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Introduction

Recently Eastern philosophy and Western science have been learning from each
other through the mental training of meditation. Meditation describes a state of
concentrated attention on some object of thought or awareness. Shamatha, or focused
meditation, consists of practices aimed at developing the ability to focus the attention on
one point. Shamatha is practiced to teach oneself how to become more focused, more
concentrated and more tranquil (Begley, 2007). Through concentration on the breath or
on a single point/object, practitioners become more aware and mindful.

Gradually, one learns how to enter a state without worries or any overwhelming
thoughts and distractions. Practitioners attempt to clear their minds of thoughts. If
thoughts or chatter start to interrupt the mindfulness, they concentrate on their breath to
clear their minds once again (Kyabagon, T. Rinpoche, 1998). Usually it is difficult to
control the mind. By mental training in meditation, however, an inner space and clarity is
created that enables one to control his/her mind regardless of the external circumstances.
To Buddhist practitioners meditation training is essential. “If we train in meditation
systematically, eventually we will be able to eradicate from our mind the delusions that
are the causes of all our problems and suffering.” (Yongey Mingyur Rinpoche, 2007)

Long-term meditation practitioners meditate to learn discipline and concentration.
Through Buddhist meditation they are expected to surmount three vices: ignorance,

desire and hatred. Practitioners meditate regularly to harmonize their interior lives with
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the existences they lead. Meditation becomes a full and conscious participation in a
“multi-secular chain of uninterrupted transmission of an essential wisdom that permits
full detachment in the midst of universal bonds.” (Levenson, 2000) It is suggested that
the most profound perceptions about the nature of reality come through intuition rather
than logic, and from the superconscious rather than the conscious mind. Through
meditation (a relaxed body, the five senses internalized, and a focused mind) energy can
be born and used for awareness of personal and universal realities. In countries such as
India and Tibet long-term meditation is still widely held to be the way to achieve the
highest goal of human life, ‘enlightenment’, a term now described in terms of the
stabilization of higher states of functioning of the human psychophysiology (Novak,
1989).

Buddhism has taught for twenty-five hundred years that the mind is an
independent force that can be harnessed by will and attention to create physical change.
Meditation creates the will and attention necessary for change. The meditative practices
of Buddhist contemplative paths seem to offer neuroscientists a naturally occurring
demonstration of neuroplasticity (Begley, 2007). Mental training, a core of Buddhist
practice, allows one “to identify and to control emotions and mental events as they arise.
Meditation is about coming to a new perception of reality and of the nature of mind,
about nurturing new qualities until they become integral parts of our being. It is more
within the scope of our faculties to change the way we translate the outside world into
inner experience. We have a great deal of freedom in how we transformed that
experience, and that is the basis for mental training and transformation,” says Matthieu

Ricard, an experienced meditator and scientist (Begley, 2007).
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Because meditation is so intertwined with attention, it seems that at least some
aspects of meditation may be successfully evaluated with the methods of the emerging
field of Cognitive Neuroscience. This is a field that has learned a great deal about
biological basis of attention.

By understanding the effects of focused meditation, we can further understand the
process of training that allows for physical and mental changes of the brain.

The dorsal lateral prefrontal cortex and the anterior cingulate are two areas of the
brain that control attention (Carter, 1998). The dorsal lateral prefrontal cortex functions in
manipulating thoughts to form plans and concepts. It chooses to do one thing rather than
another. This area also deals with perception of emotion, consciousness and the ability to
focus. If the prefrontal cortex were unable to function in an individual, it would be likely
for this individual to have attention deficit disorder (Carter, 1998). The anterior cingulate
cortex helps focus attention and tune in one’s own thoughts. People with attention deficit
hyper disorder lack activity in the anterior cingulate. The anterior cingulate allows one to
fix attention on a given stimulus. Together, these areas control impulses, react to or
ignore stimuli and plan actions (Carter, 1998).

The dorsal lateral prefrontal cortex and the anterior cingulate, among other
regions in the brain, make up the executive attention system. Attention is when one of
several simultaneously possible objects or thoughts takes possession of the mind in a
clear and vivid form. Focus, concentration and awareness are of its essence. It implies
withdrawal from some things in order to deal effectively with others (James, 1890).
Executive attention is achieved through a network of anatomical areas. It is not a single

center nor is it the brain working as a whole (Posner & Petersen, 1990). It is a high-level
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attention that steers the direction of one’s overall behavior, and thus the direction of one’s
thinking as well. The system links the perceptual and motor systems. From the detailed
descriptions of focused meditation by Buddhist practitioners, it is expected that executive
attention is occurring during focused meditation. Concentration and the ability to
disregard other stimuli are both significant abilities of the executive attention system and
important concepts of focused meditation (Posner & Petersen, 1990).

Meditation has been known to help with physical and mental stress and even to
boost the immune system (Solberg EE, Halvorsen R, Sundgot-Borgen J, Ingjer F &
Holen A, 2005). It has been used to help attention and to reduce depression and anxiety.
It can result in a decreased metabolism, lower blood pressure and heart rate, and slowed
breath (Novak, 1989). As the research on meditation expands, scientists are finding the
immense effect that it has on the brain. Previous studies, using functional MRI and
electroencephalogram, indicate that the practice of meditation activates neural structures
involved in attention and control of the autonomic nervous system (Lazar et al., 2000 and
Davidson RJ, Brefczynski-Lewis JA, Lutz A, Levinson D, & Schaefer HS, 2007).
Significant signal increases have been seen in the dorsal lateral prefrontal and parietal
cortices, hippocampus/ parahippocampus, temporal lobe, pregenual anterior cingulated
cortex, striatum and pre- and post-central gyri during a simple meditation (Lazar et al.,
2000). Studies have also shown a clear correlation between brain activation and the
quantity of meditation practiced. Tibetan Buddhist monks have become skilled in their
practice of meditation and show that they have trained themselves to better control
perceptual rivalry, which deals with attention and consciousness (Mitchell J, Gene R.

Stoner GR, & Reynolds J, 2004 and Carter et al., 2005). Other studies show long-term
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meditators having a greater ability to decrease their “attentional blink™ than novice or
non-meditators (Slagter et al., 2007).

In this experiment it is hypothesized that during focused meditation of long-term
practitioners, there will be functional magnetic resonance imaging evidence with a
significant p<0.05 threshold that indicates a strong engagement of executive attention.
Because of this engagement, areas known to be in the executive attention system, such as
the dorsal lateral prefrontal cortex, the anterior cingulate cortex and the posterior
prelateral cortex will be above baseline activated. These areas will have an increased

blood-oxygen-level-dependent (BOLD) signal in the fMRI scans.
Methods

Subjects:

The subjects were twelve long-term meditation practitioners with a mean age of
46.2 years. Seven men and five women were included in the study, eleven of the twelve
being right handed and one being left handed. Our subjects were made up of meditators
from France, the United Kingdom, the United States and Bhutan. All were long-term
practitioners and the average hours of meditation experience among them was 32,290
hours of experience.

Experimental Procedure:

Subjects were placed in the fMRI scanner with a blue computer screen visible to
them. Before the scanning began, they were told to follow the directions that would
appear on the screen. The “directions” advised them which meditative or neutral state to
enter. Once secured in the scanner, the word neutral, Compassion meditation, Open

Presence meditation or Focused meditation was displayed on the screen. Each individual
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was scanned when in each of the meditative states and the neutral state. Meditative state
data will be compared to the baseline brain in this experiment. The physiological baseline
of the brain is defined as the absence of activation. Activation may be defined in the
context of functional imaging as an increase in blood flow that is not accompanied by a
commensurate increase in oxygen consumption. As a result, less oxygen is extracted from
the blood, leading to an increase in the local blood oxygen content in the brain (Gusnard
& Raichle, 2001). The fMRI scans will show activity if different from the baseline brain.
fMRI Imaging:

Anatomical scans were acquired with a Siemens Allegra 3.0-T head-dedicated
MRI scanner using a T1-weighted standard Siemens MP-RAGE protocol. Functional
images were acquired using a T2-weighted EPI (TR = 2000 ms, TE = 30 ms, 64 x 64
matrix, FOV =192 mm, 3 mm axial slices with 1 mm gap, flip angle = 90°). Two to three
functional runs (384 scans each) were collected from each participant, where the number
of scans was determined by scheduling constraints. Each experimental run began with
two stabilization scans prior to commencement of the task, which were discarded.

Analysis was primarily conducted with the software package Analysis of
Functional Neurolmages (AFNI) made by the National Institute of Mental Health.
Preprocessing is the first step of an fMRI analysis during which the fMRI experimental
data is formatted so non-task related variability or faulty data is not represented in the
finished data set. Faulty data may come from head motion that occurs during the fMRI
scan. Naturally, the patient may move his/her head during the scan or may involuntarily
move his/her brain through breathing or from one’s heartbeat. These head motions move

the brain and create slice movements. Preprocessing was used to find when the head had
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moved and to remove the head motion data. Correction must be made to head motion
because it is common for voxel intensity changes at the edges of the brain, due to even
slight movement, that can be greater than the BOLD activation response. Another run
was also made on the data using an AFNI program that measured and enhanced quality.
The functional (EPI) images were realigned and motion corrected using the image
realignment algorithm in AFNI. To provide for unwanted spiking of signals from the
scanner, a de-spiking program on AFNI was used. Next the T1 anatomical images and the
EPIs were aligned through coregistration. Coregistration is a step of preprocessing that
requires the aligning/overlay of anatomical/structural and functional images. Through this
process the low resolution functional scan is overlapped by the higher resolution
anatomical scan of the same individual. Coregistration allows the display of activation,
from the functional scans, on anatomical images. It also allows comparison across
modalities and also aides in normalization. Image registration involves estimating a set of
parameters describing a spatial transformation that best matches the anatomical and
functional images together. When matching the functional image to the structural image
the activation on the individual anatomies must be correctly overlapped. To further help
with overlapping spatial smoothing, or Gaussian blurring of the data, was used. Blurring
the data prepares it for Talairaching and, later, group analysis. The AFNI GLM program,
3dDeconvolve, was used for a more precise baseline drift estimation. It is desirable to
eliminate high frequency noise terms. Once the images were smoothed, individuals’ brain
areas overlapped better and thus improved the ability to see if they had the same
activations. The functional volumes were spatially smoothed with a 6 mm (full-width half

maximum) Gaussian filter.
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During preprocessing, it was necessary to make a mask that protected against
blowout. Blowout occurs to an area that has a weak or unreliable signal due to the scans
sensitivity to the liquid-air boundaries that come from the sinuses or the liquid-air space
between the brain and the skull. The binary mask labels each voxel as one or zero,
depending on its signal reliability and the interest in the area. Parts of the brain situated
on the edges have flawed signals from the air-liquid boundaries and because of this, areas
such as the outside regions of the orbital cortex (right next to the sinuses) are taken out.
The mask recreates these areas, correcting the blowout damage. Next, the EPIs were
aligned into a single file, and the anatomical and functional data were normalized through
an AFNI algorithm that does automatic Talairaching.

Talairaching, or normalization, is a step of preprocessing that prepares individual
data for group analysis, the second part of fMRI analysis. People have different brain
sizes and shapes. This creates a problem when putting individual data sets together to
create brain scans for group analysis. When the scans of two different individuals are
overlapped, it may look as if two different areas are activated, when in fact is the same
area is activated. Talairaching is a process in which the brain images are warped to fit a
standard brain size and shape template. If the brain image does not fit to the Talairach
shape or size, sections of the brain image are stretched to fit. By warping the brain
images, all of the images matched the Talairach brain and thus, improved their ability to
average with other subjects. The Talairach brain space is a proportional grid system
created by Talairach and Toumoux in 1988 based on the brain of a single 60-year-old
female subject. The brain images are warped to fit this standard "Talairach brain guide."

Talairaching allows for generalization of results to a larger population. It improves and
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helps in comparison with other studies and it provides coordinate space for reporting
results and enables averaging across subjects.

After Talairaching, an estimated hemodynamic response was made by putting all
of the functional volumes together. This estimated response predicted which areas were
expected to show an effect of meditation. The hemodynamic response is a model of what
the data is hoped to look like. It is used to compare the actual data to, and to find which
voxels have greatest correlation. A regression analysis was used to determine how well
the BOLD signal in each voxel corresponded with the idealized hemodynamic response
for each regressor (the individual regressors were Focused, Open Presence, and
Compassion meditation). The probability of each voxel in the correspondent statistical
parametric maps (SPMs) for these regressors reflects how strong a correlation the data
has to the prediction. A probability that is less than 0.0001 has near overlap to the
prediction, while a probability of less than 0.05 or above is not of interest because of a
lack of correlation.

To create the group analysis, a mixed-effects Analysis of Variance (ANOVA) was
run. The two factors used were different meditation states (open, compassion and
focused) and the individual subjects. A Monte Carlo simulation was done to evaluate
which clusters of activation resulting from the ANOVA were real. The Monte Carlo
simulation was implemented with the AFNI program AlphaSim. It took the brains from
the analysis as input, and simulated 1000 brains for which each voxels had a 5% chance
of being active. The results of this simulation were that significance required activations

of 300 or more contiguous voxels with this voxel-wise probability of p<0.05.
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Results

To investigate the relationship between focused meditation and the brain’s
executive attention system, the significant activations or deactivations in subjects’ brain
scans were examined. This researcher had predicted to see a considerable activity
increase in the prefrontal cortex and the anterior cingulate; however, it was found that
most of the activity was in the occipital lobe. (See Figure 1) A threshold of a p<0.05 (300

voxel) was created to identify significant voxel clusters in the data.

Figure 1: Group Analysis during Focused Meditation (coronal view)

A particular activation cluster with 861 voxels (23,247 cubic mm) stood out
(Table 1). This cluster depression of neural activity in visual areas of the brain: V1, V2

and V3, the precuneus, the cuneus and the right and left lingual gyrus. It displayed a

11
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negative activation found from the top of the occipital lobe to the bottom of the parietal
lobe. This activation appeared to be in and in front of the visual cortex.

(See Figure 1)

Table 1: Regions activated during focused meditation: center-cue minus no-cue

Coordinates
Region X Y |z Voxel?

Visual Cortex- -0.4 1 68.8  -0.1 861
Occipital Lobe

Height threshold: P < 0.05
b Extent threshold: k > 300 voxels

Discussion

Activation in visual areas V1, V2 and V3, the precuneus and the cuneus illustrates
motion in the so-called dorsal stream visual pathway. The dorsal stream pathway creates
spatial orientation and visual perception by receiving inputs from the V2 and V1 areas
and projecting it to the posterior parietal cortex (Carter, 1998). The posterior parietal
cortex engages spatial awareness. It is essential for “the perception and interpretation of
spatial relationships, accurate body image, learning of tasks involving coordination of the
body in space” (Connors & Bear, 2007). While strong activations in the hypothesized
areas of the executive attention system were not found, the posterior visual and spatial
attention system lies in the dorsal visual pathway. The posterior attention system involves
the processes of orienting to sensory events, detecting signals for focal/conscious
processing and maintaining an alert state (Posner & Petersen, 1990). The decrease in

activity found in these areas could create the “out of body” feeling known to many
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meditators. Less activity in the visual system can also attest for the capability that allows
meditators to focus on a certain thought/object and forget all others. With less activity in
this region, it is easier for meditators to block out visual or mental stimuli that could
cause distraction. This in turn could create the ability “to identify and to control emotions
and mental events as they arise and come to a new perception of reality and of the nature
of mind.” (Begley, 2007)

In 2001, Gusnard and Raichle did a meta-analysis of nine PET activation
protocols dealing with different cognitive spontaneous mental processing taking place
during rest. The analysis’ data suggested that when an individual is awake and alert and
yet not actively engaged in a particular cognitive task, the precuneus and interconnected
posterior cingulated and medial prefrontal cortices are engaged in continuous information
gathering and representation of the self and external world (Gusnard and Raichle, 2001).
During focused meditation, it was found that these areas are less engaged and thus allow
the body to register less about the external world and make the meditator feel less as an
individual “self” and more as a higher energy.

Each person’s meditation practice is different and because of this individual data
variability must be taken into account. Although each practitioner was doing the same
traditional Tibetan focused meditation, his/her techniques or training may be different.
This can cause diverse results and different parts of the brain to be affected. This may
have affected the signal of our data because significant activations/ deactivations that
were seen in specific areas of the brain (amygdala, thalamus, prefrontal cortex) on one or

two practitioners did not always show up on the group/cluster analysis.

Conclusion

13
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The phenomenon called neuroplasticity allows neurons to adjust their activity in
response to new situations or changes of the environment. It has recently been discovered
that the brain’s structure can change by expanding or strengthening circuits that are used
and by shrinking or weakening rarely engaged ones (Draganski B, Gaser C, Busch V,
Schuierer G, Bogdahn U, & Arne M, 2004). An increase in the number of synapses
between neurons and a change in the area of synapses also occur during neuroplasticity
(Durbach, 2000). Practitioners of meditation are expected to have the highest rate of
neuroplasticity. Through their practice, meditators are able to train their minds and
expand and strengthen their neuron circuits.

Through this research neuroscientists are beginning to better understand the areas
in the brain that are affected by meditation and why they are affected. Once the intricate
pathways of training the mind are fully discovered, meditation may become a more
popular practice. Through meditation the individuals may increase their brains’
neuroplasticity and have more cognitive control.

This experiment has illustrated that the visual system of long-term practitioners
during focused meditation is functioning differently than the normal human baseline
state. This conclusion sparks an intriguing question. Is the visual acuity (i.e., how
accurately they see small things, distance, peripheral vision) of meditators different from
non-meditators? Now that a significant finding has been discovered in the visual cortex,
an in depth analysis of this area would be a very interesting and beneficial future study.

Past papers have noted that meditation enhances a person’s control of his/her
emotions (Begley, 2007), attentional system (Davidson et al., 2007) and now the visual

system. With further research meditation, and in a long-term sense greater
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neuroplasticity, may help improve mental disorders such as ADD, ADHD and types of
depression. It is possible that meditation can be used rather than or as well as a drug. This
method may be preferred, especially, when dealing with children’s disorders. Meditation
involves training the mind. With intense meditative training, as seen with the long-term

practitioners, the brain can be altered and exceed natural functions.
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