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Background: Interest in disordered sense of self in schizophrenia has recently

re-emerged in the literature. It has been proposed that there is a basic self disturbance,

underlying the diagnostic symptoms of schizophrenia, in which the person’s sense of

being a bounded individual continuous through time loses stability. This disturbance has

been documented phenomenologically and at the level of cognitive tasks. However, the

neural correlates of basic self disorder in schizophrenia are poorly understood.

Methods: A search of PubMed was used to identify studies on self and schizophrenia

that reported EEG or MEG data.

Results: Thirty-three studies were identified, 32 using EEG and one using MEG. Their

operationalizations of the self were divided into six paradigms: self-monitoring for errors,

proprioception, self-other integration, self-referential processing, aberrant salience, and

source monitoring. Participants with schizophrenia were less accurate on self-referential

processing tasks and had slower response times across most studies. Event-related

potential amplitudes differed acrossmany early and late components, with reduced N100

suppression in source monitoring paradigms being the most replicated finding. Several

studies found differences in one or more frequency band, but no coherent overall finding

emerged in this area. Various other measures of brain dynamics also showed differences

in single studies. Only some of the study designs were adequate to establish a causal

relationship between the self and EEG or MEG measures.

Conclusion: The broad range of changes suggests a global self disturbance

at the neuronal level, possibly carried over from the resting state. Further studies

that successfully isolate self-related effects are warranted to better understand the

temporal-dynamic and spatial-topographic basis of self disorder and its relationship to

basic self disturbance on the phenomenological level.

Keywords: schizophrenia, sense of self, basic self, self disturbance, electroencephalography, event-related

potentials, magnetoencepalography
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INTRODUCTION

A range of approaches to the study of schizophrenia within
psychiatry and psychology have converged on the concept of
disordered experience of the self, also called self disorder (1).
While self disorder has several phenomenological dimensions in
schizophrenia (2), a large body of research shows that the basic
self is disturbed (3). Such a basic disturbance has been thoroughly
documented at the phenomenological level (4, 5) and, at the
psychological level, subjects with schizophrenia have altered
responses on a range of self-related cognitive tasks (6). The neural
correlates of self disturbance remain unclear, however.

Basic self disorder (or basic self disturbance) is reflected
phenomenologically in the loss of the basic experience of being
oneself that underlies all normal awareness (4). The disturbance
manifests as both hyper-reflexivity, the experience of oneself
in the same way as the external world, and reduced self-
affectation, the sense of oneself as a vital source of action and
awareness (4). Ipseity or the sense of “mineness” is integral to
ordinary experience but becomes disordered in patients with a
basic self disturbance (7). To measure basic self disorder, the
Examination of Anomalous Self-Experience (EASE) scale is most
commonly employed (8).

Self disorder at the phenomenological level may be
responsible for the following changes at the psychological
level, among others. Subjects with schizophrenia are impaired
in their source monitoring ability; that is, they struggle to
distinguish between internally- and externally-generated events,
actions, and voices (9). In addition, healthy subjects show a
bias toward stronger performance on self-referential processing
tasks, for instance more reliably remembering information
about themselves than others, but those with schizophrenia
show no advantage (10). Other abnormalities that may relate
to basic self-disorder include impaired self-other integration,
altered proprioception and exteroception, a reduced tendency
to ascribe additional salience to aberrant stimuli, and impaired
self-monitoring for errors (6, 11–13).

At the neuronal level, subjects with schizophrenia
display several abnormalities measurable through
electroencephalography (EEG), whether or not the task they are
performing relates to the self. These include a reduced difference
in amplitudes between an initial stimulus and a second, repeated
stimulus in both P50 and N100 event-related potential (ERP)
components, before and after symptoms emerge (14). Subjects
with schizophrenia also exhibit reduced mismatched negativity
(MMN), P300, and P3a amplitude (14). Resting-state studies
on subjects with schizophrenia have shown increased power in
the delta and theta frequency bands and decreased power in the
alpha frequency band (15).

The goal of this article is to review the existing EEG and
MEG literature on schizophrenia and the self, in order to identify
the magnetoelectrical, and possibly dynamic, basis of basic self-
disorder in schizophrenia. Firstly, the range of experimental
paradigms employed is surveyed, and the behavioral measures
from those paradigms are reviewed. Secondly, ERP component
results from the different paradigms are presented. Thirdly,
dynamic measures including frequency bands and others are

surveyed. Implications of the findings and limitations of the
present review are then discussed.

METHODS

Due to highly heterogeneous study designs in the literature,
the article takes the form of a narrative review. It is based
on a survey of the database PubMed in October 2020. “Self ”
and “schizophrenia” were used as search terms in combination
with “electroencephalography” and “magnetoencephalography.”
Articles were selected for inclusion if they met three criteria:
(1) appropriate participants, (2) appropriate methods, and (3)
appropriate topic.

Regarding participants, studies were included if subjects with
schizophrenia were included. Studies of patients with other forms
of psychosis or related personality disorders were excluded to
increase the degree of homogeneity among the studies, though
studies covering multiple types of psychopathology including
schizophrenia were included. Studies on schizotypy in healthy
individuals were excluded.

Regarding methods, studies using EEG were included, as well
as studies using the related method of magnetoencephalography
(MEG). Some studies used other neuroimaging methods such
as functional magnetic resonance imaging (fMRI) and diffusion
tensor imaging (DTI) in addition to EEG or MEG, but results
from these other modalities are not covered in this review.

Regarding topic, articles in which authors described
themselves as studying the self were included. This led to a
broad conceptualization of the self and the possible inclusion
of studies that did not in fact measure self-related effects.
However, removing studies whose authors deemed them
self-related would have risked eliminating genuine self-related
findings from the review; the current approach was thus
deemed preferable.

RESULTS

The search yielded 33 relevant studies. One study used
MEG (16), while the remaining 32 used EEG. Greater
detail on the participants, study designs, and results of all
the studies can be found in the Supplementary Material.
The studies used a range of different tasks and many
reported comparative data on accuracy and response times.
These studies have also investigated a range of neuronal
measures, including ERP component amplitudes and latencies,
several measures from different frequency bands, and various
other dynamic measures, including prestimulus and during a
resting state.

Paradigms or Tasks Probing the Self and
Behavioral Data
The studies obtained their data using a range of different tasks
that their authors deemed self-related. Similar tasks are grouped
together into six over-arching paradigms in Figure 1 (16–46)
based on the aspect of self involved. It must be borne in mind,
however, that these tasks may also draw to varying extents
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FIGURE 1 | Studies divided by experimental paradigm. The studies that were selected for inclusion in the literature review grouped into six paradigms based on the

type of self-related task used in their experimental design.

FIGURE 2 | Changes in behavioral responses. The studies grouped into the same paradigms as in Figure 1, showing the differences between subjects with

schizophrenia and healthy controls in task responses. (A) Differences in accuracy. (B) Differences in response times.
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FIGURE 3 | Changes in ERP component amplitudes including null results. Studies that compared ERP component amplitudes in subjects with schizophrenia to those

in healthy controls. SCZ, subjects with schizophrenia. HCs, healthy controls. Multipliers beside a plus, equals, or minus sign indicate the number of studies that

reported this result. Studies marked as “self/other” compared self-related task data to comparable non-self-related task data to establish a role for the self. Studies

marked as “self only” used a self-related task but without a control condition to establish that it was this aspect of the task that caused the ERP component change.

The visual depictions of ERP components are stylized approximations that do not correspond to the findings of any of the studies in particular. A few ERP components

were not named in the studies and were categorized here based on their latency and whether they were positive- or negative-going. Results of the individual studies

can be found in the Supplementary Material.

on mental faculties other than sense of self. Two studies used
tasks from more than one of these paradigms (27, 32). Error-
monitoring was measured using tasks such as the Stroop task
(17). The studies on proprioception applied small amounts of
weight to participants’ hands (21–23). Self-other integration
was assessed with a social Simon task, a variant of the Simon
task featuring an individual condition and a joint condition
in which some stimuli are for one participant and some
are for the other (24). For self-referential processing, studies
used various tasks, for instance asking participants to judge
whether adjectives (1) describe them, or (2) describe a person
they know, and testing which group of adjectives they later
remember better (25, 26, 30). Sensitivity to aberrant salience
was measured through tasks such as an auditory oddball task
(27, 31). Source monitoring accounted for the most articles,
which were predominantly from Ford and colleagues, who used
a simple task with (1) a talk condition, and (2) a listen condition
in which the recording of the talk condition is played back
to the participant (36–40, 42, 43, 45, 46). In addition to these
paradigms, some studies presented resting-state data and/or data
on the difference between the resting state and task-related
activity (16, 27, 29, 47, 48).

Many studies provided behavioral data from their respective
paradigms (17–20, 24–26, 29, 30, 32, 39, 41, 44), which is
presented in Figure 2.

Event-Related Potentials Data
Results of comparisons between patients with schizophrenia
and healthy controls in ERP component amplitudes (17–21,
24, 26, 28, 30, 32–34, 36, 38–41, 43–46) are summarized in
Figure 3. Results from the subset of comparisons that compared
self-related task data to similar non-self-related task data are
connected to the behavioral paradigms from above in Figure 4.

A few studies attempted to find correlations between ERP
component amplitudes and scores from psychopathology scales
within their group of patients with schizophrenia, yielding a
mixture of significant correlations (positive and negative) and
null results. Metzler et al. (26) found that as psychopathology
scores (measured through a relevant subset of items from
the Scale for the Assessment of Positive Symptoms scale)
increased, the difference between conditions in N400 amplitude
decreased. Nelson et al. (32) found several significant findings
linking neurocognitive and psychopathological measures, most
notably that source monitoring results (using a composite
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FIGURE 4 | Changes in ERP component amplitudes by paradigm. Studies that compared ERP component amplitudes in schizophrenia to those in healthy controls,

excluding those that did not compare self-related task data to comparable non-self-related task data. Sorted according to the paradigms from Figure 1. SCZ,

subjects with schizophrenia. HCs, healthy controls. Multipliers beside a plus, equals, or minus sign indicate the number of studies that reported this result. The visual

depictions of ERP components are stylized approximations that do not correspond to the findings of any of the studies in particular. A few ERP components were not

named in the studies and were categorized here based on their latency and whether they were positive- or negative-going. Results of the individual studies can be

found in the Supplementary Material.

of psychological and ERP measures) accounted for 39.8%
of the variance in EASE scores. In certain experimental
conditions, Pinheiro et al. (41) found two modestly significant
correlations between late positive component (LPC) amplitude
and psychopathology scales relating to hallucinations after
correcting for multiple comparisons. Mathalon et al. (39) found
that reduced N100 suppression was correlated with unusual
thought content in one of two patient groups. Bühler et al. (34),
by contrast, found no correlation between Positive and Negative
Syndrome Scale (PANSS) scores and either N100 amplitude or
the amplitude of an unidentified “late component” that appears to
be a P200. Perez et al. (40) likewise found no correlation between
N100 suppression and any of four psychopathology subscales.

Only four studies measured ERP component latencies in
patients with schizophrenia and healthy controls. Arnfred et al.
(21) used a proprioception task and found higher P60 latencies
in subjects with schizophrenia than healthy controls. Using
a self-referential processing paradigm, Zhao et al. (30) found
significantly higher P200 latencies in subjects with schizophrenia
but no difference inN200 latencies. Finally, on sourcemonitoring
tasks, Whitford et al. (45) found no difference in N100 latencies
and Abhishek et al. (33) found no difference in P300 latencies.
No studies attempted to correlate ERP component latencies with
scores on psychopathology scales.

Measures of Brain Dynamics
The findings of studies investigating one or more individual
frequency bands (22, 23, 25, 35, 43, 44) are summarized in
Figure 5 (excluding results from prestimulus or a resting state).
In addition, Kim et al. (16) found increased theta, alpha, and
beta rest-task difference in subjects with schizophrenia in the
posterior cingulate cortex, as well as decreased gamma rest-
task difference in the medial prefrontal cortex. A number
of other dynamic EEG measures have also been applied
to self and schizophrenia (16, 25, 27, 31), and these are
summarized in Figure 6. Northoff et al. (27) also performed
a moderation analysis and found that when autocorrelation
window (ACW) and power-law exponent (PLE) values were
low, self disorder (measured phenomenologically) was inversely
related to negative schizophrenia symptoms, whereas whenACW
and PLE were high, self disorder was positively correlated
with schizophrenia.

Figure 7 summarizes results that were obtained either
prestimulus or during a resting state (16, 29, 36, 37, 47), including
measures from both individual frequency bands and other
dynamic measures. In addition, Kindler et al. (48) compared
periods with auditory verbal hallucinations to periods when these
were not present in a resting-state study of EEG microstates
and found that a specific class of microstates situated in the
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FIGURE 5 | Changes in individual frequency bands. Results comparing individual frequency bands in subjects with schizophrenia to those in healthy controls. SCZ,

subjects with schizophrenia. HCs, healthy controls. FTC, frontotemporal coherence. ITC, intertrial coherence. PLI, phase lag index. PLF, phase-locking factor. The

presence of multiple signs beside one measure indicates multiple separate results. Studies marked as “self/other” either compared self-related task data to similar

non-self-related task data or else correlated their findings with a psychopathology scale that measures self disorder. By contrast, studies marked as “self only” used

neither of those methods to establish whether the observed change was related to the self. Most of the studies included in this figure used a source monitoring

paradigm. However, the following results were from other paradigms. Self-referential processing paradigms were used by Jia et al. (25), who found no difference in

theta or beta power but decreased alpha power and phase lag index. Proprioception paradigms were used by Arnfred et al. (22), who found decreased beta

amplitude and phase-locking factor, increased gamma amplitude, and no difference in gamma phase-locking factor, and Arnfred et al. (23), who found a positive

correlation between beta amplitude and psychopathology scales but a negative correlation between gamma frequency and psychopathology scales.

frontocentral region was significantly shorter during auditory
verbal hallucinations.

DISCUSSION

This article has reviewed the literature on EEG and MEG,
schizophrenia, and self. A range of studies have showed
alterations across a range of ERP components in multiple
paradigms, differences in delta, theta, alpha, beta, and gamma
frequency bands, changes in seven other dynamic measures, and
differences in resting state and prestimulus measures. Some of
these results, in particular many from ERP studies and resting
state or prestimulus studies, despite using self-related paradigms,
have not directly established that the self-related aspect of
the paradigm is responsible for the differences, i.e., through
a comparable non-self-related condition or correlation with
psychopathology scales measuring self disorder. Nonetheless,
the role of the self was established in enough studies to show
significant differences in both early and late ERP components,
across all frequency bands, and in six other dynamic measures.
These findings show that disordered sense of self in patients with
schizophrenia is correlated with a diverse set of event-related
and dynamic neuronal measures. The diversity of these measures
in turn suggests that, at the neuronal level, this disorder of self
is global in nature and always present, which aligns with the
phenomenological finding of basic self disorder.

Behavior and Event-Related Potentials
At the behavioral level, the findings reveal differences between
patients with schizophrenia and healthy controls, though not
universally. Patients scored lower in terms of accuracy on self-
referential processing tasks, but not on most source monitoring
tasks or other paradigms. This result suggests performance on
self-related tasks in subjects with schizophrenia is impaired in
some areas but not others. Conversely, response times were
mostly slower in subjects with schizophrenia than in healthy
controls, across the four paradigms for which data was available.
This finding suggests a slower rate of processing on self-related
tasks in schizophrenia. However, it is difficult to dissociate
findings on processing-speed efficiency in schizophrenia from
the effects of antipsychotic medication, higher doses of which
correlate with lower processing speed (49).

Studies of ERPs reveal changes in schizophrenia across
multiple paradigms and both early and late components. Many
of these compared self-related and non-self-related experimental
conditions in order to specifically establish a relationship with
the self. These studies were mainly from two paradigms: source
monitoring and self-referential processing. By far the best-
established change in an ERP component is the reduction of
N100 suppression (that is, the reduction of the difference in
N100 amplitude between speaking and listening conditions) in
subjects with schizophrenia on source-monitoring tasks. The
other finding for which the role of self was directly established
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FIGURE 6 | Changes in other dynamic measures. Dynamic measures studied that were not individual frequency bands, labeled with the paradigm used to obtain

them. SCZ, subjects with schizophrenia. HCs, healthy controls. With the exception of the study by Kim et al. (16), all of these studies differentiated self-related effects

from non-self-related effects either through comparison of experimental conditions or through correlational analyses with psychopathology scales that measure

self disorder.

in the source monitoring paradigm was reduced amplitude
in schizophrenia in later components (P200, P300, and LPC).
Studies on self-referential processing tasks for which the role of
self was directly established also found lower amplitudes on later
components (P200 and N400). The focus on later components
for the self-referential processing paradigm likely reflects the
higher-level cognitive processing involved in such tasks.

Neuronal Dynamics
Several studies that investigated brain dynamics in one or
more frequency bands found significant differences between
subjects with schizophrenia and healthy controls during self-
related paradigms. There is no clear trend across studies,
especially once studies that did not directly establish a link to
the self are excluded. Power and coherence may be decreased
in schizophrenia in lower frequencies. However, the small
number of studies available, the lack of a consistent measure
of coherence, and exceptions to the trend for power prevent
any specific conclusions from being drawn. Nonetheless, many
studies did find significant differences between subjects with
schizophrenia and healthy controls, indicating that self disorder
has a dynamic basis.

Changes in various other measures of brain dynamics have
been observed using self-related paradigms in schizophrenia,
although only in single studies. Differences in these more
holistic measures align with the finding that changes are found
across all frequency bands and suggest a more global dynamic
disturbance underlying self-disorder in schizophrenia. Future

research should further investigate these and other dynamic
measures, with the goal of identifying the changes underlying
basic self disturbance in the dynamic neural pattern.

Studies from prestimulus or a resting state have found a range
of changes in schizophrenia. Most of these, however, did not
compare to a non-self-related condition or use a psychopathology
scale that measures self disorder specifically, and no studies have
yet sought to replicate any of these findings. Conclusions about
the specific relationship between basic self disorder and dynamic
non-task-related activity in schizophrenia cannot therefore be
drawn at this time. Nonetheless, almost all studies did find
changes in the resting state or prestimulus period, including the
two that tested the role of the self directly. This suggests that
changes to the self in schizophrenia have a neural basis that
precedes any specific task.

Implications
Overall, the range of EEG and MEG measures on which patients
with schizophrenia differ from healthy controls and the range
of self-related paradigms across which these differences emerge
suggest that self-disorder in schizophrenia is not limited to a
particular cognitive domain. Instead, the underlying sense of self
appears to be domain general. This overall finding remains even
when studies that claimed a connection to the self but did not
directly establish it are excluded.

One theory that accounts for this global nature of the self
is the basic model of the self, which postulates that sense of
self arises from the spontaneous activity of the brain as a
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FIGURE 7 | Changes in resting state and prestimulus measures. Findings on the resting state and prestimulus period, including comparisons of subjects with

schizophrenia to healthy controls and correlations with psychopathology scales. SCZ, subjects with schizophrenia. HCs, healthy controls. PLF, phase-locking factor.

Neural integration (47) was computed as correlations between 16 electrode pairs. For the resting state findings, a direct link to the self was established only by Bob et

al. (47), by correlation with the Dissociative Experiences Scale. For the prestimulus findings, a direct link to the self was established only by Ford et al. (2007) in their

comparison of patients and controls, through an interaction effect with experimental condition. This figure does not show findings from studies examining rest/task

differences or prestimulus/task differences, as these were shown in Figure 6.

basic feature rather than as a cognitive representation (50).
This theory aligns with Spatiotemporal Neuroscience, which
proposes that underlying the brain’s more readily observable
ability to engage in cognition is a deeper layer of spatiotemporal
dynamics present both at rest and during task-related processes
(51, 52). The basic self would be situated at this level and hence
schizophrenia would be fundamentally a disorder of the brain’s
underlying spatiotemporal dynamics rather than any particular
cognitive domain (53).

More specifically, we suggest that the neuronal distinction
between resting state/prestimulus activity and task-related
activity underlies what is described as a self/other distinction
at the cognitive level. Changes to the rest/task difference on
neuronal measures could thus manifest as a failure to demarcate
self and other, or self disorder. For instance, the typical human
ability to engage in self-referential processing more reliably than
comparable non-self-referential processing may depend on a
typical rest-task difference in the brain, which is then impaired
in schizophrenia (25, 29, 30). The basic model of self thus
incorporates the view that sense of self is a metacognitive faculty
that is compromised in schizophrenia (54, 55) while also situating

this faculty in relationship to the resting state activity of the
brain. Figure 8 shows a conceptual schema of how the different
types of neuronal findings covered by this review may be related,
indicating connections directly supported by the findings [and
related literature (56–62)] as well as proposed connections that
would integrate the findings into a parsimonious theory.

Methodological Limitations
The present review has certain limitations. Studies were selected
for inclusion based on whether they conceptualized their study
as relating to sense of self, but some other studies may have used
similar paradigms without referring to sense of self and thus been
excluded. Also, due to heterogeneous study designs and findings,
main effects for participant group and interaction effects between
participant group and self/other condition were sometimes
grouped together in the figures with interaction effects with other
variables such as electrode site. Nonetheless, the distinction in the
figures between studies that established the distinction between
self-related and non-self-related effects and those that did not
meant themost important interaction effects were addressed. The
study also did not generally attempt to localize brain processes
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FIGURE 8 | Proposed relationships between empirical findings. The major groups of findings identified in this review. Thick, solid arrows indicate relationships that

were studied empirically in the literature while thin, dashed arrows indicate relationships that the basic model of self proposes in order to unify separate findings

in the literature.

relating to the self in subjects with schizophrenia because EEG
does not provide fine-grained spatial resolution and there was
only one MEG study. Another consequence of heterogeneous
study methodologies was that meta-analytic statistical techniques
could not be applied and replication was described simply in
terms of the number of studies with similar findings.

Apart from reduced N100 suppression, all the neuronal
changes observed require further replication, and the N100
suppression finding should be studied with alternate study
designs to assess its validity outside talk-listen designs.
Researchers studying self disorder in schizophrenia should
remember to examine differences between self-related task
data and comparable non-self-related task data in order to
better isolate sense of self from other processes activated by
the paradigms. Future electrophysiological research on self and
schizophrenia should also investigate under-studied measures
such as ERP component latencies, correlations between ERP
amplitudes and psychopathology scales, and rest-task differences
(63) in frequency band measures and other dynamic measures.
Given the range of measures on which changes were observed,
researchers should also search for other more comprehensive
temporal-dynamic and spatial-topographic measures that
could account for the profusion of existing findings more
parsimoniously. These new neurodynamic measures of basic self
disorder may ultimately be validated for use in the diagnosis and
treatment of schizophrenia.

CONCLUSION

There is good evidence that the self-disturbance seen in
schizophrenia at phenomenological and psychological levels

is mediated by changes at the neuronal level. While many
details of the magnetoelectrical changes underlying self
disorder remain tentative, the changes do appear to occur
across a range of EEG and MEG measures in a more-or-
less domain-general manner, that is, across different tasks
and paradigms. This domain generality is suggestive of
a global neuronal disturbance, which would account for
the pervasive nature of the basic self disturbance on the
phenomenological level.
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