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Background 

• Engineering 

psychology. 

• Man-machine systems 

• Usability  

 

• ”If you need statistics 

to show it, then why 

bother?” 

• In fMRI 

• You can’t do anything 

without statistics 

• There are lies, damned 

lies, and statistics 

 

• Theoretical 

background: 
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Activity theory 

(Leont’ev, 1974, 1978) 

One step from ”intentionality in non-equilibrium systems”. 
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Functional systems theory 

Anokhin (1969) 

OR: Orienting reaction 

EA: Environmental Afferentation 

P: Past history (Memory) 

AA: Activating Afferentation 

RF:  Reticular Formation 

M: Motivation 
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Meditation   

• Simple practical procedure: 

– Sit comfortably. 

– Maintain a concentrated 
attentive awareness. 

• Concentrate on an object, a 
symbol, a mantra, a prayer, 
breathing, “nothing”. 

– Keep from thinking. 

– Let impressions come and go 
without reaction, retention, 
attraction or rejection. 

– When distracted: Return to 
concentrated awareness without 
thoughts or interruption. 
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Classical understanding of meditation 
(Patanjali, 200 BC – 500 AD) 

• Yoga or meditation is control of fluctuations of 
the mind. 

– The  aim is to still the patterning of consciousness. 

• When the fluctuations of the mind are controlled, the 
yogi achieve concentration – meditation – samadhi – 
(Nirvana). 

– Then the mind (the self) abides in itself.  

– Pure awareness can abide in its very nature. 

• At other times the self, (the mind, awareness) takes 
itself to be the patterns of consciousness. 

Patanjali Yoga Sutras (2003) 
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Five types of fluctuations in the mind 

• The “fluctuations of the mind”  are the normal 
processes and contents of consciousness as considered 
in modern psychology. 

1. Sources of valid ideas: Right perception, based on direct 
observation, correct inference and verbal communication.  

2. Misconception: Misperception, erroneous ideas, false 
knowledge, that is not based on what actually is.  

3. Conceptualisation: Derived from linguistic knowledge, not from 
contact with real things (predicate relationships). 

4. Sleep: Deep sleep, a pattern grounded in the perception of 
nothing (negation of other fluctuations).  

5. Memory:  Remembering is the retention of past experience 
(includes dreams). 

Patanjali Yoga Sutras (2003) 
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Elimination of the fluctuations 

• Is achieved by practice and non-
identification (passionlessness). 

– Practice is the repeated effort aimed at 
eliminating (still) the fluctuations of the mind. 

– Stability is achieved by enduring, constant 
effort and serious intent. 

– Non-identification is achieved by mastering 
the desire for sensuous objects and qualities 
(experiences). 

 Patanjali Yoga Sutras (2003) 
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The state of Meditation 

• When identification with the fluctuations of the 
mind ceases in meditation 

• The self abides in itself.  

– The knower, the process of knowing, and the object to be 
known ceases to be distinct entities. 

– The individual self (ego) dissolves in the universal self. 

• All things are like the void and cloudless sky  

• The naked spotless intellect is like unto a transparent 
vacuum without circumference or centre.  

(Patanjali 2003; Evans-Wentz 1980)   
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Meditation as psychological activity 

• Why: Motive for meditation 

– Health  

– Cognitive 

– Spiritual 

• What: Goal of meditation 

– Stability 

– Clarity 

– Self-realization 

• How: Operational meditation 

– Relaxation 

– Concentration 

– Non-attachement 

In this sense, meditation is not 

different from any other activity.  
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Meditation and skiing:  
practice makes master 

• The skier moves down the ski run 

• Driven by gravitation (and some effort) 

• The skier must concentrate on  

– Maintaining balance 

– Navigation around obstacles 

– Master challenges 

– Detect and exploit possibilities 

– Carry out diverse manoeuvres 

– Adapt to uncontrollable influences 

• Movements may appear phantastic, even 
as if in conflict with laws of nature 

• Whereas in reality they are based on 
knowledge of the laws and mastery of the 
released forces  

www.speedski.com/priotti.htm 
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Meditation compared with skiing 

• External ski run. 

• Gravity is the primary motive 

power. In conjunction with the 

terrain, this creates the dynamics. 

• Task: Master the challenges and 

obstacles of the ski run. 

• Maintain overview of situation 

and physical balance.   

• Maintain concentrated attention. 

• Keep from thinking.  

• Know, be one with and master 

the physical forces. 

• Internal ”ski run” (experience).  

• Life activity is the primary motive 

power, being the basis for the intrinsic 

dynamics of the mind (experience). 

• Task: Master life, subconscious 

problems, tendencies and potentials. 

• Maintain overview of life situation and 

peace (“balance”) of mind. 

• Maintain concentrated attention. 

• Keep from thinking.  

• Know, be one with, and master the 

psychological forces. 

 

Skiing Meditation  
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Research on Meditation 

• Not experimental hypothesis testing in a strict sense, rather a theory 
led empirical field investigation 

• Meditation as a focused and ”balanced” state of mind in activity.  

– Relaxed, stable, undisturbed, but not in the sense of a low-energy stability, 
nor as inert passivity. 

– Rather a kind of high-energy active compensatory stabilisation. 

– Focussed awareness, undisturbed by mental or sensory interferences 
(noise). 

• Aim of fMRI investigation: characterisation of the dynamics of brain 
processes during meditation, as different from ”default” thinking 
during normal relaxation.  

– Dynamics of the mind when subject is in control, and when not? 

• How may may this active state be analysed, characterised and 
illustrated? 
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Putting a subject into the scanner 
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Investigation of meditation using fMRI 
(functional Magnetic Resonance Imaging) 

• 31 individuals from 3 schools of meditation. (23 individuals) 
– Experience with meditation: 1 – 25 years.  

• From 1 year regular meditation to more than 25 years intensive daily meditation (several hours) at a time.  

– Performance in the scanner: training – meditation. 
• From ”training” for meditation, gaining control of the fluctuations of the mind, to meditation in the strict 

sense of the word.  
 

• Two designs: On-off meditation & Continuous meditation. 
– On-off meditation: epoch related (45 sec. Meditation alternating with 

45 sec. Rest/baseline). 
– Continuous meditation (½ min. Rest, 14½ min. Meditation). 

 

• All subjects also perform: Fingertapping and resting baseline. 
• 1 fingertap scan as familiarisation and training.  
• 2 scans with normal relaxation (rest/baseline) during 4½ minutes. 



Experimental design 
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Meditation                                        Resting 

Rest  

Experimental design 

 0:30                                                            15:00 

time 

si
g
n
al

 

Hrf 

regressor 

si
g
n
al

 

SPM analysis: activations and deactivations 
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The change from rest to meditation 

fMRI – 60 scans 

(p<0.05 FWE correction) 

(Bærentsen et al  Cognitive Processing (2010)) 
- Similar findings during WCST 

(p<0.001 uncorrected).          

• Increased activity:  

– Basal ganglia: Putamen.  

• Structured execution of meaningful action 

sequences. 

• (medial frontal gyrus, primary 

somatomotor, inferior parietal, insula. 

• Decreased activity: 

– The default mode network 

– Posterior cingulum:  
• medial cortex. Part of the limbic system. 

• Significant for involuntary self- related 
processes. 

– Left parietal cortex, angular 
gyrus:  

• Tertiary multimodal association cortex.  
Perception, attention, spatial cognition etc 

Areas displaying 

variations of activity 

during the change from 

rest to meditation  

• Yellow & red: 

increased activity. 

• Blue: decreased 

activity. 
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Psychological interpretation 

• The change from relaxation to meditation: 
– Activation in the putamen: Awareness is turned to ones own state of 

mind: ”am I doing right?” (similar to WCST attempt new strategy). 

– Deactivation of the posterior cingulate: Cessation of spontaneous 
involuntary associations, thoughts, self-related recollection and 
deliberations (similar to baseline – resting state investigations). 

• Conclusion: Meditation is a real activity 
– Meditation is a goal-directed intentional action, directed toward ones 

own state of mind. 

– Meditation is different from normal relaxation.  

• Questions: is this “the brain during meditation”? 
– What about parts of the brain, that are not activated or deactivated? 

– 45 sec. Meditation? How about meditation for e.g. 15 minutes? 



Meditation uninterrupted 14½ minutes, 

fMRI. 21 scans. SPM analysis 
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• Increased activity  

– Basal ganglia, body and 
head of Caudate Nucleus. 
(Ventral striatum)  

– ”meditation center” ? 

• Decreased activity: 

– Frontal and Parieto-
occipital areas  

– White substance mainly. 

– Possible artefact? 

– Decreased metabolism in 
general? 

Areas with changing 

levels of activity during 

meditation. 

• yellow & red: 

increased activity 

• Blue: decreased 

activity 

(p<0.001 uncorrected).  

(Bærentsen et al  Cognitive Processing (2010)) 
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Resting 1 and 2 
What does absence of “activation” indicate in on-off designs? 

• Areas of the brain without activation 
or deactivation: 

• Show that there is no statistically 
significant difference between the 
levels of activity in the contrasted 
states. 

• But this does not indicate that 
nothing happens in the brain.  

• Does not prove that the processes 
that may take place in the brain are 
irrelevant for the investigated 
psychological process. 

• What does the absence of activation 
indicate? 
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A visibility problem in fMRI 

• The brain constitute 2% of body weight, but consume 20% 
of the energy. 

– 1 - 5% of the brains energy consumption is correlated with varying 
task related neural processes, and thus psychologically relevant, 
and visible as task-related variations between contrasted states. 

– 85% of the brains energy consumption is caused by neural activity 
and probably psychologically relevant, but is unvarying during 
tasks, and thus ”invisible” with contrast based methods. 

– 10% of the brains energy consumption is due to vegetative 
functions and psychologically irrelevant. 

• The invisibility, and the unknown relation to task 
accomplishment, does not prove that the 85% of the brain 
activity is irrelevant to the task accomplishment. 

? 
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The brain areas that are not 

activated nor deactivated 

• We have no knowledge about their involvement.  

• But … 

• No knowledge about their involvement is not … 
knowledge that they are not involved. 

• We simply don’t know how the level of activity in these 
areas vary during the investigated process. 

• And we don’t know how the activity in these areas may be 
related to the psychological process being investigated. 

• Contrast based investigations leaves out most of the brains 
activity 

• Some of the missing activity may be seen using ICA. 



Independent Component Analysis identifies intrinsic 

activity networks - or Resting State Network (RSN) 
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Beckmann et al (2005);  

Smith et al (2009) 

a) Primary 

visual areas 

(striate cortex) 

 

c) Auditory and 

higher order 

cognitive 

functions. 

Temporal lobe, 

(Thalamus) 

e) Default mode 

network. 

Posterior 

cingulum, 

vmPFC, PTO. 

g) Attention 

related areas. 

dlPFC, right 

parietal cortex 

(r. dorsal visual 

stream). 

b) Secondary 

visual areas. 

(extrastriate 

cortex) 

 

d) Sensory- 

motor  cortex. 

 

 

 

f) Executive 

control: ACC, 

dlPFC 

 

 

h) Attention 

related areas. 

dlPFC, left 

parietal cortex (l. 

dorsal visual 

stream). 



RSN identified with ICA in the present investigation 
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Beckmann et al (2005);  

Smith et al (2009) 



Fingertapping: RSN activity 
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Anatomy BOLD signal Fourier power spectrum 

a 

b  

c  

d  

e  

f  

g  

h 



Complexity Resonance 
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With Uffe Amelung Fredens  

 

Time series were variance normalized, and a few outliers |xi|  > 4 were 

”squeezed in” to |xi|  = 4 to ensure an appropriate maximal scale range. 

Analysis of fluctuation, distribution and complexity (FDC analysis) was 

done along the lines of (Haken & Schiepek 2010, Schiepek et al, 2015; 

Schiepek & Strunk 2010), complexity being the product of distribution and 

fluctuation,  C = D · F, and using scale max/min values +/- 4 and boxcar 

length 7.  



Fingertapping 
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Confidence within single RSN 

Anatomy 



Fingertapping 
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RSN 

a 

b 

c 
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f 
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RSN 
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e 

RSN 
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b 

c 

f 

g 

h 

RSN 

a 

b 

RSN 

c 

f 

g 

h 

BOLD 

 

 

 

 

 

Complx 

BOLD 
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Resting 1: RSN activity 
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Anatomy Fourier power spectrum 

a 

b  

c  

d  

e  

f  

g  

h 

BOLD signal 



Resting Baseline 1 
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Confidence within single RSN 

Anatomy 



Resting Baseline 1 
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Meditation on-off 1: RSN activity 
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Anatomy Fourier power spectrum 

a 

b  

c  

d  

e  

f  

g  

h 

BOLD signal 



Meditation on-off 1 
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Confidence within single RSN 

Anatomy 



Meditation on-off 1 
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Meditation: RSN activity 
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Anatomy Fourier power spectrum 

a 

b  

c  

d  

e  

f  

g  

h 

BOLD signal 



Meditation 
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Confidence within single RSN 



Meditation 
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Meditation on-off 2: RSN activity 
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Anatomy Fourier power spectrum 

a 

b  

c  

d  

e  

f  

g  

h 

BOLD signal 



Meditation on-off 2 
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Confidence within single RSN 

Anatomy 



Meditation on-off 2 
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Resting 2: RSN activity 
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Anatomy BOLD signal Fourier power spectrum 

a 

b  

c  

d  

e  

f  

g  

h 



Resting Baseline 2 
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Confidence within single RSN 

Anatomy 



Resting Baseline 2 
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Calibration sphere 
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Confidence within single RSN 



Calibration sphere 
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Complexity Resonance Summaries 
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Confidence within single RSN 

Fingertapping 

Meditation on-off 1 

Meditation on-off 2 

Resting Baseline 1 

Resting Baseline 2 

Meditation 

Calibration sphere 



Conclusion 

• Conscious experience and mental processes are related to 

ongoing activity in the entire brain, not any single RSN or 

momentarily activated local area. 

• What characterizes ”Stability” as different from ”mind 

wandering” 

– Transient correlations among RSN’s 

– Activity level (BOLD signal) 

• Complexity etc indicate transitions in activity 

• Complexity resonance indicate global transitions 

– Can attractors be identified as recurring spatiotemporal patterns? 

• Complexity resonance may be used as basis for interviews, 

retrospective verbalisations 
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