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order to get a grip on the mind and its vari-
ous mental features in the same way that 
we can understand the brain only when 
considering some of mind’s mental and psy-
chological features including psychological 
mechanisms.

While there is much dialog and fruitful 
exchange between neuroscience and psy-
chology the methodological framework for 
such convergence remains less clear. One 
of the main obstacles in linking brain and 
psyche consists in his inability to locate 
psychodynamic mechanisms in specific 
regions or networks of the brain. Psycho-
logical contents self, defense mechanisms, 
memory, unconscious, etc. refer to certain 
psychological mechanisms that are literally 
dynamic by their very nature. This contrasts 
with their localization in specific regions or 
networks of the brain, that are by definition 
well defined and hence static rather than 
dynamic. This amounts to a discrepancy 
between (psychological) mechanisms and 
(neuronal) region which methodologically 
can be described by region- versus mecha-
nism-based approach.

The brain can now be visualized in novel ways 
given the recent emergence of functional im-
aging techniques like functional magnetic 
resonance imaging. This revives old question 
from neuroscience and neurology that have 
focused on localizing mental states and their 
contents in particular regions or networks 
of the brain. Alternative to such localization, 
a holistic view of brain function where the 
whole brain participates in processing men-
tal contents has been suggested. Therefore, I 
here discuss the alternative between localiza-
tion and holism. In addition, the brain has 
often been considered to be mere reflex ap-
paratus thus reacting merely mechanical to 
extrinsic stimuli – neural activity is conse-
quently purely extrinsic. This has been chal-
lenged by the recent discovery of intrinsic 
that is internally generated neural activity in 
the brain. Therefore, I here contrast extrinsic 
and intrinsic view of the brain and, at the 
end, I draw an analogy between the philoso-
pher’s Immanuel Kant’s view of the mind and 
an intrinsic view of the brain.
Key words: Brain - Holistic health - Psychology.

There has been growing development at 
the interface between neuroscience and 

philosophy which target brain and mind 
thus entailing some kind of dualism. There 
is a rising sense that the dualism between 
mind and brain needs to be overcome in 
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How can we define the concepts of re-
gion- versus mechanism-based approach? 
A region-based approach aims to associ-
ate a particular psychological content with 
the neuronal activity in a particular region 
(like the subgenual cingulate) or network 
(like dMN). Such region-based approach 
may be contrasted by a mechanism-based 
approach that focuses more on linking psy-
chological contents to particular neuronal 
mechanisms, as it is, for instance, memories 
are linked to the hippocampus.

Are region- and mechanism-based ap-
proach opposite and mutually exclusive? 
No, they must be regarded rather as com-
plementary and as extremes on a contin-
uum. Ideally, one may want to combine. 
The concept of dynamic localization that 
relies on the Russian psychologist AR. Lu-
ria opened an initial conceptual bridge be-
tween both approaches. How though we 
really practice rather than merely postulat-
ing such combination of region- and mech-
anism-based approaches? For that we may 
want to go briefly back into the history of 
neuroscience and plunge into the debate of 
localizationism versus holism.

The question for localizationism versus 
holism is closely related of the view of the 
brain. The brain is often viewed are pure 
mechanical device that possesses no in-
trinsic activity that is internally generated 
neural activity but only neural activity gen-
erated by external stimuli that is, extrinsic 
activity. This is not true, however, given past 
and recent findings of strong evidence for 
intrinsic activity in the brain. I consequently 
discuss in the second part of my paper the 
difference between what I describe as in-
trinsic versus extrinsic views of the brain as 
second major topic in any future behavioral 
neurology and neuropsychiatry.

Neurohistorical remark Ia: 
“Localizationism” in past and 

present neuroscience

One of the main methodological ap-
proaches in neuroscience at the beginning 
of the twentieth century was the investiga-

tion of patients with brain lesions. These 
patients could reveal how their higher-
order cognitive functions like conscious-
ness, memory, attention, learning, and so 
on, were affected by lesions in particular 
regions.

This was the way that early neurologist 
Paul Broca found out about a specific re-
gion in the brain being in charge of com-
prehending language — the Broca region. 
He observed that patients with a lesion in 
the left lateral prefrontal cortex showed ma-
jor deficits in uttering words and language, 
a so-called “aphasia”. From his clinical ob-
servations Broca inferred that this region 
must be in charge of producing words, thus 
localizing language in the Broca area, as it 
is called these days.

Observation of patients with lesions and 
their corresponding mental disturbances has 
since been a major tool of insight into the 
function of the brain. From the exact locali-
zation of the lesion and the corresponding 
mental disturbances, one may infer which 
region in the brain mediates the respectively 
underlying higher-order cognitive function. 
Many other higher-order cognitive func-
tions, including consciousness and self, are 
currently investigated in this way in neuro-
logical patients who suffer from specifically 
localized lesions in the brain.1 This entails 
what I describe as a “localization-based ap-
proach” to the brain.

The concept of the “localization-based ap-
proach” can be defined in two ways. First, it 
implies the neuropsychological assumption 
that a particular function can be related to 
the neural activity in a specific brain region, 
meaning that the former can be localized 
precisely in the latter. This is a neuronal (or 
better, neuropsychological) meaning of the 
concept of “localization-based approach” 
that pertains to a hypothesis about how the 
brain’s regions are related to psychological 
functions.

In addition to such neuropsychological 
meaning, the concept of the “localization-
based approach” can also refer to an inves-
tigator’s particular methodological strategy 
for approaching the brain. The brain here is 
approached in terms of regions rather than 



Vol. 55 - No. 1 MINERVA PSICHIATRICA 3

LOCALIzATION veRsUs HOLISM ANd INTRINSIC veRsUs ExTRINSIC VIEWS OF THE BRAIN NORTHOFF

Neurohistorical remark Ib: holism 
in past and present neuroscience

However, nothing in the science of the 
brain goes without the opposite suggestion. 
A strictly localization-based approach was 
put into doubt early on by another neu-
rologist, Hughlin Jackson, who suggested 
a more complex and systematic neural or-
ganization with multiple interdependencies 
between different regions. This paved the 
way for a more holistic view of brain func-
tion, one that relates higher-order cognitive 
functions to the neural operations in the 
whole brain and its multiple regions.

Interestingly, Sigmund Freud, the founder 
of psychoanalysis, who initially was a neu-
roanatomist, also rejected a localization-
based approach to the brain. His reason was 
that more complex psychological disorders, 
like hysteria or depression, could not be 
confined to alterations in specific brain re-
gions. He instead regarded these disorders 
as more complex systems disorders where 
the organization of the “psychic apparatus,” 
as he called it, is abnormal, which is mani-
fested throughout the whole brain and its 
different regions. One may therefore con-
sider Freud a forerunner of a more holistic 
view of brain function.4, 5

Later, neuroscientist Karl Lashley 6 ob-
served in his postmortem dissections that 
the extent of a brain lesion predicts the de-
gree to which higher-order cognitive func-
tions and mental states are disturbed. This 
let him develop what he called the “Law 
of equipotentiality” and the “Law of mass 
action”. Both laws describe the distribution 
of neural processing across the whole brain 
during higher-order cognitive functions like 
consciousness and memory. different re-
gions were proposed to contribute equally 
to the generation of complex functions that 
therefore must be considered the result of 
“mass action” in the brain. This means that 
higher-order cognitive functions like memo-
ry and consciousness were proposed to re-
sult from the neural processing throughout 
the whole brain, rather than being localized 
in particular regions or modules within the 
brain.

in terms of, say, processes or codes (see In-
troduction for such code-based approach to 
the brain). The methodological approach 
to the brain in terms of regions is not re-
stricted to the investigation of patients with 
local brain lesions. It may also extend to 
the healthy subjects, such as, for instance, 
those investigated in functional magnetic 
resonance imaging (fMRI). The use of tech-
niques like fMRI is indeed guided by the 
search for the localization of particular func-
tions in specific regions of the brain, which 
it therefore approaches in terms of regions 
(as distinguished from processes or codes).

Finally, the search for localization of high-
er-order cognitive functions in patients with 
brain lesions and functional brain imaging 
converges with the assumption of modules 
in cognitive psychology. Cognitive psychol-
ogy proposed specific functional unities 
that are in charge of processing and operat-
ing such specific cognitive content as atten-
tional content, working memory content, 
conscious content, self-specific content, and 
so on. When cognitive psychology entered 
neuroscience and they were amalgamated 
into “cognitive neuroscience,” the concept 
of modules was combined with the concept 
of localization in the brain.2

What were described as “modules” in 
cognitive psychology could then be eas-
ily transferred to the brain and more spe-
cifically to particular brain regions and their 
connections. Hence, the localization-based 
view of brain function seems to be intimate-
ly coupled with the module-based view of 
psychological functioning. This resulted in 
the assumption of the localization of spe-
cific cognitive modules in particular regions 
(or networks of regions) in the brain.

This is still the implicit or explicit presup-
position in current neuroscience and espe-
cially in cognitive neuroscience,3 which is 
often extended to the more recent branches 
of affective and social neuroscience: “I take 
the modular organization of many brain 
systems as a well-established fact, and dis-
cuss only how far fMRI can go in reveal-
ing the neuronal mechanisms of behavior 
by mapping different systems modules and 
their dynamic interrelationships”.3
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Finally, the holistic view of the brain also 
surfaces in the current debate about con-
sciousness in neuroscience. A global work-
space of neural activity and information 
spread are often proposed as central in con-
stituting consciousness; since such a global 
workspace allows for global extension and 
distribution, it implies the involvement of 
different regions and networks throughout 
the whole brain.9

Neurohistorical remark Ic: 
problems of localizationism 

in present neuroscience

What is the standing of such a holistic 
view of brain function these days? The in-
troduction of functional brain imaging has 
shifted the pendulum back again toward 
the localization-based view with the as-
signment of specific regions or networks to 
particular functions like attention, working 
memory, and so on.2

In addition to the various regions and 
neural networks supposedly serving specif-
ic psychological functions, a network par-
ticularly involved in mediating resting-state 
activity, the default-mode network (dMN), 
has been distinguished in regional and 
connectional terms. The dMN seems often 
(though implicitly) to be regarded as the 
module for the resting state that therefore 
stands side by side with other networks that 
function as modules for specific functions 
such as, for instance, executive functions or 
salience.10

However, recent imaging studies shed 
some doubt on the proclaimed localization 
of specific psychological regions in particu-
lar regions or neural networks. The various 
regions of the dMN, like the anterior and 
posterior cingulate cortex and the medial 
prefrontal and parietal cortex, are supposed 
to serve psychological and mental activity, 
specifically in the resting state. The same 
regions are also recruited during a variety 
of psychological tasks or functions, includ-
ing contextual association, navigation and 
spatial processing, episodic memory, deci-
sion making, execution errors, self-relat-

Analogous observations were made by 
Russian neuropsychologist A. R. Lurija.7 
Based on his lesion patients, he suggested 
that one region in the brain can be involved 
in various higher-order cognitive functions. 
Conversely, he proposed that higher-order 
cognitive functions are mediated not only 
by one or two regions but by various re-
gions in the brain. Most important, the 
same higher-order cognitive function may 
even recruit different regions in different 
instances, depending on the respective psy-
chological and neuronal contexts. There is 
thus what Lurija described as “dynamic lo-
calization”. This led Lurija to formulate his 
hypothesis of functional systems as the op-
erating systems of the brain that describe 
the actual constellation of different regions 
that mediate a particular function:

“According to this view a function is, in 
fact, a functional system […] directed to-
wards the performance of a particular bi-
ological task and consisted of a group of 
interconnected acts that produce the corre-
sponding biological effect. The most signifi-
cant feature of a functional system is that, 
as a rule, it is based on a complex dynamic 
“constellation” of connections, situated at 
different levels of the nervous system, that 
in the performance of the adaptive task, 
may be changed with the task itself may be 
unchanged”.7

How about holism in the neuroscience of 
our days? The earlier-described metabolic 
approach to the brain by Shulman 2 presup-
poses a more holistic approach to the brain. 
By considering the global metabolic-ener-
getic supply and distribution to the brain 
as a whole as central for any subsequent 
neural activity, a holistic, and thus global, 
component is introduced.

Such a more-holistic view is also promot-
ed in parts of functional brain imaging that 
focus much more on neural networks span-
ning across different regions rather than 
on single regions. This is especially appar-
ent in the functional brain imaging of the 
resting-state activity.8, 9 However, as we will 
see further down, even the characterization 
of the brain by different networks may still 
presuppose too localizationism.
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and holism? My aim in the following discus-
sion is to show how both are very compat-
ible and complementary, rather than being 
contradictory. And it this complementarity 
which may be essential for understanding 
how the brain’s neuronal mechanisms are 
linked to and, even stronger, make neces-
sary the kind of psychodynamic mecha-
nisms so well described in the various con-
tributions in this book.

Neurotheoretical remark Ia: 
localization and sparseness

While the association of a specific region 
or network with a specific psychological 
function must be considered doubtful, the 
data nevertheless show that only a certain 
set of regions is recruited during the various 
tasks or functions. Multiple functions seem 
to recruit the same set of regions or net-
work entailing a many/multiple-to-one/few 
relationship between functions and regions. 
The function-region relationship thus seems 
to obey the rules of sparseness, with sparse 
representation of the multiple functions in a 
few regions/networks of the brain. I conse-
quently hypothesize sparseness rather than 
localization to operate and determine the 
function–region relationship.

More specifically, I propose that what is 
considered localization of a particular func-
tion in a specific region reflects the sparse 
number of actually activated regions when 
compared to the total number of regions 
that could possibly be recruited. The fact 
that the other regions are not activated does 
not mean, however, that they do not partici-
pate in generating the function in question.

The inactive regions may nevertheless 
have an important role in that their baseline 
— that is, resting-state activity — may serve 
to generate and amplify neural differences 
(presupposing difference-based coding on 
a regional level 8). These neural differences 
may in turn allow the brain to condense 
and sparsen neural activity in one or a few 
subsequent regions, yielding those regions 
that we observe to be activated. According-
ly, sparse coding on a regional level seems 

ed processing, mind-reading, emotional 
processing, and social interaction.11-13

This sheds some doubt on the regional 
or network specificity of the dMN; more 
specifically, on its specific association with 
particular psychological functions during 
either resting-state activity or stimulus-in-
duced activity. Conversely, these observa-
tions also argue against region-specific (or 
network-specific) localization of the vari-
ous functions themselves, which seem to 
recruit more or less the same regions and 
networks.

This situation with the recruitment of 
the same regions and network by different 
functions is not peculiar to the dMN. The 
same pattern can be observed in the case 
of another neural network that includes the 
bilateral anterior insula, the dorsal anterior 
cingulate cortex, and the thalamus as its 
core regions (these regions are also sub-
sumed under what is described as the “sali-
ence network” 10). These regions are active 
during functions as diverse as interoceptive 
awareness,14, 15 empathy,16 anticipation of 
emotions,17 and aversion.18 The list of re-
gions that are recruited by different func-
tions can easily be extended.

In sum, the observation of the same re-
gion and network mediating a variety of 
different functions sheds some doubt upon 
the localization-based approach and its at-
tempts to establish a specific one-to-one 
relationship between regions/networks and 
functions.

does this mean that we have to revert 
to a more holistic view of the brain and 
its different regions? Based on their data, 
some neuroscientists — doing either lesion-
based studies 1 or functional imaging using 
electroencephalography (EEG);19 positron 
emission tomography (PET);2 or functional 
magnetic resonance imaging (fMRI);20 — 
do indeed advocate a more holistic view of 
brain function. This is further corroborated 
by neuroanatomy, which considers single 
regions as hubs or nodes within the neural 
network of the whole brain rather than as 
centers or modules by themselves.21, 22

Where does this leave us? do we have to 
follow the swings between localizationism 
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does such sparseness on the neuronal 
level may correspond to sparseness on the 
psychic level such that repression may be 
the result of prior sparsening of psychic en-
ergy and resources? This question has both 
methodological and empirical-conceptual 
implications. Methodologically, if so, psy-
chological mechanisms and contents may 
help us in guiding and understanding how 
the brain organizes and structures its own 
neuronal activity such that it results in the 
kinds of regions and networks we observe 
as the very output of prior and preceding 
processes like sparsening that hitherto re-
main largely unknown.

While empirical-conceptually, we may 
then assume close if not intrinsic and nec-
essary rather than merely extrinsic and 
contingent linkage between neuronal and 
psychological mechanisms: the latter do 
not simply supervene upon the former in 
a contingent way but are instead are al-
ready predisposed in a necessary way by 
the brain’s structuring and organizing of its 
neuronal activity by neuronal mechanisms 
like sparsening that operate across differ-
ent regions and networks. The shift from 
regions and networks to neuronal mecha-
nisms like sparsening that may potentially 
underlie the activity distribution into differ-
ent regions and networks may then provide 
a true that is intrinsic link between psyche 
and brain.

Neurotheoretical remark Ib: 
distinction between “activated” 

and “active” regions

How can such sparsening of neuronal ac-
tivity be realized and implemented? Briefly, I 
propose that the activation of a specific re-
gion yields from the computing and com-
paring of neural differences stemming from 
other regions (see Northoff a for details of 
such difference-based coding 8). These re-
gions, which serve to yield and amplify neu-
ral differences, may by themselves either be 
activated or non-activated. This means that 
even non-activated or non-recruited regions 
participate in generating neural differences. 

to be nicely compatible with the proposed 
localization of particular functions in spe-
cific regions.

How does the assumption of such sparse 
coding stand in relation to the localization 
approach? To equate sparse coding with 
localization is to confuse the underlying 
processes and their resulting outcomes. The 
localization-based approach focuses on the 
outcome while neglecting the process itself; 
that is, how the apparent localization of a 
function in a particular region is generated. 
Instead of considering the process of gener-
ating regional localization, the localization-
based approach takes the localization of a 
particular function in a specific region for 
granted. And it considers the psychological 
function to be intrinsic or innate to the re-
gion itself without further questioning the 
underlying processes how that function is 
generated by the region’s neural activity.

Such a localization-based approach is, 
however, to be distinguished from the ap-
proach sparseness-based approach takes to 
the question of localization. Here the focus 
shifts from the outcome, the observation 
of a regional localization, to the processes; 
that is, the rules and principles that generate 
what we observe and propose as the spe-
cific linkage between function and region. 
This means that the psychodynamic mecha-
nisms in question like repression or ego is 
necessarily implied by the specific neuronal 
mechanism that characterizes a particular 
region (like subgenual) or network (like 
dMN) in its relationship to others.

More specifically, one can then no longer 
say that the psychodynamic mechanism is 
localized in the respective region or net-
work. Instead, the observed region or net-
work is just a convergence of that region’s/
network’s relationship to others as reflected 
in the postulated neuronal mechanism that 
operates across the boundaries of differ-
ent regions and networks. What is needed 
would then be the investigation of the neu-
ronal mechanisms by means of which neu-
ronal mechanism neuronal activity across 
the different regions and networks becomes 
focused and crystallized and thus sparsedin 
the subgenual cingulate.
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with both “activated” and “active” regions/
networks as distinguished from “non-acti-
vated” and “non-active” ones. Accordingly, 
the regions/networks remaining silent in 
response to our task, that is, “non-activat-
ed,” may nevertheless be “active” (rather 
than “non-active”) and may therefore have 
an important role in processing the func-
tion in question (Figure 1; see also Hayes 
et al.23 for an example of where the density 
of GABA-A receptors [PET] in ventromedial 
prefrontal cortex, a non-activated region 
during an aversive task, modulates the de-
gree of signal changes [fMRI] in an activated 
region, the sensorimotor cortex; see also 
Gonzales-Castillo et al.24 for the support of 
active but non-activated regions).

In sum, one may well propose localiza-
tion of neural activity in specific “activated” 
regions/networks during particular func-
tion. This, as demonstrated, is the outcome 
of the processes guiding sparse coding on 
a regional level. However, to infer from 
such localization (or better, condensation) 
of neural activity to the localization of the 
function in question in that particular re-
gion/network is to confuse outcome and 
processes. The function in question must 
also be associated with regions (and net-
works) other than the “activated” ones like 
those that I here described as “active”; that 
is, actively involved in amplifying neural 
differences.

Neurotheoretical remark Ic: 
complementarity between 
holism and localizationism

We are confronted with two apparently 
contradicting observations. On one hand, 
many regions, and ultimately, the whole 
brain, seem to be implicated in the neural 
processing of various psychological func-
tions (see earlier). This suggests holism 
holds true on a psychological level. On the 
other hand, there is regional sparseness in 
that different psychological functions seem 
to recruit similar but at least strongly over-
lapping regions and networks. This obser-
vation, however, contradicts holism and 

Conceptually, one may therefore want to 
distinguish between “activated” and “active” 
regions. “Activated regions” are those re-
gions that show neural activity changes in 
response to the task we apply. We as observ-
ers propose these regions to be recruited by 
the function in question and are consequent-
ly inclined to localize the latter in the former.

This, however, neglects what I describe 
as “active regions” that do not show chang-
es in their activity level in response to the 
task. These regions may nevertheless par-
ticipate in generating the neural activity 
changes of the activated regions, more spe-
cifically in generating and amplifying neu-
ral differences (what can be described as 
an “amplification hypothesis”; see Northoff 
2013a). They are thus “active” but not “acti-
vated”. This, however, makes localization of 
the function in the activated regions impos-
sible, since that would neglect the role of 
the active regions in generating the neural 
activity changes in the activated region.

The generation and amplification of 
neural differences is coupled to the con-
densation of neural activity (what can be 
described as a “condensation hypothesis”; 
Northoff 2013a). Rather than each of the 
original lower order sensory regions’ acti-
vating a separate higher order cognitive re-
gion, the former’s neural activity converges 
in one common region, to which we then 
attribute localization. This, however, is a 
false-negative inference that focuses only 
on the outcome of localization in the high-
er-order cognitive region, while neglecting 
its underlying processes in which lower-or-
der sensory regions participate.

More specifically, the outcome of sparse 
coding does indeed pertain to one particu-
lar region, the “activated” region or network 
as distinguished from all “non-activated” re-
gions/networks. However, the underlying 
process involves “active” regions/networks 
(as distinguished from non-active regions/
networks) that are essential in yielding and 
amplifying neural differences.

This means that the function in question 
cannot be localized exclusively and com-
pletely in the “activated” region/network it-
self. Instead, the function may be associated 
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point correspondence of cells to a condi-
tion of absolute non-specificity. Not only is 
there diversity in the modes of action of dif-
ferent parts of the cortex but a single area, 
highly specialized and differentiated for 
one activity may be wholly undifferentiated 
for another in which it also participates. We 
have not a choice between a theory of lo-
calization and a theory of decentralization, 
but must develop a wider view which rec-
ognizes the importance and interdepend-
ence of both modes of integration”.6

I hypothesize that we need to set the alter-
native of localizationism versus holism into 
the context of sparse coding and difference-
based coding in order to reconcile both. 
There is holism on the process level that is, 
on the level of neuronal mechanisms that 
operate across regions and networks. As de-
scribed earlier, even presumably silent, that 
is, “non-activated” but “active”, regions/net-

would rather be compatible with localiza-
tionism holding true on a neuronal level.

How can we reconcile the contradictory 
assumptions of localizationism on the neuro-
nal level and holism on the psychological lev-
el? The need to reconcile localizationism and 
holism was already recognized by K. Lashley, 
as is apparent in the following passage:

“The chief advantage of the strict theories 
of localization has been their definiteness 
and comprehensibility. Those of us who 
have felt the inadequacy of such theories 
have had to fall back upon expressions like 
mass action, stress patterns, dynamic ef-
fects, melodies of movement, vigilance or 
nervous energy; all metaphorical and high-
ly unproductive of experimental problems. 
Yet the facts demand something of this sort. 
The evidence seems conclusive that in vari-
ous cortical functions there is every degree 
of specialization from a limited point-to-

Figure 1.—Complementarity between holism and localizationism. Black: Activated/recruited regions; Gray: Non-acti-
vated but active regions participating in yielding neural differences; White: Non-activated and non-active regions. The 
figure depicts the different stages of neural processing. The stimulus is encoded into the sensory cortex’s neural activ-
ity a sparse way; i.e., as based on its natural statistics as its statistical frequency distribution across different discrete 
points in time and space. This is possible only if we presuppose difference, rather than stimulus-based coding (upper 
part). Even if regions are not activated or recruited by themselves, they may still participate in constituting neural dif-
ferences; they are thus “non-activated” but nevertheless active. The initial neural differences in primary sensory cortex 
are supposed to be amplified (“amplification hypothesis”) in subsequent regions, entailing holistic distribution of the 
initial neural activity changes across different regions of the brain; i.e., holism (middle part). That in turn makes pos-
sible the condensation of neural differences (“condensation hypothesis”) in a few subsequent regions that then do 
show up as “activated” regions (lower part). These different stages of neural processing across the different regions of 
the brain are well reflected in changing ratios between “activated” (or recruited) regions, “non-activated” but “active” 
regions, and “non-activated and non-active” regions.
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calization of neuronal activity in particular 
regions or networks is just the outcome or 
final result of a long chain of yet unclear 
neuronal processes and mechanisms like 
spatial and temporal sparsening that oper-
ate across different regions and networks.

How does that stand in relation to men-
tal and psychological mechanisms? Psycho-
logical mechanisms like repression refer to 
processes in the mind by means of which 
a particular outcome or result is achieved, 
the disappearance of a particular psycho-
logical or mental content. The disappear-
ance of a mental or psychological content 
as the outcome or final result of an underly-
ing psychological mechanisms corresponds 
conceptually on the neuronal side to the 
localization of neural activity in a particular 
region or network that, analogously, is the 
outcome or final result of equally complex 
underlying neuronal mechanisms (like tem-
poral and spatial sparsening).

Accordingly, to now locate a psychologi-
cal contentsin the neural activity of a par-
ticular region or network is to confuse a 
particular mechanism (like sparsening on 
the neuronal level) with its outcome or re-
sult (like the disappearance of a particular 
content or the activity of a specific region 
or network).

In the same way we distinguish between 
the car ride itself and the city we arrive at 
the end of our 12 hour car ride, we need 
to distinguish between mechanisms as the 
ride that lead to a certain outcome from the 
actual outcome itself. Only if we link mech-
anism to mechanism and outcome to out-
come in our attempt to bridge the gap be-
tween psyche and brain, we will be able to 
understand why and how our brain and its 
resting state and stimulus-induced activity 
that signify yet unknown neuronal mecha-
nisms are so intimately that is, intrinsically 
and necessary rather than extrinsically and 
contingently, linked to psychological con-
tents and mechanisms. One may then want 
to speak of neuropsychological mecha-
nisms rather than either psychological or 
neuronal mechanisms.

Finally, the difference between region- 
and mechanism-based approaches will 

works are nevertheless actively participating 
in generating and amplifying neural differ-
ences, thus allowing for difference-based 
coding. Such difference-based coding is in 
turn central in condensing and thus sparsen-
ing neural activity in a particular region, the 
“activated” or recruited region, as the mani-
festation of sparse coding on a regional level.

Many regions, if not (indirectly via the 
constitution of differences) the whole brain, 
actively participate in constituting neural 
differences. One may consequently propose 
holism on the level of neuronal processes, 
whereas the very same neuronal processes, 
operating throughout different regions, al-
low and, even stronger, predispose the tem-
poral and spatial sparsening of subsequent 
neural activity changes in a few highly lo-
calized regions as their outcome. The out-
come, that is, the changes in the neural ac-
tivity in a few localized regions, may thus 
be more localized when compared to the 
rather holistically operating processes.

What does this entail for the relationship 
between localizationism and holism? This 
means that the concepts of localizationism 
and holism are not opposite and contradic-
tory to each other but rather mutually de-
pendent on each other: As there would be 
no outcome without a preceding process, 
localizationism would remain impossible 
without holism. Even stronger, the more 
holistically processes that allow for the am-
plification of neural differences throughout 
the whole brain make a more localized out-
come, that is, spatial and temporal sparsen-
ing of neural activity and the number of 
“activated” regions, almost necessary. Ac-
cordingly, localizationism and holism are 
bound together as tightly as process and 
outcome; they remain consequently as in-
separable and complementary as yin and 
yang in the Chinese tradition.

Neurotheoreticla remark Id: 
mechanisms with mechanisms 
and outcomes with outcomes

What does this now imply for the rela-
tionship between mind and brain? The lo-
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stem, is not primarily driven by extrinsic 
stimuli from the outside of the brain. In-
stead, the spinal cord and the brain stem 
show spontaneous activity originating in-
trinsically, or within themselves. Other sub-
sequent neuroscientists like Karl Lashley, 
Kurt Goldstein, and Wolfgang Koehler fol-
lowed Brown’s line of thought and support-
ed the hypothesis of intrinsic activity. This is 
called the “intrinsic view” of the brain (see 
lower part in Figure 2).

The assumption of intrinsic activity gen-
erated inside the brain itself has major im-
plications for how we conceive stimulus-
induced activity. What we as observers 
describe as stimulus-induced activity, and 
usually associate with the stimulus itself, 
must then be regarded as the hybrid re-
sult of a specific interaction between the 
brain’s intrinsic activity and the extrinsic 
stimulus. Stimulus-induced activity and 
any neural activity in the brain must be 
traced back to a double input that origi-
nates in both the brain’s intrinsic activity 
and the body and the environment’s ex-
trinsic stimuli.

View of the brain Ib: intrinsic 
versus extrinsic view of the 

brain – Present findings

What does current research tell us about 
the brain? The dichotomy between intrinsic 
and extrinsic views of the brain is still as 
controversial. It has especially resurfaced in 
functional brain imaging. Let’s start with the 
extrinsic view. Many levels of neuroscience, 
ranging from cellular to regional to behav-
ioral levels of the brain, rely on experimen-
tal application of specific stimuli and tasks 
to probe neural activity. By comparing dif-
ferent stimuli and tasks, the resulting differ-
ences in neural activity are associated with 
the respective stimuli or tasks. This means 
that the experimental requirements may 
predispose and pull us toward an extrin-
sic view. The extrinsic view has been most 
predominant in behaviourism. Behaviorism 
is the characterization of mental states by 
mere input-output, e.g., stimulus-response 

then no longer appear as contradictory but 
complementary entailing the crystallization 
of neural activity in particular regions or 
networks. This will further tighten the link 
between psyche and brain in such way that 
in 20-30 years we will hopefully ask our-
selves why we ever considered it even a 
problem to link neuronal and psychological 
mechanism in very much the same way we 
nowadays do not see any problem in the 
fact that the 12 hour car ride lead us to the 
city of our dreams.

View of the brain Ia: intrinsic 
versus extrinsic view of the brain – 

History of neuroscience

So far we have discussed how the brain 
and its various regions and networks are re-
lated to the different functions it generates. 
This leaves open how the brain operates 
and processes the various kinds of inputs 
it receives from the body and the environ-
ment. Any empirical characterization of the 
brain as a whole must, therefore, ask ques-
tions about the brain’s mode of operation. 
What is the brain and how does it oper-
ate? This was the subject of controversial 
discussion at the beginning of the twentieth 
century. One view, favored by the British 
neurologist Sir Charles Sherrington (1857-
1952), proposed the brain and the spinal 
cord as primarily reflexive.

Reflexive describes that the brain reacts in 
predefined and automatic ways to stimuli. 
This means that the stimuli from the outside 
of the brain, originating extrinsically in ei-
ther the body or environment, are proposed 
to determine completely and exclusively 
the subsequent neural activity. The resulting 
stimulus-induced activity, and more gener-
ally any neural activity, in the brain can thus 
be traced back to the extrinsic stimuli. This 
is what I describe as the “extrinsic view” of 
the brain (see upper part in Figure 2).

An alternative view, however, was sug-
gested by one of Sherrington’s students, 
Thomas Graham Brown. In contrast to his 
teacher, he suggested that the brain’s activ-
ity, that is, in the spinal cord and the brain 
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terior and posterior cortical midline struc-
tures, as well as the bilateral posterior pari-
etal cortex. The high degree of metabolism 
is indicative of continuously ongoing high 
levels of neural activity even in the absence 
of (specific) extrinsic stimuli — that is, in 
the resting state of the dMN.

However, other regions outside the dMN 
also show spontaneous neural activity in-
dependent of any extrinsic stimuli. This 
has been, for instance, demonstrated in the 
auditory and visual cortices, the thalamus, 
the hippocampus, the olfactory cortex, the 
cortical midline regions, the prefrontal cor-
tex, the motor cortex, and other subcortical 

relations, which finds its continuation in 
contemporary cognitive neuroscience.

However, the extrinsic view of the brain 
has most recently been challenged again on 
several grounds. Even in the resting state, 
that is, in the absence of any kind of par-
ticular extrinsic stimuli from either the body 
or the environment, the brain shows a high 
degree of metabolic consumption, for in-
stance, about 20% of the body’s overall en-
ergy budget (and oxygen fraction).

Using functional imaging, this high me-
tabolism has been observed especially in a 
particular set of regions, the default-mode 
network (dMN), which includes various an-

Figure 2.—Extrinsic versus intrinsic view of the brain. This figure illustrates different views of the brain, extrinsic (A) 
and intrinsic (B). A) In the extrinsic view of the brain, the neural activity in the brain is exclusively related to the 
external stimulus as here indicated on the left by the cover of a textbook on neurophilosophy. This in turn induces 
what is called stimulus-induced activity as indicated on the right. That means that the brain itself does not make an 
active contribution to the neural activity the stimulus generates inside the brain and, metaphorically speaking, has no 
say in what happens in the brain; B) in the intrinsic view of the brain, the stimulus-induced activity is considered to 
result from an interaction between the effects of the stimuli in the brain and the intrinsic activity as contributed by 
the brain itself. This means that the brain provides an active contribution to the resulting stimulus-induced activity, 
namely its own intrinsic activity and how it can interact with the stimulus. Hence, metaphorically speaking, the brain 
has a strong say in what happens in the brain as induced by the stimulus.
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either body or environment may then be 
regarded as the result of prior modulation 
of the brain’s intrinsic activity by the extrin-
sic stimulus.

View of the brain IIa: intrinsic 
activity – Purpose of the 
brain’s intrinsic activity

What does the brain do with this huge 
amount of energy in the resting state? The 
brain uses part of this intrinsic energy to 
process extrinsic stimuli. To do this, it 
spends only a tiny fraction, around 2-10%, 
of its total energy budget. What happens 
to the rest? We do not know yet. One may 
consider the brain’s high resting state ac-
tivity as mere noise in the background of 
stimulus-induced activity. The resting state 
activity may then be regarded just as a bad 
side effect of the stimulus-induced activity, 
which is the main focus of the brain. But 
why then does the brain waste so much en-
ergy and effort for mere noise?

The brain invests the largest part of its 
energy into its resting state activity. Why is 
the resting state activity so important for 
the brain and apparently “much more” than 
mere noise? The resting state activity may 
be the “tool” by means of which the brain 
can affect the stimulus and how it is proc-
essed in the brain. This means that there 
must be some kind of interaction between 
the brain’s resting state activity and the 
stimulus — this is called rest-stimulus in-
teraction.

Rest-stimulus interaction describes the 
brain’s resting state activity as affecting and 
ingraining itself upon the neural activity 
changes induced by the extrinsic stimuli 
the brain encounters from the environment. 
Recent studies demonstrated that this is in-
deed the case when the resting state activity 
level in the visual cortex predicts the subse-
quent stimulus-induced activity and its as-
sociated behavioural and mental states.

despite the major advances in recent 
neuroscience, many issues about the brain’s 
resting state activity remain unresolved these 
days. What is clear though is that we need a 

regions like the brain stem and the mid-
brain. The metabolic and neuronal signs of 
intrinsic activity are further complemented 
by behavioral evidence. Such behavioral 
evidence can for instance be observed by 
what is described as seeking: seeking refers 
to the continuous search for reward in the 
environment even in the absence of extrin-
sic stimuli. As a result, seeking reflects con-
tinuous behavioral activation, e.g., arousal.

View of the brain Ic: intrinsic 
versus extrinsic view of the 

brain – Interaction

Which view holds — the intrinsic or the 
extrinsic one? Rather than cashing out one 
view at the expense of the other, the brain 
itself may force us to go beyond and to rec-
oncile both views. Any given neural activity 
in the brain may be proposed to result from 
the interaction between the brain’s intrinsic 
activity and the extrinsic stimuli from either 
the body, e.g., interoceptive stimuli, or the 
environment, e.g., exteroceptive stimuli.

Why? Even in an apparent resting state 
like sleep, the seemingly intrinsic activity of 
the brain is nevertheless exposed to contin-
uous extrinsic, e.g., intero- and exterocep-
tive input from the body and the environ-
ment. For instance, the continuous action 
of heart sends interoceptive stimuli to the 
brain as do the continuous tactile, auditory, 
olfactory, and gustatory stimuli from the en-
vironment during sleep. Conversely, any ex-
trinsic stimulus first encounters the brain’s 
intrinsic activity before it can be processed 
at all and consecutively associated with 
sensorimotor, affective, cognitive, and so-
cial functions, as well as their respective 
neural systems in the brain. Hence, there is 
no pure intrinsic activity, just as there is no 
pure extrinsic activity in the brain.

Therefore, rather than opposing intrinsic 
and extrinsic views, we may need to inves-
tigate how intrinsic activity and extrinsic 
stimuli interact with each other in order to 
understand the brain’s neural activity. The 
neural activity we observe in the brain in 
response to specific extrinsic stimuli from 
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this, we may need to develop an intrinsic-
extrinsic interaction model with regard to 
the brain.

View of the brain IIb: intrinsic activity  
Kant’s mind and the brain’s 

intrinsic activity

In order to develop an intrinsic-extrinsic 
interaction model, we may want to venture 
on a brief excursion in the history of phi-
losophy. The French philosopher Rene des-
cartes assumed mental properties intrinsic 
to the mind to be distinct from the physi-
cal features of body and brain. The Scottish 
philosopher david Hume, who opposed 
such intrinsic mental properties, disagreed. 
Instead, Hume advocated an extrinsic view 
of the mind, believing that mental activity 
can be entirely traced back to the extrinsic 
features of stimuli in the world.

His German successor, Immanuel Kant 
(1998), combined both intrinsic and extrin-
sic views of the mind: he claimed that con-
sciousness and self must be considered a 
hybrid of processes resulting from an inter-
action between the mind’s intrinsic features, 
and the world’s extrinsic stimuli. In order to 
reveal the nature of such intrinsic-extrinsic 
interactions, Kant attributed various fac-
ulties (i.e., intrinsic features) to the mind, 
primarily described in his Critique of Pure 
Reason.25

The mind’s intrinsic features included 
unity of consciousness, self as “I think”, and 
various templates of spatiotemporal con-
tinuity (which were subsumed under the 
umbrella term “categories”). According to 
Kant, the mind uses its intrinsic features to 
structure and organise the effects of extrin-
sic stimuli. This, in turn, allows the latter to 
become associated with consciousness, self, 
and spatiotemporal continuity. Hence, con-
sciousness, self, and spatiotemporal conti-
nuity are based on the interaction between 
the mind’s intrinsic features and the envi-
ronment’s extrinsic stimuli.

How is Kant’s view of the mind and its 
intrinsic features related to the brain’s in-
trinsic activity? Kant characterized the mind 

view of the brain different from the extrinsic 
and cognitive view as tacitly presupposed 
in current cognitive neuroscience. Cognitive 
neuroscience focuses almost exclusively on 
stimulus-induced or task-related activity. 
Since the respective stimuli or tasks come 
outside the brain, their related neural activi-
ties may be described as extrinsic.

This contrasts with the resting state ac-
tivity that originates from the inside of the 
brain and may therefore be designated as 
intrinsic. A shift in focus from stimulus-in-
duced to resting state activity consequently 
entails a shift from an extrinsic to an in-
trinsic view of the brain. Interestingly, the 
quest for an intrinsic view of the brain is not 
specific to our time, but surfaced in neuro-
science at the beginning of the 20th century. 
The implications of the intrinsic view of the 
brain in understanding the mind remain 
unclear at this point, and are currently hot 
research topics in neuroscience. The em-
pirical details of the brain’s intrinsic activity 
and its functional implications will therefore 
be discussed in the subsequent sections on 
consciousness and the self.

How does the intrinsic resting state activ-
ity of the brain interact with the extrinsic 
stimuli from the outside world? The rel-
evance of such rest-stimulus interaction is 
supported by recent findings that show that 
the level of prestimulus resting-state activ-
ity predicts the neural, phenomenal, and 
behavioural effects of subsequent stimuli. 
What remains unclear, however, are the 
exact neuronal features of the resting state 
itself that make such rest-stimulus interac-
tion possible. These neuronal features must 
be intrinsic to the resting state itself, while 
at the same time they must also be able to 
create the tendency (i.e., neural predisposi-
tion) to associate stimulus-induced activity 
with consciousness and self.

Hence, in order to better understand ob-
servations during rest-stimulus interaction, 
we may need to achieve a better under-
standing of the resting state’s intrinsic fea-
tures. Additionally, we must learn how they 
predispose rest-stimulus interaction in such 
a way that the stimulus becomes associated 
with consciousness and self. In order to do 
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What are the features of the resting state 
that predispose consciousness? Besides “I 
think”, Kant considered “unity” (i.e., tran-
scendental unity) to be an intrinsic feature 
of the mind. Following Kant, one may as-
sume a particular, but currently unknown, 
unity of neuronal activity in the resting 
state to predispose consciousness. Relying 
on Kant, the British neuroscientist Semir 
zeki,26 assumes such unity to be pre-pro-
grammed and central in the neural consti-
tution of visual consciousness. Following 
Kant, such unity must be described as neu-
rotranscendental, as it must be predisposed 
by the resting state itself and its specific but 
unknown spatiotemporal organization. This 
in turn may, for instance, make the bind-
ing and grouping of different stimuli in 
consciousness as discussed in the binding 
problem possible.

What can we learn about the brain from 
Kant’s mind? Future work may want to ex-
plore the exact neural mechanisms underly-
ing different forms of rest-stimulus interac-
tion. This, however, is possible only if we 
achieve a better understanding of the neu-
ronal mechanisms underlying the brain’s in-
trinsic activity, its resting state. In order to 
achieve that, we may draw on Kant’s insights 
about the mind’s intrinsic features such as “I 
think” and unity. This may allow us to bet-
ter understand how the brain’s resting state 
activity is structured and organized. And, 
most importantly, how that predisposes cer-
tain kinds of rest-stimulus interaction and, 
as Kant might say, consciousness and self.
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