CHAPTER 2

Altered States: Resting State and Default
Mode as Psychopathology

Ben Alderson-Day and Felicity Callard

Abstract Psychologist Ben Alderson-Day and geographer Felicity Callard
share an interest in understanding how interdisciplinary approaches to the
brain sciences that involve the social sciences and humanities can help open
up new research questions and methods through which to understand
pathological and non-pathological states of mind. Both have been inter-
ested in the fertility of resting-state research paradigms and the default
mode network in this regard. Ben has collaborated on novel experimen-
tal investigations of inner experience during the resting state, and Felicity
has focused on how tracing historical antecedents of resting-state research
might reorient certain current scientific assumptions.
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Resting-state functional magnetic resonance imaging research (rstMRI)
investigates spontaneously or intrinsically generated neural activity. While
this rapidly expanding field is a recent one — extending back only across
the last two decades — attempts to understand what the brain and mind
are doing while ‘at rest’ have a significantly longer history. The human
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sciences have made many attempts to position the human body in par-
ticular ways so as to elicit what the mind does when it is not overly preoc-
cupied with responding to external stimuli. In 1930, for example, Hans
Berger, in one of his early reports on the use of the electroencephalogram
(EEG) in humans, described ‘completely relaxed’ experimental subjects
who ‘lay comfortably and with eyes closed on a couch which was insulated
from the surrounding by glass feet’.!

Resting-state fMRI follows on the heels of such attempts: the ‘at rest’
condition involves the experimental participant being asked to lie still and
relax, either with eyes closed or with eyes open while fixating on a cross.?
But this research has also extensively reconfigured assumptions about the
working of the brain. In particular, the demonstration that the brain shows
a consistent pattern of activation — the ‘default mode’ — during ‘rest’ has
challenged scientific understandings (from metabolic, cellular and psycho-
logical perspectives) about the ways in which a resting body might be
accompanied by a distinctly ‘restless’ brain and mind.

The default mode network (DMN) — a network consistently activated
during the ‘default mode’ — refers to a set of brain regions that tend to
show synchronized brain activity when the brain is not engaged in an
explicit task. The idea of ‘default’ derives largely from the observation that
these areas (primarily medial prefrontal cortex, posterior cingulate /precu-
neus, and lateral parietal cortex) tend to deactivate in response to exter-
nal psychological tasks, indicating ‘a heretofore-unrecognized organization
within the brain’s intrinsic or on-going activity’.? Increased activity of these
regions during periods of so-called ‘rest” has suggested the importance of
introspective processes such as mind wandering, daydreaming and self-re-
flection. In this way, the ‘default’ of the DMN has historically been defined
as the flip side of a range of focused, controlled and externally oriented pro-
cesses: an image in negative of the aware and externally attentive brain.*

These attempts to characterize the brain and mind “at rest’ raise complex
problems about how one constitutes a ‘baseline’, and the extent to which
a resting state holds consistency in and across individuals across time, space
and psychological typology. Additionally, cognitive psychology’s significant
expertise in cognitive dissection (the careful selection of task and control
state which drove many cognitive neuroimaging studies in the 1980s) did
not necessarily help in understanding the psychological complexities of
an ‘uncontrolled’ state of rest. But we are now seeing the creative use in

See Chaps. 3,4 and 5.
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cognitive neuroscience of various ‘introspective’ methods to attempt to
capture fleeting moments of consciousness, the emergence of spontaneous
thoughts and the moment of transition into a state of mind wandering.®

In the remainder of this chapter, we consider some of the difficulties
involved in characterizing the resting state in a field that has taken a par-
ticular interest in the DMN — namely psychopathology. Psychopathology
researchers have increasingly adopted the DMN as a means to investigate
clinical symptoms and ‘atypical’ internal states (see Fig. 2.1).

In part, this explosion of research results from convenience. The DMN
can be identified via a resting-state fMRI scan without any task involved: a
participant can simply lie in the scanner, and correlated patterns of resting
brain activity — functional connectivity — can be found that highlight syn-
chronized ‘hubs’ of the network. This makes it much easier to acquire data
from clinical groups who may struggle with a complex task owing to prob-
lems with attention, memory or cognitive control.

Psychopathology researchers have, unsurprisingly, been interested in
what the putative functions of the DMN have to tell us about particular
disorders. For instance, along with introspective processes, the DMN has
been linked to theory-of-mind or ‘mentalizing’ skills: the ways in which
we understand other minds. This has led some to suggest that it may play
an important role in autism spectrum disorder, which is historically char-
acterized by problems with understanding others. For instance, an early
study by Kennedy and colleagues reported that the DMN ‘failed to deac-
tivate’ during standard cognitive tasks for a group of autistic adults, which
they speculated could reflect ‘abnormal internally directed processes at
rest’.® Similar observations have been made in research on schizophrenia,
although they have mostly been interpreted as reflecting problems with
attention and memory.”

However, the DMN is just one of many networks that can be observed
during a resting-state fMRI scan, and these other resting-state net-
works (RSNs) are increasingly being used to explore psychopathology.
For instance, signals in sensory regions will still tend to be synchronized at
rest, which allows for auditory and visual RSNs to be identified. Studying
the interaction of these networks with the DMN and other brain regions
at rest provides clues as to how sudden sensory experiences — such as hal-
lucinations — can occur spontaneously from brain activity. One current
idea is that hallucinations could arise from the contents of an internally

i See Chap. 6.
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Fig. 2.1 Psychopathology papers published on ‘default mode’ or ‘default
network’ (PubMed search 18 May 2016; 2016* is a projected estimate for end of
year based on papers published to date)

focused state abruptly collapsing into a sensory or perceptual state if the
DMN itself is unstable.®

Groups of regions related to cognitive control, even if usually associ-
ated with an external task rather than rest, also tend to show synchro-
nized activity during a resting-state scan. Along with the DMN, they are
also thought to interact with a third set of regions — centred around the
insula and anterior cingulate — sometimes called the salience network. This
network is involved in identifying significant internal and external changes
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that require a redirecting of attention, and has been proposed as that which
controls the switch between the ‘internally-focused’ states of the DMN
and ‘externally-focused’ states of other networks. This role of this network
has attracted considerable interest from researchers who work on psycho-
sis — as many psychotic experiences may seem imbued with strangely signif-
icant or meaningful qualities — and also those who research depression and
attention deficit hyperactivity disorder (ADHD).

In this way, rest and the resting state have become the window through
which many researchers now choose to study specific disorders. There has
also arguably been a shift from researchers focusing simply on the DMN
to thinking more about how various networks interact with each other
over time. This is likely to be particularly important for transient states of
mind such as a loss of attention, an intrusive thought or a strange percep-
tion. However, there are some important caveats around this work. One
concerns methodology, and the other is an interpretative problematic.

First, resting-state scans require participants to keep still. Small head
movements over time during a scan can induce systematic biases in the
data, and these particularly affect the kinds of statistical analysis required
to measure synchronization between brain regions. While certain methods
can mitigate such problems, movement during scans has been recognized
to be a significant issue, particularly for younger participants. As such,
enthusiasm for early findings of connectivity alterations in the DMN in
autism, for example, have had to be tempered by concern about the pos-
sible effects of participants moving around.’

Second, how we should interpret evidence of ‘atypical’ resting states
remains a quandary. Research on different disorders frequently runs in
parallel, with limited crosstalk. Very similar findings can therefore end
up being interpreted in very different ways: one researcher’s ‘executive
control failure’ could be another’s ‘problem with mentalizing’. In neither
case do interpretations become specific explanations.

For the DMN, this may in part reflect its origins in being a ‘task-oft”,
‘resting’ state. Ever since the DMN emerged, a worry has been that the
investigator does not know, ultimately, what is going on in a participant’s
head: the ‘default mode” is a black box that allows for ever-expanding
redescription and reinterpretation. When one turns to psychopathology,
this problem is magnified tenfold: we know less, not more, about how to
interpret the internal states of those with autism, ADHD or psychosis. And
how they may differ is not necessarily mysterious: in some cases, mundane
contextual factors could have a considerable effect. For example, a resting
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scan will often be acquired after participants have attempted other scans
and tasks that are explicitly designed to measure their difficulties or impair-
ments. This could then affect what they are thinking about at rest, in a way
that differs from healthy control participants. Being aware of the individual
experience of rest is crucial to avoid the possibility of atypicality in results
being too rapidly interpreted as pathological.

In this respect, though research on the DMN and rest may be becoming
more nuanced, the normative legacy of thinking about the DMN as driving
unguided and uncontrolled processes persists in psychopathology research, as
it does elsewhere. While the statement ‘the resting state is not truly a resting
state at all’! has now become a shibboleth, it remains far from clear how to
parse the complex psychological processes that occur during it. While resting-
state fMRI research opens up significant possibilities for understanding the
dynamics of altered, unusual and debilitating states of mind, our interpreta-
tions must be tempered by a critical view of what counts as a default mode.
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