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INTRODUCTION

Multi-voxel pattern analysis (MVPA), a technique sensitive to information encoded within

distributed patterns of activity, is mcreaslngly being used to investigate the neural basns for
behavior and ition in typical popul: Despite this it has mini y been
applied to patient groups.

Individuals wrth an autlsm spectrum disorder (ASD) show performance differences in a variety
of face pr ing facial identity (Wolf et al., 2008) and
expressions (Ashwm et al., 2006).

fMRI investigations into ASD face processing have repeatedly found lower levels of activation
in an area of the fusiform gyrus when ASD participants view faces, compared to controls (e.g.
Schultz et al., 2000). This functional region of the ventral temporal (VT) cortex, termed the
fusiform face area (FFA), is typically active during face processing (Kanwisher et al., 1997).

All previous studies of FFA activation in this group have used traditional fMRI analysis
techniques, where statistical tests are run on each voxel individually, or on an averaged region
of responses. This ignores information that may be present in the pattern of voxel responses.

This study applied MVPA to data from a face processing experiment in ASD and control
participants to examine if the pattern of FFA activity reveals face information in this group.

It was hypothesized that face information would be present within the ASD FFA, despite lower
overall activation levels.

Regions: Regions of interest in the VT and the
fusiform gyrus (FG) were defined anatomically. The
FFA was defined using functional loci reported in
prior studies of face-selective activation. Due to the
inherent difficulties in localizing the FFA in a group
that does not show robust FFA activity, three
overlapping spheres (5 mm radius each) were
placed at average FFA coordinates reported in

Figure 2: Three overlapping spheres placed at
previously reported FFA coordinates.

controls in previous publications (+40x, -55y, -10z;
+38x, -58y, -10z; +36Xx, -50y, -10z; figure 2).

Classification analyses: A ridge regression classlﬁer was applied to cIassnfy actlwty

patterns for faces from houses. A

k was i d using the

Princeton MVPA toolbox (Detre et al.,2006), ensurmg testing only occurred on data points
unseen durlng training. The partlcular ridge regressnon penalty parameter was chosen for

each

using

an emb d cre pr dure with a custom script that

systematically tested a broad, and then more targeted, range of parameter values on
training data, before selectlng the best value for use on the flnal testing data. Total

performance was

d as the per ge of correct

across iterations. Above-chance significance was assessed using permutation testlng,
where labels were permuted across blocks.

RESULTS (continued)

RESULTS

METHODS

Participants: Data from 8 ASD (males, ages 9.3 - 19.9, mean = 12.7) and 8 control participants
(males, ages 9.4 - 14.8, mean = 11.7) were analyzed from a larger sample of participants in an fMRI
face processing study. Groups were not significantly different in age (p = 0.51) or I1Q (p = 0.07).
Although an IQ difference approached significance, behavioral performance on face tasks in the
scanner was not significantly different between groups. ASD participants met criteria for autism
or Asperger’s syndrome and were recruited through the Yale University Child Study Center.

Tasks: 4 runs of data were analyzed here, each with a

task / stil bi

(figure 1). Faces and house stimuli were presented in alternating blocks. Runs mcluded a common
subordinate level house discrimination task (same vs. different) to act as a baseline, allowing
between run comparisons. Block duration was 20 seconds, with a 12 second inter-block interval.
Block order was counterbalanced across participants and varied between runs.

Scanning and preprocessing: F

Trio

| T2* d images were acquired on a

3T scanner (40 axial slices parallel to AC-PC plane, in-| plane voxels = 3.5 mm?, slice thlckness =

3.5 mm, TR = 2320, TE = 25, flip angle = 60°. Five fi

| runs of 144

were

(four analyzed here). Functional data were motion-corrected and aligned to the last volume.

Linear trends and low frequency mformatlon were

d. Data were coregi: d with 3D

data in h space for later analyses in coordinate-defined masks.
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Figure 1: Face stimuli and tasks, with associated presentation times.

A traditional activation-
based analysis
confirmed that this ASD
sample shows the
reported reduction in
FFA activity (figure 3).

Despite ASD participants having
reduced activation to faces, and no
voxels reaching significance for face
responses in the ASD group, MVPA
A, " e

Group differences:

Controls:

Figure 3: Left and middle: t-maps with a corrected threshold of p =0.05 (voxelwise p < 0.005;

Cl ificati within the defined

FFA correlated significantly with a standard measure
of face recognition ability in ASD participants (r =.71,
p = 0.047) but not in control participants (r=.12, p=
0.78; figure 6).

dFFA |

C ificati in the coordi -defi
also correlated significantly with severlty of social
deficits in ASD partici as hrough the

ADOS, a standardized clinical diagnostic observatlon
schedule (r = -.72, p = 0.046, figure 7).

Figure 5: Classification accuracy for same /
different face trials with different expressions
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Figure 6: Classification accuracy against face recognition ability

Figure 7: Classification accuracy against social deficits in
the ASD group

A searchlight analysis across the VT area
revealed similar locations for the most
accurate regions in each group. The top
searchlil in luded some with
a majority of face-responsive voxels and
others with a majority of house-responsive
voxels. In contrast, ASD participants
showed only searchlights with a majority of

cluster size >=6 voxels), centered at y=-45. Face activation is shown in orang
House activation is blue/green. Right: Group t-map with a corrected threshold of p = 0.05.
Orange / yellow indicates significantly greater activation in controls. Right and left are
reversed by convention.

r
performance for VT, FG and
coordinate-defined FFA in all ASD
participants. Furthermore,
classification accuracies were not .
significantly different between regn

groups (figure 4).

Figure 4: Classification results for both groups

In contrast to these areas, classification accuracies were not significantly different from
chance in a control region in the ITG, in the majority of participants.

To compare face vs. house classification performance for faces with different expressions,
classifiers were trained and tested on neutral and fearful faces separately. Significantly
higher face classification accuracies were found for fearful faces than neutral faces in

controls (t (7) =
p = 0.610; figure 5).

2.39, p = 0.048). ASD participants did not show this enhancement (t (7) =

P voxels (figure 8). Figure 8: 50 most accurate searchlights in representative
participants (central voxels). Brain anatomies are transparent.
Red signifies ights with more voxels ing to faces
than houses. Yellow indicates more voxels responding to houses.

DISCUSSION

-0.53,

Using MVPA, this study suggests there is sufficient information within the pattern of activity in
the autism FFA to classify faces from f: at levels not signifi ly different from
controls. A high level of classification performance was found despite no face-responsive
voxels reaching significance in a traditional analysis of the ASD group. This finding of high
performance in both groups is particularly compelling given the established sensitivity of MVPA.

Further, classification performance in the patient group was strongly correlated with a standard
(out of scanner) face recognition measure and a central clinical symptom (severity of social
deficit). This suggests MVPA is a to individual variation in the amount of
information encoded within the autism FFA region. Both groups showed similar locations of the
best classification performance within the VT region, although the compositions of the top
searchlights differed.

These findings validate and argue for the use of MVPA in investigating activity patterns in
patient groups. They also show the potential for relating classification performance to

y
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