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Introduction

The identification of the brain neural networks in the functioning 
performance has always been the subject of discussion in cogni-
tive neuroscience [1]. Cognitive control point to procedures un-

derpinning the capability to hold goal-directed behavior in the attendance 
of competing origin of information that extract different or conflicting 
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ABSTRACT
Background: Cognitive control of brain regions can be determined by the tasks 
involving the cognitive control such as the color word Stroop task. Stroop task define 
the reduction in function in incongruent condition, which requires more attention and 
control of competitive responses. 
Objective: The purpose of this study was to evaluate the activity of brain using 
the Modified Conflict Stroop Task in Military Personnel.
Material and Methods: In this applied experimental study, to specify the 
activity of different regions of brain in response to conflict Persian color-word Stroop 
task, 20 healthy persons participated in this study. To evaluate selective attention, 
the traditional color-word Stroop Task Model was modified, and the Stroop test was 
designed in high- and low-threat zones. We used functional magnetic resonance 
imaging (fMRI) to evaluate the brain activation during the Stroop task performance. 
The color-word Stroop task consists of incongruent, congruent, and neutral condi-
tions, and the subjects were requested to carefully choose the correct answer. 
Results: The mean response time was longer in incongruent condition 
(867.6±193.5ms) compared to congruent and neutral conditions. Analysis of neu-
roimaging data revealed that the brain conflict-related regions are activated by the 
Stroop interference. In incongruent trial, the superior frontal gyrus (SFG) and inferior 
frontal gyrus (IFG) showed the most active and stronger BOLD responses. In con-
gruent trials, the activation in the brain was less and had difference compared with 
incongruent trials.  
Conclusion: Our result offers that the frontal cortex and the anterior cingulate 
cortex are sensitive to different trials of Persian Stroop task. Using modified Stroop 
task, we determined the brain responses to the selective attention test.
Citation: Jalalvandi M, ZahediNiya M, Kargar J, Karimi SA, Sharini H, Goodarzi N. Brain Functional Mechanisms in Attentional Processing 
Following Modified Conflict Stroop Task. J Biomed Phys Eng. 2020;10(4):493-506. doi: 10.31661/jbpe.v0i0.2003-1084.
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responses. Also, cognitive processes are con-
trolled by several brain networks including 
the ventrolateral (VLPFC) and dorsolateral 
(DLPFC) prefrontal cortex, the posterior pa-
rietal, anterior cingulate (ACC) and premotor 
cortices, the cerebellum and the basal ganglia. 
Each of these parts of brain displays a degree 
of specialization during different steps of cog-
nitive control [2,3]. The (ACC) and (DLPFC) 
are involved in conflict processing [4]. In task-
relevant procedures, the VLPFC is involved in 
response performance [5]. 

Fast learning reactions a type of updating 
that is known as conflict conformity [4], in 
which a successful resolution of conflicting 
answer cues improvement of the effectiveness 
of resolving similar conflicts in the future [6]. 
One of the most important cognitive tasks is 
the Stroop Color or Word task, which is appar-
ently related to the brain attention processing 
[7]. The Stroop task is one of the most impor-
tant cognition tasks to find deficits in atten-
tional control processes such as inhibition and 
switching [8]. Stroop task is surely one of, if 
not just the most studied task in psychology 
and remains at the foundation of studies into 
human selective attention and cognitive con-
trol [9,10].

As a basic principle, the Stroop task shows 
that recognizing the ink-color of the words 
independent from the written color name (in-
congruent condition) is always more difficult 
than simply reading the names of color alone 
(congruent condition), which this event is 
called Stroop interference [11]. Stroop inter-
ference is specified by the slowed response to 
naming these incongruent words compared to 
congruent or neutral stimuli. Stroop facilita-
tion measures the speed of response to naming 
congruent words and incongruent stimuli [12]. 
Therefore, it is assumed that some attentional 
and cognitive functions such as interference 
resolution, response inhibition, and an indi-
vidual’s response speed can be evaluated by 
Stroop task [13]. 

Nowadays, advanced brain mapping meth-

ods have enabled us to understand the relation-
ship between the activation of different brain 
regions and cognition. Therefore, we are able 
to study the different parts of human brain in 
a wide range of activities [14,15]. Functional 
Magnetic Resonance Imaging (fMRI) is one 
of the best neuroimaging methods, which has 
the ability to identify the activity of brain re-
gions involved in different cognitive tasks 
[16,17]. In fMRI, the activation of different 
brain regions is measured by signal amplitude 
changes depending on blood-oxygenation-
level dependent (BOLD) contrast [18,19].

Studies conducted on the conflict monitor-
ing theory usually highlighted the role of 
the dorsolateral prefrontal cortex (DLPFC) 
and dorsal anterior cingulate cortex (ACC) 
in conflict processing [4]. Studies performed 
using electrophysiological and neuroimag-
ing techniques have shown the BOLD signal 
variations in both the ACC and DLPFC cortex 
[20-23]. However, these areas are not the only 
brain-active areas in conflict tasks, activation 
in the superior frontal gyrus (SFG), superior 
parietal lobe, and cerebellum that are recorded 
[24]. The current study aimed to evaluate the 
brain activation in correlation with behavioral 
response following Stroop Task.

Monitoring brain hemodynamic changes 
in response to selective attention stimuli and 
identifying different areas of the brain, play 
important roles in promoting and enhancing 
the focusing techniques by considering and 
following selective attention stimuli. People’s 
attention and accuracy are closely linked to 
job performance, especially when one needs 
to perform accurate, error-free, and fast. Ac-
cordingly, this connection is much livelier for 
those who work in military units because the 
experiences belonged to numerous humans in 
wars throughout history have shown that one 
of the key factors in the success of military 
units in battlefields is the presence of staff with 
high mental readiness [25].

Researchers proposed a hypothetical that 
military personnel require low time for cogni-
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tive processing of external stimulus enhanced 
reaction precision rate compared to ordinary 
people. The present study was aimed to evalu-
ate the brain activity in correlation with be-
havioral reaction following Stroop Task in 
military personnel. If this hypothesis is prov-
en, it can be said that interventional tactics to 
increase the psychological wellbeing of mili-
tary personnel can be performed to improve 
combat mission performance.

Material and Methods
This applied experimental study aimed to 

evaluate the brain activation in correlation 
with behavioral response following Stroop 
Task among military personnel. In this applied 
research, the fMRI data were analyzed using 
GLM to detect the activation of brain regions 
correlated to behavioral response following 
Stroop Task in military personnel. Before de-
scribing these methods, we should describe the 
appropriate model structure more particularly. 
In this study, we focused on several regions of 
the brain cortex related to selective attention.

Participants
20 healthy men (mean age 28.2±2.54 years 

old) were chosen for this study, which was ap-
proved by the Aja University of Medical Sci-
ences Human Ethics Committee. All subjects 
were right-handed and attentively screened 
for no history of neurological, psychiatric, and 
visual or substance abuse disorders. Partici-
pants were all native Persian speakers. A writ-
ten informed agreement was taken from all 
participants. The protocol of the human study 
was approved by the Local Ethics Committee 
of AJAUMS (approval number: IR.AJAUMS.
REC.1398.258).

Stroop task
Traditional patterns of Stroop task were per-

formed to evaluate automated and controlled 
processing of attention stimuli, which require 
the tester to make little effort to respond to the 
test. In this study, to fully simulate the work 

environment, and also to more accurately as-
sess the selective attention of military person-
nel, the patterns of Stroop Task were modified 
to simulate the work environment of military 
personnel. For this purpose, the color-word 
Stroop pattern was displayed in a simulated 
military environment context. As a result, 
military personnel need more attention and ef-
fort to choose the right answer. The modified 
pattern was randomly rendered to simulate 
the work environment of military personnel 
in color-word Stroop in two different contexts 
as follows: high- and low-threat zones. Re-
garding, low-threat zones display peace back-
ground images, and high-threat zones back-
grounds display war situations, and people 
were asked to select the right answer in all 3 
modes of incongruent, congruent, and neutral.

Participants executed the color-word Stroop 
task consist of incongruent, congruent, and 
neutral trials while in the MRI scanner. Also, 
the subjects were trained to deny the meaning 
of the printed word and just answer to ink color 
of the printed word. In congruent trial, the sub-
jects observed a series of Persian color names 
mean ‘(blue)’, ‘(green)’, ‘(red)’ and (yellow) 
were shown in the ink colors blue, green, red, 
and yellow respectively. In this trial, the need 
to attention was low because the color of the 
ink matched the meaning of the word written, 
so the response conflict was at least.

In incongruent trial, printed words were dif-
ferent from their ink colors, so that the partici-
pants were asked to check the color of ink in-
dependent from the written color name, which 
led to color name and color word interference 
(e.g., the word “Blue” was printed in Yellow 
ink).

This trial evoked conflict because answering 
corresponds to the printed word would lead to 
a wrong answer. As a result, the need to atten-
tion was high and subjects needed to prevent 
the primary response of reading the word and 
answering according to the ink color in which 
the word was printed (Figure 1). 

In this study, we used 8 block Stroop tasks, 
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each block included 15 trials. A total of 120 
trials (60 trials in low threat zones and 60 trials 
in high threat zones) randomly were showed 
to each volunteer (40 incongruent, 40 neutral, 
40 congruent). The time interval between each 
block was 15 second. Before fMRI measure-
ments, all volunteers performed both congru-
ent and incongruent trial several times, for the 
reason of verifying their correct understanding 
of the conflict Stroop task paradigm by the test 
designers. The interstimulus interval between 
different trials was between 1.5-4 second, each 
trial was shown for 2s.

Image acquisition
The fMRI data were obtained using a 3Tes-

la Magnetic Resonance Imaging (Siemens, 
MAGNETOM Prisma) System with a stan-
dard 20 channel head coil. A high resolution 
T1-weighted image of brain was derived for 
all subjects consisting of 176 continuous slices 
with a MPRAGE sequence (TR= 2300 ms, TE 
=2.97 ms, field of view =259 mm, acquisition 
matrix =256 × 256, voxel size = 1 mm3).

The EPI (echo planar imaging) sequence was 
executed with an echo time (TE) of 20 ms and 
a repetition time (TR) of 1500 ms and with 90° 
flip angle. 30 continues slices (3.2 mm × 3.2 
mm × 4 mm) were collected.

Behavioral analysis
Response times (RT) for correct answers 

were calculated for each subject in all condi-
tions. Response times were calculated as the 
time between the start of onset and key press 
(in milliseconds). All behavioral analyses 
were limited to accurate responses. To do Be-
havioral analysis, an ANOVA test was used at 
a significance level of 5%.

fMRI Data Analysis
Functional collected data obtained from 

MRI Scanner were processed and then ana-
lyzed with the SPM12 toolbox (http://www.fil.
ion.ucl.ac.uk/spm/software/spm12), running 
on MATLAB 2016a. Pre-processing steps in-
cluded the following: Field map correction, 
co-registration of functional and anatomical 
scans, realignment, segmentation, normaliza-
tion, and smoothing. In the first step, we used 
field map correction toolbox to accurate the 
signal changes because of non-uniformity in 
the magnetic field of MRI scanner. The purpose 
of realignment step was to remove movement 
artefact in fMRI data, in this step, all volumes 
of fMRI data were spatially realigned to the 
first volume of fMRI series. In the co-registra-
tion step, unwrapped mean fMRI echo planar 
images were co-registered to the anatomical 
image (T1 weighted images). In normaliza-
tion step, co-registration images were normal-
ized with the Montreal Neurological Institute 
(MNI) atlas, and in smoothing step, we used 
Gaussian kernel with a specified width.

Figure 1: Samples of the different trials of Persian version of conflict Stroop Task. (a) Low- threat 
zones, (b) High-threat zones.
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Brain activations were estimated by SPM12 
toolbox. Analysis was executed at two levels 
as follows: first level and group level analy-
ses. In the first level analysis, the maps of 
brain neural activation for each person were 
obtained using a linear multiple regression 
model with 3 event-related regressors (one for 
each condition containing: congruent, incon-
gruent, and neutral). In the group analysis for 
calculation of the similarity and dissimilarity 
among the subject’s data, we could investigate 
brain activity patterns related to different con-
ditions. We used p = 0.001 to limit the number 
of false positive voxels.

General Linear Model (GLM) and 
fMRI Data

The General Linear Model (GLM) is a pow-
erful method for fMRI data analysis, and it 
was used to compute the amount of activity 
variation in different conditions. 

GLM has the ability to integrate multiple 
qualitative and quantitative independent fac-
tors and can be expressed using the Equation 
form containing: Predictors, Parameters, and 
Error [24].

Y=X.β+ε

Observed=Predictors×Parameters+Error 
y: Voxel time series
X: Predictors
B: Beta values
ε: residuals 
In this equation, X demonstrates the design 

matrix containing the predictor time series. 
The beta values indicate differences in brain 
activity of different regions relative to the 
modeled baseline signal [26].

Results

(a) Behavioral Results
The mean RT for the neutral condition was 

(777.6±154.1ms), and for the congruent con-
dition it was (734.5±121.8ms). The mean re-
sponse times in neutral and congruent con-
ditions were shorter than the incongruent 
condition (867.6±193.5ms). In incongruent 
conditions, the average errors were 3%, and in 
congruent conditions the average errors were 
2% (Figure 2).

(b) fMRI Data Analysis Result
To extract different brain regions associat-

ed with the response incongruency stimulus, 

Figure 2: Behavioral response time during the conflict Stroop task. Results of data analysis show 
that response times (RTs) for precise incongruent conditions were slower compared with neu-
tral conditions, while RTs for congruent conditions were faster compared with neutral condi-
tions.

497



J Biomed Phys Eng 2020; 10(4)

Jalalvandi M., ZahediNiya M., Kargar J. et al

a random effect analysis was performed and 
identified the brain regions that respond to the 
incongruent and congruent conditions com-
pared with neutral conditions. This contrast 
was executed to extract different brain parts 
that are selectively responsive to incongruent 
stimulus. 

Several different areas and different brain re-
gions related to task special reactions during 
incongruent trials compared with neutral trials 
were activated (Figure 3 and Table 1). Superi-
or frontal gyrus (NVox =232, t_value = 5.6058), 
one of the brain regions, shows a large cluster 
of activated voxels that had a powerful BOLD 
response during incongruent conditions. Our 
data analysis of incongruent conditions in-
dicated that other different brain areas were 
also activated such as bilateral middle frontal 
gyrus(MFG), right cingulate gyrus, bilateral 
inferior Frontal gyrus(IFG), and other differ-

ent brain parts indicated in Table 1.
A whole brain group analysis in congruent 

trials compared to neutral trials indicated that 
different parts of brain were activated. Our 
extracted brain activation maps of congruent 
trials show the middle temporal gyrus (NVox 
= 71, t_value = -4.5693) had a large number 
of activated voxels compared to other brain 
regions. In addition to the middle temporal 
gyrus(MTG), other areas in the brain also re-
spond to the congruent trials such as bilateral 
middle frontal gyrus(MFG), superior temporal 
gyrus, and other different brain parts indicated 
in Figure 4 and Table 2.

Comparison of brain activation 
patterns in incongruent and con-
gruent trials

fMRI data analysis results show that activa-
tion maps were wider and more areas of the 

Figure 3: Brain activation maps for conflict Stroop task obtained from SPM 12. Brain activation 
maps displaying voxels with different BOLD responses to cue incongruent trials (incongruent vs. 
neutral trials) in distinct regions of brain.
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ROI BA NVOX MNI Coordinates (x, y, z) Peak t
R_superior frontal gyrus 11 232 9 20 62 5.6058
L_middle frontal gyrus 46 132 -45 20 26 7.7673
R_middle frontal gyrus 9 107 45 17 29 5.6251
Precuneus 7 28 -3 -70 44 3.6713
R_cingulate gyrus 6,32 26 3 -19 26 5.408
R_middle temporal gyrus 21 37 48 -25 -7 4.1446
R_superior temporal gyrus 22 56 57 -49 20 4.8018
R_inferior parietal lobule 39 109 36 -43 38 5.1916
L_inferior parietal lobule 39 113 -33 -49 38 4.9788
R_inferior frontal gyrus 45 221 33 23 5 8.2679
L_inferior frontal gyrus 47 191 -33 26 -1 5.9711
L_supramarginal gyrus 40 58 -60 -49 32 4.9704

Note: right (R) or left (L) brain hemisphere; BA: Brodmann area; voxels: number of activated voxels in a cluster, 
only clusters 20 voxels or greater; MNI Coordinates (x, y, z): X, Y, Z in MNI Atlas; Peak t values from a t-test of 
the peak voxel (displaying the greatest statistical difference within a cluster).

Table 1: Brain cortical activations in incongruent trial compared with neutral trials (incongruent 
> neutral). 

Figure 4: Brain activation maps for conflict Stroop task obtained from SPM 12. Brain activation 
maps displaying voxels with different BOLD responses to cue congruent trials (congruent vs. 
neutral trials) in distinct regions of brain.
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brain were activated in incongruent conditions 
compared to congruent conditions in incon-
gruent trials. By comparing the incongruent 
conditions with the congruent conditions, in 
the inferior frontal gyrus (NVox = 91, t_value 
= 7.9019) more pixels were activated, and the 
activations maps were completely separated 
and differed. In incongruent trials, more brain 
regions were activated compared to the con-
gruent trials such as bilateral middle frontal 
gyrus, medial frontal gyrus, and other differ-
ent brain parts indicated in Figure 5 and Table 
3. Figure 6 shows 3D patterns of the activa-
tion maps in incongruent and congruent condi-
tions.

Discussion
In the present study, we used a cognition 

block design fMRI task to recognize differ-
ent parts of the brain involved in the stimulus 
incongruency. In this research, we used fMRI 
imaging device to indicate the brain responses 
to the conflict Stroop task. Statistical para-
metric Mapping (SPM) analysis demonstrated 
that concentration changes in BOLD respons-
es of differential brain regions were extracted 
during the conflict Stroop interference. The 
results of this study demonstrate different acti-
vation maps in several brain regions. 

The main goal of the current study was to 

evaluate the differences in functional process-
es underlying the incongruent and the congru-
ent effects. We found that various brain areas 
such as the superior frontal gyrus and inferior 
frontal gyrus were powerfully activated by the 
incongruent test. We found that the prefrontal 
cortex and particularly the cingulate gyrus, su-
pramarginal gyrus, and inferior frontal gyrus 
were more sensitive to the incongruent effect, 
and these regions were not activated in con-
gruent trials.

Selective attention mention to the ability to 
directly process of information changes when 
exposed to particular objects, spacial locations, 
and executive functions, which can be usually 
defined as a process that guides thoughts and 
actions. A bunch of stimulus-response execu-
tive functions was used to measure selective 
attention. These executable functions include 
Stroop tests. The Stroop test is a good test for 
assessing the attention because it measures the 
selective focus, accuracy, and attention in re-
sponse to the stimulus in a short time. 

On the other hand, identifying the ability 
to distinguish between high significant levels 
and low significant levels of tasks is essential 
to identify and prevent inefficiencies during 
for example operations (including military 
operations), piloting, driving. One of the most 
important research applications in that field is 

ROI BA NVOX MNI Coordinates (x, y, z) Peak t
L_middle frontal gyrus 46 58 -30 17 38 3.8547
R_ middle frontal gyrus 46 44 30 8 44 4.0522
R_ superior frontal gyrus 11 36 27 32 53 3.775
L_ superior temporal gyrus 22 32 -63 -31 11 -4.5853
R_parahippocampa gyrus 36 59 36 -28 -19 -4.2487
R_middle temporal gyrus 21 71 54 -37 -16 4.5693
L_middle temporal gyrus 21 47 -36 -70 23 -3.6633

Note: right (R) or left (L) brain hemisphere; BA: Brodmann area; voxels: number of activated voxels in a cluster, 
only clusters 20 voxels or greater; MNI Coordinates (x, y, z): X, Y, Z in MNI Atlas; Peak t values from a t-test of 
the peak voxel (displaying the greatest statistical difference within a cluster).

Table 2: Brain cortical activations in incongruent trial compared with neutral trials (congruent 
> neutral). 
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in the aviation industry and in the safety of au-
topilot flights, which has also been addressed 
by the US Department of Defense. This is also 

more important in astronauts [27]. 
Emotional control and attention retention 

in specific situations, especially in the opera-

Brain Functional Mechanism in Attentional Processing

ROI BA NVOX MNI Coordinates (x, y, z) Peak t
R_inferior frontal gyrus 45 91 30 23 8 7.9019
L_inferior frontal gyrus 47 59 -45 17 2 5.7292
R_medial frontal gyrus 8 28 6 47 -13 -5.8217
R_superior temporal gyrus 22 34 63 -46 17 5.4732
L_middle frontal gyrus 46 46 -39 2 41 4.7572
R_middle frontal gyrus 9 31 45 20 26 6.0435

Note: right (R) or left (L) brain hemisphere; BA: Brodmann area; voxels: number of activated voxels in a cluster, 
only clusters 20 voxels or greater; MNI Coordinates (x, y, z): X, Y, Z in MNI Atlas; Peak t values from a t-test of 
the peak voxel (displaying the greatest statistical difference within a cluster).

Table 3: Brain cortical activations in incongruent trial compared with neutral trials (incongruent 
> congruent). 

Figure 5: Brain activation maps for conflict Stroop task obtained from SPM 12. Differential brain 
activation maps displaying voxels with BOLD responses to cue incongruent trials compared with 
congruent trials in distinct regions of brain. This activation map shows pure brain activity ob-
tained from the differences in incongruent conditions than to the congruent conditions.
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tional and military forces, and those who re-
quire a high level of attention to perform their 
duties are important subjects in military and 
psychological studies, as Perth et al. found in 
their study sponsored by the US Army. They 
examined selective attention among differ-
ent people [28]. In general, the occurrence of 
neural activity in the brain is associated with 
different and complex physiological activi-
ties, which some of these processes cause alter 
physical parameters. 

Overall, it can be stated that by measuring 
some of the secondary changes caused by neu-
ral activity, it is possible to infer the activity 
and its location. Studying and determining the 
patterns of brain activities can be an effective 
tool for assessing the cognitive status, and in 
particular, identifying the high and low levels 
of task participation. The use of stimulus-re-
sponse tests (such as Stroop) allows for the as-
sessment of selective attention (in which one 
must give the stimulus a correct and correct 
response), and with these tests, it is possible to 
examine the changes in neural activity. fMRI 
provides many details on physiological and 
functional properties, and imaging using func-
tional magnetic resonance imaging provides a 
unique opportunity to examine concentration 

changes within the small vascular space with 
high spatial resolution. fMRI has been widely 
applied for studying the brain activity because 
of its high spatial resolution, noninvasiveness, 
and high signal-to-noise ratio, and also this 
method reflects brain activity imaging. Also, 
fMRI allows for depth imaging of brain tis-
sue, which has been proven as a useful tool for 
clinic and out-of-clinic applications. Nowa-
days, Functional magnetic resonance imag-
ing is widely used to evaluate visual, auditory, 
motor, and cognitive stimuli [29].

Our behavioral data analysis displayed that 
response times (RTs) were slower in incongru-
ent trials compared to neutral and congruent 
trials, which indicate the expected conflict 
Stroop effect. This analysis indicated that pro-
longed activity for incongruent trials created 
a conflict in choosing the right answer, com-
pared to congruent stimuli. The BOLD acti-
vation maps for different Stroop conditions 
demonstrated the maximum activity in the 
prefrontal cortex, which is in accordance with 
previous studies [30,31].

The different brain regions were activated 
by incongruent and congruent trials, which 
demonstrated that these two kinds of trials 
have various underlying mechanisms [32]. In 

Jalalvandi M., ZahediNiya M., Kargar J. et al

Figure 6: 3D patterns showing the activation maps in Incongruent and congruent conditions. a) 
Brain activations patterns in incongruent trials. b) Brain activations patterns in congruent trials. 
These 3D patterns show the different brain activations maps in two conditions (incongruent and 
congruent).
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incongruent trials, more regions of the brain 
were activated compared to congruent trials. 
Many of these areas were identified in previ-
ous studies as those involved in incongruency 
processes in the Stroop task [33]. The right 
superior frontal gyrus (BA11) and the right 
inferior frontal gyrus (BA45) are prefrontal 
brain regions that were generally activated by 
the incongruent trials (see Table 1). Our data 
results demonstrate that the prefrontal region 
plays a significant role in cognitive processes 
during both congruent and incongruent trials. 
Results of previous studies and the current 
study consistently showed that the prefrontal 
cortex is more necessary for cognitive control, 
and the brain prefrontal cortical parts may be 
involved in conflict processes [34-36].

The focal cortical brain regions associated 
with the Stroop Color–Word test are not fully 
identified. Stroop Color–Word test needs the 
ability to actively inhibit an overlearned re-
action in favor of a more voluntary response 
and it is extensively used as an indicator of 
attention and executive control. In our work, 
we showed that Stroop Color–Word test pro-
duces response latency, and we found that this 
paradigm activates different prefrontal areas, 
including the superior frontal gyrus, the left 
inferior frontal gyrus (BA 9) and bilateral mid-
dle frontal gyrus (BA 9).

Imaging studies provided the first evidence 
for anterior cingulate cortex (ACC) contribu-
tion during the Stroop interference subtest. 
Pardo et al. using positron emission tomog-
raphy (PET), stated the elevation of regional 
cerebral blood flow (rCBF) of the ACC during 
the Stroop attentional conflict paradigm [37]. 
Peterson et al. used fMRI to examine Stroop 
performance in healthy subjects during incon-
gruent and congruent trials with procedures 
nearly similar to our work. They found some 
evidence for cingulate subregions contribution 
to this task [38]. Moreover, imaging studies in-
dicated the increased signal intensity within the 
prefrontal regions as well as ACC in answer to 
spatial working memory challenge paradigms 

[39]. Results from our work show that signifi-
cant variations in signal intensity are present 
in the bilateral middle frontal gyrus, superior 
frontal gyrus, and the left inferior frontal gyrus 
of subjects when the interference trials of the 
Stroop Color Word Test are compared to base-
line states. The results of our study show fur-
ther evidence that, in addition to the cingulate 
cortex, frontal regions also play an essential 
role in this task. Newly, studies on the visual 
word recognition proposed that there are some 
distinctions between alphabetic systems (e.g., 
English) and ideographic systems (e.g., Chi-
nese and maybe Persian) [40]. 

By comparing these findings with previous 
findings, it seems that Persian (Farsi) Stroop 
interference has a consistent time courses and 
had a topographical map over frontocentral 
scalp parts. During performing the Stroop test 
of color naming of Persian characters, despite 
an intentional effort on the subject’s part to at-
tend to the ink color of words; the informa-
tion of color and meaning will inevitably bring 
about conflict in the incongruent trial, due 
to the automation of the processing of word 
meaning. Then, the activity of the ACC or FC 
is required to control the irrelative information 
inference (semantic information) and make 
the right judgment in terms of the information 
of color.

Superior frontal gyrus, one of the brain re-
gions, showed a large cluster of activated vox-
els that had powerful BOLD responses during 
incongruent conditions. Superior frontal gyrus 
is specified by a dense layer II that is under-
standably separated from layer III. Layer III 
consists of medium and large pyramidal cells, 
as well as very large and dark stained pyrami-
dal neurons that occupy the lower part of this 
layer [41]. The superior frontal gyrus (SFG) is 
thought to contribute to higher cognitive func-
tions and especially to working memory [42]. 
In the frontal and prefrontal cortex, neurons 
responsive to visual, somatosensory, auditory, 
and olfactory stimuli have been shown. How-
ever, combined behavioral and neurophysi-
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ological researches have shown that responses 
can considerably vary with the behavioral im-
portance of the stimulus [43].

Complex stimuli have a longer response 
time than simple stimuli because they are 
more difficult to initiate in response, which 
can increase the effectiveness of the psycho-
logical inactivity period. Accordingly, it is im-
portant in military missions this time, as well 
as the incongruous state of the Stroop effect 
increases the complexity of the military stim-
ulus analysis process, because the relevant 
stimuli are identified among the factors that 
cause distraction. In this study, we attempted 
to evaluate the control attention using a task 
that is close to the military environment and 
Iranian conditions. In fact, this study is a cre-
ative study using Persian and condition-com-
patible Stroop test, and given these conditions, 
it is likely that the results will be more realistic 
than ordinary Task and more realistic evalua-
tion will be achieved, because additional Task 
in a virtual environment may require addition-
al cognitive needs than traditional versions of 
neuropsychological evaluations. 

In this study, we examined the results of ac-
tivity analyzes of different brain regions to as-
sess the effects of low and high threat zones 
on people’s attention. But no significant differ-
ence was found between the two conditions in 
the military subjects. This result was probably 
because most of the military’s attention was 
focused on Stroop’s Task and little attention 
was paid to environmental conditions. The re-
sults indicate the need for further studies us-
ing more advanced tasks such as virtual reality 
tasks.

Conclusion
In the present study, we attempted to deter-

mine the brain activity and the brain cortical 
regions differentially of military officers that 
were activated by the Persian Stroop test and 
the current study is the developmental fMRI 
study of the color–word Stroop test. Specifi-
cally, we examined this hypothesis that differ-

ent mechanisms involved in the different inter-
ference types of Stroop task.

Our results showed that, specifically, activ-
ity in the frontal cortex and the anterior cin-
gulate increased during Stroop task. The ac-
tivation patterns were different in congruent 
and incongruent conditions, and these results 
offer that congruent and incongruent trials can 
be attributed to different behavioral and neu-
ral mechanisms. The current findings show 
that response time for cognitive processing 
of external information (incongruent condi-
tions), was longer than neutral and congruent 
conditions, which indicates that the brain’s 
processing speed is slower in complex states 
than in simpler states. Based on the current 
study results, we proposed the application of 
the Persian color-word Stroop task for ex-
amining individual differences in cognitive 
control among military officers. This research 
provided the fMRI entry point for assessing 
military readiness, including attention. It is 
recommended that such studies should be per-
formed in other psychological tasks, including 
Flanker.
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