Bial project 34/04

Final Report


FINAL REPORT

Bial project 34/04

fMRI and photo emission study of presentiment: The role of ‘coherence’ in retrocausal processes.
Start date: 
May 2005

Report date: 
November 2005

End date: 
May 2006

Author: 
Dick J. Bierman

Version: 
27-feb-07  15:00

IMPORTANT

This report consists of three parts. In the first part the pilot experiment is described through which we selected the subjects for the main experiment. In the second part the main experiment is presented with the introduction and results section focussed on the effect of meditation on the processing of emotional en neutral material. In the third part the main experiment is presented with the focus on the effect of meditation on presentiment. This final report has been delayed due to a number of problems in the analysis phase of the fMRI data. The photon emission data from the hands of the meditators will be available in the course of 2007.  

A number of articles are planned to be submitted based on the work performed in the context of project 34/04. 

PART I

The Pilot experiment

Using Skin conductance presentiment, and habituation effects for the selection of meditators for the fMRI experiment.

Abstract

Fifty two subjects, among those 30 experienced meditators, participated in this study. Their skin conductance was measured while they were stimulated at irregular intervals with either a pleasant or an unpleasant sound. The goal of the study was to compare the presentiment effect during meditation and normal wake state. The study was presented to the subjects as a study on habituation to sound stimuli since in the literature it is claimed that specific meditation traditions, most notably the concentrative and the mindfulness tradition, give different patterns of habituation. 

The over-all results show no differential effects in presentiment between the meditation and the normal wake condition. There is some support for the notion that the mindfulness meditation gives stronger presentiment. However there was a significant test-retest consistency showing that the failure to get an over-all presentiment effect was due to some subjects scoring systematically in an opposite direction. The results on an individual basis are being used to select the subjects for the main experiment where, rather than sound, picture stimuli will be used to evoke presentiment and where, rather than skin conductance, brain activity as measured through fMRI will be used as the dependent variable.  

The habituation results of the pilot study did not support the findings earlier reported in the literature. But there was interestingly strong interaction effect where habituation rate is largest for the type of stimulus that ‘fits’ best with the state of consciousness. A calming pleasant sound therefore habituates fast in the meditation state while the unpleasant sound does habituate faster in the normal wake state. There were also marked differences between the two meditation traditions and the control group.

INTRODUCTION

Presentiment is a controversial physiological response preceding a stimulus (Bierman & Radin, 1997). Anticipation of a stimulus is normal and to be expected, especially if the subject can make a reasonable guess about the timing of the stimulus. However if the anticipatory behaviour is contingent on the specific future stimulus condition, say neutral or emotional, and if the subject has no way of guessing what this condition might be, we have a real anomaly. Several authors have reported this anomaly but there haven’t been formal studies into individual differences of subjects. Differences between different populations of subjects might be of great theoretical relevance. 

It has been suggested (Bierman and Radin, 1998) that presentiment is basically a reflection of the basic time symmetric nature of physical reality. One of the greatest challenges still left in physics is to explain the ‘arrow of time’ while the major formalisms, electromagnetism, relativity theory and quantum physics all are time symmetric
. If presentiment reflects a restoration of this time symmetry then the specific conditions under which this occur might help us explain why the symmetry under most conditions is violated.

One of the proposed ‘explanations’ for the arrow of time is the cosmological one proposed by Wheeler and Feynman (Wheeler and Feynman, 1945). According to them, the time symmetry is violated because the cosmos is not in an equilibrium state but rather far out of equilibrium. More specifically they argue that there is a huge difference in the number of multi-particle coherent systems that transmit radiation (Lasers) compared to large multi particle coherent systems that absorb radiation. While one can argue that introduction of emitors and absorbers is a hidden way to introduce an arrow of time one can also accept their reasoning and look for situations where large coherent systems absorb radiation. One could for instance use interaction between Bose-Einstein condensates and EM radiation and search for time symmetry in the interactions of those systems.  

It takes a jump of faith to replace their radiation by some ‘information’ measure. It takes even a larger metaphorical step to replace the precise ‘coherence’ attribute that Wheeler and Feynman have in mind with a more fuzzy and loose description of coherence of the brain-mind system. But if one is willing to entertain this analogy for a moment one could argue that the conscious brain is such a coherent multi particle absorber and possibly interactions with the system should show time-symmetry. The notion that brains are a complex and coherent multi particle system is supported by the experiential fact that conscious experience is not fragmented. This is called ‘binding’ in the literature (see for instance W. Singer, 2001).  

Once this step is taken a possible research question that arises is if the ‘level of coherence’ of this brain-mind system can be varied and if it is possible to explore potential correlating presentiment effects. This question brings us logically to the meditative states of consciousness. The manipulation of the state of consciousness as it occurs in meditation can be seen as a manipulation of ‘coherence’ of this system and thus might have an effect on the presentiment phenomenon where a deeper state will give rise to stronger effects. EEG studies of the meditating brain do show that several parts of the brain show collective behavior where the electrical signals show small or no phase differences (Badawi et al, 1984).

The current pilot study was presented to the subjects as a study into habituation to sound stimuli. Thus they remained formally uninformed about the presentiment aspect until after the study. This was done in order to prevent them to think about the possible condition of the upcoming stimuli during the experiment. The assumption being that any cognitive activity might disturb the ‘coherent’ meditative state. One of the controversial findings in the meditation literature is the effect of meditation on habituation (Anand et al, 1961; Bagchi and Wenger. 1957; Becker and Shapiro, 1981). Especially the difference between the habituation occurring in the concentrative meditative state and occurring in the mindfulness meditative state was positively received because it fitted so well with the assumed properties of these states of consciousness. In the mindful meditative state each stimulus is supposed to be fresh and new and hence no habituation is expected. In the concentrative state ALL attention is directed to a specific thought or percept and hence external stimuli are thought to provoke hardly any response. 

In the pilot study we therefore formulated two sets of hypotheses. One dealing with presentiment and one dealing with habituation. More explicitly we expected larger presentiment effects in experienced meditators, especially while they were meditating. Furthermore we expected no habituation effect during mindful meditation with the response being constant while for concentrative meditation we didn’t expect a strong response on the different stimuli. 

METHOD

Subjects

Subjects were recruited through contacts with several Meditation Centers and during a meditation event in Amsterdam. Control subjects were recruited from freshman psychology students and among friends and family of the experimenters. The latter was necessary to obtain an age distribution in the control subjects that was comparable to the age distribution among the meditators (see table I-1)

Table I-1: Subjects entering the study

	
	Male
	Female
	N
	Mean-age
	SD-age

	Concentr. (CM)
	6
	10
	16
	47.7
	10.4

	Mindful (MM)
	11
	9
	20
	47.6
	11.8

	Control (Cntrl)
	8
	10
	18
	31
	11.5


It can be seen that in spite of the efforts to match the age we did not quite succeed. Note also that a few of the participants claimed that their specific meditation technique shouldn’t be labelled as either concentrative or mindful. In those cases we decided on the basis of informal descriptions of their technique. Among the 52 subjects there were two who were experienced in both meditation techniques. They were tested twice. Five subjects did not show skin conductance responses and were excluded from the analyses.

Materials

Two sounds were selected from a pool of 37 sounds which were judged by 25 judges on a scale from 1 to 5, 1 indicating very unpleasant and 5 indicating very pleasant. The most pleasant (3.16) and the most unpleasant (1.12) sound were selected. The most pleasant sound was that of a bas guitar. The most unpleasant one was an alarm clock sound. The sounds were randomly presented through a pair of speakers.

The interval between stimulation varied randomly from 16 to 30 seconds. The probability for the pleasant sound was always 0.666 and for the unpleasant sound always 0.333.

Skin Conductance was measured using a constant alternating current PsyLab preamplifier connected to a BioSemi 24 bit AD Converter (www.biosemi.com). 

Procedure

Each subject participated in two subsequent sessions. One session was the meditating session (or relaxed session for the control subjects) while the other session was the normal wake state session. Order of session was randomized. After introduction to the experiment and an intro-interview, subjects were seated in front of a computer display and a pair of two Ag-AgCl electrodes were attached at the standard sites on their non preferred hand. Isotonic paste was used to ensure stable contact. After 5 to 10 minutes adaptation time the experiment was started. The session took in total about 20 minutes during which 50 sounds were presented and the skin conductance was measured. The software that generated the sounds and the synchronisation pulses with the physiological data-acquisition system was written in RealBasic (see appendix I_A). Between the first and the second sessions subjects filled in the HIP (human information processing) questionnaire. This questionnaire measures some aspects of intuitive processing. 

After the second session the subject filled in the exit-interview and there was ample time to discuss the goal and prospects of the research. Especially the meditation subjects sometimes generated new insights about the planned main experiment 

RESULTS

Due to 5 non responsive subjects analyses were possible on 47 subjects (CM =13, MM= 17, Controls = 17). The male-female distribution was equal for the three groups but the age distribution differed significantly between controls and meditator groups (F(2,44) = 18.4; p< 0.01). Mean age difference was about 19 years. 

During the exit interview the participants were also asked to judge the pleasantness of the sounds. They rated the alarm slightly less unpleasant (M=2) than the rating found for the general population and also their rating for the pleasant stimulus was less extreme (M=3.1). These differences might be due to the more frequent exposure resulting in some habituation to the sound. The difference in rating was however very significant (t(46) = 9.3, p <0.001) and therefore the manipulation was successful.

Habituation

Four habituation coefficients were calculated based upon the peak amplitudes of the first 10 responses in subsequent trials. These habituation coefficients were the habituation to unpleasant and pleasant sounds (Hunpleasant and Hpleasant). These were calculated for the ‘meditation session’ and the ‘wake state session’ separately. The habituation coefficient was simply the linear regression coefficient over the subsequent relevant stimuli. The more negative this coefficient, the stronger the habituation. 

Order of sessions was balanced and differential analyses showed that the order (meditation-wake or wake-meditation) had no effect on the results. 

Table I-2 shows the results for the two states for the three groups separately. One row (MED) shows the data for both meditation groups combined.

Table I-2. Habituation coefficients for the two conditions and two type of stimuli.

	
	
	Meditation (relax) state
	Waking State

	Group
	N
	Hpleasant
	Hunpleasant
	Hpleasant
	Hunpleasant

	CM
	13
	-0.40 (0.42)
	-0.08 (0.46)
	-0.13 (0.38)
	-0.31 (0.45)

	MM
	17
	-0.33 (0.36)
	-0.18 (0.45)
	-0.15 (0.40)
	-0.26 (0.38)

	Cntr
	17
	-0.29 (0.44)
	-0.15 (0.40)
	-0.32 (0.37)
	-0.44 (0.37)

	MED
	30
	-0.36 (0.38)
	-0.13 (0.45)
	-0.14 (0.39)
	-0.28 (0.41)


Contrary to expectations, both mediation groups show very similar habituation coefficients though there is some indication that the concentrative meditators seem to ‘block’ the unpleasant sound more. However this ‘blocking’ should be a general feature according to the literature and it is obviously not present for the pleasant stimuli for which the CM group shows the strongest habituation. Also there is hardly any difference between the control group in a relaxed state and the meditators while meditating. However in the waking state the meditator groups do differ from the control group. Habituation is smaller especially for the pleasant stimuli. There is a strong interaction effect between state and the habituation per stimulus type. (F(1,44) =12.1, p =0.002). The stimulus which is mood consistent (i.e. the pleasant stimulus while relaxing or meditating and the unpleasant, arousing stimulus while in normal wake state) does habituate much faster. These results graphically represented in figures I-1 and I-2.
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Figure  I-1: Habituation coefficients for the pleasant sound

[image: image2.wmf]
Figure I-2: Habituation coefficients for the alarming sound

This is not quite unexpected since the non state consistent stimuli can be seen as having more ‘news-value’ and hence habituation is slower.

Presentiment

Mean Skin Conductance plots were obtained for each of the three group of subjects for the two types of stimuli (figure I-3).
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Figure I-3: Mean SC scores before and after stimulus exposure for the Control Subjects (left pane), Mindfulness Meditators (middle pane), and Concentrative Meditators (right pane). Black trace: unpleasant + meditating/relax. Red: pleasant + meditating/relax, Green: Unpleasant + waking state. Blue: pleasant + waking state.  

From these traces we can observe that the largest responses for both meditator groups are in the meditating condition for the unpleasant sounds while for the largest effect is in the waking state! More relevant for presentiment we already observe that the differences preceding stimulus exposure are small and not very consistent. 

Presentiment scores were calculated in arbitrary units for each subject in each condition. 

The presentiment score was defined as the mean skin conductance during the interval from -3 to 0 seconds minus the baseline value defined as the skin conductance at 7.5 seconds before the stimulus was generated.

Table I-3. Presentiment scores for the two conditions and two types of stimuli.

	
	
	Meditation (relax) state
	Waking State

	Group
	N
	Ppleasant
	Punpleasant
	Ppleasant
	Punpleasant

	CM
	11
	-109 (102)
	-171(186)
	-116 (241)
	-27 (318)

	MM
	18
	-106 (85)
	-103 (115)
	-50 (117)
	-86 (347)

	Cntr
	17
	-63 (120)
	-115 (96)
	-59 (137)
	-168 (454)

	MED
	30
	-107 (90)
	-129 (147)
	-75 (174)
	-64 (332)


From Table I-3 it can be seen that globally the presentiment score preceding the unpleasant stimulus is not larger than the one preceding the pleasant stimulus. In most conditions the difference is even reversed and contrary to expectation. The hypothesis of presentiment couldn’t be confirmed in this dataset
. However as stated earlier one of the major goal of this pilot study was to select subject who showed a promising presentiment effect. Although averaged over subjects there was no indication of presentiment some subjects did exhibit the typical patterns. Mean skin conductance for the whole epoch 5 seconds preceding and 15 seconds following upon stimulation was plotted per subject per condition (see also appendix IB at the end of part III of this report). From these plots the subjects with the most promising presentiment were invited for participation in the main fMRI experiment. 

EXPLORATORY ANALYSIS: Test-retest consistency of Presentiment effect

In this analysis the difference between the mean SC value before an alarming sound minus the mean SC-value before a pleasant sound was the variable P, presentiment, of interest. As was argued above, the expected value of this presentiment variable is 0 because, due to the randomization of the stimulus condition with replacement, it is impossible for the subjects to infer what type of stimulus they will receive. 

An analysis of P on itself in the preceding paragraph did not show an effect statistically different from the expectation. Apart from subjects that showed a clear increase in skin conductance before the occurrence of an alarming sound there were also subjects that showed a clear decrease. 

However each subject was tested twice. Once in a meditative relaxed state and once in a normal waking state. This allowed us to check if this idiosyncratic physiological behavior preceding the stimulus was a stable trait. In other words did Presentiment exhibit itself in opposing ways for different subjects and thereby canceling out an over-all effect. 

In table I-4 we present the results of this analysis. We did split the subjects in two groups. Consistent effect group and an inconsistent effect group. In the consistent effect group subjects were classified that scored in the same direction (either positive or negative) in both sessions. The inconsistent group consisted of subjects for which directions changed. 

Under the null-hypothesis that there is no effect of a future stimulus condition on the P values one will expect as many subjects to fall in either the consistent and in the non-consistent group. 

In parapsychological research with unselected subjects there has never been any test retest consistency, rather the opposite.

Nonetheless as can be seen in table I-4 there are considerably more consistent subjects than inconsistent subjects. When the data of all subjects are used  57.8% of the subjects score consistent. This is marginally significant (p=0.069 binomial). 

However for a number of subjects the values of P are close to 0.  These subjects are considered to be noise. If we look at ‘clear’ P-values the effect becomes more pronounced. For instance if we exclude the subjects that have a value of P which is smaller than 25 (which is about  3% of the total range of values) then we loose some of the noisy subjects and we find an increase of the percentage consistent subjects to 69.7% (p = 0.011 binomial). If one studies the table it is obvious that by using different criteria for subject exclusion there is a convergence of the consistent group to about 69% i.e  more than twice as large as the non consistent group. 

This result strongly suggest that the direction of the presentiment effect is a stable trait in subjects and possibly for the first time in the history of Parapsychology we have found a test-retest consistent behavior with unselected subjects. 

Table I-4 Number of consistent and inconsistent subjects in two presentiment test sessions

	Inclusion Criteria
	N
	Consistent
	Inconsistent
	Percentage
	p-value

	all
	45
	26 
	19
	57.8
	0.069

	|P|> 5
	42
	26
	16
	61.9
	0.038

	|P|> 10
	40
	26
	14
	65
	0.021

	|P|> 15
	38
	24
	14
	63.2
	0.035

	|P|> 20
	34
	23
	11
	67.6
	0.017

	|P|> 25
	33
	23
	10
	69.7
	0.011

	|P|> 30
	29
	20
	9
	68.9
	0.019

	|P|> 50
	23
	16
	7
	69.6
	0.029


The consistency for the control subjects was larger than for the meditators. 

For the analysis where all subjects were included with a |P| > 25, 84%  the control subjects scored consistent over the two sessions while for the meditators only 60% were consistent. Arguably the difference between the sessions was much larger for the meditators because in one of the sessions they were requested to meditate while for the control subjects the request was just to relax in one of the two sessions. 

CONCLUSION Pilot experiment

There are two types of results in this pilot study. First the scientific results and secondly the practical results. 

Most importantly we were unable to show a clear-cut presentiment effect. Note that we expected the meditation state to enhance the effect. The use of sounds as emotion inducing or relaxing stimuli was new and it could be that the difference in emotional value (2 versus 3.1 according to ratings by the subjects) was rather small. On the other hand the physiological responses that we measured on pleasant and unpleasant sounds were markedly different.  An exploratory analysis of the scoring direction in each of the two sessions that each subject participated in showed that there was a considerable group of subjects that consistently showed a reverse presentiment effect thereby preventing an over-all effect.

We found however a very interesting test-retest consistency for about 20% of the subjects more than one would expect by chance (i.e. for 70% of all the subjects). This would indicate that one in 5 subjects has some form of anticipatory skin conductance which differs in a systematic way with the random condition of the future stimulus. However what was unobserved in previous findings is that there are a number of subjects who do show a decrease in arousal rather than an increase before an emotional stimulus.  Pooling these type of subjects with either increasing or decreasing arousal will of course obscure the presentiment effect. 

The results with respect to habituation did not confirm the expected difference between different meditation techniques. This is not quite unexpected because in the literature it has already been noted that these differences were once found but never successfully replicated. On the other hand we found a nice consistent interaction effect that makes much sense: The sound that fits well with the state the subject is in habituates the fastest. This result is new and could shed some more light on the meditation state. The fact that meditators in waking state habituate considerably faster then controls in the waking state might indicate long term effects transferring to the waking state but it could also be interpreted that the meditators form a special set of the population to begin with. I.e. that the reason that they start and continue meditating is because they need to ‘become normal habituators’.

The practical results of this pilot study indicate that it is possible to work with meditators under lab conditions that are different form the normal home environment these subjects are used to. However the conditions in the main experiment will be even more different. First the stimuli to be used will be pictures rather than sounds. This requires the subjects to keep their eyes open. In some meditation traditions this is a difficult exercise. Secondly the subjects will be lying down in the scanner. Most meditators prefer sitting or walking over lying down. Finally the subjects will experience aversive sounds produced by the scanner. 

In order to accommodate mediators to these conditions further training will be required (see part II). Earlier plans to ask them to switch from the meditative state to the normal waking state upon exposure of a stimulus have been cancelled after the subjects indicated that this task was too complicated. 
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PART II

The main experiment (responses)

An fMRI experiment on the effect of meditation on the processing of emotional and neutral stimuli

Abstract

Eight experienced meditators were trained to meditate in the hostile environment of brain scanner. There they were presented with random neutral and erotic and violent visual stimuli during meditation. In a separate session they were presented similar stimuli during the resting state. The resting state measurements were also compared to data obtained from 8 control subjects. 

This resulted in a 2 within (meditation – rest ) subject * 3 within subject (type of stimuli) factorial design for the evaluation of direct effects of meditation using only the data of the meditators. A 2 between (meditator – control) subject * 3 within subject (type of stimuli) design was used to evaluate the long term effects of meditation on the processing of neutral and emotial stimuli during normal waking state. 

Substantial effects of meditation on brain processing of different emotional visual stimuli were found in several brain regions. The relatively largest direct effects of meditiation concerned. Brodmann areas 18 and 19 in the Lingual Gyrus. Differntial effects due to the different processing of different stimulustypes are equally found in both hemispheres with again Brodmann areas 17 and 18 as major contributors.  All areas involved have been implicated in research on attention with the exception of Brodmann area R35 and R34 in the older parahippocampal Gyrus. That region is according to the literature implicated in the processing of emotions (sadness, happiness and also interoception of sexuality). Interestingly we find that with respect to the immediate effect of meditation this area R34 shows that the relative processing of neutral, erotic and violent pictures is changed in emotion specific ways during meditation compared to the normal waking state. This is however not a long term effect. Long term effects without any exception relate to areas that have been shown to be involved in attention.  Basically the long term effect suggests that in terms of attention the meditator even in his daily life is still in a kind of meditative state. However there is also a long term effect of meditation on the processing of visdual stimuli in BA R7, a region that wasn’t found too show differential effects of direct effects of meditation. There is no stimulus type specific long term effect. 
INTRODUCTION

With the increasing scientific interest in the study of Consciousness there is also an increase in attention for altered states of Consciousness, like the hypnotic state, psychoactive drugs induced states, and the states brought about by intensive meditation practices and similar techniques. Scientific positions range from, consciousness is already explained as an epiphenomenon, a normal side effect of our brain processes, on one hand (Dennett, 1991). To a position that gives a special extra physical status to Consciousness (Bierman,2004) and Altered states of Consciousness on the other hand. Although some of the arguments are rooted in empirical observations, often the discussion is of a meta-physical nature. 

The advent of new brain imaging techniques has resulted in more empirical data that can help to transfer the arguments from the meta-physical to the empirical domain. For instance the discussion about the effect of hypnotic induction procedures has been going on for many decades between those that claim that the hypnotic state is a truly altered state of consciousness where after suggestions strong dissociations occur during a considerable period versus those that claim the hypnotic induction is just resulting in subjects that play the social role of what they believe being hypnotized is about. Recent brain imaging studies on hypnosis however do suggest strongly that the first view is the proper one, at least for a subpopulation of highly hypnotizable subjects. 

 About 12 brain imaging studies have explored global effects of meditation on the brain using PET or fMRI (for a review see Cahn & Polich, 2006). This type of study is plagued by a host of methodological problems that result in the practical impossibility to use the golden standard (i.e. the double blind randomized approach). One needs experienced meditators are those self-selected and might belong to a quite different population than the control subjects. This is also a problem in the current experiment where we compare meditators and controls. With regard to the direct effects of meditation, it is obvious that the subject cannot be blinded with respect to the condition. 

None of the reported fMRI experiments have studied the actual processing of visual stimuli during meditation in spite of the fact that meditative practices have been claimed to remove sensory ‘filters’ and move the focus of processing to ‘raw experience’ rather than cognitive evaluation (Walsh, 1982). There is only one unpublished thesis that does study the processing of emotional stimuli in meditators (Kurtsman, 2005)

The reason for this lack of fMRI studies on the direct effect of meditation is possibly that the brain scanner provides an uncomfortable and for many practitioners interfering environment with regard to body position and sound levels. Furthermore many practitioners prefer to meditate with their eyes closed thus being closed off from external visual input.

In the current experiment we therefore trained the participants to get used to this environment and ultimately to be able to meditate in the scanner while being presented with visual stimuli.

METHOD

Subjects

Subject Selection

After inspection of the results of the Pilot experiment on an individual basis we invited the meditators with the largest presentiment effect to participate in the main experiment. It should be noted that, over-all, these presentiment effects were statistically not significant and therefore this selection process might be invalid where it comes to selecting ‘gifted subjects’. A part from this caveat it turned out that only 3 of the invited meditators were finally available for the main experiment. We therefore added two meditators from the pilot experiment who showed a moderate presentiment effect. The three remaining for a total of 8 meditators were new. The subjects were first invited by mail and subsequently screened by a telephonic interview for their willingness to participate further and by a standard fMRI screening routine for health or mental problems that would prevent them participating in the brain scanner. The resulting 8 subjects, 5 males and 3 females had a mean age: 48.8 years. (sd:12.34). The mean number of years of experience for these meditators was 20.6 (sd: 12.40)

Five control subjects (non meditators) were selected from the pool of friends of the experimenters, after screening. The remaining three were selected from the subject in the pilot experiment. The major goal of the selection was to obtain a group of control subjects that were matched on age  (mean: 45.3; sd: 10.9) and gender (5 male, 3 female).  A review of the subjects and the date-times of their fMRI scanning sessions is given in appendix II-A.

Subjects got their travelling expenses compensated and a contribution of 14 euro per hour fMRI session and 7 euro per hour outside the scanner for participating in the experiment. After the experiment they received a CD with their anatomical brain scan. 

Subject training

The meditating subjects were trained to meditate in the brain scanner. A few weeks before the experiment they received a CD with the noise that the scanner produces as part of an exercise package.  They were asked to perform their daily meditation while playing this noise through their stereo sets and preferably while laying down in a confined space with eyes opened.  

As a final part of the training these subjects were invited to the University to a ‘pseudo scanner’ whereby they laid down in a dimly lit room and were presented stimuli through a mirror over their head. The stimuli were similar to those that they would get in the scanner. During this part of the training we measured again their skin conductance. Results of these recordings can be found in appendix II-B. All meditators claimed that, after the training and possibly some little bit of extra exercise at home, they were able to meditate in the scanner. 

Materials

The presented pictures were randomly selected with replacement for a pool of 80 pictures, consisting of 48 neutral pictures, 16 erotic pictures and 16 violent pictures. Pictures were selected from the generally used IAPS pictures set (Lang et al, 1993). This was true for all violent pictures. However about 10 of the 16 erotic pictures were selected from a previous set used by Bem (2003) as being slightly more arousing than the erotic pictures in the IAPS data set.  For the neutral pictures the IAPS neutral set was augmented with 31 pictures from the Internet. 

A thumbnail dump of all pictures is given in appendix II-C.

Two ‘matched’ picture pools were used, one for the meditation condition, one for the non-meditation condition. The use of these two pools was balanced within the control subjects. I.e. each pool was used for 4 of the control subjects. While both pools were used for the two sessions of the meditators.

The HIP questionnaire, which was used in this study, measures four different aspects of intuitive behaviour.

Procedure 

Subjects received background-information about the fMRI procedure and about previous meditation research in the scanner (Studying the well-trained Mind, Science, oct. 2004, 302, 44-46).  They were requested to leave materials home that they couldn’t wear in the scanner and to arrive 30 minutes before the session.

At arrival they were welcomed by the first experimenter while the second experimenter was preparing the scanner (or taking care of a previous subject). They filled in the form of consent and after a final check on items that were not allowed in the scanner room they were helped into the scanner. The first session started with 3 minutes of rest followed by a high resolution anatomical scan which lasted about 10 minutes. Then the experimenter announced the start of the actual experiment and 48 pictures were presented using Presentation software. The total duration of the first session was about 35 minutes.  After the subject was ‘liberated’ from the scanner (s)he was requested to fill in the HIP questionnaire. After this the control subjects were ready while the meditators waited for their second session. Time between end of first and start of second session was about 55 minutes. The second session lasted only about 25 minutes because a second anatomical scan was not necessary. The order (meditation or non-meditation) of these two sessions for meditators was balanced. 

Scanning procedure 

For the functional datat whole head T2*-weighted EPI-BOLD fMRI data were acquired with a 3T Philips Intera MRscanner using an interleaved slice acquisition EPI sequence (volume TR = 2.43; TE = 30 ms, flip angle = 90°, 37 axial slices, matrix size = 80×80, slice thickness = 3 mm, slice gap = 0.3 mm, FOV = 220 mm, isotropic voxel-size = 3.1×3.1×3.1 mm3; see for an example of the scaninfo file that is produced for each session appendix II D). We started with a structural T1-weighted MPRAGE sequence (182 coronal slices; volume TR = 9.67ms; TE = 4.6 ms; flip angle = 8°; slice matrix = 256 x 256; slice thickness = 1.2 mm, no slice gap; FOV = 256 mm). This lasted about 7.2 minutes. 

Subsequently the subject got the task instruction outside of the scanner and after a position localizer scan of about 2 minutes the task of about 13 minutes was presented. For a few subjects further tasks followed.

Stimulus presentation procedure 

Stimuli are presented using Presentation software. For a listing of the software see appendix II-E. The selected picture is projected by a beamer (ProjectionDesign F1 XGA 6) onto a back projection screen. The image on this screen is reflected by a mirror that is at an angle of about 45 degree. The geometrical set up results in a viewing angle of the total image of 12 degree.

Analysis 

There are two major questions to be answered. First, we explore the immediate effect of meditation, or being in a meditative state, on the processing of emotional and neutral visual stimuli. Second, we explore the long-term effects of meditation on the processing of these stimuli. 

For the first question we contrast the results obtained for meditators while they are meditating vs. while they are not-meditating. For the second question we contrast the meditators with the control subjects both non-meditating. 

The general strategy that is followed is that by doing a whole brain analysis we locate regions in the brain where the stimuli are processed differently irrespective of the type of stimulus. Subsequently by constructing and applying masks we focus on these so-called Regions of Interest (ROI) to explore differential effects for different types of stimuli.  This is done by GLM procedures resulting in predictor estimates for the contribution of the different stimuli to the over-all BOLD signal. These predictor estimates are then used in the appropriate multi variate analysis where the stimulus type is a repeated measure. 

Data will be pre-processed using FSL and subsequently analyzed using FEAT. 

The following pre-processing parameters-settings are used:

• Time slice correction: on. 

• Head movement correction: on. 

• Spatial filtering: 8 mm.

• Temporal filtering: bandpass > 1/36 Hz.

• Projection of the data on a standard (MNI) brain.

Results 

The actual presentation order and presentation times were recorded in a log-file for each subject.  This log-file was transformed into three eventfiles for each of the three stimulustypes, neutral, erotic and violent. These files could be used by FSL and more importantly were adjusted for a slight difference in clock frequency between the Presentation software and the scanner software. An example of the original log-file and a transformed logfile can be found in appendix II-F.

Figure II-1 and II-2 show the regions in the brain of meditators with a significant difference in BOLD response on ALL stimuli between meditation and non-meditation condition. 

Figure II-1 shows the regions with a larger BOLD during meditation and figure II-2 show the regions with a larger BOLD during non-meditation. The regions where the multiple analyses corrected Z is larger than 3.1 (p<0.005) are coloured.
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Figure II-1: Regions where BOLD is significantly larger during meditation  
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Figure II-2: Regions where BOLD is significantly smaller during meditation.

Figure II-3 and II-4 show regions where the BOLD of meditators and control subjects do differ significantly during the processing of visual stimuli. Figure II-3 shows those regions where meditators have a larger BOLD and in figure II-4 are the regions where the controls show a stronger BOLD response.
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Figure II-3: Regions where Meditators have a larger BOLD than Control subjects.
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Figure II-4: Regions where Control subjects have a larger BOLD response than Meditators

A 3 dimensional view of the cortex is given in figure II-5. Here the differences are given in one picture where red, and yellow indicate that the activity is larger during meditation and blue indicates the regions where activity is smaller during meditation.
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Figure II- 5: A 3D View of the differences in cortical activation due to meditating.

In total thirty-six clusters were found that showed differential effects with a z > 3.1 corrected for multiple analyses.  Table II-1 gives a review of the 36 regions of interest that we found in terms of anatomical location. At the most detailed level we give the closest Brodmann areas (see appendix II-G). Sometimes there were no close Brodmann areas. The range we allowed for accepting a Brodmann area is given in the last column in mm.
Table II-1 Anatomical locations of significant differential effects.

	NR
	Source
	X
	Y
	Z
	Level 1
	Level 2
	Level 3
	BA
	R

	1
	N-NM
	61
	-49
	9
	 R Cere
	Temp. Lobe
	Middle Temporal Gyrus
	 21
	 2

	2
	N-NM
	61
	-52
	21
	 R Cere
	Temp. Lobe
	Superior Temporal Gyrus
	 22
	 8

	3
	N-NM
	65
	-38
	-11
	 R Cere
	Temp. Lobe
	Middle Temporal Gyrus
	 21
	 11

	4
	N-NM
	56
	10
	-8
	 R Cere
	Temp. Lobe
	Superior Temporal Gyrus
	 38
	 20

	5
	N-NM
	46
	29
	14
	 R Cere
	Frontal Lobe
	Middle Frontal Gyrus
	 46
	 6

	6
	N-NM
	42
	-12
	-12
	 R Cere
	Temp. Lobe
	Sub-Gyral
	 21
	 15

	7
	N-NM
	40
	38
	4
	 R Cere
	Frontal Lobe
	Inferior Frontal Gyrus
	 46
	 6

	8
	N-NM
	36
	25
	10
	 R Cere
	Frontal Lobe
	Inferior Frontal Gyrus
	 13
	 4

	9
	N-NM
	27
	-26
	-14
	 R Cere
	Limbic Lobe
	Parahippocampal Gyrus
	 35
	 1

	10
	N-NM
	25
	-93
	-2
	 R Cere
	Occi. Lobe
	Lingual Gyrus
	 18
	 18

	11
	N-NM
	37
	-80
	-24
	 R Cbl
	Post. Lobe
	Uvula
	*
	 1

	12
	N-NM
	22
	5
	-15
	 R Cere
	Limbic Lobe
	Parahippocampal Gyrus
	 34
	 8

	13
	N-NM
	5
	-37
	43
	 R Cere
	Par. Lobe
	Precuneus
	 7
	 1

	14
	N-NM
	0
	23
	28
	 L Cere
	Limbic Lobe
	Cingulate Gyrus
	 32
	 22

	15
	N-NM
	-2
	6
	-6
	 L Cere
	Limbic Lobe
	Anterior Cingulate
	 25
	 1

	16
	N-NM
	-21
	-95
	-6
	 L Cere
	Occi. Lobe
	Inferior Occipital Gyrus
	 17
	 8

	17
	N-NM
	-33
	41
	15
	 L Cere
	Frontal Lobe
	Middle Frontal Gyrus
	 10
	 26

	18
	N-NM
	-27
	-34
	3
	 L Cere
	Temp. Lobe
	Sub-Gyral
	Hippo
	 15

	19
	N-NM
	-55
	-4
	-3
	 L Cere
	Temp. Lobe
	Superior Temporal Gyrus
	 22
	 1

	20
	N-NM
	-19
	-53
	-12
	 L Cbl
	Post. Lobe
	Declive
	*
	 1

	21
	N-NM
	0
	-77
	4
	 L Cere
	Occi. Lobe
	Lingual Gyrus
	 18
	 21

	22
	N-NM
	18
	-59
	-2
	 R Cere
	Occi. Lobe
	Lingual Gyrus
	 19
	 1

	23
	NM-C
	66
	-26
	23
	 R Cere
	Par. Lobe
	Inferior Parietal Lobule
	 40
	 12

	24
	NM-C
	60
	15
	28
	 R Cere
	Frontal Lobe
	Inferior Frontal Gyrus
	 9
	 1

	25
	NM-C
	49
	27
	0
	 R Cere
	Frontal Lobe
	Inferior Frontal Gyrus
	 45
	 6

	26
	NM-C
	54
	-46
	5
	 R Cere
	Temp. Lobe
	Middle Temporal Gyrus
	 22
	 2

	27
	NM-C
	54
	-12
	20
	 R Cere
	Par. Lobe
	Postcentral Gyrus
	 43
	 22

	28
	NM-C
	44
	-67
	24
	 R Cere
	Temp. Lobe
	Middle Temporal Gyrus
	 39
	 20

	29
	NM-C
	43
	-5
	10
	 R Cere
	Sub-lobar
	Insula
	 13
	 16

	30
	NM-C
	27
	-68
	56
	 R Cere
	Par. Lobe
	Superior Parietal Lobule
	 7
	 12

	31
	NM-C
	31
	-85
	20
	 R Cere
	Occi. Lobe
	Middle Occipital Gyrus
	 19
	 21

	32
	NM-C
	31
	-81
	-10
	 R Cere
	Occi. Lobe
	Middle Occipital Gyrus
	 18
	 1

	33
	NM-C
	-17
	-88
	23
	 L Cere
	Occi. Lobe
	Cuneus
	 19
	 1

	34
	NM-C
	-13
	-72
	45
	 L Cere
	Par. Lobe
	Precuneus
	 7
	 49

	35
	NM-C
	-31
	-82
	-8
	 L Cere
	Occi. Lobe
	Middle Occipital Gyrus
	 18
	 1

	36
	NM-C
	-32
	-58
	48
	 L Cere
	Par. Lobe
	Inferior Parietal Lobule
	 7
	 5


If the cluster originated from the between subject comparison of meditators and controls this is indicated in the second column as NM-C, if the region was found in the within subject comparison of meditation vs non-meditation this is indicated by N-NM. For each cluster we analyzed the signals separately. Thus we found 3 predictor estimates (for neutral, erotic and violent pictures) per cluster per subject (for a graphical representation see appendix II-H). These data were entered in the appropriate multivariate analyses using SPSS11 in order to assess possible interactions with stimulus type.

Immediate effects of Meditation

Table II-2 gives the main effect of meditation in meditators and interaction effects with type of stimulus for each cluster. The actual mean values of the predictor estimates are plotted in figures in the appendix for each cluster separately.

Table II-2: The effect of meditation compared with non-meditation for meditators

	Nr
	BA
	Mean# voxels
	Med
	p-value
	Stim effect
	
	Med* stimtype
	P-value

	
	
	
	F (1,7)
	p
	F (2,6)
	p
	F(2,6)
	P

	1
	BA R21
	15.33
	38,693
	< 0.001
	2,447
	0.167
	,717
	0.526

	2
	BA R22
	19.08
	3,438
	0.11
	1,246
	.35
	2,529
	0.16

	3
	BA R21
	19.13
	4,997
	0.06
	1,363
	.32
	4,144
	0.07

	4
	BA R38
	62.67
	8.41
	0.023
	4.41
	0.066
	5.25
	0.048

	5
	BA R46
	19.42
	1.96
	0.204
	6.59
	0.031
	7.22
	0.025

	6
	BA R21
	25.67
	10.5
	0.014
	3.33
	0.11
	7.14
	0.026

	7
	BA R46
	25.46
	2.76
	0.141
	1.756
	0.251
	30.647
	<0.001

	8
	BA R13
	18.88
	3.77
	0.093
	1.01
	0.418
	2.635
	0.151

	9
	BA R35
	16.21
	3.55
	0.101
	9.51
	0.014
	2.935
	0.129

	10
	BA R18
	262.38
	12.82
	0.009
	37.72
	<0.001
	0.188
	0.833

	11
	* (uvula)
	6.33
	20.254
	0.003
	7.656
	0.022
	1.738
	0.402

	12
	BA R34
	49.54
	26.858
	0.001
	15.735
	0.004
	25.929
	0.001

	13
	BA R7
	32.50
	20.00
	0.003
	1.316
	0.336
	3.561
	0.096

	14
	BA L32
	167.13
	7.36
	0.03
	1.053
	0.406
	4.650
	0.06

	15
	BA L25
	24.58
	12.927
	0.009
	4.614
	0.061
	2.238
	0.188

	16
	BA L17
	199.71
	6.341
	0.04
	16.320
	0.004
	0.061
	0.941

	17
	BA L10
	58.67
	7.545
	0.029
	1.93
	0.225
	2.137
	0.199

	18
	Hippoc
	26.29
	6.246
	0.041
	1.006
	0.420
	8.443
	0.018

	19
	BA L22
	55.50
	1.157
	0.318
	1.232
	0.356
	5.977
	0.037

	20
	* (declive)
	417.04
	2.408
	0.165
	4.092
	0.076
	6.876
	0.028

	21
	BA L18
	855.17
	5.946
	0.045
	3.565
	0.095
	3.240
	0.111

	22
	BA R19
	216.75
	9.198
	0.019
	2.612
	0.153
	1.330
	0.332

	23
	BA R40
	29.71
	0.035
	0.856
	4.110
	0.075
	0.960
	0.435

	24
	BA R9
	61.75
	0.114
	0.746
	2.801
	0.138
	0.192
	0.830

	25
	BA R45
	70.63
	1.989
	0.201
	4.871
	0.055
	3.703
	0.090

	26
	BA R22
	19.71
	10.755 
	0.013
	2.568
	0.156
	0.235
	0.797

	27
	BA R43
	6.04
	0.429
	0533
	0.909
	0.451
	0.838
	0.478

	28
	BA R39
	36.79
	0.707
	0.428
	0.093
	0.912
	0.180
	0.840

	29
	BA R13
	13.13
	10.634
	0.014
	7.207
	0.025
	0.184
	0.837

	30
	BA R7
	197.46
	0.042
	0.844
	6.664
	0.030
	0.211
	0.816

	31
	BA R19
	198.58
	0.625
	0.455
	3.910
	0.082
	0.500
	0.629

	32
	BA R18
	1388.7
	0.272
	0.618
	13.352
	0.006
	0.506
	0.627

	33
	BA L19
	203.08
	1.661
	0.238
	2.821
	0.137
	1.049
	0.407

	34
	BA L7
	19.46
	0.010
	0.922
	3.380
	0.104
	1.005
	0.420

	35
	BA L18
	948.50
	0.359
	0.568
	14.724
	0.005
	0.112
	0.896

	36
	BA L7
	18.29
	0.004
	0.953
	3.051
	0.122
	1.855
	0.236


Results with a p-value < 0.02 are indicated in bold. We find the largest immediate effects of meditation in the right hemisphere. BA’s R13 (cognition.attention, cognition.workingmemory), R18/19 (cognition.attention, cognition.language.semantics, cognition.workingmemory) R21 (cognition.attention), R22 (cognition.attention, perception.audtion) and R34 (emotion.sadness, interoception.sexuality). In the left hemisphere only L25 (cognition.language-speech, perceptual processing and happyness) shows an effect of meditation. If we look at the relative importance (size) of the regions of interest, the major regions that show an effect of meditation are R18 and R19. These are both situated in the Lingual Gyrus.

Difference for different type of stimuli were more equaly distributed over both hemispheres. In the left hemisphere L17 (cogntion.attention, cognition.language, cognitions,speak), and L18 (cognition.attention, cognition.language.semantics, cognition.workingmemory)  are implicated while in the right hemisphere R18 and R35 (disgust, happiness, sadness) contribute to a stimulus-type sensitive effect.  R35 is situated in the Parahippocampal Gyrus.  The mean number of voxels involved in this region is however very limited. 

Interactions between effect of meditation and the type of stimulus are found in BA’s R46 (cognition.attention, cognition.language.semantics and cognition.workingmemory), in the hippocampus and R34 (emotion.sadness, emotion.hapiness) also in the old part of the brain.

Long term effects of meditation.

Table II-3 gives the main effect of being a meditator or a non meditator while not meditating and the interaction effects with type of visual stimulus for each of the clusters.

The relatively most important long term effects in the processing of visual stimuli are also located in R19, LR18 (cognition.attention, cognition.language.semantics, cognition.workingmemory), and L17 (cognition.attention, cognition.language, cognitions,speak). Interestingly there is also a long term effect in R7, according to the literature another area heavily implicated in attentional processes. This area was however not found in the analyses of direct effects of meditation. There are no stimulus type specific long term effects. Possibly there is only a weak differential effect on the processing of different stimulus types in R13 (cognition.attention, cognition.workingmemory). 
Conclusions

The results of this part of the project show clearly effects of meditation on brain processing of different emotional and neutral visual stimuli. The most substantial of these effects are situated in the Lingual Gyrus. All areas involved have been implicated in research on attention with the exception of the Brodmann area 34-35 which are implicated in the processing of emotions. Interestingly we find that with respect to the immediate effect of meditation these areas show that the emotional stimuli are differently processed during meditation compared to the normal waking state. This is however not a long term effect. Long term effects with no exception relate to areas that have been shown to be involved in attention.  Basically the long term effect suggests that in terms of attention the meditator even in his daily life is still in a kind of meditative state. 

Table II-3: The effect of long term meditation. Meditators compared with control subjects both being in a normal daily waking state.

	Nr
	Brodmann
	Mean# Voxels
	All stimuli
	P-value
	Type of Ss * stimtype
	p-value

	
	
	
	F(2,13)
	p
	F(2,13)
	p

	1
	BA R21
	15.33
	4,132
	0.026
	0.664
	0.489

	2
	BA R22
	19.08
	0.346
	0.714
	0.274
	0.765

	3
	BA R21
	19.13
	0.420
	0.665
	1.836
	0.198

	4
	BA R38
	62.67
	2.207
	0.150
	0.176
	0.841

	5
	BA R46
	19.42
	0.007
	0.993
	0.050
	0.951

	6
	BA R21
	25.67
	1.243
	0.321
	0.364
	0.701

	7
	BA R46
	25.46
	0.953
	0.411
	1.273
	0.313

	8
	BA R13
	18.88
	1.108
	0.388
	1.698
	0.221

	9
	BA R35
	16.21
	4.907
	0.026
	1.377
	0.287

	10
	BA R18
	262.38
	22.438
	<0.001
	1.308
	0.304

	11
	* (uvula)
	6.33
	3.439
	0.046
	0.353
	0.70

	12
	BA R34
	49.54
	122.946
	.001
	1.387
	0.284

	13
	BA R7
	32.50
	3.065
	0.081
	0.681
	0.523

	14
	BA L32
	167.13
	3.00
	0.085
	0.712
	0.509

	15
	BA L25
	24.58
	1.315
	0.302
	0.060
	0.942

	16
	BA L17
	199.71
	18.329
	<0.001
	1.952
	0.181

	17
	BA L10
	58.67
	1.036
	0.382
	1.514
	0.256

	18
	Hippoc
	26.29
	4.929
	0.026
	3.053
	0.082

	19
	BA L22
	55.50
	0.781
	0.478
	0.367
	0.699

	20
	* (declive)
	417.04
	8.123
	0.005
	0.085
	0.919

	21
	BA L18
	855.17
	6.152
	0.013
	0.436
	0.656

	22
	BA R19
	216.75
	6.014
	0.014
	0.096
	0.909

	23
	BA R40
	29.71
	7.478
	0.007
	0.485
	0.626

	24
	BA R9
	61.75
	5.077
	0.023
	0.885
	0.436

	25
	BA R45
	70.63
	2.60
	0.112
	0.954
	0.411

	26
	BA R22
	19.71
	5.101
	0.023
	1.693
	0.222

	27
	BA R43
	6.04
	1.273
	0.313
	0.152
	0.861

	28
	BA R39
	36.79
	0.729
	0.501
	0.206
	0.816

	29
	BA R13
	13.13
	7.175
	0.008
	5.187
	0.022

	30
	BA R7
	197.46
	12.314
	0.001
	0.676
	0.526

	31
	BA R19
	198.58
	9.853
	0.002
	0.217
	0.808

	32
	BA R18
	1388.71
	24.402
	<0.001
	0.736
	0.498

	33
	BA L19
	203.08
	3.074
	0.081
	0.646
	0.540

	34
	BA L7
	19.46
	5.331
	0.02
	1.972
	0.179

	35
	BA L18
	948.50
	18.005
	<0.001
	0.809
	0.467

	36
	BA L7
	18.29
	3.916
	0.047
	0.497
	0.620


In a study comparable to the present one, schizophrenics were presented with neutral and emotional stimuli (Fahima et al, 2005). Many differential effects were reported but interestingly only Lingual Gyrus effects remained after comparing the Flat-Affect type of Schizophrenics (FA) with the No Flat-Affect type of Schizophrenics.  Since most effects in the current study were established in the Lingual Gyrus too, one could possibly compare meditation with Flat Effect type of Schizophrenia. Further analyses are required to develop this tentative comparison. The available data do allow for such analyses and will be used in future publications.
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Part III

The main experiment (‘presponses’)

An fMRI experiment on the effect of meditation on presentiment

Abstract

This part of the main experiment focussed on the analysis of the anticipatory brain signals preceding neutral and emotional visual stimuli. In previous work it was found that these anticipatory (BOLD) signals are dependent on the type of the future stimulus in spite of the fact that at the time these signals are recorded the future stimulus is completely unknown and will be selected randomly. The results show that indeed this effect could be replicated in the brain scanner with control subjects but also with experienced meditators while they were meditating and also when they weren’t meditating. The effect of meditation was quite clearly that the ‘retrocausal’ effect of violent stimuli was reduced resulting in a relative larger contribution of erotic presentiment.   Based upon the semi qualitative analysis no strong conclusions could be drawn of the effect of meditation on presentiment in general but we found no indications that suggests that meditation does increase presentiment. 

INTRODUCTION

Anomalous anticipatory effects in skin conductance measurement have been observed in studies with randomized presentation of emotional and neutral stimuli (Radin 1996, Bierman & Radin 1998, 2000). The anomaly consists therein that the anticipatory physiological signal is larger for subsequent emotional stimuli than for subsequent neutral stimuli. These stimuli were randomized with replacement so that each trial is completely independent of the previous ones and the subject has no way to ‘foresee’ what the future stimulus will be. These experiments follow in principle a simple paradigm, one that is often used in research on the psychophysiological effect of emotional material (see fig. III-1).


[image: image10.wmf]
Fig. III-1 Timing of stimulus. Baseline measurment occurs during first blank screen and sows anomalous anticipatory effect.

First a fixation point (or a blank screen) is presented for a period of about 7.5 seconds. Then a stimulus is randomly selected and presented for about 3 seconds, which is followed by a period during which the physiology return to baseline. This period is generally in the range of 10 or more seconds. During each trial a continuous physiological record is measured. After averaging of the signals split for stimulus condition, and while clamping the baselines at -7.5 seconds to the same value. It was found that the signals for the emotional and neutral condition not only differed after stimulus presentation but already started to differ in the period BEFORE the stimulus (fig.III-2)


[image: image11.wmf]
Fig.III-2 Example of anomalous anticipatory differences. A larger anticipation arises before the erotic stimuli in spite of randomized presentation. These data are from a re-analysis of data published earlier by Globisch et al in Psychophysiology, 36, pp. 66-75.

In principle this anomalous effect, if real, must also be present in main stream psychophysiological emotion research. However this will generally not be noticed because baselines are measured at or just before stimulus presentation so that clamping at that point will obscure the effect and often the earlier data are even not measured. However, two main stream studies were found which had a long enough period of measurement before the stimulus, used strong emotional stimuli randomly mixed with calm stimuli, and for which the raw data could be used in a re-analysis searching for this anomalous effect. The first study concerned the well known gambling studies by the Damasio group (Bechara et al, 1996), the other concerned a study into the speed with which fear arises in animal phobics (Globish et al , 1991; see fig. III-2). Both studies did indeed show the effect (Bierman, 2000). In these studies the randomization was without replacement. If randomization is not with replacement the theoretical possibility exists that in interaction with a strategy of the subject the effect can be explained. A comparison of erotic and violent material in the earlier studies suggested that there might be different time courses for these different types of emotions. However it is not possible to discriminate between different types of emotions using simple psychophysiological dependent variables (with the exception of EMG from the facial muscles). 

Such a discrimination might be possible if we could measure the underlying brain processes directly which led us to do a conceptual replication using functional MRI brain imaging. 

Indeed one fMRI experiment on presentiment was done a few years ago (Bierman & Scholte, 2002; see fig. III-3). 
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Fig.III-3 Typical example of presentiment effect  in the brain. The BOLD signal for erotic stimuli has a ‘bump’ before the stimulus is exposed while this is not the case for neutral and violent stimuli.

Weak presentiment effects were found but the effect sizes were too small to draw strong conclusions. In that experiment there hadn’t been any selection criteria for participants and therefore there was no a priori theoretical reason to expect strong effects and also averaging over different anatomies tended to smear out the effects. Thus we decided to replicate this experiment with a more homogeneous population of subjects that on a priori theoretical grounds could be expected to produce stronger effects. In the introduction of part I it is argued that therefore meditators would be most suitable participants. But also it should be mentioned that in the parapsychological literature one of the most consistent findings is that subjects with experience in some form of meditation or martial arts do perform better in psi tests. 

Method

The method with regard to subjects and procedures is already described in Part II of this report. 

Analysis

After having identified the clusters that show across subjects systematic activation or deactivation patterns we extracted the time course of the BOLD signal for each of these clusters for each of the three conditions. This was done using a specifically written routine in MatLab (see appendix III-A) which does a linear interpolations to get all the data with a time resolution of 1 second.  The data were baseline corrected from -5 to -3 seconds. All mean BOLD signals split for stimulus type are given in Appendix III-B. 

From these plots, data were analyzed qualitatively using a simple prescription to identify clusters and conditions that would have a characteristic presentiment pattern also called a ‘presponse’: a) a bump before the stimulus onset. b) there being no bump for neutral stimuli or a bump which is smaller.  If there is no bump then we skip that specific case although one could try to refine the definition including criteria derived form the first derivative.

Table III-1: A review of ‘presponses’ for different clusters and different conditions.

	Cluster
	CONTROL 
	MEDITATION
	NON-MEDITATION

	1
	*Vio(-6),*Ero (-4) 
	*Vio (-4) 
	*neu(-3)

	2
	*Ero, *Vio(-6) 
	*Ero(-6) 
	*Ero(-2), *Vio(-1)

No violent response!

	3
	Normal responses
	*Ero(-7)
	

	4
	noisy
	noisy
	Noisy

	5
	Response identical
	
	*Ero(-6)

	6
	*Ero(-1), *Vio(-1) ??
	*Neu!(-6) = *Ero(-6)
	*ero(-7)

	7
	*vio (-6) 
	
	*ero(-6)

	8
	*neu(-4)
	*ero(-4)
	*vio(-6)

	9
	*neu(-1)
	*ero(-6)
	*vio(-3)

	10
	*vio(-4)
	*ero(-4)
	

	11
	Delayed responses?
	*ero(-6)
	*vio(-6)

	12
	Good signals
	Possibly at -1
	BLcorrection at 0?

	13
	Zie 12
	Zie 12
	

	14
	*neu(-4)

 no responses
	*ero(-4) 

late responses
	*vio 

no responses

	15
	*vio(-6) 

late responses
	*ero(-6)
	*ero(-4)

only ero response

	16
	*ero(-4)

only vio response
	*ero(-6)

inhibition response?
	*vio(-6)

noisy?

	17
	*vio(-7)
	ero(-7) = *neu(-7)
	*neu(-1)

	18
	onduidelijk
	*vio(-4)
	*vio(-7) 

onduidelijk noisy

	19
	*Ero(-1)
	*Ero(-3)
	*Ero(-1) 

Late ero presponse!

	20
	*vio(-6)
	
	*ero(-2)

	21
	*vio(-4) noisy
	
	*vio(-6)

	22
	*vio(-1)
	*ero(-6) 

only ero response
	*vio(-6) followed by large inhibition of vio

	23
	Reversed ero
	*ero(-6)
	*ero(-6) neutral response is inhibition

	24
	*vio(-6)
	*ero(-5)
	*vio(-6)

	25
	
	*ero(-6)
	*vio(-7)

	26
	Early inhibition?
	
	*vio(-3)

	27
	*ero(-2)
	
	*vio(-6)

	28
	*neu(-2)
	
	*vio(-7)

	29
	*vio(-2)
	
	*vio(-7)

	30
	
	
	*vio(-7)

	31
	*vio(-6)
	*ero(-5)
	*vio(-1) noisy

	32
	*neu(-2)
	
	

	33
	*vio (-4)
	*vio(-1)
	*ero(-4)

	34
	*vio(-6)
	*neu(-4) noisy
	Noisy

	35
	*ero(-2)
	*ero, *neu(-4)
	*vio(-6)

	36
	
	
	*vio(-6)


However for a first global analysis this is skipped. We indicate which of the three stimulus types shows a prepsonse. In case we have the reverse pattern where the bump before neutral stimuli is larger than the bump before emotional we label this *neu. 

Results

Table III-1 gives a review of observed qualitative presentiment patterns as a function of cluster and condition.Table III-2 gives a review of these findings in terms of absolute counts and relative frequencies for the different presponses to occur. 

Table III-2: Review of qualitative analysis. Number of presponses in different conditions for different type of stimuli.

	
	NEU
	VIO
	ERO
	All stimuli

	CONTROL
	5
	15
	6
	26 (33.8%)

	NONMED
	2
	19
	8
	29 (37.7%)

	MED
	2
	3
	17
	22 (28.6%)

	All conditions
	9 (11.7%)
	37 (48%)
	31 (40%)
	 77


From these data it is obvious that there are more ‘presponses’ before emotional stimuli than before neutral stimuli. Statistical evaluation of these data is hampered by the fact that the activities in different clusters are not independent. A simple binomial test assuming independence shows that the percentage ‘presponses’ before a neutral stimulus of 11.7% is significantly lower than the chance expectation value of 33.3%. (corresponding z-value: 5.6).  Nonetheless we feel that we should be cautious because the averaging over emotional stimuli has a lower N then over the neutral stimuli. Thus one could expect larger variations in the signal.  This might results in bumps not due to some process but due to noise.  There were a limited number of instances where one could argue that this was the case. Therefore strong conclusions are only allowed after further quantitative evaluation.

A very interesting pattern that arises is that meditation seems to have a dramatic effect on which type of stimuli do have a ‘presponse’. For the non-meditating condition as well as the control condition there are more than twice as much violent ‘presponses’ as erotic ones. 

During meditation however this pattern totally reverses and there almost 6 as many erotic ‘presponses’. It seems that during meditation the ‘early warning’ for violence is switched off.   Again quantitative assessment is difficult due to the fact that the different clusters are not independent. A chi2 assuming independence yields a strongly significant result (chi2: 15.6, df=1, p<<0.000001) Even when the interdependency of the clusters would result in a reduction by 50% of the degrees of freedom, the differential effect of meditating on the type of ‘presponse’ would still be significant (p=0.035). 

One of the major expectations of this project was that the meditation condition would increase the frequency of the ‘presponses’. With this semi-qualitative approach we cannot confirm this expectation. Actually the frequencies for the three conditions are all close to the expected 33.3%.  However a qualitative refinement of this analysis still can yield a main effect of condition on the magnitude of the ‘presponses’. 

Conclusion

The major goal of this part of the project was to assess whether we could elicit presentiment in a stronger and more robust way when subjects were meditating and to find potential brain areas where this anomalous effect was strongest.

In spite of the fact that the analyses that we could apply were of a qualitative nature we feel justified to conclude that the data show that presentiment effect could be replicated while using direct measurements of brain activity as the dependent variable. Thus an earlier finding by Bierman and Scholte (2002)  was replicated.  

Further we believe that until further quantitative analysis we can not claim that meditation on itself does increase the incidence of presentiment. However we can conclude that meditation on itself seems to exclude violent ‘presponses’ such that only the erotic ‘presponses’ remain. The qualitative analysis of the time courses also provide some peculiarities in the data that deserve further attention. For a few clusters, like 16 and 22, there seem to be inhibitory processes at work. This fits also with the findings in part II with respect to the normal response behavior. It is unclear if the anomalous anticipatory brain signals in such cases might also be of an inhibitory nature. This is a question that ties in with the finding in the Pilot Study that some subjects seems to show a consistent negative presentiment effect. 

Over-all discussion of the project
This has been a very, very,  ambitious project. A part from the amount of work in the different phases of the project, we were also frustrated by the still ever changing analysis techniques for fMRI data and the relative little attention that is paid to time course analysis for this type of data. The final report is certainly not the final document that will be published on the basis of the data produced in the project.  We expect to publish at least 3 articles in the coming years.  These articles will focus on the anatomical analyses, the fact that different brain areas give different effects. That was not an explicit goal of the project but it seems a worthwhile extra extension to the project. The project also yielded data that were not directly relevant for the initial questions. For instance, hitherto, it was unknown what the actual effects of meditation on the processing of emotional pictures was. Part II of this final report provides a wealth of data on that question. 

The host institution, the University of Amsterdam, will continue to work with these data and also try to finish one of the project goals that was not realized namely the measurement of the coherence of light emanating from the hands of the meditators. This could turn out to be a predictor of the time anomalies that we have found in the project.  
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Appendix I-A 

Software for Sound stimulation and synchronisation
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Main window of the stimulus generation software for habituation and presentiment experiments. 

A review of the functions and subroutines is given in the next pages. 
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ppWindow (Window)

ppWindow.Open:
Sub Open)

init)
End Sub

ppWindow.EditField1. KeyDown:

FunctionKeyDown(Key As String As Boolean
checkOX_enable()

End Function

ppWindow.EditField2. KeyDown:

FunctionKeyDown(Key As String As Boolean
checkOX_enable()

End Function

ppWindow.PushButton1.Actio
Sub Action(

createresultsile(EditField 1 text)
randomize()

Inste_ Window.visible = true
selfvisible-false

Testwindow.progressbar | maximurn - Val(editfield3.text]
Testwindow intertrialtimer.period +1000* Val(editfieldt.text)

totaltrials~ Val(editfields.sext)
ifcheckBox2.value-true then

randomisationflag - true.
else

ppWindow.PushButton2.Actio
Sub Action(

readstimulifile

checkOX_enable()
End Sub

ppWindow.PushButton3.Action:
Sub Action(

‘window1.visible-true
End Sub
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ppWindow.PushButtond.Actio
Sub Action(
“Dim RdByte as Integer
“Dim address as integer
‘address - 5h03T9
‘RdByte = 0
RdByte - ReadThePortfaddress)
‘Statictext5.text - str(RdByte]
‘uttonrest - RdByte
Timer! mode 2
End Sub

ppWindow.Timer1.Action:
Sub Action(

“Dim RdByte as Integer

“Dim address as integer

‘address = &10379
‘RdByte - 0
‘RaByte - ReadThePortfaddress)
‘staticText3.text - “Byte read:"str(RAByte)
i (RdByte <>buttonress) then
‘me.mode-0
eep
end if

End Sub

ppWindow.PushButtonS.Actio
Sub Action(

playmovie( dong wav’255)
End Sub

Menu (Item of Unknown Type)

Modulel (Module)

Properties
itemnr as Integer

Slereadirom as TextnputStream
response(200) s Integer

outile g TextOutputStream
SubjectChoice as String
serwidth as Integer

flcount as Integer

totaltials as Integer

startticl as Integer

endiicie As Integer

TheByte as Integer
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voorbeeld as Boolean
jacobsknoppen as Boolean
Duttonrest as integer
plaatjesfb as Boolean
plaatie(100) as String
stimuli(200) as String

tab as string

newline as string
stimuliread as Boolean

randomisationflag as Boolean

Module1.choose:
Punctionchoose(char! as String char2 as String As String
dim r as Integer
‘chooses randomly with prob-50% between two alternative texts
-2 °Rad -1
171 then
returncharl
else
returnchar2
end if

End Function

Modulel.init:
Sub init)
Dim folder, infileas Folderitem
dim path as String

tab - che(9)

newline = chri2)
serwidih screen(0).width
stimuliread- false
jacobsknoppen = true
Itemns =0

Insts_Window.StaticText L left=(scrwidth - Instz_Window.StaticText1 widthy
TestWindow.ProgressBarLleft - (scrwidth-TestWindow.ProgressBarl width) 2
Testwindow imagewell left - (scrwidth-Testwindow.imagewell | widthjZ

End Sub

Modulel.createresultsfile:

Sub createresulisfile(id as String
‘creates outfile with first line of ppdata

Dim folder as Folderltem

Dim aline, pathas String

“hier moet datum tjd opgrvrasgd

if{ppwindow.Radicbution1 value]then
aline ="Man
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else
aline “yrouw *
end it

folder =GetFolderitem(id#_presentiment.tx/
path - folder.absolutepath

outfle ~folder CreateTextFile

aline = aline +id +" "+ ppwindow EditField2.text
outfle. WriteLine aline

‘outfile writeLine path

End Sub

Modulel.readstimulifile:
Sub readstimulifile)

Dim nlines as integer

Dim not_cofas Boolean

Dim linc as string

Dimf in as Folderltem

Dim txtinput As TextlnputStream

not._cof = true
alines =0

Lin ~getopenfolderitemp??7')
A1(Cin NI then
txtinput - £ in.OpenasTextFile
‘ppwindow.statictext6.text e[ in.name
‘ppwindow.staticText7.textichars: rstr(.in.length)
while{not_cof) and [nlines<100]
line= txtinput.readline
iflefifine])-" then
“comment
else
nlines-nlines 1
stimulifalines) - line
end if
ifline= "end” then
not_cof = false.
nlines-nlines1
end if
wend

stimuliread-true
extinput. Close
totaltrials = nlines
‘ppwindow.statictext.text = Str{nLines)? stimuli”
end if
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End Sub

Module1.randomize
Sub randomizel)

End Sub

Modulel.checkOK_enable:
Sub checkOK_enable()

41 (stimuliread) and (len(ppWindow editfield . text)4) and (Val(ppWindow.editfield2.tex) 9)) then
‘ppwindow. pushbution] enabled = true

else
‘ppwindow pushbutton! enabled - false.

end if

End Sub

Modulel.present _nexttrial:
Sub present._nexttrial(
DimF as Folderitem
Dim temiype, stmulusfil as Striag
Dim duration, localn as integer
‘f-New Folderliem
itemnr-itemnei!

ifrandomisationflag then
localar - (totaltrials * rnd) + 1
else

Iocalar ~itemnr mod totaltrials +1
end if

itemtype = NthField(stimuliflocalar) tab,)
stimulusfile - NhField(stimuliflocala) {2 2)
duration = Val(NthFieldstimuliflocalnr) tab 3))

£ getFolderttemfstimulusiile)
ifitemtype = "pict’ and <>Nil then
‘TestWindow.Imagewelll image-(.openaspicture
Testwindow.ImageWell L visibletrue
Testwindow. Stimduration.period - duration
TestWindow.stimduration.mode-
end if
ifitemtype = "snd” and (<>Nil then
‘playmovie(stimulusfile, 128)
end if
“hier ook nog precies datum tild en plaatiesnummer wegschrijven naar resuliatenfile
End Sub
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Module1.playmovie:
Sub playmovie(ilename as String volume as Integes
Dim " as Folderitem

£ getFolderltemiflename)
testwindow. MoviePlayer | Speaker True
testwindow. MoviePlayer 1 HasStep False
testwindow MoviePlayer | movie-[.OpenAsMovie
testwindow. MoviePlayer.volume =volume
testwindow. MoviePlayer  play

End Sub

Instr Window (Window)

tr_Window.Open:
Open)
dim  instr as folderitem

dim instructic as textinputstream

Linste - Getfolderitem(instructie.txt)
AL instr <>Nilthen

instructie - { instr.openastextFile
Inst_Window.StaticText L left=(scrwidth - Insts. Window.StaticText1 widthly
pushButton2.left = (serwidth- pushButton2.widih) 2

Instz_window staticText .text = instructie.readall
instructie.close
end it

Instr_Window.PushButton2.Action:
Sub Action()

testWindow.visible = true

selfvisible - false

testwindow. timer].mode2
End Sub
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‘addressin - &h0379
‘addressout- &h0378

‘charval~ asc(Key)

f charval = 25 then left

Linelvisible = true

‘SubjeetChoice = "left”

“timertillb.;mode~1

‘endtick = Ticks

WriteThePort(addressout, 4) ‘and log this in marker on eyemovement machine
‘bitouttimer.mode=1

end if

f charval - 29 then

Line2.visible = true

‘SubjectChoice = 'right”

“timertillb.mode~1

‘endtick = Ticks

WriteThePort(addressout, 8) ‘and log this in marker on eyemovement machine
‘bitouttimer.mode=1

end if

End Function

TestWindor

Sub Action()
‘Dim address as integer
‘address = G10378
f (voorbeeld = false) then
* WriteThePort{address, TheByte) ‘puls naar eyetracker, bit0 = linkss, bit1= rechts
“bitouttimer.mode = 1
‘else

f (acobsknoppen) then

endif
end if

“starttick=Ticks
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ifitemar < totalirials then
present nextrial(

else
byeWindow visible-true
intertrialtimer.mode ©

end if

End Sub

TestWindow.fbtimer.Actio:

STeumscore.text~

f (voorbeeld) then
Window2.visible = true
‘else

‘intertrialtimer. mode =1
endif

Tiemnr-itemnr+ 1
‘staticText2.text ~"itemnr"+Stefitemns)

f (voorbeeld) then

‘staticText2.text = statictext2.text + * DEMO"
endif

f (itemnr >toteltsials) then
‘testWindow.visible = false
‘byewindow.visible - true

end if

End Sub

TestWindoy
Sub Action()
“dizn clr as color
‘dim reward, aline as string
“dim rewards, 1t as Integer
dim d as date
‘dizn fas folderitem

timduration.Action:
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4 = New date

‘Imagewelll image-openaspicture
TmageWell L visible-true

‘aline = d.Shortdate+” "+d LongTime
*if (voorbeeld = false) then
* outfile.WriteLine aline
end if
Testwindow ImageWell L visible false
End Sub

4 *+SubjectChoices” "tzeward+" *+Strleumreward)s” "+Ste(zt

TestWindow.bitouttimer.Actios
Sub Action()
* deze zet de puls naar de eyetracker uit.
‘Dim TheByte as Integer
Dimm address as integer
‘address = G10378
TheByte - 0
f (voorbeeld = false) then
WriteThePort{address, TheByte)
end if
f (acobsknoppen) then

end if
End Sub

TestWindow.Timer1.Action:
Sub Action()
progressbarvalue-progressBarl.valuet 1
ifprogressBarl.value - progressBarl maximum then
timer].mode-0
progressBar visible-false
end if
intertrialtimer.mode -2
End Sub

ByeWindow (Window)

ByeWindow.PushButton1.Action:
Sub Action()

outfile.close

quit
End Sub




APPENDIX I-B :Skin Conductance plots for all subjects in the pilot study 
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Appendix IIA

Subjects and test dates
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Appendix II-B 

Skin Conductance plots for training sessions 
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Appendix II-C  Stimulus materials main experiment
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APPENDIX II D    

 Scan info

SubjectsName: [1x1 struct]

ExaminationName: 'none'

ProtocolName: 'MeditatieSENSE'

StudyDate: '20051029'

StudyTime: '17:25:31'

AcquisitionNumber: 6

Width: 80

Height: 80

TR: 2.4359e+03

FovRow: 220

FovColumns: 220

WaterFatShift: 22.9800

TraSag: -3.1700

SagCor: -2.7400

TraCor: -0.3000

ImageCenter: [-6.6700 28.0700 -3.9200]

fMRI: 1

complete: 1

traOr: 1

sagOr: 0

corOr: 0

FA: 90

TE: 28

SpacingBetweenSlices: 0.3000

SliceThickness: 3

reconResolution: [80 80]

DataSize: 16

PixelSpacingRow: 2.7500

PixelSpacingColumns: 2.7500

sliceIndex: [17205x1 double]

volumeIndex: [17205x1 double]

nSlices: 37

NumberOfTemporalPositions: 465

ScanOrder: [1x37 double]

sliceOrder: 1

checkOut: 1

ActualNumberOfPositions: 465

DicomFlavour: 3

Appendix E

Presentation source listings

Scenario File for Presentation

scenario = "Meditatie en presentiment in de FMRI ";

pcl_file ="fmri_med.pcl";

#scenario_type = fMRI_emulation; #frmi emulatie parameters uncomment if testing

scan_period = 2000;  #emulatie parameter, tijdsduur van een scan

scenario_type = fMRI;  #frmi reeele parameters

pulse_code = 255; 

pulses_per_scan = 1;

#pulse_width = 50;     # pulses are 50 milliseconds long

#write_codes = true;

sequence_interrupt=true;  

$Trial_length = 16000; #totale trial tijd

$StimulusDisplayTime = 2000;  #Aanbiedingstijd van de stimulus in ms

$FixatieDisplayTime = 1000;  # Aanbiedingstijd van de fixatie in ms

$FixatieOffsetStart = 1000;    # de vraag is waar moet de MRI start volume pulse komen

screen_width=800;

screen_height=600;

screen_bit_depth = 16; 

begin;

bitmap { filename = "1.jpg"; width=800; height=600; preload = false; } bmp_stimulus;

bitmap { filename = "fix.jpg";} bmp_fixatie;

bitmap { filename = "blue.jpg";} default2;

trial {    

   trial_type = fixed;

   trial_duration = 16000;

}trial_setup;   # om 16 sec niets te doen moet je  dus in de pcl file trial_setup.present te doen voordat je loop met begint met trial_exp.present

trial { 

   trial_type = fixed;

   trial_duration = $Trial_length;

   picture {bitmap bmp_fixatie ;x = 0; y = 0;
}; 

   time = $FixatieOffsetStart;  duration = $FixatieDisplayTime;

   #mri_pulse = 1; 

   stimulus_event{

   picture {bitmap bmp_stimulus ;x = 0; y = 0;
}; 

   delta_time = 1000;  duration = $StimulusDisplayTime;

   #mri_pulse = 2;

   #port_code = 255; 

   #code = 1; of code =$event_code? wordt alle puls en pict informatie in logfile gechreven? 

   # of is dat alleen als je zelf geen logfile definieert?

}event; 

}trial_exp; 

trial {

  picture {bitmap default2 ;x = 0; y = 0;
}; 

   duration = next_picture;

   picture  {bitmap default2 ;x = 0; y = 0;
}; 

   mri_pulse = 1;

   duration = 2000; 

   code = "000";

} startTrial;        

PCL file for Presentation

string subject_ID = logfile.subject();

#string new_logfile_name = subject_ID + "-FMRI-MED.log";

string fn_name = subject_ID + "-FMRI-MED.dat";

#Code om in de oudere presentation versie het subjectnr aan de logfile te prefixen

#logfile.set_filename(new_logfile_name);  

#stimulus_data stim_data1;

int LowLimit =1; #onderste waarde die mee wordt genomen in de randomistatie

int UpLimit = 84; #bovenste waarde (afb.nr.) die mee wordt genomen in de randomistatie

int NumTrials = 56; #aantal trials dat gepresenteerd wordt.

int TrialCount = 0; 

#output_file ofile1 = new output_file;

 # ofile1.open( fn_name, true ); # no overwrite

#  ofile1.print("SubjectID: ");ofile1.print(subject_ID);ofile1.print("\n");   

 # ofile1.print("Trialnr");ofile1.print("\t");

#  ofile1.print("Picture");ofile1.print("\t");

 # ofile1.print("\n");    

string stim_fn_name ="";

int randIndex = 0; 

startTrial.present();

trial_setup.present(); #16 secs nothing

   loop

      int i = 1

   until

       i > NumTrials  

   begin   

   TrialCount = TrialCount+1;  

   randIndex = random( LowLimit, UpLimit ); #pik het getal voor random 

   #ofile1.print(string(randIndex));ofile1.print("\t");

if randIndex < 49 then     #neutral

     event.set_event_code(string(randIndex));



#event.set_port_code(1); parallel port

      else

      if randIndex < 67 then

         event.set_event_code(string(randIndex));  #erotic

         #event.set_port_code(2);

         else

        event.set_event_code(string(randIndex));  #violent

        #event.set_port_code(4);

      end;

    end;

   bmp_stimulus.unload();

   stim_fn_name = string(randIndex) + ".jpg";  #"plak" het random getal aan de uitgang .jpg en maak de bestandsnaam

    bmp_stimulus.set_filename(stim_fn_name);

   bmp_stimulus.load();

  #event.set_event_code(stim_fn_name); mag geen tekst

  trial_exp.present();

#  ofile1.print(TrialCount);ofile1.print("\t");

#  ofile1.print(stim_fn_name);ofile1.print("\t");

#  ofile1.print("\n");       

  i=i+1;

end;

trial_setup.present(); #en 16 secs op het end.

#ofile1.close();

Appendix F

Presentation-Log and event files

Scenario - Meditatie en presentiment in de FMRI 

Logfile written - 10/30/2005 2:32:32 PM

	Subject
	Trial
	Event Type
	Code
	Time
	TTime
	Uncertainty
	Duration
	Uncertainty
	ReqTime
	ReqDur

	
	
	
	
	
	
	
	
	
	
	

	14M_A
	1
	Pulse
	255
	775200
	780034
	NA
	
	
	
	

	14M_A
	1
	Picture
	0
	775348
	780182
	1
	20065
	2
	0
	20000

	14M_A
	2
	Pulse
	255
	799597
	4184
	NA
	
	
	
	

	14M_A
	2
	Pulse
	255
	823993
	28580
	NA
	
	
	
	

	14M_A
	2
	Pulse
	255
	848389
	52976
	NA
	
	
	
	

	14M_A
	2
	Pulse
	255
	872786
	77373
	NA
	
	
	
	

	14M_A
	2
	Pulse
	255
	897182
	101769
	NA
	
	
	
	

	14M_A
	3
	Pulse
	255
	921579
	4123
	NA
	
	
	
	

	14M_A
	3
	Picture
	41
	927405
	9949
	2
	20065
	3
	10000
	20000

	14M_A
	3
	Pulse
	255
	945975
	28519
	NA
	
	
	
	

	14M_A
	3
	Pulse
	255
	970371
	52915
	NA
	
	
	
	

	14M_A
	3
	Pulse
	255
	994768
	77312
	NA
	
	
	
	

	14M_A
	3
	Pulse
	255
	1019164
	101708
	NA
	
	
	
	

	14M_A
	3
	Pulse
	255
	1043560
	126104
	NA
	
	
	
	

	14M_A
	3
	Pulse
	255
	1067957
	150501
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1092353
	1615
	NA
	
	
	
	

	14M_A
	4
	Picture
	26
	1100853
	10115
	1
	20064
	3
	10000
	20000

	14M_A
	4
	Pulse
	255
	1116749
	26011
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1141146
	50408
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1165542
	74804
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1189939
	99201
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1214335
	123597
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1238731
	147993
	NA
	
	
	
	

	14M_A
	4
	Pulse
	255
	1263128
	172390
	NA
	
	
	
	

	14M_A
	5
	Picture
	41
	1273803
	9949
	2
	20065
	3
	10000
	20000

	14M_A
	5
	Pulse
	255
	1287524
	23670
	NA
	
	
	
	

	14M_A
	5
	Pulse
	255
	1311920
	48066
	NA
	
	
	
	


………… etc. etc.

Converts to eventfile:

File 14M_A-fmri_med_ero

136.98
  2.01
1

223.92
  2.01
1

380.46
  2.01
1

675.87
  2.01
1

797.50
  2.01
1

814.89
  2.01
1

832.21
  2.01
1

901.57
  2.01
1

936.26
  2.01
1

988.28
  2.01
1

1023.03
  2.01
1

1040.35
  2.01
1

1092.31
  2.01
1

1109.69
  2.01
1

and similar files for the neutral and violent picture-events

Appendix II G: Brodmann areas location in brain
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* 1, 2 & 3 - Somatosensory Cortex (frequently referred to as Areas 3, 1, 2 by convention)

    * 4 - Primary Motor Cortex

    * 5 - Somatosensory Association Cortex

    * 6 - Pre-Motor and Supplementary Motor Cortex

    * 7 - Somatosensory Association Cortex

    * 8 - Includes Frontal Eye Field

    * 9 - Dorsolateral prefrontal cortex

    * 10 - Frontopolar area (most rostral part of superior and middle frontal gyri)

    * 11 - Orbitofrontal area (orbital and rectus gyri, plus part of the rostral part of the superior frontal gyrus)

    * 12 - Orbitofrontal area (used to be part of BA11, refers to the area between the superior frontal gyrus and the inferior rostral sulcus)

    * 13 - Insular cortex

    * 17 - Primary Visual Cortex

    * 18 - Visual Association Cortex

    * 19 - Visual Association Cortex

    * 20 - Inferior Temporal gyrus

    * 21 - Middle Temporal gyrus

    * 22 - Superior Temporal Gyrus, of which the rostral part participates to Wernicke's area

    * 23 - Ventral Posterior cingulate cortex

    * 24 - Ventral Anterior cingulate cortex

    * 25 - Subgenual cortex

    * 26 - Ectosplenial area

    * 28 - Posterior Entorhinal Cortex

    * 29 - Retrosplenial cingular cortex

    * 30 - Part of cingular cortex

    * 31 - Dorsal Posterior cingular cortex

    * 32 - Dorsal anterior cingulate cortex

    * 34 - Anterior Entorhinal Cortex (on the Parahippocampal gyrus)

    * 35 - Perirhinal Cortex (on the Parahippocampal gyrus)

    * 36 - Parahippocampal cortex (on the Parahippocampal gyrus)

    * 37 - Fusiform gyrus

    * 38 - Temporopolar area (most rostral part of the superior and middle temporal gyri

    * 39 - Angular gyrus, part of Wernicke's area

    * 40 - Supramarginal gyrus part of Wernicke's area

    * 41 & 42 - Primary and Auditory Association Cortex

    * 43 - Subcentral area (between insula and post/precentral gyrus)

    * 44 - pars triangularis, part of Broca's area

    * 45 - pars opercularis Broca's area

    * 46 - Dorsolateral prefrontal cortex

    * 47 - Inferior prefrontal gyrus

    * 48 - Retrosubicular area (a small part of the medial surface of the temporal lobe)

    * 52 - Parainsular area (at the junction of the temporal lobe and the insula)

Appendix II H: Predictor estimates 
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APPENDIX III A

MatLab code for Time course extraction routine 

Function PLOT_BOLDS

for counter = 1:24
    k = length(Timecourse(counter).ev1(1,:)); %aantal TR's
    for i = 1:k
        Timecourse(counter).TRaxis(i) = i * Timecourse(counter).tr - Timecourse(counter).tr;
    end;
    Timecourse(counter).TRaxis = Timecourse(counter).TRaxis - (Timecourse(counter).TRaxis(k) + Timecourse(counter).tr)/2 +Timecourse(counter).tr;
    for i = -16:16
        vorige = find(Timecourse(counter).TRaxis <= i,1,'last');
        volgende = find(Timecourse(counter).TRaxis > i,1,'first');
        if isempty(vorige);
            vorige = volgende;;
            sprintf('Exceeded negative samplingtime')
        end
        if isempty(volgende)
            volgende = vorige;
            sprintf('Exceeded positive samplingtime')
        end;
        x1 = Timecourse(counter).TRaxis(vorige);
        x2 = Timecourse(counter).TRaxis(volgende);
        y1 = Timecourse(counter).ev1(:,vorige);
        y2 = Timecourse(counter).ev1(:,volgende);
        if x1==x2
            sprintf('cannot compute datapoint, made zero')
            px = i;
            py = 0;
            Timecourse(counter).tp1(:,i+17) = 0;
        else
            g  = (y2-y1)/(x2-x1);
            px = i;
            py = (px-x1)*g+y1;
            Timecourse(counter).tp1(:,i+17) = py;
        end
        y1 = Timecourse(counter).ev2(:,vorige);
        y2 = Timecourse(counter).ev2(:,volgende);
        if x1==x2
            sprintf('cannot compute datapoint, made zero')
            px = i;
            py = 0;
            Timecourse(counter).tp2(:,i+17) = 0;
        else
            g  = (y2-y1)/(x2-x1);
            px = i;
            py = (px-x1)*g+y1;
            Timecourse(counter).tp2(:,i+17) = py; 
        end
        y1 = Timecourse(counter).ev3(:,vorige);
        y2 = Timecourse(counter).ev3(:,volgende);
        if x1==x2
            sprintf('cannot compute datapoint, made zero')
            px = i;
            py = 0;
            Timecourse(counter).tp3(:,i+17) = 0;
        else
            g  = (y2-y1)/(x2-x1);
            px = i;
            py = (px-x1)*g+y1;
            Timecourse(counter).tp3(:,i+17) = py;   
        end       
    end
end
%mean
con.tp1 = zeros(size(Timecourse(1).tp1));
con.tp2 = zeros(size(Timecourse(1).tp2));
con.tp3 = zeros(size(Timecourse(1).tp3));
med.tp1 = zeros(size(Timecourse(1).tp1));
med.tp2 = zeros(size(Timecourse(1).tp2));
med.tp3 = zeros(size(Timecourse(1).tp3));
nonmed.tp1 = zeros(size(Timecourse(1).tp1));
nonmed.tp2 = zeros(size(Timecourse(1).tp2));
nonmed.tp3 = zeros(size(Timecourse(1).tp3));
for i = 1:8
    con.tp1 = con.tp1 + Timecourse(i).tp1;
    con.tp2 = con.tp2 + Timecourse(i).tp2;
    con.tp3 = con.tp3 + Timecourse(i).tp3;
end
for i = 9:16
    med.tp1 = med.tp1 + Timecourse(i).tp1;
    med.tp2 = med.tp2 + Timecourse(i).tp2;
    med.tp3 = med.tp3 + Timecourse(i).tp3;
end
for i = 17:24
    nonmed.tp1 = nonmed.tp1 + Timecourse(i).tp1;
    nonmed.tp2 = nonmed.tp2 + Timecourse(i).tp2;
    nonmed.tp3 = nonmed.tp3 + Timecourse(i).tp3;
end
con.tp1 = con.tp1/8;
con.tp2 = con.tp2/8;
con.tp3 = con.tp3/8;
med.tp1 = med.tp1/8;
med.tp2 = med.tp2/8;
med.tp3 = med.tp3/8;
nonmed.tp1 = nonmed.tp1/8;
nonmed.tp2 = nonmed.tp2/8;
nonmed.tp3 = nonmed.tp3/8;
%baselinecorrection, from (minus)base (in seconds) till zero stimulustime.
baseT = 5;
zeroT = int16(length(con.tp1(1,:))/2);
for i = 1:length(con.tp1(:,1))
    con.tp1(i,:) = con.tp1(i,:)-mean(con.tp1(i,zeroT-baseT:zeroT));
    con.tp2(i,:) = con.tp2(i,:)-mean(con.tp2(i,zeroT-baseT:zeroT));
    con.tp3(i,:) = con.tp3(i,:)-mean(con.tp3(i,zeroT-baseT:zeroT));
    med.tp1(i,:) = med.tp1(i,:)-mean(med.tp1(i,zeroT-baseT:zeroT));
    med.tp2(i,:) = med.tp2(i,:)-mean(med.tp2(i,zeroT-baseT:zeroT));
    med.tp3(i,:) = med.tp3(i,:)-mean(med.tp3(i,zeroT-baseT:zeroT));
    nonmed.tp1(i,:) = nonmed.tp1(i,:)-mean(nonmed.tp1(i,zeroT-baseT:zeroT));
    nonmed.tp2(i,:) = nonmed.tp2(i,:)-mean(nonmed.tp2(i,zeroT-baseT:zeroT));
    nonmed.tp3(i,:) = nonmed.tp3(i,:)-mean(nonmed.tp3(i,zeroT-baseT:zeroT));
end
xaxis = [-16:16];
for ccount = 1:36
    fig = figure;
    hold
    plot(xaxis,con.tp1(ccount,:),'-om','LineWidth',1);
    plot(xaxis,con.tp2(ccount,:),'-ob','LineWidth',1);
    plot(xaxis,con.tp3(ccount,:),'-or','LineWidth',1);
    l = legend('Control - Erotic','Control - Neutral','Control - Violent','Location','NorthWest','boxoff');
    legend('boxoff');
    set(l,'FontSize',8)
    [dummy titlename] = fileparts(Timecourse(1).cname{ccount});
                titlename = strrep(titlename,'_',' ');
    title(['Cluster ' titlename]);
    xlabel('Time relative to stimulus in seconds');
    ylabel('% Blood Oxygenation Level Dependent (BOLD) change');
    q = axis;
    axis([-8 16 q(3) q(4)]);
    line([0 0],[q(3) q(4)],'LineStyle',':','Color','k')
    saveas(fig,['ClusterBOLDplot' num2str(ccount) 'Control.png']);
    close;
end
for ccount =  1:36
    fig = figure;
    hold
    plot(xaxis,med.tp1(ccount,:),'-om','LineWidth',1);
    plot(xaxis,med.tp2(ccount,:),'-ob','LineWidth',1);
    plot(xaxis,med.tp3(ccount,:),'-or','LineWidth',1);
    l = legend('Meditation - Erotic','Meditation - Neutral','Meditation - Violent','Location','NorthWest','boxoff');
    legend('boxoff');
    set(l,'FontSize',8)
        [dummy titlename] = fileparts(Timecourse(1).cname{ccount});
            titlename = strrep(titlename,'_',' ');
    title(['Cluster ' titlename]);
    xlabel('Time relative to stimulus in seconds');
    ylabel('% Blood Oxygenation Level Dependent (BOLD) change');
    q = axis;
    axis([-8 16 q(3) q(4)]);
    line([0 0],[q(3) q(4)],'LineStyle',':','Color','k')
    saveas(fig,['ClusterBOLDplot' num2str(ccount) 'Meditation.png']);
    close;
end
for ccount =  1:36
    fig = figure;
    hold
    plot(xaxis,nonmed.tp1(ccount,:),'-om','LineWidth',1);
    plot(xaxis,nonmed.tp2(ccount,:),'-ob','LineWidth',1);
    plot(xaxis,nonmed.tp3(ccount,:),'-or','LineWidth',1);
    xlabel('Time relative to stimulus in seconds');
    ylabel('% Blood Oxygenation Level Dependent (BOLD) change');
    l = legend('NonMeditation - Erotic','NonMeditation - Neutral','NonMeditation - Violent','Location','NorthWest','boxoff');
    legend('boxoff');
    set(l,'FontSize',8)
        [dummy titlename] = fileparts(Timecourse(1).cname{ccount});
            titlename = strrep(titlename,'_',' ');
    title(['Cluster ' titlename]);
    q = axis;
    axis([-8 16 q(3) q(4)]);
    line([0 0],[q(3) q(4)],'LineStyle',':','Color','k')
    saveas(fig,['ClusterBOLDplot' num2str(ccount) 'NonMeditation.png']);
    close;
end;
function [outputNames,outputNumber] = ReturnFeatquerys(featQueryName);
%
% function ReturnFeatquery(featQueryName,copeNumber);
%
%
% (C) HSS, 2006
%
if nargin == 0  
    featQueryName = 'QueryReport_Meditatie';
end
sdirs = dir('*_feat');
homeDir = pwd;
outputCounter = 0;
nameCounter = 0;
MEDindex = [1 4 5 8 11 15 18 23];
NONindex = [2 3 6 7 12 14 19 24];
CONindex = [9 10 13 16 17 20 21 22];
for cFeats = 1:length(sdirs)
    cd(sdirs(cFeats).name);
    sDir = pwd;
    qdir2 = dir('NonMed-Con*');
    qdir1 = dir('Med-NonMed*');
    qdir = [qdir1' qdir2'];
    for cQuery = 1:length(qdir);
        cd(qdir(cQuery).name);
        if exist('report.txt','file')
            fid=fopen('report.txt');
            counter = 0;
            while 1
                tline = fgetl(fid);
                if ~ischar(tline), break, end;
                counter = counter + 1;
                outputCounter = outputCounter + 1;
                breakPoints = findstr(tline,' ');
                outputNumber(outputCounter,:) = str2num(tline(breakPoints(2):end));
                outputNames{outputCounter} = tline(1:breakPoints(2));
                SubjectNr(outputCounter) = str2num(tline(1:breakPoints(1)));
                breakPoints = findstr(tline,'/');
                PENr(outputCounter) = str2num(tline(breakPoints(1)+3));
                Snames{outputCounter} = sdirs(cFeats).name;
                [dummy,Qnames{outputCounter}] = fileparts(pwd);
            end
            fclose(fid);
        end
        cd(sDir);
    end
    cd(homeDir);
end
ylabel{1} = 'subject';
ylabel{2} = 'maskname';
ylabel{3} = 'stat';
ylabel{4} = 'nVoxels';
ylabel{5} = 'min';
ylabel{6} = '10%';
ylabel{7} = 'mean';
ylabel{8} = 'median';
ylabel{9} = '90%';
ylabel{10} = 'max';
ylabel{11} = 'max x (mni)';
ylabel{12} = 'max y (mni)';
ylabel{13} = 'max z (mni)';
ylabel{14} = 'max x (mm)';
ylabel{15} = 'max y (mm)';
ylabel{16} = 'max z (mm)';
ylabel = ylabel';
nOutputNumber = outputNumber(:,1:7);
nOutputNumber(:,8:10) = outputNumber(:,11:13);
CONindexnr = find(SubjectNr == CONindex(1));
MEDindexnr = find(SubjectNr == MEDindex(1));
NONindexnr = find(SubjectNr == NONindex(1));
for i = 2:length(CONindex)
    CONindexnr = [CONindexnr find(SubjectNr == CONindex(i))];
    MEDindexnr = [MEDindexnr find(SubjectNr == MEDindex(i))];
    NONindexnr = [NONindexnr find(SubjectNr == NONindex(i))];
end
% for i = 1:length(Qnames) 
%     Qindex(i) = find(
CON_PE1.index = CONindexnr(find( PENr(CONindexnr) == 1 ));
CON_PE2.index = CONindexnr(find( PENr(CONindexnr) == 2 ));
CON_PE3.index = CONindexnr(find( PENr(CONindexnr) == 3 ));
MED_PE1.index = MEDindexnr(find( PENr(MEDindexnr) == 1 ));
MED_PE2.index = MEDindexnr(find( PENr(MEDindexnr) == 2 ));
MED_PE3.index = MEDindexnr(find( PENr(MEDindexnr) == 3 ));
NON_PE1.index = NONindexnr(find( PENr(NONindexnr) == 1 ));
NON_PE2.index = NONindexnr(find( PENr(NONindexnr) == 2 ));
NON_PE3.index = NONindexnr(find( PENr(NONindexnr) == 3 ));
[dummy,Mnameindex,Mindex] = unique(Qnames);
MnameList = Qnames(Mnameindex);
for i = 1:length(Mnameindex)
    CON_PE1.Mask{i} = CON_PE1.index(find( Mindex(CON_PE1.index) == i));
    CON_PE2.Mask{i} = CON_PE2.index(find( Mindex(CON_PE2.index) == i));
    CON_PE3.Mask{i} = CON_PE3.index(find( Mindex(CON_PE3.index) == i));
    MED_PE1.Mask{i} = MED_PE1.index(find( Mindex(MED_PE1.index) == i));
    MED_PE2.Mask{i} = MED_PE2.index(find( Mindex(MED_PE2.index) == i));
    MED_PE3.Mask{i} = MED_PE3.index(find( Mindex(MED_PE3.index) == i));
    NON_PE1.Mask{i} = NON_PE1.index(find( Mindex(NON_PE1.index) == i));
    NON_PE2.Mask{i} = NON_PE2.index(find( Mindex(NON_PE2.index) == i));
    NON_PE3.Mask{i} = NON_PE3.index(find( Mindex(NON_PE3.index) == i));
end;
for i = 1:length(Mnameindex)
    CON_PE1.Maverage{i} = sum(outputNumber(CON_PE1.Mask{i},:)) / length(CON_PE1.Mask{i});
    CON_PE1.Mdev{i} = std(  outputNumber(CON_PE1.Mask{i},:)  );
    CON_PE2.Maverage{i} = sum(outputNumber(CON_PE2.Mask{i},:)) / length(CON_PE2.Mask{i});
    CON_PE2.Mdev{i} = std(  outputNumber(CON_PE2.Mask{i},:)  );
    CON_PE3.Maverage{i} = sum(outputNumber(CON_PE3.Mask{i},:)) / length(CON_PE3.Mask{i});
    CON_PE3.Mdev{i} = std(  outputNumber(CON_PE3.Mask{i},:)  );
    MED_PE1.Maverage{i} = sum(outputNumber(MED_PE1.Mask{i},:)) / length(MED_PE1.Mask{i});
    MED_PE1.Mdev{i} = std(  outputNumber(MED_PE1.Mask{i},:)  );
    MED_PE2.Maverage{i} = sum(outputNumber(MED_PE2.Mask{i},:)) / length(MED_PE2.Mask{i});
    MED_PE2.Mdev{i} = std(  outputNumber(MED_PE2.Mask{i},:)  );
    MED_PE3.Maverage{i} = sum(outputNumber(MED_PE3.Mask{i},:)) / length(MED_PE3.Mask{i});
    MED_PE3.Mdev{i} = std(  outputNumber(MED_PE3.Mask{i},:)  );
    NON_PE1.Maverage{i} = sum(outputNumber(NON_PE1.Mask{i},:)) / length(NON_PE1.Mask{i});
    NON_PE1.Mdev{i} = std(  outputNumber(NON_PE1.Mask{i},:)  );
    NON_PE2.Maverage{i} = sum(outputNumber(NON_PE2.Mask{i},:)) / length(NON_PE2.Mask{i});
    NON_PE2.Mdev{i} = std(  outputNumber(NON_PE2.Mask{i},:)  );
    NON_PE3.Maverage{i} = sum(outputNumber(NON_PE3.Mask{i},:)) / length(NON_PE3.Mask{i});
    NON_PE3.Mdev{i} = std(  outputNumber(NON_PE3.Mask{i},:)  );
end
% for i = 1:length(Mnameindex)
%     CON_PE1.AverageMask(i) = sum(outputNumber(CON_PE1.Mask{i},:))/ 8;
% 
% end;
fout = fopen('average.xls','w');
fprintf(fout,'%s\t%s\t%s\t','Condition','Mask','Predictor');
for cY = 4:length(ylabel)
    fprintf(fout,'%s\t',ylabel{cY});
end
fprintf(fout,'%s\t%s\t%s\t','Condition','Mask','Predictor');
for cY = 4:length(ylabel)
    fprintf(fout,'%s\t',ylabel{cY});
end
fprintf(fout,'\n');
for Maskc = 1:length(CON_PE1.Maverage)
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','CONTROL',MnameList{1,Maskc},1,CON_PE1.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','CONTROL',MnameList{1,Maskc},1,CON_PE1.Mdev{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','CONTROL',MnameList{1,Maskc},2,CON_PE2.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','CONTROL',MnameList{1,Maskc},2,CON_PE3.Mdev{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','CONTROL',MnameList{1,Maskc},3,CON_PE3.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','CONTROL',MnameList{1,Maskc},3,CON_PE3.Mdev{Maskc});
end
for Maskc = 1:length(NON_PE1.Maverage)
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','NON-MED',MnameList{1,Maskc},1,NON_PE1.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','NON-MED',MnameList{1,Maskc},1,CON_PE1.Mdev{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','NON-MED',MnameList{1,Maskc},2,NON_PE2.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','NON-MED',MnameList{1,Maskc},2,CON_PE3.Mdev{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','NON-MED',MnameList{1,Maskc},3,NON_PE2.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','NON-MED',MnameList{1,Maskc},3,CON_PE3.Mdev{Maskc});
end
for Maskc = 1:length(MED_PE1.Maverage)
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','MEDITAT',MnameList{1,Maskc},1,MED_PE1.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','MEDITAT',MnameList{1,Maskc},1,CON_PE1.Mdev{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','MEDITAT',MnameList{1,Maskc},2,MED_PE2.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','MEDITAT',MnameList{1,Maskc},2,CON_PE2.Mdev{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t','MEDITAT',MnameList{1,Maskc},3,MED_PE3.Maverage{Maskc});
    fprintf(fout,'%s\t%s\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\t%d\n','MEDITAT',MnameList{1,Maskc},3,CON_PE3.Mdev{Maskc});
end
fclose(fout);
disp('fff');
for cCounter = 1:counter
    fout = fopen(['Meditatie_EV' num2str(cCounter) '.xls'],'w');
    for cY = 1:length(ylabel)
        fprintf(fout,'%s\t',ylabel{cY});
    end
    fprintf(fout,'\n');
    for cObs = 1:size(outputNumber,1)/counter
        localCounter = cCounter:counter:size(nOutputNumber,1);
        output{cObs+1,1,cCounter} = outputNames{localCounter(cObs)};
        fprintf(fout,'%s\t%s\t%s\t',Snames{localCounter(cObs)},Qnames{localCounter(cObs)},outputNames{localCounter(cObs)});
        for cCol = 1:size(nOutputNumber,2)
            output{cObs+1,cCol+1} = nOutputNumber(localCounter(cObs),cCol);
            fprintf(fout,'%d\t',nOutputNumber(localCounter(cObs),cCol));
        end
        fprintf(fout,'\n');
    end
    fclose(fout);
end
function batch_ERBOLD;
% 
% Stephen Whitmarsh 2007
% 
subjectnames = dir;
homeDir = pwd;
counter = 0;
for cNames = 3:length(subjectnames)
    currentDir = pwd;
    if subjectnames(cNames).isdir == 1
        cd(subjectnames(cNames).name);
        if exist('report.html')
            counter = counter + 1;
            if counter == 10
                StuffToDoThere;
            end;
        end
        cd(currentDir);
    end
end
function StuffToDoThere;
params.featdir = pwd;
params.sed_converter = 'C:\Meditatie\designconvert.sed';
params.ClusterInStandardSpace = '';
%        - note: optional: set to '' to turn off. Provides reference image
%        for applyxfm4D (so coregistered output will have correct bounding box).
params.NegWindow = 0; %from 4 seconds prior to onset
params.PosWindow = 16; %until 30 seconds after stimulus onset
%run selective_avg with parameters: output: one 4D image per condition
%each slice of 4D image repesents different averaged time-point
%output saved in folder 'ROI' within the .FEAT' directory
params.ter = 2.00;
selective_avg(params);
%optional: conduct cluster (region-of-interest) analysis
%requires
%  cond_avg_img: output for a condition of sective_avg
%  roi_img: cluster image with same dimensions as cond_avg_img
% notes:
%  1.) you might want to conduct analysis of multiple conditions or clusters
%  2.) you might want to apply to normalized images or raw MRI scans
% cond_avg_img = [params.featdir filesep 'reg' filesep 'roi'  filesep 'ev1.img'];
%  roi_img = params.ClusterInStandardSpace;  
%  roi_img = 'C:\M_ppBatselaereI_2.feat\mask.img';
%  roi_img = 'C:\M_ppBatselaereI_2.feat\cluster_mask_zstat4.img';
%  cond_avg_img = [params.featdir filesep 'roi'  filesep 'ev1.img'];
%  ts1=extract_clust_ts(cond_avg_img, roi_img)
% 
%  cond_avg_img = [params.featdir filesep 'roi'  filesep 'ev2.img'];
%  ts2=extract_clust_ts(cond_avg_img, roi_img)
% 
%  cond_avg_img = [params.featdir filesep 'roi'  filesep 'ev3.img'];
%  ts3=extract_clust_ts(cond_avg_img, roi_img)
%  close;
%  x = 1:length(ts1);
%  x = x * 2.435;
%  x = x - 30;
%  tsMean = (ts1+ts2+ts3)/3;
%  hold;
%  plot(x,ts1,'-r');
%  plot(x,ts2,'-g');
%  plot(x,ts3,'-b');
%  plot(x,tsMean,':k','linewidth',4);
function ts=extract_clust_ts(filename, clustfile)
try,
  fprintf('loading %s...\n',filename);
  [d,d_dims,d_scales]=read_avw(filename);
catch,
  fprintf('Error loading file!\n');
  return;
end;
if ~iscell(clustfile),
  clustfile={clustfile};
end;
nclust=size(clustfile,2);
c=zeros([d_dims(1:3)' nclust]);
clust_vox=cell(1,nclust);
for x=1:nclust,
  fprintf('loading ROI file %d of %d: %s\n',x,nclust,clustfile{x});
  c(:,:,:,x)=read_avw(clustfile{x});
  clust_vox(x)={find(c(:,:,:,x)>0)};
end;
ntp=size(d,4);
ts=zeros(nclust,ntp);
for c=1:nclust,
  for tp=1:ntp,
    tmp=squeeze(d(:,:,:,tp));
    ts(c,tp)=mean(tmp(clust_vox{c}))';
  end;
end;
function [img,dims,scales,bpp,endian,origins] = read_avw(fname)
% [img, dims,scales,bpp,endian] = READ_AVW(fname)
%
%  Read in an analyse file into either a 3D or 4D
%  array (depending on the header information)
%  fname is the filename (must be inside single quotes)
%  Note: automatically detects - unsigned char, short, long, float
%         double and complex formats
%  Extracts the 4 dimensions (dims),
%  4 scales (scales) and bytes per pixel (bpp) for voxels
%  contained in the Analyse header file (fname)
%  Also returns endian = 'l' for little-endian or 'b' for big-endian
%
%  See also: SAVE_AVW
  [dims,scales,bpp,endian,datatype,origins]= read_avw_hdr(fname);
  if (datatype==32),
    % complex type
    img=read_avw_complex(fname);
  else
    img=read_avw_img(fname);
  end
function save_avw_complex(img,fname,vsize)
% SAVE_AVW_COMPLEX(img,fname,vsize)
%
%  Create and save an analyse header (.hdr) and image (.img) file
%   for either a 2D or 3D or 4D array (automatically determined).
%  Only for use with complex data.  (uses avwcomplex)
%
%  vsize is a vector [x y z tr] containing the voxel sizes in mm and
%  the tr in seconds  (defaults: [1 1 1 3])
%
%  See also: SAVE_AVW, SAVE_AVW_HDR, SAVE_AVW_IMG,
%            READ_AVW_COMPLEX, READ_AVW, READ_AVW_HDR, READ_AVW_IMG
%
save_avw(real(img),[fname,'R'],'f',vsize);
save_avw(imag(img),[fname,'I'],'f',vsize);
command=sprintf('-bash -l -c "avwcomplex -complex %s %s %s \n"',[fname,'R'],[fname,'I'],fname);
unix(command);
command=sprintf('-bash -l -c "rm %s.hdr %s.img %s.hdr %s.img \n"',[fname,'R'],[fname,'R'],[fname,'I'],[fname,'I']);
unix(command);
function save_avw_hdr(img,fname,vtype,vsize,vorigin)
% SAVE_AVW_HDR(img,fname,vtype,vsize,vorigin)
%
%  Create and save an analyse header file
%   for either a 2D or 3D or 4D array (automatically determined).
%
%  vtype is 1 character: 'b' unsigned byte, 's' short, 'i' int,
%                        'f' float, 'd' double
%  vsize is a vector [x y z tr] containing the voxel sizes in mm and
%  the tr in seconds  (defaults: [1 1 1 3])
%
%  vorigin is the OPTIONAL origin [location of anterior commissure]
%     (defaults: [0,0,0])
%
%  See also: SAVE_AVW, SAVE_AVW_IMG, READ_AVW, READ_AVW_HDR, READ_AVW_IMG
%            SAVE_AVW_COMPLEX
% swap first and second argument in case save_avw_img convention is
% used
check=length(size(fname));
if(check~=2)
   tmp=img;
   img=fname;
   fname=tmp;
end
% remove extension if it exists
if ( (length(findstr(fname,'.hdr'))>0) | ...
        (length(findstr(fname,'.img')>0)) ),
  fname=fname(1:(length(fname)-4));
end
% remove headerfile
fname2=strcat(fname,'.hdr');
% tmpstr1=sprintf('bash -l -c "touch %s"', fname2);
% tmpstr2=sprintf('bash -l -c "rm %s"', fname2);
% tmpstr1 = strrep(tmpstr1,'\','/');
% tmpstr2 = strrep(tmpstr2,'\','/');
% unix(tmpstr1);
% unix(tmpstr2);
% establish dynamic range
imgmax=ceil(max(max(max(max(img)))));
imgmin=floor(min(min(min(min(img)))));
% create file to use as input into header program
dims = [size(img) 1 1];
if(nargin==2)
  vtype='s';
  vsize=[1 1 1 3];
elseif(nargin==3)
  tmp=size(vtype);
  if(tmp(2)==1)
     vsize=[1 1 1 3];
  else
     vsize=vtype;
     if size(vsize,2)==3
        vsize=[vsize 3];
     end;
     vtype='s';
  end
else
  tmp=size(vtype);
  if(tmp(2)==3)
     tmp2=vtype;
     vtype=vsize;
     vsize=tmp2;
  end
end
if (length(vsize)<3),
  vsize(3)=1;
end
if (length(vsize)<4),
  vsize(4)=3;
end
dtype=0;
if (vtype=='b'),
  dtype=2;
end
if (vtype=='s'),
  dtype=4;
end
if (vtype=='i'),
  dtype=8;
end
if (vtype=='f'),
  dtype=16;
end
if (vtype=='d'),
  dtype=64;
end
if(nargin< 5)
  vorigin=[0 0 0];
end;
% if (exist(fsl_directory ) < 7) 
%    fsl_directory = 'C:\cygwin\usr\local\fsl\bin\';
%    if (exist(fsl_directory ) < 7) 
%        disp(sprintf('save_avw_hdr: Warning- FSL executables not found:  %s', fsl_directory ));  
%        disp(sprintf('  FSL binaries [e.g. applyxfm4D, avwcreatehd] must be in your path.'));  
%        fsl_directory = '';
%    end %if directory exists
% end %if directory exists
%CRorden: next line changed to store origin values (ori)
tmp=sprintf('bash -l -c "avwcreatehd %d %d %d %d %6.4f %6.4f %6.4f %6.4f %d %d %d %d \"%s\"" \n',dims(1),dims(2),dims(3),dims(4),vsize(1),vsize(2),vsize(3),vsize(4),vorigin(1),vorigin(2),vorigin(3),dtype,fname);
%tmp=sprintf('! /usr/local/fsl/bin/avwcreatehd %d %d %d %d %6.4f %6.4f %6.4f %6.4f 0 0 0 %d %s \n',dims(1),dims(2),dims(3),dims(4),vsize(1),vsize(2),vsize(3),vsize(4),dtype,fname);
tmp = strrep(tmp,'\','/'); %even for Windows, applyxfm4D requires '/' as filesep
unix(tmp)
disp(' ');
%  SAVE_AVW_IMG(img,fname,vtype)
%
%  Save an array (img) as an analyse file (only the .img)
%   for either a 2D or 3D or 4D array (automatically determined)
%
%  vtype is a single character string: 'b' (unsigned) byte, 's' short,
%                                      'i' int, 'f' float, or 'd' double
%
%  See also: SAVE_AVW, SAVE_AVW_HDR, SAVE_AVW_COMPLEX,
%            READ_AVW, READ_AVW_HDR, READ_AVW_IMG, READ_AVW_COMPLEX
%
% swap first and second argument in case save_avw_img convention is
% used
check=length(size(fname));
if(check~=2)
   tmp=img;
   img=fname;
   fname=tmp;
end
% remove extension if it exists
if ( (length(findstr(fname,'.hdr'))>0) | ...
        (length(findstr(fname,'.img')>0)) ),
  fname=fname(1:(length(fname)-4));
end
fnimg=strcat(fname,'.img');
fp=fopen(fnimg,'w');
dims = size(img);
dat = img;
dat = reshape(dat,prod(dims),1);
switch vtype
  case 'd'
    vtype2='double';
  case 'f'
    vtype2='float';
  case 'i'
    vtype2='int32';
  case 's'
    vtype2='short';
  case 'b'
    vtype2='uchar';
end;
fwrite(fp,dat,vtype2);
fclose(fp);
function timepoints=selective_avg(params)
% selective averaging for FSL feat analysis
% read in a 4-d analyze file
% compute selective average on all in-mask voxels
%
% required arguments:
% params: a struct containing details about analysis:
%     params.featdir: FEAT directory for analysis
%     params.ClusterInStandardSpace = normalized region of interest image
%        - note: optional: set to '' to turn off. Provides reference image
%        for applyxfm4D (so coregistered output will have correct bounding box).
%     params.ter - effective temporal resolution of analysis
%        - note: Image Processing  Toolbox is required for TER ~= TR
%     params.PosWindow - positive time window for averaging (default=24 s)
%     params.NegWindow - negative time window for averaging (default=4 s)
%     params.sed_converter - full path of designconvert.sed
%
% Russ Poldrack, 7/2/04
warning off MATLAB:divideByZero
fmri = readfsf2struct('design.fsf');
if ~exist('params'),
 help analyze_roi
 return;
end;
if ~isfield(params,'featdir')
  help selective_avg
 return;
end;
featdir=params.featdir;
if ~isfield(params,'ClusterInStandardSpace') %CRorden: reference 
  params.ClusterInStandardSpace = [featdir '/reg_standard/example_func.img']; %use '/' for BOTH Windows and Unix
  %Poldrack's original code: requires change to FEAT tcl code 
  %  usr/local/fsl/tcl/feat.tcl - comment-out (# at start of line) to two lines that include
  %    'featregapply' and '-c' 
end;
  SED_CONVERTER=params.sed_converter;
% check that SED_CONVERTER exists
if ~exist(SED_CONVERTER,'file'),
  fprintf('%s does not exist!\n',SED_CONVERTER);
  return;
end;
% design: a cell matrix containing filenames for either SPM.mat file
% (for SPM analysis) or FSL 3-column onset files
% make sure featdir exists and has data in it
current_dir=pwd;
try,
  cd(featdir);
catch,
  fprintf('problem changing to featdir (%s)\n',featdir);
  return;
end;
% convert design.fsf to design.m
% command = sprintf('sed -f %s design.fsf > design.m',SED_CONVERTER)
% command=strrep(command,'\','/');
%[s,w]=system(command);
% 
% if s,
%    fprintf('problem converting design.fsf to design.m\n');
%    fprintf('make sure the program sed is in your path\n');
%    fprintf(' e.g. click My Computer, Properties, Advanced, Environment Variables\n');
%    fprintf('      then cdouble-lick on Path and add ;c:\cygwin\bin to end and press OK \n');
%   return;
% end;
% 
% design_file=which('design.m');
% fprintf('Loading design from:\n%s\n',design_file);
% try,
%     design;
% catch,
%     fprintf('problem loading design.m\n');
%     return;
% end;
% set up params and check fields
if ~isfield(params,'ter'),
  params.ter=fmri.tr;
end;
if ~isfield(params,'PosWindow'),
  params.PosWindow=24;
end;
if ~isfield(params,'NegWindow'),
  params.NegWindow=4;
end;
% load in analyze file
datafile = [featdir filesep 'filtered_func_data.img']; %CRorden: filesep works on Unix and Windows
%datafile=sprintf('%s/filtered_func_data.img',featdir);
fprintf('Loading filtered data from:\n%s\n',datafile);
try,
  [d,d_dims,d_scales,d_bpp,d_endian,d_origin]=read_avw(datafile);
catch,
  fprintf('error reading datafile %s\n',datafile);
  return;
end;
% load in mask file
maskfile = [featdir filesep 'mask.img']; %CRorden: filesep works on Unix and Windows
%maskfile=sprintf('%s/mask.img',featdir);
fprintf('Loading mask from:\n%s\n',maskfile);%CR
try,
  [mask,mask_dims]=read_avw(maskfile);
catch,
  fprintf('error reading mask file %s\n',datafile);
  return;
end;
% set up the design
TR=fmri.tr;
TER=params.ter;
ntp=fmri.npts;
roidata=zeros(1,ntp);
% make sure image processing toolbox is available if needed
if isempty(which('resample')) & TER ~= TR,
  fprintf('Image Processing Toolbox is necessary for subsampling\n');
  fprintf('Setting TER = TR...\n');
  TER=TR;
end;
% if TER is shorter than TR, oversample data (with lowpass filtering)
if TER ~= TR,
  if mod(TR,TER),
    trmult=TR/TER;
    TER=TR/round(trmult);
    fprintf('TR must be an even multiple of TER: changing TER to %0.3f\n', ...
            TER);
  end;
  roidata=resample(roidata,TR/TER,1);
end;
% set up FIR model
PosWindow=params.PosWindow;
NegWindow=params.NegWindow;
NPosEst=round(PosWindow/TER);
NNegEst=round(NegWindow/TER);
nHEst=NPosEst + NNegEst;
% determine how many conditions there are
nconds=fmri.evs_orig;
timepoints=zeros(nconds,nHEst);
% fix the structures so that the index is not in the name
fields_to_fix={ 'shape' 'convolve' 'convolve_phase' ...
    'tempfilt_yn' 'deriv_yn' 'custom' 'gammasigma' 'gammadelay' ...
    'ortho'};
for c=1:nconds,
 for f=1:length(fields_to_fix),
   if isfield(fmri,sprintf('%s%d',fields_to_fix{f},c)),
     cmd=sprintf('fmri.%s(%d)={fmri.%s%d};',fields_to_fix{f},c,fields_to_fix{f},c);
    eval(cmd);
  end;
 end;
end;
% load in the onsets
% right now assume single-column input, deal with 3-column files later
ons=cell(1,nconds);
for c=1:nconds,
%   if fmri.shape{c}==2, % single-column file
%     fprintf('Loading condition %d onsets (single-column format):\n%s\n',...
%             c,fmri.custom{c});
%     [p1,p2,p3]=fileparts(fmri.custom{c});
%     fmri.condname{c}=p2;
%     fmri.sf(c)={load(fmri.custom{c})};
%     need to subtract off TR to get back to zero time origin
%     fmri.ons{c}=find(fmri.sf{c})*fmri.tr - fmri.tr;
%   elseif fmri.shape{c}==3, % 3-column format
    tmp=load(sprintf('%s\\custom_timing_files\\ev%d.txt',featdir,c));  
%    fprintf('Loading condition %d onsets (3-column format):\n%s\n',c,fmri.custom{c});
    %tmp = tmp';
    %ncolumns = length(tmp);
    %ncolumns = floor(ncolumns / 3);
    %tmp = reshape(tmp, 3, ncolumns); %LXB-
    %tmp = tmp'; %LXB -
    fmri.ons{c} = tmp(:,1);
   % [p1,p2,p3]=fileparts(fmri.custom{c});
    fmri.condname{c}=sprintf('ev%d',c);
  %end;
end;
SCM=[];
ntp=round(ntp*(TR/TER));
for conds=1:nconds,
    % this code is based on spm_roi_fir_desmtx.m, which was in turn based on
    % from from Doug Greve at MGH
    rounded_onsets=round(fmri.ons{conds}/TER)*TER; % find nearest TR for each onset
    Par=zeros(ntp,2);
    Par(:,1)=[0:TER:(ntp-1)*TER]';
    for trial=1:length(rounded_onsets),
      Par(find(Par(:,1)==rounded_onsets(trial)),2)=1;
    end;
    tMax=(ntp-1)*TER;
    nPreStim=floor(NegWindow/TER);
    tTR = [0:TER:tMax];
    iStimIndex = find( Par(:,2) == 1 ); % get indices for this condition
    tPres = Par(iStimIndex,1);
    iok = find(tPres >= 0 & tPres <= tMax);
    tPres = tPres(iok);
    nPres = hist(tPres,tTR);
    % construct the conv mtx for this Stimulus Type %
    c1 = zeros(1,nHEst);
    Pulses = [nPres zeros(1,nPreStim) ];
    c1(1) = Pulses(1);
    E = toeplitz(Pulses,c1);
    X=[];
    % add to global conv mtx %
    X = cat(2,X,E);
    if(nPreStim ~= 0)
      X = X(1+nPreStim:ntp+nPreStim,:);
    end
    SCM=[SCM X];
    p=Par(:,2);
    save(sprintf('c%d_fsl.txt',conds),'p','-ASCII');
end;
% add column of ones to model non-zero mean
SCM=[SCM ones(length(SCM),1)];
% normalize non-unit columns in desmtx
for r=1:size(SCM,2)-1,
    SCM(:,r)=SCM(:,r)-mean(SCM(:,r));
end;
% estimate the model for each voxel in the mask
timepoints=zeros(d_dims(1),d_dims(2),d_dims(3),nconds,nHEst);
fprintf('Percent done: ');
%roidata -> ROIdata is 492 bins, e.g. 1 per volume
for x=1:d_dims(1),
  fprintf('%d.',round(100*x/d_dims(1)));
  for y=1:d_dims(2),
    for z=1:d_dims(3),
      if ~mask(x,y,z),
        continue;
      end;
%       if true,
%          continue;
%      end;
      % normalize to mean 100
      tmp=d(x,y,z,:);
      roidata=(tmp - mean(tmp))/mean(tmp); 
      roidata=squeeze(roidata);
      b_est=pinv(SCM)*roidata; %CRorden: do not transpose roidata 
      %b_est=pinv(SCM)*roidata';
      % reshape b_est into separate conditions
      for c=1:nconds,
         range_st=(c-1)*nHEst + 1;
         range_end=c*nHEst;
         timepoints(x,y,z,c,:)=b_est(range_st:range_end)';
      end;
  end;
 end;
end;
% save the data
if ~exist('roi','dir'),
  mkdir(featdir,'roi');
end;
if ~exist('reg/roi','dir'),
  mkdir([featdir '/reg'],'roi');
end;
fsl_directory = '/usr/local/fsl/bin/'; %CRorden: check both common Linux and Windows locations: warn if both incorrect
if (exist(fsl_directory ) < 7) 
   fsl_directory = 'C:\cygwin\usr\local\fsl\bin\';
   if (exist(fsl_directory ) < 7) 
       disp(sprintf('selective_avg: Warning- FSL binary folder found:  %s', fsl_directory ));  
       disp(sprintf('  FSL binaries [e.g. applyxfm4D, avwcreatehd] must be in your path.'));  
       fsl_directory = '';
   end %if directory exists
end %if directory exists
fprintf('\nSaving data (including registered versions)\n');
for c=1:nconds,
  %outfile=sprintf('roi/%s.img',fmri.condname{c});
  featdir(findstr(featdir,'/')) = '\';
  outfile = [featdir '/' 'roi' '/' fmri.condname{c}]; %CRorden: filesep works on Unix and Windows
  save_avw(squeeze(timepoints(:,:,:,c,:)),outfile,'f',[d_scales(1:3)' fmri.tr],d_origin);
  % create registered version
  %normalisedfolder = [featdir filesep 'reg_standard']; %CRorden: filesep works on Unix and Windows
  regMatrix = [featdir filesep 'reg' filesep 'example_func2standard.mat'] %CRorden: filesep works on Unix and Windows
  if exist(regMatrix,'file'),
    fprintf('Attempting to register to bounding box of %s\n',params.ClusterInStandardSpace);
    if exist(params.ClusterInStandardSpace),
      fprintf('Creating a normalized image - This is a slow procedure.\n');
      cmd=sprintf('bash -l -c %sapplyxfm4D %s %s %s/reg/roi/%s %s -singlematrix',...
      fsl_directory,outfile,params.ClusterInStandardSpace,featdir,fmri.condname{c},regMatrix)
      cmd = strrep(cmd,'\','/'); %even for Windows, applyxfm4D requires '/' as filesep
      fprintf('.');
      unix(cmd);
    end; %if standard space image exists
  end;
end;
fprintf('\n\n');
APPENDIX III B

Time course per cluster
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� Time symmetry implies here that the physical formalism gives always two valid solutions, where the time variable ‘t’ can be replaced by ‘-t’. This holds for the Relativity theory as well as for the Quantum theory. The second law of thermodynamics and the ‘collapse’ in quantum physics ‘force’ time asymmetry into physics but it is not well understood why this is the case. 


� However note the exploratory analysis below suggesting that there was a presentiment effect that was obscured because of subjects that consistently had a larger anticipation for the pleasant sound.
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