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Summary:

The scientific execution of the project during the period 1¥ February 2009 — 31%

December 2009 included the following tasks, according to the proposed plan:

Task 1: Functional brain mapping of cortical visual areas

The study conducted on the 1.5T Philips system at Ginoeco / Sto. Anténio
Hospital, Porto, on a group of 5 subjects, to test the reproducibility of the visual mapping

protocols developed in this project, was completed (Pedro Cruz, Jodo Teixeira, Patricia

Figueiredo) (Activities 12, 13 and 30). The results lead to a communication at the

international conference 15th Annual Meeting of the Human Brain Mapping
Organization, in San Francisco, June 2009, entitled "Reproducibility of a rapid visual

brain mapping protocol” (Activities 14 and 15). The abstract published on a supplement
of the NeuroImage journal follows (reprint attached):

Reproducibility of a rapid visual brain mapping protocol
Pedro Brito Cruz, Jodo Teixeira, Patricia Figueiredo
Introduction:

The clinical applications of fMRI have largely been hindered by the limitations of the technique
in terms of robustness and reproducibility. Mapping the cortical visual areas is one of the most
well established applications of fMRI and could potentially be used to evaluate cortical re-
organization in visual field loss disorders or to assist the pre-surgical planning for resection of
tumours or epileptogenic tissue. Although fine mapping of retinotopic visual areas can be
achieved with good reproducibility in healthy subjects, the results are dependent on using higher
magnetic field strengths and very long acquisitions in order to optimize sensitivity. These




conditions are not easily met in a standard clinical setting, where 1.5T systems are still the most
common and patient cooperation limits scanning durations. The objective of this work was to
develop a fast visual mapping protocol and to determine its reproducibility.

Methods:

We implemented a visual field quadrant stimulation paradigm using a flashing checkerboard
wedge and tested a group of 5 subjects on two separate sessions, comprising four fMRI runs
each. Scanning was performed on a 1.5T Philips system using echo-planar BOLD imaging to
collect whole-brain volumes and the data were analysed using a standard GLM approach to
identify the clusters of activation in primary visual cortex for each quadrant. Two different
dataset sizes (including 2 or 4 runs each, D2 and D4) were used, as well as a number of
combinations of pre- and post-processing options. Finally, the within-session (WS) and between-
session (BS) reproducibility was assessed in each condition, by calculating a number of
variability measures of different activation parameters, in particular: cluster peak distance
(localisation); cluster overlap (extent) and mean cluster signal change coefficient of variation
(CV) (intensity). For each measure and condition, the median over all subjects and quadranst was
calculated.

Results:

In general, we found that reproducibility tended to be higher for WS relative to BS comparisons.
Moreover, increasing the dataset size generally increased the reproducibility of the results, as
expected. However, no significant systematic differences in reproducibility were found by using
different processing parameter combinations. With the optimal processing choices, the median
distance between activation peaks, over all subjects and quadrants, was ~3 mm for WS — D2
rising to ~4 mm for BS — D2. As 2 measure of the extent of the activation, the median percentage
of overlapping voxels varied between ~50 and 60 % for BS — D2 and WS — D2, respectively. In
terms of the intensity of the activation, the median CV of the mean signal change did not var
considerably and was ~4 % in all cases.

Conclusion:

In conclusion, we have developed and characterized the reproducibility of a rapid fMRI protocol
for quadrant mapping of retinotopic cortical visual areas. Our reproducibility measurements are
comparable to those found in the literature (Peelen, 2005; Wagner, 2005 ) and suggest that this
protocol could become sufficiently reproducible for applications in the clinical routine.
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Task 2: Psychophysics experiments of visual perception and learning

The visual learning study, based on a same-different discrimination task of faces
presented at a multiple orientations, was completed (Carlos Gomes, Mafalda Mendes,
Patricia Figueiredo). The researcher Mafalda Mendes received the salary for her
participation in the Project in February 2009 (50% of time dedication), according to the




regulations of the Fundag¢do para a Ciéncia e Tecnologia (FCT)
(http://alfa.fct.mctes.pt/apoios/bolsas/valores2007) for Bolsas de Investigagdo (Bl) —
Mestre (Activities 1). The Faces 4.0 EDU software (IQ Biometrix Inc) was acquired for

the composition and generation of the artificial faces used in the visual learning paradigm

(Equipment 1).

The study of face perception and learning at multiple face orientations resulted in
a communication at the national meeting of the Associagéio Portuguesa de Psicologia
Experimental (APPE 2009), in Lisbon (Activities 8) and another at the international 32nd
European Conference on Visual Perception (ECVP 2009), in Regensburg, Germany
(Activities 20). The abstract was published in a supplement of the journal Perception, as

follows (reprint attached):

Perceptual learning for multiple face orientations
C A Gomes, M Mendes, P Figueiredo

Introduction:

The well-established face inversion effect refers to a declination of performance for inverted
compared to upright faces. However, perceptual learning for faces presented in non-upright
orientations has not been systematically investigated.

Methods:

We conducted two experiments in which we investigated perceptual learning for multiple face
orientations over short periods of time (Experiment 1) and for a single orientation over long-term
training (Experiment 2). In Experiment 1, participants performed a same/different discrimination
task (DT) on pairs of faces presented in orientations ranging between 0 and 300deg.

Results:

A quadratic effect was observed across orientations for both reaction times and error rates,
indicating a deterioration of performance away from Odeg and towards 180deg. Moreover, we
found that error rates as well as reaction times significantly decreased across blocks of trials,
indicating a learning effect. In Experiment 2, participants carried out the DT over the course of
four consecutive days (4 sessions) on faces with a single orientation (120deg). Here, we observed
a main effect of session, indicating that participants became significantly faster and more
accurate with training. Finally, when tested with a different orientation (240deg) at the end of the
last session, participants showed a similar performance compared with the trained orientation
(120deg), suggesting that transfer of learning across orientations took place.

Conclusions:

In summary, we reproduced previous results face discrimination on multiple orientations and
further showed perceptual learning over both short and long-term periods. Specifically, we found
that participants gave more errors and were slower in their responses as faces were rotated away
from 0°. In addition, performance was improved when participants underwent long periods of
training. Finally, when tested with a different orientation, subjects showed a similar performance
compared with the trained orientation, suggesting that transfer of learning across orientations
took place.




Task 3;: Functional imaging experiments of visual learning paradigms

Functional magnetic resonance imaging (fMRI) experiments were conducted,
using the visual learning tasks developed in Task 2 based on faces presented at multiple
orientations (Catarina Saiote, Joana Silva, Carlos Gomes, Patricia Figueiredo). Both
block and event-related designs were implemented for the fMRI experiments. The event-
related experiment was conducted in a group of 10 subjects, on a 3T Philips system at the
Sociedade Portuguesa de Ressondncia Magnética (SPRM), through collaboration with
Dr. Martin Lauterbach and Dr. Sofia Reiméo (Services 1 and Consultants 3) (Activities
2,6,7,9,11, 16, 19, 21, 23, 26, 28). The block design experiment was conducted in a
group of 10 subjects, on a 7T Siemens system at the Centre d'Imagerie Biomédicale
(CIBM), in Lausanne, Switzerland, through collaboration with Dr. José Pedro Marques
and Dr. Wietske van der Zwaag (Activities 25). Data storage devices were acquired for
storage of collected data (Equipment 2).

Dr. Juliane Farthouat, from the Ecole Polytéchnique Fédérale de Lausanne
(EPFL), was paid as a consultant for the development of customized software for the
analysis of fMRI data, between 13th July and 21st August 2009 (100% of time
dedication), according to the regulations of the Fundacdo para a Ciéncia e Tecnologia
(FCT) (http://alfa.fct. mctes. pt/apoios/bolsas/valores2009) for Bolsas de Investigagdo (Bl)
— Mestre (Consultants 1). Expert Dr. Marta Garrido, from University of California Los

Angeles (UCLA), visited to deliver a seminar and provide advice on the use of statistical
methods in the analysis of fMRI experiments (Consultants 2). Eng. Catarina Saiote and
Eng. Marco Pimentel were paid as consultants for assistance with the analysis of fMRI
data, in December 2009 (100% of time dedication), according to the regulations of the
Fundagdo para a Ciéncia e Tecnologia (FCT) for Bolsas de Investigacdo (B} — Mestre
(http://alfa.fct.metes. pt/apoios/bolsas/valores2009) (Consultants 4 and S).

The results of this study lead to the submission of an abstract to the international
conference 16th Annual Meeting of the Human Brain Mapping Organization, in
Barcelona, Spain, June 2010. The abstract to be published on a supplement of the journal

NeuroImage follows (reprint attached):



Parametric fMRI correlates of faces at multiple orientations
C. Saiote, J. Silva, C. Gomes, M. Lauterbach, S. Reiméo, P. Figueiredo

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 multiple 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 temporal 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 yield 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). When tested with polynomial contrasts,
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: 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 temporal 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>Obj,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 RO, 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).

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.
Consistently, 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 ROl 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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Finally, a Brain Imaging Interest Group (BIIG) was founded by the Project leader,
by joining together scientists working in the field of functional brain imaging. Periodic
meetings were held throughout the year of 2009, where the presentation of both journal
papers and own work took place. In this way, it was possible to keep an active discussion

group, where the work developed in this Project was presented and disseminated

(Activities 3, 5, 10, 17, 18, 22, 24, 27, 29 and 31).




