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Abstract: Functional localizers that contrast brain signal when viewing faces versus objects are com-
monly used in functional magnetic resonance imaging studies of face processing. However, current
protocols do not reliably show all regions of the core system for face processing in all subjects when
conservative statistical thresholds are used, which is problematic in the study of single subjects. Fur-
thermore, arbitrary variations in the applied thresholds are associated with inconsistent estimates of
the size of face-selective regions-of-interest (ROIs). We hypothesized that the use of more natural
dynamic facial images in localizers might increase the likelihood of identifying face-selective ROIs in
individual subjects, and we also investigated the use of a method to derive the statistically optimal
ROI cluster size independent of thresholds. We found that dynamic facial stimuli were more effective
than static stimuli, identifying 98% (versus 72% for static) of ROIs in the core face processing system
and 69% (versus 39% for static) of ROIs in the extended face processing system. We then determined
for each core face processing ROI, the cluster size associated with maximum statistical face-selectivity,
which on average was approximately 50 mm3 for the fusiform face area, the occipital face area, and
the posterior superior temporal sulcus. We suggest that the combination of (a) more robust face-related
activity induced by a dynamic face localizer and (b) a cluster-size determination based on maximum
face-selectivity increases both the sensitivity and the specificity of the characterization of face-related
ROIs in individual subjects. Hum Brain Mapp 30:1637–1651, 2009. VVC 2008 Wiley-Liss, Inc.
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INTRODUCTION

Functional magnetic resonance imaging (fMRI) studies
have identified a network of cortical regions that are
involved in face perception. The first face-selective region
found was the fusiform face area (FFA), located in the
right fusiform gyrus [Kanwisher et al., 1997], consistent
with the predominance of right inferotemporal lesions in
prosopagnosia [Damasio, 1985; de Renzi, 1986; Landis
et al., 1986; Meadows, 1974]. Subsequently, other studies
have characterized face-selective regions in the inferior
occipital gyrus (occipital face area, OFA) and the posterior
superior temporal sulcus (pSTS) [Ishai et al., 2005; Rossion
et al., 2003; Winston et al., 2004]. Together, these three
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regions are currently considered the ‘‘core system’’ for face
processing [Gobbini and Haxby, 2007; Haxby et al., 2000]
(see Fig. 1).
Beyond the core system are a number of additional

regions that may contribute to face perception. These
include regions in the inferior frontal gyrus (IFG) [Ishai
et al., 2005], amygdala (AMG) [Adolphs et al., 1994], pre-
cuneus [Kosaka et al., 2003], anterior paracingulate gyrus
[Gobbini and Haxby, 2006] and a more anterior portion of
the STS [Winston et al., 2004], among others. These regions
comprise the ‘‘extended system’’ for face perception [Gob-
bini and Haxby, 2007; Haxby et al., 2000] (see Fig. 2).
The identification of face-related cortical regions has led

to the question of what roles each of these regions may
play in face perception [Haxby et al., 2000]. One way to
examine the function of these face-related regions is by
first identifying or ‘‘localizing’’ the region-of-interest (ROI)
and then studying functional changes within this
‘‘localized’’ ROI on subsequent experimental tasks [Saxe
et al., 2006; but see Friston et al., 2006]. Functional face
localizers today are very similar to the scans used by
Kanwisher et al. [1997] who first identified the FFA. These
localizers normally contrast hemodynamic activity during
blocks in which subjects view static images of faces with
blocks of diverse objects, scrambled faces, or a single non-
face object class, such as houses [Andrews and Ewbank,
2004; Eger et al., 2004; Gauthier et al., 2000; Golarai et al.,
2007; Golby et al., 2001; Ishai et al., 2000, 2005; Mazard
et al., 2006; Pyles et al., 2007; Rotshtein et al., 2005; Schiltz

and Rossion, 2006; Yovel and Kanwisher, 2005]. As noted
by Kanwisher et al. [1997], and illustrated by these other
studies, a contrast between static images of faces and
objects does quite well at identifying the right FFA but is
not as reliable in identifying the right OFA, right STS, or
the left hemispheric counterparts of these three regions.
Furthermore, as face-specificity decreases in regions of the
extended system, the power of the standard face localizer
also decreases [Ishai et al., 2005], making it difficult to
identify regions consistently across subjects, and thereby
limiting the feasibility of examining specific hypotheses
within many of these regions.
One approach to dealing with this problem of inconsis-

tent functional localization is by performing group analy-
ses on normalized brains [Friston et al., 2006; Kosaka et al.,
2003; Winston et al., 2004]. Group analyses can identify
cortical ROIs in the group data that are not seen consis-
tently in each individual subject. However, normalizations
often fail to fully account for between-subject structural
anatomic variability [McKeown and Hanlon, 2004; Nieto-
Castanon et al., 2003], and even if they did, the group
analysis would still be complicated by between-subject
functional anatomic variability, in that functionally active
regions may vary in their cerebral location from one sub-
ject to another [Wohlschlager et al., 2005].
A second approach to dealing with inconsistent func-

tional localization that avoids normalization has been to
vary the statistical threshold at which a ROI is identified
in single subjects. Thresholds used in prior studies have

Figure 1.

Representative fMRI images for regions comprising the core sys-

tem of face perception: occipital face area (OFA); fusiform face

area (FFA); posterior superior temporal sulcus (pSTS). Overlay

maps of the face > object contrast are set at the threshold of

P < 0.05 (1-tailed Bonferroni). Results from the static localizer are

overlaid in blue and the results of the dynamic localizer in orange–

yellow. Clear overlaps in all regions can be seen, with more wide-

spread activity readily apparent in the dynamic localizer maps.

[Color figure can be viewed in the online issue, which is available

at www.interscience.wiley.com.]
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ranged from very conservative (e.g., ‘‘P < 0.05 with Bon-
ferroni correction for multiple comparisons’’ [Andrews
and Ewbank, 2004; Eger et al., 2004; Schiltz and Rossion,
2006; Schiltz et al., 2006; Sorger et al., 2007]) to more liberal
ones (e.g. ‘‘P < 0.001 uncorrected’’ [Golarai et al., 2007;
Ishai et al., 2005] or ‘‘t > 2.0 uncorrected’’ [Golby et al.,
2001]). More liberal thresholds may reveal more areas
more consistently, but do not account for the problem of
multiple comparisons across the thousands of voxels
within the brain, and are often not objectively set, raising
questions about their statistical validity [Genovese et al.,
2002]. Furthermore, these variations in threshold can affect
not only the likelihood of identifying a functional region,
but the size of the functionally activated region. More lib-
eral thresholds tend to show larger areas of activation, and
more conservative ones show smaller areas. Which of
these thresholds more accurately reflects the anatomic real-
ity is open to question, especially in situations where there
are no guiding estimates of the size of a cortical region
from primate neurophysiology or human histology.
The inconsistent detection of face-selective areas with cur-

rent localizer protocols is also problematic for another field,
the application of functional imaging to neuropsychological
patients. Increasingly fMRI is being used to determine if
lesions have affected specific functional regions in specific
individuals [Avidan et al., 2005; Rossion et al., 2003]. This is

particularly the case in patients with acquired lesions, where
the variability in lesion anatomy makes group analyses inad-
visable [Barton, 2003]. However, it is difficult to make firm
conclusions if these areas cannot be consistently demon-
strated in all healthy individuals.
In the present study, we addressed two issues regarding

the localization of face-processing areas in the human
brain. First, we asked whether it is possible to create a bet-
ter face-localizer. Standard functional localizers for face
processing rely on a contrast between static images of
faces and objects. However, normal experience with these
stimuli is dynamic, not static. Also, there is some evidence
of increased activity within face-related ROIs for dynamic
faces as compared to static faces [Avidan et al., 2005; Kilts
et al., 2003; Sato et al., 2004]. Furthermore, neurophysiolog-
ical studies show that there are neurons that respond to
different facial images (e.g., viewpoint differences [Perrett
et al., 1991]), which may suggest that the changes in facial
image inherent to dynamic stimuli may cause activation of
a greater pool of neurons. For these reasons, we hypothe-
sized that the dynamic localizer would result in (1) a
higher likelihood of localizing face-processing areas in
individual subjects and (2) more robust activity within all
face-related ROIs. To study this we compared two func-
tional localizers, one contrasting static images of faces ver-
sus objects and the other contrasting dynamic video clips
of faces versus objects.
Second, we asked, how large should a face-selective ROI

be? Although face-selective responses have been identified
within the inferotemporal cortex and STS in monkeys [Per-
rett et al., 1982], there is no neurophysiologically based
estimate of size for any potential homologues of the FFA,
OFA, or STS (unlike the case with the V5 complex [Brewer
et al., 2002]). In the absence of such anatomic data, we
asked whether it would be possible to derive statistical
criteria that would provide more consistent estimates of
the size of face-selective regions, with optimum specificity
for face stimuli.

DEFINING FACE-SELECTIVE ROIS:

LOCALIZERS WITH STATIC OR

DYNAMIC STIMULI

Materials and Methods

Participants

Sixteen right-handed healthy participants (Eight females;
Mean age 6 SD: 25.6 6 4.1 years) with normal or cor-
rected-to-normal vision and no history of neurological dis-
orders participated. Informed consent was obtained and
the protocol approved by the institutional review boards
of the University of British Columbia and Vancouver Gen-
eral Hospital, in accordance with The Code of Ethics of the
World Medical Association, Declaration of Helsinki
[Rickham, 1964].

Figure 2.

Representative fMRI images for regions comprising the extended

system of face perception. Top left: bilateral middle superior

temporal sulcus (mSTS). Top right: bilateral Amygdala (AMG).

Bottom Left: bilateral inferior frontal gyrus (IFG). Bottom right:

precuneus (preC; red arrow) and anterior paracingulate cortex

(aPC; white arrow). Because of the poor localization of these

regions using the static localizer, overlaid maps are results from

the statistical analysis of the dynamic localizer (faces > objects; P

< 0.05, 1-tailed Bonferroni). [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]
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Stimuli

Participants underwent two functional scans. During the
first functional scan participants viewed static photographs
of nonliving objects (e.g., television, basketball) and faces
(neutral and expressive) presented in separate blocks. This
static localizer is similar to those used to identify face-
related cerebral regions by Kanwisher et al. [1997] and
others [Andrews and Ewbank, 2004; Golarai et al., 2007;
Golby et al., 2001; Grill-Spector et al., 2004; Mazard et al.,
2006; Pyles et al., 2007; Reddy and Kanwisher, 2007; Rho-
des et al., 2004; Schiltz et al., 2006; Schwarzlose et al., 2005;
Sorger et al., 2007; Spiridon and Kanwisher, 2002; Yovel
and Kanwisher, 2005]. Participants performed a ‘‘one-back
task,’’ that is, to press a button if an image was identical to
the previous one. The static localizer began and ended with
a fixation block showing a cross in the center of an other-
wise blank screen. Additional fixation blocks were alter-
nated with image blocks, with all blocks lasting 12 s. Six
blocks of each image category (object, neutral face, expres-
sive face) were presented in a counterbalanced order. Each
image block consisted of 15 images (12 novel and three
repeated), all sized to a width of 400 pixels and presented
at screen center for 500 ms, with an interstimulus-interval
of 300 ms. The static localizer took 444 s in total.
During the second functional scan, participants viewed

video-clips of nonliving objects and faces presented in sep-
arate blocks. We referred to this scan as the dynamic local-
izer. Video-clips of faces all displayed dynamic changes in
facial expression (i.e., from neutral to happy). So that
dynamic changes in objects were comparable with those
seen in faces, all video-clips of objects displayed types of
motion that did not create large translations in position
(see Table I). Participants again performed a one-back task.
Identical fixation blocks began and ended the session and
were alternated with image blocks, with all blocks lasting

12 s. Eight blocks of each image category (object, face)
were presented in a counterbalanced order. Each image
block consisted of six video-clips (five novel and one
repeated) presented centrally for 2,000 ms each. Video-
clips of objects were gathered from the Internet, and
video-clips of faces were provided by Chris Benton
(Department of Experimental Psychology, University of
Bristol, UK) [Benton et al., 2007]. All video-clips were
resized to a width of 400 pixels. The dynamic localizer
took 396 s in total. (The dynamic localizer is available by
contacting the corresponding author.)

fMRI data acquisition and analysis

All scans were acquired in a 3.0 Tesla Philips scanner.
Stimuli were presented using Presentation 9.81 software
and were rear-projected onto a mirror mounted on the
head coil. Whole brain anatomical scans were acquired
using a T1-weighted echoplanar imaging sequence, consist-
ing of 170 axial slices of 1 mm thickness (1 mm gap) with
an in-plane resolution of 1 mm 3 1 mm (FOV 5 256). T2-
weighted functional scans (TR 5 2 s; TE 5 30 ms) were
acquired using an interleaved ascending echoplanar imag-
ing sequence, consisting of 36 axial slices of 3 mm thick-
ness (1 mm gap) with an in-plane resolution of 1.875 mm 3
1.875 mm (FOV = 240). The static localizer scan consisted of
223 functional volumes, whereas the dynamic localizer scan
consisted of 199 functional volumes.
The first volume of each functional scan was discarded

to allow for scanner equilibration. All MRI data were ana-
lyzed using BrainVoyager QX Version 1.8 (www.brain-
voyager.com). Anatomical scans were not preprocessed.
Preprocessing of functional scans consisted of corrections
for slice scan time acquisition, head motion (trilinear inter-
polation), and temporal filtering with a high pass filter to
remove frequencies less than three cycles/time course. For
each participant, functional scans were individually core-
gistered to their respective anatomical scan, using the first
retained functional volume to generate the coregistration
matrix, and were resliced (1 mm3) to match the anatomical
scan.
The static localizer time course was analyzed with a sin-

gle subject general linear model (GLM), with object (O),
neutral (NF), and expressive (EF) faces as predictors. Anal-
ysis of NF 1 EF > 2*O was overlaid on the whole brain
and significance was set at P < 0.05, with correction for
multiple comparisons (1-tailed Bonferroni). A similar pro-
cedure was adopted for the dynamic localizer, the time
course of which was analyzed via a single subject GLM
with objects (O) and faces (F) as predictors. Analysis of
F > O was overlaid on the whole brain and significance
was set at P < 0.05, with correction for multiple compari-
sons (1-tailed Bonferroni).

ROI localization and analysis

Within each participant, we first attempted to define
each of the three face-related regions comprising the core

TABLE I. Objects included in the dynamic localizer

and associated within-object motions

Fountain spraying Piano keys depressing
Ceiling fan spinning Plant blowing
Globe spinning Record player rotating
Merry-go-round rotating Roulette wheel spinning
Jiffy-pop expanding Scale balancing
Juice pouring Scale needle rotating
Kettle steaming Oscilliscope wave fluctuating
Tree branch blowing Stopwatch numbers changing
Newton’s balls bouncing Tennis ball spinning
Gears cranking Car tire rotating
Toilet water flushing Coffee machine pouring
Top spinning Film reels rotating
Traffic light changing Grass and heather blowing
Office fan oscillating Waterfall flowing
Washing machine spinning Fireplace burning
Water faucet dripping Fireworks exploding
Windmill rotating Flag waving
Blender mixing Eggs and water boiling
Candle flickering Flower blowing
Cigarette burning Sewing machine sewing
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system of face perception. Face-related voxels located on
the lateral temporal portion of the fusiform gyrus were
designated as the FFA, whereas voxels located on the lat-
eral surface of the inferior occipital gyrus were designated
as the OFA. Face-related voxels located on the posterior
segment of the STS were designated as the pSTS. All
regions were defined in both right and left hemispheres.
In addition to these ‘‘core’’ face-processing regions, we

also examined regions comprising the extended system
of face perception. Face-related voxels located on the an-
terior segment of the superior temporal sulcus of the
right or left hemispheres were designated as the middle
superior temporal sulcus (mSTS) as described by Win-
ston et al. [2004]. Face-related voxels within the AMG
and IFG were identified bilaterally. Face-related voxels
within the precuneus (preC) and the anterior paracingu-
late cortex (aPC) were defined without lateralization
because of their location at the midline between cerebral
hemispheres.
For each identified ROI, the t-value of the peak voxel

and cluster size (number of voxels) was determined. ROIs
that were not identified at the a priori statistical threshold
(P < 0.05, 1-tailed Bonferroni) were assigned a cluster size
of zero, but the statistical threshold was lowered to a more
liberal False-Discovery-Rate threshold of q < 0.05 (cor-
rected for multiple comparisons) to determine the t-value
of the peak voxel within that region. For statistical analy-
sis, failing to localize a region at the False-Discovery-Rate
threshold resulted in this region being assigned the False-
Discovery-Rate threshold as a default t-value of its peak
voxel.
Analyses were performed separately for the core and

extended systems. An initial paired t-test was performed
within each system, with the number of ROIs localized
within each subject as the dependent variable, to deter-

mine whether one localizer more consistently localized
face-related ROIs than the other. All core system GLM
consisted of localizer (static, dynamic), ROI (OFA, FFA,
pSTS), and hemisphere (right, left) as fixed factors and
subject as a random factor. The unilateral nature of the
precuneus and aPC made it impossible to include hemi-
sphere as a factor, thereby restricting all extended system
GLMs to localizer (static, dynamic) and ROI (right-mSTS,
left-mSTS, right-AMG, left-AMG, right-IFG, left-IFG, preC,
aPC) as fixed factors and subject as a random factor.
Within each system, five separate univariate GLMs were
performed, each with a different dependent variable: (i) t-
value of the peak voxel; (ii) cluster size; (iii) X Talairach
coordinate of the peak voxel; (iv) Y Talairach coordinate
peak voxel; and (v) Z Talairach coordinate of the peak
voxel. GLMs considering t-value of the peak voxel and
cluster size assessed the robustness and extent of face-
related activity respectively. GLMs considering Talairach
coordinates of the peak voxel determined whether both
the static and dynamic localizers did in fact localize the
same functional regions. Post-hoc t-tests were performed
to analyze all significant effects. All statistical analyses
were performed using SPSS 14.0 (www.spss.com), and sig-
nificance on all tests was set at a < 0.05.

Results

Core system

When localizing ROIs comprising the core system of
face perception, the static localizer operated at a 72% suc-
cess rate, whereas the dynamic localizer achieved a 98% suc-
cess rate, a statistically significant difference [t (15) 5
23.93; P 5 0.001]. The dynamic localizer was more success-
ful than the static localizer in localizing all regions of the

TABLE II. Core system of face perception

Region-of-interest
(Core system) Localizer

# of subjects
(n 5 16) X Y Z

Right OFA Static 10 40 6 11 275 6 20 29 6 8
Dynamic 16 36 6 10 279 6 19 214 6 8

Left OFA Static 14 238 6 10 273 6 19 215 6 8
Dynamic 15 237 6 10 274 6 19 217 6 7

Right FFA Static 13 35 6 9 248 6 14 219 6 7
Dynamic 16 37 6 9 248 6 15 220 6 7

Left FFA Static 16 235 6 10 242 6 12 220 6 6
Dynamic 16 237 6 9 243 6 13 220 6 6

Right pSTS Static 11 53 6 13 244 6 13 4 6 5
Dynamic 16 54 6 13 241 6 13 4 6 5

Left pSTS Static 5 250 6 14 255 6 16 8 6 5
Dynamic 15 251 6 14 252 6 15 6 6 5

Number of participants in whom the ROI was localized and average Talairach coordinates (Mean 6
SD) are reported for both the static and dynamic localizers. ROIs were localized using the contrast
faces > objects with a statistical threshold of P < 0.05 (1-tailed Bonferroni). The dynamic localizer was
more consistent in identifying face-related ROIs in all areas of the core system excluding the left FFA,
which was identified in all subjects with both localizers. Average Talairach coordinates of the peak
voxels show that static and dynamic localizers localized similarly positioned ROIs.
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core system except the left-FFA, which was localized in all
subjects with both localizers (Table II). The only regions
not identified with 100% success with the dynamic localizer
were the left OFA and left pSTS, which were missed in
one subject each. In contrast, the static localizer had diffi-
culty locating even the right FFA in three subjects. In con-
trast to our findings with the static localizer previous
reports have shown more consistent activation in the right
than left FFA [Jiang et al., 2006; Kanwisher et al., 1997]
suggesting right hemispheric dominance in face processing
[Barton, 2003].
Regarding the t-value of the peak voxel, we observed a

significant main effect of localizer [F (1,15) 5 46.15; P <
0.001] with the dynamic localizer (Mean t-value 6 SEM;
9.57 6 0.37) eliciting more robust face-related activity than

the static localizer (6.74 6 0.26) (see Fig. 1). We also
observed a main effect of ROI [F (2,30) 5 4.45; P < 0.05]
and an interaction between ROI and Hemisphere [F (2,30)
5 4.15; P < 0.05], with the strongest face-related activity
within the FFA (right 5 9.22 6 0.57; left 5 9.23 6 0.68)
and the weakest within the left-STS (6.47 6 0.51). Finally,
we observed a significant interaction between localizer and
ROI [F (2,30) 5 5.41; P 5 0.01], with significantly more ro-
bust activity elicited by the dynamic localizer in all regions
of the core system (P < 0.001, all tests), but with the largest
effects occurring within the pSTS (D t-value 6 SEM; OFA
5 2.08 6 0.56, FFA 5 2.35 6 0.51, pSTS 5 4.03 6 0.59)
(Fig. 3A).
To further examine the effects of the dynamic localizer on

the observed t-value of the peak voxel, we performed cor-
relation analyses between static and dynamic peak t-value
within each of the core region ROIs. We observed a signifi-
cant positive correlation in all regions of the core system
(r > 0.59, P < 0.05; all tests) except the left pSTS (r 5 0.32,
n.s.). This result suggests that the dynamic localizer not only
successfully localizes these ROIs in more subjects, but also
consistently increases activity within ROIs that were suc-
cessfully localized with the static localizer. Finally, a visual
inspection of the averaged response time course for faces
and objects, within right hemisphere ROIs of the core sys-
tem (see Fig. 4), provides more insight into the effects of
the dynamic localizer by demonstrating both an increased
face response (right OFA, pSTS), and a decreased object
response (right OFA, FFA).
The analysis of ROI cluster size showed a similar pattern

to those observed when considering the t-value of the
peak voxel. We found main effects of localizer [F (1,15) 5
21.65; P < 0.001] with larger clusters elicited by the
dynamic localizer (Mean # of voxels 6 SEM; 450 6 58) than
the static localizer (129 6 23) and of hemisphere [F (1,15) 5
16.81; P 5 0.001] with larger clusters in the right hemi-
sphere (392 6 58) than in the left (187 6 28). Significant
interaction effects between localizer and ROI [F (2,30) 5
4.62; P < 0.05] and between localizer and hemisphere [F
(1,15) 5 13.67; P < 0.005] were modified by a three-way
interaction between localizer, ROI, and hemisphere [F
(2,30) 5 5.77; P < 0.01]. Post-hoc t-tests revealed signifi-
cantly larger clusters elicited by the dynamic localizer in the
left-OFA, right-FFA, and bilateral-pSTS (P < 0.05, all tests)
with a trend in the same direction for the right-OFA (P 5
0.06). Again the largest effect of the dynamic localizer was
observed in the right-pSTS (D cluster size 6 SEM 5 896
voxels 6234; Fig. 3B).
Finally, we performed GLMs considering the Talairach

coordinates of the peak voxel of all localized ROIs.
Although we saw significant main effects of ROI and signif-
icant interaction effects between ROI and hemisphere for all
three coordinates [F (2,30) > 5.00; P < 0.05, all tests], as can
be expected for ROIs found in different cortical areas, the
only significant effect of localizer was a three-way interac-
tion between localizer, ROI and hemisphere when consider-
ing the X (medial-lateral) coordinate [F (2,24) 5 4.283; P <

Figure 3.

Results from the statistical comparison of the static (white bars)

and dynamic localizers (gray bars) (Mean 6 SEM). A: When using

the dynamic localizer significantly higher t-values are seen in the

peak voxel of all regions in the core system (indicated with an

asterisk), with the largest effects observed in the pSTS. B: Use

of the dynamic localizer results in the localization of significantly

larger clusters of face-related activity within the left-OFA, right-

FFA, and bilateral-pSTS (indicated with an asterisk), with a simi-

lar but nonsignificant pattern observed in other regions of the

core system.
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0.05]. Post-hoc t-tests revealed a significant difference in the
X coordinate of the right-FFA as localized by the static and
dynamic localizers (P < 0.05), with the static right-FFA

slightly more medial (Mean X coordinate 6 SEM; 35 6 1)
than the dynamic right-FFA (37 6 1). Although this differ-
ence in the X coordinate of the peak voxel of the right FFA

Figure 4.

Response time courses for faces (filled circles) and objects

(open circles) within the right OFA (top), right FFA (middle),

and right pSTS (bottom). Time courses were extracted from the

individually localized ROIs and averaged (Mean 6 SEM).

Responses from the static localizer are presented in the left col-

umn, and the dynamic localizer in the right column. The dynamic

localizer increases the separation of signal between faces and

objects in all three of these core face processing regions.
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is statistically significant, the absolute difference (2 mm)
becomes negligible when considering the mean volume of
the right-FFA (368 mm3). Thus both the static and dynamic
localizers appear to be localizing the same regions of face-
related activity (Table II; Fig. 1).

Extended system

Although the static localizer only found 31% of regions
in the extended system, the dynamic localizer had a 69%
success rate, a significant difference [t (15) 5 24.24; P 5
0.001]. The dynamic localizer was more successful in
localizing all regions of the extended system (Table III;
Fig. 2).
Regarding the t-value of the peak voxel, we observed a

significant main effect of localizer [F (1,15) 5 19.18; P 5
0.001] with the dynamic localizer (Mean t-value 6 SEM;
6.12 6 0.18) eliciting more robust face-related activity than
the static localizer (4.45 6 0.10). We also observed a main
effect of ROI [F (7,105) 5 6.99; P < 0.001] with the strong-
est face-related activity within the right-IFG (6.19 6 0.39)
and the weakest within the AMG (right = 4.57 6 0.24; left
= 4.12 6 0.22). Finally, we observed a significant interac-
tion between localizer and ROI [F (7,105) 5 2.55; P < 0.05],
with significantly more robust activity elicited by the
dynamic localizer in all regions of the extended system (P <
0.05, all tests) except the left-IFG, which showed a trend in
the same direction (P 5 0.053) (Fig. 5A).
Analysis of ROI cluster size showed a similar pattern.

We observed a significant main effect of localizer [F (1,15) 5
12.07; P < 0.005] with larger clusters elicited by the
dynamic localizer (Mean # of voxels 6 SEM; 189 6 36) than

by the static localizer (13 6 4). We also observed a main
effect of ROI [F (7,105) 5 3.28; P < 0.005] with the largest
clusters observed within the right-IFG (218 6 76) and the
smallest within the AMG (right = 13 6 6; left = 11 6 6).
Finally, we observed a significant interaction between lo-
calizer and ROI [F (7,105) 5 3.14; P < 0.01], with signifi-
cantly larger clusters elicited by the dynamic localizer in the
bilateral mSTS, right-IFG, precuneus, and anterior paracin-
gulate (P < 0.05, all tests) (Fig. 5B).
Finally, a comparison of Talairach coordinates of the

peak voxel for all localized ROIs revealed main effects of
ROI for all three coordinates [F (7,105) > 100; P < 0.001,
all tests], as can be expected for ROIs located in different
cortical areas, and significant interaction effects between
localizer and ROI for the X coordinate [F (7,79) 5 3.89;
P 5 0.001] and the Z (superior-inferior) coordinate
[F (7,79) 5 3.035; P < 0.01], but not the Y (anterior-poste-
rior) coordinate [F (7,79) 5 0.30; P > 0.50]. Post-hoc t-tests
revealed a significant difference in the X coordinate for the
left-IFG (P < 0.01), with the static left-IFG slightly more
medial (Mean coordinate 6 SEM; 240 6 1) than the
dynamic left-IFG (247 6 1). Differences were also observed
in the X coordinate (P < 0.05) and the Z coordinate (P <
0.005) of the aPC, with the static aPC more medial (2 6 1)
and inferior (7 6 2) to the dynamic aPC (X 5 6 6 1; Z 5
20 6 3). Although the absolute differences seen here are
larger than those seen within the right-FFA (leftIFG-X 5 7
mm; aPC-X 5 4 mm; aPC-Z 5 13 mm) the differences in
peak voxel location are still negligible when compared
to the mean volume of these regions (left-IFG 5 40 mm3;
aPC 5 184 mm3). Thus, with the possible exception of the
left-IFG and the aPC, both the static and dynamic localizers

TABLE III. Extended system of face perception

Region-of-interest Localizer
# of subjects
(n 5 16) X Y Z

Right mSTS Static 5 51 6 14 25 6 8 29 6 6
Dynamic 11 49 6 12 25 6 10 211 6 7

Left mSTS Static 3 253 6 14 216 6 8 25 6 6
Dynamic 12 55 6 15 216 6 8 25 6 6

Right AMG Static 3 18 6 5 22 6 2 213 6 5
Dynamic 7 18 6 6 24 6 2 211 6 4

Left AMG Static 0 18 6 8 23 6 4 211 6 5
Dynamic 5 19 6 7 26 6 4 214 6 5

Right IFG Static 7 42 6 11 19 6 10 26 6 12
Dynamic 15 46 6 12 21 6 11 22 6 12

Left IFG Static 6 240 6 12 20 6 11 20 6 11
Dynamic 12 247 6 12 17 6 7 21 6 9

preC Static 7 0 6 4 259 6 18 30 6 11
Dynamic 14 1 6 4 262 6 16 30 6 10

aPC Static 9 2 6 5 59 6 15 7 6 9
Dynamic 12 6 6 4 54 6 14 20 6 12

Number of participants in whom the ROI was localized and average Talairach coordinates (Mean 6
SD) are reported for both static and dynamic localizers. ROIs were localized using the contrast
faces > objects with a statistical threshold of P < 0.05 (1-tailed Bonferroni). In all cases, the dynamic
localizer was more consistent in identifying face-related ROIs. Average Talairach coordinates of the
peak voxels show that static and dynamic localizers localized similarly positioned ROIs.
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appear to be localizing the same regions of face-related ac-
tivity (Table III; Fig. 2).

DEFINING FACE-SELECTIVE ROIS: THE

STATISTICALLY OPTIMAL CLUSTER SIZE

The dynamic localizer proved to be a much more consist-
ent localizer of face-related activity than the static localizer,
for both the core and extended systems of face perception.
As well, we found increases in the cluster size of many
face-related ROIs. This increase in cluster size highlights
an additional question regarding functional localization:
what is the ‘‘right size’’ of the cortical region being identi-
fied?

This problem of variable cluster size is not unique to
our contrast between static and dynamic localizers. Varia-
tions in the statistical threshold used to define face-selec-
tive activation in the literature have resulted in a wide
range of reported cluster sizes for all regions of the core
system: right-OFA, 138 mm3 [Sorger et al., 2007] to 4289
mm3 [Ishai et al., 2004]; left-OFA, 312 mm3 [Schiltz and
Rossion, 2006] to 4430 mm3 [Ishai et al., 2004]; right-FFA,
498 mm3 [Schiltz and Rossion, 2006] to 4711 mm3 [Ishai
et al., 2004]; left-FFA, 379 mm3 [Schiltz and Rossion, 2006]
to 4500 mm3 [Ishai et al., 2004]; right-pSTS, 193 mm3

[Sorger et al., 2007] to 5695 mm3 [Ishai et al., 2004]; and
left-pSTS, 156 mm3 [Sorger et al., 2007] to 3656 mm3 [Ishai
et al., 2004]. Indeed, even within the regions we localized
in the present study we see individual clusters identified
as the right-FFA up to a volume of 766 mm3 when using
the static localizer and up to a volume of 1657 mm3 when
using the dynamic localizer.
The 10-fold or greater variation in ROI size reported in

the face-processing literature underscores the problem of
threshold-dependent methods of defining ROI size.
Although there may be some intersubject variability in
ROI size, these estimates can also vary within individuals
when signal strength is modulated by additional factors
such as attention and fatigue [Wojciulik et al., 1998]. How-
ever, adjusting findings to approximate the ‘‘right size’’ of
these functional areas is impossible without additional
data from other sources on the anatomic size of these
regions. In the absence of such information, asking what
should be the ‘‘right size’’ of an ROI becomes a question of
what is the statistically optimal estimate of ROI size.
In this direction, some efforts have been made to deter-

mine the ‘‘right size’’ of localized ROIs using complex sta-
tistical techniques [Ng et al., 2007], and others have noted
that face-selectivity decreases with increased ROI size
[Golarai et al., 2007]. Although not directly assessing the
‘‘right size’’ of localized ROIs, other groups have combined
a functional localizer with experimental scans to increase
the ‘‘selectivity’’ of ROIs used for subsequent experimental
analyses [Yovel and Kanwisher, 2005]. Within any given
ROI is a peak voxel that shows the largest difference
between face-related activity and object-related activity
(face > object). With the statistical threshold set to this
maximal difference we observe a cluster of only 1 voxel in
size. As the threshold is reduced to include more voxels in
the cluster the average face > object difference will
decrease (all other voxels have a smaller face > object dif-
ference than the peak voxel), but the standard deviation of
this average difference will also decrease (due to the aver-
aging of more and more voxels). Initially, the decrease in
standard deviation may result in a larger statistical face >
object difference for the cluster, but at some point the
decrease in absolute face > object difference of the less
selective voxels being added to the cluster will outweigh
any further reduction in the standard deviation.
Using this statistical rationale, we attempted to deter-

mine at what ROI size the maximal face > object differ-

Figure 5.

Results from the statistical comparison of the static (white bars)

and dynamic localizers (gray bars) (Mean 6 SEM). A: When using

the dynamic localizer significantly higher t-values are seen in the

peak voxel of all regions in the extended system (indicated with

an asterisk), excluding the left-IFG, which shows a trend in the

same direction. B: Use of the dynamic localizer results in the

localization of significantly larger clusters of face-related activity

within the bilateral mSTS, right-IFG, preC, and aPC (indicated

with an asterisk).
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ence is achieved and thereby estimate the ‘‘statistically
optimal size’’ of these face-related ROIs. Because of the
wide variety of inputs that can activate ROIs in the
extended system (i.e., nonface or nonvisual stimuli), we re-
stricted our analyses to ROIs in the core system which
preferentially respond to viewed faces [Haxby et al., 2000].

Materials and Methods

Regions-of-interest and analysis

Participants, stimuli, fMRI data acquisition, fMRI data
processing and analyses, and ROI localization were pro-
vided in the previous section. Our findings indicated that
static and dynamic localizers did in fact localize the same
ROIs within the core system, and that the dynamic localizer
was more successful in localizing face-related ROIs. For
these reasons, only dynamically localized ROIs were
included in the following analyses. The ROIs which were
not localized (2 of 96) at the statistical threshold previously
used (P < 0.05, 1-tailed Bonferroni) were localized at a
more liberal threshold of q < 0.05 (False Discovery Rate,
corrected for multiple comparisons). This resulted in a full
localization of all six core system ROIs in each of the 16
participants.
A single subject GLM (as described in the previous sec-

tion) was used to estimate the b-weights for faces and
objects within the peak voxel of each localized ROI. A t-
value for this peak voxel was then calculated using the fol-
lowing formula:

t ¼ ðbF � bOÞ=f
p½ðSDFÞ2 þ ðSDOÞ2�=

p
ng ð1Þ

where bF and bO represent the predicted b-weights for the
face and object conditions, respectively, SDF and SDO rep-
resent the standard deviation for the predicted face and
object b-weights, respectively, and n represents the num-
ber of blocks for each condition (eight in the case of the
dynamic localizer). This calculated t-value will subsequently
be referred to as face-selectivity. Face-selectivity was then
determined for larger and larger clusters, in 25 voxel incre-
ments, which remained centered about their respective
peak voxel. For each ROI, when the cluster reached a max-
imum size of 500 voxels, or when it merged with another
cluster of > 25 voxels the process of determining face-se-
lectivity at increasing cluster sizes was stopped.
A group analysis of face-selectivity as a function of cluster

size was performed. Change in face-selectivity with respect
to the peak voxel was used as the dependent variable
rather than absolute face-selectivity (i.e. t-value(cluster) 2
t-value(peak voxel)), to account for between-subject variability
in this measure. A GLM was performed on these values
with ROI (OFA, FFA, pSTS), hemisphere (right, left)
and cluster size (1, 25, 50,. . ., 450, 475, 500) as fixed factors.
Post-hoc t-tests were performed on all significant main and
interaction effects. Of particular interest for this analysis is a
main effect of cluster size, which would indicate differing

levels of face-selectivity in clusters of different sizes. Post-
hoc t-tests would then indicate at what cluster sizes we
observed an increase in face-selectivity over that of the peak
voxel alone, allowing for an estimate of the statistically opti-
mal size of the ROI.
Next, an individual-based analysis was performed by

determining the cluster size at which maximal face-selec-
tivity was observed for each ROI in each individual. A pri-
ori 1-tailed t-tests were performed separately on each of
the six core system ROIs to determine whether the average
cluster size at which maximal face-selectivity was observed
was significantly larger than 1 (i.e., the peak voxel alone).
Cluster size was then entered as the dependent variable in
a GLM with ROI (OFA, FFA, pSTS) and hemisphere (right,
left) as fixed factors and subject as a random factor to
determine whether the average cluster size for the maxi-
mal face-selectivity differed across ROIs or across hemi-
spheres. Post-hoc t-tests were performed on all significant
main and interaction effects.
Finally, as a practical comparison between all three

methods of localization we performed a third GLM, with
ROI (OFA, FFA, pSTS), hemisphere (right, left) and
method (fixed statistical threshold as in the first section of
this report, fixed cluster size using the sizes determined in
the group portion of the analysis above, and individually
determined cluster size using the technique in the last para-
graph) as fixed factors, subject as a random factor, and
face-selectivity (t-value) as the dependent variable. Post-
hoc t-tests were performed on all significant main and
interaction effects. Significance levels were set at a < 0.05
on all statistical tests.

Results

The initial group analysis revealed a main effect of clus-
ter size [F (20,1322) 5 4.42; P < 0.001]. Post-hoc t-tests
comparing the face-selectivity of each cluster size with that
of the peak voxel revealed significantly increased face-se-
lectivity in clusters of 25 (P < 0.001), 50 (P < 0.005), and
75 voxels (P < 0.05), with respect to the peak voxel. Signif-
icant decreases in face-selectivity were observed for clus-
ters larger than 325 voxels (P < 0.05, all tests) with a trend
in the same direction for clusters of 300 voxels (P 5 0.06)
(Fig. 6A). Cluster size did not interact significantly with
any other factor (P > 0.50), indicating a similar pattern of
face-selectivity effects within all ROIs (Fig. 6B). However,
we did observe a significant interaction between ROI and
hemisphere [F (2,1322) 5 5.81; P < 0.005]. Post-hoc t-tests
revealed higher face-selectivity on the whole within the
right-FFA (Mean 6 SEM; 0.09 6 0.08) than in any other
region (P < 0.05, all tests), a result most likely due to the
broader peak of increased face-selectivity seen within this
ROI (Fig. 6B).
The analysis of the individually determined cluster sizes

at which maximal face-selectivity occurs revealed no main
effect of ROI or hemisphere or an interaction between the
two factors (P > 0.50, all tests). This result is in agreement
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with the GLM on the group-determined cluster size of
maximal face-selectivity, which showed similar patterns in
all six core system ROIs. An average cluster size of
roughly 50 voxels (50 mm3) was the size at which maximal
face-selectivity was achieved in all ROIs, and a priori
t-tests showed that this average cluster size was in fact sig-
nificantly larger than 1 (i.e., the peak voxel alone), again
for all 6 ROIs (P < 0.05) (Fig. 7A). A frequency plot of the
individually determined cluster size with maximal face-se-
lectivity reveals a skewed distribution with most ROIs
reaching maximal face selectivity by a cluster size of 75
voxels (83.33%) and only two of 96 ROIs (2.08%) reaching
maximal face-selectivity in clusters larger than 200 voxels
(Fig. 7B).

Finally, in the direct comparison of methods of localiza-
tion, we observed a main effect of ROI [F (2,30) 5 4.97;
P < 0.05] and an interaction between ROI and Hemisphere
[F (2,30) 5 4.56; P < 0.05], indicating differing levels of
face-selectivity (t-value) across the core system ROIs. Of
particular interest was a main effect of localization method
[F (2,30) 5 12.51; P < 0.01]. All other main and interaction
effects were not significant. Post-hoc analysis of the main
effect of localization method revealed a significant increase
in face-selectivity when using a fixed cluster size threshold
over using a fixed statistical threshold of P < 0.05, 1-tailed
Bonferroni (P < 0.001), and the method of individually
determined optimal cluster size showing greater face-selec-
tivity than the other two methods (P < 0.001, both tests)
(see Fig. 8). Furthermore, both the ROIs of individually
determined cluster size (Mean Dt-value 6 SEM; 0.46 6
0.06) and the ROIs localized with a fixed cluster size
(0.22 6 0.07) showed higher face-selectivity than the peak
voxel alone, whereas ROIs localized using a fixed statisti-
cal threshold showed, on average, lower face-selectivity
than the peak voxel alone (20.46 6 0.13).

DISCUSSION

We investigated a new functional localizer which con-
trasts dynamic videos of faces and objects rather than
static images of faces and objects, as used in standard
localizers of face-related activity [Yovel and Kanwisher,
2005]. We showed that this dynamic localizer was able to
more consistently identify regions comprising the core sys-
tem of face perception (i.e., OFA, FFA, pSTS, see [Haxby
et al., 2000]) than a static localizer. In fact, localization of
these regions approached 100% efficiency across 16 sub-
jects with the dynamic localizer. ROIs localized by the
dynamic localizer were more robust (higher t-value of the
peak voxel) and larger (bigger clusters) than those local-
ized by the static localizer.
Within the core system, we noted the greatest effects of

dynamic localizer within the pSTS, a region that has been
more difficult to localize than the FFA in prior studies
[Andrews and Ewbank, 2004; Kanwisher et al., 1997; Yovel
and Kanwisher, 2005]. A number of studies have shown
activation by biological motion or dynamic stimuli in the
pSTS [Pelphrey et al., 2005; Puce et al., 1998; Puce and Per-
rett, 2003; Thompson et al., 2007; Wheaton et al., 2004].
The proximity of this region to the V5 complex [Puce
et al., 1998] may raise concerns that increased activation
was related to motion-selective responses. However, our
localizer used moving stimuli in both the face and object
displays, whereas motion-selective responsivity is usually
defined by a contrast between moving and static stimuli
[Puce et al., 1998]. Rather, the increased activation of the
pSTS by our dynamic localizer may be related to the pro-
posal that the pSTS is particularly sensitive to the dynamic
aspects of a face, such as expression [Haxby et al., 2000].

Figure 6.

Face-selectivity as a function of cluster size (Mean 6 SEM; signif-

icant values marked with an asterisk and trends with a pound

sign). A: Averaged results from all six ROIs (bilateral OFA, FFA,

and pSTS). Clusters between 25 and 75 voxels show significantly

increased face-selectivity with respect to their respective peak

voxel. Clusters of > 325 voxels show significantly decreased

face-selectivity. B: To illustrate the common effect within all six

ROIs, individual curves are plotted. A slight broadening of the

right-FFA peak of face-selectivity can be observed (solid red

line). [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]
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In addition to the improved localization of regions in
the core-system, the dynamic localizer also improved local-
ization within the extended system of face perception
[Haxby et al., 2000], such as the middle superior temporal
sulcus [Winston et al., 2004], AMG [Adolphs et al., 1996],
IFG [Ishai et al., 2005], precuneus [Kosaka et al., 2003], and
aPC [Gobbini and Haxby, 2007]. Because of the inconsistent
localization of these regions using standard static localizers
[Ishai et al., 2005], studies of these areas often rely on group-
based analyses within normalized brains [Winston et al.,
2004]. The more consistent localization using dynamic stimuli
may allow these regions to be studied in individual brains.
Why is the dynamic localizer so much more consistent in

the localization of face-related activity? First, the simple
answer may be that dynamic stimuli are more ecologically

valid than static images of faces and objects: empirically,
there is evidence that dynamic stimuli activate regions
throughout the brain much more strongly than static ver-
sions of the same stimuli [Kilts et al., 2003; Sato et al.,
2004]. Second, some groups have demonstrated attentional
modulations of activity within core regions of the face
processing system [Palermo and Rhodes, 2007], and indeed
dynamic stimuli may be more attentionally captivating
than their static counterparts. However, we explicitly con-
trolled for attentional effects by requiring subjects to per-
form the same one-back task during static and dynamic
localizers. Furthermore, we ensured that both faces and
objects included in the dynamic localizer contained dynamic
information (Table I), thus equating potential attentional
effects associated with dynamic stimuli across these two
stimulus classes. Third, since face-selective fMRI responses
show adaptation to repeated presentation of the same face,
one might ask whether these responses might show rapid
adaptation to static faces, which are a single unchanging
image, than dynamic faces, which continuously change;
however, it is not clear whether adaptation of fMRI signal
can occur over the short duration of our images (500 ms),
and the long temporal profile of the hemodynamic
response makes this somewhat unlikely. Last, even though
our static images contained both neutral and expressive
faces, the dynamic stimuli by their nature contained a

Figure 8.

Face-selectivity comparison of ROIs localized with three different

methods (Mean t-value 6 SEM). Using a fixed statistical thresh-

old is the least effective method of localizing face-selective ROIs.

The use of a fixed cluster size localizes ROI which are more

face-selective, but the use of individually based statistics to

determine optimal cluster size is the most effective way of

ensuring the localization of face-selective ROIs. All differences

are significant (P < 0.001). The solid bar indicates average face-

selectivity of the peak voxel alone. Individually determined clus-

ter size and fixed cluster size methods result in ROIs with face-

selectivity greater than the peak voxel alone, whereas a fixed

statistical threshold results in ROIs with reduced face-selectivity

with respect to the peak voxel.

Figure 7.

A: Average cluster size at which maximal face-selectivity is

observed (�50 voxels). A GLM indicates no difference between

the average cluster size of all six ROIs (bilateral OFA, FFA, and

pSTS). All cluster sizes are significantly larger than the peak

voxel alone (indicated with an asterisk). B: A frequency plot of

the cluster size at which maximal face-selectivity is observed

reveals the majority of ROIs reaching maximal face selectivity by

a cluster size of 75 voxels, with very few requiring clusters of

greater than 200 voxels to achieve maximal face-selectivity.
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greater range of facial images. Given the selectivity of
some face-responsive neurons to specific views and types
of faces [Perrett et al., 1991], this greater range might acti-
vate a larger pool of neurons than the static stimuli.
The contrast between the static and the dynamic localizer

also illustrated another issue: variability in ROI cluster
size. Many other studies that localize face-selective ROIs
employ a fixed statistical threshold [Andrews and Ewbank,
2004; Eger et al., 2004; Gauthier et al., 2000; Golarai et al.,
2007; Golby et al., 2001; Ishai et al., 2005, 2000; Kanwisher
et al., 1997; Mazard et al., 2006; Pyles et al., 2007; Rotshtein
et al., 2005; Schiltz and Rossion, 2006; Yovel and Kanw-
isher, 2005], a process which has led to wide variability in
localized ROI size. In other studies, when the localizer
failed to reveal regions consistently the threshold has been
manipulated to allow the localization of ROIs in the maxi-
mum number of subjects, with the result being widely
variable thresholds in the literature (e.g., conservative-
[Schiltz and Rossion, 2006]; liberal- [Ishai et al., 2005]), a
practice that others suggest brings into question the objec-
tivity and validity of the process [Genovese et al., 2002].
With this variation in statistical threshold comes a variabil-
ity in ROI cluster size, with some groups reporting very
large clusters of face-related activity [Ishai et al., 2005;
Sorger et al., 2007]. Some have minimized these vast size
differences by varying the statistical threshold and using a
standard cluster size across subjects, verifying their results
at several different cluster sizes [Jiang et al., 2006].
Our second goal was to determine if we could define a

statistically optimal cluster size for face-related ROIs that
is not dependent upon the empiric process of setting
thresholds. Large ROIs may be particularly problematic
because others have noted that face-selectivity decreases
with increased cluster size [Golarai et al., 2007]. We used a
statistical method that determined the cluster size with the
highest face-selectivity, which we consider a ‘‘statistically
optimal’’ ROI. The results show that an average cluster
size of approximately 50 mm3 provides maximal face se-
lectivity and, interestingly, this is true for all regions of the
core system for face perception.
This cluster size of 50 mm3 is much smaller than the av-

erage size of face-related ROIs reported in the literature,
with the normally reported range extending from 150 mm3

[Sorger et al., 2007] to 5000 mm3 [Ishai et al., 2004]. In
addition, when looking at the maximal face-selectivity
within individual ROIs, very few reach their maximal face-
selectivity in clusters larger than 200 mm3 (Fig. 7B). This
optimal cluster size of 50 mm3 cannot simply be the result
of data smoothing, as functional scans were not spatially
smoothed nor did they undergo any spatial transforma-
tions, all analyses being performed in native space. Inter-
estingly, examination with high-field fMRI reveals smaller
face- and object-related clusters within the FFA as defined
at standard fMRI resolution [Grill-Spector et al., 2006].
Thus, the optimal cluster size we report (50 mm3),
although smaller than currently reported values, may
reflect the more face-selective clusters seen with high-field

fMRI. Two other groups have reported the use of a fixed
cluster size for localizing face-related ROIs (9 voxels [Yi
et al., 2006]; multiple fixed sizes [Jiang et al., 2006]) and
we argue that such an approach will result in ROIs that
are more face-selective than those localized with a thresh-
old based on a fixed t-value (see Fig. 8). Using individually
determined cluster sizes may provide even better face se-
lectivity, but is more time-consuming.
We believe that these results show that localization and

definition of face-selective areas can be accomplished both
more sensitively and more selectively than with current
methods. The dynamic localizer is more sensitive in the
detection of face-responsive ROIs in both the core and
extended systems, and provides more consistent localiza-
tion of these regions across individual subjects. While this
also increases the number of voxels activated according to
traditional statistical threshold methods, it is possible to
determine statistically optimal cluster sizes that are not
vulnerable to manipulations in threshold, and also more
face-selective than ROIs defined by traditional threshold
criteria. Greater face-selectivity should enhance investiga-
tions of how neural responses in these ROIs vary with ad-
aptation and other stimulus modifications, and better
detection of these ROIs in individuals will enhance confi-
dence in the results of fMRI investigations in single case-
studies, such as those concerning prosopagnosia.
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