement of right IOG in all individual meta-
analyses fits well with these observations. Given previous results suggesting that right IOG is
primarily involved in extracting and processing local features (Pitcher et al., 2007), it might
be argued, that the IOG is involved in the first stages of face-preferential processing, needed
for all further higher-level analyses. However, we need to point out, that the performed
analysis does not allow any conclusion about the temporal course of face processeing and that
several previous studies in prosopagnosia (Rossion et al., 2003; Sorger, Goebel, Schiltz, &
Rossion, 2007; Steeves et al., 2009) questioned a strict hierarchical model. Thus, we would
tentatively side with the view that right IOG receives input in parallel to mid-FFG and that the

interaction of those two regions allows the fine grained perception of a face (Rossion, 2008).

In addition to IOG and mid-FFG, our results revealed bilateral amygdalae as key structures
in the face network. Involvement of the amygdala in face processing has mainly been related
to responding to emotional expressions (Adolphs, 2010; Haxby et al., 2000). However, it has
been suggested that the amygdala in general responds to behavioral relevant and salient
information, acting as an environmental relevance detector (Adolphs, 2010; Ewbank, Barnard,
Croucher, Ramponi, & Calder, 2009; Pessoa & Adolphs, 2010; Sander, Grafman, & Zalla,
2003; Santos, Mier, Kirsch, & Meyer-Lindenberg, 2011). As we did not only find amygdala
involvement in the meta-analysis across emotional but also in that across neutral faces (as
well as in the two task analyses), our results sides with this assumption. Thus, we suggest that

all faces gain access to the amygdala and that activation of the amygdalae do not just reflect
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processing of emotions but rather more broadly signal the social and biological relevance of
faces. Based on the relevance of incoming information, the amygdala might then modulate
other brain regions in order to influence further stimulus processing. This is in line with
studies proposing that the amygdala is involved in influencing vigilance and allocating
recourses in order to facilitate stimuli processing by focusing on relevant attributes of stimuli
(Jacobs, Renken, Aleman, & Cornelissen, 2012; Whalen et al., 1998).

Finally, a cluster on the right inferior frontal gyrus (IFG) was also found in all individual
meta-analyses. Even though Vignal et al. (2000) already reported at the beginning of this
century that electrical stimulation of IFG led to face hallucinations, up to now, the IFG has
been a rather neglected region in the face processing literature. Frontal involvement during
face processing has been implicated in mirror neuron response and automatic imitation of
facial expressions (S. Caspers et al., 2010; Engell & Haxby, 2007) but also in processing
sematic aspects of faces (Fairhall & Ishai, 2007; Leveroni et al., 2000). However our IFG
cluster found consistently across all conditions does not overlap with the results of a meta-
analysis on action observation and imitation (S. Caspers et al., 2010) and studies on semantic
memory show a network that does hardly include right IFG but rather its homologue on the
left side (Binder, Desai, Graves, & Conant, 2009). These results thus make it rather unlikely
that consistent right IFG recruitment does reflect a mirror neuron response or processing
sematic aspects of faces. We would thus suggest, that the consistent right IFG involvement
during face processing regardless of task and stimuli does reflect general control processes.
Right inferior frontal involvement has been associated with top-down signals (Miller,
Vytlacil, Fegen, Pradhan, & D'Esposito, 2011; Weidner, Krummenacher, Reimann, Muller, &
Fink, 2009) that modulate stimulus processing. Therefore, we suggest, that the social and
behavioral relevance of faces leads to automatic allocation of attention, which leads to
involvement of right IFG that further influences other brain regions in order to adapt stimulus

processing.
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4.2. Influences of Task Instructions and Stimulus Type
In addition to the regions found in all individual meta-analyses, our results show that for
the remaining parts of the face-processing network the recruitment and specific location is

dependent on task requirements as well as stimuli used.

4.2.1. Fusiform gyrus. Besides right mid-FFG convergence for all stimulus types and tasks,
our results additionally show a second region along the right FFG, which shows effects of
stimulus type. In addition, convergence in the left FFG was strongly influenced by task
demands, with mid-FFG convergence found in the emotion evaluation but not gender
evaluation analysis, while for left posterior FFG it was the other way around (only
convergence for emotion evaluation). Taken together, results of the current meta-analyses
thus indicate that different parts of the FFG are differently involved depending on task and
stimulus type. These results support previous studies suggesting more than one face
preferential fusiform region (Pinsk et al., 2009; Weiner & Grill-Spector, 2010, 2012, 2013). In
particular, the location of right posterior FFG only found in the analysis of emotional but not
neutral stimuli correspond to FFA-1 (Pinsk et al., 2009) and pFus (Weiner & Grill-Spector,
2010), while the convergence in right mid-FFG found in all analyses corresponds to FFA-2
(Pinsk et al., 2009) and mFus (Weiner & Grill-Spector, 2010), respectively. Similarly, the
different clusters found for gender and emotion evaluation along the left FFG also correspond
well to FFA-1/pFus and FFA-2/mFus respectively. Importantly, our results now indicate that
those regions can be functionally segregated on the aggregate level, i.e., across many different

neuroimaging experiments employing different settings, analysis strategies etc.

4.2.2. Superior temporal sulcus/middle temporal gyrus. Even though our general face-
processing network supports involvement of superior temporal sulcus in face processing,

convergence was not found for all individual analyses. In general involvement of the STS in
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face processing has been associated to the processing of changeable aspects of a face like
gaze, lip movement but also the expression of a face (Adolphs, 2002; Haxby et al., 2002). In
line with this, we do find convergence in middle temporal gyrus extending into the posterior
STS in the analyses of emotional stimuli. In addition, a non-overlapping pSTS region
corresponding to the posterior TPJ (Bzdok et al., 2013) was also found in the analyses of
neutral stimuli. These results therefore support the view that pSTS and adjacent temporal
regions play a role in processing facial expressions, but additionally indicate that neutral and
emotional faces recruit different regions within pSTS and middle temporal regions depending
on the expression (neutral or emotional) of a face.

When analyzing the effects of task instructions, neither for gender evaluation nor for
emotion evaluation a significant convergence was found in any temporal regions indicating
that this part of the brain is mainly involved stimulus-driven processes. However, it has to be
noted, that the analyses of task instructions hardly involved experiments using dynamic
stimuli. This is because almost all of the dynamic experiments included in the current study
did not require gender or emotion evaluation but rather investigated face processing by using
other tasks. As it has been shown that the STS plays a major role when processing facial
movement (Fox, laria, & Barton, 2009; Grosbras & Paus, 2006), the lack of STS involvement
during gender and emotion evaluation might therefore be attributed to the lack of experiments
using dynamic stimuli in these analyses. This additionally underlines the role of the pSTS for
processing face motion and changeable aspects of faces, as these are more strongly observable
in dynamic than static facial stimuli.

In summary, our results support the role of the pSTS in processing (dynamic) facial
expressions and additionally indicate that distinct parts of this region are involved based on

whether the expression is neutral or emotional.
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4.2.3. Inferior frontal junction. In addition to consistent involvement of right IFG regardless
of task and stimuli, convergence in bilateral inferior frontal junction (IFJ) was found for all
individual analyses except in the one of neutral stimuli (an additional conjunction between
emotion and gender evaluation and emotional stimuli did reveal the IFJ, cf. Supplementary
figure 1). This indicates that activation of the IFJ is modulated by the emotionality of a
presented face. The IFJ, has been repeatedly associated to various aspects of cognitive
control, in particular task switching and set shifting paradigms (Brass, Derrfuss, Forstmann, &
von Cramon, 2005). In a recent meta-analysis across different tasks of cognitive action control
IFJ convergence has been related to reactivation of the relevant rule of an on-going task
(Cieslik et al., 2015). When comparing our results with the IFJ cluster of Cieslik et al. (2015),
the posterior parts of the frontal cluster of all individual meta-analyses (except for that across
neutral stimuli) clearly overlap with the IFJ reported in Cieslik et al. (2015). With regard to
face processing, IFJ involvement may thus not be primarily related to emotionality but rather
be associated to the reactivation of the requirement to focus attention on the gender or the
emotion of a face while concurrently the presented facial stimuli leads to automatic
orientation of attention. While emotional stimuli lead to a stronger automatic attentional
orientation than neutral stimuli (Nummenmaa, Hyona, & Calvo, 2006; Stormark, Nordby, &
Hugdahl, 1995), IFJ involvement is required during emotional but to a lesser extend during

neutral stimulus processing in order to successfully perform the ongoing task.

4.2.4. Pre-supplementary motor area. Consistent involvement of a region of the posterior
medial frontal cortex corresponding to the pre-supplementary motor area (pre-SMA) was not
found in any conjunction but only for the individual analyses of emotion evaluation and
emotional stimuli (an additional conjunction between emotion evaluation and emotional
stimuli revealed pre-SMA, cf. Supplementary figure 2), thus indicating that involvement of

this region is influenced by stimuli and task. In general, the pre-SMA has been implicated in
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action preparation and execution, control of response conflict (for review see Nacheyv,
Kennard, & Husain, 2008) and supervisory attentional control (Cieslik et al., 2015),
suggesting that this region is not necessarily involved in face specific processes but rather
more in response selection and preparation. This view, however, does not fully fit with our
findings regarding the influence of task and stimuli as all task and stimuli conditions required
(motor) response selection and execution. Thus, a more likely interpretation would be that
activity of the pre-SMA signals attention to emotional signals. Alternatively the pre-SMA
could have a more specific role in processing emotional aspects of faces. In particular,
stimulation of this region in induces smiling and laughter (Krolak-Salmon et al., 2006) and
leads to fewer errors and faster reaction times when recognizing emotional expressions in
faces (Balconi and Bortolotti, (2013). Finally, disruption of the pre-SMA has also been shown
to impair recognition of happy facial expressions (Rochas et al., 2013). Thus, pre-SMA
activity in face processing seems to be involved in both, execution but also recognition of
emotional expressions. Therefore, it has been suggested that pre-SMA involvement during
emotional face processing reflects mirror neuron responses (Kircher et al., 2013; Rochas et
al., 2013). In line with this view, Kircher et al. (2013) showed that the observation of happy
faces as well as the execution of a happy facial expression led to activation of the pre-SMA,
while observation and execution of neutral or non-valenced expression did not involve this
region.

We would thus suggest, that the pre-SMA involvement reflects emotion related processes

that helps the understanding of the emotion of others.

4.3. Limitations
It has to be acknowledged, that for the influence of stimuli, we calculated a meta-analysis
across all emotions, as after exclusion of region of interest studies, there were not enough

experiments left to differentiate between individual emotions. In this context, another
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limitation of our study lies in the fact, that in the (emotion) face processing literature there is a
strong bias of the use of fearful face stimuli. Thus, our results of the meta-analysis across
studies of emotional stimuli may be driven by fearful faces.

With regard to the analyses of the influence of task instructions it has to be noted, that the
results are possibly confounded by task difficulty. We, however, can largely rule out this
possibility because the mean accuracies reported in the experiments of emotion (mean
accuracy=93,7;SD=6,3; for 5 experiments accuracies were not reported) and gender (mean
accuracy=96,1; SD=4,2, for 4 experiments accuracies were not reported) are not statistically
different (t3,=1.24, p=0.22).

In ALE, clusters of convergence can extend along different anatomical regions. This is
especially the case for regions that are spatially close. In our study, we can in particular
observe this merging in the main effect (i.e. analysis across all experiments), where a large
cluster encompassing right IOG, mid and posterior FFG as well as pSTS/MTG was found.
However by combining individual analyses of different conditions (gender evaluation,
emotion evaluation, emotional stimuli, neutral stimuli) and specific conjunctions we were able
to reveal subclusters.

It has recently been shown that stereotactic coordinates are poor predictors of functional
regions in the individual brain (Weiner et al., 2014). Thus, as the current study calculates
meta-analyses across coordinates reported in different experiments of face processing, the
coordinates resulting from our meta-analyses might not correspond to the functional regions
found in any individual subjects. In this context, however, it should be noted that the aim of a
meta-analysis is not to reveal consistent or most likely locations across individuals but rather
to delineate convergent activation of face-preferential regions in standard space. As our
results summarize the reports of all previously published face-processing literature, they
should thus be good predictors of functional regions at the group level, hopefully providing

functional ROIs of face-preferential regions for fMRI studies investigating group effects.
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5. Summary and Conclusion

Our results provide evidence for general face processing network consisting of bilateral
amygdala, FFG, pSTS/MTG, IFJ/IFG, 10G, left anterior insula and pre-SMA. Among those
regions, bilateral amygdala, right I0G, right mid-FFG and right IFG could be found in all
individual analyses and are thus always involved when a face is presented, regardless of the
displayed emotion and task instructions. Importantly, the results of the separate analyses
additionally showed that convergence within the face-processing network also differs

depending on task instructions and stimuli processed (figure 5).

Figure 5 about here please

Thus, in addition to the classification of Haxby et al. (Haxby et al., 2000, 2002), suggesting
a core system for face processing and a extended system that extracts the meaning of face, we
would argue for a classification based on the consistency of involvement based on task and
stimuli: On the one hand, there is a system consisting of right mid-FFG, 10G, IFG and
bilateral amygdala that is always recruited regardless of task and stimuli, while right posterior
FFG, left FFG, right STS, bilateral IFJ as well as pre-SMA should always be considered in

light of the specific task performed as well as the type of stimuli used.
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Tables
Table 1. General face processing network: Brain regions showing significant convergence

across all experiments comparing face processing against a control condition.

Macroanatomical structure x,y,z Histological assignment 7 score

Cluster 1 (k= 2742)

Right mid Fusiform Gyrus 40 -52 -20 FG4 8.33
Right Inferior Occipital 46 -80 -6 hOc4la 8.26
Gyrus
Right Inferior Occipital 28 -94 -6 hOc3v 6.89
Gyrus
Right Inferior Occipital 30-92 -8 hOc3v 6.82
Gyrus
Right Middle Temporal 52-52 6 6.06
Gyrus
Right Middle Temporal 56-400 5.35
Gyrus

Cluster 2 (k= 1417)

Left mid Fusiform Gyrus -42 -52-20 FG4 8.28
Left posterior Fusiform -40-74-14  FG2 7.52
Gyrus

Cluster 3 (k= 1345)
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Right Inferior Frontal
Junction

Right Inferior Frontal Gyrus
Right Inferior Frontal Gyrus
Cluster 4 (k= 742)

Left Amygdala

Cluster 5 (k=656)

Right Amygdala

Right Hippocampus

Cluster 6 (k= 546)

Left Inferior Frontal Gyrus
Left Inferior Frontal Junction
Cluster 7 (k=423)

Posterior Medial Frontal
Cortex

Posterior Medial Frontal
Cortex

Posterior Medial Frontal
Cortex

Cluster 8 (k=351)

Left Middle Temporal Gyrus
Left Middle Temporal Gyrus

Left Middle Temporal Gyrus

Cluster 9 (k=233)

Left Inferior Occipital Gyrus

44 14 26

502222

541016

-20 -8 -16

20-6 -14

34-12 -18

-44 20 22

-38 8128

01656

-42052

-6 28 48

-50 -48 4

-56 -72 14

-66 -48 10

Area 44

CAl

hOc3v

8.27

7.26

4.39

8.37

8.38

3.22

6.10

4.93

5.91

5.64

4.94

5.64

4.60

4.15

7.48
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Cluster 10 (k=159)
Left Anterior Insula

Left Inferior Frontal Gyrus

-22-96 -8

-3626 0

4428 -4

4.62

3.86

36

Table 2. Regions from the conjunction across the results of the meta-analyses across studies

of emotion evaluation and gender evaluation.

Macroanatomical structure  x,y,z Histological assignment 7 score
Cluster 1 (k= 333)

Right Inferior Frontal Junction 46 12 28 5.93
Right Inferior Frontal Gyrus 542426 Area 45 4.30
Right Inferior Frontal Gyrus 48 22 22 4.24
Cluster 2 (k=264)

Left Amygdala -20-6 -16 7.14
Cluster 3 (k=220)

Right Amygdala 20 -6 -16 Amyg (SF) 7.04
Cluster 4 (k=104)

Right mid Fusiform Gyrus 40-52-22 FG4 5.21
Cluster 5 (k=99)

Left Inferior Frontal Gyrus -42 2022 4.40
Cluster 6 (k=98)

Right Inferior Occipital Gyrus 46 -80 -8 hOc4la 4.88
Cluster 7 (k=95)

Right Inferior Occipital Gyrus 32 -88 -10  hOc4v 7.71
Right Inferior Occipital Gyrus 26 -96 -6 hOc3v 4.25
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Table 3. Regions from the conjunction across the results of the meta-analyses across studies

of emotional and neutral face stimuli.

Macroanatomical structure x,y,z Histological assignment 7 score

Cluster 1 (k=366)

Right mid Fusiform Gyrus 42 -52 -22 FG4 7.32

Cluster 2 (k=227)

Left mid Fusiform Gyrus FG4 5.22
-44 -58 -20

Left posterior Fusiform -40-72-14  FG2 4.85

Gyrus

Left mid Fusiform Gyrus -42 -48 -18  FG4 4.74

Cluster 3 (k= 233)

Left Amygdala -20-8 -14 Amyg (CM) 6.28

Cluster 4 (k= 226)

Right Inferior Occipital 44 -76 -12 hOc4la 5.21

Gyrus

Right Inferior Occipital 48 -82 -6 hOc4la 4.12

Gyrus

Right Inferior Occipital 50 -76 -2 hOc4la 3.94

Gyrus

Cluster 4 (k= 226)

Right Amygdala 20 -6 -16 Amyg (SF) 6.68

Cluster 6 (k=149)

Right Inferior Frontal Gyrus 54 26 24 Area 45 4.60

Right Inferior Frontal Gyrus 5030 18 Area 45 4.18
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Cluster 7 (k=89)

Left Inferior Occipital Gyrus

-20 -96 -8

hOc3v

5.26

38

Table 4. Regions from the conjunction across the results of the meta-analyses across studies

of emotion evaluation, gender evaluation, neutral and emotional stimuli.

Macroanatomical structure x,y,z Histological assignment 7 score

Cluster 1 (k=193)

Left Amygdala -20-8 -14 Amyg (CM) 6.16

Cluster 2 (k=161)

Right Amygdala 20 -6 -16 Amyg (SF) 6.68

Cluster 3 (k=104)

Right mid Fusiform Gyrus FG4 5.21
40 -52 -22

Cluster 4 (k= 60)

Right Inferior  Occipital 48 -82 -6 hOc4la 4.12

Gyrus 44 -80 -10 hOc4la 3.98

Cluster 5 (k=34)

Right Inferior Frontal Gyrus Area 45 4.30

54 24 26
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Figure Legends

Figure 1. Illustration of the steps of the meta-analysis.

Figure 2. Face processing network: Convergence across all experiments investigating face
processing compared to a control condition. r: right; 1: left; IOG: inferior occipital gyrus; STS:
superior temporal sulcus; MTG: middle temporal gyrus; IFJ: inferior frontal junction; IFG:
inferior frontal gyrus; IFS: inferior frontal sulcus; pmFC: posterior medial frontal cortex;
AMY: amygdala; mid FFG: mid-fusiform gyrus; post FFG: posterior fusiform gyrus; aIN:

anterior insula.

Figure 3. Influence of task instructions and stimuli: (A) Convergence across experiments of
emotion evaluation of faces are shown in light blue, convergence across experiments of
gender evaluation in orange and the overlap (conjunction, i.e. regions consistently involved
across task conditions) of both in pink. r: right; 1: left; IOG: inferior occipital gyrus; IFJ:
inferior frontal junction; IFG: inferior frontal gyrus; IFS: inferior frontal sulcus; pmFC:
posterior medial frontal cortex; AMY: amygdala; Thal: thalamus; mid FFG: mid-fusiform
gyrus; post FFG: posterior fusiform gyrus. (B) Convergence across experiments using
emotional faces are shown in red, convergence across experiments using neutral faces in
green and the overlap (conjunction, i.e. regions consistently involved across stimuli
conditions) between both are illustrated in yellow. r: right; 1: left; IOG: inferior occipital
gyrus; STS: superior temporal sulcus; MTG: middle temporal gyrus; IFJ: inferior frontal
junction; IFG: inferior frontal gyrus; IFS: inferior frontal sulcus; pmFC: posterior medial

frontal cortex; AMY: amygdala; mid FFG: mid-fusiform gyrus; post FFG: posterior fusiform

gyrus.
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Figure 4. Regions of the face-processing network consistently activated across task and
stimuli: Regions found in all individual analyses. r: right; 1: left; IOG: inferior occipital gyrus;

IFG: inferior frontal gyrus; AMY: amygdala; mid FFG: mid-fusiform gyrus.

Figure 5. Summary of the findings illustrating regions found in all individual meta-analyses
(purple), influenced by stimuli (light blue), influenced by task (blue) and influenced by both,
stimuli and task (light blue). R: right; L: left; IFG: inferior frontal gyrus; IFJ: inferior frontal
junction; pre-SMA: pre- supplementary motor area; Amy: amygdala; STS/MTG: superior

temporal sulcus/middle temporal gyrus; FFG: fusiform gyrus; IOG: inferior occipital gyrus.
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