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1. INTRODUCTION 

Complex and uncertain environment decision-making 
necessitates the high-order cognitive processes of 
multiple processes that must be synchronised, with 
attention and response inhibition needing to be 
significant. Attention allows people to focus more on 
the information that is relevant to a task and ignore 
the conflicting stimuli, ensuring effective information  

processing and goal-oriented behaviour. Response 
inhibition, on the contrary, is the repression of 
impulsive, automatic or situationally inappropriate 
behaviour so that behaviour will not be based on 
dominant or habitual tendencies but instead be 
planned based on task goals. The combination of these 
processes underlies the process of cognitive control 
and allows an adaptive behaviour in ever-changing 
environments. 

ABSTRACT 

This paper undertakes the neural processes in attention regulation and response 

suppression during decision-making involving multifaceted conditions by using 

functional magnetic resonance imaging (fMRI) in a multi-condition scopes of cognition 

by including interference, reward contingencies and uncertainty processing. With a 

well-controlled experimental design, we compared different task demands in a dynamic 

recruitment of executive control networks to provide an ability to dissociate the neural 

resources of goal-directed attentional modulation with those of inhibitory control. 

Whole-brain and region-of-interest studies have indicated that the dorsolateral 

prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), and inferior parietal lobule 

(IPL) are strongly activated in tasks that demand sustained attention allocation, 

conflict monitoring, and adaptive updating of task rules and suggest that the three 

regions are involved in coordination of the goal-oriented behavioural performance. 

Conversely, inhibitory task demands evoked significant activity of the right inferior 

frontal gyrus (rIFG), pre-supplementary motor area (pre-SMA) and basal ganglia 

pathways, such as the subthalamic nucleus and caudate nucleus which are modulated 

by inhibitory profile tasks. The functional connectivity studies also implicated dynamic 

cross-talk between the attentional and inhibitory control networks, which argues that 

successful performance in any task is based on the flexibility of the integration and not 

individual neural operation. It is worth noting that the situations that were 

characterised by high uncertainty or motivation salience enhanced activity in fronto-

striatal and fronto-parietal paths, which revealed that both cognitive burden and the 

expectation of a reward can contribute to executive control. These results have 

contributed to the existing body of knowledge on the neurocognitive architecture of 

complex decision-making because they offer a detailed description of the attentional 

and inhibitory mechanisms of behaviour under unfavourable circumstances. On the 

whole, the findings demonstrate that distributed frontal, cingulate, parietal, and basal 

ganglia networks play a crucial role in the coordination of adaptive cognitive control 

and can be relevant to the study of their role in both normal brain functioning and 

disorders characterised by attentionaldisregulation or weakened inhibitory control. 
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Much of the extant cognitive neuroscience research 
studies have pointed out that parts of the neural 
systems that support attentional control and inhibitory 
processing are highly interactive but separate. 
Activations in fronto-parietal areas of the brain, 
including the dorsolateral prefrontal cortex (DLPFC), 
anterior cingulate cortex (ACC), and inferior parietal 
lobule (IPL) have been repeatedly associated with 
attention modulation and are also a part of these 
processes: conflict monitoring, task-set maintenance, 
and attentional resources allocation. On the contrary, 
right inferior frontal gyrus (rIFG), pre-supplementary 
motor area (pre-SMA), and basal ganglia, especially 
the subthalamic nucleus and caudate nucleus play an 
important role in the inhibition of responses and in the 
fast motor inhibition. Even though, these systems are 
sometimes examined individually, increased evidence 
reveals that interaction is a prerequisite to optimum 
functioning in real life decision making setups. 
 

 
Fig. 1. Neural Networks of Attention and Inhibition 

 
Functional MRI (fMRI) has proven an effective method 
of studying these multidimensional interactions within 
the brain, in which distributed brain systems involved 
in cognitively challenging activities can be readily 
assessed simultaneously. Single-function paradigms 
Single-function paradigms like Go/No-Go tasks to 
represent inhibition or attention-orienting tasks to 
represent attentional control are the most commonly 
used paradigms in previous studies to define the 
underlying neural architecture. Nevertheless, these 
single-paradigm counterparts might not be enough to 
describe the integrated feature of cognitive control 
whereby individuals do deal with complex decision-
making conditions where there is conflicting 
information, motivation factors, and uncertainty. Such 
a study should still be done to explore the joint action 
of attentional and inhibitory networks in 
circumstances that are more relevant to real life 
decision-making. 

This gap has been filled in the current study using a 
multi-condition fMRI paradigm which is focused on 

examining both attention and inhibition in a single 
decision-making paradigm which includes 
interferences, reward modulations and uncertainty. 
Through the study of regional brain activation as well 
as functional connectivity, the study aims to 
demarcate the non-interactive and interactive roles of 
attentional and inhibitory control states. The 
determination of how these systems interact in order 
to contribute to the adaptive behaviour has significant 
implications not only to basic cognitive neuroscience 
but also to clinical areas, where attention (or 
inhibition) dysregulation is a core aspect of such 
disorders as ADHD, OCD, and substance-use disorders. 
This integrative method will help the study to develop 
a more detailed model of the neural processes of 
complex decision-making. 
 

2. BACKGROUND AND RELATED WORK 

Neuroimaging and electrophysiological studies in the 
recent past have made significant contributions on the 
neural pathways involved in attentional control and 
inhibition, but integration of these mechanisms in 
more complicated decision making is not well 
understood. Numerous studies associated attention, 
especially sustained goal directed attention, with 
fronto parietal systems. Top down attentional control, 
working memory and task set maintenance have been 
found to be supported by the so-called central 
executive or lateral fronto parietal network that 
includes the dorsolateral prefrontal cortex (DLPFC) 
and inferior parietal lobule (IPL) [2], [3]. As an 
example, intrinsic functional connectivity of fronto 
parietal network is associated with attentional 
performance on the Attentional Network Test (ANT) 
resting state fMRI [8]. Other more recent studies also 
further confirm this network in terms of sustained 
attention during adverse conditions like sleep 
deprivation [15]. 

Similar to the attentional control, there is prevailing 
evidence of a separate cortico basal ganglia thalamic 
pathway of response inhibition and action suppression. 
Rapid response discontinuation and inhibitory control 
has been attributed to the right inferior frontal gyrus 
(rIFG), pre supplementary motor area (pre SMA), 
subthalamic nucleus and caudate nucleus [6], [14]. A 
distributed attractor network model it is proposed that 
mediates inhibition through cortico-basal gangle twice 
thalamocortical loop [14]. Hierarchical organisation of 
the bilateral prefrontallingual -basal ganglia circuits is 
also a subject of anatomical and functional research in 
which dominant right hemisphere is in the inhibition 
process [7]. 

In addition to the independent networks that focus on 
attention and inhibition, there is new research that 
focuses on the interaction of the two. Attentional and 
motivational demands are intermingled in studies 
investigating a reward anticipation and conflict 
resolution and demonstrate that attentional networks 
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(e.g. inferior parietal cortex, middle frontal gyrus) are 
modified by reward messages, as well as, conflict-
related circumstances [10]. In line with this, 
attentional diversion is beneficial in inhibiting an 
immediate reward, and high activity of the rIFG is 
found in high reward delayed conditions [13]. 
Correspondingly, the decision making under 
uncertainty is also reviewed as an activity in which the 
anterior cingulate cortex (ACC), anterior insula, and 
rIFG are usually involved in case the uncertainty 
moderates cognitive control demands [12]. 

However, there is a relatively limited number of 
studies that have studied the combined effect of 
networks of attentional control (fronto parietal) as 
well as networks of inhibitory control (prefrontal and 
basal ganglia) when it comes to complex decision 
making tasks, which involve conflict, contingency in 
terms of rewards as well as different levels of 
uncertainty. Although the models of decision making 
are comprised of reward, conflict and executive 
control [11], there is little empirical neuroimaging 
research that explicitly considers the dynamic 
interaction of attention and inhibition networks during 
these paradigms. This is the impetus of the current 
research, where a multi condition fMRI design was 
employed to dissociate and describe the independent 
and interactive role of these networks to high level 
cognitive control in decision making situations. 
 

3. METHODOLOGY 

3.1 Participants 

Demographic and Inclusion Criterion 

The participants were chosen out of 30 healthy adult 
participants (15 males and 15 females) aged 20 to 35 
years (mean age- 27.1 years). They were all right-
handed as identified by Edinburgh Handedness 
Inventory to eliminate lateralization in brain 
activation. The inclusion criteria included the fact that 
participants must have known the native language in 
which they were instructed to complete tasks and had 

a college level education to make them understand 
the complexity of the tasks they were to do. This 
demographic sampling was done to give a fairly 
homogenous sample, which would reduce inter-
individual differences in cognitive and neural 
functionality when performing the experimental tasks. 
 

Health Screening and Exclusion Criteria 

Any participant experienced a comprehensive 
screening procedure before joining the process. It 
entailed a medical, neurological, and psychiatric 
history appraisal in the form of a health questionnaire 
and verbal interview. Patients with a history of 
neurological diseases (e.g., epilepsy, traumatic brain 
injury), psychiatric diseases (e.g., depression, anxiety 
disorders), or misuse of drugs were also filtered out to 
avoid confounding factors on the brain activity. 
Moreover, those that were already on psychoactive 
drugs or had psychiatric family history were excluded. 
Only the persons with the normal vision or corrected 
to the normal vision and those who did not have any 
hearing deficits were considered so that the sensory 
input during fMRI task was standardised among all 
participants. 
 

Ethical Issues and Consent 

It was conducted under the Institutional Human 
Research Ethics Committee that strictly adhered to 
the Declaration of Helsinki and the national ethical 
programmes. Each and every respondent was briefed 
about the nature, object, and method of the study, 
including the possible risks of fMRI scanning Table 1. 
Each of the participants gave their informed consent 
as written before the experimental session. No details 
regarding privacy of the data was communicated to 
participants and they were assured of their right to 
discontinue with the study without a penalty. Strict 
ethical standards were upheld during the recruitment, 
data collection as well as analysis. 

 
Table 1. Participant Demographics and Screening Criteria 

Category Details 

Total Participants 30 (15 males, 15 females) 

Age Range 20–35 years 

Mean Age 27.1 years 

Handedness All right-handed (assessed by Edinburgh Handedness Inventory) 

Vision Normal or corrected-to-normal 

Language Proficiency Fluent in native language of task instruction 

Education Level Minimum college-level education 

Exclusion Criteria Neurological disorders, psychiatric illness, substance abuse, 
psychoactive medication use, hearing impairments 

Ethics Approval Institutional Human Research Ethics Committee 

Consent Process Written informed consent obtained; right to withdraw ensured 
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3.2 Experimental Paradigm 

Task Overview 

The experimental paradigm also used an adjusted form 
of Go/No-Go task, which was designed to determine 
the attentional control and response inhibition at 
different levels of cognitive loads. The task was 
modelled to simulate real life decision-making by 
incorporating aspects of uncertainty, sensitivity to 
rewards, and interference of distracters. The 
respondents were requested to look at a sequence of 
visual stimuli displayed on a monitor upon lying in the 
MRI scanner and press a response button (Go) on 
target stimuli and refrain response (No-Go) on non-
targets. Stimuli were colour-coded/symbolically cued 
to show types of trials, and instructions were given 
before each block to make sure that people 
understood them to carry out a task. This was 
designed in a way that enabled the systematic study of 
the neural activity in attentional allocation as well as 
inhibitory processing and interaction in different 
motivational situations. 
 

Conditions of Trial and Block Design 

This involved four randomised block conditions: (1) 
High-attention low-reward blocks, where prolonged 
attention would be required of frequent target stimuli 
with minimal reward stimuli; (2) High-reward low-
attention blocks, where infrequent Go trials would be 
accompanied by high monetary reward stimuli to 
enhance motivational salience although with only 
lower attentional requirements; (3) Conflict trials, 
when reward stimuli and distracter stimuli would co-
occur and form a high-interference condition that 
required both attentional filtering and strong 
inhibitory control; and ( There were 30 trials per block 
and block order completely counterbalanced across 
participants in order to account for order effects. 
 

Presentation and Timing of Stimulus 

On the black screen, visual stimuli appeared in the 
middle of 800 ms, and then, there was jittered inter-
trial interval (ITI) of 1500 2500 ms to shape optimally 
the event-related signal of fMRI. There were cues of 
reward or uncertainty which were short lived in the 
run up to each block and were reinforced occasionally 
to maintain motivation. The input of the responses 
was received through button box in the dominant hand 
of the participant. The purpose of the practise session 
was conducted before the primary task to familiarise 
subordinates with all the types of trials and assure 
their proper performance. The PsychoPy software was 
used to generate and deliver all stimuli with 
correlated fMRI acquisition triggers. 
 
 

Measurement of Behaviour and Performance 
Recording 

The behavioural response was captured during the 
task, that is, the reaction time (RT) of Go-trails and 
response accuracy (of Go- and No-Go-trails), 
respectively. These aspects served as behavioural 
measures of attentional allocation (through speed and 
accuracy in high-attention tasks) and elimination 
(through correct rejections when inhibiting were 
required in No-Go trials, especially during conflict). 
Further, the error types [commission errors (false 
alarms) and omission errors (missed Go targets) were 
also considered separately in order to differentiate 
between the cases of attentional lapse and inhibitory 
failure Figure 2]. Real-time monitoring was done on 
task performance and post scan debriefing ensured 
that the subjects knew the task requirements and 
reward contingencies. 
 

 
Fig. 2. Schematic Representation of the Experimental 

Go/No-Go Paradigm 

 

3.3 Imaging Procedure and Preprocessing 

MRI Data Acquisition 

The neuroimaging data were recorded through 
Siemens Prisma 3 Tesla with 32-channel phased-array 
head coil that had good signal-to-noise ratio and image 
of the highest spatial resolution, capable of recording 
the brain in the course of executing different tasks. 
The functional imaging was done using the T2 
weighted echo-planar imaging (EPI) sequence 
optimised on blood oxygen level-dependent (BOLD) 
contrast with the following setting: repetition time 
(TR) = 2000 ms, echo time (TE) = 30 ms and flip angle 
= 90 o, field of view (FOV) = 240 mm and matrix size = 
80 80 and the isotropic voxel size = 3 mm and the 
interslice distance was no more than 0. All functional 
runs had 36 consecutive axial sections that centred 
around the entire cerebrum and cerebellum. Further, 
a T1-weighted magnetization-prepared rapid gradient 
echo (MPRAGE) sequence (TR = 1900 ms, TE = 2.52 ms, 
voxel size = 1 mm 3 ) was made in order to help locate 
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anatomy and normalise structuring images through 
high-resolution structural images. 
 

Preprocessing Pipeline 

Statistical Parametric Mapping (SPM12, Wellcome 
Centre for Human Neuroimaging), open-source, in 
MATLAB was used to preprocess both functional and 
anatomical images. The preprocessing pipeline was 
initiated by motion correction and actualignment of all 
the functional images with the first volume to ensure 
that head movement was considered. Then slice 
timing correction was done to reduce the delays in 
acquisition between slices. The coregistration of each 
participant in the structural image to the average 
functional image and the segmentation of the 
structural image to calculate normalisation parameters 
was done. The functional data were resampled to the 
standard 3 mm isotropic voxels and normalised to the 
standard Montreal Neurological Institute (MNI) 
template. Lastly, interference was reduced with the 
help of 8 mm full-width at half-maximum (FWHM) 
Gaussian kernel to smooth the space so that the 

signal-noise ratio could be improved and the analysis 
could be done to accommodate the inter-subject 
variability (which was done in the brain shape). 
 

Quality Control and Artefact Control 

All functional runs were visually examined to identify 
artefact, signal dropout or excessive movement of the 
head. The participants who had head movement of 
greater than 3 mm in one or more direction and 
rotation of greater than 3 degrees were not to be 
analysed further. Framewise measures of displacement 
were also calculated to measure the variability of 
temporal motion, where volumes of overly mobile 
motion were indicated in case of scrubbing Figure 3. 
The signal sources associated with artefact like 
scanner motion and physiological noise were also 
considered when machine modelling other signal 
sources like six head motion parameters and run-
specific covariates as nuisance covariates. This 
stringent quality control meant that only the data of 
high integrity were applied in statistical inference at 
the level of the groups. 

 

 
Fig. 3. fMRI Data Preprocessing Pipeline Using SPM12 

 

4. RESULTS AND DISCUSSION 

4.1 Activation Patterns in case of Attentional 
Demands 

The activation of the dorsolateral prefrontal cortex 
(DLPFC) and inferior parietal lobule (IPL) 
characteristically involved in top-down attentional 
modulation and task-set maintenance was significant 
when the condition was high load of attention. These 
findings are consistent with the previous evidence of 
the involvement of fronto-parietal attention network 
in the maintenance of goal-directed processing. The 
greater activation of these areas reveals that the 
participants were extensively based on the executive 
attentional processes to identify and rank task-
relevant stimuli, particularly when they were 
presented as cognitively demanding. The result 
confirms the hypothesis that the DLPFC is an executive 
hub, which organises the distribution of the 

attentional resources in the environment that implies 
an extended cognitive control. 
 

4.2.Neural Correlates of Inhibitory Control  

The right inferior frontal gyrus (rIFG) and subthalamic 
nucleus (STN) showed strong activation in the 
presence of inhibition-specific trials especially in the 
conflicting stimuli and reward-driven distractions, 
which confirms them as the key participants in fast 
response inhibition. The mediator known to have a 
brake mechanism in the motor system is the basal 
ganglia including the STN, which is also associated 
with the present involvement in further supporting the 
interaction between the cortical and the subcortical 
components in inhibitory functions. These findings 
have been in agreement with hypotheses that the rIFG 
is a stimulus that activates the process of stop and 
indicates to the subcortical inhibitory networks that 
there is a need to disrupt prepotent or inappropriate 
response. 
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4.3 Functional Connectivity in Conflict and Control 

Functional connectivity studies showed dynamic 
relations of coupling patterns that displayed task 
demands-controlling functions. It is worth noting that 
greater connexion between the anterior cingulate 
cortex (ACC) and the DLPFC occurred in high cognitive 
conflict stimuli, i.e. when the reward cues and 
distractors occurred in parallel. This trend implies that 
the ACC might identify the conflict or uncertainty of 
performance and transmit the information to the 
DLPFC that could then mobilise more control 
resources. Correspondingly, the level of inhibitory 
conditions increased interconnections between the 
rIFG and basal ganglia buildings to emphasise an 
extended network that organises the top-down control 
and bottom-up motor inhibition in real-time. 
 

4.4 Reward Adaptation and Chastened Decision-
Making 

Modulation of the ventromedial prefrontal cortex 
(vmPFC) in relation to task manipulation was observed 
during decision trials founded on rewards, which 
means that it is involved in the combination of 
motivational and evaluative action information. The 
activation of the vmPFC in the present study has been 
associated widely with the value-based decision 
making process, and it has been noted that benefits 
expectancy may also affect the cognitive control 

measures Figure 4. This combination of reward cues 
probably regulates attentional deployment and 
inhibitory activity and up regulates control demands in 
appropriately varying responses to possible outcomes 
Table 2. All these findings are combined to indicate 
that cognitive control is directed by the task difficulty 
and conflict over stimuli besides being adaptive by 
motivation. 
 

 
Fig. 4. Mean BOLD Activation in Key Brain Regions across 

Task Conditions 

 
Table 2. Summary of Brain Region Activations and Functional Roles Across Task Conditions 

Task Condition Key Brain Regions Activated Functional Role 

High Attentional Load DLPFC, IPL Top-down attentional control, task-
set maintenance, prioritization of 
stimuli 

Inhibition Trials rIFG, STN, Basal Ganglia Response suppression, motor 
braking, inhibitory gating 

Cognitive Conflict (Reward + 
Distractor) 

ACC ↔ DLPFC, rIFG ↔ Basal 
Ganglia 

Conflict monitoring, adaptive 
control signaling, top-down/bottom-
up coordination 

Reward-Driven Decisions vmPFC Reward evaluation, motivational 
modulation of attention and 
inhibition 

 

5. CONCLUSION 

This paper offers strong arguments as to the separate, 
albeit interactive, neural mechanisms that occur with 
attention and response inhibition in case of complex 
decision-making. Using a multi-condition fMRI 
paradigm, we have found that the areas that were 
important in the maintenance of attention were the 
dorsolateral prefrontal cortex (DLPFC) and inferior 
parietal lobule (IPL), whereas the right inferior frontal 
gyrus (rIFG) and subthalamic nucleus (STN) were highly 
represented in inhibition control. Patterns of 
functional connectivity also further revealed 
integrative functions of the anterior cingulate cortex 
(ACC) and the ventromedial prefrontal cortex (vmPFC) 
in the monitoring of conflicts and modulation of 

control using rewards. The findings provide a better 
insight into the dynamic allocation of the cognitive 
resources in high-demand contexts by the brain and 
also underline the significance of network-level 
coordination of adaptive behavior. Significantly, the 
findings has a direct consequence to neuropsychiatric 
disorders including attention-deficit/hyperactivity 
disorder (ADHD) and obsessive-compulsive disorder 
(OCD) in which the functionality of attention and 
inhibition are a hallmark. Further studies are needed 
in a longitudinal contribution to these neural circuits 
and an evaluation of their plasticity to cognitive 
training or behavioural therapy or neuromodulatory 
stimulation, which will then guide the deployment of 
specific clinical interventions to improve cognitive 
control abilities. 
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