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Abstract
The effects of two kinds of meditation (open presence and focused) on the facial and physiological
aspects of the defensive response to an aversive startle stimulus were studied in a Buddhist monk
with approximately 40 years of meditation experience. The participant was exposed to a 115 db,
100 ms acoustic startle stimulus under the two meditation conditions, a distraction condition (to
control for cognitive and attentional load) and an unanticipated condition (startle presented
without warning or instruction). A completely counterbalanced 24-trial single-subject design was
used, with each condition repeated six times. Most aspects of the participant’s responses in the
unanticipated condition did not differ from those of a comparison group of 12 age-matched male
controls. Both kinds of meditation produced physiological and facial responses to the startle that
were smaller than in the distraction condition. Within meditation conditions, open presence
meditation produced smaller physiological and facial responses than focused meditation. These
results from a single highly expert meditator indicate that these two kinds of meditation can
differentially alter the magnitude of a primitive defensive response.

Introduction
A flurry of studies of meditation appeared in the scientific literature in the 1970s, arguably
stimulated by popular interest in Transcendental Meditation (a mantra-oriented meditation
developed by the Maharishi Mahesh Yogi and popularized by many iconic figures of the
day, including the Beatles). These earliest studies focused on the question of whether the
physiological state associated with meditation was different than that of other relaxed states
such as sleep or hypnosis (e.g., Benson, Beary, & Carol, 1974; Wallace & Benson, 1972).
Evaluations of clinical applications of meditation soon followed (Gelderloos, Walton, Orme-
Johnson, & Alexander, 1991). In recent years there has been a revived interest in meditation
in scientific circles, stimulated in part by the active dialog that western scientists have had
with the Dalai Lama and his followers (e.g., Ekman, Davidson, Ricard, & Wallace, 2005). In
this new round of studies, the focus has expanded to include the impact of meditation and
mind training on a broad range of psychological and physiological functions (Andresen,
2000; Davidson, et al., 2003; Lutz, Slagter, Dunne, & Davidson, 2008; Murphy & Donovan,
1997; Sze, Gyurak, Yuan, & Levenson, 2010; Walsh & Shapiro, 2006).
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Throughout the history of this research, many studies have considered the physiological
concomitants of meditation. Typically, these studies have examined the acute effects of
meditation on tonic, resting, or baseline physiological levels, usually in comparison to non-
meditative states. The pattern of findings from this work has not been very consistent. This
may reflect the fact that studies have varied widely in terms of the particular type of
meditation studied (each of which might produce different physiological states), the
experience level of the meditators, and the conditions under which the physiological
measures were obtained.

Other meditation research, more closely aligned with the individual differences tradition, has
asked whether those who meditate regularly differ from those who do not. For example, a
recent studying using structural brain imaging (Holzel, et al., 2008) revealed that
experienced practitioners of Vipassana meditators had greater gray matter concentrations in
right anterior insula, left inferior temporal gyrus, and right hippocampus (brain regions that
are thought to be activated during meditative states) compared to non-meditating controls A
recent study from our laboratory found that experienced Vipassana meditators showed
greater coherence between subjective emotional experience and physiological activity when
in the throes of emotion than equally-experienced dancers or non-meditating, non-dancing
controls (Sze, Gyurak, Yuan, & Levenson, 2010). These kinds of these group differences are
clearly intriguing; however, they beg the question of whether differences between
meditators and controls predate or result from meditation training and practice.

Meditation and the startle response
The present study focuses on a somewhat different question. Rather than attempting to
characterize the physiological state that occurs when one engages in a particular kind of
meditation, we asked whether different meditative foci, when produced by a highly
experienced practitioner, can modulate the physiological (somatic, facial expressive,
autonomic) responses to a high amplitude (115db) aversive acoustic startle stimulus. The
startle response to this kind of stimulus is best characterized as “defensive”, a
neurologically-primitive, phylogenetically ancient reflexive response thought to protect the
organism from injury (Koch, 1999). In rodents, the neural circuitry underlying the startle
response has been well characterized, shown to be mediated by five neural synapses at the
level of the brainstem plus the neuromuscular junction (Davis, Gendelman, Tischler, &
Gendelman, 1982). Consistent with this anatomy, the startle reflex can be observed in
encephalic human newborns (Landis & Hunt, 1939). The behavioral features of the startle
response have been well characterized in humans, consisting of an initial fairly stereotyped,
rapid set of muscle contractions in the upper torso (e.g., shoulder raising) and face (e.g., hard
eye closure), followed by a more variable set of secondary emotional responses such as
amusement, embarrassment, fear, and anger (Ekman, Friesen, & Simons, 1985; Sturm,
Rosen, Allison, Miller, & Levenson, 2006). The startle response is also accompanied by
large autonomic responses, which are thought to provide support for the associated somatic
activity and help prepare the organism for action (Hagemann, Levenson, & Gross, 2006;
Roberts, et al., 2004; Soto, Levenson, & Ebling, 2005; Sturm, Rosen, Allison, Miller, &
Levenson, 2006)

The magnitude of the startle response to a high amplitude acoustic stimulus can be
influenced by a number of psychological factors including knowledge of when the startle
will occur (which is associated with reduction in the magnitude of response; Ekman,
Friesen, & Simons, 1985; Hagemann, Levenson, & Gross, 2006; Keltner & Ekman, 1996)
and explicit instructions to control the response (Hagemann, Levenson, & Gross, 2006;
Soto, Levenson, & Ebling, 2005). Using a startle stimulus of considerably lower amplitude
(approximately 95–105 db), a large body of research has shown that the amplitude of the eye
blink portion of the response can be modulated by attentional, cognitive, and emotional
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states. Attentional and cognitive demands have been shown to inhibit the startle response
(Swerdlow, Caine, Braff, & Geyer, 1992). The effects of emotional states are thought to be
bidirectional, with positive emotional states attenuating and negative emotional states
potentiating the magnitude of the startle eye blink (Lang, Bradley, & Cuthbert, 1990; Miller,
Patrick, & Levenston, 2002). It is likely that most modulatory effects are mediated by frontal
brain regions, which are also involved in the secondary emotional responses to the defensive
startle (Sturm, Rosen, Allison, Miller, & Levenson, 2006) and with emotion regulation in
general (Goodkind, Gyurak, McCarthy, Miller, & Levenson, 2010; Gyurak, et al., 2009;
Ochsner, et al., 2009). Taken together, these findings support the possibility that the
defensive startle response could be modulated by different meditative states and underscore
the importance of including controls for other non-meditative influences.

The present study
Meditative techniques differ greatly in terms of the focus of attention, the way the
meditative state is achieved, and the desired mental state. Most prior studies have compared
a particular kind of meditation with a non-meditative control state (for an exception
comparing three meditative techniques, see Peng, et al., 2004). In the present study, we
compared two different, well-defined meditative techniques. We also included two
additional conditions that enabled us to control for cognitive/attentional demands and to
evaluate the response to the startle sans meditation.

Most prior studies of meditation have used between-groups designs with participants who
have varying levels of meditative experience. To maximize the fidelity of the meditation
manipulation, we used a different approach. We adopted a single case design using a highly
skilled and experienced meditator who would be able to enter and maintain different
meditative states on command and be comfortable with the repetitive methodology
necessary for this experimental design. MR (one of the authors on this paper) was ideal for
this role, having been a Buddhist practitioner for over 40 years, and before that having
completed a doctoral degree in the biological sciences. MR suggested that we contrast two
kinds of meditation that are thought to represent the primary forms of meditation (Walsh &
Shapiro, 2006): (a) open presence, which aims for open focus and fluid attention, and (b)
focused, which aims for continuous focus on a particular object in the environment. Stated
in more perceptual terms, these two meditative states engender vastly different breadths of
attentional focus, providing quite different backgrounds against which the startle stimulus
would emerge. To these meditation conditions, we added two additional non-meditation
conditions: (c) distraction, in which the attentional focus was on a particular event that had
occurred in the past, and (d) unanticipated, in which the startle stimulus was presented
without warning or instructions.

Method
Subject

MR was born in 1946 and received his Ph.D. in biochemistry in 1972 at the Institute Pasteur
working with Nobel laureate Francois Jacob. He became interested in Buddhist teachings
during a visit to the Himalaya in 1967 and studied with renowned teachers Kangyur
Rinpoche and Dilgo Khyentse Rinpoche. MR has lived in the Himalaya since 1979,
completed several years of solitary retreat, and was ordained as a monk in 1979. He has
lived in the Shechen Tennyi Dargyeling Monastery in Nepal since 1989. He has written a
number of books on Buddhism (Revel & Ricard, 1999; Ricard, 2006; Ricard & Trinh, 2001)
and serves as the Dalai Lama’s French interpreter.
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As a well trained scientist, MR was interested in our research and often gave us extremely
helpful suggestions about how best to implement our aims. As much as possible, we kept
him blind as to our hypotheses, did not ask him to speculate ahead of time on the possible
effects of meditation on the measured aspects of the startle response, and did not share our
results with him until after the study had concluded. During the period we worked with him,
he was also studied in several other laboratories (R. Davidson at Wisconsin; J. Cohen at
Princeton, T. Singer in Maastricht and Zurich, S. Kosslyn at Harvard).

Apparatus
Facial behavior—Facial behavior was recorded continuously throughout the experiment
using a partially-hidden remotely-controlled camera located behind darkened glass in a
bookcase situated across from the participant.

Physiological—Autonomic and somatic nervous system responses were monitored
continuously throughout the experiment using a system consisting of a Grass Model 7
polygraph and a microcomputer. Software written by one of the authors (RWL) was used to
compute second-by-second averages for a number of autonomic and somatic variables.
Because this is a single case study with a small control group, we wanted to reduce the
number of dependent measures. Thus, on an a priori basis we decided to focus on one
cardiac (cardiac interbeat interval), one vascular (finger pulse amplitude), one electrodermal
(skin conductance level), and one somatic measure (general somatic activity). These
measures were obtained as follows: (a) heart rate (Beckman miniature electrodes with
Redux paste were placed in a bipolar configuration on opposite sides of the participant’s
chest; the inter-beat interval was calculated as the interval, in milliseconds, between
successive R waves), (b) finger pulse amplitude (a UFI photoplethysmograph recorded the
amplitude of blood volume in the finger using a photocell taped to the distal phalange of the
index finger of the non-dominant hand), (c) skin conductance level (a constant-voltage
device was used to pass a small voltage between Beckman regular electrodes [using an
electrolyte of sodium chloride in unibase] attached to the palmar surface of the middle
phalanges of the ring and index fingers of the non-dominant hand), and (d) general somatic
activity (an electromechanical transducer attached to the platform under the participant’s
chair generated an electrical signal proportional to the amount of movement in any
direction).

These four measures provide a reasonably broad sampling of the activity of autonomic and
somatic systems important to startle responding. In addition, they were used in our prior
studies of the startle response (Goodkind, Gyurak, McCarthy, Miller, & Levenson, 2010;
Gyurak, et al., 2009; Hagemann, Levenson, & Gross, 2006; Roberts, et al., 2004; Soto,
Levenson, & Ebling, 2005; Sturm, Rosen, Allison, Miller, & Levenson, 2006), thus
providing comparability across studies. Importantly, including the additional physiological
measures we obtained but did not include in this report (i.e., pulse transmission times to the
finger and ear, systolic and diastolic blood pressure, respiratory rate and depth) would not
change the reported results in any significant way.

Procedure
MR came to the Berkeley Psychophysiology Laboratory at the University of California,
Berkeley on three separate occasions over the course of three years. Initially we studied a
number of different aspects of his emotional responding, assessing subjective, expressive
and physiological responses when, viewing emotionally arousing films, engaging in
conversations with agreeable and disagreeable partners, and reliving emotional memories.
As the work progressed, we began to focus on the startle response as a way to study the
impact of different types of meditation systematically. For this purpose, the startle response
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has the virtue of being appropriate for repeated administrations (versus films, where
familiarity can alter the response, Gross & Levenson, 1995), highly controllable (versus
conversations, which are much more variable), and not requiring the participant to self-
generate the emotional stimulus (versus relived emotional memories, which vary depending
on the person’s emotional history and ability to access memories).

The startle was administered using procedures we have used previously (e.g., Hagemann,
Levenson, & Gross, 2006; Soto, Levenson, & Ebling, 2005; Sturm, Rosen, Allison, Miller,
& Levenson, 2006). The startle stimulus was a 115 db, 100 ms burst of white noise
presented through hidden loudspeakers located behind the subject’s head. This produces a
gunshot-like sound (Ekman, Friesen, & Simons, 1985, used an actual gunshot), which is
sufficiently loud to produce a strong defensive reaction. In a previous study, we found that
the test-retest reliability of the unanticipated startle over a one-year period was .71 (Gyurak,
et al., 2009).

Each experimental trial consisted of a 60-second pre-startle period, a 20-second countdown
in which numbers from 10 to 1 signaled the impending startle (the countdown was not
present in the unanticipated startle condition), the startle stimulus, and a 90-second post-
startle period. There were four kinds of trials:

a. open presence meditation (also known as “pure awareness”). The participant was
instructed to enter a meditative state of openness that was “very vast, clear, vivid
and lucid and fully resting in the moment”. The trial began once he indicated he
had achieved this state.

b. focused meditation (also known as “fixed point”). The participant was instructed to
enter a meditative state focusing on a detail in the experimental environment: “your
mind is gathered into a point, whether it is the present moment or an object, you try
to keep your attention on something”. MR reported that his mind was totally
focused on the countdown. The trial began once he indicated he had achieved this
state.

c. distraction. The participant was instructed to think in detail about a particular
incident from the past (i.e., a meeting or place). The trial began once he indicated
he had achieved this state. In consultation with MR, the distraction trial was
included to provide a non-meditative condition that involved cognitive and
attentional load that was comparable to that of the focused and open presence
meditation conditions.

d. unanticipated startle. No instructions or countdown were presented and the
participant was unaware that the trial had started. There were no meditative or other
instructions in this condition. This provided an assessment of MR’s “basic” startle
response that could be compared to those of other men his age that we had studied
previously.

To control for order effects and for habituation to the startle stimulus, and to increase the
opportunities for within-subject replication, a completely counterbalanced design was used.
The set of four experimental conditions was repeated six times, each with a different
ordering of the conditions (the sequencing of the six orders was chosen at random). Thus,
there were a total of 24 trials. Each trial lasted for approximately 2 minutes and was
followed by questions as to any thoughts, emotions, or sensations that had occurred. All
trials were conducted in a single 120-minute experimental session.
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Results
Data Reduction

Facial behavior—Facial behavior was scored using FACS (Ekman & Friesen, 1978) by
one of the authors (PE), who was blind as to experimental condition. Because the intensity
of the MR’s startle response was so low, we expanded the normal five-point FACS intensity
scale to a seven-point scale. On this expanded scale, an intensity score of “2” is equal to a
score of “1” on the normal scale. The mean intensity for each startle response was
determined by averaging the intensity scores for all action units that occurred during the
initial facial response to the startle stimulus. We also examined the ensuing five seconds for
any secondary emotional responses that occurred in response to being startled. A subsample
of the initial startle responses was scored by a second trained coder, also blind as to
condition, to assure that the scoring was reliable. The agreement coefficient was .78, which
is consistent with other research using FACS (Ekman & Rosenberg, 2005).

Physiological—For each physiological measure, on each of the 24 trials, the 60 seconds
prior to the startle were averaged as well as the five second period beginning with the startle.
A reactivity score was then computed (startle period average minus pre-startle period
average). These reactivity scores control for changes in pre-startle levels that typically occur
over the course of a multi-trial experiment.

Response to unanticipated startle: MR versus controls
The unanticipated startle trial provided an opportunity to compare MR’s response in a non-
meditative, non-warned, non-instructed state with those of comparably well-educated men
his age who do not have his extensive meditation experience. For this comparison, we
utilized data from the unanticipated startle condition (administered using the same
procedures in the same setting used with MR) obtained from 12 neurologically-normal male
control subjects who had participated in our research on emotional functioning in
neurological patients (e.g., Sturm, Rosen, Allison, Miller, & Levenson, 2006). The control
subjects were 67 years old on average and well-educated; thus, they provided a reasonable
comparison group.

Physiological—Physiological responses for MR and controls for the four physiological
measures are depicted in Figure 1. Examination of MR’s responses in relationship to the
mean responses of the controls reveals that MR’s responses were well within the 95%
confidence intervals for cardiac interbeat interval, general somatic activity, and finger pulse
amplitude. MR’s skin conductance level response was slightly higher than the control
group’s confidence interval. Moreover, there was no obvious pattern in the mean
differences. For two of the variables (cardiac interbeat interval and skin conductance), MR’s
responses were numerically larger than the controls and for the other two variables (general
somatic activity and finger pulse amplitude) they were smaller. Thus, we conclude that the
physiological aspects of MR’s startle response were quite similar in magnitude to that of the
comparison group.

Facial behavior—We were not able to compare MR’s facial responses to the
unanticipated startle with those of the controls because the latter had not been coded with
FACS. However, based on our past experience with this task with men his age, MR’s facial
response to the first administration of the unanticipated startle was quite consistent in terms
of morphology (i.e., the facial response included FACS action units 1, 2, 20, 43, 53, and 73)
but much smaller in terms of intensity (i.e., less than 1 using the standard FACS 1–5
intensity scale). Although we have not previously exposed participants to the large numbers
of startles that we exposed MR to, we might expect to see some evidence of habituation (or
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sensitization) over repetitions. Examining the intensity of MR’s facial responses across the
six repetitions of the unanticipated startle revealed essentially no change (slope of linear
regression line = .007; mean intensities of facial actions: 1.50, 2.00, 1.00, 2.50, 1.00, 1.75).

Interestingly, MR never showed any of the “secondary” emotional responses (e.g.,
amusement, embarrassment, fear, anger) to being startled that we have observed following
the initial startle response in older (Sturm, Rosen, Allison, Miller, & Levenson, 2006) and
younger adults (Ekman, Friesen, & Simons, 1985). To put this in perspective,
embarrassment is one of the common secondary emotional response to startle. In the study
that provided the comparison group used in the present study, 35% of the neurologically-
normal participants showed facial signs of embarrassment (Sturm, Rosen, Allison, Miller, &
Levenson, 2006).

Impact of meditation on the startle response
Meditation versus distraction—As can be seen in Figure 2, the startle response during
the open presence meditation condition appeared to be appreciably smaller than during the
distraction condition for all physiological variables and for facial behavior. The response
during the focused meditation condition also appeared to be smaller than during the
distraction condition for cardiac interbeat interval, general somatic activity, skin
conductance, and facial behavior, but not for finger pulse amplitude.

With only one subject, parametric statistics are not possible. However, we were able to
apply a non-parametric test of proportions to test the consistency of observed patterns (i.e.,
responses are smaller on the meditation trials than on the distraction trial). To make this test
more conservative, if the two responses were equal, then the pattern was counted as not
present. For general somatic activity and skin conductance level, larger values (i.e., more
muscle and sweat gland activity) were counted as larger responses. For cardiac interbeat
interval and finger pulse amplitude, smaller values (i.e., faster heart rate and greater
vasoconstriction) were counted as larger responses. For facial behavior, greater average
intensity of facial actions was counted as a larger response.

For the 24 possible physiological comparisons, the pattern of physiological responses being
smaller during open presence meditation than during the distraction condition was found 18
times. A nonparametric test of the 18 “hits” out of 24 total comparisons (assuming a chance
rate of 50%) was significant, z = 2.45, p< .05. Similarly, the pattern of physiological
responses being smaller during focused meditation than during the distraction condition was
found 18 times. A nonparametric test of the 18 “hits” out of 24 total comparisons (assuming
a chance rate of 50%) was significant, z = 2.45, p< .05.

For the 6 possible facial behavior comparisons, the pattern of facial behavioral responses
being less intense during open presence meditation than during the distraction condition was
found 6 times. A nonparametric test of the 6 “hits” out of 6 total comparisons (assuming a
chance rate of 50%) was significant, p < .05. Similarly, the pattern of facial behavioral
responses being less intense during focused meditation than during the distraction condition
was also found 6 times. A nonparametric test of the 6 “hits” out of 6 total comparisons
(assuming a chance rate of 50%) was significant, p < .05.

Thus, we conclude that the physiological and facial behavioral aspects of the startle response
were consistently smaller during the two kinds of meditation that during the distraction
condition.

Open presence versus focused meditation—We next turned to the question of
whether there were differences between the two kinds of meditation. The averaged
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autonomic, somatic responses, and facial responses to the startle during open presence and
focused meditation can be seen in Figure 2. Visual examination of this figure reveals that the
cardiovascular (cardiac interbeat interval and finger pulse amplitude), somatic (general
somatic activity) and facial behavioral responses to the startle appear to be appreciably
smaller on the open presence meditation trials than on the focused meditation trials. For the
electrodermal measure (skin conductance), the responses appear to be equivalent.

To evaluate the stability of these patterns, we conducted a test of the consistency of the
pattern of smaller responses during open presence meditation compared to focused
meditation as described above. For each of the six times that the open presence and focused
meditations were attempted, for each of the four physiological and one facial measures, we
determined whether this pattern was present or not. As before, to make the analysis more
conservative, if the responses were equal in the two conditions, the pattern was counted as
not present.

For the physiological measures, results indicated that for the 24 possible comparisons (4
measures × 6 counterbalanced replications), the pattern of smaller responses during open
presence meditation than during focused meditation was found 17 times. A nonparametric
test of the 17 “hits” out of 24 total comparisons (assuming a chance rate of 50%) was
significant, z = 2.04, p< .05.

For the facial measure, results indicated that for the 6 possible comparisons (6
counterbalanced replications), the pattern of smaller responses during open presence
meditation than during focused meditation was found 6 times. A nonparametric test of the 6
“hits” out of 6 total comparisons (assuming a chance rate of 50%) was significant, p < .05.

Thus, we conclude that the pattern of physiological and facial behavioral responses to the
startle being smaller during open presence meditation than during focused meditation was
reliable.

Discussion
In this study, we examined the capacity of two different kinds of meditation to modulate the
autonomic, somatic, and facial aspects of the defensive startle response to an aversive
auditory stimulus. A single subject, MR, a Buddhist monk with four decades of meditation
experience was studied. A single case experimental design was utilized in which MR was
exposed to the startle stimulus under four different experimental conditions, each repeated
six times in fully counterbalanced order. This study had a number of novel features
including: (a) using a participant who was a Buddhist monk and a highly experienced
meditator; (b) comparing two different kinds of meditation; (c) including a control condition
that enabled comparison of meditation with a non-meditative state that made cognitive and
attentional demands comparable to those associated with meditation; (d) including a
condition in which the startle appeared without warning or instructions, which enabled
comparison of MR’s basic startle response with that of a group of men of similar age and
education; and (e) focusing on the capacity of meditation to modulate a primitive, reflexive
response rather than assessing its acute effects on resting physiology (as has been the case in
much of the previous literature).

MR’s startle response comparable to controls
Comparing MR’s physiological response to the unanticipated startle (presented without
instructions or warning) with that of a group of men of comparable age and education but
without his extensive meditation experience indicated that the autonomic and gross motor
aspects of his startle response fell within normal bounds. Given that the startle response is
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mediated by low-level brainstem circuitry (Davis, Gendelman, Tischler, & Gendelman,
1982), it is not surprising to find that these aspects of his response were not affected in any
significant way by his being an experienced meditator. MR’s life experiences have surely
been profoundly transformative in many, many ways; however, they do not seem to have
penetrated to these primitive reaches of his nervous system.

MR’s facial response to the unanticipated startle was also similar to those we have seen
previously in terms of the pattern of facial muscles activated. However, it was much smaller
in intensity. We do not know why only this particular aspect of the facial behavioral
response to startle differed from the norm. It may be idiosyncratic, existing prior to his
meditative experience, or it may result from certain aspects of his Buddhist training and
practice. Studies of the facial behavioral response to startle in individuals before and after
undergoing meditation training could help illuminate this matter.

Reduction of the startle response by meditation
Compared to the distraction condition (a non-meditative condition designed to make
comparable cognitive and attentional demands), both open presence and focused meditation
resulted in significantly reduced physiological and facial responses. We consider this to be
an impressive demonstration of the power of meditation to exert top-down influence on the
startle response. As reviewed earlier, there is a large literature indicating that the eye-blink
response to an acoustic startle stimulus can be modulated by emotion and by attentional and
cognitive load. However, this work has used lower amplitude, much less aversive, and,
hence, presumably easier to control stimuli. In the startle eye-blink literature, the stimulus is
often referred to as a background probe; in the present study, the stimulus was prominently
in the foreground. All of these factors combine to make it even more impressive that
meditation was able to reduce the defensive startle response. Moreover, the distraction
control condition suggests that this reduction goes beyond that which is produced by the
cognitive act of voluntarily reallocating attention.

Also noteworthy is the finding that meditation reduced the autonomic cardiovascular
response to startle. In our prior work, when we explicitly instructed subjects to inhibit their
behavioral response to this same high-amplitude aversive startle stimulus, the result was a
larger autonomic response (Hagemann, Levenson, & Gross, 2006). The fact that meditation
caused a decrease in the autonomic response suggests that MR was not simply trying to
inhibit his somatic response. As he made clear in his description of the two meditations, he
was controlling his attentional focus and not his muscles.

Open presence versus focused meditation
There was clear indication that open presence meditation produced an even smaller startle
response than did focused meditation. This was evidenced in the measure of somatic
activity, the two cardiovascular measures, and in the intensity of facial response (but not in
the electrodermal measure). Because the cardiac response is intimately tied to the demands
created by the somatic musculature (Obrist, 1981), it is quite possible that the primary effect
of open meditation was to reduce MR’s somatic response to the aversive stimulus and that
his nervous system then reduced the cardiovascular response accordingly. The fact that the
electrodermal response did not follow suit is consistent with this view. Electrodermal
responding is not as closely linked to somatic demand as is cardiovascular responding for
both functional reasons (i.e., muscle actions are highly dependent on oxygenated blood, but
not on sweat) and anatomical reasons (i.e., the sweat glands do not have the same
postsynaptic adrenergic neurochemistry found in most organs innervated by the sympathetic
nervous system). Thus, these findings suggest that open meditation was not acting “across-
the-board” to reduce all aspects of autonomic responding.
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The finding that open presence meditation had greater potency to reduce the physiological
and facial response to the startle than focused meditation, and the greater potency of both
forms of meditation to reduce the startle response as compared to the distraction condition
can also be understood in terms of the nature of the three states as described by MR.

In the open presence meditation condition, fully in the present moment, MR reported
experiencing the noise associated with the startle stimulus to be no more than one of those
present moments. Engaged in open presence meditation, he did not have to be brought back
to the present moment because he was already there. There was no need to disengage from a
particular content, and, thus, his reaction was reduced. In the focused meditation condition,
in contrast, his mind was fixed on an incoming event that keep the mind directed, but he was
not resting in the present moment without any expectation. When the loud noise occurred
there was a small shift in attention, thus, subjectively it was intermediate between distraction
and open presence. In the distraction condition, he was deeply engaged in recollecting past
events, his mind was completely distracted from the present moment, lost in thoughts and
“internal chatter”. When the startle occurred he was suddenly brought back to the reality of
the present moment and that shift was reflected in the startle. He felt that the more the mind
was wandering somewhere else, the stronger the startle response would be.

Observations from other tasks
During our three years of working with MR, we tried a number of other tasks, none of which
were pursued as systematically as was the case with the defensive startle as reported here.
Although these other tasks lacked the experimental rigor necessary for scientific publication,
we still feel they may be of interest to others and may help place the startle findings in their
larger context. Thus, we will briefly review this other work here with the hope that it will
provide interesting leads that we and others might pursue more systematically in future
work.

We showed MR a number of emotionally arousing films, of the sort we typically use in our
emotion research (Gross & Levenson, 1995). Our general experience is that, when allowed
to give a free response describing their subjective experience, almost all subjects respond
quite briefly. MR’s descriptions, in contrast, were much more elaborated, rich in detail and
recounting the moment-to-moment changes that occurred in his emotional state. When asked
to engage in a relived emotions task (Ekman, Levenson, & Friesen, 1983) and asked to
relive a time in his life when he had been angry, he had to go back 26 years to find an
occasion when he had expressed anger. Most participants we have studied, need only go
back a few days or weeks at most.

Across tasks, we were repeatedly struck with how sensitive and attuned MR appeared to be
to the physiological sensations that occurred during his emotional states. In a task in which
we had him report the valence of his emotional state continuously using our rating dial
methodology (Ruef & Levenson, 2007), we were struck by how closely the changes in his
ratings tracked the perturbations that occurred in a beat-by-beat measure of his blood
pressure. Several years later, this observation led us to conduct a formal study of how
closely subjective emotional experience tracks physiological changes during emotion in a
sample of experienced Vipassana meditators, finding that this tracking is much closer than
in those with a different kind of body-awareness training (experienced dancers) and in
controls (Sze, Gyurak, Yuan, & Levenson, 2010).

One of the most amusing and touching moments came when we used a modified version of
the dyadic interaction task we use in our studies of how couples in intimate relationships
deal with conflict (Levenson & Gottman, 1983). In two different trials, MR was asked to
discuss his belief in reincarnation with two scientists, chosen because of differences in their
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manner, but both of whom disagreed with his strongly held conviction. In his discussion
with the scientist chosen because of his gentle manner, there was frequent mutual smiling,
and neither showed a great deal of autonomic nervous system arousal. In his discussion with
the scientist chosen because of his aggressive manner, there were few mutual smiles
initially, and a high level of autonomic arousal was shown by the scientist, but not by MR.
By the end of the allotted fifteen minutes, more mutual smiling emerged, and the scientist’s
level of autonomic arousal had dropped markedly. This famously aggressive scientist
volunteered after the session that there was something about MR that made it very difficult
to fight with him.

Strengths, limitations, and future directions
This study has several strengths and weaknesses. Studying a person with MR’s extensive
training and experience maximized the likelihood that the meditative states of interest were
produced with the highest possible fidelity. This was critical for an initial determination of
whether these states differentially modulate the startle response. Of course, as with any
single-case study, we cannot know the extent to which the findings will generalize to other
meditators, including those with less extensive training and experience. Moreover, we do not
know whether the differences we found between meditation and our distraction control
condition and between the two forms of meditation using the startle response would be
similar when applied to more complex emotion-eliciting situations (e.g., films, memories,
social interactions). Finally, research reviewed in the introduction to this paper has shown
that the magnitude of the startle response can be reduced by warning, by cognitive and
attentional load, and by underlying positive emotional states. By including the countdown
condition in the two meditative conditions and the distraction condition, we were able to
control for the effect of warning. Our distraction condition was an attempt to control for
cognitive and attentional load, but of course we cannot know for certain that it was
successful. Thus, it is quite possible that some of the reduction in startle magnitude
associated with the two meditation conditions compared to the distraction condition resulted
simply from greater cognitive and attentional demands involved in meditation. Finally, our
conditions were not designed to differ in positive emotionality (and MR’s descriptions and
facial behavior did not seem to suggest that this was a primary difference). However, it is
certainly conceivable that some of the gradient of reduced startle response moving from
distraction to focused meditation to open presence meditation could be explained in terms of
increasing positive emotionality (especially if the domain of positive emotion is expanded to
include states such as contentment and awe; Fredrickson & Levenson, 1998; Shiota, Keltner,
& Mossman, 2007).

One of the interesting questions that arose in this work with MR concerned the long-term
effects of extensive meditative practice. In this regard, we found that MR’s startle response
in the unanticipated condition was quite comparable to that of others without his training
and experience in terms of the magnitude of the physiological response and the morphology
of the facial response. The only hint of difference was the finding that the amplitude of
MR’s facial response was smaller. Of course, as in most studies of this nature (including
those that examine higher-level, more complex emotional responses in experienced
meditators and controls), we cannot know whether these differences result from meditation
training, characteristics of this particular person, or some combination of both.

What this study indicates most clearly is that the act of engaging in meditation can modulate
a reflexive response that is located in quite primitive regions of the human nervous system.
This highlights an important question when considering the utility of meditation for
influencing more complex responses such as our emotional reactions to life’s challenges,
opportunities, and stresses. Meditation is believed by its practitioners to create a buffer
against being overwhelmed by emotional states that would otherwise distort reality and
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result in actions or words that are harmful to the self and others. Viewed in this way,
meditation can be an important adjunct to successful emotion regulation. Evaluating the
outcomes of meditation training (with both normal individuals and those with psychiatric
conditions) has been the subject of several recent studies (e.g., Fredrickson, Cohn, Coffey,
Pek, & Finkel, 2008; Goldin, Ramel, & Gross, 2009; Johnson, et al., 2009). For our
understanding of the acute and long term effects of meditation to flourish, additional basic
and applied studies, all conducted with the highest levels of scientific rigor, will be needed.

We believe that the results of the present study, which derive from a systematic single-case
study of a highly experienced practitioner, illustrate the promise of this approach for
increasing our understanding of what meditation is and what is does. We hope that the
formal findings we presented and our more informal descriptions of the emotional
characteristics we observed in our participant will be helpful to others who conduct basic
research on meditation and who test the efficacy of its applications.
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Figure 1.
Physiological response to unanticipated startle in controls (with 95% confidence intervals)
and MR. All responses are scaled so that greater activation is in the upwards direction
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Figure 2.
Average physiological and facial behavioral response to unanticipated startle across six
replications of open presence meditation, focused meditation, and distraction conditions in
MR. All responses are scaled so that greater activation is in the upwards direction
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