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A Network Perspective  
on Cognition
Functional brain imaging has focused primarily 
on localization of function, revealing activation 
in specific brain regions during the performance of 
particular cognitive tasks. It is becoming increasingly 
apparent that cognitive neuroscience needs to go 
beyond this mapping of complex cognitive and 
psychological constructs onto individual brain areas 
(Fuster, 2006). As a result, a network paradigm is 
becoming increasingly useful for understanding the 
neural underpinnings of cognition (Bressler and 
Menon, 2010). Furthermore, a consensus is emerging 
that the key to understanding the functions of any 
specific brain region lies in understanding how its 
connectivity differs from the pattern of connections 
in other functionally related brain areas (Passingham 
et al., 2002). In recent years, neuroscientists’ 
interests have shifted towards developing a deeper 
understanding of how intrinsic brain architecture 
influences cognitive and affective information 
processing (Greicius et al., 2003; Fox and Raichle, 
2007; Dosenbach et al., 2008).

In the sections that follow, we briefly review 
emerging methods for characterizing and identifying 
major neurocognitive networks in the human brain. 
We then provide two specific examples of how such 
networks can provide fundamental new insights into 
the brain bases of fundamental cognitive processes. 
The first example focuses on the surprisingly crucial 
role of the insular cortex in salience, attention, and 
cognitive control. The second example demonstrates 
how intrinsic functional and structural connectivity 
of the parietal cortex can inform and constrain 
information processing models across multiple 
cognitive domains.

Identifying Major Cognitive 
Networks
A formal characterization of core brain networks—
anatomically distinct, large-scale brain systems 
having distinct cognitive functions—was first 
enunciated by Mesulam (1990). In this view, the 
human brain contains at least five major core  
functional networks:
1.  A spatial attention network anchored in posterior 

parietal cortex (PPC) and frontal eye fields;
2.  A language network anchored in Wernicke’s and 

Broca’s areas;
3.  An explicit memory network anchored in the 

hippocampal–entorhinal complex and inferior 
parietal cortex;

4.  A face-object recognition network anchored in 
midtemporal and temporopolar cortices; and

5.  A working memory–executive function network 
anchored in prefrontal and inferior parietal cortices.

The nodes of these core networks have been inferred 
from the results of fMRI studies, during tasks that 
manipulate one or more of these cognitive functions. 
A full characterization of core functional brain 
networks, however, will require additional studies 
to validate the nodes of these networks using other 
criteria, to measure their edges, and to determine 
whether other core networks exist.

In recent years, diffusion tensor imaging (DTI) 
and resting state fMRI have emerged as novel tools 
for characterizing structural and functional brain 
networks. They are able to do so independently of 
cognitive domains, experimental manipulations, and 
behavior. Recent work in systems neuroscience has 
characterized several major brain networks that are 
identifiable in both the resting brain (Damoiseaux et 
al., 2006; Seeley et al., 2007b) and the active brain 
(Toro et al., 2008). Importantly, major functional 
brain networks (and their composite subnetworks) 
show close correspondence in independent analyses 
of resting and task-related connectivity patterns 
(Smith et al., 2009), suggesting that functional 
networks coupled at rest are also systematically 
engaged during cognition. The analysis of resting 
state functional connectivity, using both model-
based and model-free approaches, has proved to be 
a useful technique for investigating functionally 
coupled networks in the human brain. Although the 
method relies on analysis of low-frequency signals 
in fMRI data, electrophysiological studies point to a 
reliable neurophysiological basis for these signals (He 
et al., 2008; Nir et al., 2008).

The analysis of resting state fMRI allows us to 
discover the organization and connectivity of several 
major brain networks that cannot be easily captured 
with the help of other techniques. Conceptualizing 
the brain as comprising multiple distinct, interacting 
networks provides a systematic framework for 
understanding fundamental aspects of human  
brain function.

Independent component analysis (ICA) has turned 
out to be an important method for identifying 
intrinsic connectivity networks (ICNs) from 
resting state fMRI data (Damoiseaux et al., 2006; 
Seeley et al., 2007a). ICA has been used to identify 
ICNs involved in executive control, episodic 
memory, autobiographical memory, self-related 
processing, and detection of salient events. ICA 
has also revealed a sensorimotor ICN anchored 
in bilateral somatosensory and motor cortices; a 



46

NOteS

© 2010 Menon

visuospatial attention network anchored 
in intraparietal sulci and frontal eye fields; 
a higher-order visual network anchored 
in lateral occipital and inferior temporal 
cortices; and a lower-order visual network 
anchored in the striate and extrastriate 
cortex (Damoiseaux et al., 2006). This 
technique has also allowed intrinsic  
(Fig. 1) as well as task-related (Fig. 2) 
fMRI activation patterns to be used for 
the identification of distinct functionally 
coupled systems. These systems include 
a central-executive network (CEN) 
anchored in dorsolateral prefrontal cortex 
(DLPFC) and PPC, and a salience network 
(SN) anchored in anterior insula (AI) and 
anterior cingulate cortex (ACC) (Seeley 
et al., 2007a; Sridharan et al., 2008).

These prominent networks can be readily 
identified across a wide range of cognitive 
tasks, and their responses increase and 
decrease proportionately with task 
demands. The CEN and SN typically 
show increases in activation, whereas 
the default-mode network (DMN) shows 
decreases in activation (Raichle et al., 
2001; Greicius et al., 2003; Greicius and 
Menon, 2004). CEN nodes that show 
strong intrinsic functional coupling 
also show strong coactivation during 
cognitively challenging tasks. In particular, 
the CEN is critical for actively maintaining 
and manipulating information in working 
memory, and for judgment and decision-
making in the context of goal-directed 
behavior (Miller and Cohen, 2001; 
Petrides, 2005; Muller and Knight, 2006; 
Koechlin and Summerfield, 2007).

The DMN includes the medial temporal 
lobes and the angular gyrus (AG), in 
addition to the posterior cingulate cortex 
(PCC) and the ventromedial prefrontal 
cortex (VMPFC). These areas perform a 
variety of functions: The PCC is activated 
during tasks that involve autobiographical 
memory and self-referential processes 
(Buckner and Carroll, 2007); the VMPFC 
is associated with social cognitive processes 
related to self and others (Amodio and 
Frith, 2006); the medial temporal lobe is 
engaged in episodic and autobiographical 
memory (Cabeza et al., 2004); and the 

Figure 1. Two core neurocognitive networks identified using intrinsic 
physiological coupling in resting state fMRI data. The SN (shown in red) is 
important for monitoring the saliency of external inputs and internal brain 
events, and the CEN (shown in blue) is engaged in higher-order cognitive 
and attentional control. The SN is anchored in AI and ACC and features 
extensive connectivity with subcortical and limbic structures involved in 
reward and motivation. The CEN links the dorsolateral prefrontal and pos-
terior parietal cortices, and has subcortical coupling that is distinct from 
that of the SN. Seeley et al. (2007), their Fig. 2, reprinted with permission. 
antTHAL, anterior thalamus; dACC, dorsal anterior cingulate cortex; dCN, 
dorsal caudate nucleus; dmTHAL, dorsomedial thalamus; FI, fronto-insular 
cortex; HT, hypothalamus; PAG, periaqueductal gray; Put, putamen; SLEA, 
sublenticular extended amygdala; SN/VTA, substantia nigra/ventral teg-
mental area; TP, temporal pole.

Figure 2. Three major functional networks in the human brain. Task-relat-
ed activation patterns in the CEN and SN, and deactivation patterns in the 
DMN, during an auditory event segmentation task. Activation and deacti-
vation patterns can be decomposed into distinct subpatterns. A, Analysis 
with the general linear model (GLM) revealed regional activations (Left) in 
the right anterior insula (rAI) and ACC (blue circles); DLPFC and PPC (green 
circles) and deactivations (Right) in the VMPFC and PCC. B, ICA provided 
converging evidence for spatially distinct networks. From left to right: SN 
(rAI and ACC), CEN (rDLPFC and rPPC), and DMN (VMPFC and PCC). Srid-
haran et al. (2008), their Fig. 1, reprinted with permission.
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AG is implicated in semantic processing (Binder 
et al., 2009). The DMN thus collectively comprises 
an integrated system for autobiographical, self-
monitoring, and social cognitive functions, even 
though a unique task-based function cannot be 
assigned to each of its nodes (Spreng et al., 2009). 
Furthermore, the identification and characterization 
of these distinct networks provide a framework for 
systematically examining attentional and control 
processes in the brain.

An Example: Insula — a Network 
Model of Saliency, Attention,  
and Control
The insula is a brain structure implicated in 
disparate cognitive, affective, and regulatory 
functions, including interoceptive awareness, 
emotional responses, and empathic processes. 
Although classically considered a limbic region, 
recent evidence from network analysis suggests a 
critical role for the insula, particularly the anterior 
division, in high-level cognitive control and 
attentional processes. The insula’s complex and as 
yet only partially characterized pattern of structural 
connectivity highlights the need for a more principled 
understanding of its functional links. In task-based 
functional imaging, it has been difficult to isolate 
insula responses because it is often coactivated with 
the ACC, the DLPFC and ventrolateral prefrontal 
cortex (VLPFC), and the PPC. To circumvent this 
problem, Dosenbach and colleagues used resting 
state functional connectivity to show that these 
regions can be grouped into distinct frontoparietal 
and cingulo-opercular components (Dosenbach 
et al., 2007). Similarly, Seeley and colleagues used 
region-of-interest (ROI) and ICA of resting state 
fMRI data to demonstrate the existence of an ICN 
comprising the AI, dorsal ACC, and subcortical 
structures, including the amygdala, substantia nigra/
ventral tegmental area, and thalamus (Seeley et  
al., 2007a).

The crucial insight that network analysis affords is 
of the AI as an integral hub in mediating dynamic 
interactions between other large-scale brain 
networks involved in externally oriented attention 
and internally oriented, or self-related, cognition 
(Sridharan et al., 2008), as Figure 3 illustrates. This 
model postulates that the insula is sensitive to salient 
events, and that its core functions are to mark such 
events for additional processing and to initiate 
appropriate control signals. The AI and the ACC 
form a “salience network” that functions to segregate 
the most relevant internal and extrapersonal stimuli 
in order to guide behavior.

Within the framework of a network model, the 
disparate functions ascribed to the insula can be 
conceptualized by a few basic mechanisms:
1. Bottom-up detection of salient events;
2.  Switching between other large-scale networks to 

facilitate access to attention and working memory 
resources when a salient event occurs;

3.  Interaction of the anterior and posterior insula to 
modulate autonomic reactivity to salient stimuli; 
and

4.  Strong functional coupling with the ACC that 
facilitates rapid access to the motor system.

With the AI as its integral hub, the SN assists 
target brain regions in the generation of appropriate 
behavioral responses to salient stimuli. We have 
proposed that this framework provides a parsimonious 
account of insula function in neurotypical adults and 
may provide novel insights into the neural basis of 
disorders of affective and social cognition (Menon 
and Uddin, 2010).

Previous studies have suggested that the inferior 
frontal gyrus and ACC are involved in a variety of 
monitoring, decision-making, and cognitive control 
processes (Crottaz-Herbette and Menon, 2006; 
Cole and Schneider, 2007; Johnston et al., 2007; 
Posner and Rothbart, 2007; Dosenbach et al., 2008; 
Eichele et al., 2008). However, the AI has not been 
a particular focus of most of these studies. Our model 
posits that the core function of the proposed SN, and 

Figure 3. Multinetwork switching initiated by the SN (salience 
network). The SN is hypothesized to initiate dynamic switch-
ing between the CEN (central-executive network) and DMN 
(default-mode network), and to mediate between attention 
to endogenous and exogenous events. In this model, sensory 
and limbic inputs are processed by the AI, which detects sa-
lient events and initiates appropriate control signals to regulate 
behavior via the ACC and homeostatic state via the mid and 
posterior insular cortex. Key nodes of the SN include the AI and 
ACC; the DMN includes the VMPFC and PCC; the CEN includes 
the DLPFC and the PPC. Bressler and Menon (2010), their  
Fig. 1, reprinted with permission.
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the AI in particular, is to first identify stimuli from the 
vast and continuous stream that impacts the senses. 
Once such a stimulus is detected, the AI facilitates 
task-related information processing by initiating 
appropriate transient control signals. These signals 
engage brain areas that mediate attentional, working 
memory, and higher order cognitive processes while 
disengaging the DMN via mechanisms that have 
been described in the previous section.
These crucial switching mechanisms help focus 
attention on external stimuli; as a result, they take 
on added significance or saliency. The large-scale 
network switching mechanisms we have described 
here can be thought of as the culmination of a 
hierarchy of saliency filters. In these filters, each 
successive stage helps to differentially amplify a 
stimulus sufficiently to engage the AI. The precise 
pathways and filters underlying the transformation of 
external stimuli, and the manner in which the AI 
is activated, remain to be investigated. Of critical 
importance, our model suggests that, once a stimulus 
activates the AI, it will have preferential access to the 
brain’s attentional and working memory resources.

Although dynamical systems analysis of fMRI data 
can help capture aspects of causal interactions 
between distributed brain areas, a more complete 
characterization of bottom-up and top-down 
attentional control requires access to temporal 
dynamics on the 30-70 ms time scale. Analysis of 

combined EEG and fMRI data provides additional 
insights into how the SN plays an important role 
in attentional control (Crottaz-Herbette and 
Menon, 2006). Figure 4 is a schematic model of 
bottom-up and top-down interactions that underlie 
attentional control. This model was suggested 
by the relative timing of responses in the AI and 
ACC, versus other cortical regions, based on our 
dynamic source-imaging study and by lesion studies 
of the P3a complex (Soltani and Knight, 2000). The 
spatiotemporal dynamics underlying this process 
have five distinct stages:
•  Stage 1: ~150 ms poststimulus, primary sensory 

areas detect a deviant stimulus, as indexed by the 
mismatch negativity (MMN) component of the 
evoked potential;

•  Stage 2: This bottom-up MMN signal is transmitted 
to other brain regions, notably the AI and the 
ACC;

•  Stage 3: ~200-300 ms poststimulus, the AI and 
ACC generate a top-down control signal, as 
indexed by the N2b/P3a component of the 
evoked potential. This signal is simultaneously 
transmitted to primary sensory areas, as well as 
other neocortical regions;

•  Stage 4: ~300-400 ms poststimulus, neocortical 
regions, notably the premotor cortex and 
temporoparietal areas, respond to the attentional 
shift with a signal that is indexed by the time-
averaged P3b evoked potential; and

Figure 4. Schematic model of dynamic bottom-up and top-down interactions underlying at-
tentional control. See text for description of stages. Crottaz-Herbette and Menon (2006), their 
Fig. 6, adapted with permission.
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•  Stage 5: The ACC facilitates response selection and 
motor response via its links to the midcingulate 
cortex, supplementary motor cortex, and other 
motor areas (Rudebeck et al., 2008; Vogt, 2009).

Within the framework of the network model 
described above, we suggest that the AI plays a 
more prominent role in detecting salient stimuli, 
whereas the ACC plays a more prominent role in 
modulating responses in the sensory, motor, and 
association cortices. A wide range of functional 
imaging studies and theoretical models has suggested 
that the ACC plays a prominent role in action 
selection (Rushworth, 2008). Together, as part of a 
functionally coupled network, the AI and ACC help 
to integrate bottom-up attention switching with 
top-down control and biasing of sensory input. This 
dynamic process enables an organism to sift through 
many different incoming sensory stimuli and to adjust 
gain for task-relevant stimuli—processes central to 
attention (Yantis, 2008).

An examination of the differential pattern of input–
output connectivity of the AI and the ACC yields 
further insights into the functions of the AI and SN. 
While the AI receives multimodal sensory input, 
the ACC and associated dorsomedial prefrontal 
cortex (DMPFC) receive very little sensory input 
(Averbeck and Seo, 2008). Conversely, while the 
ACC and associated DMPFC send strong motor 
output, there is very little direct motor input to, or 
output from, the AI. Furthermore, the ACC and 
DMPFC have direct connections to the spinal cord 
and subcortical oculomotor areas (Fries, 1984), 
giving them direct control over action. With these 
differential anatomical pathways and von Economo 
neurons, which facilitate rapid signaling between 
the AI and the ACC, the SN is well positioned to 
influence not only attention but also motor responses 
to salient sensory stimuli. In this manner, the AI 
plays both a direct and an indirect role in attention, 
cognition, and behavioral control. In the context of 
our model, this critical input–output pattern suggests 
that the AI may generate the signals to trigger 
hierarchical control. Consistent with this view, 
among patients with frontal lobe damage, those with 
lesions in the AI were the most impaired in altering 
their behavior in accordance with the changing 
rules of an oculomotor-switching task (Hodgson et 
al., 2007). Our model further suggests that when 
the ACC is dysfunctional (Fellows and Farah, 2005; 
Baird et al., 2006), the AI is well positioned to trigger 
alternative cognitive control signals via other lateral 
cortical regions such as the VLPFC and the DLPFC 
(Johnston et al., 2007). Thus, our network model 
helps to clarify an important controversy regarding 

the primacy and uniqueness of control signals in the 
prefrontal cortex (Fellows and Farah, 2005).

A Second Example: Dissecting 
Parietal Circuits
The PPC, and in particular the inferior parietal 
lobule (IPL), is a brain region that is engaged in a 
wide variety of cognitive domains ranging from 
visuospatial attention (Corbetta and Shulman, 
2002) to episodic memory (Cabeza et al., 2008) 
and numerical cognition (Menon et al., 2000). The 
human IPL consists of three prominent functional and 
anatomical subdivisions: the AG, the supramaginal 
gyrus, and the banks of the intraparietal sulcus (IPS). 
Situated at the junction of the temporal, parietal, 
and occipital lobes, the AG is a heteromodal region. 
Previous functional neuroimaging studies have 
focused mainly on its role in language and semantic 
processing (Binder et al., 2009; Brownsett and Wise, 
2009) and spatial attention and orienting (Chambers 
et al., 2004), but it has also been implicated in 
verbally mediated fact retrieval during mathematical 
cognition tasks (Dehaene et al., 2004). However, 
resting state fMRI and positron emission tomography 
(PET) studies have consistently identified the AG as 
a key parietal node of the DMN (Raichle et al., 2001; 
Greicius et al., 2003; Uddin et al., 2009). Also, task-
related deactivations have been widely reported in 
the AG (Shulman et al., 1997; Wu et al., 2009).

The IPL’s involvement in multiple cognitive 
operations suggests that it is highly functionally 
heterogeneous. Until recently, the subdivisions of 
the human IPL were not well understood, and their 
relation to functional and structural connectivity 
was completely unknown. Autoradiographic tracer 
studies in the macaque brain had demonstrated a 
rostrocaudal gradient of connectivity within the IPL, 
with rostral IPL connected to ventral premotor areas, 
and caudal IPL connected to Brodmann areas 44 and 
45 (Petrides and Pandya, 2009). However, the extent 
to which the human IPL can be considered strictly 
homologous to its monkey counterpart is a matter of 
debate. While Brodmann’s initial characterization 
of the region led him to conclude that the human 
IPL consists of novel cortical areas not present in the 
monkey, others have argued that the IPL is similar 
across both species (Husain and Nachev, 2007). 
Thus, it is unclear to what degree monkey anatomical 
tracer studies can be extrapolated to understanding 
these pathways in the human brain.
By capitalizing on methodological advances for 
examining the connectivity of putative distinct 
cortical regions, we can gain new insights into the 
functional roles of specific regions within the PPC. 
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Furthermore, recent cytoarchitectonic analyses of 
the human IPL have suggested that the AG and IPS 
can be parcellated into distinct subregions (Choi 
et al., 2006; Caspers et al., 2008). Using observer-
independent definitions of cytoarchitectonic 
borders, Caspers and colleagues have defined two 
subdivisions within the AG: one anterior (PGa), and 
one posterior (PGp) (Caspers et al., 2006). Within 
the IPS, this research group has demonstrated at 
least three cytoarchitectonically distinct human 
intraparietal (hIP) areas, labeled hIP2, hIP1, and 
hIP3 (Caspers et al., 2008). Resting state functional 
connectivity analyses showed that PGa was more 
strongly linked to basal ganglia, ventral premotor 
areas, and VLPFC, whereas PGp was more strongly 
connected with VMPFC, PCC, and hippocampus: 
regions comprising the default mode network. The 
anterior-most IPS ROIs (hIP2 and hIP1) have 
been linked with ventral premotor and middle 
frontal gyrus, whereas the posterior-most IPS ROI 
(hIP3) showed connectivity with extrastriate visual 
areas. Tractography using DTI revealed structural 
connectivity between most of these functionally 
connected regions (Fig. 5).

These findings provide evidence for functional 
heterogeneity of cytoarchitectonically defined 
subdivisions within the IPL. They also offer a 
novel framework for synthesizing and interpreting 
the task-related activations and deactivations that 
involve the IPL during cognition. Our connectivity 
analyses of networks associated with the IPS suggest 
a general principle of organization; by means of it, 
posterior IPS regions that are closely linked to the 
visual system transform stimuli into motor action via 
anterior IPS connections to the prefrontal cortex. 
Specifically, functional and structural connectivity 
results point to strong connections between hIP1 
and insula. Along with the findings noted in the 
previous section, this observation suggests that such 
an interconnected system may help to mediate the 
detection of visually salient stimuli. More broadly, 
such investigations provide new information about 
the functional and structural organization of the 
human parietal cortex. This understanding, in turn, 
places constraints on information processing models 
of parietal cortex function, with broad implications 
across multiple cognitive domains (Uddin et  
al., 2010).

Figure 5. Differential structural connectivity within the PPC. Structural connectivity of hIP subdivisions. 
A, DTI tractography and density of fibers between hIP2, hIP1, and hIP3 and target inferior frontal oper-
cular ROIs. Both hIP2 and hIP1 showed greater structural connectivity with inferior frontal opercular than 
did hIP3 (*p < 0.05, **p < 0.01). B, DTI tractography and density of fibers between hIP2, hIP1, and hIP3 
and target insula ROIs. hIP1 showed greater structural connectivity than hIP2 and hIP3 with insula (*p 
< 0.05, **p < 0.01). C, DTI tractography and density of fibers between hIP2, hIP1, and hIP3 and target 
superior occipital cortex ROIs. hIP3 showed greater structural connectivity with superior occipital cortex 
than did hIP2 (**p < 0.01). Uddin et al. (2010), their Fig. 5, reprinted with permission.



51

NOteS

Large-Scale Brain Networks in Cognition: Emerging Principles

© 2010 Menon

References
Amodio D M, Frith CD (2006) Meeting of minds: 

the medial frontal cortex and social cognition. Nat 
Rev Neurosci 7:268-277.

Averbeck BB, Seo M (2008) The statistical 
neuroanatomy of frontal networks in the macaque. 
PLoS Comput Biol 4:e1000050.

Baird A, Dewar BK, Critchley H, Gilbert SJ,  
Dolan RJ, Cipolotti L (2006) Cognitive 
functioning after medial frontal lobe damage 
including the anterior cingulate cortex: a 
preliminary investigation. Brain Cogn 60:166-175.

Binder JR, Desai RH, Graves WW, Conant LL (2009) 
Where is the semantic system? A critical review 
and meta-analysis of 120 functional neuroimaging 
studies. Cereb Cortex 19:2767-2796.

Bressler SL, Menon V (2010) Large-scale brain 
networks in cognition: emerging methods and 
principles. Trends Cogn Sci 14:277-290.

Brownsett SL, Wise RJ (2009) The contribution of 
the parietal lobes to speaking and writing. Cereb 
Cortex 20:517-523.

Buckner RL, Carroll DC (2007) Self-projection and 
the brain. Trends Cogn Sci 11:49-57.

Cabeza R, Prince SE, Daselaar SM,  
Greenberg DL, Budde M, Dolcos F, LaBar KS, 
Rubin DC (2004) Brain activity during episodic 
retrieval of autobiographical and laboratory events: 
an fMRI study using a novel photo paradigm.  
J Cogn Neurosci 16:1583-1594.

Cabeza R, Ciaramelli E, Olson IR, Moscovitch M 
(2008) The parietal cortex and episodic memory: 
an attentional account. Nat Rev Neurosci  
9:613-625.

Caspers S, Geyer S, Schleicher A, Mohlberg H, 
Amunts K, Zilles K (2006) The human inferior 
parietal cortex: cytoarchitectonic parcellation 
and interindividual variability. Neuroimage  
33:430-448.

Caspers S, Eickhoff SB, Geyer S, Scheperjans F, 
Mohlberg H, Zilles K, Amunts K (2008) The 
human inferior parietal lobule in stereotaxic space. 
Brain Struct Funct 212:481-495.

Chambers CD, Payne JM, Stokes MG,  
Mattingley JB (2004) Fast and slow parietal 
pathways mediate spatial attention. Nat Neurosci 
7:217-218.

Choi HJ, Zilles K, Mohlberg H, Schleicher A, 
Fink GR, Armstrong E, Amunts K (2006) 
Cytoarchitectonic identification and probabilistic 
mapping of two distinct areas within the anterior 
ventral bank of the human intraparietal sulcus.  
J Comp Neurol 495:53-69.

Cole MW, Schneider W (2007) The cognitive 
control network: integrated cortical regions with 
dissociable functions. Neuroimage 37:343-360.

Corbetta M, Shulman GL (2002) Control of goal-
directed and stimulus-driven attention in the 
brain. Nat Rev Neurosci 3:201-215.

Crottaz-Herbette S, Menon V (2006) Where and 
when the anterior cingulate cortex modulates 
attentional response: combined fMRI and ERP 
evidence. J Cogn Neurosci 18:766-780.

Damoiseaux JS, Rombouts SA, Barkhof F,  
Scheltens P, Stam CJ, Smith SM,  
Beckmann CF (2006) Consistent resting-state 
networks across healthy subjects. Proc Natl Acad 
Sci USA 103:13848-13853.

Dehaene S, Molko N, Cohen L, Wilson AJ (2004) 
Arithmetic and the brain. Curr Opin Neurobiol 
14:218-224.

Dosenbach NU, Fair DA, Miezin FM, Cohen AL,  
Wenger KK, Dosenbach RA, Fox MD,  
Snyder AZ, Vincent JL, Raichle ME, Schlaggar BL,  
Petersen SE (2007) Distinct brain networks for 
adaptive and stable task control in humans. Proc 
Natl Acad Sci USA 104:11073-11078.

Dosenbach NU, Fair DA, Cohen AL, Schlaggar BL, 
Petersen SE (2008) A dual-networks architecture 
of top-down control. Trends Cogn Sci 12:99-105.

Eichele T, Debener S, Calhoun VD, Specht K,  
Engel AK, Hugdahl K, von Cramon DY, 
Ullsperger M (2008) Prediction of human 
errors by maladaptive changes in event-related 
brain networks. Proc Natl Acad Sci USA  
105:6173-6178.

Fellows LK, Farah MJ (2005) Is anterior cingulate 
cortex necessary for cognitive control? Brain 
128:788-796.

Fox MD, Raichle ME (2007) Spontaneous 
fluctuations in brain activity observed with 
functional magnetic resonance imaging. Nat Rev 
Neurosci 8:700-711.

Fries W (1984) Cortical projections to the superior 
colliculus in the macaque monkey: a retrograde 
study using horseradish peroxidase. J Comp Neurol 
230:55-76.



52

NOteS

© 2010 Menon

Fuster JM (2006) The cognit: a network model 
of cortical representation. Int J Psychophysiol 
60:125-132.

Greicius MD, Menon V (2004) Default-mode 
activity during a passive sensory task: uncoupled 
from deactivation but impacting activation.  
J Cogn Neurosci 16:1484-1492.

Greicius MD, Krasnow B, Reiss AL, Menon V (2003) 
Functional connectivity in the resting brain: a 
network analysis of the default mode hypothesis. 
Proc Natl Acad Sci USA 100:253-258.

He BJ, Snyder AZ, Zempel JM, Smyth MD,  
Raichle ME (2008) Electrophysiological 
correlates of the brain’s intrinsic large-scale 
functional architecture. Proc Natl Acad Sci USA  
105:16039-16044.

Hodgson T, Chamberlain M, Parris B, James M, 
Gutowski N, Husain M, Kennard C (2007) The 
role of the ventrolateral frontal cortex in inhibitory 
oculomotor control. Brain 130:1525-1537.

Husain M, Nachev P (2007) Space and the parietal 
cortex. Trends Cogn Sci 11:30-36.

Johnston K, Levin HM, Koval MJ, Everling S (2007) 
Top-down control-signal dynamics in anterior 
cingulate and prefrontal cortex neurons following 
task switching. Neuron 53:453-462.

Koechlin E, Summerfield C (2007) An information 
theoretical approach to prefrontal executive 
function. Trends Cogn Sci 11:229-235.

Menon V, Uddin LQ (2010) Saliency, switching, 
attention and control: a network model of insula 
function. Brain Struct Funct 214:655-667.

Menon V, Rivera SM, White CD, Glover GH,  
Reiss AL (2000) Dissociating prefrontal and 
parietal cortex activation during arithmetic 
processing. Neuroimage 12:357-365.

Mesulam MM (1990) Large-scale neurocognitive 
networks and distributed processing for attention, 
language, and memory. Ann Neurol 28:597-613.

Miller EK, Cohen JD (2001) An integrative theory 
of prefrontal cortex function. Annu Rev Neurosci 
24:167-202.

Muller NG, Knight RT (2006) The functional 
neuroanatomy of working memory: contributions 
of human brain lesion studies. Neuroscience 
139:51-58.

Nir Y, Mukamel R, Dinstein I, Privman E,  
Harel M, Fisch L, Gelbard-Sagiv H,  
Kipervasser S, Andelman F, Neufeld MY, 
Kramer U, Arieli A, Fried I, Malach R (2008) 
Interhemispheric correlations of slow spontaneous 
neuronal fluctuations revealed in human sensory 
cortex. Nat Neurosci 11:1100-1108.

Passingham RE, Stephan KE, Kötter R (2002) The 
anatomical basis of functional localization in the 
cortex. Nat Rev Neurosci 3:606-616.

Petrides M (2005) Lateral prefrontal cortex: 
architectonic and functional organization. Philos 
Trans R Soc Lond B Biol Sci 360:781-795.

Petrides M, Pandya DN (2009) Distinct parietal and 
temporal pathways to the homologues of Broca’s 
area in the monkey. PLoS Biol 7:e1000170.

Posner MI, Rothbart MK (2007) Research on 
attention networks as a model for the integration 
of psychological science. Annu Rev Psychol  
58:1-23.

Raichle ME, MacLeod AM, Snyder AZ,  
Powers WJ, Gusnard DA, Shulman GL (2001) A 
default mode of brain function. Proc Natl Acad 
Sci USA 98:676-682.

Rudebeck PH, Behrens TE, Kennerley SW,  
Baxter MG, Buckley MJ, Walton ME,  
Rushworth MF (2008) Frontal cortex subregions 
play distinct roles in choices between actions and 
stimuli. J Neurosci 28:13775-13785.

Rushworth MF (2008) Intention, choice, and 
the medial frontal cortex. Ann N Y Acad Sci 
1124:181-207.

Seeley WW, Menon V, Schatzberg AF, Keller J, 
Glover GH, Kenna H, Reiss AL, Greicius MD 
(2007) Dissociable intrinsic connectivity networks 
for salience processing and executive control.  
J Neurosci 27:2349-2356.

Shulman GL, Fiez JA, Corbetta M, Buckner RL, 
Miezin FM, Raichle ME, Petersen SE (1997) 
Common blood flow changes across visual tasks: 
II. Decreases in cerebral cortex. J Cogn Neurosci 
9:648-663.

Smith SM, Fox PT, Miller KL, Glahn DC, Fox PM, 
Mackay CE, Filippini N, Watkins KE, Toro R, 
Laird AR, Beckmann CF (2009) Correspondence 
of the brain’s functional architecture during 
activation and rest. Proc Natl Acad Sci USA 
106:13040-13045.



53

NOteS

Large-Scale Brain Networks in Cognition: Emerging Principles

© 2010 Menon

Soltani M, Knight RT (2000) Neural origins of the 
P300. Crit Rev Neurobiol 14:199-224.

Spreng RN, Mar RA, Kim AS (2009) The common 
neural basis of autobiographical memory, 
prospection, navigation, theory of mind, and the 
default mode: a quantitative meta-analysis. J Cogn 
Neurosci 21:489-510.

Sridharan D, Levitin DJ, Menon V (2008) A 
critical role for the right fronto-insular cortex 
in switching between central-executive and 
default-mode networks. Proc Natl Acad Sci USA  
105:12569-12574.

Toro R, Fox PT, Paus T (2008) Functional 
coactivation map of the human brain. Cereb 
Cortex 18:2553-2559.

Uddin LQ, Kelly AM, Biswal BB,  
Xavier Castellanos F, Milham MP (2009) 
Functional connectivity of default mode network 
components: correlation, anticorrelation, and 
causality. Hum Brain Mapp 30:625-637.

Uddin LQ, Supekar K, Amin H, Rykhlevskaia E, 
Nguyen DA, Greicius MD, Menon V (2010) 
Dissociable connectivity within human angular 
gyrus and intraparietal sulcus: evidence from 
functional and structural connectivity. Cereb 
Cortex, in press.

Vogt BA (2009) Cingulate neurobiology and disease. 
Oxford; New York: Oxford UP.

Wu SS, Chang TT, Majid A, Caspers S,  
Eickhoff SB, Menon V (2009) Functional 
heterogeneity of inferior parietal cortex 
during mathematical cognition assessed with 
cytoarchitectonic probability maps. Cereb Cortex 
19:2930-2945.

Yantis S (2008) The neural basis of selective 
attention: cortical sources and targets of attentional 
modulation. Curr Dir Psychol Sci 17:86-90. 


