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Abstract

This study investigated effects of transcendent experiences on contingent negative variation
(CNV) amplitude, CNV rebound, and distraction effects. Three groups of age-matched
subjects with few (< 1 per year), more frequent (10—20 per year), or daily self-reported
transcendent experiences received 31 simple RT trials (flash (S,)/tonc (S,)/button press)
followed by 31 divided-attention trials — randomly intermixed trials with or without a
three-letter memory task in the S,-S, interval). Late CNV amplitudes in the simple trials
were smallest in the group with fewest, and largest in the group with most frequcnt
transcendent experiences. Conversely, CNV distraction effects were largest in the group with
fewest and smallest in the group with most frequent transcendent experiences (the second
group’s values were in the middle in each case). These data suggest culminative cffccts of
transcendent experiences on cortical preparatory response (heightened late CNV amplitude
in simple trials) and cxccutive functioning (diminished distraction effects in letter trials).
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1. Introduction

Experience-related cortical plasticity was first identified during critical periods of
development. Sensory experiences establish the appropriate orientation and inter-
connection of cortical receptor fields (Hubel and Weisel, 1977) and is required for
mature functioning of pattern recognition abilities (von Senden, 1960). Recent
research suggests that experience shapes cortical connectivity not just during critical
periods in development but throughout the life span. Even in adult human and
primates, sensory, motor and sub-cortical representations are continually shaped by
experience (Gilbert, 1993; Donoghue, 1995; Wang et al., 1995; Buonomano and
Merzenich, 1998). For instance, string players have distinctly larger cortical repre-
sentations in the primary somatosensory cortex of the fingers of their left hand (the
hand that forms the chords) than do non-musicians (Elbert et al., 1995).

Elbert et al. (1997) suggest that consciously performing any task regularly over
time may lead to cortical reorganization. This generalization is based on research
that has primarily focused on the effect of overt behavior on reorganization of
sensory and motor cotius. The cortical maps for these areas are well defined.
Consequently, any structural changes are (fairly) straightforward to locate and to
quantify.

The quality of experience also seems to shape cortical structure. Repeated
stressful experiences lead to high secretion of glucocorticoids, which are thought to
lead to decreased hippocampal mass (Sapolsky, 1996). Decreased hippocampal
mass is reported in depressed patients and individuals diagnosed with post-trau-
matic stress disorder. Stress also plays an important role in decreasing cortical
blood flow and adversely affccting behavior (Amen and Carmichael, 1997).

Our research has focused on the effects of transcendent experiences during
Transcendental Meditation® (TM®) practice! on brain functioning. Transcendent
experiences during TM practice are phenomenologically and physiologically distinct
from other waking eyes-closed experiences and occur many times in each TM
session. These experiences are subjectively characterized by ‘silence’ and the ‘loss of
boundaries of time, space and body sense’ (Travis and Pearson, 2000; see also
Mabharishi, 1963). Time, space and body sense are the framework that give meaning
to waking experiences (Velmans, 1993). During transcendent experiences, the very
framework of ordinary waking experience is absent. In addition, these transcendent
experiences are physiologically distinct from other eyes-closed states. Transcendent
experiences are characterized by apneustic breathing up to a period of 40 s, with
autonomic orienting at their onset (Travis and Wallace, 1997). Apneustic breathing
has not been reported in non-clinical populations and, even in clinical populations,
never for longer than 4—6 s (Plum and Posner, 1980). In addition, high amplitude
global alpha activity is reported during transcendent experiences suggesting stable
thalamo-cortical oscillations during this state (Travis and Wallace, 1999}. Based on

! ®Transcendental Meditation and TM are service marks registered in the US Patent and Trademark
Office, licensed to Maharishi Vedic Education Development Corporation, and used under subliccnsc.
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these unique phenomenological and physiological markers, Travis and Pearson
(2000) argued that transcendent experiences during TM practice might constitute
a unique state of consciousness (traditionally) called ‘Transcendental Conscious-
ness’ (Maharishi, 1963) rather than an altered state of waking.

While there is no evidence for structural changes through regular transcendent
experiences during TM practice, evidence is growing for experience-related func-
tional changes in a number of physiological systems. A quantitative meta-analysis
(Dillbeck and Orme-Johnson, 1987) reported that meditating subjects exhibited
lower basal arousal as suggested by significantly lower breath rates, heart rates,
skin conductance levels and plasma lactate levels compared with controls. A
comparison of age-matched subjects revealed significantly higher alpha power
and coherence during eyes-open periods in subjects reporting more frequent tran-
scendent experiences (Travis, 1991). Contingent negative variation (CNV), a mea-
sure of cortical preparatory processes, is enhanced immediately after a TM
session (Paty et al., 1977) as well as being higher in subjects reporting more
frequent transcendent experiences (Travis, 1998). Regular transcendent experi-
ences are also reported to lead to enhanced nervous system functioning as mea-
sured by faster paired H-reflex, a measure of neural transmission speed (Dillbeck
et al., 1981), inspection time, a measure of speed of perceptual processing (So
Kam Tim, 1995), and choice reaction time, a measure of decision time and
performance speed (Cranson et al., 1991).

The TM technique is practiced with eyes closed for 15-20 min in the morning
and evening. It does not involve procedures practiced during eyes-open tasks.
Thus, changes in performance outside of the TM session, i.e. during task perfor-
mance, most probably reflect long-term effects of transcendent experiences occur-
ring during the 15-20 min TM sessions in the morning and evening.

In the current study, we further probed possible effects of transcendent experi-
ences on brain functioning as reflected in the CNV. The CNV is a slow increase
in scalp recorded negativity observed in the interval between a warning or
preparatory stimulus (S,) and an imperative stimulus (S,) that requires a re-
sponse (Walters et al.,, 1964). When probe stimuli (like a short-term memory
task) are introduced in the S,-S, interval the amplitude of the late CNV de-
creases and reaction times slow, which is called a CNV distraction effect. When
distracting stimuli are randomly omitted, late CNV amplitudes increase beyond
baseline values, called CNV rebound, but reaction times again slow relative to
baseline trials (Tecce, 1979; Travis and Tecce, 1998).

CNV amplitudes reflect processing resources (Kok, 1997), and the interaction
between attention to task and arousal levels (Tecce et al., 1976). Transcendent
experiences, which are described in terms of heightened inner alertness, may
activate processing resources leading to greater attention to task. If transcendent
experiences systematically affect processing resources, then CNV amplitude, CNV
rebound and CNV distraction might be expected to fall on a ‘dose-response’
curve — systematically increasing with increasing frequency of transcendent ex-
periences.
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2. Method

2.1. Subjects

Age-matched subjects (41) participated in the study as paid volunteers. These
subjects were matched on age to control for developmental differences in EEG.
They constituted three groups based on self-reported frequency of transcendent
experiences. The first group had seven females and seven males, mean age 20.5
years (S.D. = 2.6), who reported few transcendent experiences ( << 1 per year). This
group did not practice a meditation technique. The second group had seven females
and six males, mean age 23.27 years (S.D., 7.46), who reported more frequent
transcendent experiences (10—20 per year). This group had been practicing the TM
technique for an average of 1.11 years (S.D., 1.62). The third group had six females
and eight males, mean age 21.01 years (S.D., 7.16), who reported daily transcendent
experiences. These subjects had been practicing the TM technique for an average of
8.53 years (8.D., 3.77).

The subjects were blind to the specific experimental hypotheses. The
meditating subjects in groups 2 and 3 volunteered for the study as part
of an optional freshman-senior evaluation program at the university and
considered this recording as their ‘baseline-freshman’ data. The non-meditating
subjects in group 1 were part of a psychology class at a nearby university. They
volunteered for the study to better understand brain wave patterns during different
tasks.

All subjects were right handed. Their preferred hand was used for key pressing.
Subjects had no history of accidents or hospitalization that might have affected
their EEG. Each subject was given $10.00 for participating in the research, to lessen
motivation differences. The verbal informed consent, obtained prior to the research,
and the experimental protocol were both approved by the university IRB.

2.2. Recording details

EEG was recorded from mid-line electrodes (Fz, Cz, and Pz in the 10—-20 system)
using Ag/AgCl electrodes affixed with EC-2 cream, with a forehead ground and
impedances at 5 kQ or less. A linked-ears reference was used to reduce the effects
of skin potential on the scalp-recorded EEG (Picton and Hillyard, 1972). Vertical
eye-blinks were recorded with electrodes placed above and below the right eye.
Heart rate was recorded with a lead IT configuration — bi-polar sensors placed on
the left wrist and right ankle.

EEG and EOG signals were recorded with a 0.01-100 Hz band pass filter (3 dB
down, 12 dB octave/slope). Heart rate was recorded with a 3.0-100 Hz band pass.
All signals were digitized on line at 200 points per s, and stored for later analyses
using EEGSYS, a standardized research acquisition and analysis package developed
in conjunction with researchers at NIH (Hartwell, 1995).
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2.3. Procedure

After being introduced to the lab, the sensors were applied. Then the subjects
entered the experimental room and sat in a comfortable chair in front of a CRT
screen. They were presented the computer tasks (same order for all subjects). The
subjects were tested 6-8 h after their morning TM session, and prior to their
afternoon meditation session. Thus any performance differences among groups
would more reflect long-term TM effects and not immediate effects of TM practice.

Subjects were visually presented a set sequence of 31 simple and divided-attention
RT trials. The 31 simple trials consisted of an asterisk as S, (150-ms duration, 1 cm
in height) in the center of a CRT screen followed by a continuous computer-gener-
ated tonc (1200 Hz, 72 dB) as S,, 1.5 s later. Subjects were told to terminate the tone
as quickly as possible with a key press. The 31 divided-attention trials consisted of
two types of trials randomly intermixed. One type (no-letter trials, n = 16) was
identical to the simple trials — a flash/tone/key press sequence. The other type
(letter trials, n = 15) differed in that three letters were visually presented in the S,—-S,
interval as a short-term memory task. Subjects were asked to spontaneously speak
out the letters after terminating S, with a key press. The letter-trigrams were chosen
in advance from this list: A, C, E, H, K, L, N, P, S, and U. The first letter occurred
200 ms after the onset of S,. Each letter appeared on the screen for 200 ms with a
200-ms blank screen in between. This left a 300-ms blank screen between the last
letter and the onset of S,. The simple and divided-attention conditions both lasted
approximately 7 min.

Data were recorded for 6 s, beginning 100 ms pre-S; and ending 4.4 s after S,.
Intertrial intervals varied from 8 to 14 s. Picton et al. (2000) in a recent committee-
report on guidelines for ERP recording standards recommended using baselines of
100 ms or more to reduce the effects of residual noise (for instance in a 50-ms
baseline) on the averaged wave forms. In addition, 100 ms baselines have been most
often used in ERP research and should serve as an adequate baseline to test the
experimental hypotheses in this study.

Heart rate (beats per minute) and eye-blink rate (blinks per minute) were
measured during simple and divided-attention trials to assess arousal levels during
the task.

2.4. Data quantification

2.4.1. Late CNV amplitudes

The subjects were asked to focus on the center of the screen during each trial and
to rest their eyes after responding with a key press to terminate the tone. This
resulted in few eye-blinks in the first 2 s (containing the baseline period, S, and S),
but frequent eye blinks towards the end of the 6 s recording a window. To eliminate
the majority of eye blinks from the CNV analysis, the first 2 s of data were extracted
from the 6-s recording windows. These 2-s windows were then corrected for effects
of partial saccades with an cye-movement correction procedure proposed by
Gratton et al. (1983) and more generally implemented by Miller et al. (1988).
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The partial-saccade corrected trials were then read back into EEGSYS and any
trial with artifacts — flat EEG or blinks — were manually marked and eliminated
from the average. The data were then averaged by condition — simple, letter, and
no-letter trials. Late CNV was measured in pV as the average amplitude in the
200-ms epoch prior to S2 relative to the 100-ms baseline.

The CNV amplitude during the no-letter and letter trials were converted into
difference-scores relative to CNV during the simple trials (CNVnpe — CNV Lo cierd)
and (CNVmpe — CNV o). This was done to assess the rebound and distraction
mechanisms themselves, free of possible initial group differences in CNV levels
during the simple trials.

2.4.2. Reaction time

Mean response time to S, (key press that terminated the S, tone) was measured
to the nearest 10 ms for each trial and stored on hard disk for later off-line analysis.
RT difference-scores were calculated for no-letter and letter trials, relative to RT
during the simple trials.

2.4.3. Autonomic measures

Mean heart rate (beats per minute) was determined by summing the number of
beats occurring in the 31 6-s windows and dividing by the total time (31 trials < 6
s = 186 s). Similarly, mean blink rate (blinks per minute) was calculated by
summing the number of blinks occurring in the 31 6-s windows and dividing by the
total time. HR and eye-blink difference-scores were calculated for no-letter and
letter trials, relative to the values during the simple trials.

2.5. Statistical analyses

The CNV is a frontal—central component (Tecce and Cattanach, 1993) with
higher CNV amplitude at central sites, if tasks involve more motor processes, and
at frontal sites, if tasks involve more cognitive processes (Leynes et al., 1998).
Consequently, frontal and central CNV amplitudes were included as variates in
between MANOVAs (Jennings et al., 1987) used to analyze the data. We tested
three research questions, (1) did the divided-attention task result in significant
rebound and distraction effects? (2) did the groups significantly differ in the CNV,
RT, and autonomic variables during simple trials? and (3) did the groups differ
significantly in CNV rebound and distraction effects?

3. Results

The distributions of CNV, CNV rebound, CNYV distraction, reaction time, heart
rate and blink rate were first tested for normality. As suggested by Hair et al.
(1992), skewness values greater than 1.28 (with 14 subjects per group) would
indicaic significant deviance from normality at the P = 0.05 level. None of the
variables differed significantly from normality. Therefore, the raw data were
analyzed.
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Table | presents means and S.E.M. for all physiological variables (columns)
during simple, no-letter and letter trials (rows) for the three groups.

3.1. Question one: did the no-letter and letter trials result in rebound and
distraction effects

To test whether the protocol elicited rebound and distraction effects, late CNV
amplitudes and reaction time during the simple ‘baseline’ trials were subtracted from
values during the no-letter and letter trials. The magnitude of the difference-scores
were then assessed with MANOVAs. If the no-letter and letter trials resulted in
significant rebound and distraction effects, then these difference-scores should be
significantly different than zero.

A MANOVA of CNYV rebound and distraction difference-scores revealed highly
significant late CNV rebound and distraction effects collapsing across groups,
F(4,37) = 14.04, P < 0.0001. During the no-letters trials CNV rebounded at Fz (1.26
pV (0.58)); Cz (2.80 pV (0.71)) and Pz (2.81 pV (0.68)). In contrast, during the
distracting letters trials, CNV amplitudes decreased at Fz (—2.50 uV (0.65)); Cz
(—4.88 pV (0.85)), and Pz { — 6.52 pV (0.88)) (all values are mean (S.E.)).

While CNV amplitudes diverged during the letter and no-letter trials, reaction
times significantly slowed during both letter (F (1,40) = 27.45; P < 0.0001) and no
letter trials, F(1,40)=12.28; P <0.001 [mean (S.E.) reaction time for simple
trial = 298 ms (45); letter trials = 337 ms (77), and no-letter trials = 328 ms (59)].
Similarly, heart rates and blink rates were significantly higher during both the letter
(F(2,39) =9.61, P <0.0005) and no-letter trials, F(2,39) =4.00, P =0.0282 [mean
(S.E.) heart rate increased 2.78 bpm (0.95) in the letter trials and 1.32 bpm (0.76)
in the no-letter trials. Blink rate increased 3.09 bpm (0.87) in the letter trials and 1.38
bpm (0.82) in the no letter trials].

3.2. Question two: did the groups significantly differ in CNV amplitudes during the
simple trials

Fig. 1 presents group average tracings (dashed line, group 1 with fewest transcen-
dent experiences; dotted line, group 2 with infrequent transcendent experiences; solid
line, group 3 with daily transcendent experiences) for the simple trials, letter trials,
and no-letter trials (columns) at frontal, central and parietal midline sites (rows).

The late CNV is the average CNV amplitude in the 200-ms period before S, in
all tracings.

Group differences in CNV amplitude on the simple trials were tested with a
MANOVA with group as the between factor and late CNV amplitudes at the frontal
and central midline sites as the variates. It revealed a significant main effect for
group (F(2,38) =4.46; P <0.02) with the largest differences at the central site,
F(1,39) =6.93; P <0.015. The group means at Cz best fit a straight line with
smallest values in the group with fewest transcendent experiences ( — 6.93 uV),
medium in the middle group ( — 8.10 uV), and largest in the group reporting most
frequent experiences ( — 12.60 uV).
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Group differences in RT, heart rate, and blink rate during the simple trials were
assessed with a second MANOVA. There were no significant main effects for group
for these variables (F < 1.0).

3.3. Question three: did the groups differ in rebound and distraction effects

3.3.1. Rebound effects

Group differences in rebound were tested with two MANOVAs. Each had group
as the between factor. One had difference-scores in CNV at frontal and central sites
as variates; the other had difference-score in reaction time, heart rate, and blink
rate as variates. Therc were no significant group differences in either MANOVA (all
F < 1.0, ns).

3.3.2. Distraction effects

Group differences in distraction were also assessed by two MANOVAs. The first
MANOVA tested group differences in CNV distraction difference-scores. In this
analysis, there was a significant main effect for group (F(2.38) = 9.06; P < 0.0005)
with the largest difference at the frontal site, (F(1,39) =15.75; P < 0.0003). The
group means of distraction difference-scores best fit a straight line with the greatest
distraction effects seen in the group with fewest transcendent experiences ( — 7.86
uv), medium in the middle group ( — 1.2 pnV) and smallest in the group reporting
most frequent experiences (1.40 pV).

The second MANOVA tested distraction effects in RT, heart rate, and blink rate
difference-scores. There were no significant main effects in this MANOVA (F<
1.0).

3.4. Post hoc analysis

A Pearson correlation was conducted to test whether the observed group
differences in distraction effects during the letter trials reflected the same mecha-
nisms that resulted in increased CNV amplitudes during the simple trials. The
Pearson correlation coefficients were very low (all » < 0.18; df = 40) between late
CNV amplitude during the simple trials and the CNV difference-scores during the
distracting letter trials (CNVicier wiats — CNViimple triats). This low correlation suggests
that different mechanisms may underlie the observed group differences in CNV
amplitude during simple trials than during the distracting letter-trials.

4. Discussion

These findings replicated the ability of this divided-attention task to elicit robust
rebound and distraction effects. These data also revealed ‘dose dependent’ increases
in late CNV amplitude and ‘dose dependent’ decreases in CNV distraction with
increasing frequency of sclf-reported transcendent experiences.



F. Travis et al. / Biological Psychology 355 (2000) 41—55 51
4.1. Consideration of task effects

4.1.1. Reaction time, heart rate and eye-blink patterns

It is noteworthy that slower reaction time, heightened heart rate and heightened
blink rates were seen in both the letter and no-letter trials suggesting heightened
arousal during both kinds of trials. Sanders (1983) cognitive-energetic model of
information processing identifies energetic (arousal and activation) mechanisms that
bias the flow of information through a set structure of perccptual and cognitive
processes. In Sanders’s model, arousal primarily affects stimulus evaluation (pro-
cessing of the three-letter short-term memory task) and not response selection and
execution (reaction time). Subjects may have increased arousal levels to prepare for
the heightened cognitive demands of the short-term memory task in the S8,
interval. In the debriefing after the experiment, all subjects mentioned that they felt
‘more alert’ or ‘more focused’ during the divided-attention trials. Heightened
arousal may have increased stimulus evaluation processes at the expense of re-
sponse selection and execution leading to slower RTs in both letter and no-letter
trials.

4.1.2. CNV rebound

Subjects appeared to increase energetic mechanisms (arousal) during the divided
attention trials in preparation to process the added load of the short-term memory
task — if it appeared in the S,S, interval. Elevated energetic mechanisms during
the trials in which the three-letter memory task were omitted may have resulted in
the CNV rebound observed during these no-letter trials.

4.2. Consideration of group differences in simple, letter, and no-letter trials

The Pcarson correlation of late CNV amplitudes (simple trials) and CNV
distraction effects was very low. This suggests that different mechanisms may have
led to the observed group differences in these two CNV variables.

4.2.1. Significant group differences in CNV during simple trials

CNYV amplitude has been linearly related to attention and curvilinearly related to
arousal (Tecce, 1972). The highly significant group differences in CNV during
simple trials were accompanied by no group differences in reaction time or
measures of arousal. This suggests that these group differences could not be
explained by a simple arousal explanation. Since the arousal levels were similar
among groups, significant group differences in CNV during simple tasks may reflect
graded increases in attention to task with increasing frequency of transcendent
experiences. Transcendent experiences may facilitate brain activity during simple
(undivided attention) tasks.

4.2.2. Lack of group differences in no-letter trials
The lack of group differences in CNV rebound could reflect the simplicity of the
primary and secondary tasks used in this study — the flash/tone/response and the
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letter-memory task. It is conceivable that a comparable increase in energetic
resources may have been automatically allocated during the divided-attention task
by most subjects in the three groups resulting in similar increases in CNV amplitude
during the no-letter trials.

4.2.3. Significant group differences in CNV distraction effects during letter trials

Distracters are the most powerful and robust source of disruption of CNV
development (Tecce, 1972; Rockstroh et al., 1993) and are typically similar across
subject populations. Comparable distraction effects have been seen in young
subjects, in elderly subjects (Michaelewski et al., 1980; Tecce et al., 1982) and in
Alzheimer subjects (Tecce et al., 1986).

The ‘dose—response’ decrease of distraction effects with increasing frequency of
self-reported transcendent experiences suggests that these inner experiences may
either facilitate processing in general or ‘protect’ processing from interfering stimuli.
Distracting effects by a secondary task on a primary task have been explained by
allocation of limited resources in single (Kahneman, 1973) or multiple-resource
(Wickens, 1980) capacity models, or by borilenecks in central processing in struc-
tural models (Pashler, 1994a; Sanders, 1997). The data better fit a central bottleneck
explanation. For instance, Pashler (1994b) systematically varied the ISI between
two choice RT tasks by 1 s. Capacity models would predict maximal interference at
zero ISI. Structural models would predict a bi-modal distribution of interference —
subjects would carry out central processing of one task before the other. Most
subjects exhibited a bimodal distribution of interference supporting a central
bottleneck explanation.

What central processes may be facilitated by transcendent experiences? Central
processes, which are necessary to initiate response preparation, do not appear
necessary to sustain or cortinue response preparation once it has begun (Ilan and
Miller, 1998). Increasing frequency of transcendent experiences is reported to
enhance speed of neural processing (see above). Increased neural processing speed
may allow faster initiation of response preparation processes — within 200 ms
between S; onset and the onset of the first distracting letter. If the subjects initiated
response preparation before the onset of the three-letter memory task (which
requires central processing Ilan and Miller, 1999), then these response preparation
processes, reflected in CNV amplitude, would continue in parallel with memory
processes. This could explain increasing CNV amplitude with increasing transcen-
dent experiences during the distracting letter trials.

4.3. Consideration of findings in terms of cortical plasticity

Rescarch on cortical plasticity has primarily focused on structural changes in the
somatosensory (Elbert et al., 1995) and motor cortices (Buonomano and
Merzenich, 1998) with repeated experience. The somatosensory and motor cortices
are well defined and so any rcorganization in these regions can be readily identified
and quantified. The current data do not suggest that transcendent experiences lead
to structural changes in cortical areas. However, the data do suggest that transcen-
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dent experiences may modulate cortical functioning. With increasing frequency of
transcendent experiences, baseline late CNV amplitude increased and distraction
effects decreased. This conclusion is tentative because we used a differential group
design with pre-existing groups. Consequently, the observed group differences in
CNV variables may be explained by initial group differences. However, Paty et al.
(1977) reported that CNV amplitudes were increased, relative to baseline ampli-
tudes, in trials presented after TM practice. These immediate effects on CNV
amplitude, observed by Paty, may be progressively maintained more and more in
activity with regular transcendent experiences, as suggested by the ‘dose—response’
relation of CNV amplitudes and transcendent experiences observed in the current
study. The possible effects of repeated inner experiences on brain functioning needs
to be tested with longitudinal research monitoring the relation of frequency of
transcendent experiences and CNV measures in different groups (i.e. meditation,
exercise, and controls). This line of research could extend our understanding of how
cortical connectivity may be dynamically sculpted throughout life.

References

Amen, D.G., Carmichael, B.D., 1997. High-resolution brain SPECT imaging in ADHD. Ann. Clin.
Psychiatry 9, 81-86.

Buonomano, D.V., Merzenich, M.M., 1998. Cortical plasticity: from synapses to maps. Annu. Rev.
Neurosci. 21, 149-186.

Cranson, R.W., Orme-Johnson, D.W., Gackenbach, J., Dillbeck, M.C., Jones, C.H., Alexander, C.N.,
1991. Transcendental Meditation and improved performance on intelligence-related measures: a
longitudinal study. Pers. Indiv. Differ. 12 (10), 1105-1116.

Dillbeck, M.C., Orme-Johnson, D.W., 1987. Physiological differences between transcendental meditation
and rest. Am. Psychol. 42, 879-881.

Dillbeck, M.C., Orme-Johnson, D.W., Wallace, R.K., 1981. Frontal EEG coherence, H-reflex recovery,
concept learning, and the TM-Sidhi program. Int. J. Neurosci. 15, 151-157.

Donoghue, J.P., 1995. Plasticity of adult sensorimotor representations. Curr. Opin. Neurobiol. 5,
749-754.

Elbert, T., Pantex, C., Wienbruch, C., Rockstroh, B., Taub, E., 1995. Increased cortical representation
of the fingers of the left hand in string players. Science 270, 305-307.

Elbert, T., Sterr, A., Flow, H., Rockstroh, B., Kbecht, S., Pantev, C., Wienbruch, C., Taub, E., 1997.
Input-increase and input-decrease types of cortical reorganization after upper extremity amputation
in humans. Exp. Brain Res. 117, 161-164.

Gilbert, C.D., 1993. Rapid dynamic changes in adult cerebral cortex. Curr. Opin. Neurobiol. 3,
100-103.

Gratton, G., Coles, M.G.H., Donchin, M., 1983. A new method for off-line removal of ocular artifacts.
Electroencephalogr. Clin. Neurophysiol. 55, 468-484.

Hair, J.F., Anderson, R.E., Tatham, R.L., Black, W.C., 1992. Multivariate Data Analysis. Macmillan,
New York.

Hartwell, J., 1995. EEGSYS User’s Guide. Friends Medical Science Research Center, Baltimore, MD.

Hubel, D.H., Weisel, T.N., 1977. Ferrier lecture: functional architecture of macaque monkey visual
cortex. Proc. R. Soc. London B Biol. Sci. 198, 1-59.

Ilan, A.B., Miller, J., 1998. On the temporal relation between memory scanning and response prepara-
tion. J. Exp. Psychol. Hum. Percept. Perform. 24, 1501-1520.

Ilan, A.B., Miller, J., 1999. A distinction between the initiation an the continuation of response
preparation. Psychophysiology 36, 209-219.



54 F. Travis et al. / Biological Psychology 355 (2000) 41—-55

Jennings, J.R., Cohen, M.J., Ruchkin, D.S., Fridlund, A.J., 1987. Editorial policy on analyses of
variance with repeated measures. Psychophysiology 24, 474 - 478.

Kahneman, D., 1973. Attention and Effort. Prentice Hall, Englewood Cliffs, INJ.

Kok, A., 1997. Event-related potential (ERP) reflections of mental resources: a review and synthesis.
Biol. Psychol. 45, 19-56.

Leynes, P.A., Allen, J.D., Marsh, R.L., 1998. Topographic differences in CNV amplitude reflect
different preparatory processes. Int. J. Psychophysiol. 31, 33—44.

Maharishi, M.Y., 1963. Science of Being and the Art of Living. Penguin, New York.

Michaelewski, H.J., Thompson, L.W., Smith, D.B.D., Patterson, J.V., Bowman, T.E, Litzelman, D.,
Brent, G., 1980. Age differences in the contingent negative variation (CNV): reduced frontal activity
in the clderly. J. Gerontol. 35, 542—549.

Miller, G.A., Gratton, G., Yee, C.M., 1988. Generalized implementation of an eye movement correction
procedure. Psychophysiology 25, 241-243.

Pashler, H., 1994a. Graded capacity sharing in dual-task interference. J. Exp. Psychol. Hum. Percept.
Perform. 20, 330-342.

Pashler, H., 1994b. Dual-task interference in simple tasks: data and theory. Psychol. Bull. 2, 220—-244.

Paty, J., Brenot, P., Tignlo, J., Bourgeois, M., 1977. Activites eroquees cerebrales (variation contingente
ncoative et potentiels evoques) et etats de conscience modifies relaxation sophronique, meditation
transcendentale. Soc. Med.-Psychol. 9, 143—-169.

Picton, T.W., Hillyard, S.A., 1972. Cephalic skin potentials in EEG. Electroencephalogr. Clin. Neuro-
physiol. 33, 419-424.

Picton, T.W., Bentin, S., Berg, P., Donchin, E., Hillyard, R., Johnson, R., Jr, Miller, G.A., Ritter, W_,
Ruchkin, D.S., Rugg, M.D., Tayler, M.J., 2000. Guidelines for using human event-related potentials
to study cognition: recording in standards and publication criteria. Psychophysiology 37, 127 152.

Plum, F., Posncr, J.B., 1980. The Diagnosis of Stupor and Coma. F.A. Davis, Philadelphia.

Rockstroh, B., Mueller, M., Wagner, M., Cohen, R., Elbert, T., 1993. ‘Probing’ the nature of the CNV.
Electrocncephalogr. Clin. Neurophysiol. 87, 235-241.

Sanders, A.F., 1983. Towards a model of stress and human performance. Acta Psychol. 53, 61-97.

Sanders, A.F., 1997. A summary of resource theories from a behavioral perspective. Biol. Psychol. 45,
5-18.

Sapolsky, R.M., 1996. Why stress is bad for your brain. Science 273, 749—-750.

So Kam Tim, 1995. Testing and developing intelligence in the Chinese culture wit Maharishi’s Vedic
psychology: three experiments using transcendental meditation. Dissertation Abstracts International.

Tecce, J.J., 1972. Contingent negative variation (CNV) and psychological processes in man. Psychol.
Bull. 77, 73-108.

Tecce, J.J., 1979. A CNV rebound effect. Electroencephalogr. Clin. Neurophysiol. 46, 546—-551.

Tecce, J.J., Cattanach, L., 1993. Contingent negative variation (CNV). In: Neidermeyer, E., da Silva,
Lopes (Eds.), Electroencephalography: Basic Principles, Clinical Applications, and Related Fields,
third ed. Williams and Wilkins, Baltimore, pp. 887—-910.

Tecce, J.J., Savignano-Bowman, J., Meinbresse, D., 1976. Contingent negative variation and the
distraction-arousal hypothesis. Electroencephalogr. Clin. Neurophysiol. 41, 277 -286.

Tecee, J.J., Cattanach, L., Meinbresse, D.A., Dessonville, C.I., 1982, CNV rebound and aging.
Electroencephalogr. Clin. Neurophysiol. 54, 175-186.

Tecce, J.J., Cattanach, L., Branconnier, R.J., 1986. Absence of CNV rebound in Alzheimer’s patients.
McCallum , W.C., Denoth, F. (Eds.), Cerebral Psychophysiology; Studies in Event Related Potentials
(EEG Suppl. 38), Elsevier Scientific Publishing, Holland. Electroencephalogr. Clin. Neurophysiol.

Travis, F.T., 1991. Eyes open and TM EEG patterns after one and after 8 years of TM practice.
Psychophysiology 28 (3a), S58.

Travis, F.T., 1998, CNV rebound and distraction effects before and after a TM session. Psychophysiol-
ogy 34, S&9.

Travis, F.T., Pearson, C., 2000. Pure consciousness: distinct phenomenological and physiological
corrclates of consciousness itself. Int. J. Neurosci. 100, 77—89.

Travis, F.T., Tecce, J.J., 1998. Effccts of distracting stimuli on CNV amplitude and reaction time. Int.
J. Psychophysiol. 31, 45—-50.



F. Travis er al. / Biological Psychology 55 (2000) 4155 55

Travis, F.T., Wallace, R.K., 1997. Autonomic markers during respiratory suspensions: possible markers
of transcendental consciousness. Psychophysiology 34, 39—-46.

Travis, F.T., Wallace, R.X., 1999. EEG and autonomic patterns during eyes-closed rest and transcen-
dental meditation practice: the basis for a neural model of TM practice. Consciousncss Cognit. 8,
302-318.

Velmans, M., 1993. A reflexive science of consciousness. In: Experimental and Theoretical Studies of
Consciousness (CIBA Foundation Symposium 174). Wiley, New York, pp. 91-115.

von Senden, M., 1960. Space and Sight. Free Press, Glencoe, IL (P. Heath, Trans.).

Walters, W.G., Cooper, R., Aldridge, V.J., McCallum, W.C., Winter, A.L., 1964. Contingent negative
variation. An electric sign of sensorimotor association and expectancy in the human brain. Nature
203, 380 -384.

Wang, X, Merzenich, M.M., Sameshima, K., Jenkins, W.M., 1995. Remodeling of hand representation
in adult cortex determined by timing of tactile stimulation. Naturc 378, 71-75.

Wickens, C.D., 1980. The structure of attentional resources. In: Nickerson, R. (Ed.), Attention and
Performance VIII, Erlbaum, Hillsdale, NJ.



