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Abstract—fMRI studies have suggested that there are two
different attention networks: the dorsal attention network (DAN)
and the ventral attention network (VAN). The emotion network
has also been discovered by some researches. The dorsal
attention network controls goal-oriented top-down deployment
of attention; the ventral attention network controls
stimulus-driven bottom-up deployment of attention; the emotion
network will feed back the stimulus especially fearful
expressions from the environment. The interaction within these
networks has been noticed but few studies have been carried out.
The purpose of this study is to explore the interaction within
these networks. The regions of interest were acquired by using
the GLM analysis after which the granger causality among these
ROIs was calculated. Connections among ROIs were considered
as causal when their respective granger causality value is greater
than the mean value of all granger causalities. According to the
results, there is interaction within the three networks, which
suggested that the ventral attention network may distract the
dorsal attention network and that the emotion network may
influence both attention networks.

[. INTRODUCTION

Human visual attention is proven to be controlled by two
brain networks, the dorsal attention network and the ventral
attention network (Figure.1B) (Wen et al., 2012). Human
emotion is also thought to be controlled by brain network
(Figure.1C). The dorsal attention network, which comprised
of bilateral frontal eye field and bilateral superior parietal
lobule or intraparietal sulcus initiates and maintains
goal-directed top-down attentional control. (Figure.1A)
(Kastner et al., 1999; Shulman et al., 1999, 2003; Corbetta et
al., 2000,2005; Hopfinger et al., 2000; Astafive et al., 2003;
Giesbrecht et al., 2003). The ventral attention network, a
right-lateralized network, is composed of the right ventral
frontal cortex and the right temporal-parietal junction. This
network makes stimulus-driven bottom-up attentional
reorienting possible (Figure.1B) (Shulman et al., 1999;
Corbetta et al., 2000; Astafiev et al., 2003; Kincade et al.,
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2005; Astafiev et al., 2006). The emotion network is
composed of both the right and left fusiform gyrus, the inferior
temporo-occipital gyri of the bilateral hemisphere
(Figure.1C)(Patrik et al., 2001; Kanwisher et al., 1997; Puce
etal., 1995) and other relative brain regions such as Thalamus,
Cingulate gyrus and hippocampus. Although it is generally
considered that the connections between dorsal attention
network and ventral attention network underlies the human
ability to adapt to complex visual environments and that the
interaction within such two brain networks and emotion
network may affect both human attention and emotion, the
neuronal mechanisms of the interaction within these networks
remain unclear. Between dorsal attention network and ventral
network, one type of hypothesis is that top-down signals from
the dorsal attention network to ventral attention network
suppress and filter out unimportant information so that
goal-oriented  sensorimotor processing can proceed
unimpeded, whereas the ventral attention network may shift
attention by sending bottom-up signals to the dorsal attention
network to disrupt the information processing (Corbetta et al.,
2008). Between emotion network and attention network there
is a hypothesis that the emotion network may modulate human
attention networks. This study mainly focused on the
influence of fear emotion on spatial attention.

For the former hypothesis, supporting evidences mainly
come from lesion and functional imaging studies. For instance,
damage to areas within the ventral attention network or the
dorsal attention network, which is either caused by permanent
lesion (eg., stroke) or temporary interference (eg.,TMS) may
suppress the ability to disengage from an existing attention
focus (Meister., 2006). For the latter hypothesis, there are still
few direct supporting evidence. Although lesion techniques
are very powerful, such techniques require perturbation or
even damage to the nervous system. This weakness limits the
application of lesion techniques. In naturally occurring lesions
such as stroke, the extent of damage is uncontrollable and the
damaged tissues not only is distributed at target brain areas but
also nontarget brain areas, which confounds precise functional
localization (Rorden and Karnath, 2004). Functional MRI is
mainly based on noninvasive imaging techniques and owns
high spatial resolution. These characteristics make the
analysis of different brain areas possible. While resting state
fMRI connectivity has revealed correlated BOLD variations
in the dorsal and ventral attention networks (Fox et al., 2006),
some researches also investigated the interaction between
attention network and emotion network (Patrik et al., 2001;
Harlan et al., 2004). Though having their advantages, the
existing approaches to analyzing temporal correlation cannot
delineate the direction of signal propagation. In our study, a
mixed block/event-related cued spatial attention-emotion
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Figure 1. Attention network and emotion network. A. Dorsal attention
network: bilateral frontal eye field and bilateral superior parietal lobule or
intraparietal sulcus. B. Ventral attention network: right ventral frontal cortex
and right temporal-parietal. C.Emotion network: the left and the right
fusiform gyrus, the inferior temporo-occipital gyri of the bilateral hemisphere
and relative areas: Thalamus, Cingulate gyrus and hippocampus.

paradigm where subjects were asked to perform a trial-by-trial
experiment was used.

First, the GLM algorithm (generalized linear modeling)
was used to locate the regions of interest (ROIs). Direct
interaction within ROIs of three networks were then
calculated by Granger causality analysis.

II. MATERIALS AND METHODS

A. Participants

11 healthy adults (right-handed, aged 20-26, three females,
eight males) without past neurological or psychiatric history
participated in the imaging study. A structural MRI scan was
taken during the first session of functional MRI scanning to
exclude subjects with structural misalignment.

B. Task

A mixed block/event-related design was used. For each
subject, there was 4 experimental sessions that each contains 3
blocks. The experimental timeline is schematically illustrated
in Figure 2. On each block, subjects performed a trial-by-trial
cued spatial-emotion attention/unattention task. Before
performing the task, a cue would first be displayed to indicate
the subject whether pay attention to the target or not and which
side should be noticed. There are different emotional
expressions in each block (Fear, Normal, Happy).

Delay: 1750ms

Fixation: 200ms

Sessionl: F

Session2: F
Session3: F

Sessiond: F

Figure 2. A mixed block/event-related paradigm was used. In a single trial,

a cue indicating which side should be looked would be presented following a

200ms fixation across. A stimulus would then display for S0ms after which
there is a 1750ms delay.

C. Data acquisition

MRI scanning was performed using a 3-Tesla Magnetom
Trio whole-body MRI System (GE) at the University of
Electronic Science and Technology of China MRI Center.
Structural images were acquired with a T1-weighted sequence
and functional images with a gradient echoplanar T2
sequenceusing BOLD  (Blood Oxygenation Level
Dependency) contrast. A total of 720 functional images were
obtained from each subject. Volumes were acquired
contiguously with an effective repetition time (TR) of 2s. Each
subject would complete a 4-sessions task. Ten dummy
volumes at the beginning of every session would be discarded
to allow for T1 equilibration effects.

D. GLM analysis and ROI Definition

Before GLM analysis, some preprocessing steps including
slicing time, realign, coregister, segment and normalise were
performed. (Friston et al., 1995). The SPM8 was used to
preprocess and analyze fMRI data (http:/fil.ion.ucl.ac.uk).
The global scaling was not used due to controversy (Zarahn et
al., 1997; Aguirre et al., 1998; Glover et al., 2000; Gavrilescu
et al., 2002; Fox et al., 2009). Head motion parameters were
not involved in the design matrix to avoid spurious activation
(Johnstone et al., 2006). To meet the purpose of this study, the
conditions under fear emotion and the baseline were
compared to produce the contrast image. These images were
computed using a one sample t test to get the activation at
group level. The Alphasim correction (Xiao-Wei Song et al.,
2011) was used to correct for multiple comparisons after
which ROIs for granger causality were selected from
activated regions (p<0.001, Cluster size=30,
Aplhasim-corrected).
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TABLE L. CENTER COORDINATES OF THE ROIS

Area Name(ID) Clsl;;?r \l]’:laul; Coordinates
IFEF(7) 63 20.1327 -24 6 51
rFEF(8) 101 37.3476 27 12 51
1IPS(61) 136 21.0206 -33-57 42
rLPS(62) 52 13.1144 39-51 39
raMFG(8) 47 24.0622 334236
rpMFG(12) 27 19.4049 57 18 21
rTPJ(66) 30 9.6181 39-63 33
IACC(31) 43 26.7043 -3 33 18
rACC(32) 24 23.2328 333 18
IHippocampus(37) 23 20.9893 -21-33 0
rHippocampus(38) 14 19.3958 24-33 -3
10ccipital Mid(51) 200 20.0100 -36 -81 27
rOccipital_Mid(52) 132 37.2402 39-72 33
rFusiform(56) 124 22.4900 30-54 -3
IThalamus(77) 20 22.6182 -15-30 6
rThalamus(78) 14 13.3989 15-27 6
ITemporal_Mid(85) 79 452727 -54 -15 -12
rTemporal Mid(86) 74 31.9135 42-63 0

Figure 3. The activated regions.The activated regions were overlaid on a

template (p<0.001, cluster size=30, alphasim-corrected)

E. Granger causality analysis

This study has chosen the granger causality to analyze the
interaction among the three networks,. Such decision is based
on the data-driven nature of the granger causality (Ding et al.,
2006; Bollimunta et al., 2008, 2011; Xiao-tong Wen et al.,

2012). The steps of the granger causality analysis is as follows:

1) the time series were extracted from fMRI images and global
effects were removed (Smith et al., 1999); 2) the percentage
BOLD signal was calculated 3) the temporal mean for a given
residual time series was computed and removed to meet the
requirements of the autoregressive (AR) model (Ding et al.,
2000, 2006). The order of the AR model was chosen to be 1
based on the Bayesian information criterion (Roebroeck et al.,

2005; Bressler et al., 2008; Hamilton et al., 2011; Xiao-tong
Wen et al., 2012)

III. RESULTS
A. Regions of interest

The conditions under fear emotion were contrasted against
the baseline to get the activated brain areas by visual spatial
attention and fear emotion. Figure 3 shows the activated
regions (p<0.001,Cluster size=30, Alphasim-corrected). The
areas of activation include 1) the dorsal attention network
which contain the bilateral frontal eye field (FEF) and
bilateral intraparietal sulcus (LPS); 2) the ventral attention
network which includes rTPJ, right anterior middle frontal
gyrus (raMFQ) , right posterior middle frontal gyrus (rpMFG)
and 3) the emotion network which is composed of both the left
and right fusiform gyrus, inferior temporo-occipital gyri of the
bilateral hemisphere and other relative brain regions such as
Thalamus, Cingulate gyrus and hippocampus. In the meantime,
the Angular gyrus, bilateral Precentrals, bilateral Lingual
gyrus and some cerebellum areas were also activated. Since
our study aims at investigating the interaction between the
attention network and emotion network, unrelated regions
were not included in the analysis. The cluster size, peak value
(F value), and MNI coordinates of ROIs were illustrated in
table 1.

B. Granger causality analysis and data visualization

The values of granger causality were computed for all ROI
pairs. Values less than the mean value of all granger
causalities were discarded. Weights were then calculated
between the remaining ROI pairs. The following formula can
be used:

w=(GC; —mean(GCs))/ mean(GCs) (1

Results between each ROI pairs were shown in Figure 6.
The granger causality within different networks and across all
networks were also computed. The values were used as the
connection value between ROI pairs. Finally, all connected
ROI regions were used as the nodes of the whole brain
network. The whole brain network was generated using
Networkx (http://networkx.lanl.gov/index.html)
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Figure 4. Granger causality connection. A. Within the DAN network,
granger causality connections exist among rFEF, llps, and rlps. B. Within the
VAN network, granger causality connections exist among all ROIs. C. The
interaction between the DAN and VAN network; interference can be found
between the connections among the DAN and VAN network . D. Interactions
among emotion network nodes exist within the emotion network. E.
Interactions among all nodes: There are interactions among all nodes.

IV. DISCUSSION

A. Interaction within networks

The results of this study supported the former hypothesis
stated in the introduction that the interaction between the
DAN network and VAN network would interfere each other.
In our study, the granger causality values of the DAN network,
the VAN network and emotion network were calculated
respectively. Within the DAN network, we have found
interaction between each network node pair. Also, within the
VAN network there is interaction between each node pair. But
if we compute the granger causality values of the DAN
network and VAN network as a whole, we could find that the
connections within VAN network had been depressed. This
result provided evidence for the former hypothesis.
Furthermore, if we put all three networks together and
calculate the values of granger causality, we could find that
there are communications within the DAN network, the VAN
network and the emotion network .

REFERENCES

[1] Aguirre GK, Zarahn E, D’ Esposito M (1998) The variability of
human, BOLD hemodynamic responses. Neuroimage .8:360 - 369.

[2] Justin L. Vincent, Itamar Kahn, Abraham Z. Snyder, Marcus E.
Raichle(2008) Evidence for a frontoparietal control system revealed by
intrisic functional connectivity J Neurophysiol 100 3328-3342.

[3] Patrik Vuilleumier, Jorge L. Armony, Jon Driver, Raymond J.
Dolan(2001) Effects of attention and emotion on face processing in the
human brain: an event-related fMRI study. Neuro vol.30 829-841

[4] Astafiev SV, Shulman GL, Stanley CM, Snyder AZ, Van Essen DC,
Corbetta M (2003) Functional organization of human intraparietal and
frontal cortex for attending, looking, and pointing. J Neurosci 23:4689

- 4699.

[5] Astafiev SV, Shulman GL, Corbetta M (2006) Visuospatial reorienting
signals in the human temporo-parietal junction are independent of
response selection. Eur J Neurosci 23:591 - 596.

[6] Bennett C, Miller M, Wolford G (2009) Neural correlates of
interspecies perspective taking in the post-mortem Atlantic salmon: an
argument for multiple comparisons correction. Neuroimage 47:S125.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

2391

Birn RM, Diamond JB, Smith MA, Bandettini PA (2006) Separating
respiratory-variation-related fluctuations from
neuronal-activity-related fluctuations in fMRI. Neuroimage 31:1536 -
1548.
Biswal BB, Eldreth DA, Motes MA, Rypma B (2010) Task-dependent
individual differences in prefrontal connectivity. Cereb Cortex 20:2188
-2197.
Bollimunta A, Chen Y, Schroeder CE, Ding M (2008) Neuronal
mechanisms of cortical alpha oscillations in awake-behaving macaques.
J Neurosci 28:9976 - 9988.
Bollimunta A, Mo J, Schroeder CE, Ding M (2011) Neuronal
mechanisms and attentional modulation of corticothalamic alpha
oscillations. J Neurosci 31:4935 - 4943.
Chambers CD, Payne JM, Stokes MG, Mattingley JB (2004) Fast and
slow parietal pathways mediate spatial attention. Nat Neurosci 7:217
-218.
Chun MM, Wolfe JM (1996) Just say no: how are visual searches
terminated when there is no target present? Cognit Psychol 30:39 - 78.
Xiaotong Wen, Li Yao, Yijun Liu, and Mingzhou Ding Causal
Interactions in attention networks predict behavioral performance
The journal of neuroscience 2012-32(4) 1284-1292
Bressler SL, Menon V (2010) Large-scale brain networks in cognition:
Emerging methods and principles. Trends Cogn Sci 14: 277 - 290.
Greicius MD, Krasnow B, Reiss AL, Menon V (2003) Functional
connectivity in the resting brain: A network analysis of the default
mode hypothesis. Proc Natl Acad Sci U S A 100: 253 - 258.
He BJ, Snyder AZ, Vincent JL, Epstein A, Shulman GL, et al. (2007)
Breakdown of functional connectivity in frontoparietal networks
underlies behavioral deficits in spatial neglect. Neuron 53: 905 - 918.
Hagmann P, Cammoun L, Gigandet X, Meuli R, Honey CJ, et al. (2008)
Mapping the structural core of human cerebral cortex. PLoS Biol 6:
el59.
Anderson JS, Ferguson MA, Lopez-Larson M, Yurgelun-Todd D (2010)
Topographic maps of multisensory attention. Proc Natl Acad SciU S A
107:20110 - 20114.
Zhang L, Zhong G, Wu Y, Vangel MG, Jiang B, et al. (2010) Using
GrangerGeweke causality model to evaluate the effective connectivity
of primary motor cortex (M1), supplementary motor area (SMA) and
cerebellum. J Biomed Sci Eng 3: 848 - 860.
Wiener N (1956) The theory of prediction. In: Modern Mathematics for
the Engineer. New York: McGraw-Hill. pp 165 - 190.
Granger CWJ (1969) Investigating causal relations by econometric
models and cross-spectral methods. Econometrica 37: 424 - 38.
Bernasconi C, Konig P (1999) On the directionality of cortical
interactions studied by structural analysis of electrophysiological
recordings. Biol Cybern 81: 199 - 210.
Ding M, Bressler SL, Yang W, Liang H (2000) Short-window spectral
analysis of cortical event-related potentials by adaptive multivariate
autoregressive modeling: data preprocessing, model validation, and
variability assessment. Biol Cybern 83: 35 -45.



