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The intrinsic activity of the brain can be modulated by cognitive load 
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Introduction During performance of attention-demanding cognitive tasks, two opposite types of responses are commonly observed. A 
specific set of frontal and parietal cortical regions typically exhibit activity increases [1]; whereas a different set of regions, including 
posterior cingulate, medial and lateral parietal, and medial prefrontal cortex (mPFC) exhibit activity decreases [2]. As the attentional 
demand of the task increases, this dichotomy becomes more pronounced: activity in “activating regions” increases further [3], whereas 
activity in “de-activating regions” decreases further [4]. Accordingly, attention demanding cognitive tasks not only increase activity in 
regions whose function supports task execution, but also trigger activity decreases in regions supporting task-unrelated processes. The set 
of brain regions that de-activates during goal-oriented tasks has been termed “the default mode network” (DMN) [5], suggesting that all 
these regions operate as an integrated ensemble (i.e. a network). This view recently gained support from studies of functional connectivity 
(fc-fMRI) [6,7] showing correlated activity within this network at rest. Here we asked whether the level of cognitive load (n-back memory 
tasks) modulates this pattern of correlated activity within the default mode network. In addition our analyses of fc-fMRI also looked for 
possible effects of cognitive load on the correlation between the default mode network and fronto-parietal regions that activate during 
cognitive tasks.  
Methods Fourteen healthy right-handed subjects (age ranging from 23 to 36 
years) participated in this study after giving informed consent. All subjects 
underwent: A) One functional localizer fMRI-run: working memory task vs Rest. 
The design was blocked alternating three times between Rest and verbal working 
memory (i.e. recognition of a letter during a random repetition of “A, B, C”); B) 
One resting state fMRI-run: no task, eyes open; C) Four n-back working memory 
fMRI-runs, each with a different level of working load (n=0,1,2,3; being the n=0 
referred to the recognition of the letter “A”. continuous task performance within  
each run). The order of five continuous tasks (steady-state  
activation for analyses of functional connectivity) was 
counterbalanced across subjects. Subjects were scanned in 
a 3T Siemens Allegra system (Erlagen, Germany). Functional 
data were collected by using a 2D gradient-echo, echo-planar 
(TE/TR=2100/30 ms, Flip Angle= 70°, 3×3×2.5-mm voxels). 
Data were temporally band-pass filtered (0.009 Hz < f < 0.08 
Hz) and spatially smoothed (6-mm full width at half maximum 
Gaussian blur). Sources of spurious variance were removed 
from the data through linear regression [6]. DATA 
ANALYSIS: 1) Identification of the DMN using the functional 
localizater (run A). Four regions deactivated during the 
memory task (Rest > 2-back): medial Prefrontal Cortex 
(mPFC), posterior cingulate/ precuneus (PCC), left Lateral 
Parietal Cortex (LPC(l)) and right LPC  
(LPC(r)); 2) Correlation with DMN at Rest (run  
B).  For each seed region, correlation maps [6]  
were computed during resting state fMRI. 
Correlation maps were produced by extracting  
the BOLD time course from each seed region  
then computing the correlation coefficient (ρ) 
between that time course and the time course  
from all other voxels in the brain, and then  
converted to a normal distribution; 3)  
Identification of consistent Positively-correlated and Negatively-correlated networks at Rest. The resting state correlation maps obtained for 
the four seed regions were tested for consistency using a conjunction analysis (P<0.05 FWE). This led to the identification of regions that 
correlated positively with the DMN (PosNet), and regions that correlated negatively with the DMN (NegNet); 4) Changes of functional 
connectivity in PosNet e NegNet, as a function of cognitive load (runs C). For each region of the PosNet and each region of the NegNet we 
computed the correlation coefficients with all other regions of the two networks, separately for the four levels of cognitive load. This yielded 
to correlation matrices representing the changes of inter-regional correlation within and between networks, as a function of cognitive load. 
Results Eight regions were found to correlate positively with the DMN at Rest (PosNet: Inferior Temporal Gyrus bilaterally, mPFC, PCC, 
LPC, Superior Frontal Gyrus bilaterally; see Fig 1). Eight other regions were found to correlate negatively with the DMN at Rest (NegNet: 
Supplementary Motor Area bilaterally, Insula bilaterally, Supramarginal Gyrus anterior and posterior bilaterally; see Fig 2). Within PosNet 
there was a significant correlation during the working memory tasks, but critically the correlation coefficients between each of pair of 
regions decreased with increasing memory load (see Fig 3a). Cognitive load modulated also the connectivity within the NegNet, with the 
functional coupling between each pair of regions decreasing with increasing memory load (see Fig 3b). Finally, the negative correlation 
observed between PosNet and NegNet at Rest diminished with increasing cognitive load, reaching full decoupling of the two networks 
during the 2-back memory task (Fig3c). Discussion Consistently with previous studies [5-8], we reported the existence of two anti-
correlated networks of brain regions that show coherent signal fluctuations at rest. Within each network correlation decreased with 
increasing cognitive load. The negative coupling between the two networks also decreased with cognitive load. These results demonstrate 
a direct link between the dynamic functioning of the DMN and high level cognitive processing (memory load here). This may relate to 
monitoring function previously associated with the DMN using intra-regional activation analyses [4], rather than dynamic correlation as 
shown here. References [1] Carbetta & Shulman G L, Nat Rev Neurosci 3, 201, 2002; [2] Simpson J R J, Snyder A Z, Gusnard D A & Raichle M E,  Proc Natl Acad Sci USA 98, 
683, 2001; [3] Wojciulik E & Kanwisher N, Neuron 23, 747, 1999; [4] McKiernan K A, Kaufman J N, Kucera-Thompson J & Binder J R, J Cognit Neurosci 15, 394, 2003; [5] Gusnard D A, 
Akbudak E, Shulman G L & Raichle M E,  Proc Natl Acad Sci USA 98, 4259, 2001 [6] Fox M D, Snyder A Z, Vincent J L, Corbetta M, Van Essen D C &Raichle M E, Proc Natl Acad Sci 
USA 102, 9673, 2005; [7] Greicius M D, Krasnow B, Reiss A L & Menon V  Proc Natl Acad Sci USA 100, 253, 2003; [8] Hampson M, Driesen N R, Skudlarski P, Gore J C & Constable R 
T J Neurosci, 26, 13338, 2006. 

Fig3. a) Matrix representation of the inter-region correlation 
coefficient ρ for the PosNet as a function of cognitive load; b) 
Matrix representation of the inter-region correlation coefficient 
ρ for the NegNet as a function of cognitive load. In the 
subplots are reported the averages and the standard 
deviations of all the couples showed in the matrix in the five 
experimental conditions, giving the whole network trend; c) 
Plot of the the averages and the standard deviations of 
between networks correlation coefficients in the five 
experimental conditions, giving the networks disconnection. 

Fig1  
Glass Brain 
projection of 
the result of 
positive one 
sample t-test . 

Fig2 
Glass Brain 
projection of 
the result of 
negative one 
sample t-test . 
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