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REVIEWS

A fundamental aspect of scientific experimentation is
the identification of a control or baseline against
which the condition of interest can be compared.
This has been an important issue in cognitive neuro-
science — a field of research in which functional
brain-imaging techniques are used to measure
changes in brain activity that are associated with spe-
cific mental operations. Many suspect that, left
unconstrained, this activity would vary unpre-
dictably. In this review, we introduce the concept of a
physiological baseline in the ‘awake’ human brain,
defined in terms of its metabolism and circulation.
This concept arose from studies of the function of
the normal human brain, using positron emission
tomography (PET) and functional magnetic resonance
imaging (fMRI).

We begin our review by examining data from func-
tional imaging experiments and considering the inter-
pretation of the observed increases and decreases in
activity. We also discuss how providing a definition of a
physiological baseline might facilitate a greater under-
standing of these changes. We then introduce a defini-
tion of the baseline based on quantitative measure-
ments of brain circulation and metabolism. Finally, we
explore the functional implications that arise from this
conceptualization.

Background
Studies using PET and fMRI have consistently revealed
expected task-induced increases (BOX 1) in regional
brain activity during goal-directed behavioural activi-
ties (see REFS 1,2 for brief reviews). These changes are
detected when comparisons are made between a task
state designed to place specific demands on the brain
and an investigator-defined control state. These changes
are commonly referred to as ‘activations’, and are
thought to represent increases in the local cellular activ-
ity of the brain3,4, which have been suggested to relate
predominantly to changes in LOCAL FIELD POTENTIALS5.

However, researchers have also frequently encoun-
tered task-induced decreases in brain activity in func-
tional imaging experiments. These are sometimes
referred to as ‘deactivations’, but not all decreases are
deactivations. Deactivations are generally considered to
be attenuations in regional brain activity, and are
thought to be attributable to specific physiological
mechanisms that are incompletely understood at pre-
sent (BOX 1). On the other hand, perceived decreases in
functional imaging experiments may have a variety of
explanations (BOX 2).

For example, some decreases arise simply on the
basis of how control tasks and tasks of interest are
manipulated in the image-analysis strategy. A simple
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LOCAL FIELD POTENTIAL 

A weighted average of dendro-
somatic pre- and postsynaptic
currents, which might include
dendritic spikes or activity of
small interneurons. So, it
predominantly reflects the input
to and the local processing in an
area, rather than output from
the area. The local field potential
is an important determinant of
the fMRI and PET signals.
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example involves ‘reverse subtraction’ (BOX 2). A reverse
subtraction arises when two tasks that differ in their
mental operations (for example, one might contain a
hand movement and the other not) are compared with
each other. Depending on which of the two tasks serves
as the control condition (and investigators occasionally
switch the roles of the two tasks), the change in activity
in given areas that is associated with the unique compo-
nents of a particular task can appear as an increase or as
a decrease. So, in this example, the motor hand area
might well appear as a decrease. This explanation relates
to the way in which the data are analysed, and clearly
does not involve specific concepts of brain physiology.
Unfortunately, in some instances, insufficient informa-
tion exists about the tasks and the operations that they
involve to judge whether the observed decrease arose in
this manner.

Not everything that is referred to as a decrease can be
explained in this way, however. Other explanations for
some decreases have been tendered, with brain physiol-
ogy specifically in mind. One relates to brain haemody-
namics. It has been proposed6 that when there is an
increase in local blood flow within the brain, adjacent
areas will show a decrease simply because of a need to
divert blood flow away from them to meet the needs of
the activated tissue (the so-called ‘vascular-steal’ phe-
nomenon). This explanation could have some validity at
the level of the microvasculature7, but seems to have lit-
tle relevance for decreases that are appreciated at the
level of functional imaging for several reasons. First, the
actual changes in local blood flow that are associated
with increased cognitive activity are very small (a few
per cent locally in the cortex) relative to the overall
blood flow to the brain. In fact, these local changes are so
small that changes in total brain blood flow cannot be
measured during cognitive activity8. Second, and related
to the first, the haemodynamic reserve of the brain is
very large9. So, the brain has the capacity to as much as
double its blood flow when the need arises (for example,
during an epileptic seizure10). Finally, the decreases can
occur remote from the site of the increases11–13, or in the
absence of increases altogether14, making a steal within a
given vascular territory an unlikely explanation.

Another explanation for decreases from the perspec-
tive of brain physiology involves the consideration of their
functional significance. It has been posited that some of
the decreases that are observed in areas remote from acti-
vations might reflect the suppression or ‘gating’ of infor-
mation processing in areas that are not engaged in task
performance15. This gating is thought to facilitate the pro-
cessing of information that is expected to carry behav-
ioural significance by filtering out unattended (sensory)
input. These decreases have been observed both within
and across sensory modalities and are task specific15–17.
We shall refer to these as task-dependent decreases.

There is another class of functionally related decreases
that was often not reported initially. As investigators
paid increasing attention to it, however, an important
feature of these task-induced decreases began to emerge.
Although cortical increases in activity, as well as some
decreases (see above), had been shown to be task specific

Box 1 | Brain activation and functional imaging

Brain activation can be produced experimentally in various ways. For example, the
presentation of a visual stimulus such as a reversing annular chequerboard (a), when
compared with viewing a blank screen, produces marked changes in activity in visual
areas of the brain, as shown in positron emission tomographic (PET) images (b).
These changes consist of an increase in blood flow and glucose utilization, but little if
any increase in oxygen utilization. As a result, the amount of oxygen available in the
area of activation increases (supply transiently exceeds demand), which accounts for
the blood-oxygen-level-dependent (BOLD) signal of functional magnetic resonance
imaging (fMRI). The changes that define a typical ‘activation’ are depicted graphically
in panel c. The absence of these changes in an image defines the baseline. A more
formal description of the change in oxygen availability is derived from the technique
that is used with PET imaging to determine brain oxygen use84. Oxygen use is
measured through the acquisition of data from two PET-imaging measurements: one
made after the intravenous injection of 15O

2
-radiolabelled water, and the other made

after the inhalation of 15O
2
-radiolabelled oxygen. By comparing the uptake of the two

tracers in a region of the brain, the fraction of available oxygen that is extracted by the
brain and converted to water of metabolism  — the oxygen extraction fraction,
OEF — can be directly determined. It can be expressed as the percentage of the oxygen
delivered to the brain that is utilized by the brain. The ‘oxygen use’ can be computed 
as the product of the OEF, the measurement of blood flow (BF) obtained with 
15O

2
-radiolabelled water, and the measurement of the arterial blood oxygen content

(C
A
). So, oxygen use = BF × OEF × C

A
. It follows from a simple rearrangement of this

equation that the OEF is the ratio of oxygen utilization to BF or oxygen delivered.
When BF increases more than oxygen utilization, as it does in brain activation, the 
OEF decreases (c).

The opposite happens when deactivation occurs from the baseline14. Deactivation 
(d) represents the opposite spectrum of metabolic and circulatory changes to those
observed with activation (c). What mechanism(s) is responsible for deactivation? It is
unlikely to be a result of the increased activity of local inhibitory interneurons, as both
excitation and inhibition increase local glucose utilization in laboratory animals85,86.
That is, both excitation and local inhibition should be seen as increases in activity
(activations) by fMRI or PET (c). One possible explanation for the decrease in activity
that is observed in an area of the brain with functional imaging is that it might reflect a
decrease in the activity of the cells that are projecting to the area. A possible source of
this modulatory influence could be the thalamus, with involvement of the basal ganglia.
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behaviours (task-independent decreases13) do so from
this baseline14.

Definition of the baseline
We define the physiological baseline of the brain as the
absence of activation. Activation may be defined in the
context of functional imaging as an increase in blood
flow that is not accompanied by a commensurate
increase in oxygen consumption (BOX 1). As a result, less
oxygen is extracted from the blood, leading to an
increase in the local blood oxygen content in the brain.
This represents a change in the relationship between
oxygen delivery, which increases, and oxygen utilization,
which does not. This relationship is defined in terms of
the oxygen extraction fraction (OEF; BOX 1), which
decreases during brain activation. Research into blood
flow and metabolic relationships in the brain has high-
lighted the close relationship between local blood flow
and oxygen utilization in the resting state (for example,
lying quietly in a scanner with eyes closed, although
awake; FIG. 2), which is reflected in the spatial uniformity
of the OEF. This spatial uniformity exists despite
marked regional differences in both blood flow and
oxygen consumption between grey matter and white
matter, as well as among areas of grey matter (FIG. 2).

Before now, the OEF was used almost exclusively to
characterize the relationship between regional blood
flow and oxygen consumption in the diseased brain,
particularly in various forms of cerebrovascular disease
that compromise blood flow19,20. The uniformity of the

and, therefore, to vary in location depending on the
demands of the task, many of these particular decreases
(FIG. 1) seemed to be largely task independent, varying
little in their locations across a wide range of tasks (for
example, visual and auditory attention, language pro-
cessing, memory and motoric activity)13,18. The consis-
tency with which certain areas of the brain participated
in these decreases indicated that there might be an
organized mode of brain function, which is attenuated
during various goal-directed behaviours. We shall refer
to these as task-independent decreases.

Such functional conceptualizations regarding task-
dependent and task-independent decreases require us
to determine a reference point or baseline from which
these decreases might arise (BOX 2). An inherent problem
has been the lack of agreed characteristics to define such
a baseline. Without the knowledge of such a reference
point or baseline, it is impossible to exclude the possi-
bility that such decreases merely represent the product
of a reverse subtraction, as mentioned above. Providing
a definition of a physiological baseline should facili-
tate a greater understanding of all changes in activity,
both decreases and increases, that are encountered in
functional brain-imaging experiments (BOX 2).

In response to this challenge to define a baseline, we
begin with a generally accepted, quantitative circulatory
and metabolic definition of brain activation (BOX 1).
From this definition, we specify the criteria for a base-
line. We can then demonstrate that areas that consis-
tently show decreases during specific goal-directed

Box 2 | How do increases and decreases arise from functional imaging strategies?

There are two ways in which both increases and decreases can be
obtained in the interpretation of functional imaging data. These
depend, first, on the direction of the change in regional brain activity
relative to the baseline for both the control task and the task of interest
and, second, on the way in which these two tasks are compared.

For example, increases can be obtained when a task of interest is
associated with greater activity than an investigator-defined control
task relative to the baseline. This can arise under two circumstances.
In the first instance (a), the task of interest has a greater increase 
above baseline than the control task. In the second instance (b), the
task of interest has less of a decrease from the baseline. In both cases,
the difference in activity between the control task and the task of
interest would be interpreted as an increase.

Decreases can be obtained when a task of interest is associated with
less activity than the control task relative to the baseline. This can also
arise under two circumstances. In the first instance (c), the task of
interest has a lower increase above baseline than the control task. In the
second instance (d), the task of interest involves a greater decrease
below the baseline. In both cases, the difference in activity between the
control task and the task of interest would be interpreted as a decrease.
Note that merely switching the task and control, as depicted in a
compared with c, for example, would be recognized by most as a
‘reverse subtraction’ and would result in an obvious decrease. This is
sometimes done when investigators wish to emphasize the
contributions of control states and refer to their results as activations18.

Finally, under circumstances in which the control task and the task
of interest cause changes in brain activity that move in opposite directions relative to the baseline, the result could range
from no perceptible change in the area to an increase or a decrease that is underestimated (e). The infrequent use of a true
baseline (passive) task makes estimates of the occurrence of these confounding factors difficult to determine.
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exception might exist for some extrastriate visual areas
— see above). Substituting simple visual fixation or pas-
sive viewing of stimuli has little effect on this physiologi-
cal baseline, except to increase blood flow in the visual
areas, as mentioned above13.

We turn now to a discussion of the possible func-
tionality that resides in the baseline. Others have consid-
ered the related issue of the functions that are inherent
in the resting state18,22, but they have not considered the
significance of a physiological baseline. We believe that
the consideration of these two issues — functions and
baseline — together will enrich our understanding of
the significance of the findings that arise from functional
imaging studies.

Functions in the baseline
In the awake resting state, the brain receives 11% of the
cardiac output and accounts for 20% of the total oxygen
consumption of the body23, despite the fact that it rep-
resents only 2% of body weight. However, the changes
in brain activity that are the focus of most functional
brain-imaging experiments, although easily identified
using functional imaging techniques such as PET and
fMRI, produce changes in global measurements of
blood flow and metabolism that are too small to be mea-
sured8 (BOX 3). This raises the question of why the brain
consumes all of this energy in the baseline or resting
state. A possible explanation comes from observations
indicating that up to 50% of this baseline energy con-
sumption is devoted to the functional aspects of synap-
tic transmission3–5,24, implying significant functionality
in the baseline or resting state.

Task-independent decreases in activity, coming as
they do from the baseline, provide a means of probing
the functionality of the baseline or resting state of the
human brain. These decreases are remarkable in their
consistency, as demonstrated by two large meta-analyses
(a total of 18 PET studies involving 197 subjects that
performed visual, auditory and motor tasks) that came
to their findings from very different perspectives.

OEF at rest in the normal brain had not been consid-
ered in defining a functional baseline. Here, we propose
to do so.

The uniformity of the OEF at rest indicates that equi-
librium has been reached between the local metabolic
requirements that are necessary to sustain a long-term
continuing level of neural activity, and the level of blood
flow in that region. We propose that this equilibrium
state defines a baseline level of neuronal activity. Con-
sequently, those areas with a reduced OEF relative to the
mean OEF of the brain (the ‘brain mean OEF’) are
defined as ‘activated’ (that is, neural activity is increased
above the baseline level). Those areas that do not differ
from the brain mean OEF are considered to be at base-
line. In this scheme, increases in the OEF from the brain
mean then define areas of deactivation (that is, neural
activity is decreased below the baseline level).

Importantly, obvious decreases in the OEF from the
brain mean, reflecting areas of activation1, are not
apparent when subjects rest quietly with their eyes either
closed or open. Specifically, the task-independent
decreases that are noted in functional imaging studies
do not correspond to ‘activations’ in the resting state as
suggested by Mazoyer and colleagues18. Rather, they
arise from the baseline14. Therefore, we suggest that they
might be more appropriately referred to as areas that, in
the resting state, are active rather than ‘activated’.

When the eyes of a subject are closed, areas of appar-
ent deactivation (increased OEF) are clearly seen, pri-
marily in extrastriate visual areas (FIG. 2, bottom row).
The same regional increases in OEF were also noted in
some of the earliest PET work on normal humans21,
although their possible significance was not appreciated.
Their presence indicates that the baseline for extrastriate
visual areas might be associated with open eyes. In sup-
port of this hypothesis, eye opening increases blood flow
in these areas14.

So, we propose that there exists a physiological base-
line of the human brain, which can be observed when
subjects are awake and resting with their eyes closed (an
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Figure 1 | Task-independent decreases observed in functional imaging experiments. a | The coloured areas on the lateral
and medial surfaces of the cerebral cortex80 summarize the decreases observed in nine functional brain-imaging studies that were
carried out using positron emission tomography (PET)13. In these studies, which involved 132 normal adults, subjects had to
process various visual stimuli in the tasks of interest, such as detecting targets, setting up sequencing task operations, establishing
an intention and performing language-related tasks; in the control state, they passively viewed the same visual stimuli. The results
were similar when a simple visual-fixation task was used. These decreases are remarkable for their task independence. The only
common feature among the tasks, beyond the fact that they involved visual stimuli, was that they required active goal-directed
behaviour. b | Areas showing task-independent decreases along the midline of the brain, particularly posteriorly in medial parietal
cortex and the posterior cingulate cortex (arrows), are associated with the highest resting metabolic rates in the human cerebral
cortex. This is illustrated in this PET image of resting glucose metabolism in 22 normal individuals81, which was measured with 
18F-fluorodeoxyglucose82. Images in a courtesy of D. Van Essen and A. Z. Snyder, Washington University, USA.
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the changes were reported as activations rather than as
decreases or deactivations.

These two large meta-analyses13,18 converge on the
same conclusion — that there is a consistent set of brain
areas that are active at rest with eyes closed, as well as
during visual fixation and the passive viewing of simple
visual stimuli. The activity in these areas is attenuated
during the performance of various goal-directed
actions. Because these areas arise from the baseline
activity of the brain in these passive conditions, we sug-
gest that they are functionally active, although they are
not ‘activated’14. In contrast to the transient nature of
typical activations (BOXES 1 AND 3), the presence of this
functional activity in the baseline implies the presence
of sustained information processing.

Understanding the exact functions served by such
tonically active areas will require much more work, but
some indication of the directions that future research
might take is suggested by our current knowledge of
these areas. In the remainder of this section, we will
organize our discussion by dividing these areas into four
general groups on the basis of their anatomical location.
We recognize, however, that this segregation might
obscure important subdivisions within areas, and rela-
tionships among these areas that presumably work
together in the baseline or resting state.

In the first study by Shulman and colleagues11–13, the
objective was to determine whether activations in the
cerebral cortex were present across various visual tasks
that reflected the use of common attentional strategies.
The control task for all nine studies, which involved 132
subjects, was the passive viewing of the visual stimuli that
were used in each individual study.Another control task,
that of visual fixation, was also included in several of the
studies. Although common increases outside the visual
cortices were not observed12, the meta-analysis did reveal
a striking and consistent set of decreases13 (FIG. 1), indicat-
ing the presence of processes that were attenuated during
the performance of goal-directed actions when compared
with either visual fixation or passive stimulus viewing.

In the second study, by Mazoyer and co-workers18,
the objective was to explore the functional nature of the
resting state. Various tasks were compared to an eyes-
closed resting condition, in which the subjects were
instructed to “keep their eyes closed, to relax, to refrain
from moving, and to avoid any structured mental activi-
ty such as counting, rehearsing, etc.” The task of interest
was the resting state rather than the active behaviour,
which served as the control. Using a reverse-subtraction
strategy (see above), they observed changes in almost
the same areas reported by Shulman and colleagues.
However, because of the analysis strategy that was used,
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Figure 2 | Resting measurements of brain blood flow, oxygen consumption and oxygen extraction fraction. Transverse
images of cerebral blood flow (CBF) and oxygen consumption (CMRO2) in the normal adult human brain, measured with positron
emission tomography. Note the marked, up to fourfold, variability in both blood flow and oxygen consumption. Despite this
variability, there is a remarkable correspondence between these two sets of images. This close matching of regional blood flow to
oxygen consumption is exemplified in the map of the oxygen extraction fraction (OEF), which reflects the ratio of these two
measurements (BOX 1). There are areas of increased OEF (arrows) in the occipital regions bilaterally, most prominently at z = 12.
These represent areas of deactivation relative to the baseline in visual cortices when eyes are closed (see text). These data came
from 19 normal adults who were resting quietly, but awake, with their eyes closed14. The numbers beneath each column represent
the millimetres above or below a transverse plane (the z axis) running through the anterior and posterior commissures83, as shown in
the three-dimensional lateral view of the head and brain (bottom right; created using magnetic resonance imaging).
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Posterior medial cortices
Areas in the medial parietal cortex are particularly
prominent among those areas of the brain that show
task-independent decreases from the baseline during
the performance of goal-directed actions. The posterior
cingulate, precuneus and retrosplenial cortices together
show the highest level of glucose use (the primary fuel
for brain energy metabolism) of any area of the cere-
bral cortex in humans (FIG. 1) and other species25. This
is consistent with there being a high level of informa-
tion processing in this region of the cortex in the base-
line or resting state3,5, which is attenuated during many
goal-directed behaviours.

Evidence indicates that the functions to which this
region of the cerebral cortex contributes include those
concerned with aspects of visuospatial processing.
Animal studies indicate that the posterior cingulate cortex
and adjacent precuneus are involved in both orientation
within, and interpretation of, the environment (see REF. 26

for a recent review). The work of Colby27 and Allman28

and their colleagues also draws attention to the fact that
elements of the dorsal stream of extrastriate visual cortex
(area M in the owl monkey and area PO in the macaque)
are part of a network of areas that are concerned with the
representation of the visual periphery. These areas are pri-
marily located along the dorsal midline, and can be dis-
tinguished in various ways from those areas of the visual
system of the monkey that represent the macular region
(the central 10 degrees of the visual field). From these
and other data26 emerges a specific hypothesis: activity
within the posterior cingulate cortex and adjacent pre-
cuneus in the baseline state in humans is associated with
the representation (monitoring) of the world around us.

Posterior cingulate and retrosplenial cortex might be
involved in emotional processing. Activations in this
region were noted in a review of 51 emotion-related
studies29, in which Maddock suggests that these
regions might participate in emotional processing as a
consequence of their role in episodic memory.

The idea that this area participates in aspects of emo-
tional processing is also supported by observations in
the fields of psychology and communication. Images
shown on larger screens elicit greater ‘attention’ and
‘arousal’, as measured by heart rate and skin conduc-
tance, than the same images shown on medium-sized or
small screens30. Although related functional imaging
studies have not been carried out, it is anticipated that
larger screens would stimulate the visual periphery and
would, therefore, be associated with activity in this area.

So, posterior cingulate cortex and adjacent pre-
cuneus might be tonically active regions of the brain
that continuously gather information about the world
around, and possibly within, us. This seems to be a
default activity of the brain with obvious evolutionary
significance. Detection of predators, for example,
should not, in the first instance, require the intentional
allocation of attentional resources. These resources
should be allocated automatically, and be continuously
available. Only when the successful performance of a
task demands focused attention should this broad
information-gathering activity be curtailed.

Box 3 | Cellular mechanisms

The metabolic and circulatory changes associated with the blood-oxygen-level-dependent
(BOLD) signal are driven by electrical potentials arising from the input to, and information
processing within, the dendrites of neurons5 (a). The signals obtained in functional brain
imaging are associated with local increases in blood flow as well as glucose consumption,
without commensurate changes in oxygen consumption (glycolysis; BOX 1).An attractive
explanation for the BOLD signal invokes the preferential use of glycolysis in the metabolism
of neurotransmitters participating in brain activation. Specifically, the communication
between neurons occurs at synapses (b), and requires the release of neurotransmitters from
a presynaptic neuron and their detection by a postsynaptic nerve cell. Glutamate (Glu) is
the main excitatory neurotransmitter in the brain.After it is released, glutamate is removed
promptly from the synapse by uptake into an adjacent astrocyte. There, glutamate is
converted to glutamine (Gln) before being returned to the neuron and recycled. The energy
needed for processing glutamate is provided by glycolysis, using glucose obtained from
blood and, during sudden increases in activity, from a glycogen store in astrocytes87,88.

The baseline metabolic rate of the brain is very high and does not change appreciably
over time, hence the analogy with marathon running (c). The energy needed is supplied by
glucose oxidation and the brain vasculature is precisely organized to meet the
accompanying continuing need for oxygen. Changes in activity associated with activation,
however, although requiring only a small and brief increment in energy expenditure,
occur in milliseconds. The brain vasculature simply cannot respond quickly enough to
meet these energy requirements in a timely fashion5. How does the brain deal with this
mismatch? It resorts to glycolysis, like a sprinter.Although glycolysis yields less energy
overall, it produces this energy nearly twice as fast as glucose oxidation (d).
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show task-independent decreases in activity (FIG. 1) seem
to be involved (FIG. 3). Maquet and colleagues46 used PET
to show activity reductions in these areas (along with pre-
frontal areas) during rapid-eye-movement and slow-wave
sleep.A PET study with the general anaesthetic propofol47

complements these studies. Deepening anaesthesia was
associated with a progressive reduction in activity, pre-
dominantly in the medial parietal area. Finally, patients in
a persistent VEGETATIVE STATE show marked reductions in
activity in both medial and lateral parietal cortices, por-
tions of which resume their activity if patients recover
conscious awareness48. Together, these observations indi-
cate that these medial and lateral cortices might partici-
pate in conscious awareness in a way that has not yet
been defined.

Ventral medial prefrontal cortex
Another area of the cortex that shows prominent
decreases in activity during a wide variety of goal-
directed behaviours is the ventral medial prefrontal cor-
tex (FIG. 1). Anatomically, the ventral prefrontal cortex
can be divided into orbital and medial networks. The

Posterior lateral cortices
Task-independent decreases in the posterior lateral cortex
occur bilaterally in BRODMANN AREAS (BA) 40 and 39 (pari-
etal lobe), and in BA 22 (temporal lobe) and 19 (occipital
lobe)13,18 in a broad area at the posterior end of the
Sylvian fissure and the superior temporal sulcus (FIG. 1).
Functional imaging studies in humans and single-unit
studies in behaving monkeys provide an interesting
perspective on the possible functionality of these
decreases.

The functional imaging data can be roughly grouped
according to the location of the responses in this region.
A more dorsal, right-lateralized group31,32 identifies an
area that responds to targets at unfamiliar or unexpected
(invalid) locations, and to novel movement patterns33.
Single-unit recordings in monkeys are consistent with
this formulation, showing enhanced activity with the
redirection of attention to stimuli that appear at unat-
tended locations34,35.Another functional imaging study36

indicates that the equivalent area on the left side might
be engaged obligatorily or unintentionally in the recall of
episodic memory information. The authors make the
specific point that this process need not be controlled or
driven by current task demands, which is consistent with
a baseline or resting-state function. Future research
should address the role of the personal saliency of
episodic memory information in eliciting such responses.

A more ventral group along the posterior portion of
the superior temporal sulcus seems to be concerned
with the detection and analysis of biological motion.
Stimuli in these functional imaging experiments have
consisted of structured, moving-dot patterns37–39, com-
plex, intentional-movement patterns instantiated in
simple geometric shapes40, complex facial stimuli with
moving eyes and mouths (REF. 41; see also REF. 42 for
review), and movies of everyday social activities43. Like
the more dorsal area, this area might also be engaged
passively or unintentionally, independent of the
demands of the current task43. This area can be distin-
guished from adjacent areas (MT and MST) that seem
to be more concerned with non-biological motion37.
Recordings of single-unit activity in monkey superior
temporal sulcus, obtained while the monkey viewed
particular whole-body movements (such as walking),
revealed similar findings44.

So, the task-independent decreases in the posterior
lateral cortex seem to occur in areas that orient individ-
uals to salient novel31–33 or familiar36 stimuli, especially
when they contain animate and socially relevant com-
ponents. We posit that some degree of this activity is
continuous in the baseline or resting state. These areas
are distinguishable from adjacent areas in parietal lobe
that are concerned with shifts of attention and eye
movements during goal-directed behaviours. The latter
areas seem to be involved mainly in activities in which
subjects respond to visual targets at expected locations45.

The medial and lateral parietal cortices, which
participate in the task-independent decreases, also have
decreased activity in other settings. For example, under
several circumstances in which awareness of the environ-
ment is altered, the medial and lateral parietal areas that

Lateral Medial

Lateral Medial

Medial

a

b

c

Figure 3 | Parietal cortices and conscious awareness.
Under several circumstances in which conscious awareness of
the environment is altered, the medial and lateral parietal
cortices that show task-independent decreases (FIG. 1) seem
to be involved. These circumstances include a | sleep46, b |
general anaesthesia47 and c | recovery from coma associated
with the vegetative state48. In the case of sleep, the highlighted
areas are more active in wakefulness than in either slow-wave
or rapid-eye-movement sleep. With general anaesthesia, the
highlighted areas were selectively depressed. In the case of
recovery from the vegetative state, the yellow areas denote
regions that returned towards normal. The blue areas, however,
remained decreased in their activity after recovery. Images in a
reproduced with permission from REF. 46 © 2000 Blackwell
Science Ltd; image in b reproduced with permission from 
REF. 47 © 1999 Society for Neuroscience; images in c
reproduced with permission from REF. 48 © 1999 Journal of
Neurology, Neurosurgery & Psychiatry.

BRODMANN AREAS 

(BA). Korbinian Brodmann
(1868–1918) was an anatomist
who divided the cerebral cortex
into numbered subdivisions
based on cell arrangements,
types and staining properties
(for example, the dorsolateral
prefrontal cortex contains
subdivisions including BA 44,
BA 45, BA 47 and others).
Modern derivatives of his maps
are commonly used as the
reference system for discussion
of brain-imaging findings.

VEGETATIVE STATE 

A disorder of consciousness
wherein arousal, sleep–wake
cycles, ventilation and
autonomic control persist but
external awareness, including 
all cognitive function and
emotion, is abolished. It can
result from a variety of causes
including carbon monoxide
intoxication, cardio-respiratory
arrest, traumatic head injury 
and drug overdose.
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during goal-directed activities (FIG. 1). However, its activity
can sometimes be dissociated from decreases in ventral
medial prefrontal cortex61. On some occasions, this occurs
as the result of an increase above baseline in its activity. It
is instructive to examine the nature of these increases, as
they point to the possible functions of this area.

A recent report and review by Castelli and col-
leagues40 summarizes many of the functional imaging
experiments that have reported increases in activity in
dorsal medial prefrontal cortex (BA 8, 9 and 10) and the
adjacent paracingulate sulcus. The cognitive processes
that are covered fall into two general categories. The first
involves monitoring or reporting one’s own mental state,
such as self-generated thoughts62, intended speech63 and
emotions61,64–67. A second category of experiments that
engage this region involves attributing mental states to
others40,68. On the basis of these imaging results, the
Friths69 have postulated that dorsal “medial prefrontal
regions are concerned with explicit representations of
states of the self”, which we posit are attenuated during
(non-self-referential) goal-directed behaviour.

Similar mental activity arises spontaneously when
subjects are not actively engaged in goal-directed behav-
iour. This spontaneous kind of mental activity has been
referred to, for example, as “stimulus-independent
thoughts”or daydreams70,71,“task-unrelated imagery and
thought”72 and “free association”or “stream of conscious-
ness”73. A recent PET study62 has associated stimulus-
independent thoughts with activity in this dorsal medial
prefrontal area.We suggest that this spontaneous activity
does not simply represent ‘noise’22,74 but, as Ingvar first
proposed75,76, it might imply a continuous “simulation of
behaviour”,“an inner rehearsal”and “an optimization of
cognitive and behavioural serial programs” for the
individual’s future, which represents another feature of
continuous activity in the baseline or resting state.

So, functional imaging studies indicate that dorsal
medial prefrontal cortex is important for spontaneous
and task-related self-referential or introspectively ori-
ented mental activity. And, consequently, its dynamic
range encompasses both enhanced and attenuated
activity (FIG. 4).

Conclusions
Functional brain-imaging studies using PET have pro-
vided a means of identifying a physiological baseline
level of activity within the human brain. Knowledge of
the baseline is of great practical importance in interpret-
ing functional imaging studies with both PET and fMRI.
It also emphasizes the functional importance of the pas-
sive resting state. The frequently expressed concern that,
left unconstrained, brain activity would vary unpre-
dictably, does not apply to the passive resting state of the
human brain. Rather, it is intrinsically constrained by the
default functionality of the baseline or resting state.

Can we, at present, propose a unifying concept for
this default functionality of the baseline? Its functions are
spontaneous and virtually continuous, being attenuated
only when we engage in goal-directed actions. This is
consistent with the continuity of a stable, unified perspec-
tive of the organism relative to its environment (a ‘self ’).

orbital network is composed of cytoarchitectonically
discrete areas that receive a range of sensory informa-
tion from the body and the external environment49,50.
This information is relayed to the ventral medial pre-
frontal cortex through a complex set of interconnec-
tions. Areas within the ventral medial prefrontal cortex
are also heavily connected to limbic structures, such as
the amygdala, ventral striatum, hypothalamus, mid-
brain periaqueductal grey region and brainstem auto-
nomic nuclei49,51,52. Such anatomical relationships indi-
cate that these medial areas might mediate the
integration of the visceromotor aspects of emotion with
information gathered from the internal and external
environments.

Because these anatomical data implicate ventral
medial prefrontal cortex in aspects of emotional process-
ing, it has been suggested that decreases in this area dur-
ing focused attention might reflect a dynamic interplay
between continuous cognitive and emotional processes,
as shown in many functional imaging studies53–58. More
specifically, it has been proposed that, in humans, the
ventral medial prefrontal cortex might contribute to the
integration of emotional and cognitive processes by
incorporating emotional biasing signals or markers into
decision-making processes59. This has been suggested to
involve a continuous process of online monitoring of
associations between sensory information, responses and
outcomes under changing circumstances60.

Dorsal medial prefrontal cortex
The dorsal medial prefrontal cortex often decreases its
activity along with the ventral medial prefrontal cortex
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attention

Externally focused
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Figure 4 | Dynamic range of dorsal medial prefrontal
cortex activity. There is evidence for a dynamic functional
range in the dorsal medial prefrontal cortex (MPFC), which
encompasses increases in tasks that involve self-referential
mental activity40,61 or self-focused attention (left, arrow), and
decreases in tasks that involve externally focused attention
(right, arrow)13. The latter is consistent with the observation that
there is an attenuation of self-focused attention during goal-
directed behaviours. This indicates that there should be some
degree of self-referential mental activity engaging this region at
the baseline (middle, arrow). Recent functional imaging data
support this suggestion62.
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neuroscience. Important information regarding the
dynamics of neural activity during the resting state will
be of vital importance for understanding basic neuro-
physiological mechanisms that operate in the baseline.
This work will require both human and animal experi-
mentation involving the direct recording of neural
activity. Likewise, theoretical approaches to understand-
ing these baseline operations and their features (for
example, coherence, stability and the significance of
‘noise’) will probably provide guidelines for research at
all levels.

This unified perspective is generally under appreciated,
because it largely operates in the background, as do
many of the functions we review above. However, it is
crucial for normal human performance. Its importance
is most often recognized when it is impaired by diseases
of the brain such as stroke77 and Alzheimer’s disease78,79.

Future research in functional imaging should con-
sider the need to obtain information about the baseline.
Without it, experiments will harbour an unnecessary
degree of ambiguity. But the recognition of the baseline
or resting state challenges researchers at all levels of
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