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Abstract
Introduction: Vis-à-Vis (VAV), an online enrichment program targeting skills that underlie social
abilities (looking at the eye region of faces, emotion comprehension & recognition and visuo-spatial
working memory) was administered to children and adolescents with autism spectrum disorder
(ASD), 22q11.2 deletion syndrome (22q11DS)) and developmental delay (DD). Differential functional activation throughout the brain and in regions related to face processing was measured before
and after remediation.
Methods: Participants with ASD (N=16), 22q11DS (N=12), and DD (N=9) completed a functional
localizer task consisting of pictures of faces and tools before undertaking the 12-week VAV program
(PreR). The same fMRI task was administered immediately after VAV, at post-remediation (PostR),
and again three months later (Break). A group of healthy controls (N=10) was scanned, but not given
VAV, to provide a baseline comparison for patients’ results. Functional neuroimaging data was analysed for category-specific brain activity.
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Results: The ASD and the 22q11DS groups both showed atypical activation to faces at PreR compared to controls. Whereas activation in 22q11DS at PostR and Break resembled that of controls in
bilateral superior temporal gyrus, insula, bilateral precentral gyrus, right lingual gyrus and right middle frontal cortex. Unlike the 22q11DS group, the ASD group’s activation did not resemble that of
controls at PostR or Break. Significant clusters in the ASD group were limited to left insula and right
lingual gyrus at PostR, and right superior frontal gyrus at Break. Nevertheless, a significant relationship between increased BOLD response between PreR and PostR in the right fusiform gyrus and improvement on the VAV games teaching participants to focus on the eyes was observed in both
groups. This relationship was not present in the DD group.
Conclusions: These results support hypo-activation in response to faces in ASD and 22q11DS and
differential cerebral activation in face processing networks following cognitive remediation.

Kewords: face perception, fMRI, 22q11.2 deletion syndrome, velocardiofacial syndrome, autism,
ASD, cognitive remediation, Vis-à-Vis, training, brain

I. Introduction
Face processing impairments have been the
focus of numerous studies in autism spectrum disorders, as well as other neurodevelopmental conditions (Annaz, KarmiloffSmith, Johnson, & Thomas, 2009). However, there are few evidence-based solutions
for targeting differential face processing in
individuals. The current study tests the effects of a cognitive remediation program on
functional neuroimaging responses to faces
in two different neurodevelopmental conditions with impaired face processing, autism
and 22q11.2 deletion syndrome. Youngsters
with developmental delay and healthy controls serve as comparison groups.
Face perception, recognition and memory
impairments figure among the core social
deficits in autism spectrum disorders (ASD)
(Annaz, Karmiloff-Smith, Johnson, &
Thomas, 2009); (Boucher & Lewis, 1992);
(Dawson, Webb, & McPartland, 2005);
(Hauck, Fein, Maltby, Waterhouse, &
Feinstein, 1998); (Klin, Jones, Schultz,
Volkmar, & Cohen, 2002); (McPartland,
Webb, Keehn, & Dawson, 2011); (Weigelt,
Koldewyn, & Kanwisher, 2012). Individuals with ASD frequently demonstrate eye
contact avoidance (Kleberg, et al., 2017);
(Madipakkam, Rothkirch, Dziobek, &

Sterzer, 2017) and spend less time looking
at the eyes of a face and more time looking
at the mouth area compared to typically developing subjects (Riby, Doherty-Sneddon,
& Bruce, 2009); (Rutherford, Clements, &
Sekuler, 2007). Lack of time spent on the
eyes may contribute to problems in face
recognition and memory in ASD because
the eyes are a particularly salient part of the
face (Bradshaw, Schic, & Chawarska,
2011); (Hubl, et al., 2003); (Schultz, et al.,
2003); (Weigelt, Koldewyn, & Kanwisher,
2012). Learning to spend more time on the
eyes or to saccade more efficiently between
core facial features, such as the eyes and the
mouth, could improve face recognition and
memory in ASD (Wilson, Palermo, &
Brock, 2012).
Functional neuroimaging studies point to
abnormal brain activation while viewing
faces (Schultz, et al., 2000); (Pierce,
Müller, Ambrose, Allen, & Courchesne,
2001). Hypoactivation, or reduced BOLD
(Blood-oxygen-level dependent) response,
has been demonstrated in the fusiform gyrus (FG), the superior temporal sulcus
(STS), and the medial frontal cortex (MFC),
along with both increased and decreased activation in the amygdala; four regions of the
face processing network (Ashwin, BaronCohen, Wheelwright, O'Riordan, & Bull-
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more, 2007); (Hubl, et al., 2003); (Humphreys, Hasson, Avidan, Minshew, & Behrmann, 2008); (Pelphrey, Morris, McCarthy,
& Labar, 2007); (Pierce, Kaist, Sedaghat, &
Courchesne, 2004); (Schultz, et al., 2000).
This network also includes occipitotemporal, frontal and parietal cortex, as well
as middle temporal gyrus, inferior frontal
cortex, precentral gyrus, anterior cingulate
and insula, intraparietal sulcus, lingual gyrus and supramarginal gyrus (GornoTempini, et al., 1998); (Haist, Adamo, Han
Wazny, Lee, & Stiles, 2013); (Hoffman &
Haxby, 2000); (Ishai, Ungerleider, & Haxby, 2000); (Leveroni, et al., 2000); (Nestor,
Plaut, & Behrmann, 2011); (Puce, Allison,
Bentin, Gore, & McCarthy, 1998); (Vuilleumier, Armony, Driver, & Dolan, 2001);
(Zhen, Fang, & Liu, 2013).
Similar to ASD, velocardiofacial syndrome
or 22q11.2 deletion syndrome (22q11DS), a
condition typically caused by a 3MB deletion in the middle of chromosome22, is associated with reduced functional activation
to faces (Andersson, et al., 2008); (van
Amelsvoort, et al., 2006) and structural differences in the fusiform gyrus and medial
temporal areas (Campbell, et al., 2006);
(Glaser, et al., 2007); (Kates, et al., 2006);
(Schaer, et al., 2010). During a face-object
task, Andersson et al. (Andersson, et al.,
2008) showed a lack of activation in face
processing networks in the syndrome, especially in the fusiform face area, with increased activation in the anterior cingulate
cortex. In a more recent study, activation in
fusiform-extrastriate cortices was present,
but reduced, compared to controls in response to facial emotions (Azuma, et al.,
2015). Problems with face recognition and
a memory deficit for faces also have been
reported in 22q11DS (Andersson, et al.,
2008); (Campbell, et al., 2010); (Glaser, et
al., 2007), (Glaser, et al., 2010); (LajinessO'Neill, et al., 2005). Similar to autism, individuals with 22q11DS may spend less
time looking at the eyes and more time
looking at the mouth compared to individu-
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als with developmental delay and typically
developing controls (Campbell, et al.,
2010); (Glaser, et al., 2010). Though individuals affected by 22q11DS rarely meet
full criteria for autism (Angkustsiri, et al.,
2014) and clinical presentation is indeed
very different in the two disorders (Eliez,
2007), clinical evaluation reveals similar
social deficits in the two conditions, including high levels of social anxiety, communication deficits, and social skills impairments (Vorstman, et al., 2006).
Several studies show that both behavioural
performance on face processing tasks and
BOLD activation in cortical and subcortical regions of the face network increase
in typically developing adults and individuals with autism when they are cued to attend to the eye region (Dalton, et al., 2005);
(Hadjikhani, et al., 2004); (Hadjikhani, Joseph, Snyder, & Tager-Flusberg, Abnormal
activation of the social brain during face
perception in autism., 2007); (Klin, Jones,
Schultz, Volkmar, & Cohen, 2002); (Morris, Pelphrey, & McCarthy, 2007); (Perlman, Hudac, Pegors, Minshew, & Pelphrey,
2011); (Zürcher, et al., 2013); (Hadjikhani,
et al., 2017). These results lead neuroscientists to consider the idea that hypoactivation
in these areas may be partially related to a
failure to attend to the eye region, a reflex
that is critical for effective face identification and discrimination. Similar results are
reported in the medial frontal cortex and the
amygdala, regions where BOLD response
was amplified when ASD subjects attended
to the eyes of a face (Tottenham, et al.,
2014); (Zürcher, et al., 2013).
These studies indicate that it may be possible to modify functional response in the
face-processing network by training individuals to focus on the eyes while looking
at faces. This possibility would be especially useful for working with individuals who
demonstrate neural and behavioural face
processing impairments. Computer-based
interventions designed to improve social
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skills, such as facial affect recognition and
facial memory, in people with autism are
becoming more common; however, measures of improvement are frequently limited
to behavioural tests (Faja, Aylward, Bernier, & Dawson, 2008); (Golan & BaronCohen, 2006); (LaCava, Rankin, Mahlios,
Cook, & Simpson, 2010); (Silver & Oakes,
2001); (Tanaka, et al., 2010). To our knowledge, there are two studies that used fMRI
to test whether a computer-based facial affect training program was effective at increasing social brain activation especially in
the fusiform gyrus and amygdala in autism
(Bölte, et al., 2006); (Bölte, et al., 2015).
During the first study, the authors did not
observe changes in BOLD activity in the
social brain (Bölte, et al., 2006); however,
they did see increased activation in the superior parietal lobe, an area frequently associated with visuo-spatial skills. The authors postulated that the parietal cluster
could indicate a compensatory facial
processing network. However, during the
second study with a bigger ASD group, the
authors saw increased neural response in
social brain areas after training for facial affect recognition (Bölte, et al., 2015).
The current study adds to the literature by
investigating remediation-related changes
in cerebral activity in children and adolescents affected by ASD, 22q11DS and developmental delay (DD) following training
with the computer-based program Vis-à-Vis
(VAV)
(Glaser,
et
al.,
2012);
www.visavis.unige.ch). We included a DD
group in an attempt to understand how a heterogeneous group with intellectual delay
may differ in its response from individuals
with 22q11DS and ASD. During the program, participants were taught to focus
more on the eyes and to recognize emotions
from the eye region, in addition to learning
emotion comprehension skills and doing visuo-spatial working memory training. Functional neuroimaging data during a visual
category task contrasting faces and tools
were collected before remediation (PreR),
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immediately after the 12 weeks of remediation (PostR), and 12 weeks after the end of
remediation (Break). For comparison, we
also acquired fMRI data during the same
visual categorization task from a group of
typically developing children who did not
undergo remediation.
Our a priori hypotheses were as follows: 1)
Given that previous studies in both diagnostic groups have shown reduced activation in
the brain regions related to face processing,
we predicted that both the ASD and the
22q11DS groups would demonstrate differential responses compared to healthy controls at pre-remediation (PreR). 2) Given
that previous studies in ASD have reported
changes in activation following specific
cueing to the eye region, we hypothesized
that we would observe activation differences between PreR and post-remediation
(PostR) and that the activation patterns in
both groups would show more activity in
the face-processing network at PostR, more
closely resembling the control group. 3)
Given behavioural evidence for cognitive
changes following the program, we hypothesized that increased activation in the
face processing network in the ASD and
22q11DS groups between PreR and PostR
would be specifically related to improved
accuracy on the Focus on the Eyes module
of VAV. 4) We predicted that improvement
on the Focus on the Eyes module would be
associated with increased activity in the
face processing network only in the ASD
and 22q11DS groups due to their difficulties. We did not expect to observe changes
in activation in the DD group. 5) We compared activation at PreR and Break in the
face perception network in the ASD and
22q11DS groups to investigate whether
changes associated with VAV are still
present twelve weeks after finishing the
program. This will indicate whether twelve
weeks of VAV are sufficient for effecting
lasting changes and inform our general
knowledge about changes to functional activation.
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II. METHODS
2.1 Participants
Sixteen subjects affected by ASD, 12 subjects affected by 22q11DS, nine subjects
with developmental delay, and ten healthy
control subjects were included in the study.
Details about the four groups can be found
in Table 1. Participants were groupmatched for age (F(3,43)=0.568, p=0.639)
and all were native French-speaking and
Caucasian, apart from three participants
who were Hispanic. In the DD group, three
subjects had Down syndrome. None of the
other DD participants were diagnosed with
a specific genetic disorder. Two DD subjects, one ASD subject and three 22q11DS
subjects were taking methylphenidate before participating in the study and one
22q11DS subject was taking psychotropic
medication. None of the subjects were taking anxiolytic medication while participating in the study. Participants were asked not
to change their drug regimen during the
study.
ASD, 22q11DS and DD subjects were recruited with the help of local 22q11DS and
autism associations, therapeutic schools in
Geneva, and the specialized centre for autism (Centre de Consultation Spécialisé en
Autisme (CCSA)) in Geneva. Healthy controls were recruited through public schools
and advertisements in the Geneva community for an ongoing longitudinal study in
our laboratory (Schneider, et al., 2014).
VAV was not appropriate for the healthy
control group (it is designed for children
with intellectual delay), for this reason, the
control group was not included in the remediation study. The DD group, for whom
VAV was appropriate (Glaser, et al., 2012),
completed VAV. Written informed consent
was received from parents of all participating children and adolescents under protocols approved by the Institutional Review
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Board of the Department of Psychiatry of
the University of Geneva Medical School.
Before including ASD, 22q11DS and DD
participants in the study, a detailed medical
history interview was conducted, including
information about each child’s diagnosis.
Individuals with confounding malformations and birth defects were excluded. An
initial appointment was then set for a full
diagnostic evaluation. The Autism Diagnostic Interview-Revised (ADI-R) (Le Couteur,
Lord, & Rutter, 2003) was conducted with
one or both parents to get the developmental history of each child and control for autistic traits. Out of the three diagnostic
groups, only the ASD group had scores
above the cut-off points on the Social Interaction (19.31±7.39),
Communication
(12.63±6.08), and Restricted and Repetitive
Behaviour scales (4.41±3.26) scores from
the ADI-R (Table 1). Parents also completed a behavioural questionnaire (CBCL),
a medical and developmental history questionnaire, and the Social Communication
Questionnaire (SCQ) to screen each participant’s medical history and check for confounding medical problems. Baseline cognitive abilities were evaluated with the
Wechsler Intelligence Scale for ChildrenThird Edition in all participants at PreR.
The four groups differed significantly on
full-scale (F (3,43)=9,681, p<0.001), verbal
(F (3,43)=7,685, p<0.001), and performance IQ (F (3,43)=10.224, p<0.001).
Post-hoc tests revealed that the control
group had significantly higher IQ index
scores compared to the 22q11DS, ASD and
DD groups. The ASD group had significantly higher full-scale IQ scores compared
to the DD group and significantly higher
performance IQ scores compared to the
22q11DS and DD groups. The ASD and
22q11DS groups had significantly higher
verbal IQ scores compared to the DD
group. Cognitive details about each group
can be found in Table 1.
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Table 1.
22q11DS

ASD

DD

Control

N

12

16

9

10

Gender

M F
7 5

M F
11 5

M F
7 2

M F
3 7

Age

Mean
11

SD
2.49

Mean SD
12.06 2.67

Mean
11.67

SD
2.45

Mean
12.20

SD
2.09

IQ
Verbal
Performance
Full Scale

Mean
89.42
69.17
76.92

SD
12.17
9.43
9.50

Mean SD
84.25 27.15
94.56 25.05
88.13 26.5

Mean
68.11
72.22
67.33

SD
14.25
21.47
17.25

Mean
108
110.1
111.1

SD
9.73
17.62
13.43

ADI-R Social Interaction

Mean SD

Mean SD

Mean

SD

9.75

7.52

19.31 7.39

6.44

7.88

Mean

SD

Mean SD

Mean

SD

6.83

5.29

12.63 6.08

4.56

2.7

Mean
0.69

SD
1.25

Mean SD
a
4.41 3.26

Mean
2.91

SD
8.5

ADI-R Social Language and Communication
Verbal
ADI-R Restricted and
Repetitive Behaviors

a

a

a. ADI-R scores that are above the cut-off points.

For 22q11DS participants, the 22q11.2 deletion was confirmed in the 22q11DS group
using DNA polymorphism analysis based
on short sequence repeats (SSR) if DNA
from both parents of a participant was
available. If DNA from the parents was not
available, the deletion was confirmed and
measured by fluorescent in situ hybridization (FISH) performed on metaphase
spreads using BAC or cosmic clones spanning the deleted region.

2.2 Procedure and Paradigm

During fMRI data processing, subjects were
controlled for head movement of more than
2mm using Art Repair software (Mazaika,
Hoeft, Glover, & Reiss, 2009). None of the
subjects were excluded as they all showed
less than 2mm of head movement due to
strict behaviour protocols used during scanning.

Each module of Vis-à-Vis is comprised of
three exercises that are practiced twice a
week for 12 weeks. Here we give details for
the exercises included in the Focus on the
Eyes module, which is especially pertinent
to the results of this study. The Focus on the
Eyes module is comprised of three exercises: Eye-emotion matching, Eye-mouth
matching and Puzzle (Figure 1). The Eyeemotion matching exercise consists of three

2.2.1 The Vis-à-Vis Program.
Vis-à-Vis targets three cognitive domains:
Focus on the Eyes, Emotion Recognition
and Comprehension, and Visuo-spatial
Working Memory (see complete description
of the program in (Glaser, et al., 2012) or at
www.visavis.unige.ch). Participants completed the entire program during the remediation phase of the study.
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parts. In the first part, children see only the
eyes of a face and are asked to identify the
emotion being expressed. In the second
part, children match an emotion to a pair of
eyes. In the third part, children identify
emotions after seeing a face for only
250ms, an ultra-rapid exposure time that
makes the eye region more salient. In the
Eye-mouth matching exercise, participants
choose the eyes that match both faces and
facial expressions. In the Puzzle exercise,
photographs of faces are hidden under four
puzzle pieces (two pieces over the eye area
and two pieces over the mouth area). Participants uncover the faces one piece at a time,
receiving maximal points if they are able to
identify the facial expression after opening
the top two pieces, or the eye region. Like
the other exercises in Vis-à-Vis, each session of the Focus on the Eyes exercises is
unique, using different photographs of faces
and different expressions. Each exercise recurs twice a week, or 24 times total over the
course of the 12-week program.
Participants worked on VAV for 20-30 minutes (session length is approximate, depending on how quickly a child works
through the material with his/her tutor),
four times per week during 12 weeks. Participants either completed the program at
home with a parent, or they were accompanied by a resource teacher at school or a
trained research assistant from our lab.
2.2.2 fMRI Task Paradigm.
A block-design localizer task previously
shown to identify face-selective responses
(Peelen, Glaser, Vuilleumier, & Eliez,
2009)was used to localize responses in occipito-temporal cortex to four visual categories (neutral photos of faces, headless bodies, scenes and tools). Only the responses
during the face and tool blocks were used in
this study. One run of the localizer task
consisted of 21x14.5sec blocks, five of
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which were fixation-only baseline conditions (blocks: 1, 6, 11, 16, 21). During the
other 16 blocks (four per category), each
image was presented for 300ms (320 image
presentations in a pre-randomized order,
160 different exemplars) followed by
450ms of a blank screen. To ensure participant attention and task involvement, during
each block, two images were shown twice
back to back. Participants were instructed to
immediately signal all repetitions by pressing a button (1-back task). Image position
was jittered on alternate presentations to
prevent subjects from basing their 1-back
response on low-level visual transients.
2.2.3 MRI scanning.
A 3T Siemens Trio Tim MRI scanner was
used for scan acquisition. Using a mirror
mounted on the head coil (situated at approximately 15cm from the participant’s
face), stimuli were back-projected on to a
screen situated at 0.5-1meter behind the
participant during fMRI. BOLD images
were acquired with a single shot. EPI sequence was used (T2 weighted, gradient
echo sequence). Scanning parameters were:
TR = 2490 ms, TE = 30 ms, 36 off-axial
slices, voxel dimensions: 1.8 x 1.8 mm, 3.6
mm slice thickness (no gap). 130 functional
volumes were acquired. A set of T1weighted 3D volumetric images was acquired as a series of 192 contiguous coronal
slices, with a voxel size of 0.86 x 0.86 x 1.1
mm (TR = 1200ms, TE=3ms, flip angle =
8°). The same scanning protocol was used
for all participants. 22q11DS, ASD and DD
participants were scanned during the fMRI
task before starting the Vis-à-Vis program
(PreR), at the end of the Vis-à-Vis program
(PostR) and 12 weeks after the end of the
Vis-à-Vis program (Break). Since the control group did not go through the remediation program, they were scanned at one
time point only.
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[Figure 1. Exercises included in the Focus on the Eyes module @www.visavis.unige.ch.]
Game name
1a) Eye-Emotion matching

Examples from each game

1b) Eye-Face matching

1c) Puzzle

Figure 1. Vis-à-vis Focus on the Eyes Module.

2.2.4 fMRI data processing.
Pre-processing included realignment, slice
timing, co-registration, segmentation, normalization into Montreal Neurological Institute Space (MNI, resampled voxel size:
333 mm3) and spatial smoothing (6mm
FWHM Gaussian kernel). A high-pass frequency filter (cut-off 128s) and corrections
for auto-correlation between scans were applied to the time series. Each event type
was modelled as a separate regressor convolved with a canonical hemodynamic response function. Movement parameters

from realignment corrections were entered
as additional regressors to account for residual movement artefacts after realignment.
Four event types were defined, corresponding to each of the four stimulus conditions
(Faces, Bodies, Tools, Scenes). Only data
from the Faces and Tools events were used
in the current study.
2.2.5 fMRI whole-brain statistical analyses.
Functional images were analysed using the
general linear model in SPM8 (Wellcome
Dept. of Imaging Neuroscience, London,
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UK). Statistical parametric maps were generated from linear contrasts between conditions in each participant. A second-stage
random-effect analysis was then performed
using one-sample t-tests on contrast images
obtained in each subject for the comparisons of interest. Category-selective activity
was defined by using the Faces > Tools
contrast. Regions that were active were determined by one-sample t-tests for each
group and time point separately. In each
group, PostR>PreR, Break>PostR and
Break>PreR activations were determined
by entering contrast images into twosample t-tests. All analyses were performed
across the whole brain at a p<0.01 threshold. Focal activations were considered as
significant at a voxel level of p<0.001 (uncorrected, whole brain analysis). A cluster
size of 30 voxels was set as the significance
threshold. For viewing, significant activations were overlaid onto the SPM8 T1 and
render individual brain templates. Coordinates of activation were identified using
MRIcron (Rorden, Karnath, & Bonilha,
2007).
2.2.6 fMRI regression analyses correlating
changes in accuracy on Vis-à-Vis with activation changes in the fusiform gyrus and
the superior temporal gyrus.
To test for a relationship between individual
improvement on the remediation program
(changes in accuracy) and changes in functional activity between pre- and postremediation in the fusiform gyrus and the
superior temporal gyrus, regions associated
with face processing, we conducted regression analyses.
We first created ROIs of the fusiform gyrus
and the superior temporal gyrus using the
WFU Pickatlas tool (Maldjian, Laurienti,
Burdette, & Kraft, 2003); (Maldjian, Laurienti, & Burdette, Precentral Gyrus Discre-
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pancy in Electronic Versions of the Talairach Atlas., 2004) and then applied the
ROIs to each subject separately to detect
any activation at preR and postR in those
regions. Given that our groups did not meet
thresholds for significant clusters of activity
in the FG, we calculated the change in T
scores (postR–preR) in the two regions of
interest at p<0.05 to quantify sub-threshold
activation in each participant. Participants
who failed to show FG or STG activation at
p<0.05 were excluded from this analysis.
The number of subjects in each group can
be found in Table 4.
We then calculated accuracy scores for the
exercises comprising the three modules in
Vis-à-Vis: Focus on the Eyes, Emotion
Recognition and Comprehension, and Visuo-spatial Working Memory. Each exercise was practiced 24 times over the course
of the program (twice per week) with
changes in difficulty between sessions. Participants’ accuracy scores were weighted
according to difficulty level, which changed
according to the exercise (i.e., difficulty
level was increased when participants had
to differentiate between a greater number of
emotions, ranging from two to seven). After
weighting scores for difficulty, improvement was subsequently determined by subtracting the mean of the first six weighted
scores (the first quarter of session scores)
from the mean of the last six weighted
scores (the last quarter of session scores).
For example, if subject X has the following
weighted accuracy scores for an exercise
during 24 sessions (0,125; 0,166666667;
0,152777833;
0,25;
0,333333333;
0,152777833; 0,375; 0,5; 0,152777833;
0,4583335;
0,2916665;
0,622222;
0,577778;
0,138888833;
0,622222;
0,533333333; 0,694444167; 0,648148333;
0,111111167; 0,533333333; 0,694444167;
0,648148333; 0,857143; 0,857143) then the
change in accuracy scores (X) would be;
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Changes in accuracy for each exercise from
the Focus on the Eyes module are depicted
in Figure 2. After calculating the changes in
accuracy for the exercises in each model,

Page 10 of 26

we ran three regression models to test
whether the changes predicted the changes
in activation in either right FG or bilateral
STG.

[Figure 2. Average weighted accuracy scores on each session of Vis-à-Vis Focus on the Eyes
Module games.]

Average Weighted Accuracy Scores

Eye-Mouth Matching Game
1
0.9
0.8
0.7
0.6
0.5

ASD

0.4

22q11DS

0.3

DD

0.2
0.1
0
1 2 3 4 5 6 7 8 9 1011121314 15161718192021222324
Sessions

Average Weighted Accuracy Scores

Eye-Emotion Matching Game
0.8
0.7
0.6
0.5
0.4

ASD

0.3

22q11DS

0.2

DD

0.1
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0.9
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22q11DS
(Wilks’
Lambda=0.821,
F(3,12)=1.088, p=0.374) and DD groups
(Wilks’ Lambda=0.415, F(3,7)=3.525,
p=0.111).

III. RESULTS
3.1 Behavioural results from the fMRI task
Accuracy scores for detecting the one-back
condition differed significantly between diagnostic
groups
(F
(3,111)=4.178,
p=0.008). Post-hoc comparisons showed
that the 22q11DS group had lower overall
accuracy scores for detecting one-back repetitions during face blocks compared to
the ASD, DD and healthy control groups
(supplementary Table 1). However, we did
not detect an effect of time point (Pre, Post,
Break) on accuracy for the ASD (Wilks’
Lambda=0.954, F(3,12)=0.339, p=0.718),

By contrast, there were no apparent differences in reaction time between groups (F
(3,111)=2.080, p=0.107) while viewing
faces, nor were there visible effects of time
point on reaction time for the ASD (Wilks’
Lambda=0.796, F(3,12)=1.794, p=0.203),
22q11DS
(Wilks’
Lambda=0.661,
F(3,12)=2.567, p=0.126) and DD groups
(Wilks’ Lambda=0.893 , F(3,12)=0.299, p
=0.754). Data for Tools are reported in
Supplementary Table 1.

Supplementary Table 1. Behavioural Data: fMRI Task.

22q11DS
ASD
DD
Control

Reaction Time for Faces (ms)
Mean
SD
516.48
121.34
560.85
114.90
581.18
109.86
503.10
97.62
Reaction Time for Tools (ms)
Mean
SD

Accuracy for Faces (%)
Mean
SD
82.95a
15.91
90.26
8.54
88.93
7.28
94.69
2.73
Accuracy for Tools (%)
Mean
SD

22q11DS
ASD
DD
Control

499.55
517.05
568.68
537.17

87.85
90.61
89.32
96.28

96.75
112.79
127.26
82.37

17.43
8.91
8.03
3.14

a. The 22q11DS group had significantly lower overall accuracy scores for faces compared to the ASD, DD and the control groups.

3.2 fMRI results: healthy control comparison group
Control group. Contrasting faces with tools
delineated face-selective responses. Activation was seen in the cerebellum and tem-

poral lobes in healthy controls while viewing faces, including the right superior temporal gyrus and left middle temporal gyrus,
which is consistent with fMRI studies of
face processing. (Figure 3, Table 2).
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Table 2. Brain Activation for Faces>Tools contrast in the control, DD, ASD and 22q11DS groups.

Control Group

L cerebellum
R superior temporal gyrus
L middle temporal gyrus

MNI
coordinates
x
y
-12
-79
60
-40
-63
-19

z
-26
13
-14

Cluster
size
N(voxels)
111
81
68

Significance
of the difference
Z
T
3.80
6.27
4.35
8.51
3.54
5.45

Cluster
size

Significance
of the difference

P
0.000
0.000
0.000

DD Group
MNI
coordinates

Pre Remediation

x

y

z

N(voxels)

L supramarginal gyrus
R supramarginal gyrus
R middle frontal gyrus
L middle frontal cortex
R supplementary motor area
R precentral gyrus
L precentral gyrus
L middle temporal cortex
R supplementary motor area

-39
60
27
-27
3
54
-39
-48
12

-31
-28
47
41
11
-1
-16
-43
-1

28
49
31
28
46
46
49
-2
55

164
79
72
66
54
44
38
37
34

3.48
4.08
4.37
3.41
3.69
3.29
3.73
2.97
3.45

Z

5.62
7.99
9.47
5.41
6.33
5.04
6.49
4.22
5.53

T

P
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.001
0.000

39
-24
51
-15
21
-30
-27
45
15
-30
21

20
5
-37
-7
-46
17
35
-4
-25
35
-7

25
34
22
-5
43
7
1
40
40
28
-11

565
286
192
112
108
73
66
63
46
45
39

4.15
3.99
4.62
4.00
3.40
3.17
3.69
3.17
3.52
3.10
4.05

8.33
7.53
11.13
7.61
5.37
4.72
6.35
4.70
5.75
4.54
7.81

0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.001
0.000
0.001
0.000

-

-

-

-

-

-

-

Post Remediation
R middle frontal cortex
L supplementary motor area
R supramarginal gyrus
L thalamus
R precuneus
L insula
L inferior frontal gyrus
R precentral gyrus
R middle cingulum
L middle frontal gyrus
R pallidum

Break
-

ASD Group
MNI
coordinates

Cluster
size

Significance
of the difference

Pre Remediation

x

y

z

N(voxels)

R lingual gyrus
R inferior parietal cortex
R middle frontal cortex

9
57
39

-88
-40
56

-8
40
7

106
77
70

3.72
3.09
3.21

Z

4.89
3.74
3.94

T

P
0.000
0.001
0.001

9
27
-18

5
-88
11

61
-8
19

336
79
66

3.95
3.36
3.79

5.36
4.19
5.02

0.000
0.000
0.000

15

2

70

62

3.25

3.99

0.001

Cluster
size

Significance
of the difference

Post Remediation
R supplementary motor area
R lingual gyrus
L insula

Break
R superior frontal gyrus

22q11DS Group
MNI
coordinates

Pre Remediation

x

y

z

N(voxels)

Z

-

-

-

-

-

-

-

T

P
-

-45
0
60
51
-39
-57
39
-45

-43
23
5
-40
8
-19
-1
-4

25
40
7
13
4
16
46
46

191
156
144
129
82
42
41
36

3.68
3.86
3.11
3.83
4.17
3.24
3.94
3.10

5.17
5.62
3.97
5.54
6.47
4.23
5.83
3.95

0.000
0.000
0.001
0.000
0.000
0.001
0.000
0.001

36
9
51
-24
33
6
-48
27

32
32
-40
-58
14
-70
-28
-91

-2
31
7
-32
40
-35
13
-2

186
167
130
102
99
79
40
36

4.81
3.75
3.89
4.08
3.48
3.70
3.18
3.96

8.75
5.35
5.69
6.20
4.71
5.21
4.10
5.89

0.001
0.000
0.000
0.000
0.000
0.000
0.001
0.000

Post Remediation
L superior temporal gyrus
R supplementary motor area
R insula
R superior temporal gyrus
L insula
L rolandic operculum
R precentral gyrus
L precentral gyrus

Break
R insula
R middle cingulum
R superior temporal gyrus
L cerebellum
R middle frontal cortex
R vermis
L superior temporal gyrus
R lingual gyrus
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[Figure 3. Face-selective brain activation in the Control Group.]

3.3 fMRI results at preR, postR and Break
by group
3.3.1 DD group.
The DD group demonstrated widespread bilateral frontal and parietal lobe activation at
preR and postR. Activations during PreR
included the left medial temporal cortex, bilateral supramarginal gyrus, bilateral medial
frontal gyrus, bilateral precentral gyrus. At
PostR, bilateral medial frontal gyrus, right

supramarginal gyrus, right precentral gyrus,
left insula, right precuneus and left inferior
frontal gyrus were active. (Figure 4, Table
2). No significant activation was detected at
Break.
Two sample t-tests between different time
points within the DD group display activations in the left caudate body, left supplementary eye field and right middle frontal
cortex for PostR>preR (Table 3).
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Table 3. Comparison of activations between different time points within the DD, ASD and 22q11DS groups.

DD Group
MNI
coordinates
Post Remediation>Pre Remediation
L caudate body
L supplementary eye field
R middle frontal cortex
Break>Post Remediation
Break>Pre Remediation
-

Cluster
size

Significance
of the difference

-24
-9
48

41
20
20

-2
46
28

209
50
50

4.00
3.69
3.36

5.37
4.73
4.14

0.000
0.000
0.000

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Cluster
of the difference

Significance

coor-

ASD Group
MNI
dinates
Post Remediation>Pre Remediation
R caudate
Break> Post Remediation
Break> Pre Remediation
-

size
27

8

19

30

2.98

3.25

0.001

-

-

-

-

-

-

-

-

-

-

-

-

-

Cluster
size

Significance
of the difference

22q11DS Group
MNI
coordinates
Post Remediation>Pre Remediation
Break>Post Remediation
R insula
L fusiform gyrus
Break>Pre Remediation
-

-

-

-

-

-

-

-

42
-39

-1
-70

-11
-17

35
34

3.26
3.90

3.70
4.66

0.001
0.000

-

-

-

-

-

-

-

Given that the ASD group had significantly
higher performance IQ scores compared to
the 22q11DS and DD groups, we analysed
the data a second time while covarying for

performance IQ scores. The DD group
showed additional activation in the bilateral
superior temporal gyrus at PreR and PostR
(Supplementary Table 2).
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Supplementary Table 2. Additional activation in ASD, 22q11DS and DD groups when the results are covaried by
performance IQ.
MNI
Cluster
Significance
coordinates
size
of the difference
ASD Pre Remediation
R lingual gyrus
3
-85
-5
110
3.52
5.80
0.001
R middle frontal gyrus
42
53
10
100
3.40
4.81
0.001
R inferior parietal lobule
60
-43
43
99
3.22
5.00
0.001
ASD Post Remediation
R supplementary motor area
9
5
61
202
3.23
5.23
0.001
R superior frontal gyrus
33
-13
67
97
3.10
4.37
0.001
R lingual gyrus
27
-88
-8
76
3.13
4.20
0.001
L insula
-18
11
19
62
3.04
4.10
0.001
R middle frontal gyrus
36
35
25
49
2.95
3.35
0.001
R superior temporal gyrus
42
-22
-5
35
3.21
4.36
0.001
ASD Break
R superior frontal gyrus
15
-2
70
58
3.03
3.90
0.001
22q11DS Pre Remediation
22q11DS Post Remediation
R middle cingulum
L superior temporal cortex
R insula
R superior temporal cortex
L insula
L rolandic operculum
R inferior frontal gyrus triangular part
L precentral gyrus
R precentral gyrus
L supplementary motor area
22q11DS Break
R middle cingulum
R insula
L cerebellum
R superior temporal gyrus
L superior temporal gyrus
R lingual gyrus
DD Pre Remediation
L superior temporal gyrus
R supramarginal gyrus
L supplementary motor area
R precentral gyrus
L precentral gyrus
R middle frontal cortex
DD Post Remediation
R middle frontal cortex
R superior temporal cortex
L thalamus
L middle frontal cortex
R precuneus
L insula
R middle cingulum
R precentral gyrus
R insula
R pallidum
DD Break
-

-

-

-

-

-

-

-

0
-42
24
57
-39
-51
51
-45
39
-6

23
-43
32
-37
8
-22
26
-4
-1
2

40
22
1
7
4
16
16
46
46
64

243
229
207
144
102
53
45
34
33
32

3.50
3.24
3.33
3.66
3.47
3.31
2.89
3.11
3.43
3.07

6.33
5.68
5.07
6.37
6.20
4.55
3.32
4.12
6.20
4.16

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

12
36
-24
51
-48
27

11
29
-58
-40
-19
-91

37
-2
-32
7
10
-2

374
208
184
141
107
36

3.26
3.70
3.56
3.50
3.46
3.57

5.34
9.68
7.02
5.46
6.97
5.64

0.001
0.001
0.001
0.001
0.001
0.001

-30
60
3
57
-39
27

-28
-28
11
2
-16
47

37
49
46
40
49
31

179
69
47
44
40
32

3.68
3.91
3.87
3.88
4.10
4.27

6.08
7.52
5.94
5.29
6.77
8.89

0.001
0.001
0.001
0.001
0.001
0.001

39
51
-15
-27
21
-30
9
48
36
21

20
-37
-7
35
-46
14
-34
-1
8
-7

25
22
-5
1
43
-8
40
43
10
-11

977
169
131
112
88
75
56
50
30
30

3.89
3.66
4.07
4.11
3.70
3.50
4.26
3.62
4.52
4.04

9.75
10.97
8.53
7.65
5.04
5.88
7.26
4.66
10.2
7.31

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

-

-

-

-

-

-

-
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3.3.2 ASD group.
At PreR, the ASD group showed activation
in the occipital, parietal and frontal cortices
at PreR including the right lingual gyrus,
right inferior parietal cortex and right middle frontal cortex. At PostR, activity in the
right lingual gyrus continued and additional
clusters in the right supplementary motor
area and left insula were observed. Overall,
activity at PostR was more circumscribed,
and less widespread, than in the other
groups. During Break, activation decreased,
similar to the DD group, a cluster was detected in the right superior frontal gyrus only. (Figure 4, Table 2).
Comparisons between time points demonstrate right caudate activation for
PostR>preR within the ASD group (Table
3).
When the results were covaried for performance IQ scores, the ASD group showed
similarities to both 22q11DS and DD
groups’ PostR results with additional activation in the right superior frontal gyrus,
right middle frontal gyrus and right superior
temporal gyrus (Supplementary Table 2).
3.3.3 22q11DS group.
The 22q11DS showed no significant activity at PreR, unlike the other groups, but
widespread bilateral activity in temporal
and parietal regions at PostR with principal
clusters in the bilateral superior temporal
gyrus, bilateral insula and bilateral precentral gyrus. During Break, significant clusters of activity were observed in the superior temporal gyrus, right middle frontal
cortex, right insula and right lingual gyrus.
(Figure 4, Table 2).
Comparison of different time points showed
right insula and left fusiform gyrus activations for Break>PostR (Table 3).
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When the results were covaried for performance IQ scores, 22q11DS group showed
additional activation in the right inferior
frontal gyrus at PostR (Supplementary Table 2).
3.4 Relationship between improvement in
accuracy on Vis-à-Vis and increased BOLD
response in the face-processing network
After analysing participants’ whole-brain
responses to the fMRI task, we investigated
the relationship between individual improvement during the remediation program
(increased accuracy, see Methods) and preto post-remediation changes in functional
activity in two regions specifically associated with visual face processing. We did
not observe a relationship between improvement on either the Emotion Recognition and Comprehension or the Visuospatial Working Memory modules of Vis-àVis and changes to BOLD response in the
fusiform gyrus (FG) and the superior temporal gyrus (STG) in the ASD and the
22q11DS groups. Nor did we observe a relationship between improvement on Vis-àVis and BOLD response (change in T
scores) in the FG or the STG in the DD
group (Table 4). However, we did observe a
relationship between the Focus on the Eyes
module and functional activation in both the
ASD and 22q11DS groups.
ASD group. Multiple linear regression analysis revealed that improvement in the ASD
group on the Focus on the Eyes module
contributed to an increase in BOLD response between PreR and PostR in the right
FG (Table 4). When entered into the regression module, increased accuracy on the
Eye-mouth matching, Eye-emotion matching and Puzzle exercises contributed to increased FG activation. By contrast, improvement on the games did not contribute
to BOLD response in bilateral STG in the
ASD group.
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[Figure 4. Face-selective brain activation of DD, ASD and VCFS groups at PreR, PostR and
Break.]
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22q11DS group. Similar to the ASD group,
improvement on the three Focus on the
Eyes exercises contributed to increased T
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scores in right FG in the 22q11DS group
(Table 4) and did not contribute to differential activation in bilateral STG.

Table 4. Multiple linear regression analysis results about predictors of Change in T scores in FG & STG preR/postR in ASD, DD
and 22q11DS groups.
ASD group
VAV Game
Dependent Variables

Change in right FG
T values (N=15)

Eye-Mouth Eye Emotion Puzzle
Matching
Matching
p
0.02

R2
0.56

Beta
3.13

Beta
10.15

Beta
-2.69

F
4.70a

3.13

-0.35

1.16

2.20

0.89

.05

Change in bilateral
STG T values (N=16)
DD group
VAV Game
Dependant Variables

Change in right FG
T values (N=6)

Eye-Mouth Eye Emotion Puzzle
Matching
Matching
Beta
-10.44

Beta
20.29

Beta
-27.24

F
6.37

p
0.14

R2
0.90

-1.76

-3.63

9.01

8.70

0.11

.93

F
6.34a

p
0.02

R2
0.73

Change in bilateral
STG T values (N=8)

22q11DS group
VAV Game
Dependant Variables

Change in right FG
T values (N=11)
Change in bilateral
STG T values (N=11)

Eye-Mouth Eye Emotion Puzzle
Matching
Matching
Beta
9.83

Beta
9.23

Beta
-4.37

8.05

2.86

-5.11

1.21

0.40

0.32

a. Increased accuracy on Eye-mouth matching, Eye-emotion matching and Puzzle tasks correlated with an increase in FG activation

IV. DISCUSSION
In this study we investigated social brain
activity of ASD and 22q11DS groups following cognitive training using the Vis-àVis program. Both diagnostic groups demonstrated atypical activation in brain structures underlying face processing before remediation, which are commensurate with
previous functional imaging studies (An-

dersson, et al., 2008); (Hubl, et al., 2003);
(Humphreys, Hasson, Avidan, Minshew, &
Behrmann, 2008); (Schultz, et al., 2000);
(Pelphrey, Morris, McCarthy, & Labar,
2007). Immediately following cognitive
training, we observed activation in facerelated brain regions in the 22q11DS group,
including the bilateral superior temporal gyrus, bilateral precentral gyrus and bilateral
insula. This suggests that training the
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22q11DS group with Vis-a-Vis increased
functional activity in the face processing
network. Third, our results showed a relationship between improvement on Vis-à-Vis
and increased BOLD response in the right
fusiform gyrus in the ASD and 22q11DS
groups only. Taken together, our results
suggest that Vis-à-Vis may be especially effective for children who suffer from social
deficits and ineffective face exploration (a
lack of attention to the eyes). Finally, only
the 22q11DS group showed robust activation in the bilateral superior temporal gyrus,
right insula, right lingual gyrus and right
middle frontal gyrus at Break, three months
after the end of the remediation period,
whereas the ASD and DD groups showed a
decrease in activation twelve weeks after
finishing Vis-à-Vis. This suggests that longer term effects of Vis-à-Vis on functional
activation may differ by diagnostic group.
Out of the three groups, 22q11DS displayed
activation patterns that were closest to those
of healthy controls following remediation.
This was expressed via greater activation in
networks typically underlying
face
processing; namely, superior temporal gyrus activation that was similar to the healthy
control group, and clusters in the left fusiform gyrus and right insula visible three
months after remediation. In addition,
22q11DS participants demonstrated supplementary activation in the parietal lobe, a
region previously associated with compensatory activity in the syndrome during cognitive processing tasks (Eliez, et al., 2001);
(Gothelf, et al., 2007). The 22q11DS group
may have shown the greatest increase in activation following remediation due to a preserved ability to ramp up neuronal activity
in response to more intense emotions. Indeed, similar to behavioural studies pointing to a relationship between emotion recognition and intensity in 22q11DS (Franchini, M, et al., 2016); (Leleu, et al., 2016);
a recent fMRI study demonstrated that, despite reduced neural responses to facial
emotions, participants with 22q11DS
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showed a healthy increase in activity in response to emotions of greater intensity
(Azuma, et al., 2015). In the current study,
emotional cues were made more salient to
participants by increasing their sensitivity
to facial emotions through remediation, a
learning process that may be neuronally
analogous to increasing the intensity of the
emotions.
By contrast, the ASD group demonstrated
activation patterns that were strikingly different from the control group at all time
points of the study, despite the fact that
their results resembled the 22q11DS and
DD groups in certain ways. Indeed, the
ASD group showed detectable medial frontal cortex activation at PreR, similar to the
DD group, and insula activation during
PostR, similar to the DD and 22q11DS
groups. However, unlike the DD and
22q11DS groups, the ASD group showed
no detectable clusters in the temporal cortex.
Regional and quantitative differences of activation in the face-processing network between the 22q11Ds and ASD groups at
post-remediation may be related to differences in social skills between the two conditions. It may be easier to mobilize social
brain activation after VAV in our 22q11DS
participants, who are generally more socially competent and motivated, compared to
individuals with ASD. Indeed, Kates et al.
(Kates, et al., 2007) observed impaired socio-emotional reciprocity and reduced potential for imaginary play in ASD, but not
22q11DS. Professionals working with individuals with 22q11DS report motivation
and eagerness to engage socially with others, as well as more frequent empathy and
humour, signs of complex social skills
(Angkustsiri, et al., 2014). Taken together,
these observations indicate that social impairment in 22q11DS may be inherently
different and possibly less pervasive compared to ASD (Angkustsiri, et al., 2014);
(Eliez, Autism in children with 22q11.2 de-
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letion syndrome., 2007). Accordingly, it
would follow that differences in initial social motivation between the two conditions
would lead to differential learning and subsequent differences in functional activation
patterns post-learning as observed in our
study at PostR and Break.
Alternatively, reduced structural connectivity may have limited changes in functional
activity in the ASD group at both postR and
Break. A previous study published on a
similar group (Schaer, et al., 2013), reported decreased local gyrification in inferior frontal regions in ASD, as well as a relationship between local gyrification and
local connectivity. Schaer et al observed
decreased anterior corpus callosum volumes
and resulting reductions in interhemispheric frontal connectivity. Reduced
connectivity in multiple directions would
certainly limit the ASD group’s ability to
activate more widespread areas. These findings suggest that future work toward linking
structural and functional alterations will be
useful for improving our understanding of
how cognitive networks develop and respond to learning opportunities.
However, when the results were covaried
by performance IQ, the ASD group had a
more robust activation pattern with additional activation in right superior frontal gyrus, right middle frontal gyrus and right superior temporal gyrus at PostR, and right
superior frontal gyrus activation at Break.
While the ASD group had a significantly
higher mean non-verbal IQ compared to the
22q11DS and DD groups, the group also
had greater variation within their scores.
The within-group heterogeneity of their
cognitive functioning may have made it difficult to detect their group functional pattern. Indeed, we observed a more robust
pattern when performance IQ was included
as a covariate.
Similarly, regression models based on individual results (as opposed to group means)
pointed to a similar relationship in the ASD
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and 22q11DS groups between improvement
on Vis-à-Vis and increased activation in the
right fusiform gyrus. Improved performance on games that required our participants to use the eye region of a face to recognize emotional expressions predicted increased functional activity in the fusiform
gyrus. This finding is similar to previous
studies demonstrating increased activation
in the fusiform gyrus in persons with ASD
who are cued to look at the eye region of a
face (Dalton, et al., 2005); (Hadjikhani, et
al., Activation of the fusiform gyrus when
individuals with autism spectrum disorder
view faces., 2004). Whereas other studies
showed a simultaneous effect of cueing during an fMRI task, we observed an effect
following remediation, suggesting that it is
possible to learn to focus on the eyes to
glean emotional information. What remains
unclear, however, is whether the ASD and
22q11DS groups were able to hold on to
that learning twelve weeks later at Break.
This study has important limitations. First,
performance IQ scores were different between the ASD and 22q11DS and DD
groups, potentially impacting attention and
visuo-spatial abilities and resulting functional patterns. For this reason, we repeat
the fMRI whole-brain results in our ASD
while co-varying for performance IQ.
Second, our functional brain activation results are uncorrected due to our small group
sample sizes. We realize that this could potentially lead us to report findings that are
not representative of the populations. Unfortunately, bigger sample sizes are not always attainable when executing difficult
treatment studies on rare populations such
as those included in this study. Fourth, the
fact that three DD subjects had Down syndrome indicates significant heterogeneity in
the DD group and their results. Finally, it
would have been useful to collect eyetracking data during MRI scanning to see if
the subjects showed a net improvement in
focusing on the eyes during the fMRI task.
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In conclusion, we have shown that cognitive remediation can affect the activation of
the face perception network. We replicate
previous studies showing atypical activation
in the face-processing network in ASD and
22q11DS and demonstrate changes in these
regions related to improvement on a remediation program that teaches school-age
youngsters to recognize emotions from the
eyes, among other skills. It will be important to continue testing cognitive remediation programs like Vis-à-Vis, so that we can
better understand the relationship between
duration of remediation, functional brain
activation and behavioural performance.
The findings in this study show promise for
remediating face processing skills in children and adolescents with autism and
22q11.2 deletion syndrome and provide
functional neuroimaging support for the
Vis-à-Vis program as an effective tool for
working towards that goal.
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