
I N T R O D U C T I O N 

It has been established that neural activity in the brain is organised 
into networks of anatomical areas showing anticorrelated 
activity during resting state (Fox et al 2005). Such networks 
may be identified by Independent Component Analysis of fMRI 
data as a relatively consistent set of component brain processes 
(Resting State Networks - RSN) (Beckmann et al 2005b, Smith et 
al 2009). We have previously identified some of these RSNs during 
the onset of meditation and continuous meditation (Bærentsen et 
al 2010a), as well as during fingertapping and resting (Bærentsen 
et al 2010b). We here present further analyses of the varying 
temporal correlations among component processes across 
different tasks (fingertapping, resting, meditation on-off, 
and meditation).

During the activity of meditation, the mental task entails a form 
of “balancing” of attention in order to maintain an undisturbed 
focus of conscious awareness by compensating for external and 
internal disturbances, like e.g. sensory stimulation and spontaneous 
uncontrolled thoughts (Bærentsen et al 2010a). It has been 
demonstrated that trained meditators have superior skills of 
attention control in the face of disturbances, which is reflected in 
the temporal dynamics of RSNs (Guo et al 2008). 

We here explore the temporal dynamics of several RSNs during 
meditation and other tasks in order to possibly identify specific 
characteristics of their temporal dynamics during meditation.

M E T H O D S
Subjects: Participants were 11 females and 11 males (age 24-61 years, mean 45 years). All subjects 
belong to two Danish schools of meditation, and had a level of experience with systematic meditation 
varying from 1.5 to 25 years, (average 12 years). During the experiment, participants meditated according 
to the traditions of their schools, using special mantras created for the occasion by their leaders. 
Scanning: Participants were scanned during fingertapping, resting and meditation on-off, followed by 
continuous meditation, meditation on-off and resting. The fingertapping, resting and meditation on-off 
scans each lasted 4½ min. The continuous meditation session comprised 30 seconds of relaxation followed 
by 14 minutes and 30 seconds of uninterrupted meditation. Fingertapping and meditation on-off followed 
a standard block design with 45 second epochs.
The scans were made on a GE Signa 1.5 T scanner, (Gradient EPI, TE=40 msec., TR=3.5 sec., 34 or 35 axial 
slices).
Data analysis: Data analysis was carried out using Probabilistic Independent Component Analysis (FSL 4.0, 
MELODIC 3.05; www.fmrib.ox.ac.uk/fsl). The analysis followed the standards as described in (Beckmann et 
al 2004, 2005a, 2005b). The group analyses of scans during each task were carried out using a Concatenation 
design with Hpf cutoff at 250 seconds.

ICs corresponding to 8 known RSNs were identified in all tasks on 
the basis of visual inspection and comparison to illustrations in (Beckmann 
et al 2005a, Smith et al 2009). The selected RSNs are referred to as a-h, 
corresponding to: a) medial visual cortical areas; b) lateral visual cortical 
areas; c) auditive system; d) sensorimotor cortex, e) the “default mode” 
network; f) executive control; g), and h) two lateralised fronto-parietal 
attention networks; (cf. Beckmann et al 2005a, Smith et al 2009).

Estimation of the anatomical similarity of RSN components from different experimental sessions was carried 
out by calculating the average number of voxels shared by the relevant ICs from different sessions
Evaluation of temporal correlations between RSN time series was carried out by calculating the Pearson 
product moment correlation of time series representing the eigenvectors of the corresponding ICs in each 
experimental condition. The correlation was calculated for time series in phase, and for phase-shifted time 
series (+/- 1 to 5 phases, corresponding to 3.5 seconds to 17.5 seconds in each direction, covering 35 
seconds in total).
Evaluation of the similarity of the power spectra of the selected RSNs was carried out by correlation of the 
power spectra of the corresponding IC eigenvectors (reported as R2). This calculation was carried out for 
RSNs in each experimental condition, and for similar RSNs between experimental conditions. The power 
spectrum of the continuous meditation was reduced from 129 to 39 frequency intervals in order to facilitate 
comparison with the other conditions.

C O N C L U S I O N S 

Selected RSN components were found to be active in different 
patterns of mutual synchronisation and correlation across different 
tasks. The activity of selected RSNs appears to be modulated 
during meditation, and this modulation is retained during 
subsequent resting and task related activity. This modulation 
of the frequencies of RSN fluctuations is reflected in the temporal 
evolution of interactions among component processes. 

When looking at the entire course of the experiment (across all 
experimental conditions), it is noteworthy that all RSNs are in 
nearly perfect synchrony in the second meditation on-off 
session, whereas there is more variation in other conditions. This 
pattern is in accordance with the hypothesis that meditation may be 
conceived of as a kind of active “balancing” of attention in order to 
compensate for disturbances from external as well as internal sources 
(Bærentsen 2010). According to the hypothesis, a fixed pattern of 
correlation between RSNs is not to be expected during meditation, 
but rather a situationally specific operationalisation corresponding 
to the achievement of an invariant goal under different concrete 
circumstances (c.f. Leont’ev 1977, Anokhin 1969, Bernstein 1996). 
During meditation the ability to control attention and compensate 
for disturbances is enhanced, as it is indicated by the extremely 
high level of synchronisation and correlation of RSN activity during 
the meditation on-off 2 task. 
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5) A comparison of the estimated similarity (correlation) of RSN power 
spectra between each experimental condition reveal more synchronisation 
of RSNs in epoch-related designs (fingertapping, meditation on-off 2 and 
2) than in any of the conditions with continuous design (resting and 
meditation). During both resting conditions, and during meditation, R2 is 
approximately 0.30 (s.d. appr. 0.25), during fingertapping and meditation 
on-off 1, R2 is 0.61and 0.73 respectively (s.d. = 0.24 and 0.26). In 
meditation on-off 2 the synchronisation is almost perfect, the overall 
correlation reaching R2 = 0.96 (s.d. = 0.06) (Table 4).
6) The synchronisation of RSN activity in meditation on-off 2 may be 
compared with the extremely high level of positive and negative temporal 
correlation of the RSN time series (Table 5). There is a fair amount of 
temporal correlation between RSN activity in all experimental conditions. 
In many instances however the correlation reaches higher values when 
the time series are phase-shifted relative to each other (Table 6). 
Comparison of phase-shifted time series show that in almost two thirds 
of the instances, the RSNs display higher levels of correlation in phase-
shifted comparisons. This is not the case in meditation on-off 2, where 
most of the correlation is in phase (Table 7). 

The anatomical localisation of the selected RSNs (a, b, c, d, e, f, g, and 
h) is depicted in (Fig 1). 
The estimated anatomical similarity of RSN components from different 
experimental sessions is shown in (Table 1). The table reveal that f.i. 
RSN a in fingertapping contain on average 63 % of the voxels constituting 
RSN a in the resting, meditation on-off, and meditation conditions. The 
relatively low overlap with meditation is caused by the more detailed 
decomposition of the data from this scan (38 components identified, 
compared to 13-17 identified ICs in the other conditions).

A comparison of the power spectra of the selected RSNs (Fig 2) 
reveal the following patterns. 
1) The frequency distributions of the RSNs appear to be reasonably 
similar across the different designs, with the main power in most cases 
at approximately 0.01-0.03 Hz. The overall similarity of the RSN power 
spectra was R2 = 0.27 (s.d. = 0.27) (Table 2).
2) The frequency distributions of the RSN components from the 
epoch-related experimental designs (fingertapping and meditation on-
off) are more similar than the frequency distribution of the RSNs from the 
tasks with continuous experimental design (resting and meditation). 
The average correlation of the power spectra from RSNs in epoch design 
scans was R2 = 0.69 (s.d. = 0.29), whereas R2 = 0.31 (s.d. = 0.17) 
in scans with continuous experimental designs (resting and meditation) 
(Table 2).
3) The RSN power spectrum from the resting 1 scan is more similar 
to those from the design driven scans (finger, on-off 1; on-off 2) than 
are those from continuous meditation and baseline 2 scans. Resting 1: 
R2 = 0.31 (s.d. = 0.17); continuous meditation: R2 = 0.10 (s.d. = 0.11); 
resting 2: R2 = 0.22 (s.d. = 0.16) (Table 3).
4) The power spectra of the RSNs in the second resting scan appear to 
contain more frequencies than the first resting scan, and in this respect it 
is more similar to the continuous meditation than is the first resting state 
(Table 3).

R E S U L T S


