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6.1 introduction

Psychiatric disorders have been regarded as disorders of genes, cells, brain
regions and networks, experience, emotion, cognition, mind, or/and social
environment throughout history. Each of these factors has been investi-
gated extensively in recent years, providing evidence for alterations in
basically all levels in disorders like schizophrenia and major depressive
disorder (Northoff and Sibille 2014). Moreover, the debate about the
nosological classification of psychiatric disorders has flared up intensely
in recent years. Clinically, more entity-based classification systems like the
DSM have been challenged by novel approaches that are more dimension-
based. Such dimension-based approaches may apply to the neuronal level
of the brain, exemplified by the Research Domain Criteria project (RDoC)
(Insel and Cuthbert 2015) and the psychological/cognitive level, exempli-
fied by various cognitive ontology (CO) projects (Bilder et al. 2009, 2013,
Poldrack et al. 2011).

Despite the fact that these different classifications operate on differ-
ent levels – i.e., neuronal, cognitive, personality, etc. – they nevertheless
share an allegiance to a dimensionally-based approach. Moreover, they
all assume (either implicitly or explicitly) that their respective starting
point – i.e., neuronal, cognitive, personality – can be extended to and
applied to different levels: this may operate in a bottom-up manner, as
in RDoC, from genes and neural circuits to cognitive symptoms and/or
personality changes. Or, alternatively, one may proceed, as in CO and
the Hierarchical Taxonomy of Psychopathology (HiTOP) in a top-down
manner from changes in personality and cognition to the brain and even
to the genes.
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Crucial to making progress is gaining a better understanding of the
link between the brain’s neuronal activity changes and the various psycho-
pathological or mental symptoms. Despite extensive research, the exact
neural basis and mechanisms underlying psychopathological symptoms
(like anhedonia as distinguished from, for instance, major depressive
disorder and schizophrenia) remain open. For instance, CO assumes that
psychopathological symptoms are cognitive and affective symptoms which
can be mapped upon the brain’s regions and networks with respective
cognitive and affective functions (Bilder et al. 2009, 2013, Poldrack et al.
2011). Apart from such mapping, the underlying mechanisms of how the
brain’s neuronal activity is transformed into cognitive process remains
unclear.

6.2 cognitive ontology (co) – brain, mind, and

psychiatric disorders

CO makes certain presuppositions about brain, mind, and psychiatric
disorders which, to a certain degree, remain implicit or tacit. Though we
are not able to go into full detail, we here want to shed a brief light on these
presuppositions.

CO considers the brain in mainly cognitive terms. The concept of
cognitive is here to be understood in a wide sense as referring to all mental
processes in a broad sense – including motivation and emotion (Poldrack
et al. 2011, footnote 1 on p. 1). The term cognitive taken in this wide sense
includes various cognitive (as taken in a narrow sense) functions like
attention, working memory, central executive functions, etc., as well as
affective or emotional functions.

These cognitive and emotional/affective functions are supposed to be
mapped onto the brain and even the genes (see, for instance, Figure 4, p. 8 in
Poldrack et al. 2011 as well as Poldrack et al. 2011, p. 10). The explicit goal of the
cognitive ontology project is to provide a clear conceptual framework for
cognitive and emotional/affective functions, a “cognitive atlas,” which then
can bemapped onto corresponding regions or networks in the brain (Poldrack
et al. 2011). For instance, the central executive network in the brain comprises
the lateral prefrontal and parietal cortex which are involved in cognitive
functions like working memory and goal orientation (Power et al. 2018).
Though the focus of CO is not on the level of the brain itself, neural activity
in different regions and/or networks is supposed to correspond to the various
cognitive constructs included in the cognitive atlas. In other words, for the
cognitive ontology project, the brain is a cognitive organ of the mind.
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How about the mind? The wide definition of cognitive in terms of all
mental processes already makes clear that CO considers the mind in
cognitive and affective/emotional terms. The mind is characterized by
mental (or cognitive) processes which cannot be directly observed and
thus conceived as “latent unobservable constructs” (Poldrack et al. 2011,
p. 3) that are defined operationally. This leads us to the distinction between
mental processes and mental tasks: mental tasks are experimental tools
that can be used to test specific mental processes that operate on or
transform mental representations or other, i.e., non-representational forms
of mental constructions (Poldrack et al. 2011, p. 3). However, one also needs
to consider that one and the same “process” may be operationalized and
thus tested in different ways; this makes it necessary to consider both the
mental process in question and the experimental measures of said mental
process (Poldrack et al. 2011).

The concept of mental representation is thus taken in a loose sense here
referring to a “mental entity that stands in some relation to a physical
entity or some other mental entity (in that abstract representation)”
(Poldrack et al. 2011, p. 3). Note that the concept of mental in both mental
processes and representation is ultimately meant in a cognitive or affective/
emotional way. Hence, one can speak of cognitive and affective processes
and representations.

CO aims to develop a cognitive atlas of the mind’s cognitive organiza-
tion. Different mental processes can be tested experimentally by corres-
ponding mental tasks (i.e., operational definitions/measures). Each mental
process supposedly represents a specific mental entity in the atlas. Within
the atlas, mental concepts are related to other concepts in a variety of ways.
For instance, mental concept A may be identical with another mental
concept B, or A could be part of B (mereological relation), or B could
result from transformation of A, or A may be the cause of B (Poldrack et al.
2011, p. 5); these are conceptual relations which indicate the logical-
conceptual relationships between different mental concepts. How well
these conceptual-logical relationships correspond to really existing rela-
tions (i.e., empirically confirmable mental or cognitive relationships),
remains unclear.

Finally, CO carries major implications for psychiatric disorders. CO
aims to provide a “standard ontology for mental function” (Poldrack
et al. 2011, p. 10). Such “standard ontology” can, as explicitly stated by
the authors, be applied to mental dysfunctions in psychiatric disorders
(Bilder et al. 2009, 2013, Hastings et al. 2014, Poldrack et al. 2011). The
application of CO to mental dysfunction in psychiatric disorders converges
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nicely with the development of “cognitive psychopathology” (Halligan and
David 2001).

Following traditional psychology and especially cognitive psychology,
cognitive psychopathology (CPP) aims to characterize psychopathological
symptoms in terms of normal cognitive functions such as working memory
and executive function; thereby, CPP will rely on the conceptual frame-
work of cognitive organization developed and provided by CO. Hence,
despite their different starting points from either the healthy mind (i.e.,
CO) or the disordered (i.e., CPP) both CO and CPP consider psychopatho-
logical symptoms and psychiatric disorders in general as cognitive (in a
wide sense). Finally, CO and CPP also share the ultimate aim of extending
beyond the mental or cognitive realm by mapping the mind’s cognitive
organization (or disorganization) to brain circuits and to lower levels
including cellular, molecular, and genetic levels. (See Bilder et al. 2009,
2013, Hastings et al. 2014, Figure 4 in Poldrack et al. 2011.)

6.3 spatiotemporal structure – brain and mind

How about the recent empirical data about brain, mind, and psychiatric
disorders? Do they hold up to the presuppositions of CO? Let us start with
the brain.

The brain’s neural activity can be characterized by task-evoked activity
(Morcom and Fletcher 2007) which is related to extrinsic tasks and stimuli
as, for instance, mental (i.e., cognitive or affective) tasks as described in
CO. The traditional model is that the tasks or stimuli themselves are
sufficient for the amplitude as measured in task-evoked activity. This is
also called an extrinsic model of brain activity (Northoff 2012, 2014a, 2014b,
2018, Raichle 2009, 2015). However, in addition to task-evoked activity, the
brain’s neural activity can also be characterized by spontaneous or intrinsic
activity which remains independent of specific stimuli or tasks (Logothetis
et al. 2009, Northoff 2014a). The role of the brain’s spontaneous activity is
not yet fully clear.

Recent data show that the spontaneous activity strongly shapes and
determines task-evoked activity. For instance, the functional connectivity
between different regions during spontaneous activity strongly predicts the
pattern during task-evoked activity (Cole et al. 2014, 2016). Task-evoked
activity, featured by its amplitude, may primarily increase relative to the
ongoing spontaneous activity and its spatiotemporal pattern. The central role
of the brain’s spontaneous activity is further supported by various studies
showing that spontaneous activity – i.e., resting-state activity – predicts
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task-related mental and behavioral features. (See, for instance, Huang et al.
2016, Ferri et al. 2017.) Since the data suggest a strong molding and shaping of
task-evoked activity and related behavioral effects by the spontaneous or
intrinsic activity, one can also speak of an “intrinsic model” of the brain
activity (Northoff 2012, 2014a, 2014b, 2018, Raichle 2009, 2015).

The assumption of an intrinsic model of brain activity shifts the focus
from the brain’s task-evoked activity to its spontaneous activity. Recent
data show that the spontaneous activity has elaborate spatiotemporal
structure as documented in its functional connectivity and network pattern
(Cole et al. 2014, 2016, Power et al. 2018) as well as by its various frequencies
and the scale-free organization of its power spectrum (He et al. 2010, He
2014, Northoff and Huang 2017). Moreover, the brain’s activity as a whole –
that is, across its various regions and networks – seems to be centralized.
Such holistic (rather than localized) neural activity can be measured in
fMRI by what is called the “global signal” which may not just reflect
noise or artifacts in the fMRI signal (Power et al. 2015, 2017), but meaning-
ful neuronal activity (specifically, the infraslow frequency domain
(0.01–0.1Hz)) (Liu et al. 2018, Schölvinck et al. 2010).

How about the mind and its mental processes? Consciousness is con-
sidered one, if not the hallmark, feature of the mind. Consciousness, put
briefly, refers to the subjective experience of oneself, one’s own body, and
of the environment or world (Northoff 2014b, Northoff and Huang 2017).
(See below for more details about the concept of experience.) If CO is right
to assume that mental processes are cognitive processes (see above), one
would expect consciousness and self, as prototypical features of mind, to be
sufficiently accounted for by cognitive functions like attention or working
memory.

However, empirical data strongly suggests that this is not the case.
Empirical studies demonstrated that consciousness (in the sense of a basic
experience) cannot be equated with cognitive functions such as working
memory or attention (Northoff 2014a, 2014b, 2018). Moreover, focusing
only on cognitive functions might even confound those neural mechan-
isms and correlates specifically associated with consciousness (as experi-
ence). Some authors even suggest research should use “no-report
paradigms” rather than “report paradigms” (Tsuchiya et al. 2015). By no-
report paradigms they mean using various non-verbal indicators of con-
scious experience rather than introspective reports of experience.

The characterization of consciousness and self as distinct from cognitive
function and processes is further supported by neuronal data. Studies on
altered states of consciousness such as loss of consciousness in sleep,
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anesthesia, or coma have demonstrated changes in spontaneous activity’s
spatiotemporal structure (i.e., its functional connectivity), its power spec-
trum, and scale-free activity (Huang et al. 2018, Tagliazucchi et al. 2013,
2016, Zhang et al. 2018), and its global signal (Huang et al. 2016). Moreover,
studies using the construct of the self show strong overlap between
self-related activity and resting-state activity (D’Argembeau et al. 2005,
Davey et al. 2016, Qin and Northoff 2011, Whitfield-Gabrilie et al. 2011).
More importantly, the spontaneous activity’s spatiotemporal structure
predicts the degree of subjectively experienced self-relatedness, i.e., self-
consciousness or sense of self (Bai et al. 2016, Huang et al. 2016, Wolff
et al. 2019).

6.4 conclusion

Taken together, these neuronal findings strongly suggest that mental
features like consciousness and self are rooted in the brain’s spontaneous
activity and its overall spatiotemporal structure rather than the brain’s
cognitive functions. Most importantly, they support the assumption that
the mind, as featured by consciousness and self, cannot be sufficiently and
exhaustingly characterized by cognitive functions or processes even if
taken in the broad sense as advocated for in the cognitive ontology project.

references

Bai Y, Nakao T, Xu J, Qin P, Chaves P, Heinzel A, Duncan N, Lane T, Yen NS, Tsai
SY, Northoff G. (2016) ‘Resting state glutamate predicts elevated pre-stimulus
alpha during self-relatedness: A combined EEG-MRS study on “rest-self
overlap”.’ Society for Neuroscience. 11(3):249–63.

Bilder RM, Sabb FW, Parker DS, Kalar D, Chu WW, Fox J, Freimer NB, Poldrack
RA. (2009) ‘Cognitive ontologies for neuropsychiatric phenomics research.’
Cognitive Neuropsychiatry. 14(4–5):419–50.

Bilder RM, Howe AG, Sabb FW. (2013) ‘Multilevel models from biology
to psychology: Mission impossible?’ Journal of Abnormal Psychology.
122(3):917–27.

Cole MW, Bassett DS, Power JD, Braver TS, Petersen SE. (2014) ‘Intrinsic and task-
evoked network architectures of the human brain.’ Neuron. 83(1):238–51.

Cole MW, Ito T, Bassett DS, Schultz DH. (2016) ‘Activity flow over resting-
state networks shapes cognitive task activations.’ Nature Neuroscience.
19(12):1718–26.

D’Argembeau A, Collette F, Van der Linden M, Laureys S, Del Fiore G, Degueldre
C, Luxen A, Salmon E. (2005) ‘Self-referential reflective activity and its
relationship with rest: A PET study.’ NeuroImage. 25(2):616–24.

Brain and Mind in Psychiatry? 83

Georg Northoff, University of Ottawa, Canada

www.cambridge.org/9781108485197
www.cambridge.org


Cambridge University Press
978-1-108-48519-7 — Levels of Analysis in Psychopathology
Edited by Kenneth S. Kendler , Josef Parnas , Peter Zachar 
More Information

www.cambridge.org© Cambridge University Press

Davey CG, Pujol J, Harrison BJ. (2016) ‘Mapping the self in the brain’s default
mode network.’ NeuroImage. 132:390–97.

Ferri F, Nikolova YS, Perrucci MG, Costantini M, Ferretti A, Gatta V, Huang Z,
Edden RAE, Yue Q, D’Aurora M, Sibille E, Stuppia L, Romani GL, Northoff
G. (2017) ‘A neural “tuning curve” for multisensory experience and cognitive-
perceptual schizotypy.’ Schizophrenia Bulletin. 43(4):801–13.

Halligan PW, David AS. (2001) ‘Cognitive neuropsychiatry: Towards a scientific
psychopathology.’ Nature Reviews Neuroscience. 2(3):209–15.

Hastings J, Frishkoff GA, Smith B, Jensen M, Poldrack RA, Lomax J, Bandrowski
A, Imam F, Turner JA, Martone ME.(2014) ‘Interdisciplinary perspectives on
the development, integration, and application of cognitive ontologies.’ Fron-
tiers in Neuroinformatics. 8:62.

He, BJ. (2014) ‘Scale-free brain activity: Past, present, and future.’ Trends in
Cognitive Sciences. 18(9):480–87.

He BJ, Zempel JM, Snyder AZ, Raichle ME. (2010) ‘The temporal structures and
functional significance of scale-free brain activity.’ Neuron. 66(3):353–69.

Huang Z, Zhang J, Wu J, Qin P, Wu X, Wang Z, Dai R, Li Y, Liang W, Mao Y,
Yang Z, Zhang J, Wolff A, Northoff G. (2016) ‘Decoupled temporal variability
and signal synchronization of spontaneous brain activity in loss of conscious-
ness: An fMRI study in anesthesia.’ NeuroImage. 124(Pt A):693–703.

Huang Z, Zhang J, Wu J, Liu X, Xu J, Zhang J, Qin P, Dai R, Yang Z, Mao Y, Hudetz
AG, Northoff G. (2018) ‘Disrupted neural variability during propofol-induced
sedation and unconsciousness.’ Human Brain Mapping. 39(11):4533–44.

Insel TR, Cuthbert BN. (2015) ‘Medicine. Brain disorders? Precisely.’ Science.
348(6234):499–500.

Liu X, de Zwart JA, Schölvinck ML, Chang C, Ye FQ, Leopold DA, Duyn JH. (2018)
‘Subcortical evidence for a contribution of arousal to fMRI studies of brain
activity.’ Nature Communications. 9(1):395.

Logothetis NK, Murayama Y, Augath M, Steffen T, Werner J, Oeltermann A.
(2009) ‘How not to study spontaneous activity.’ NeuroImage. 45(4):1080–89.

Morcom AM, Fletcher PC. (2007) ‘Does the brain have a baseline? Why we should
be resisting a rest.’NeuroImage. 37(4):1073–82.

Northoff G. (2012) ‘Immanuel Kant’s mind and the brain’s resting state.’ Trends in
Cognitive Sciences. 16(7):356–9.

Northoff, G. (2014a) Unlocking the Brain. Volume I: Coding. New York: Oxford
University Press.

Northoff, G. (2014b) Unlocking the Brain. Volume II: Consciousness. Oxford:
Oxford University.

Northoff, G. (2018) ‘The brain’s spontaneous activity and its psychopathological
symptoms; “Spatiotemporal binding and integration”.’ Progress in Neuro-
Psychopharmacology & Biological Psychiatry. 80(Pt B):81–90.

Northoff G, Huang Z. (2017) ‘How do the brain’s time and space mediate con-
sciousness and its different dimensions? Temporo-spatial theory of con-
sciousness (TTC).’Neuroscience and Biobehavioral Reviews. 80:630–45.

Northoff G, Sibille E. (2014) ‘Why are cortical GABA neurons relevant to internal
focus in depression? A cross-level model linking cellular, biochemical and
neural network findings.’ Molecular Psychiatry. 19(9):966–77.

84 Georg Northoff

Georg Northoff, University of Ottawa, Canada

www.cambridge.org/9781108485197
www.cambridge.org


Cambridge University Press
978-1-108-48519-7 — Levels of Analysis in Psychopathology
Edited by Kenneth S. Kendler , Josef Parnas , Peter Zachar 
More Information

www.cambridge.org© Cambridge University Press

Poldrack RA, Kittur A, Kalar D, Miller E, Seppa C, Gil Y, Parker DS, Sabb FW,
Bilder RM. (2011) ‘The cognitive atlas: Toward a knowledge foundation for
cognitive neuroscience.’ Frontiers in Neuroinformatics. 5:17.

Power JD, Schlaggar BL, Petersen SE. (2015) ‘Recent progress and outstanding
issues in motion correction in resting state fMRI.’ NeuroImage. 105:536–51.

Power JD, Plitt M, Laumann TO, Martin A. (2017) ‘Sources and implications of
whole-brain fMRI signals in humans.’ NeuroImage. 146:609–25.

Power JD, Plitt M, Gotts SJ, Kundu P, Voon V, Bandettini PA, Martin A. (2018)
‘Ridding fMRI data of motion-related influences: Removal of signals with
distinct spatial and physical bases in multiecho data.’ Proceedings of the
National Academy of Sciences of the United States of America. 115(9):E2105–14.

Qin P, Northoff G. (2011) ‘How is our self related to midline regions and the
default-mode network?’ NeuroImage. 57(3):1221–33.

Raichle ME. (2009) ‘A brief history of human brain mapping.’ Trends in Neuro-
science. 32(2):118–26.

Raichle ME. (2015) ‘The brain’s default mode network.’ Annual Review of Neuro-
science. 38:433–47.

Schölvinck ML, Maier A, Ye FQ, Duyn JH, Leopold DA. (2010) ‘Neural basis of
global resting-state fMRI activity.’ Proceedings of the National Academy of
Sciences of the United States of America. 107(22):10238–43.

Tagliazucchi E, von Wegner F, Morzelewski A, Brodbeck V, Jahnke K, Laufs H.
(2013) ‘Breakdown of long-range temporal dependence in default mode and
attention networks during deep sleep.’ Proceedings of the National Academy of
Sciences of the United States of America. 110(38):15419–24.

Tagliazucchi E, Chialvo DR, Siniatchkin M, Amico E, Brichant JF, Bonhomme V,
Noirhomme Q, Laufs H, Laureys S. (2016) ‘Large-scale signatures of uncon-
sciousness are consistent with a departure from critical dynamics.’ Journal of
the Royal Society Interface. 13(114):20151027.

Tsuchiya N, Wilke M, Frässle S, Lamme VAF. (2015) ‘No-report paradigms:
Extracting the true neural correlates of consciousness.’ Trends in Cognitive
Science. 19(12):757–70.

Whitfield-Gabrieli S, Moran JM, Nieto-Castanon A, Triantafyllou C, Saxe R,
Gabrieli JD. (2011) ‘Associations and dissociations between default and self-
reference networks in the human brain.’ NeuroImage. 55(1):225–32.

Wolff A, Di Giovanni DA, Gómez-Pilar J, Nakao T, Huang Z, Longtin A, Northoff
G. (2019) ‘The temporal signature of self: Temporal measures of resting-state
EEG predict self-consciousness.’ Human Brain Mapping. 40(3):789–803.

Zhang J, Magioncalda P, Huang Z, Tan Z, Hu X, Hu Z, Conio B, Amore M, Inglese
M, Martino M, Northoff G.(2018) ‘Altered global signal topography and its
different regional localization in motor cortex and hippocampus in mania and
depression.’ Schizophrenia Bulletin. 45(4):902–10.

Brain and Mind in Psychiatry? 85

Georg Northoff, University of Ottawa, Canada

www.cambridge.org/9781108485197
www.cambridge.org



