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Introduction

Our brain is continuously bombarded with lot of
sensory information from the environment. To have a
purposeful interaction with the environment we need
to select and process the relevant information and
ignore the irrelevant information. The cognitive
process, which subs serves, this function is termed
as selective attention. The selective attention is the
process of selecting and processing the task relevant
in format ion and ignor ing the task i r re levant
information. The cognitive control regulates this

selection process and ensures that our actions are
in accordance with our goals. Though the anterior
cingulate cortex (ACC) and the dorsolateral pre frontal
cortex (DLPFC) have been implicated in cognitive
control, the mechanism underlying the selection
process is still debatable. The selection process may
involve biasing of sensory information processing
either by amplifying the relevant stimulus or inhibiting
the processing of a distracting stimulus or by both
mechanisms.

Stroop task and its variants are widely used to study
the selective attention (1, 2). Neuroimaging studies
have indicated that several brain regions are involved
during the performance of Stroop task (3, 4, 5).
DLPFC and posterior regions (occipital and temporal
areas), which are known to be involved in the
executive functions and processing of sensory
information respectively, have been reported to be
activated (6, 7). ACC, which is implicated in error
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Abstract

Selective attention is the cognitive process of selecting and processing the task relevant information and
ignoring the task irrelevant information. Though the neural substrates involved in this cognitive process are
well established, the mechanism of selection process is the point of contention. To study the effect of
selection process on the information processing we performed functional neuroimaging on 23 healthy right-
handed male subjects while performing a modified face word stroop task. The word processing area did not
show any attention dependent changes in the level of activity whereas the activity of face processing area
was higher when the faces were target, but there was no decrease in baseline activity when faces were
distractors. Our results suggest that during selective attention there is no biasing of sensory processing for
automatically processed stimuli like words whereas there is amplification of task relevant information when
stimuli are processed in controlled manner.



Indian J Physiol Pharmacol 2013; 57(4) Mechanism of Selective Attention 355

studies on patients with alexia and also neuroimaging
studies of healthy subjects (17). While some studies
on face processing showed that posterior region of
right fusiform gyrus called fusiform face area (FFA)
process the face, others have shown face processing
occurs in bilateral fusiform gyrus (18). Recent
evidence shows that  lateral i ty  in informat ion
processing in the fusiform area depends on the
spatial frequency. That is low contrast information
such as faces are processed in the right fusiform
area and the high contrast information is processed
in the left fusiform area. (19). Our objective was to
use a face-word Stroop task with both face target
and word target trials and analyze right and left
fusiform areas activation separately. So for each
stimulus (e.g face), tasks with three levels of
attention were used namely, passive viewing of faces,
faces as targets, faces as distractors.

Materials and Methods

Twenty-three healthy right-handed male postgraduate
students similar educational background were
recruited. Subjects recruited were in the age group
of 25 to 30 years. Institute ethical committee approval
was obtained before the recruitment of subjects.

Task design

Subjects were scanned while performing modified face
word Stroop task. Faces along with words were
presented as stimuli (Fig. 1). Words were written
across the face over the nose. Faces of five actors
and five politicians were presented. The faces, which
are readily identified by the subjects before the
procedure from the bank of faces, were only used in
the study. Words written over the faces were either
ACTOR or POLITICIAN. In task A there were
congruent and incongruent stimuli. In the congruent
task the category of the face matches with the written
words for example if the face belongs to an actor,
the words written across was ACTOR in case of
congruent  task  and POLITICIAN in  case o f
incongruent task. During face target trials (block A)
the subjects were instructed to respond whether the
face belongs to an actor or politician while ignoring
the written letters and press the respective response
button as quickly and correctly as possible. There

monitoring, working memory, conflict monitoring and
anticipatory activity, has also been shown to be
activated during such tasks (8, 9, 10, 11, 12, 13).
Conflict monitoring theory explains the activation
patterns shown by various studies (11). According
to this theory whenever there are two or more
competing information reach the response making
stage, the ACC becomes active and engage the
DLPFC to resolve such conflicts. The anterior
cingulate cortex acts as a conflict monitor and the
dorsolateral prefrontal cortex functions as the
cognitive control. DLPFC acts to resolve such conflict
by biasing the sensory information processing either
by amplification of the task relevant information or
inhibition of task irrelevant information or combination
of both (11, 14).

Banich and colleagues suggested that conflict
resolution could be due to handling of task irrelevant
information. By comparing two different versions of
St roop task ,  wh ich  has  same task  re levant
information and different irrelevant information, they
found that task irrelevant information is also
processed and not inhibited as suggested by conflict
monitoring theory. The explanation they offered was
the task irrelevant information is identified as irrelevant
and prevented from reaching the response making
substrates (15). By analyzing the conflict adaptation
effects in a face word Stroop task, Egner and Hirsch
found that the activity of bilateral fusiform face area
was increased on high control trials, which follows a
incongruent trial compared to low control trial which
followed a congruent trial. Since these changes in
level of activity of fusiform face area was only present
in trials where face is the target information but there
was no change in the activity of the fusiform area
when faces were distracters, Egner and Hirsch
suggested it as the evidence for amplification of task
relevant information (16).

To understand what happens to the task relevant
and irrelevant information processing during conflict
resolution, a paradigm must be made with stimuli
whose processing areas are known. In a face word
Stroop task there are two stimuli, namely faces and
words. Processing of visual word forms occur in the
posterior part of left fusiform gyrus known as Visual
Word Form Area (VWFA), which is evident from
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were task switching also in which the subject had to
respond to words and ignore the face and that is
termed as word target trials (block B). For acquiring
baseline activity blank, neutral faces and neutral
words were presented while the subject is passively
viewing them without making any response. Each
block (A and B) contained 22 trials each and single
trial was presented for duration of 1 second with a
variable inter stimuli interval of 4-6 seconds.

Image acquisition

Functional MRI studies were carried out using 1.5 T
MR imaging system (Magnetom Avanto, SIEMENS,
Germany). Whole brain T1 weighted anatomical base
images with 120 slices were acquired. T2* weighted
functional (BOLD) images were acquired using
gradient echo based- Echo planar imaging (GE-EPI)
sequence with 31 contiguous slices of thickness 4
mm, acquisition matrix of 64 × 64 and flip angle of
90o.

Image analysis

Pre, post- processing and statistical analysis of the
BOLD data were done using SPM 8 software

(Welcome Department of Cognitive Neurology,
London, UK) implemented in MATLAB 7.10 (The
Math works, Natick, USA). Functional MR images
were transformed in to a standard space, using
transformation parameters determined from the
anatomical image through an automatic non-linear
steoreotaxic normalization procedure. The template
image was based on average data provided by
Montreal Neurological institute (MNI template) and
conformed to standard coordinate referencing
system. Functional images were then spatially
smoothed using an isotropic Gaussian kernel
(5 mm full-width at half maximum). Design Matrix
was created with onset t ime and durat ion of
trials and baseline blocks incorporated in it. Event-
related changes in brain activity were estimated
by general linear model. Active regions for each
cognitive process were obtained by applying specific
contrast. Specif ic contrast results of subjects
were then grouped together and the significance
in-group analysis is assessed through one-way
ANOVA.

Results

The total number of subjects recruited in the study
was twenty-three with mean age 28.5±1.58 years.
Data of three subjects were not included in the image
analysis due to non-compliance. Nonetheless this
data were used behavioral analysis since we have
not correlated the imaging and behavioral results.
Paired t-test was applied to test any significant
difference in the reaction time for incongruent task
performance compared to congruent task. The
reaction time results are shown in the Fig. 2.
Incongruent trials in both Block A (word target)
and Block B (face target) had significantly higher
reaction time than the congruent trials of their
respective block. The mean reaction time (mean±S.D)
for the incongruent trials in word target condition is
729.4±71 ms and it is significantly higher (P<0.05,
paired t-test) than reaction time for congruent trials
(704.2±69 ms). The mean reaction time for the
incongruent trials of face target condition is 784.4
ms±104 and it is significantly (P<0.05, paired t-test)
higher than reaction time for congruent trials in the
word target that is 734.2±73 ms.

Fig. 1 : Schematic representation of stimuli and sequence of events
in a trial. Duration of events is reported in milliseconds
(ms) and Inter-stimulus Interval (ISI) is reported in seconds
(s). 22 trials were presented in each block.
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fMRI results

The group analysis results of the BOLD signals is
shown in the images (Fig. 3) and tabular format (Table
I to Table V) for various contrasts applied. The areas
which were significantly activated while subjects were
passively seeing of words were left fusiform gyrus
(BA37), bilateral inferior occipital, and left temporal
areas. The areas which were significantly activated
while the subjects were passively seeing the faces
were right inferior occipital and right anterior cingulate
gyrus. The right fusiform gyrus activation was only

Fig. 2 : Bar plot of reaction times (mean and SD) for Congruent (C) and Incongruent (IC) conditions in word target and in face
target. (*P<0.05 paired ‘t’ test). Incongruent trials had significantly higher reaction times than their respective congruent trials.

TABLE I : BOLD act ivat ion using group analysis (n=20)
during passive viewing of the words.

No. of Mean Hemisphere Area of Brodmann
voxels Z score & lobe activation area

178 4.20 Left temporal Fusiform gyrus BA 37
45 3.92 Left occipital Inferior Occipital BA 18

gyrus
51 3.41 Right occipital Inferior Occipital BA 17

gyrus
21 3.21 Left temporal Middle Temporal BA 21

gyrus
7 2.97 Left temporal Superior Temporal BA 21

gyrus
32 2.97 Right frontal Middle Frontal gyrus BA 9

1 voxel = 2*2*2 mm3.

TABLE II : BOLD act ivat ion using group analysis (n=20)
during passive viewing of the faces.

No. of Mean Hemisphere Area of Brodmann
voxels Z score & lobe activation area

211 3.20 Right occipital Inferior Occipital BA 18
gyrus

72 3.11 Right limbic Anterior Cingulate BA 33
gyrus

9 2.92 Left temporal Middle Temporal BA 21
gyrus

40 2.89 Right frontal Medial Frontal BA 10
gyrus

159 2.52* Right temporal Fusiform  gyrus BA 37

1 voxel = 2*2*2 mm3.

TABLE III : BOLD activation using group analysis (n=20)
for the contrast incongruent > congruent during
word target trials.

No. of Mean Hemisphere Area of Brodmann
voxels Z score & lobe activation area

215 3.21 Right frontal Medial Frontal BA 10
127 3.20 Left frontal Middle Frontal BA 46
65 2.91 Left frontal Superior Frontal BA 6
42 2.76 R/L limbic Anterior Cingulate BA 32
51 2.61 Left parietal Superior Parietal BA 7

1 voxel = 2*2*2 mm3.
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Fig. 3 : Depiction of group analysis superimposed on a subject's anatomical image at different saggital, coronal and horizontal
planes showing maximum activity. (A) Passive viewing of words (B) Passive viewing of faces (C) Word target
(congruent subtracted from Incongruent) (D) Face target (congruent subtracted from Incongruent). Height threshold
T = 2.602480 {P<0.01(unc.)} Extent threshold k = 5 voxels. The colour scale represents Z score.

TABLE V : BOLD activation using group analysis n=20) for
the contrast face target > word target.

No. of Mean Hemisphere Area of Brodmann
voxels Z score & lobe activation area

76 3.27 Right Occipito- Fusiform gyrus BA 18/37
temporal

18  3.00 Right Temporal Middle Temporal BA 21
gyrus

19  2.68 Left Occipital Inferior Occipital BA 39
gyrus

6  2.52 Left Limbic Cingulate Gyrus BA 24

1 voxel = 2*2*2 mm3.

TABLE IV : BOLD activation using group analysis (n=20)
for the contrast incongruent > congruent during
face target trials.

No. of Mean Hemisphere Area of Brodmann
voxels Z score & lobe activation area

63 4.25 Bilateral limbic Anterior cingulate BA 24
gyrus

14 3.28 Left frontal Middle Frontal BA 21
gyrus

66 3.19 Right temporal Fusiform gyrus BA 37
142 2.66 Right  occipital Inferior Occipital BA 18

gyrus
102 2.63 Right frontal Superior frontal BA 6

gyrus

1 voxel = 2*2*2 mm3.
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picked up when the threshold was lowered (P<0.05).
The areas which were significantly activated for the
contrast congruent subtracted from incongruent during
word target trials were the areas involved in conflict
resolution namely, bilateral prefrontal areas, anterior
cingulate gyrus and parietal area. The areas which
were significantly activated for the contrast congruent
subtracted from incongruent during word target trials
were, anterior cingulate gyrus and parietal area. The
areas which were significantly activated for the
contrast, word target subtracted from face target were
right fusiform gyrus, inferior occipital gyrus and
anterior cingulate gyrus.

Discussion

Behavioural data in our study showed significant
Stroop effect. Reaction time during incongruent trials
of both word target and face target were longer than
congruent trials. Word target trials had shorter
reaction time than the face target trials. Passive
viewing of words (Table I) increased the activity in
the VWFA. But during passive viewing of the faces
(Table II) there was no active focus in the fusiform
gyrus at P<0.01. Nonetheless decreasing the
significance to P<0.05 showed activation of 159
voxels in the right fusiform gyrus. So there was only
a small increase in the activity in the face fusiform
area while passively viewing the faces.To check the
BOLD activation due to Stroop conflict resolution we
applied the contrast congruent subtracted from
incongruent for both word target trials (Table III) and
face target trials (Table IV). The areas which were
identified previously to be involved in the Stroop
conflict resolution were activated. Frontal areas
corresponding to dorsolateral prefrontal cortex and
anterior cingulate cortex were activated in these
contrasts. In addition to the areas involved in Stroop
conflict resolution the face target trials showed an
increase in the activity in the FFA whereas the word
target trials did not show any increase in VWFA.

The following contrast also did not reveal significant
activation in the Left Fusiform gyrus (VWFA): Words
subtracted from Word target, Face target subtracted
from Word target, Words subtracted from Face target,
word target subtracted from face target, and Face
target subtracted from Word. These contrasts were

applied to find attention dependent change in the
level of activity in the VWFA. Passive viewing of
words elicited increase in the activity of VWFA. But
there was no significant difference in activity of VWFA
between passive viewing, word target and face target.
Whether the word is task relevant information or task
irrelevant information there was no significant change
in the word processing area activity. It can be
concluded that there is no bias in the processing of
words as target or distractors.

Activation in right fusiform gyrus (FFA) shows that
this region is more activated while performing
incongruent trial than a congruent trial. Results
(Table IV and Table V) suggest that there are
attention dependent changes in the level of activity
in the FFA. Contrasts showing significantly increased
activity in FFA at P<0.01 are Face target (congruent
subtracted from incongruent), word target subtracted
from face target and Face subtracted from Face
target. Contrasts that did not reveal active area in
the FFA at P<0.01 are Word target subtracted from
Face and Face subtracted from Word target.

FFA showed significant activation during face target
compared to passive viewing but there were no
difference between word target and passive viewing.
This shows that there is an amplification of face
processing when it is target but there is no evidence
for inhibition of processing of faces when it is task
irrelevant information. There is no signif icant
difference in the activity of FFA during passive viewing
of faces and faces act ing as task i r re levant
information. The amplification of face processing
during high attentional level during face target
trials was also reported by Egner and colleagues
(16). From our study it is evident that biasing
of sensory information processing during conflict
resolution depends upon the nature of sensory
input.

The results of our study could be explained in
accordance with the dual processing theory (20, 21).
According to this theory, processing of some stimuli
occurs without active control or attention by the
subject  and is cal led “automat ic processing”
nonetheless when stimuli processing is under control
and requires attention by the subject it is called
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“contro l led processing” .  Thus the words are
automatically processed and not biased by selective
attention process; hence the activity of the word
processing area did not show any attention dependent
changes in the present study. The face processing
and categorizing into actor or politician requires
controlled processing and is biased by selective
attention processes as shown by the increased
activity in the face processing area during face target
condition.

Conclusion

Biasing of sensory information processing during
selective attention occurs due to different mechanisms
depending upon the modality and processing of
sensory information. There may not be any biasing
for automatically processed information (e.g. Words),
but for information processed by controlled manner
(e.g. Faces) target amplification could be the possible
mechanism for selective attention.
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