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Parametric fMRI correlates of multiple face orientations
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Introduction:

It is a well established observation that plane inversion causes deterioration of performance in face discrimination tasks - the face inversion effect
(FIE). This phenomenon suggests that the human visual system contains specialized processing mechanisms that are more engaged by upright
faces than by inverted faces or non-face objects. fMRI studies have provided abundant evidence that faces activate differential areas than non-
faces, particularly the fusiform face area (FFA) [Kanwisher, 1997]. The FFA has been shown to be sensitive to face inversion and to be strongly
associated with the behavioural FIE [Yovel, 2005]. However, some studies have found no changes in the FFA [Epstein, 2006] and it has been
proposed that the observed effects could be due to differential recovery from adaptation for inverted and upright faces [Mazard, 2006]. Here, we
aimed to clarify the neural correlates of the FIE by employing a parametric design using faces presented at muitiple orientations.

Methods:

A group of 10 right-handed participants (6 Male) was studied on a 3T Philips scanner using an 8-channel head coil. Artificial faces were generated
so that each pair differed only in their internal features. Each pair of faces was then presented at one of 6 orientations (0, 60, 120, 180, 240 or 300
degrees) in a rapid event-related design. The paradigm consisted of 36 trials per orientation interleaved with 36 null trials, of 3.5 sec average
duration, yielding a total duration of approximately 15 min. Participants performed a same/different discrimination task on pairs of faces presented
subsequently. A standard localizer experiment was also performed for each subject, where faces (Fac), houses (Hou), objects (Obj) and scrambled
objects (Scr) were presented in a block design.

Whole-brain BOLD images were collected using a GE-EPI sequence with TR/TE = 3000ms/35ms and 2.875x2.875x3.00mm3 resolution. Data were
analysed using FSL: a standard GLM approach was used to identify task related BOLD signal changes, by convolving the time course of each
experimental condition (face orientation) with a canonical Gamma-variate HRF and its tempora! derivative. Positive and negative quadratic
contrasts were defined across conditions, according to the behavioral data, and the corresponding parameter estimates from each subject were
entered into a group analysis after normalization to the standard MNI space. Mixed effects modeling was used to test for group mean effects and t
tests followed by cluster thresholding were performed (p<0.05 corrected) to vield Z statistical maps of significant effects of face orientation. An ROI
analysis of BOLD percent signal change (PSC) was also performed, based on the ROIs identified with the localizer experiment.

Results:

Behavioral data of the face discrimination task was submitted to a repeated measures ANOVA, which showed a significant effect of orientation on
both accuracy (F{5,40} = 8.259, p<0.001) and reaction times (F{5,40} = 3.512, p<0.010) (Fig.1). When tested with polynomial contrasts,
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accuracy exhibited a significant quadratic trend (F{1,8} = 30.094, p<0.001) and reaction times a significant linear trend (F{1,8} =6.078,
p<0.039) and an almost significant quadratic trend (F{1,8} = 3.849, p<0.085). Overall, a quadratic trend was observed in task performance,
which deteriorated away from 0 and towards 180 and again improved from 180 to 300 degrees. This general quadratic trend was used to analyse
the imaging data.

Whole brain analysis of the fMRI data yielded significant quadratic effects of face orientation in specific visual brain areas (Fig.2): positive effects
(decreasing from 0 to 180) were found in a cluster within the middle fusiform gyrus (predominantly on the right), consistent with the location of the
FFA; negative effects (increasing from 0 to 180) were found in the right parahippocampal gyrus {consistent with the location of the
parahippocampal place area, PPA), bilateral lateral occipital cortex (LOC), bilateral temporal and occipital fusiform gyrus and bilateral inferior
tempeoral gyrus {(consistent with the location of object-related areas).

Five functional ROIs were identified with the localizer experiment in each subject: right (or bilateral) FFA and occipital face-selective region (OFA),
for Fac>0bj,Hou,Scr; PPA, for Hou>Fac,0bj,Scr; and LOC and middle fusiform object-selective area (MFOA), for Obj>Scr. BOLD PSC was averaged
across each functional ROI, for each subject, and entered into a repeated measures ANOVA, which showed a significant interaction between ROI
and face orientation (F{20,180} = 1.990, p<0.010). When tested with polynomial contrasts, PSC showed a significant quadratic effect of ROI and
orientation (F{1,9} = 22.284, p<0.001) (Fig.3).

Conclusions:

We have parametrically measured the BOLD response to faces presented at six different orientations in 60 degrees steps around the clock and
found effects of face orientation in specific visual brain areas, following the same quadratic pattern observed in the behavioral data (consistent with
a previous study [Jacques, 2007]). Specifically, whole brain analysis showed that BOLD signal decreased from 0 to 180 and again increased from
180 to 300 degrees in the FFA, while following the opposite pattern in object related areas, including the LOC and also the PPA. Censistently, an
ROI analysis of the mean BOLD signal change measured on pre-defined face-selective and object-selective visual brain areas also revealed an
interaction between ROI and face orientation. In summary, we present the neuroimaging response to faces at multiple orientations correlating with
discrimination performance, while providing novel evidence of the specific involvement of the FFA in the FIE.
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Fig.1 Behavioral data on the face discrimination task (N=9): average (x SE)
accuracy and reaction times as a function of orientation, across subjects.
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Fig.2 Whole brain group analysis (N=10) of the positive and negative
guadratic effects of face orientation: significant clusters (1.5<Z<3.3, p<0.05
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I corrected) are overlaid on the MNI standard brain image.
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Fig.3 Group ROI analysis (N=9): average (+ SE) percent signal change
(PSC) in face and object related visual brain areas as a function of
orientation, across subjects.
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