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Introduction

The exploration of brain neural correlates in executive functioning 
has always been the subject of discussion in cognitive neurosci-
ence [1]. One of the most common cognitive tests examining the 
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ABSTRACT
Background: The Stroop test is a well-known model to denote the decline in 
performance under the incongruent condition, which requires selective attention and 
control of competitive responses. Functional near-infrared spectroscopy can identify 
activated brain regions associated with the Stroop interference effect.
Objective: This research aims to identify the neural correlates associated with 
the Stroop tasks within the brain activated regions.
Materials and Methods: In this cross sectional study, twelve right-handed 
healthy controls were investigated by means of a multi-channels fNIRS unit dur-
ing the execution of the Stroop test. Effective connectivity changes in the prefrontal 
cortex between Stroop attentional conflict and rest states were calculated using DCM 
approach to investigate (1) areas known for selective attention and (2) analyze inter-
network functional connectivity strength (FCS) by selecting several brain functional 
networks. 
Results: The results indicated that an increased activity was recorded in the 
LDLPFC during incongruent condition, while under neutral condition, the increase 
in activity was even more pronounced in those areas. Effect of Stroop interference 
associated with significant consistent causes an increase in the RDLPFC to DMPFC, 
LDLPFC to DMPFC and LDLPFC to RPFC effective connectivity strengths.
Conclusion: This study showed the use of DCM algorithm for fNIRS data with 
respect to fMRI has provided additional information about the directional connectivi-
ty and causal interactions in LPFC networks during a conflict processing. Eventually, 
high temporal resolution fNIRS can be a promising tool for monitoring functional 
brain activation under the cognitive paradigms in neurological research and psycho-
therapy applications.
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Interference Effect Related to Stroop Stimulation: Using Dynamic Causal Modeling of Effective Connectivity in Functional Near-Infrared 
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field of the executive functions is the Stroop 
Color and Word test, which is specifically re-
lated to the semantic conflict processing [2]. 
As a basic principle, this test demonstrates that 
reading the ink-color of the words indepen-
dently of the written color name (incongruent 
condition) is always more difficult than simply 
reading the names of color alone (congruent 
condition) [3, 4]. This phenomenon is called 
Stroop interference, requiring the inhibitions 
of competitive responses [5]. Hence, some 
attentional executive function mechanisms, 
such as interference resolution, response inhi-
bition and individual’s processing speed can 
be investigated with Stroop test [6].

As a result of advanced brain mapping tech-
niques, recently, significant advancements 
have been made in understanding the relation-
ship between the activation of brain regions 
and cognition. Therefore, cognitive scientists 
have been able to study the human brain in a 
wide range of actions, from perception to high-
er mental activities [7, 8]. A wide variety of 
existing brain functional imaging techniques 
can provide different measurements of the 
neural connections in cognitive processes, for 
example, magnetoencephalography (MEG) 
and electroencephalography (EEG) methods 
record signals related to brain neural activity. 
While other methods, such as functional mag-
netic resonance imaging (fMRI) and positron 
emission tomography (PET) measure regional 
cerebral blood flow and blood-oxygenation 
level dependent (BOLD) signal [9-11]. These 
advanced approaches are applied in different 
research domains of cognitive neuroscience 
for exploring brain functions such as attention 
and concentration. Although above imaging 
methods have determined neural connections 
of the Stroop interference and reported activ-
ity in the regions of relevant cerebral cortex, 
there have been still some disadvantages, such 
as the low temporal resolution (fMRI, PET), 
low signal-to-noise ratios (EEG), lack of ap-
propriate spatial resolution (PET, EEG) and 
high sensitivity to motion artifacts (fMRI, 

EEG), non-portability (MEG, FMRI and PET) 
[12, 13]. 

Over the past two decades, the use of func-
tional near-infrared spectroscopy (fNIRS) in 
the fields of cognitive neuroscience and psy-
chological studies has created new opportuni-
ties for investigating oxygenation changes and 
the hemodynamics of cerebral activated re-
gions during the execution of cognitive func-
tions [14, 15].

Some fNIRS investigations focus on identi-
fying the brain areas that are specifically ac-
tivated during the Stroop interface condition 
in healthy adults. For instance, it was shown 
that the interference during the incongruent 
condition of a color–word matching Stroop 
test leads to bilateral brain activity in the pre-
frontal cortex (PFC) [16]. Furthermore, the 
increase of oxy-hemoglobin and the decrease 
of deoxy-hemoglobin concentrations are oc-
curred at positions over the lateral prefrontal 
cortex, which are significantly higher in the 
incongruent compared to neutral conditions 
[17]. Another study indicates significant oxy-
hemoglobin signal increases association with 
the Stroop interference in the lateral prefrontal 
cortex (LPFC), including the left frontopolar 
area (FPA), anterior ventromedial prefrontal 
cortex (VLPFC), and bilateral DLPFC [18]. 
Besides, a greater motor cortex activation was 
reported in the hemisphere ipsilateral regard-
ing to the response hand in the Stroop interfer-
ence effect during the hemodynamic response 
[19]. 

With brain fNIRS, cognitive researchers 
started to not only locate brain-activated ar-
eas for a specific cognitive function, but also 
consider the relationship between neural acti-
vation patterns of anatomically separated re-
gions during a mental activity. According to 
the above definition, functional connectivity 
(FC) as a statistical concept determines the 
regions belonging to the same functional net-
work, only when their activation time course 
is correlated with each other [20]. However, 
FC assessments do not provide information 
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about the directionality and causality underly-
ing brain functional interactions. It has been 
suggested that an effective connectivity (EC) 
approach can provide a more meaningful in-
terpretation of information flow through neural 
network, but the causal influences of one neu-
ral unit over another has been still unknown 
[21]. A more precise method to estimate EC 
is proposed by Dynamic Causal Modeling 
(DCM), which describes the dynamic nature 
of interactions between hidden neuronal net-
work nodes [22]. 

Initially, DCM has been developed and 
widely used in the field of fMRI, but recently 
the DCM approach has also extended to fNIRS 
modality [23, 24]. In this study, fNIRS is used 
to acquire cortical hemodynamic signals from 
healthy controls to investigate effective con-
nectivity patterns among cortex activated ar-
eas involved in Stroop interference effect. This 
work is mainly based on the use of DCM algo-
rithm to evaluate fNIRS data through interac-
tions between hidden neural states, whenever 
a person has been trying to focus on selective 
attention in Stroop conflict processing. The 
results of this research can help to improve 
the understanding of the brain in the response 
conflict caused by Stroop interference effect.

Material and Methods

Participants
In this cross sectional study, twelve healthy 

subjects, including five women (21–35 years), 
and seven men (20–30 years), from Iranian 
National Brain Mapping Lab participated in 
this study. The following criteria were con-
sidered for all participants: (1) native speaker 
of Persian (2) normal vision or corrected-
to-normal vision (3) normal color vision (4) 
without any history of neurological or psychi-
atric disorders (5) not taking any medication 
at the time of testing. The ethics committee of 
Tehran University of Medical Sciences (Iran) 
reviewed and approved the research proto-
col (Ethical Committee Approval Code: IR. 

TUMS .MEDICINE.REC.1395.1018). The 
protocol was in accordance to the Declaration 
of Helsinki. Before participating in the study, 
all participants provided written informed con-
sent after explaining experimental procedures.

fNIRS Data acquisition 
A multi-channel, continuous wave, fNIRS 

system (Oxymoron Artinis) was utilized to 
monitor prefrontal hemodynamic responses 
during the performance of Stroop task. This 
device consists of NIR light emitting diodes 
(760 nm and 850 nm) and photodiode detec-
tors, measuring fNIRS signals with a sampling 
rate of 10 Hz. In our experiment, an 8-channel 
symmetrically configured setup was applied 
with 4 channels for each forehead side. Each 
side consists of two light emitters and signal 
detectors that provided four emitters-detectors 
pairs with 30 mm distance between them. 
Penetration depth into the cerebral cortex is 
approximately 2 cm. fNIRS sensor arrays lo-
cations in which were defined on the basis of 
both the Brodmann and Montreal Neurologi-
cal Institute (MNI) atlases displayed in Figure 
1. The MNI coordinates of recording elec-
trodes during Stroop task are also illastrated 
in Table 1.

Stroop task
The classical Stroop color and word task 

were conducted in three conditions, which 
were generated in the middle of a 19-inch 
computer screen 70 cm in front of the sub-
ject. The computer also controlled displaying 
the tasks and recording the responses of the 
participants. Subjects were asked to have a re-
sponse by pressing right and left arrow keys 
with the ring (Yes-response) and index (No-re-
sponse) fingers of the right hand. In congruent 
trial, participants were presented as the series 
of four Persian color names in a black back-
ground (mean “red”, “yellow”, “blue” and 
“green”, respectively) and they were asked to 
read the names of the written color indepen-
dent of the ink (e.g. reading a “red” written 
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with a color other than red). In incongruent 
trial, conflict colors-words was used as stimu-
li, so that the participants were asked to check 
and agree/disagree if the ink color, which is 
independent of the written color name, is same 
as the white written word below or not, which 
led to color name and color word interference. 
During neutral trial, two rows of printed let-
ters were displayed. In the top row, “XXXX” 
was printed in blue, red, green and yellow and 
in the bottom row, the white printed of color 
words, including (blue)’, (red)’, (green)’ and 

(yellow)’ were considered (Figure 2). Prior to 
each task conditions, there was a baseline or 
resting period of 20 seconds (black screen).

The Stroop task procedure consists of 15 
blocks of stimulation-and-resting condi-
tions sequentially presented on the computer 
screen. Within each block, 10 random Stroop 
trials were presented to the participants in 40 
seconds (Figure 3). Before fNIRS measure-
ments, all participants practiced a few trials 
of both congruent and incongruent tasks that 
the experiment organizers verified their cor-
rect understanding of the paradigm. Through-
out the performance of the Stroop task, fNIRS 
data were recorded continuously.

fNIRS Data Analysis
Initially, fNIRS raw data were pre-processed 

using a low-pass filter at a cut-off frequency of 
0.15 Hzto reduce the effects of noise produced 
by either movements or physiological factors 
(e.g. cardiac pulsation and respiratory fluctua-
tions). Then the brain areas with significant 
hemodynamic alterations were identified dur-
ing the course of the task and their related time 
series were extracted. Therefore, the concen-
tration changes of hemodynamic parameters 
[oxy-Hb, deoxy-Hb, and total Hb] relative to 
the baseline according to the modified Beer-
Lambert Law were determined. The mean sig-

Figure 1: Data acquisition and 3D topography of optode positions of prefrontal cortex related 
regions: (a) Superior view, (b) Coronal view, (c-d) Sagittal view of brain cortex.

Position in MNI ATLAS 
(x, y, z)

Optode 
Names

1 50.34 40.19 48.04 Rx2 - Tx1
2 33.74 36.92 67.17 Rx2 - Tx2
3 35.2 63.15 39.44 Rx1 - Tx1
4 17.12 59.31 57.98 Rx1 - Tx2
5 -52.98 27.57 58.07 Rx1 - Tx3
6 -63.76 30.82 38.37 Rx1 - Tx4
7 -42.51 46.65 53.51 Rx2 - Tx3
8 -53.39 52 31.01 Rx2 - Tx4

Table 1: MNI coordinates of recording elec-
trodes during the performance of Stroop 
task.
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nal intensity for the both baseline (20 s before 
the task) and vascular response (task period) 
were calculated for each subject and task. Dif-
ferences between the mean signal intensities 
of the baseline and the vascular response were 
considered as the task related to activation and 
compared between the neutral, congruent and 
incongruent conditions. The paired Student’s 
t-tests were carried out to determine the corti-
cal regions with significant activation for the 
three kinds of Stroop tasks. The significance 
level for statistical analysis of results was se-
lected at p-value=0.05.

Spatial mapping of cerebral hemodynamic 

activities, during the neutral and Stroop tasks, 
was created based on a standard statistical 
model, known as general linear model (GLM) 
[25, 26]. The GLM analysis has expanded to 
the fNIRS studies to identify cortical regions 
that are significantly activated during a given 
task. The GLM uses a hemodynamic response 
function (HRF) as a predictor of changes in 
the oxy-Hb and deoxy-Hb signals due to 
stimulation of work. The GLM analysis was 
performed in two levels: At the first level, 
matrixes of canonical HRF and its temporal 
and elements of dispersion derivatives were 
designed and at the second level, contrast im-

Figure 3: Stroop task timing sequence: the task includes 15 blocks and each block has 10 event 
related trial.

Figure 2: Samples of the three different conditions for Persian version of Stroop test: (a) neutral 
condition, (b) congruent condition and (c) incongruent condition.
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ages indicating congruent, incongruent and 
neutral versus baseline conditions were pro-
duced based on a random effects GLM and 
a one-sample t-test (p ≤ 0.05). All acquired 
data were analyzed using the SPM-fNIRS and 
SMP8 toolboxes using Matlab software.

Dynamic Causal Modeling (DCM)
Dynamic causal modeling (DCM) was ap-

plied to fNIRS data in order to investigate the 
effective connectivity among brain regions 
involved in the processing of Stroop interfer-
ence effect. DCM provides a framework for 
implementing differential equation models for 
brain imaging data based on the Bayesian hy-
pothesis and describes the interaction between 
nerve populations as a generative model [27]. 
In this study, first, the source regions of the ce-
rebral cortex were selected; second, the DCM 
models were specified and estimated. The 
main equations for hemodynamic modeling of 
DCM-fNIRS analysis were as follows:

The HbT changes rate pj was modeled ac-
cording to EQ.1:

( ),

.

,
j

j j j in j out
j
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p f f

v
τ = −                                (1)

Where j denotes the region of cortical source, 
pj is the total hemoglobi variations, fj,in is input 
flow, fj,out is output flow, vj is blood volume, 
and τj is the transit time.

Optical density changes and hemodynamic 
sources related to each other are described 
through an optical model (EQ.2). In this equa-
tion yi(λ) is optical density changes of wave-
length λ in the ith channel. We can see linear 
combination of light absorption changes due 
to hemoglobin oxygenation describe yi(λ).
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where ∆Hj,c and ∆Qj,c are the HbO and HbR 
changes in the cortical source region j, S(λ) is 
the sensitivity matrix at wavelength λ, εH and 
εQ are the extinction coeffcients for HbO and 
HbR, ω = cortical / (cortical+pial) is a factor 
for correcting the effect of pial veins oxygen-

ation changes on fNIRS measurements.
In order to specify and estimate the DCM, 

the first step is producing a connectivity mod-
el. Using this model, one can determine how 
interactions between hidden neural states lead 
to fNIRS data generation. For this purpose, 
the following notes should be considered: (i) 
stimulation input areas (ii) connected areas 
in the absence of an empirical input and (iii) 
connections that are adjusted by input. Finally, 
the best model is produced compared to the 
Bayesian model, in which task input leads to 
regional activities associated with the conflict 
processing in the prefrontal cortex.

Results

Behavioral Results
Mean reaction times (RTs) of correct an-

swers were calculated for each participant in 
each condition. A paired t-test was performed 
with the congruent, incongruent and neutral 
conditions as a dependent variables in order 
to reveal significant statistical differences 
in RT between three Stroop trials. The mean 
RT for the neutral (1018.43±142.34ms) and 
congruent conditions (1120.26±163.65ms) 
were shorter than the incongruent condition 
(1223.43±131.21ms) and the average errors 
were very low (congruent = ~ 3% and non-
congruent = ~ 4.5%).

fNIRS Results
The analysis of statistical parametric Map-

ping (SPM) depicting concentration changes in 
hemodynamic parameters (oxy-Hb, deoxy-Hb 
and total Hb) of brain regions were extracted 
during the Stroop paradigms. The analysis of 
GLM random effects revealed significant dif-
ferences between the congruent, incongruent 
and neutral conditions in the left dorsolateral 
prefrontal cortex (LDLPFC) [(-46, 36, 12) mm 
in MNI coordinates; p<0.05], right dorsolat-
eral prefrontal cortex (RDLPFC) [(46, 36, 12) 
mm in MNI coordinates; p<0.05] and in the 
dorsomedial prefrontal cortex (DMPFC) [(3, 
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51, 24) mm in MNI coordinates; p<0.05]. 
Spatially, in congruent condition, approxi-

mately similar activations were observed on 
the both sides of the cerebral hemisphere, in-
cluding LDLPFC and RDLPFC regions (see 
Figure 4a, panels A, B and C). Whereas, dur-
ing incongruent condition, an increased activ-
ity was recorded in the LDLPFC (see Figure 
4b, panels A, B and C) and under neutral con-
dition, the increase in activity in LDLPFC was 
even more pronounced compared to the other 
two Stroop conditions (see Figure 4c, panels 
A, B and C). Then, the voxels with signifi-
cant activation within LDLPFC, RDLPFC and 
DMPFC were selected as the source positions 
for DCM analysis.

DCM Analysis
Stroop task-independent connectivity deter-

mines the neuronal connectivity patterns be-

tween activated brain regions, which are con-
stant in all experimental conditions. The event 
related alterations of neural interactions were 
investigated based on optical density signals 
derived from fNIRS data. Initially, models 
were specified to compare the unique influ-
ence of regional stimulation on effective con-
nectivity parameters involved in the Stroop 
interference effect. Then, the locations of the 
three regions of interest (ROIs) contributed to-
ward the Stroop tasks were identified in each 
individual (voxel-level corrected for pFWE 
< 0.05) (Table 2 and Figure 5a). A repeated 
measure analysis of variance (ANOVA) was 
conducted for each measurement area to de-
termine differences between the different con-
ditions (congruent vs. incongruent vs. neutral 
Stroop tasks). 

The Stroop interference effect was evaluated 
according to the task-dependent changes in 
connectivity between the LDLPFC, RDLPFC, 
DMPFC regions under incongruent condition 
(see Figure 5b). The results indicated an in-
crease in connectivity strength from RDLPFC 
to DMPFC (RDLPFC→DMPFC), LDLPFC to 
DMPFC (LDLPFC→DMPFC) and LDLPFC 
to RPFC (LDLPFC→RPFC) while other com-
munications do not change. Strength of simi-
lar increased connectivity was observed from 
DMPFC to LDLPFC (DMPFC→ LDLPFC) 
and RDLPFC to LPFC (RDLPFC→ LPFC), 
also from DMPC to RDLPFC (DMPC→ 
RDLPFC) under congruent and neutral con-
ditions, respectively (Table 3). In addition, 
among different Stroop conditions, the effect 
of task was more dominant in neutral trial on 
LDPFC and DMPFC.

After statistical analysis, the connectivity of 

Figure 4: SPM t-statistic map of regional con-
centration changes of (A) oxy-Hb (B) deoxy-
Hb and (C) total Hb during (a) the congruent 
condition (b) the incongruent condition (c) 
the neutral condition (GLM random effect 
analysis for all contrasts were displayed at 
pFWE < 0.05).

Cortex Regions Nodes Coordinates
1 LDLPFC -46, 36, 12 
2 RDLPFC 46, 36, 12
3 DMPFC 3, 51, 24

Table 2: Coordinates of nodes for DCM  
model.

473



J Biomed Phys Eng 2020; 10(4)

Yousef Pour M., Masjoodi S., Fooladi M. et al

ROIs for all three conditions (e.g congruent, 
incongruent and neutral) were evaluated using 
ANOVA test. The connection indexes have 
been shown in Table 3 and the strongest con-
nections were presented in bold.

Discussion
Cognitive responses require a proper under-

standing of the various stimuli in the environ-
ment. It is also possible that they are due to 
the semantic processing of the different char-
acteristics of a given stimulus in different cor-

tical regions of the human brain. The seman-
tic processing, which is the basis of cognitive 
responses, is so extensive that they cannot be 
achieved by a single region in the cortex and 
without connecting to other areas [28, 29]. 
On the other hand, it has been demonstrated 
that Stroop interference effect in normal sub-
jects changes neural activity of brain regions 
involved in the cognitive conflict processing, 
but the effective connectivity among these re-
gions has not been investigated yet [30, 31]. In 
the present study, the fNIRS measurements of 

Connectivity Type
Mean±SD con-

nection strength 
of congruent

Mean±SD connec-
tion strength of 

incongruent

Mean±SD connec-
tion strength of 

Neutral

p-value 
(ANOVA test)

DMPFC ► RDLPFC 0.178,± 0.06 0.189±0.023 0.196±0.05 0.035
RDLPFC ►DMPFC 0.226±0.014 0.301±0.116 0.150±0.011 0.041
LDLPFC ► DMPFC 0.154±0.030 0.252±0.036 0.210±0.019 <0.01
DMPFC ► LDLPFC -0.018±0.019 -0.013±0.014 -0.011±0.017 0.026
LDLPFC ► RDLPFC 0.003±0.017 0.009±0.065 0.007,± 0.06 0.028
RDLPFC ► LDLPFC 0. 100±0.019 0.052±0.036 0.026±0.004 0.011

TASK ► DMPFC 0.011±0.005 0.001±0.025 0.012±0.009 0.013
TASK ►LDLPFC 0.003±0.017 0.005±0.065 0.008±0.012 <0.01

Table 3: Estimation of Stroop task dependent on connectivity parameters: Mean and Standard 
Deviation values of Stroop DCM model.

Figure 5: (a) the location of the selected nodes for DCM model in Stroop task. Blue, red and 
green nodes show LDLPFC, DMPFS, and RDLPFC, respectively. (b) The structure of DCM for 
Stroop interference effect. The model consists of three regions, including, left DLPFC, DMPFC 
and right DLPFC and input according to the Stroop paradigm. 
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healthy participants were adapted to monitor 
as follows: (1) brain activation patterns based 
on GLM and (2) inter-regional effective con-
nectivity based on DCM, during the process-
ing of a standard color and word Stroop task. 

According to our behavioral data, RTs were 
slower for incongruent compared to neutral 
and congruent conditions, exposing the ex-
pected Stroop effect. This suggests that pro-
longed activation for incongruent stimuli in 
comparison to congruent stimuli created con-
flict in response selection. The spatial maps of 
hemodynamic parameters for different Stroop 
tasks demonstrated activation in the lateral 
and dorsal prefrontal cortex, which is in ac-
cordance with previous functional imaging 
studies [32-34]. 

During the incongruent condition, the study 
showed increased activity in LDLPFC while 
only a minor difference was observed for bi-
laterally activation pattern during the con-
gruent condition. In addition, the increase in 
DLPFC activation was more pronounced for 
neutral task, as revealed by the fNIRS analy-
sis. In the Stroop task, first, the person pays 
particular attention to the images; thus, he/she 
can distinguish differences between the word 
color and color name, then select appropriate 
answer. Since, the Stroop test requires proper 
attention and cognition as well as the design 
and execution of appropriate responses, its 
results can determine the neural communica-
tions between different areas of the prefron-
tal cortex. In this regard, brain networks that 
respond to Stroop interference, especially the 
prefrontal cortex region, were considered for 
the determination of ROIs in subsequent DCM 
analysis. 

The DCM results indicated that the best 
matching of the connectivity model with the 
fNIRS data is obtained among areas of LDLP-
FC, RDLPFC and DMPFC where ascending 
or descending regional couplings are modu-
lated by Stroop conflict processing. According 
to the effective connectivity results, Stroop 
effect was associated with an increase in the 

RDLPFC→DMPFC, LDLPFC→DMPFC and 
LDLPFC→ RDLPFC coupling. 

These findings suggest that the brain pre-
frontal cortex, especially DLPFC and DMPFC 
are key regions in response to conflict effect, 
known to be active during Stroop tasks. The 
DMPFC region receives inputs from differ-
ent sensory areas by information processing 
and identifies the characteristics of the stimu-
lus such as its shape, color, and nature. The 
prefrontal cortex that extends in both hemi-
spheres of the brain plays an important role in 
identifying errors, making appropriate deci-
sions and controlling actions. So that the dis-
turbances in this region leads a lack of concen-
tration, and one will not be able to organize 
programs effectively [35, 36]. This DMPFC 
also has outputs to the DLPFC components, 
which are responsible for performing various 
tasks, such as identifying differences in selec-
tion and making decision, designing and gov-
erning actions [37].

With regard to the results, it seems that un-
der incongruent condition, the input from all 
sensory pathways increases to the left DLPFC 
region, indicating the LDLPFC contribution in 
understanding the difference between colors 
and names, as well as controlling the appro-
priate response. In addition, under congruent 
condition, output from the LDLPFC expands 
to other areas (middle and right) of prefron-
tal cortex, without any more differences. In 
addition, the middle and right regions play a 
role in controlling the cognition related proper 
response. In neutral conditions, there is also 
sensory input to the DMPFC area, but a signif-
icant increase in activity is observed on both 
sides of the DLPFC, as color and name match-
ing recognition are not required.

In this study, the efficacy of DCM in fNIRS 
was demonstrated to examine the effective 
connectivity among brain-activated regions 
during the Stroop tasks. In addition, this re-
search can provide some useful information 
about the response of the human to conflict 
stimuli, as shown in Stroop interference effect. 

The Stroop Task Effective Connectivity by fNIRS
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It seems that for better understanding of neu-
ral mechanisms involved in the main cognitive 
functions, identification of the brain activity 
patterns, directionality of neural interactions 
and their changes should be considered.

Conclusion
The results of the present study indicate that 

fNIRS is an effective neuroimaging tool to 
study the neural correlates of response inhibi-
tion, selective attention and interference dur-
ing the execution of the cognitive functions. In 
this report, DCM model was used to quantify 
conflict processing associated with the Stroop 
task and provide complementary information 
about the connectivity patterns among brain 
activated regions. These findings could be 
used in future neurological research and psy-
chotherapy application.
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