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Abstract – A number of studies investigating the psychological concomitants to meditation have been 
conducted with some consistency of results obtained. An important caveat when using subjective 
reporting of psychological functioning is that impact of expectancy and performance motivation within 
meditator participants is difficult to control (West, 1987; Shapiro & Walsh, 1984). Nevertheless, a number 
of the clinical reports—both psychological and medical—are suggestive of significant effects and 
together with the other psychological studies provide intriguing correlates of the meditation and brain 
activity findings summarized above. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INTRODUCTION 

The primary psychological domain mediating and 
affected by meditative practice is attention (Davidson 
& Goleman, 1977), but relatively few empirical 
evaluations of meditation and attention have been 
conducted. Longitudinal studies of breath-focused 
meditation in children and adults have reported 
improved performance on the embedded figures test 
requiring the subject to ignore distracting stimuli 
(Kubose, 1976; Linden,1973). A cross-sectional study 
of children practicing TM and a cohort of age and sex 
match controls found that meditation practice led to 
improved measures of attention (Rani & Rao, 1996). 
Mindfulness and concentrative practices were 
compared using an auditory counting task susceptible 
to lapses in sustained attention (Sweet & Valentine, 
1995; Wilkins, Shallice, & McCarthy, 1987). Superior 
attentional performance was obtained for meditators 
compared to controls, as well as long-term compared 
to short term meditator status.  

Further, mindfulness meditators demonstrated better 
performance than concentrative meditators in a 
second task assessing sustained attention on 
unexpected stimuli. In contrast to these trait effects on 
attentive capacity, short-term meditation effects on a 
focusing task suggested that TM produced no 
improvement in concentrative functioning (Sabel, 
1980), a finding consistent with the explicit lack of 
emphasis on concentrative effort using the TM 
technique. 

The CNV studies reviewed above support the view 
that attentive capacities are increased in long-term TM 
meditators relative to controls (Travis et al., 2000, 
2002). Given that meditation is a form of attentional 
training, the neurophysiologic findings imply increased 
activity in the frontal attentional system, with additional 
studies needed to confirm this hypothesis. A related 
clinical study assessed the impact of a Yogic 

concentrative meditative practice on attention deficit 
hyperactivity disorder in adolescents, with findings 
indicating a substantial improvement in symptoms 
following a six-week training intervention (Harrison, 
Manoch, & Rubia, 2004). The psychological trait 
‗absorption‘ is related to attentional deployment and 
appears to have relevance to meditative practice 
(Tellegen & Atkinson, 1974). Absorption refers to the 
tendency to have episodes of total attention that 
occupy representational resource mechanisms, 
thereby leading to transient states of altered self and 
reality perception. The data suggest that absorption 
and anxiety reduction are independently related to 
proficiency in meditative practice, but it is not clear 
whether this is due to a predisposition for meditative 
practice or a result of such practice (Davidson, 
Goleman, & Schwartz, 1976). Further research 
assessing the neurophysiologic functioning of 
meditators with regard to absorption might be of 
benefit in characterizing the individual differences for 
the range of brain and mind responses to meditative 
training (Ott, 2003). 

Perceptual sensitivity is a psychological domain that 
appears to be impacted by meditation (Goleman, 
1996). The ERP studies reviewed above are 
consonant with the general view that meditation may 
lead to improvements in perceptual acuity and/or 
processing, but rigorous tests of perception effects 
are scarce. A study on perceptually ambiguous visual 
stimuli with a binocular rivalry task demonstrated that 
one-pointed concentrative meditation may stabilize 
one of the perceptual possibilities in awareness 
(Carter et al., 2005). More germane to reports of 
enhance perceptual clarity, visual sensitivity threshold 
to short light flashes was lower in mindfulness 
meditators than controls, and a three-month intensive 
mindfulness meditation retreat seemed to produce 
further decreases in threshold (Brown et al., 1984a, 
1984b). Studies of yogic concentrative meditation 
(Sahaj Yoga) have found that children, young adults, 
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and adults all evince improvements in critical flicker 
fusion frequency after training compared to control 
groups who did not undergo such training (Raghuraj & 
Telles, 2002; Telles, Nagrathna, & Nagendra, 1995; 
Manjunath & Telles, 1999). Visual contrast sensitivity 
was also shown to increase secondary to Sahaj Yoga 
training in a group of epileptic dults (Panjwani et al., 
2000). The long-standing descriptions of the 
enhancement of the perceptual field due to meditation 
combined with the suggestive effects reviewed here 
and the consistency with event-related potential 
findings warrant further studies of perceptual acuity, 
preferably in combination with neurophysiologic 
monitoring.  

A considerable body of research supports the idea that 
meditative training can mitigate the effects of anxiety 
and stress on psychological and physiological 
functioning. The functional plasticity of the central 
nervous system affords significant neurophysiologic 
state changes that may evolve into trait effects 
secondary to the long hours of practice, stylized 
attentional deployment, reframing of cognitive context, 
and emotional regulation involved in meditative 
training (R. J. Davidson, 2000). This possibility is 
consonant with the relationships among increased 
stress, increased corticosteroid levels, and inhibition of 
hippocampal neurogenesis (McEwen, 1999). 
Meditation decreases experienced stress load 
(Carlson, Speca, Patel, & Goodey, 2003; Gaylord, 
Orme-Johnson, & Travis, 1989; Holmes, 1984; Kabat-
Zinn et al., 1992; Lehrer, Schoicket, Carrington, & 
Woolfolk, 1980), which appears related to decreased 
cortisol and catecholamine levels (Carlson, Speca, 
Patel, & Goodey, 2004; Infante et al., 1998; Infante et 
al., 2001; Kamei et al., 2000; MacLean et al., 1997; 
MacLean et al., 1994; Michaels, Parra, McCann, & 
Vander, 1979; Sudsuang, Chentanez, & Veluvan, 
1991). 

Some studies with meditators have assessed 
physiological responses to stressful stimuli, which is 
particularly relevant given the purported benefits of 
decreased automatization and reactivity combined with 
greater calm and compassion due to meditation 
(Kabat- Zinn, 1990; Goleman, 2003; Mahesh Yogi, 
1963). Meditators exhibited a quicker return to 
baseline for heart rate and skin conductance 
measures after exposure to stressful film clips 
(Schwartz & Goleman, 1976). Meditators also were 
shown to lack frontal gamma induction found for non-
meditators in response to stressful film clips (Aftanas & 
Golocheikine, 2005). These studies are preliminary but 
provide motivation to further study neurophysiologic 
response to emotionally challenging stimuli. 
Mindfulness-based practices have produced positive 
clinical outcomes for anxiety, immune-protective 
functioning assays, pain, and stress-related skin 
disorders (Beauchamp-Turner & Levinson, 1992; 
Carlson, Speca, Patel, & Goodey, 2003, 2004; R. J. 
Davidson et al., 2003; Kabat-Zinn, 1982, 2003; Kabat-
Zinn, Lipworth, & Burney, 1985; Kabat-Zinn et al., 
1998; J. J. Miller, Fletcher, & Kabat-Zinn, 1995; S. L. 
Shapiro & Walsh, 2003). These results are consistent 

with the hypothesis that meditation induces a 
significant reorganization of frontal hemispheric activity 
associated with emotional reactivity and outlook 
perhaps related to the increases in theta and alpha 
EEG activation (R. J. Davidson et al., 2003; Dunn, 
Hartigan, & Mikulas, 1999; Lazar et al., 2003). 

Concentrative practices also have been examined in 
medical contexts (Castillo-Richmondet al., 2000; 
Murthy, Gangadhar, Janakiramaiah, & Subbakrishna, 
1998; Schneider, 1995; Zamarra, 1996), with low-effort 
mantra-based TM the most frequently evaluated as a 
complementary therapy that contributes to decreasing 
the impact of stress (Gelderloos, Walton, Orme-
Johnson, & Alexander, 1991; Jevning, Wallace, & 
Beidebach, 1992; Walton, Pugh, Gelderloos, & 
Macrae, 1995). In this context, it would be helpful to 
obtain concurrent neurophysiologic measures with the 
assessment of medical and/or psychological outcome 
in order to characterize the neural mediating factors 
associated with clinical improvement. Examples of this 
approach include observed left-over-right asymmetry 
shifts of frontal activity that correlated with increases in 
immune measures secondary to mindfulness 
meditation training (Davidson et al., 2003), as well as 
increased in auditory P300 amplitude correlated with 
improvements in depression in response to yogic 
meditation (Murthy et al., 1997, 1998). Further 
research into meditation and the biological 
mechanisms of stress/emotional reactivity would 
provide needed substantiation for theories implicating 
such practice in the functional reorganization of stress-
related limbic structures (Esch, Guarna, Bianchi, Zhu, 
& Stefano, 2004). 

Meditative practices employing mental role-playing 
and the generation of specific sustained feelings or 
intentions of love/compassion have begun to be 
investigated (Goleman, 2003; Lehmann et al., 2001; 
Lutz, Greischar, Ricard, Converse, & Davidson, 2003). 
However, meditation effects on emotional functioning 
have not been extensively explored with neuroimaging 
methods, even though clinical studies suggest that the 
psychological variable mindfulness is enhanced 
through meditative practice and seems to  powerfully 
mitigate susceptibility to depression. In particular, 
Mindfulness-Based Cognitive Therapy, which 
commonly incorporates mindfulness meditation, has 
been successful in treating depression (Ma & 
Teasdale, 2004; O. Mason & Hargreaves, 2001; 
Rohan, 2003; Segal, Williams, & Teasdale, 2002; 
Teasdale, Segal, & Williams, 1995; Teasdale et al., 
2000). The specific effects appear related to the 
prevention of depression relapse in patients already 
experiencing three or more previous depressive 
episodes (Teasdale et al., 2000). 

The psychological variable most associated with the 
increased resistance to depression after Mindfulness-
Based Cognitive Therapy is ―metacognitive 
awareness,‖ the shift towards experiencing negative 
thoughts as observable mental contents rather than 
the self (Teasdale et al., 2002). As with stress, 
depression is linked to increased cortisol and 
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decreased hippocampal neurogenesis (E. S. Brown, 
Rush, & McEwen, 1999; Gould, Tanapat, Rydel, & 
Hastings, 2000; B. L. Jacobs, 2002; Malberg & 
Duman, 2003; Thomas & Peterson, 2003; Vollmayr, 
Simonis, Weber, Gass, & Henn, 2003), implicating 
meditative training in eliciting a cascade of 
neuroprotective events that are possibly related to the 
enhancement of the frontal attentional control system 
and/or the decreased arousal associated with alpha 
increases. The increase in metacognitive awareness 
that seems associated with the efficacy of 
mindfulness-based approaches to therapy is difficult to 
reconcile with current neuroimaging data but appears 
related to the fundamental goals of meditative practice 
in producing lasting impact on the self-non-self-
relationship (Austin, 2000; Levenson, Jennings, Aldwin 
& Shiraishi, 2005; Walsh, 1982). The recent 
development of a number of experimental paradigms 
aiming to assess the subtleties of self-referential 
processing in health and illness provide a means to 
quantify further psychometrically-derived claims for 
changes in self-experience with brain-based measures 
(Kircher & David, 2003; Kircher et al., 2000; Lou et al., 
2004; Platek, Keenan, Gallup, & Mohamed, 2004). 

Understanding the state and trait neurophysiologic and 
psychological changes induced through meditative 
practices requires better psychometric assessment of 
the elicited states and traits. Several investigators 
have produced such measures for both state and trait 
changes (Brown & Ryan, 2003; Buchheld, Grossman, 
& Walach, 2001; Levenson et al., 2005; Ott, 2001; 
Piron, 2001). Such trait-based research suggests that 
the psychological variable mindfulness, which has 
influenced theories of psychological intervention, is 
increased after meditative training and associated with 
the experience of well-being (Brown & Ryan, 2003). A 
recent proposal to pare down altered states of 
consciousness into a four-dimensional ―state space‖ 
consisting of activation, awareness span, self-
awareness, and sensory dynamic constructs is an 
appealing proposal for meditation research as well 
(Vaitl et al., 2005). This approach provides 
encompassing signatures of experienced state that 
may map more easily than higher dimensional state 
spaces onto neurophysiologic differences, although 
this limited four-dimensional space may not 
adequately address the full range of alterations 
induced by meditation (Travis, Arenander & DuBois, 
2004; Walsh, 1982; Wilber, Engler, & Brown, 1986). 

Given the wide range of possible meditation methods 
and resulting states, it seems likely that different 
practices will produce different psychological effects 
and also that different psychological types will respond 
with different psychobiological alterations. Indeed, 
recent reports have shown that novices in Zen 
meditation demonstrated low trait anxiety correlated 
with frontal alpha coherence effects (Murata et al., 
2004), whereas novelty seeking scores correlated with 
frontal alpha power increases and harm avoidance 
scores correlated with frontal theta increases 

(Takahashi et al., 2005). These findings are 
preliminary in nature but serve as a potentially 
important model for how psychological set may be 
related to meditation state neurophysiology. 
Quantification of the trait changes elicited by given 
different mental sets may foster insight into specific 
avenues of meditation‘s psychobiologic impact, with 
rigorous comparison of techniques needed to identify 
specific psychological outcomes. 

ADDITIONAL FUTURE DIRECTIONS 

As outlined above, several recent studies have 
suggested that different meditation practices lead to 
different neurophysiologic outcomes, so that the 
neurophenomenological comparison of meditative 
practices with other methods of altered state 
induction are becoming warranted to isolate the 
functional brain activity associated with psychological 
states. Assessments of psychological changes, 
clinical outcomes, and state-trait neuroactivity 
markers across meditative practices will be 
necessary for developing the clinical utility of these 
methods. Targeted assays of theta, alpha, and 
gamma power as well as coherence effects in both 
state and trait studies of meditation will help establish 
a necessary data base for future applications. A 
major challenge for basic meditation research 
remains the clear quantitative differentiation and 
topographic mapping of the difference between 
meditation and early sleep stages. The most widely 
found state effects of meditation—periods of alpha 
and theta enhancement—overlap significantly with 
early drowsing and sleep states (Corby, Roth, 
Zarcone, & Kopell, 1978; Pagano, Rose, Stivers, & 
Warrenburg, 1976; Rechtschaffen & Kales, 1968; 
Younger, Adriance, & Berger, 1975). The increases in 
theta power observed in some long-term meditators 
may be related to learning to hold awareness at a 
level of physiological processing similar but not 
identical to sleep Stage I. 

Awareness maintenance practice may enhance 
awareness even as deep sleep develops thereby 
affecting associated neurophysiologic markers. This 
hypothesis provides a phenomenological link 
between the physiological similarities of the 
meditative and sleep-related states. In both cases 
there is an increased access to a witnessing 
awareness of state. It may be that the difference 
between the slow activity in meditative practices and 
that of normal sleep reflects the distribution of theta 
versus alpha power changes, the increases in theta 
and alpha coherence during meditation versus 
decreases during sleep, and possibly the high 
frequency activity that accompanies increases in low 
frequency power with meditation practice that are 
decreased in sleep. The theta increase in meditative 
states is the frontal midline theta generated by the 
anterior cingulate, dorsal, and medial prefrontal 
cortices (Aftanas & Golocheikine, 2001; Asada, 
Fukuda, Tsunoda, Yamaguchi, & Tonoike, 1999; 
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Hebert & Lehmann, 1977; Ishii et al., 1999). The theta 
typically seen at the transition from Stage I to Stage II 
sleep is less stable across time and also originates 
from more widespread sources. A comprehensive 
empirical distinction of these two increased theta 
states could provide a much needed differentiation 
between the phenomenology of meditative experience 
and that of sleep. 

CONCLUSION 

Meditation states and traits are being explored with 
neuroelectric and other neuroimaging methods. The 
findings are becoming more cohesive and directed, 
even though a comprehensive empirical and 
theoretical foundation is still emerging. Central 
nervous system function is clearly affected by 
meditation, but the specific neural changes and 
differences among practices are far from clear. The 
likelihood for clinical utility of meditation practice in 
conjunction with psychological and 
neuropharmacological therapies is a strong impetus 
for future studies. The present review has attempted to 
set the stage for this development by providing an 
organized state-of-the-art summary of how meditation 
affects the brain. 
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