
 

Q-What neural networks and brain regions are primarily involved in attention? 

Introduction 

Attention is a complex cognitive function that involves multiple neural networks and brain 

regions. It enables individuals to focus on specific stimuli while ignoring others, thereby 

facilitating effective information processing and task execution. Understanding the neural 

mechanisms underlying attention is crucial for unraveling the intricacies of cognitive function 

and addressing attention-related disorders. This comprehensive analysis will explore the key 

neural networks and brain regions involved in different types of attention, elucidating their 

roles and interactions. 

Types of Attention 

Before delving into the neural substrates, it is essential to recognize the different types of 

attention: 

1. Sustained Attention: The ability to maintain focus on a specific task or stimulus over 

an extended period. 

2. Selective Attention: The capacity to concentrate on one stimulus while filtering out 

irrelevant information. 

3. Divided Attention: The ability to process multiple stimuli or tasks simultaneously. 

4. Alternating Attention: The skill of shifting focus between different tasks or stimuli. 

Key Neural Networks and Brain Regions 

Attention is governed by a network of interconnected brain regions and neural circuits. The 

primary neural networks involved in attention include: 

1. Dorsal Attention Network (DAN) 

2. Ventral Attention Network (VAN) 

3. Default Mode Network (DMN) 

4. Salience Network (SN) 



Each of these networks, along with specific brain regions, plays a distinct role in the regulation 

and execution of attention. 

Dorsal Attention Network (DAN) 

The Dorsal Attention Network (DAN) is primarily responsible for goal-directed, top-down 

attention. It facilitates the voluntary control of attention, enabling individuals to focus on 

relevant stimuli based on their goals and expectations. 

Key Brain Regions: 

1. Frontal Eye Fields (FEF): Located in the prefrontal cortex, the FEF are involved in 

controlling eye movements and directing visual attention. 

2. Intraparietal Sulcus (IPS): Situated in the parietal cortex, the IPS is crucial for spatial 

attention and the integration of sensory information. 

Function and Connectivity: 

The DAN is activated during tasks that require sustained and selective attention. It interacts 

with sensory processing areas to enhance the perception of relevant stimuli while suppressing 

irrelevant information. The FEF and IPS work together to coordinate eye movements and 

spatial awareness, essential for tasks such as reading and visual search. 

Ventral Attention Network (VAN) 

The Ventral Attention Network (VAN) is involved in stimulus-driven, bottom-up attention. It 

is responsible for detecting unexpected or salient stimuli and redirecting attention towards 

them. 

Key Brain Regions: 

1. Temporoparietal Junction (TPJ): Located at the boundary of the temporal and 

parietal lobes, the TPJ is involved in processing unexpected stimuli and reorienting 

attention. 

2. Ventral Frontal Cortex (VFC): This region includes the inferior frontal gyrus and is 

associated with the evaluation of salient stimuli and initiating attentional shifts. 



Function and Connectivity: 

The VAN is activated by novel or unexpected stimuli, enabling rapid attentional shifts. It works 

in conjunction with the DAN to balance goal-directed and stimulus-driven attention. For 

example, while reading (a goal-directed task), a sudden loud noise (a salient stimulus) will 

activate the VAN, causing a shift in attention towards the source of the noise. 

Default Mode Network (DMN) 

The Default Mode Network (DMN) is typically active during rest and mind-wandering. It is 

involved in internally focused tasks, such as self-referential thinking and daydreaming. 

Key Brain Regions: 

1. Medial Prefrontal Cortex (mPFC): Associated with self-referential thinking and 

decision-making. 

2. Posterior Cingulate Cortex (PCC)/Precuneus: Involved in integrating information 

and reflective thought. 

3. Angular Gyrus: Plays a role in language processing and social cognition. 

Function and Connectivity: 

The DMN is deactivated during tasks that require focused, external attention. It interacts with 

the DAN and VAN to facilitate the transition between internally and externally directed 

attention. Disruptions in DMN activity are linked to attention deficits and disorders such as 

ADHD and depression. 

Salience Network (SN) 

The Salience Network (SN) detects and filters salient stimuli, determining their relevance and 

prioritizing them for further processing. It plays a crucial role in switching between the DMN 

and attention networks (DAN and VAN). 

Key Brain Regions: 

1. Anterior Insula (AI): Involved in awareness and the detection of salient stimuli. 



2. Anterior Cingulate Cortex (ACC): Plays a role in error detection, conflict monitoring, 

and decision-making. 

Function and Connectivity: 

The SN is activated by emotionally or physically significant stimuli, triggering attentional 

shifts and modulating the activity of other networks. It ensures that relevant stimuli receive 

appropriate cognitive resources, facilitating adaptive behavior and decision-making. 

Additional Brain Regions and Their Roles 

While the primary neural networks provide a framework for understanding attention, several 

other brain regions contribute to attentional processes: 

1. Thalamus: Acts as a relay station, filtering sensory information and directing it to 

relevant cortical areas. It plays a crucial role in maintaining arousal and vigilance. 

2. Basal Ganglia: Involved in motor control and cognitive functions, including the 

regulation of attention. It helps in task switching and the inhibition of irrelevant stimuli. 

3. Cerebellum: Traditionally associated with motor control, the cerebellum also 

contributes to cognitive functions, including attention. It aids in the coordination and 

timing of attentional shifts. 

4. Hippocampus: Involved in memory and learning, the hippocampus interacts with 

attention networks to support the encoding and retrieval of information. 

Interactions Between Networks and Regions 

The effective functioning of attention relies on the dynamic interactions between different 

neural networks and brain regions. These interactions ensure that attention can be flexibly 

allocated based on task demands and environmental context. 

1. Top-Down vs. Bottom-Up Attention: The DAN and VAN work in tandem to balance 

top-down (goal-directed) and bottom-up (stimulus-driven) attention. The SN plays a 

critical role in mediating this balance by detecting salient stimuli and modulating 

network activity. 



2. Internal vs. External Attention: The DMN and attention networks (DAN and VAN) 

facilitate the transition between internally and externally focused attention. This 

interaction is essential for switching between reflective thought and goal-directed tasks. 

3. Task Switching: Alternating attention, or task switching, involves the coordinated 

activity of the basal ganglia, prefrontal cortex, and parietal regions. These areas support 

cognitive flexibility and the efficient reallocation of attentional resources. 

Clinical Implications 

Understanding the neural mechanisms of attention has significant clinical implications. 

Dysfunctions in attention networks are associated with various neuropsychiatric and 

neurological disorders, including: 

1. Attention-Deficit/Hyperactivity Disorder (ADHD): Characterized by impairments in 

sustained and selective attention, ADHD is linked to abnormalities in the DAN, VAN, 

and DMN. Treatment strategies often focus on enhancing network connectivity and 

function. 

2. Autism Spectrum Disorder (ASD): Individuals with ASD may exhibit atypical 

attentional processing, including difficulties with selective and divided attention. 

Research suggests altered connectivity in attention networks and the DMN. 

3. Traumatic Brain Injury (TBI): TBI can disrupt the structural and functional integrity 

of attention networks, leading to deficits in sustained and alternating attention. 

Rehabilitation efforts aim to restore network function and improve cognitive outcomes. 

4. Alzheimer’s Disease: Characterized by progressive cognitive decline, Alzheimer’s 

disease often involves impairments in attention and executive function. Disruptions in 

the DMN and other attention networks are implicated in the disease’s progression. 

Future Directions 

Advancements in neuroimaging and electrophysiological techniques continue to enhance our 

understanding of attention’s neural basis. Future research aims to: 

1. Elucidate Network Dynamics: Investigate the dynamic interactions between attention 

networks and their role in adaptive behavior. 



2. Identify Biomarkers: Develop biomarkers for attention-related disorders to facilitate 

early diagnosis and personalized treatment. 

3. Enhance Neuroplasticity: Explore interventions that promote neuroplasticity and 

network connectivity, improving attentional function in clinical populations. 

Conclusion 

Attention is a multifaceted cognitive function governed by complex neural networks and brain 

regions. The Dorsal Attention Network, Ventral Attention Network, Default Mode Network, 

and Salience Network play pivotal roles in different types of attention, supported by various 

cortical and subcortical regions. Understanding these neural mechanisms provides valuable 

insights into cognitive function and offers potential avenues for addressing attention-related 

disorders. As research progresses, continued exploration of the neural basis of attention will 

enhance our ability to optimize cognitive performance and improve clinical outcomes. 

 


