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Abstract— Multimodal approaches to brain imaging are get-
ting increasingly popular among the neuroscience comunity.
One such multimodal approach is the combination of elec-
troencephalography (EEG) and functional magnetic resonance
imaging (fMRI). In this paper we demonstrate two EEG-
fMRI integration methods for contour integration task. First,
we derrive the contour-selectivity measures from event related
potential (ERP) and fMRI data, and explore the correlation
between the two. In this way, we connect the spatial information
from fMRI with the temporal information from ERPs. There-
after, the results from this approach are compare to JointICA
integration approach [5], [6], which aims at extracting spatio-
temporal independent components, which are the combination
of ERP and fMRI activations.

I. INTRODUCTION

Vision science aims to understand how the brain translates
the pattern of light on the retina into a stable, coherent and
meaningful picture of the outside world. An intermediate step
in this process is to determine which parts of the retinal
image belong together. Therefore, our research focuses on
investigating the principles of contour integration, i.e. the
grouping of local edges into global contours.

The involvement of both striate and extrastriate brain areas
in contour integration has been observed in functional mag-
netic resonance imaging (fMRI) studies. It has been shown in
[1], [2] that Gabor elements arranged to form a closed loop
evoke stronger blood oxygenation level dependent (BOLD)
response, than the Gabor elements that are randomly shown
on the background. However, fMRI can only provide us
with the spatial information, that is ”where” the BOLD
activation is present. It provides no temporal information on
a subsecond time-scale. Therefore, brain-imaging techniques
with a higher temporal resolution are required.
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For the purpose of this study, simultaneous EEG-fMRI
recordings are used to retrieve fine spatio-temporal informa-
tion. A potential measure which may provide information
about the latency in which a given brain region processes
information is the correlation between fMRI and ERP, in
particular if a temporal dissociation between different regions
can be found. Similar approach has been exploited in [3] to
explore which of the three face-selective regions (FFA, fSTS
and OFA) have responses that correlate with the event related
potential (ERP) face-selective N170 component recorded
from the Cz electrode.

Novel neurocognitive findings are discussed in [4]. In
this study, we aim at comparing two different methods to
extract spatio-temporal information from the recordings, a
correlation based approach, as proposed in Sadeh et al., [3],
and JointICA [5], [6]. The study also aims at showing the
performance and highlighting the advantages and drawbacks
of a data-driven approach compared to a correlation approach
on contour integration data.

II. METHODS

A. Participants

15 participants (7 female and 8 male, aged 23-44, with a
mean and standard deviation of respectively 27.4 and 5.2)
with no history of neurological or cardiological disorders
volunteered for this study. All participants reported normal
or corrected-to-normal vision. Written informed consent was
obtained in accordance with the KU Leuven Ethics Commit-
tee guidelines.

B. Stimuli

The task used in this work is explained in detail in [4].
Here we only provide a short description of the paradigm,
which is important to understand the main conclusions of
this particular study.

The employed stimuli were arrays of oriented and non-
overlapping Gabor elements, created with MATLAB and
GERT, the Grouping Elements Rendering Toolbox [7]. The
stimuli were presented centrally on a uniform grey screen
with a randomized alternation between local+global contour
(LG) and no contour (NC). NC stimuli were dense matrices
of isolinear non-structure elements. In LG structure stimuli
were dense matrices with curvilinear contour elements and
isolinear non-structure elements. For more detailed expla-
nation of this paradigm see [4], and for similar stimulus
constructions, see [8].
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C. Experimental Procedure

Each stimulus was presented for 200 ms. The duration
of the inter-trial interval was uniformly sampled between
2000 and 2400 ms. A central fixation cross was shown
during the inter-trial interval. The experiment was run using
the Presentation software (Neurobehavioral Systems, Albany,
CA, USA). A Barco projected the stimuli on a translucent
screen attached to the bore of the scanner. Responses to the
catch trials were registered using a response box.

D. Localizers

In addition to our task paradigm focusing on contour
integration, fMRI data were acquired during four more runs
especially intended to accurately define certain regions of
interest (ROIs). This part is important in order to select the
voxels, which are to be used further on in the correlation
analysis. Two types of these so-called localizer experiments
were performed thus allowing an accurate localization of the
early visual areas (EVAs) V1 and V2 on the one hand, and
lateral occipital complex (LOC) involved in object detection
on the other hand. For more details see [4].

E. Functional MRI

1) fMRI acquisition: To acquire the fMRI images, a
Philips 3T Intera whole-body scanner (Royal Philips Elec-
tronics, Amsterdam, the Netherlands) was used. The acqui-
sition parameters differed between the experimental (related
to contour integration) and the localizer runs. For each of the
experimental runs, 155 echo-planar images (EPI) composed
of 36 slices of 3 x 3 x 3 mm voxel size and 3 mm slice
thickness were recorded with ascending slice order with 2
s repetition time (TR) and 29.8 ms echo time (TE). For
the localizer runs, 110 images were acquired composed of
48 slices with TR = 3 s and TE = 29.8 ms. In addition
to the functional data, a full brain anatomical image was
obtained with the magnetization prepared rapid gradient echo
(MPRAGE) imaging sequence (182 coronal slices, TE = 4.6
ms, TR = 9.7 s).

2) fMRI preprocessing: fMRI analysis was performed
with the statistical parametric mapping software (SPM5,
Wellcome Department of Cognitive Neurology, London,
UK). The EPI time series were slice-time corrected, re-
aligned, co-registered with anatomical images, normalized
to a template and smoothed with a 6-mm FWHM Gaussian
kernel. Next, the percentage signal change fMRI activation
maps were retrieved via a general linear model (GLM)
analysis with stick-functions based on the onset times of the
different stimuli.

3) Definition of Regions of Interest: To define the regions
of interest, first, the anatomical images of all participants
were segmented and flat-maps were derrived using the Caret5
software (Van Essen Laboratory, Washington University,
St. Louis, USA). Subsequently, the SPM-derrived activa-
tion maps (T-maps) from the object-localizer and meridian-
mapping runs were projected onto these flat-maps, and
thresholded based on a p-value of 0.001. The resulting

overlays allowed deriving the LOC ROIs (for the object-
localizer maps) and the ROIs in the early visual regions V1
and V2 (for the meridian-mapping maps).

4) Contour Selectivity Index: To make the correlation
analysis meaningful, the selectivity index has to be defined,
as proposed in [9]. Similar procedure is used in [3] to
correlate face-selective voxels from fMRI with face-selective
ERP repsonses.

For the purpose of our study, we define the contour-
selectivity index. This index is defined as normalized dif-
ference between the responses to contour and no contour
stimuli as : Contour−NoContour

Contour+NoContour (see [9]). In this way, the
amplitudes for the fMRI response are kept between 0 and 1
(since all the responses were found to be positive).

F. EEG Data

1) EEG recording: The EEG data were collected from
62 standard scalp sites using the MR-compatible BrainAmp
MR+ system (BrainProducts,Munich, Germany) with a sam-
pling rate of 5 kHz. Two additional electrodes were placed
below the left eye and on the left upper back to monitor
eye blinks and the electrocardiogram (ECG), respectively.
All 64 channels were recorded with FCz as reference and Iz
as ground. Electrode impedances were kept below 10 kΩ.

G. EEG preprocessing

The acquired EEG data were subjected to the standard
preprocessing steps for the removal of scanner-related arti-
facts which arise from simultaneous EEG-fMRI acquisition
[10]. These include gradient artifact, and balistocardiogram
artifacts. Preprocessing as well as artifact removal were
performed in the MATLAB (v 7.7; The MathWorks, Natick,
MA, USA) environment with the EEGLAB 5.03 toolbox
[11].

To extract task-related event-related potentials (ERPs), all
available blocks per subject and per condition were merged
together and data were segmented from 100 ms before
until 500 ms after stimulus onset. Baseline correction was
performed based on the 100 ms pre-stimulus interval and
low quality trials were rejected by thresholding trials at 150
µV . Thereafter, an average ERP for each stimulus type was
computed. The recording from the Oz electrode is used for
this study

1) Contour Selectivity Index: Similar to the fMRI
contour-selective index, for each subject normalized contour-
selectivity is computed as Contour−NoContour

Contour+NoContour . Unlike the
amplitude of the hemodynamic response that was always
positive for both contour and no-contour stimuli for all sub-
jects, the average ERP peaks derrived from the Oz electrode
had opposite signs, which caused a deviant value that is
larger than 1, whereas a ratio index of selectivity scores
is only meaningful within the -1 to 1 range. Therefore a
fixed value, which was slighly larger than the largest positive
amplitude was subtracted from all the ERP’s, which then
results in all the normalized ERP values dropping inside -1
to 1 interval. This base-line correction method is proposed
first in [9], and later used in [3].

6020



H. Data Analysis - Correlations

In order to integrate EEG and fMRI, Sadeh et al., [3]
proposed to correlate narrow time bins of a difference ERP
waves (in their case responses to faces versus responses to
houses) with the bold strength difference in certain regions of
interest across subjects. In this way, inter subject variability
is combined with the ERP time resolution in order to find
”when” regions are active during the task. In [3] face
processing is investigated. In this paper, we translate that
approach to study contour integration.

The correlations are computed between the contour-
selectivity indexes derrived from ERP and fMRI data. This
was done in order to couple the contour-selective spatial
pattern obtained by fMRI imaging with the temporal patterns
obtained from ERPs. Concerning the fMRI data, in each of
the ROIs, the 30 most sensitive voxels are selected from
the fMRI PSC map. The mean of these selected voxels is
then used for the correlation with the ERP data. The ERP
data, are divided in 4ms windows, and for each of these
windows the correlation between the ERP and fMRI contour-
selectivity indices is computed. This was done in the time
interval of 0-350 ms. For each 4 ms window, the p-value
is computed without Bonferroni correction. In this way, the
spatio-temporal dynamics are extracted.

I. Data Analysis - JointICA

In [4], the spatio-temporal information from the EEG
and fMRI data acquired in this study is derrived using the
JointICA approach [5], [6]. JointICA starts from the assump-
tion that the amplitudes of the ERPs and the hemodynamic
responses co-vary when they are generated in the same brain
region. In this way, the fMRI activations for a particular
stimulus are connected to the corresponding ERP peaks.
Therefore, the independent components derrived from such
an approach are a combination of temporal ERP wave and
spatial fMRI map.

Additionally, the modified version of JointICA is proposed
in [4], and applied to the contour integration task, used in
this work. The results obtained with the modified JointICA
approach are reused in this study to compare them with the
results obtained with the correlation analysis as explained
above. The modified JointICA constructs a mixed input
data matrix for both paradigms, and performs the ICA
decomposition jointly as shown in Eq. 1:

[
XfMRI

LG XEEG
LG

XfMRI
NC XEEG

NC

]
=

[
ALG

ANC

]
·
[
SfMRI SEEG

]
(1)

III. RESULTS

The results from the correlation analysis are shown in Fig.
1. The correlations of the ERP difference wave with EVA (V1
and V2) and LOC areas differences are plotted in green,
purple and black respectively. The dotted lines denote the
time intervals in which the correlations are significant (p <
0.05). The time interval of 0-350 ms is shown. The results
imply that there is a significant correlation with LOC area
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Fig. 1. The correlation between the activations in a specific ROI and
the ERP values at specific time points. The bin-length in the ERPs is 4
milliseconds. Different ROIs are shown in different colors. The early visual
area (EVA) ROI is shown in blue (V1) and green (V2), whereas the LOC
ROI is shown in purple. The colors correspond to the ones in Fig. 2. The
dotted lines denote the parts where the correlation is significant (p-value is
smaller than 0.05).

Fig. 2. Results of the modified JointICA analysis, performed jointly
on the data from all three conditions (LG = local and global and NC =
no contour). The upper panels show the spatial (fMRI) results from the
condition-specific independent components, for (from top to bottom) the
LG and NC conditions. We only show the components that show significant
difference between the groups. The p-values denote the significance of the
distribution difference across subjects (see [4]). The bottom panel presents
the temporal (ERP) parts of the independent components, with different
colors distinguishing between the different conditions. The ICs are plotted
in solid line, whereas the grand average ERPs for all conditions are depicted
by dashed lines.

around 170 ms and with EVA, first with V2 around 250 ms,
and later also with V1 around 270 ms.

The results from the JointICA analysis are depicted in Fig.
2. Only the components which show significant differences
for the two conditions (NC and LG) are plotted. Therefore,
only two components are shown, and the p-values for the
significance are given. The p-values, in this case, explains
the significant difference in distribution across subject of the
specific independent component (for more information, see
[4]). Other components are not omitted. The colors of the
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LOC and EVA areas correspond to the colors from Fig. 1.
The top two panels show the fMRI parts of the indepen-

dent components for the NC and LG conditions respectively.
The bottom panel gives the ERP waves corresponding to the
activations in the corresponding fMRI maps.

The results imply that the differences exist only around
170 ms and 240 ms, which is in accordance with Fig.
1. Also, the fMRI maps show stronger activations in the
LOC area for the LG condition around 170 ms compared
to the NC condition, whereas the EVA activations do not
differ. This also corresponds to the findings from Fig. 1. The
component around 240ms shows no ERP activity for the NC
condition. For the LG condition the fMRI maps show mainly
activations of the EVA area, but also some minor activation in
LOC. This fact is also confirmed by our correlation analysis.

IV. DISCUSSION

Integration of EEG and fMRI for brain imaging has
been extensively used in recent years. However, no standard
integration procedure has been established yet. In this study,
therefore, we exploit two different integration approaches.
The EEG-fMRI data acquired during a perceptual grouping
experiment, were analyzed with correlation analysis, in a way
explained in Methods section. These results are thereafter
compared to the results from JointICA analysis, presented in
[4] for further discussion.

In JointICA the variation across subjects is exploited to
separate independent components, whereas the correlation
analysis, also the strengths across subjects are comparted in
narrow time bins.

Our results showed that the findings obtained from Join-
tICA and correlation analysis mutually correspond. Both
analyses show significant differences around 170 ms and
240-280 ms, and the fMRI activations in LOC and EVA
areas respectively. These results are also in line with the
previous finding from the literature. Tanskanen et al., [12]
found that responses to collinear contours embedded in a
field of randomly-oriented Gabor elements began to differ
from no-contour stimuli only after 130 ms. Furthermore,
Mathes et al., [13] found a contour-specific EEG response,
starting about 150 ms after stimulus onset (see also [14]).

The correlation analysis shows positive correlation coef-
ficient for contour selectivity indices corresponding to LOC
and negative correlation coefficient for contour selectivity
indeces corresponding to the EVA ROIs. Around the 170
ms, the NC condition shows stronger negative ERP peak
than LG condition (see also Fig. 2). Therefore the ERP
contour-selectivity index is positive, and the correlation is
positive with the LOC. On the other hand, around 240 ms,
the LG condition shows stronger negative ERP peak than NC
condition (see Fig. 2), providing negative contour-selectivity
index, therefore yielding negative correlations with EVA
areas.

The dissociation between V1 and V2 areas, as shown in
Fig. 1 is not obtained with JointICA analsysis (Fig. 2). The
reason for this may be in the fact that for the correlation anal-
ysis, all the V1 and V2 areas are subject specific, obtained

through the Localizer analysis. On the other hand, JointICA
cannot incorporate subject specific regions into ICA analysis.
However, although indpendent from the localizer analysis,
the JointICA fMRI activation indeed fall inside the ROIs
derrived from the localizers. At the same time, JointICA is a
fully data-driven method, and therefore, the localizer analysis
is not necessary, whereas it is an absolute need in order to
perform a meaningful correlation analysis.

Our research further showed that the JointICA analysis is
very robust. Furthermore, ICASSO analysis of the jointICA
technique showed the robustness of this approach [6]. On the
other hand, the correlation analysis showed to be influenced
by adding a single outlier subject. However, by following
the procedures from [3] and [9], the correlation analysis also
provides robust results.

This study provides the correlation analysis for EEG-fMRI
data integration in a way proposed in [3], and described in
the Methods section. The results are then compared to the
JointICA results from [4] and the conclusions are derrived
about the performances of JointICA and correlation analysis.
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