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Why Do We Need

Psychopathology? From the Brain’s
Resting State to “Spatiotemporal
Psychopathology” of Depression

Georg Northoff

Neither the “brainless” psychiatry of the middle of the 20th century, nor the “mindless”
variety of the past 30 years should be taken to represent the most we can achieve. The future
should yield a synthesis. (Panksepp 2004, p 17)

11.1 Introduction

Neuroscience has made enormous progress in the
last 20-30 years on all levels ranging from the
genetic over the molecular to the regional and
network level of neural activity. This has also
affected psychiatry as in Biological Psychiatry.
Various psychiatric disorders including schizo-
phrenia, major depressive disorder (MDD), and
bipolar disorder (BP), as well as others like
addiction, personality disorders, etc. show
molecular, genetic, regional, and network abnor-
malities in the brain. However, despite all prog-
ress in Biological Psychiatry, we still fall short in
explaining the exact neuronal mechanisms of the
various psychopathological symptoms.
Specifically, Biological Psychiatry cannot yet
explain how the brain’s neuronal changes trans-
form into the mind’s alterations, the psycho-
pathological symptoms.

G. Northoff

Mind, Brain Imaging and Neuroethics Research Unit,
Institute of Mental Health Research, University of
Ottawa, Ottawa, Canada

Royal Ottawa Mental Health Centre, Ottawa, Canada
e-mail: Georg.Northoff @theroyal.ca

© Springer Nature Singapore Pte Ltd. 2018

Traditionally, the explanation and understand-
ing of psychopathological symptoms have been
the focus of psychopathology. Put in a nutshell,
psychopathology concerns the empirical and the-
oretical framework in which symptoms, behav-
ior, and experiences in psychiatric patients can be
described, categorized, and classified (Parnas
et al. 2008, 2013; Stanghellini 2009a, b;
Stanghellini and Broome 2014). Different empir-
ical and theoretical frameworks have been sug-
gested in past and present approaches to
psychopathology. However, how the different
approaches to psychopathology (see below for
details) are linked to the brain and its various
neuronal mechanisms remains unclear.

Taken all together, we are facing a divide
between Biological Psychiatry and
Psychopathology. The advocates of Biological
Psychiatry tend to claim that all we need is the
brain: the more we understand the brain and its
abnormal changes in psychiatric disorders, the
better we will understand and explain the psycho-
pathological symptoms. This makes psychopa-
thology as separate scientific  discipline
(Stanghellini and Broome 2014) meaning- and
senseless and thus superfluous. Conversely advo-
cates of psychopathology resist such interpreta-
tion. There is “more” to psychopathological
symptoms than just the brain, and this “more”
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consists in the central role of experience or con-
sciousness, i.e., the mind (Parnas et al. 2008, 2013;
Stanghellini 2009a, b; Stanghellini and Broome
2014). Taken in this view, Biological Psychiatry
remains as “mindless” as Psychopathology is
“brainless,” to pick up our initial quote.

How can we resolve the divide between brain
and mind/symptoms and thus Biological
Psychiatry and Psychopathology? The aim in this
paper is to show that a novel approach,
“Spatiotemporal Psychopathology,” can bridge
this divide by providing a “common currency”
between brain and symptoms—that “common
currency’ is supposed to consist in spatiotempo-
ral features that transform abnormal neuronal
activity in psychopathological symptoms.

11.2 Spatiotemporal
Psychopathology:
Determination
and Distinction

11.2.1 Psychological Approaches
to Psychopathology

Roughly, one may want to divide between psy-
chological and experiential approaches to psy-
chopathology. Psychological approaches focus
on specific psychological functions like cognitive
or affective-cognitive as in cognitive psychopa-
thology (David and Halligan 2000; Halligan and
David 2001) and affective psychopathology
(Panksepp 2004). With the development of neu-
roimaging, these approaches are now able to link
the objectified changes in cognitive and affective
functions onto the brain. However, such “map-
ping” of cognitive into neural functions leaves
open how and why abnormal changes in the
brain’s neural activity are transformed into psy-
chopathological symptoms.

How can more strongly link cognitive and
affective and cognitive functions to the brain and
its neuronal mechanisms? We would need to
unravel a yet unclear “common currency” that
allows to transform neuronal into psychological
activity. To be clear, I am not raising the question
which regions or networks in the brain are related

to cognitive functions. Such “cognitive-neural
mapping” has been well established in cognitive
neuroscience that showed how cognitive func-
tions like executive functions, attention, memory,
etc. are related to specific regions or networks in
the brain (Gazzaniga 2010). This and the respec-
tive changes in those regions and networks have
been well researched intensely over the last
10-20 years. Instead, I am raising the question
why and how the brain’s neuronal activity in
those regions and networks transforms into cog-
nitive (and affective functions) rather than
remaining merely neuronal (and non-cognitive).
What is needed is a “common currency”
between neural and cognitive functions—due to
such yet unclear “common currency” neural
activity translates into cognitive function basi-
cally by default. And it is this transformation or
translation that seems to be altered in psychiatric
disorders that can indeed be characterized by
numerous cognitive deficits (see, for instance,
Barch et al. 2016 in schizophrenia). I postulate
that the spatial and temporal features of the
brain’s spontaneous activity provide such “com-
mon currency”’—cognitive symptoms are spatio-
temporal symptoms for which reason I speak of
“Spatiotemporal Psychopathology.”

11.2.2 “Common Currency” Between
Brain and Cognition

We are confronted with a divide between the
brain on the one hand and cognition on the other.
Biological Psychiatry focuses on the brain while
leaving out the mind and its experience. While
psychological approaches to psychopathology
focus on cognitive functions and the relation of
their contents to the brain. Neither has yet pro-
vided a full-fledged explanation and understand-
ing of psychopathological symptoms though. We
are thus confronted with a divide between brain
and cognition.

Psychological approaches to psychopathology
focus on contents, i.e., cognitive, affective, sen-
sorimotor, and social contents and their related
functions. The cognitive, affective, sensorimotor,
and social contents are then “mapped” upon the
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brain and its various regions and networks—this
is where psychological approaches to psychopa-
thology converge with Biological Psychiatry.
This neglects one central dimension of the
contents though. The contents are organized
and structured in a particular way, and this
organization is mainly spatial and temporal.
Spatiotemporal Psychopathology as suggested
here focuses on the temporal and spatial organi-
zation of the contents rather than the nature of the
contents themselves, i.e., cognitive, affective,
sensorimotor, or social.

Spatiotemporal  Psychopathology aims to
unravel the spatiotemporal organization and struc-
ture within which the various kinds of contents are
embedded hence the name “Spatiotemporal
Psychopathology.” Alterations in cognition in psy-
chiatric disorders are consequently not related to
specific contents, i.e., cognitive, affective, etc.
Instead, abnormal cognition is related and traced
to abnormal spatial and temporal organization
within which the contents are embedded.

Let us give an empirical example. Duncan
et al. (2015) recently demonstrated that early
childhood traumatic experience is manifest in
adulthood in the spatiotemporal patterns of the
brain’s spontaneous activity (as indexed by
entropy) which, in turn, impacts subsequent
stimulus-induced activity in relation to aversive
stimuli. The early childhood traumata were thus
encoded in terms of spatiotemporal features, i.e.,
entropy, rather than in terms of specific contents
and cognitions. Sure, the very same spatiotempo-
ral pattern impacts the contents and their subse-
quent cognition—however, it is clear that the
latter has a spatiotemporal basis in the spatiotem-
poral features of the brain’s spontaneous activity.
Hence early childhood trauma is primarily a mat-
ter of spatiotemporal organization of the contents,
i.e., life events, rather than being directly related
one to one to the life event and its content itself.

Taken together, the spatiotemporal organiza-
tion of the brain’s spontaneous activity may pro-
vide the “currency” that translates directly into
the cognitive level with the cognition of contents.
Spatial and temporal features as manifest in both
the brain’s spontaneous activity and our cogni-
tion of contents may consequently provide the

“common currency” between brain and cogni-
tion. Changes in cognition as in psychiatric disor-
ders may then be traced to alterations in the
resting state’s spatial and temporal features. This
would link the psychological approaches to psy-
chopathology even more tightly to the brain
while, at the same time, providing a new view on
the brain and especially its resting state, a spatio-
temporal rather than cognitive view (Northoff
2014a).

11.2.3 Experiential Approaches
to Psychopathology

In contrast to psychological approaches to psycho-
pathology, experiential approaches focus on the
subject’s experience, i.e., subjective experience, of
self, world, and body rather than on objectified
cognitive and affective functions. The hallmark
experiential approach is Phenomenological
Psychopathology which takes the subject’s experi-
ence of self, body, and world and thus the structure
of its consciousness as explanatory framework for
psychopathological symptoms (Jaspers 1963;
Fuchs 2007, 2013; Northoff 2015b; Parnas et al.
2008, 2013; Stanghellini 2009a, b; Stanghellini
and Broome 2014).

Siblings of Phenomenological Psychopathology
include existential psychopathological that focuses
on the existence as the deeper layer underlying
experience and the hermeneutical psychopathol-
ogy that emphasizes the meaning of symptoms in
a wider biographical and environmental context
(Stanghellini 2009a, b). Despite the difference in
focus or emphasis, the overall explanatory frame-
work in all three approaches consists in experience
or consciousness for which I reason I subsume
under the “experiential approaches” to
psychopathology.

Phenomenological Psychiatry takes experi-
ence or consciousness itself as starting point and
focuses on exploring first-person experiences in
detail (Parnas et al. 2008, 2012; Stanghellini
2009a, b). Specifically, the focus is on the first-
person experience of time and space as well as
body, self, and world. The brain, in contrast,
nowhere surfaces in experience in particular, and

194
195
196
197
198
199
200
201
202
203

204
205

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238



239
240
241
242
243
244
245
246
247
248
249
250
251
252

253
254

255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

[AUBT2
273
274
275
276
277
278
279
280
281
282
283

G. Northoff

phenomenology in general, since it cannot be
accessed in experience in first-person perspective
but only in observation as in third-person per-
spective. The brain is thus excluded in experience
of the own self, body, and world including time
and space in particular and phenomenology in
general. Such exclusion of the brain in experi-
ence or consciousness occurs by default, e.g., on
methodological grounds, since the brain cannot
be accessed in experience in first-person perspec-
tive. Importantly, this leaves the link to the brain
open and renders the experiential approaches to
psychopathology ultimately as “brainless” (as
picking up our initial quote).

11.2.4 “Common Currency” Between
Brain and Experience

How can we close the gap between experience
and the brain? Closing this gap is central for psy-
chiatry since we need to understand the processes
that transform abnormal neuronal into phenome-
nal states which psychiatric patients experience
in first-person perspective. How can we appre-
hend these transformative processes, e.g.,
neuronal-phenomenal transformation? For that
we may want to search for a shared overlap or
“common currency” between neuronal and phe-
nomenal states that drives the transformation of
the former into the latter.

The shared overlap or common currency
between neuronal and phenomenal states, e.g.,
brain and experience, may consist in spatiotem-
poral features. On the side of the brain, it is the
spontaneous activity (rather than its stimulus-
induced or task-evoked activity) that may be
central in providing or constituting such spatio-
temporal structure (see below for details). The
brain’s spontaneous activity shows certain spatio-
temporal features, a particular spatial and tempo-
ral structure in its neural activity that surfaces in
and is transformed into phenomenal state, e.g.,
experience (see Northoff 2014a for many
examples). One would consequently expect a
common, similar, or analogous spatiotemporal
structure between the brain’s spontaneous activ-
ity and the phenomenal features of experience.

Such common, similar, or analogous spatio-
temporal structure between brain and experience
amounts to what I describe as “spatiotemporal
correspondence.” The concept of spatiotemporal
correspondence means that the brain’s spontane-
ous activity and the phenomenal features of expe-
rience show corresponding or analogous spatial
and temporal features: the spatial and temporal
configuration or structure of the neural activity in
the brain’s spontaneous activity surface in the
spatial and temporal features within which the
contents of experience (like specific objects or
events including body, self, and world) are inte-
grated and thus structured and organized.

For instance, a recent study of ours demon-
strated that private self-consciousness is directly
related to the temporal patterns of spontaneous or
resting state activity across different frequency
ranges (as indexed by what is described as “power
law”) (Huang et al. 2016). This suggests that
mental features like self may be rooted in spatio-
temporal features of the brain’s spontaneous
activity. The self as mental feature may then be
characterized in spatiotemporal terms, that is, by
specific spatiotemporal schemata or structure
rather than by cognition of particular contents
(see Fig. 11.1).

Psychopathological symptoms: Abnormal
temporal and spatial structure

¢ Spatiotemporal
' organisation
Subject’s experience of time and

space

¢ Spatiotemporal
correspondence

¢ Spatiotemporal
continuity

Fig.11.1 Differentlevelsin Spatiotemporal Psychopathology
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Unlike Biological Psychiatry that focuses on
the brain itself independent of its respective eco-
logical context, Phenomenological Psychiatry
emphasizes the integration of experience includ-
ing the subject of experience within the ecologi-
cal context of the world. There is continuity
between experience and world with such continu-
ity often assumed to be mediated by the body,
e.g., experience of the body as lived body (see,
for instance, Northoff and Stanghellini 2016).
Such continuity between subject and world is
deemed central for making experience including
the first-person perspective itself first and fore-
most possible.

11.3 Spatiotemporal
Psychopathology:
Depression and Bipolar
Disorder

11.3.1 Spatiotemporal

Psychopathology: Bipolar

Disorder and Neuronal

Variability

How about spatiotemporal changes in the resting
state in bipolar disorder (BP)? Several resting
state investigations observed changes in func-
tional connectivity in the default mode network in
bipolar disorder though the phases, i.e., depressed,
euthymic, and manic, are rarely specified (see
Martino et al. 2016a). Going beyond functional
connectivity, we investigated neuronal variability
in different resting state network in manic, euthy-
mic, and depressed phases of BP as well as healthy
subjects. Neuronal variability is measured by the
root means square of the amplitude; in that it
reflects the change in the amplitude over time and
the degree to which these changes vary over time.
Taken in this sense, neuronal variability can be
considered a measure of the temporal structure
and, more specifically, the temporal dynamics of
the ongoing spontaneous activity.

We focused on neuronal variability (SD) in the
main neural networks, default mode network
(DMN), central executive network (CEN),
salience network (SN), and sensorimotor net-

work (SMN) (Martino et al. 2016b). Depressed
BP patients showed significantly decreased SD in
the sensorimotor network, while their SD was
significantly increased in the DMN. The other
neural networks like SN and CEN did not show
any SD changes. We then calculated the ratio or
balance between DMN SD and SMN SD; this
was tilted significantly toward the DMN SD at
the expense of the SMN SD.

What does this mean? Neuronal variability
may be linked to the initiation of internally
directed cognition in DMN and movements/
actions in SMN. The more often the neuronal
variability change surpasses a certain threshold,
the more often the respective regions internally,
i.e., by itself independent of external stimuli, initi-
ate either cognition or action. Let us be more spe-
cifically regionally. The DMN has been associated
with internally directed cognition as in spontane-
ous cognition and mind wandering (Kristoff et al.
2016; Smallwood and Schooler 2015). If now
neuronal variability is abnormally high in the
DMN, there is a higher likelihood that spontane-
ous thoughts will be initiated. This is exactly what
one can observe in depressed BP where the
patients suffer from increased spontaneous
thought which are described as rumination.

How about the SMN? In that case, neuronal
variability may be related to the spontaneous or
internal initiation of movements and actions. If
now neuronal variability in SMN is decreased,
one would expect decreased internal initiation of
movements and actions. This, again, is exactly
what can be observed in depressed BP where
patients often suffer from psychomotor retarda-
tion. Most interestingly, it seems that the balance
between DMN SD and SMN SD is central since
the balance correlated significantly positively
with depressive symptoms (as measured with
Hamilton depression scale): the more the SD bal-
ance was shifted toward the DMN at the expense
of the SMN, the more and stronger depressive
symptoms.

The reverse could be observed in the manic
phase. Here SD was significantly lower in the
DMN and abnormally high in the SMN; the
balance between DMN SD and SMN SD is
consequently tilted toward the SMN at the
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expense of the DMN. This is symptomatically
manifest in increased internal initiation of move-
ment/action as it is reflected in the well-known
psychomotor agitation in mania. In contrast,
internally directed cognition like spontaneous
thought are no longer initiated internally as
much—this is reflected in the fact that many
manic patients say “that they do not think much
or not at all” in the manic episode.

11.3.2 Spatiotemporal
Psychopathology:
From Neuronal Variability
to Cognition and Experience

What do these findings tell us about the nature of
psychopathological symptoms? There is still
internal initiation of movements as related to
SMN and internally directed cognition, i.e.,
spontaneous thought as based on DMN. However,
the neuronal mechanism potentially underlying
such internal initiation, i.e., neuronal variability,
is expressed to an abnormal degree. It is either
too high or too low which leads to either increased
or decreased internal initiation of the respective
function. That very same neuronal mechanism is
temporal, i.e., SD, and spatial, i.e., in different
networks like DMN and SMN, and can therefore
be considered “spatiotemporal mechanism” as I

say (see Fig. 11.2).
Ruminations, somatic

- SHTERSS

Abnormal Spatiotemporal
disbalance and structure

Internal focus:

Default mode network

Sensorimotor network

Fig. 11.2 Network disbalance and abnormal spatiotem-
poral structure in depression

Let me be more precise. The function, i.e.,
internal initiation of movements/action and inter-
nally directed cognition, is still intact by itself—
the bipolar patients are still able to internally
initiate them. This distinguishes psychiatric
patients from neurological patients. In the latter,
the region itself is lesioned which makes impos-
sible the internal initiation of, for instance, move-
ment and action as in Parkinson’s disease.
However, the function of internal initiation of
movement/action and internally directed cogni-
tion is expressed in an abnormally high or low
way due to some spatial and temporal
abnormalities in the brain’s spontaneous activity,
i.e., SD in SMN and DMN. The resulting abnor-
malities in movement/action and internally
directed cognition, i.e., the psychopathological
symptoms, are thus based on and can be traced to
spatiotemporal changes in the brain’s spontane-
ous activity. Rather than being primarily motor,
as in Parkinson’s disease, the psychomotor
changes in mania and depression are thus spatio-
temporal at their very basis.

The same holds analogously for internally
guided cognition. Unlike in neurological lesion
patients, the bipolar patients can still initiate inter-
nally directed cognition like spontaneous thought.
However, that very same internal initiation is tem-
porally disorganized by the abnormal high neuro-
nal variability in DMN in depression and the low
SD in DMN in mania. The cognitive symptoms
like rumination (or decreased thought) are conse-
quently not primarily cognitive but rather spatio-
temporal as they are related to spatiotemporal
changes in the brain’s spontaneous activity.

Taken together, the example of BP nicely
demonstrates that cognitive and motor symptoms
in both depression and mania are not related to
primary dysfunction in either cognitive or motor
functions. Instead, the basic function, i.e., cogni-
tive or motor, is preserved by itself but abnor-
mally organized in spatial and temporal terms.
Therefore, the symptoms are spatiotemporal
rather than cognitive and motor. What is described
as cognitive in Cognitive Psychopathology is
based on and can be traced spatiotemporal abnor-
malities in the brain’s spontaneous activity and
thus Spatiotemporal Psychopathology.
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The same holds for experience and
Phenomenological Psychopathology. Depressed
patients often experience their “inner time,” i.e.,
the time of their own self, as extremely slow
which, when taken as reference, lets them per-
ceive the “outer time,” i.e., the time in the envi-
ronment, as extremely fast (Fuchs 2014; Northoff
et al. 2017). We measured neuronal variability in
the neural network underlying “inner time,” i.e.,
the somatosensory network (SS), and the one
related to “outer time,” i.e., primary sensory
regions like visual cortex (VS). This yielded
decreased SD in the SS and increased SD.

How are these findings related to the experience
or perception of time? Neuronal variability indi-
cates change in neural activity, and the more change
there is, the faster the time. Decreased SD in SS
thus indicates slower “inner time,” while increased
SD in VC reflects faster “outer time”—this corre-
sponds exactly to the experience of time depressed
patients report (Northoff et al. 2017 for details).
The opposite SD pattern with increased SD in SS
and decreased SD in VC was observed in manic
patients—this corresponds well to their experience
of faster “inner time” and slower “outer time.”

Taken together, these findings indicate how a
temporal measure like neuronal variability is
translated into experience or perception, i.e., the
experience of the speed of time. Hence, experi-
ence of the speed of time may be traced to and be
based on a corresponding neuronal measure that
indicates the speed of the brain’s time, i.e., neuro-
nal variability. Hence, the change in the brain’s
time speed, i.e., its neuronal time as indexed by
neuronal variability, is transformed into corre-
sponding experience or perception, i.e., the expe-
rience of the speed of time. Experience of time
and experience in general is thus spatiotemporal
by itself and thereby based on the spatiotemporal
features of the brain’s spontaneous activity.
Experiential approaches like Phenomenological
Psychopathology are thus ultimately based on
and can be traced to spatiotemporal features and
hence Spatiotemporal Psychopathology.

Conclusion
How can we bridge the divide between brain
and cognition and hence between Biological

Psychiatry and Cognitive Psychopathology? I
demonstrated how cognitive changes like
rumination in depression and decreased cogni-
tion in mania are related to abnormal expres-
sion of spatial and temporal mechanisms of the
brain’s spontaneous activity. Hence, I postulate
that what is described as abnormal cognition in
Cognitive Psychopathology is based on and
can be traced to abnormal spatial and temporal
organization of cognitive functions—this
entails what I describe as “Spatiotemporal
Psychopathology.” Accordingly, I postulate
that the spontaneous activity’s spatial and tem-
poral features provide the bridge between
brain and cognition. Therefore, Spatiotemporal
Psychopathology provides the bridge between
Biological Psychiatry on the one hand and
Cognitive Psychopathology on the other.

How about the divide between brain
and experience and hence between Biological
Psychiatry and Phenomenological Psychopat
hology? I showed how the abnormal experi-
ence of time in depression and mania may be
based on abnormal temporal features like neu-
ronal variability in the brain’s spontaneous
activity. Experience is thus based on spatio-
temporal features—the spatiotemporal fea-
tures of the brain’s spontaneous activity
transform into experience which thereby can
be characterized as spatiotemporal. Hence, the
spontaneous activity’s spatiotemporal struc-
ture allows linking brain and experience and
can therefore bridge the divide between
Biological Psychiatry and Phenomenological
Psychopathology.

The initial question and title in this paper
is: Why do we need psychopathology? We
need psychopathology to bridge the gap
between brain and cognition as well as the one
between brain and experience. This does not
only provide common link between biologi-
cal, cognitive, and experiential forms of psy-
chopathology but also a novel, i.e.,
spatiotemporal, understanding of both brain
and symptoms. I postulate that Spatiotemporal
Psychopathology as sketched here provides
exactly that form of psychopathology that
allows us to understand the brain and how its
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neural activity transforms into cognition and
experience and subsequently the kind of
symptoms we observe in our patients.
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