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Review
Glossary

Alert state: the brain state that follows a warning related to a target event

requiring a rapid response.

Brain state: the reliable patterns of brain activity that involve the activation and/

or connectivity of multiple large-scale brain networks.

Contingent Negative Variation (CNV): a negative direct current shift in

electrophysiological recordings that occurs when a warning signal leads one

to prepare for an upcoming target.

Default Mode Network (DMN): a brain network that includes the medial

prefrontal cortex (mPFC), anterior cingulate cortex (ACC), and posterior

cingulate cortex (PCC); all these regions are active in the resting state.

Integrative Body-Mind Training (IBMT): this mindfulness-based meditation

technique originates from ancient eastern contemplative traditions, including

traditional Chinese medicine, Zen, etc. IBMT stresses no effort or less effort to

control thoughts, and the achievement of a state of restful alertness that allows

a high degree of awareness and balance of the body, mind, and environment.

The meditation state is facilitated through training and trainer-group dynamics,

harmony, and resonance. A number of randomized clinical trials indicate that

IBMT improves attention and self-regulation and induces neuroplasticity

through interaction between the central and the autonomic nervous systems.

Local Field Potential (LFP): electric potential generated in a volume of neural

tissue by a local population of neurons.

Resting state: brain activity following the instruction to close or keep eyes

open, relax, and not perform any task or think about anything specifically.

Resting state connectivity: the set of brain areas that show correlation during
Although the study of brain states is an old one in
neuroscience, there has been growing interest in brain
state specification owing to MRI studies tracing brain
connectivity at rest. In this review, we summarize recent
research on three relatively well-described brain states:
the resting, alert, and meditation states. We explore the
neural correlates of maintaining a state or switching
between states, and argue that the anterior cingulate
cortex and striatum play a critical role in state mainte-
nance, whereas the insula has a major role in switching
between states. Brain state may serve as a predictor of
performance in a variety of perceptual, memory, and
problem solving tasks. Thus, understanding brain states
is critical for understanding human performance.

Brain state
The ability to maintain a brain state (see Glossary) and to
switch between states is vital for self-regulation and for
adapting to the varying environments that humans occu-
py. Brain states refer to reliable patterns of brain activity
that involve the co-activation and/or connectivity of multi-
ple large-scale brain networks. In infancy, for example,
sleep, wakefulness, passive and active alertness, and cry-
ing have usually been seen as ranging along a continuum of
different levels of arousal [1]. Adult brain states are mul-
tidimensional and can be identified by subjective experi-
ence (e.g., the dreaming that occurs during the brain state
that involves rapid eye movement sleep – REM), changes
in neuromodulation (e.g., the decrease in norepinephrine
during REM sleep), or behavior (e.g. patterns of movement
during REM sleep). Research has shown that brain state
can serve as a predictor of performance in a variety of
perceptual, memory, and problem solving tasks [2–4]. Thus
understanding how brain states are acquired and main-
tained is a critical aspect of understanding human perfor-
mance.

Recently, there has been growing interest in the speci-
fication of brain states, owing mainly to new functional
magnetic resonance imaging (fMRI) studies tracing con-
nectivity of brain networks during the resting state [5,6].
The networks active during the resting state include
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medial prefrontal cortex (mPFC), anterior cingulate cortex
(ACC), and posterior cingulate cortex (PCC), often called
the Default Mode Network (DMN), along with a number of
other areas that are active and correlated at rest [7–10].

In animal and human studies sleep states have been
shown to be important for learning, memory consolidation,
and brain plasticity [11–14]. Although brain states such as
sleep have been widely studied in both animals and
humans, it has been less common to investigate brain
states when awake and usually researchers focus on only
one waking state [9,15]. As a consequence, the neural
mechanisms of effectively achieving and maintaining ap-
propriate brain states or switching between brain states
during task performance have received little attention.

In this article, we discuss the resting state, the alert
state induced by a warning signal prior to performing a
task, and the state induced by meditation. For each of these
states we examine biomarkers including brain activity,
physiology, and behavior. These biomarkers are used to
address similarities and differences between states. We
the resting state, including the default mode network and several other brain

networks.
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then examine the literature on transitions between states:
for example, how do warning signals produce a rapid
transition from the resting to the alert state and how is
the meditation state achieved? Finally, we explore the
neural correlates of maintaining or switching brain states
and highlight the significance of effective state mainte-
nance and state switching.

The resting state
Human studies using fMRI have traditionally focused on
task-evoked responses. In the past decade, however, the
patterns of activity of the human brain during non-task
processes (i.e., at rest) have become a focus of several
studies [5,6,8–10]. In experimental settings, the resting
state follows an instruction to lie quietly, relax, and not
carry out any task; the eyes may be closed or open, and
either fixated or not. Although the resting state does not
involve an external task, it shows strong activation of a
number of brain areas, some of which show reduced acti-
vation during task performance, and it consumes a greater
amount of energy in comparison with task-evoked states.
The resting state accounts for much of the metabolic
activity of the human brain, with specific activations dur-
ing tasks involving only small changes (about 5%) [8].

The default portion of the resting state seems to be
common among individuals and similar areas are found
active in anesthetized monkeys [16]. The intrinsic connec-
tivity of the human brain at rest has been shown to change
with development [17–20] and to differ in pathologies, such
as anxiety and depression, dementia, attention deficit
hyperactivity disorder (ADHD), autism, and schizophrenia
[21,22].

Electrophysiological studies indicate that functional
network activity during the resting state is associated with
distinct oscillatory rhythms. In general, beta-band activity
(12–32 Hz) indexes spontaneous mental operations and
alpha-band activity (8–12 Hz) is also detected [23,24].
Coherent patterns in gamma frequency activity (33–
45 Hz) have been found during wakeful rest and REM
sleep [25]. These results provide electrophysiological mar-
kers associated with differences between the resting,
wakeful and sleep states.

The alert state
One important approach to understanding state transi-
tions is to address their relation to slow waves found in
electrophysiological recordings. Slow waves, such as the
contingent negative variation (CNV), are closely related to
aspects of fMRI, since both result from synaptic activity
that produces local field potentials [8,26,27]. The influence
of a warning signal on brain activation patterns allows
study of the rapid transition to the high levels of alertness
needed for rapid and efficient performance when the target
occurs. After each response in a standard reaction time
task, the individual relaxes the high level of vigilance
required to perform the task, allowing the brain to transi-
tion toward the resting state.

A warning signal thus induces two phases of brain
activity: one prior to the target and the other following
the target. We refer to these as changes in phasic alertness.
The change in brain state during the period between
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warning and target reflects mainly a suppression of ongo-
ing activity [28]. In the central nervous system, the CNV
begins with the warning signal and may remain present
until target presentation. This negative change appears to
arise, at least in part, in ACC and adjacent structures [29–
31]. The CNV may arise within 100 ms after the warning,
in which case it is superimposed upon the event-related
potential associated with the warning signal. If the target
interval is predictable, the individual may not display the
CNV until just prior to the occurrence of the target. The
ACC is a gateway to autonomic responses, so it should be
no surprise that the alert state is also indexed by wide-
spread autonomic changes, such as slowing of heart rate
and a decrease in skin conductance [32]. The state being
generally inhibitory, it produces a dominance of the para-
sympathetic autonomic system over the sympathetic sys-
tem [28,33]. The state change following the occurrence of
the target generally involves sympathetic dominance, in-
cluding increased heart rate [28].

A warning signal triggers neural activity in the locus
coeruleus, which is the source of the neuromodulator nor-
epinephrine (NE) [34]. Warning signal effects can be
blocked by drugs such as guanfacine and clonidine, which
have the effect of reducing NE release [35]. Drugs that
increase NE release can also enhance the warning signal
effect [35]. The NE pathway includes major nodes in the
frontal lobes and parietal areas in the dorsal part of the
visual pathways [36].

How does the alert state influence task performance?
The warning increases rapid motor responses to signals.
However, it appears to accomplish this in a specific way
[37]. The alert state speeds the motor response without
altering signal quality. This accords with the anatomical
distribution of NE, which does not appear to influence the
ventral pathways involved in object recognition. If the
target is one that might be missed because it is very short
or masked by other input, the probability of detecting the
signal is increased by a warning signal. However, if there is
a more easily detectable target, the speeded reaction time
is often accompanied by increased error. This suggests
that, whereas the response is speeded, the quality of
information to which the person responds is reduced,
resulting in increased error rates. Posner [37] argued that
these effects can be understood if the warning signal allows
faster input to parts of the brain that mediate conscious
detection of the target [37]. This allows not only for en-
hanced overt response, but also for the priority of the signal
to consciousness.

The study of resting state and alerting provides some
important clues to the neural systems involved in change of
state. First, state changes can be rapid and voluntary. The
warning signal has an effect within one to two hundred
milliseconds, but only if the individual knows that it
signals the arrival of a target. Second, the warning interval
terminates the resting state and begins an adjustment that
involves cortical, subcortical, and autonomic activity.
Third, brain stem neuromodulators are involved in the
change of state. Finally, the brain state potentiates atten-
tion to enhance the priority of target events.

The change of state in alerting appears to take place in
two stages. Stage A follows the warning and is a quiet



Box 1. Training effects of IBMT

One week of training (2-3 h):

� Increased efficiency in executive attention

� Improved mood

� Reduced stress hormone following a meditation session

� Improved immunoreacivity following a meditation session

� Improved parasympathetic activity

� Improved brain activity and connectivity in self-control networks

One month of training (10-11 h):

� Further improvements of executive attention

� Improved alertness

� Improved mood

� Reduced stress hormone at baseline

� Improved immunoreactivity at baseline

� Induced white matter changes in self-control networks

Review Trends in Cognitive Sciences xxx xxxx, Vol. xxx, No. x

TICS-1086; No. of Pages 8
vigilant state. Stage B includes the activity following the
target. These two stages involve different biomarkers:
increased parasympathetic activity, including lower heart
rate, pupil diameter, and skin conductance response in
stage A and more sympathetic activity in stage B [28].
Stage A of the alert state involves the neurotransmitter NE
derived from locus coeruleus [38,39]. In the case of visual
search where a specific target is to be found among dis-
tracters, stage B has been shown to involve a sustained
suppression of gamma-band oscillations within frontal and
parietal areas involved in orienting and executive control
[40,41].

The meditation state
Unlike the alert state, meditation requires specific train-
ing. It is, therefore, difficult to separate the meditation
state from the training that produces it. There are many
forms of meditation practice, including transcendental
meditation, Buddhist meditation, mindfulness meditation,
and others [42–45]. Whether the state induced by these
various forms of training is the same is not known, so it is
difficult to describe a meditation state independent of the
training needed to reach it. Faced with this issue, we have
chosen to focus mainly on the training and meditation state
induced by one form of mindfulness meditation called
Integrative Body-Mind training (IBMT) [46–48]. It seems
likely that other forms of mindfulness meditation involve
the same state and perhaps other meditation practices do
as well [49–52]. We also divide the state description into
three stages of practice (Figure 1).

IBMT shares several key components with other forms
of meditation, including relaxation, mental imagery, and
mindfulness. The meditation state is facilitated through
training and trainer-group dynamics, harmony, and reso-
nance [33,46–48,51–53]. Another important reason for
using IBMT as an example of meditation training is that
it has been studied scientifically, using randomized trials
in comparison with controls rather than depending on pre-
existent meditation groups [33,46–48,51–53]. With IBMT,
the meditation state can be induced by as few as five 20–
30 minute sessions. IBMT improves attention and self-
regulation, and induces neuroplasticity through interac-
tion between the central and the autonomic nervous sys-
General
effort

Effort to
reduce mind
wandering

Advanced stageMiddle stageEarly stage
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Effortless

Figure 1. Three stages of meditation. Different stages of meditation, including

early, middle (intermediate) and advanced, involve different amounts of effort.
tems (see Box 1 for behavioural effects of the two levels of
training).

Stages of meditation training

IBMT, like many meditation traditions, emphasizes the
need to learn to use attention regulation early in the
practice. However, different meditation techniques apply
different strategies of attention control and self-regulation
in achieving a similar or the same state, which may involve
different mental processes and brain networks
[43,44,47,54–56]. Here, we use IBMT as an example and
identify three stages of meditation.

There are several partially overlapping stages of IBMT.
It should be noted that most studies average measures
from different stages of meditation together to determine
mechanisms or effects, or compare them without identify-
ing the stage involved [44]. In this review, we differentiate
early and middle stages that involve effortful control from
an advanced, more effortless stage of meditation. The
stages clearly overlap, and intermediate stages, in which
effort is needed for maintenance of the state, can also be
observed.

Stage 1: early stage. The early stage of achieving the
meditative state appears to involve the use of attentional
control. To accomplish this, one reduces or even completely
eliminates attention to external sensory inputs, including
visual and auditory stimuli. This state requires conscious
control and mental effort. The state differs from the vigi-
lant state in that there is no orientation toward an external
signal. However, it involves attention control networks,
often including lateral prefrontal cortex (PFC) and parietal
(PC) areas [43,50,52,55,56].

The concept of effort involves the subjective experience
of strain in connection with striving for a goal. In experi-
mental psychology, effort has been defined as the amount
of energy needed to accomplish a task. As such, effort is one
of a cluster of motivational concepts that carry the idea of
underlying energizing systems involved in task perfor-
mance [52,57].

Varying effort during state transitions often involves
different brain networks [58–61]. If one exerts high effort
on a task (voluntarily control), the attention control net-
works that include the lateral PFC and parietal cortex are
involved [50,56,62]. If the practitioner uses voluntary con-
trol to achieve the meditative state, as many novices do,
3



Review Trends in Cognitive Sciences xxx xxxx, Vol. xxx, No. x

TICS-1086; No. of Pages 8
these attentional networks are generally active [33,55,60].
If less effort is involved, there is little activity in attentional
control networks. Instead, the stage mainly involves the
ACC [33,47,50].

Stage 2: intermediate stage. In the intermediate (middle)
stage of meditation, the participant exerts the appropriate
effort to deal with distractions and the wandering mind. A
major feature of the intermediate meditation state
involves rapid switches in focus as the mind wanders to
various contents, which would be expected to involve at-
tentional control networks. In one recent fMRI study [63],
fourteen meditation practitioners from multiple traditions
with varying practice time performed meditation during
fMRI scanning. When participants realized that their mind
was wandering, they pressed a button and returned their
focus to the breath. Four intervals of mind wandering were
constructed from the button press: (i) prior to awareness of
mind wandering; (ii) awareness of mind wandering; (iii)
shifting of attention; and (iv) sustained attention. The
results indicated that mind wandering prior to awareness
was associated with the default network of the resting
state as measured with MRI, whereas cognitive processes
during awareness of mind wandering, shifting of attention,
and sustained attention engaged parts of the attentional
networks that include the lateral PFC and parietal cortex
[63]. In another study, fifteen Vipassana meditators (mean
practice: 7.9 years, 2 h daily) showed stronger activations
in the dorsal medial prefrontal cortex and the ACC bilat-
erally, compared to controls [64]. Unfortunately, these
studies did not measure the effort level in achieving the
meditation state.

Stage 3: advanced stage. In the advanced stage of train-
ing, usually thought to be obtained with little or no effort,
meditation is maintained by activity in the ACC, left
insula, and striatum. There is also a reduction of activity
in the lateral PFC and parietal cortex [33,50–52]
(Figure 1). The experienced practitioner achieves a state
of high parasympathetic dominance with strong activation
in the ACC and left insula [50,64–67]. Connections be-
tween the ACC, striatum and autonomic nervous systems
are also enhanced [33,50,64]. One study tested and
reported a laterality effect, whereby the left insula is
responsible for parasympathetic effects, whereas the right
insula involves sympathetic activity [48]. These findings
are also consistent with previous evidence [66,67]. The
strong parasympathetic activity is similar to the period
between a warning signal and a subsequent target de-
scribed above. However, unlike the alert state, in the
meditation state, the person is not strongly oriented to
the location of an external target, but instead concentrates
or has an open focus on an internal cue, such as the breath,
and on achieving a state that is awake, relaxed, in the
moment, and free from a sense of evaluation [33,43,44].
Although meditation is associated with relaxation and
high parasympathetic activity, there are some exceptions
that show an increase in sympathetic activity [93]. Wheth-
er these practices require clear effort during the tasks and
induce sympathetic activity warrants further investiga-
tion.

Using IBMT to achieve the meditation state, Tang et al.
showed that five days of training differed from relaxation
4

training chiefly in greater activity in the ventral ACC, left
insula, and striatum [33]. Unlike relaxation and the other
tasks used in cognitive switching studies [68] and the early
stage of meditation, the more advanced stages show re-
duced activity in the lateral PFC and parietal cortex
[52,56]. This difference may underlie the low subjective
difficulty or effort reported by participants in obtaining the
meditation state, in comparison with effortful control or
reappraisal processing during detection of mind wandering
and/or refocusing the target during the meditation, which
often induces brain activation in the attention networks
[43,50–52,55,56,62]. IBMT involves less effort to control
thoughts, but instead induces a state of restful alertness.
The process nevertheless becomes even more effortless
when the practitioner develops expertise from short-term
to long-term training [46,51]. It should be noted that both
short-term training, such as IBMT, and long-term medita-
tion showe activation of ventral or/and dorsal ACC
[33,43,49,50,69,70]. Whether different effort, training
strategies or meditation styles (such as concentration-
based meditation) engage different neural networks war-
rants further investigation.

It is unclear when the highest stage of meditation is
obtained. One study of sustained attention-based medita-
tion showed expert meditators (EMs) with 19,000 hours of
practice had more overall brain activation than novices,
but EMs with 44,000 hours had less activation [60]. How-
ever, another study found that the amount of time parti-
cipants spent meditating each day, rather than the total
number of hours of meditative practice over their lifetime,
was correlated with attention performance [71].

The meditation state clearly differs from the resting
state, particularly in the early stages, in that it involves
effort. However, it is not yet clear whether the resting state
changes as a result of meditation training. Studies indicate
that meditation training may change the resting state, but
different directions of change have been reported: two
studies found increased resting state activity [72,73],
whereas two others showed reduced resting state activity
[74,75]. Plausible explanations for these conflicting results
include the following: (i) the differences are due to the form
of meditation used in the studies, (ii) differences between
studies arise because the participants are in different
stages of meditation involving varying amounts of effort,
or (iii) differences may be due to varying numbers of
persons achieving the meditation state during testing
following the training. More research will be needed to
resolve these inconsistencies.

Neural correlates of brain state control
Following earlier proposals [76,77], we hypothesize that
the control of brain states includes the two components of
switching and maintenance [76,77]. These two components
are also present in the transition from rest to alertness and
may be general characteristics of state control induced by
instruction. The initial response to a warning signal
involves an active voluntary response orchestrated by
frontal areas including the ACC [30], whereas continued
maintenance involves a direct current shift that remains
present until the target occurs over the hemisphere oppo-
site the expected target [78,79]. The transition to the alert
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state following a warning and most of the tasks described
above requires only instruction to perform at a reasonably
high level. However, establishing the meditation state not
only requires instruction, but also involves practice and
experience in achieving the state [31,36].

Switching between states

In an fMRI study of three different switching situations
involving auditory or visual tasks in comparison with a
task-free resting state, significant activation of the brain’s
executive attention network was observed, along with
activation of a third network comprising the right
fronto-insular cortex (rFIC) and ACC, when participants
perceived salient events [68]. These results indicate that
the rFIC is likely to play a major role in switching between
distinct brain networks across task paradigms and stimu-
lus modalities [68]. The anterior insula and ACC have a
close functional relationship and are co-activated at rest,
suggesting that this connection is of fundamental impor-
tance [80,81]. Leber et al. found that in several brain
regions, including basal ganglia, ACC, lateral PFC and
PCC, neural activity preceding each trial predicted subse-
quent cognitive flexibility in switching between tasks [82].

Maintenance of states

Maintenance of some brain states can be difficult. For
example, maintaining vigilance over long periods of time
leads to a decline in detection performance [83], called the
vigilance decrement, and to participant complaints about
task difficulty. Similarly, in the early stages of meditation
training, effort is required to maintain the state. As dis-
cussed above, mind wandering is frequent. Effort in this
stage is indicated by increases in frontal and parietal
activity [33,43,55,59]. However, it is still possible to use
different training strategies, such as IBMT or open-minded
practice, to maintain the state with less effort [33,43,
51,52,56].

In general, like other skill learning, long-term medita-
tion is thought to enhance the ability to maintain the
meditative state. As discussed previously, the early phase
of meditation involves effortful control to enter the state
[52,55]. Tang et al. [33] found similar frontal and parietal
activation during relaxation training, during which the
practitioner uses voluntary control to achieve a relaxed
and calm state. The practitioner often experiences effort in
preventing the mind from wandering and thus the execu-
tive attention network is engaged [43,51].

Training improves the ability to achieve and maintain
the meditation state even if it is not practiced regularly
[46]. The reduced difficulty in maintenance of the medita-
tive state may be due to involvement of the autonomic
Table 1. Comparison of three brain states

Resting State Alert Stat

Brain Networks DMN including mPFC,

ACC, PCC, and others

Right PFC

EEG Alpha dominance Desynchro

ANS Sympathetic dominance Stage A, p

Stage B, s

Neuromodulator Norepinep
nervous system in avoiding switching out of the state. The
involvement of autonomic control in maintaining the med-
itation state may be compared to the task-based cognitive
control exerted by the executive attention network [62]. In
expert task performance, moment-to-moment control via a
frontal-parietal system is suppressed, because the expert
relies on fast automatic responses that are ballistic and
need no control; however, the higher-level strategic control
via the cingulo-opercular system may remain [62].

Relationships between states
The alert state and the meditation state

The three brain states are compared in Table 1. The
meditation state differs from the alert state induced by
a warning signal in several crucial ways. First, the alert
state can be induced by the simple instruction to expect a
target, without requiring any practice, whereas the medi-
tation state requires specific instruction and practice. Sec-
ond, the alert state requires an external target, whereas
the meditation state may not involve a target event. Third,
the alert state involves primarily the neuromodulator NE,
whereas dopamine (DA) has often been shown to be impor-
tant to the meditation state [51,84]. Finally, the alert state
involves a reduction in ACC activity, likely in order to keep
the mind clear to perceive and respond quickly to the
target. The meditation state, however, shows increased
ACC activity that serves to regulate mind wandering.

As mentioned previously, five days of IBMT increase
brain activity in the ACC, insula, and striatum [33]. One
month of IBMT improves white matter connectivity be-
tween the ACC, striatum, and other regions [47,53]. Based
on these results and related work, we propose the insula,
ACC, and stiatum (IAS) as key neural correlates of chang-
ing brain states (Figure 2). Because of its role in attention
and self-regulation [32,47,50,65], we hypothesize that the
ACC is involved in maintaining a state by reducing conflict
with other states; the insula serves a primary role in
switching between states [50,68,85], and the striatum is
linked to the reward experience and formation of habits
[46,47,51,52] needed to make maintenance easier. The
insula and ACC work together to support the role of the
autonomic nervous system in maintaining the meditation
state [32,46,47,52,80].

Future directions and applications
In this review, we have examined three brain states: the
resting, alert and meditative states. We now consider the
significance of understanding these states and suggest
directions for future research (Box 2).

Resting state data have been widely applied to the
study of normal development [17–20] and to a variety of
e Meditation State

, PC, and others Stage 1, Lateral PFC, PC

Stage 3, ACC, insula, striatum

nized EEG signal Mixed bands including alpha,

theta, gamma

arasympathetic dominance;

ympathetic dominance

Parasympathetic dominance

herine (NE) Dopamine (DA)
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Swi tching Maintenance Habit

StriatumInsula ACC
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Figure 2. The IAS hypothesis. Key neural correlates of changing brain states

include the insula, ACC, and striatum (IAS). The ACC is involved in maintaining a

state by reducing conflict with other states; the insula serves a primary role in

switching between states; the striatum is linked to the reward experience and

formation of habits required to make state maintenance easier.

Box 2. Directions for future research

� Individual differences in switching and maintaining brain states

� Developmental differences in brain states

� Critical or sensitive periods for training brain state control

� Relationship between PFC, ACC, insula, and striatum during

different stages of meditative practice

� Dynamics of change in brain states

� Self-regulation and control of brain states

� Educational success through control of brain states

� Health benefits from control of brain states
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neuropsychiatric disorders, including schizophrenia, anxi-
ety, and autism [21,22]. Making use of the ability to image
the connectivity of the brain’s resting state will continue
to increase our understanding of development and its
disorders.

Sleep deprivation and drugs have also been repeatedly
shown to influence the alert state. Tasks that require
maintaining alertness over time have been shown to dete-
riorate following being deprived of sleep. Difficulties in
obtaining the alert state during task performance have
also been shown in normal aging and have been described
as an important cause of ADHD [86]. Future research is
needed on individual and developmental differences in the
alert state and in the means of achieving the alert state.

Much of this review was devoted to the description of
states observed in meditation training. Like all skills,
achieving the meditative state differs among individuals.
These differences may be due to genetic variations known
to influence attention [87]. Future studies should be di-
rected toward understanding the reasons for these indi-
vidual differences. The brain mechanisms of expertise are
not fully known [88]. As one form of expertise it will be
useful to understand differences between novices and
experts in reaching and maintaining the meditation state
and the benefits they might gain from doing so.

In the early stage of training, the PFC is often involved
in achieving both the meditation and the alert state. The
interaction between the PFC, ACC, and striatum, which is
more prominent in the advanced stages, would also benefit
from continuing research.

Although IBMT has been taught with benefit to children,
young adults, and the elderly [24,33,46–48,51,53,89,90], it is
still unknown whether the ability to achieve the meditation
state and its benefits is constant at different ages. Now that
6

meditation studies can be done with relatively brief periods
of training, it should be possible for future studies to explore
whether sensitive periods exist and what benefits occur at
different ages.

As we understand more about brain states and means
for achieving and maintaining them, applications can also
be more fully directed toward achieving benefits. These
include application to clinical populations, for example,
those suffering from ADHD, stress, mood disorders, drug
abuse or other syndromes thought to benefit from medita-
tion training. Meditation and training of alerting may also
be applied to a wider population in the educational system
to improve the development of attention and self-regula-
tion, now widely thought to be crucial to success in school
[91,92].
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