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This paper argues for a novel way of thinking about hallucinations as
intensified forms of mind-wandering. Starting from the observation that
hallucinations are associated with hyperactive sensory areas underlying the
content of hallucinatory experiences and a confusionwith regard to the reality
of the source of these experiences, the paper first reviews the different factors
that might contribute to the impairment of reality monitoring. The paper then
focuses on the sensory characteristics determining the vividness of an experi-
ence, reviews their relationship to the sensory hyperactivity observed in
hallucinations, and investigates under what circumstances they can drive rea-
lity judgements. Finally, based on these considerations, the paper presents its
main proposal according to which hallucinations are intensified forms of
mind-wandering that are amplified along their sensory characteristics, and
sketches a possible model of what factors might determine if an internally
and involuntarily generated perceptual representation is experienced as a hal-
lucination or as an instance of mind-wandering.

This article is part of the theme issue ‘Offline perception: voluntary and
spontaneous perceptual experiences without matching external stimulation’.
1. Introduction
Hallucinations and dreams have a lot of similarities, which inspired many to the-
orise about their possible relationship [1–3]. For example, it has been argued that
hallucinations might best be understood as rapid eye movement (REM) dream
intrusions [4–6], or in the light of an implementation of Hobson’s activation-
input-modulation theoryof dreaming [7,8]. Conversely, it has also been suggested
that dreams should be viewed as hallucinations [3,9,10]. On the other hand, with
the advance of the neuro-cognitive theory of dreaming and the so-called continu-
ity hypothesis which asserts that dream cognition is similar to waking cognition,
exploring the relationship between mind-wandering and dreaming has recently
got into the forefront of scientific investigations. In this framework, dreaming is
interpreted as intensified mind-wandering [11–13]. Interestingly, these two
strands of research have been motivated by opposing theoretical frameworks.
This might be the reason why the third link between these three phenomena—
i.e. the relationship between hallucinations and mind-wandering—has never
really been in the centre of interest (for a very recent exception see [14]).

Themajor goal of the present paper is to explore this so-far neglected relation-
ship. Important similarities will be uncovered and on the basis of them a novel
hypothesis will be proposed, according to which hallucinations are intensified
forms ofmind-wandering. This view fits well with the idea thatmind-wandering
can be seen as a psychological baseline [15], and points towards a possible
general framework that unifies mind-wandering, hallucinations and dreaming
in terms of the amplification of the sensory characteristics of episodes of
mind-wandering occurring in different general states of consciousness.

The role imagery vividness plays in hallucinations is in the centre of this
paper. Hallucinations are associated both with posterior hyperactivity, i.e. spon-
taneous activity in sensory processing areas (not triggered by the bottom-up
processing of a stimulus), and prefrontal hypoactivity, i.e. deactivation of the
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medial aspect of the anterior prefrontal cortex (PFC) [16–19].
As the functioning of the medial PFC has been linked to
reality monitoring [19], according to a popular interpretation,
the spontaneous activity in the primary and associative
sensory areas provides the contents of hallucinatory experi-
ences [16], which are then incorrectly identified as not
being internally generated owing to the impairment of the
reality monitoring system [17,19,20].

The activity in the content-specific posterior regions has
also been implicated as a key determinant of the vividness of
the accompanying conscious experiences [21,22]. This raises
the question of how thevividness of a self-generated experience
is related to the judgement of the reality monitoring system.
Some suggest that these two features form independent
dimensions of the phenomenological space that characterize
conscious experiences [23]. Others claim that the vividness
of experiences is determined by the judgement of the reality
monitoring system [24]. This paper argues for the third
option: that vividness influences whether experiences are
assessed as being externally triggered or internally generated.

The paper will proceed as follows. First, it will review exist-
ing theoretical approaches and empirical findings regarding
how posterior hyperactivity and prefrontal hypoactivity is
related to hallucinations, the role of the reality monitoring
system, and the sensory and cognitive cues that influence rea-
lity judgements (§2). Then, the paper will focus on the sensory
characteristics that are typically experienced as factors of
vividness and their relationship to the sensory hyperactivity
observed in hallucinations (§3), and review evidence showing
that in certain cases with intact reality monitoring these
sensory characteristics are the major determining factors that
drive reality judgements (§4). Finally, the paper will propose
a hypothetical relationship between hallucinations and mind-
wandering, and sketch a possible mechanism of what might
underly whether an involuntarily self-generated perceptual
representation is experienced as a hallucination or as an
instance of mind-wandering (§5).
2. Background
Hallucinations are sensory experiences that occur involuntarily
in the absence of a matching external stimulation of the
relevant sensory receptors, yet are perceived as if they were
experiences of external objects or events [25–27]. In contempor-
ary literature, there is an abundance of mechanistic models
trying to account for this phenomenon, many of which focus
on spontaneous sensory hyperactivity and impaired reality
monitoring as the major source of hallucinations [28].

(a) Spontaneous sensory hyperactivity
In a now classical paper, Allen et al. [16] reviewed articles
reporting data on the neural substrates of hallucinations using
positron emission tomography, magnetic resonance imaging
(MRI) and diffusion tensor imaging. A central element of
their findings was the over activation of the secondary (and
occasionally the primary) sensory cortices, which Allen et al.
identified as the source of the contents of perceptual experiences
occurring in the absence of sensory stimuli. More recently, Zmi-
grod et al. [18] have shown in an activation likelihood estimation
meta-analysis of functional neuroimaging data, that sensory
processing areas are active during hallucinations. In the case
of auditory hallucinations, significant brain activity was
observed in the bilateral somatosensory cortex, bilateral
insula, superior temporal gyrus, Broca’s area and its right hemi-
sphere homologue and the secondary auditory cortex
(Wernicke’s area). Visual hallucinations were primarily associ-
ated with significant activation in the bilateral secondary and
associate visual cortices (extrastriate visual areas around the
ventral lingual and fusiform gyri, and in the more dorsal
cuneus and precuneus regions).

Accounting for this hyperactivity in the sensory cortices is
in the focus of many models of hallucinations. According to
the cortical irritation model, hallucinations result from the
intrinsic overactivity of the brain areas that contain specific
image memories or representations [29,30]. The cortical
hyperexcitability model claims that, in the case of Parkinson’s
disease, a lack of sensory input owing to the deafferentation
of certain sensory structures leads to chronic hyperexcitabil-
ity, which results in an increase in spontaneous activity
[31,32]. The dream imagery intrusion model [4–6] and the
activation, input, modulation model [8] assert that intrusive
REM dream imagery causes the hyperactivity of the sensory
areas. According to the unbalanced top-down activation model,
tonically hyperactive top-down attentional excitations acti-
vate images [33]. Finally, according to the dysfunction of the
attentional control networks model, unattenuated top-down
activation originating from the default mode network might
also be the reason of the hyperactivity of the primary and
associative sensory areas [34,35].
(b) Impaired reality monitoring
Whatever mechanism might lead to the internal generation of
certain perceptual representations, in the hallucinating brain
these are interpreted as being triggered by an external source.

The source monitoring framework proposes that memories do
not contain propositional labels or tags that directly specify
their source [36], but instead, the origin ofmemories is inferred,
for example, from characteristic features of mental represen-
tations and their formation [37,38]. If the source monitoring
judgement is concerned with the internal or external origin of
the memory (that is, whether an event was imagined or
really did occur), the attribution process is referred to as reality
monitoring [39]. Reality monitoring is defined as a mnemonic
ability, but the cognitive operations involved in monitoring
the origin of retrieved information might overlap with those
that monitor the origin of real-time information, i.e. are respon-
sible for the reality testing of current perceptual experience
[37,40]. Indeed, source monitoring deficit models of hallucinations
[41] argue that it is an impairment in reality monitoring and a
bias towards external sources in reality judgements that is
behind rendering internally generated representations appear
as if they were triggered by external sources.

Neural level findings supporting this view identify the
medial aspect of the anterior PFC as a key component of
brain networks that are engagedwhen distinguishing internally
and externally generated information. It exhibits differential
activity during the retrieval of such internal versus external
information, and its disruption is associated with misattribu-
tions of reality, confusing internally generated information
with events taking place in the outside world [19,42–45]. The
idea that hypoactivity in this region and thus realitymonitoring
dysfunction is what underlies hallucinations have been
reinforced by many findings [19]. For instance, individuals
with schizophrenia are impaired on seen versus imagined
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memory tasks that require increased anterior PFC activity in
healthy volunteers [46,47]. Relatedly, the anterior PFC region
that is activated in healthy volunteers during realitymonitoring
performance is among the areas that are dysfunctional in
patients with schizophrenia [44,48,49].
publishing.org/journal/rstb
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(c) Cues driving the judgement of the reality
monitoring system

The original source monitoring framework [37–39] proposes
that the types of attributes that are particularly important
for reality monitoring include information about the sensory
characteristics of the stimulus presentation, the context of the
stimulus, the semantic content and the cognitive processing
engaged. Sensory characteristics of the stimulus include all
sensory information from sense modality, through qualities
like vividness and detailedness, to attributes like whether a
piece of auditory information was told by a male or female
voice, etc. Contextual information includes similar sensory
characteristics about the details of the spatial and temporal
surrounding of the stimulus. Semantic information includes
embeddedness in supporting memories, knowledge, beliefs
and affect. Finally, information about cognitive processing
includes the type of operations (e.g. voluntarily initiated
and controlled imagery) and the signatures of cognitive
efforts made.

This idea that cognitive operations involved in the
generation of sensory representations leave a trace in real
time about the origin of these representations that reality
monitoring can be sensitive to implies that self generation
may produce a variety of cues that can then straightforwardly
inform and influence the reality judgement processes. Accord-
ing to the corollary discharge dysfunction model [50], a candidate
of such a cue is the efference copy or corollary discharge
mechanism that predicts the sensory consequence of motor
commands. The model extends this framework to cognitive
operations in general, and claims that it is a comparison
of a top-down efference copy with the bottom-up sensory
input that provides information about the self-generated
nature of a motor action or cognitive operation. Interestingly,
the corollary discharge dysfunction model predicts that hallu-
cinations might arise even without an impairment of the
general reality monitoring system, when either the generation
of corollary discharges, or the comparator process is dysfunc-
tional [51]. Findings of self-recognition deficits in patients
with schizophrenia relating to motor action [52] and corollary
discharge dysfunction in schizophrenia [53–56] support
this model.

However, as direct evidence for a specific comparator
model relating to inner speech or auditory imagery is lacking
and theoretical considerations have been raised to dispute
that cognitive operations in general have the same physio-
logical consequences as motor action [57,58], the viability of
the corollary discharge dysfunction model of hallucinations
is yet to be determined.

Shifting the focus from cues about cognitive operations to
certain sensory characteristics of self-generated represen-
tations, the rest of the paper will explore whether features
of sensory characteristics like vividness and detailedness
are able to drive reality judgements similarly to how dysfunc-
tions of the efference copy mechanism might even in the case
of an intact reality monitoring system.
3. Imagery vividness
The claim that the contents of hallucinatory experiences are
subserved by spontaneous neural activity in sensory and
associative areas [16,59] is indicated by findings associating
auditory hallucinations in healthy individuals during periods
of silencewith the randomactivity of speech-sensitive auditory
processing areas [60], and is also well supported by findings
from many other strands of research [61,62]. These regions
process incoming information and form content-specific
neural representations in the case of stimulus-triggered percep-
tion [63–65], are also responsible for maintaining information
in working memory after stimulus offset [66–71], and serve
as the representational underpinnings of mental imagery
[72–81]. The activity of these sensory and associative areas
has also been found to underly the perceptual contents of
dreaming [62,82] and mind-wandering [15,22].

To see what features of this posterior activity the phenom-
enological notions of vividness and detailedness map onto,
this section provides a brief overview of a recent analysis of
imagery vividness and its neural underpinnings [22] (for an
earlier attempt see [38]).
(a) Factors of vividness
Vividness has been routinely used to compare and contrast
different varieties of conscious experiences like those occurring
in dreams and wakefulness [83–89], or during mental imagery
and stimulus-triggered perception [80,81,90]. However, the
notion of vividness has been claimed to be notoriously proble-
matic as it is only intuitively defined with the use of other
concepts like clarity, detail, brightness, intensity, etc., which
themselves are then left unexplained [91–95]. Even whether
what standard empirical tools, like the vividness of visual
imagery questionnaire (VVIQ) [96], measure is a single
feature of experience or rather a construct with more than
one components is debated [94].

To settle these issues it has recently been argued that
because tools like the VVIQ ask subjects to measure their
imagery against ‘normal vision’ (an imagery experience is
maximally vivid on VVIQ if it is ‘as vivid as normal vision’
[96]), the level of imagery vividness (as measured by e.g.
VVIQ) carries information about how degraded or reduced in
quality an experience is [22].

The quality of an experience in this context refers to the
way the content-elements entering consciousness appear in a
conscious experience. According to a recently proposed theor-
etical model, consciousness can be reduced in quality along
many different dimensions [97–99]. Importantly from our pre-
sent perspective, two of these major dimensions are subjective
intensity (determined by how much the content-element in
question stands out from the perceived background; with
more intense content-elements having more strength [100] or
liveliness [94]), and subjective specificity (determined by how
distinguishable a content-element is from other content-
elements; with less specific experience of a content-element
being more generic or vague). These major dimensions them-
selves are determined by many modality-specific factors or
sub-dimensions that can be modulated either individually or
in any combination. For example, the subjective intensity in
the visual modality increases with increasing contrast, satur-
ation or brightness. Similarly, subjective specificity in the
visual modality increases with increasing precision (e.g. a
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colour appearing as having a more specific shade), or by being
sharper and less blurry, or by being rich in detail (cf. how a
well-exposed photo contains more detail than an over- or
under-exposed one).
ietypublishing.org/journal/rstb
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(b) The neural correlates of vividness
The factors of subjective intensity in the visual case—contrast,
saturation and brightness—are neurally encoded in a similar
fashion, by the strength of the response functions of populations
ofneurons that represent corresponding features like orientation
[101], hue [102] and object surfaces [103], respectively.
Consequently, variance in subjective intensity along these
sub-dimensions manifests itself as modulations in the blood-
oxygen-level-dependent signal and in high-frequency electro-
encephalogram activity [104–106] over content-specific regions.

The neural underpinnings of the different factors of subjec-
tive specificity in the visual case are a bit more diverse. While
the precision component has been associated with the sharp-
ness (inverse variance) of the response function of the neural
population that encodes the feature in question [107,108],
apparent blur and detailedness have been associated with
neural sensitivity to higher spatial frequencies [109–112] and,
especially in the case of stimulus-independent percepts, the
level of recruitment of early visual representations [113–115].
Accordingly, increased subjective specificity might be indi-
cated by a broader involvement of early visual processing in
the neural correlate of self-generated experiences.

This analysis makes it possible to scrutinize recent findings
and identify the distinct neural signatures of subjective intensity
and subjective specificity. For instance, it was found that vari-
ations in the moment-to-moment experienced vividness of
visual imagery correlatedwith the intensityof theneural activity
(strength of simultaneously recorded functional MRI signal) in
the primary and associative visual areas [80,90]. As we have
seen, these correlations suggest that in these mental imagery
tasks experienced vividness changes along the subjective inten-
sity dimension. It has also been reported that VVIQmeasures of
vividness correlate with the overlap between the activity in
visual areas during mental imagery and perception [76,80,116],
and also with the strength of top-down recruitment of early
visual areas [81,117]. These findings suggest that the experienced
vividness of mental imagery changes along the subjective
specificity (blurriness/detailedness) dimension as well.

Similar reports of an overlap in the activity of auditory
association areas during perception and imagery and of corre-
lations between the vividness of auditory imagery and the level
of activity in auditory areas [118–120] and the representational
specificity of heard sounds [121], indicate that the links
proposed between experienced vividness and brain activity
can be generalized to at least the auditory case as well.
4. Imagery vividness and hallucinations
The important lesson from the previous section is that standard
measures of imagery vividness carry information about
those sensory characteristics—vividness and detailedness in
the original source monitoring framework [37–39]—that are
the modality- and content-independent sensory features of
conscious experiences (i.e. characterize all experiences regard-
less of their modality and particular content [100]) that the
reality monitoring system is sensitive to.
When an experience is maximally vivid according to these
measures, then it does not appear to be degraded or reduced in
quality at all. It seems to present its content as ‘normal percep-
tion’ would that is, as if it was triggered by external stimuli.
Highly elevated activity in spontaneously hyperactive sensory
areas could thus produce perceptual experiences that, despite
being internally generated, are as intense and as specific as
the experiences that would arise from sensory engagement
with corresponding external stimuli—and thus could provide
strong signals for the reality monitoring system, driving it to
judge them as being brought about by external sources. This
section explores the prospects of this hypothesis, focusing on
cases where the reality monitoring system is presumably
fully functional.

(a) Hallucinations with intact reality monitoring
Hallucinations occur in individuals with no clinical diagnosis
as well. For instance, around 6–7% of the general population
report auditory verbal hallucinations [122]. So-called conti-
nuum models of psychosis [123–125] interpret this as a sign
that hallucinatory experiences are distributed throughout
the general population existing on a continuum ranging
from very mild expressions to severe symptoms [58].

While an early study reported that participants who were
prone to experience hallucinations were more likely than
others to misidentify self-generated words as real auditory
experiences [126], two more recent studies found no evidence
of an impairment in source or reality monitoring in hallucina-
tion-prone individuals [58,127]. These findings indicate a
possible double dissociation between reality monitoring dys-
function and hallucinations in the non-clinical population: on
the one hand, in hallucination-prone individuals with intact
reality monitoring hallucinations can nevertheless occur,
while, on the other hand, some healthy individuals with rea-
lity monitoring problems (e.g. bilateral paracingulate sulcus
absence [128]) do not experience hallucinations [19,122].

Although this issue is not settled yet (see [129] for a recent
report that in the case of visual hallucinations hallucination-
prone individuals do show similar reality monitoring bias
than the clinical population), current evidence does not
provide unambiguous support for the claim that hallucina-
tions experienced by non-clinical individuals are underlain
by reality monitoring impairment and associated anterior
PFC dysfunction.

(b) Elevated imagery vividness in hallucination-prone
individuals

While an impairment of reality monitoring is not always
found, the spontaneous elevated activity in the sensory
cortex that is a characteristic sign of clinical hallucinations
is present in hallucination-prone individuals. For instance,
common hallucination-related activity in auditory processing
areas (e.g. superior temporal gyrus) is reported in non-clinical
groups as well [59,60,130]. Similarly, a correlation has been
found in non-clinical individuals between auditory hallucina-
tion proneness scores and superior temporal gyrus activity
when imagining voices that are subsequently misidentified
as being heard [131].

As we have seen, this increased activity in content-specific
sensory areas corresponds to an increased vividness of the
accompanying conscious experience [22], and thus ties these
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findings to the classical idea [132] that the vividness of halluci-
natory experiences has a major role in the false attribution of
the experienced properties to external sources. More precisely,
the findings that hyperactive sensory areas alone—without rea-
lity monitoring impairments—can lead to hallucinations
implicate that the sensory characteristics corresponding to the
elevated sensory activity are able to drive reality judgements.
The elevated sensory activity most probably achieves this
effect via ‘misinforming’ the reality monitoring system by pro-
viding signals that are as strong as usually can only be
triggered by actually present external stimuli.

This line of thought has recently motivated a multi-
factor account of hallucinations according to which there are
differences in the mechanisms that underly clinical and
non-clinical hallucinations. In the case of non-clinical
individuals, hallucinations might arise when certain charac-
teristics (e.g. intensity/vividness) of internally generated
sensory activity are unusual in such a way that an otherwise
intact reality monitoring system fails to recognize them as
being self-generated. In the case of clinical individuals,
an additional reality monitoring impairment (underlain by
anterior medial PFC dysfunction) might also contribute to
the severity of the symptoms [19,58,122,129].

The role attributed by this model to vividness is in line
with the hypothesis that hallucinators have an imagery
system that produces vivid and detailed images [133], with
the associations that have been found between hallucinations
and increased imagery vividness in the case of schizophrenia
[134–138], Parkinsons’s disease [139] and Alzheimer’s disease
[140], and with the findings that vivid imagery can lead to
false remembering [141–143].

(c) Hallucinations and the general vividness and
frequency of voluntary mental imagery

Despite the popularity of the hypothesis that there is a link
between vivid imagery and hallucinations, it is in tension
with the findings of a number of studies that report no signs
of increased imagery vividness in clinical or non-clinical hallu-
cinators, and argue that vivid imagery per se does not account
for hallucinatory experiences [144]. For instance, the tendency
of healthy individuals to have hallucinatory experiences was
found to be explained better by non-specific response bias
than by increased imagery vividness, suggesting that mental
imagery has an only indirect role in non-clinical hallucinations
[145]. Another study focusing on schizophrenia patients
found increased vividness of mental imagery, however, the
correlation between the hallucination and imagery scales
themselves was very low, indicating that vivid imagery is
independent of hallucinations and might be a trait of schizo-
phrenia [136]. This conclusion has been reinforced by another
study showing that although mental imagery vividness in a
schizophrenia patient, their first-degree relatives and also in
high-schizotypy controls was higher than in low-schizotypy
controls, it was independent of the predisposition towards hal-
lucinations [146]. A further study comparing non-clinical
participantswith higher and lower predisposition tovisual hal-
lucinations found no difference in VVIQ-measured [96]
imagery vividness [129]. However, participants with high pre-
disposition reported using visual imagery more frequently in
their everyday life, which led the authors to conclude that it
is the greater use of visual imagery that might lead to the
greater misattribution of internal images to external events
[129]. Similarly, the existence of a link between imagery vivid-
ness and hallucination proneness can also be questioned on the
basis of the observation that people with hyperphantasia do
not routinely hallucinate [147].

To start reconciling these findings with the hypothesis
that unusually vivid experiences can be responsible for
driving mistaken reality judgements, consider the role that
hypersensitive sensory areas play during mental imagery
and hallucinations. Hypersensitive sensory areas can be
activated more easily and respond with stronger signals.
Thus they can be recruited more easily and generate more
intense activity patterns when triggered by voluntary
mental imagery, and also when triggered spontaneously.
When triggered voluntarily, the rate of occurrence and
strength of the responses correspond to the general frequency
and vividness of mental imagery (respectively). When
especially strong responses are triggered spontaneously, the
rate of occurrence and strength of these responses correspond
to the frequency and vividness of hallucinatory experiences.

Next, note that while the vividness and/or the frequency of
mental imagery will be high for everyone with the hypersensi-
tive sensory cortex, not all of these individuals will necessarily
report a high frequency of hallucinations as the occurrence of
spontaneous (involuntary) triggering events might very well
be independent of both voluntary triggering and the sensitivity
of the sensory areas triggered. According to a recent finding,
for instance, people with aphantasia, who have problems
with voluntarymental imagery, report the same amount of invo-
luntary mind-wandering and dream experiences as the age-
matched control group [148]. The result is a picture which is
in line with the findings: the increased vividness/frequency
of imagery is determined by sensory cortex sensitivity, whereas
hallucination proneness is independent, as it is determined by
the further factor of the frequency of suitable spontaneous
triggering. Moreover, it is also in line with the original hypoth-
esis: when spontaneously triggered, hypersensitive sensory
areas respond more often with unusually intense activation,
leading to hallucinatory experiences.

Although according to this model hallucinations are linked
to increased sensory activity, and increased sensory activity is
associated with increased sensitivity of these areas, increased
sensitivity alone does not account for the frequency of spon-
taneous activations. That is, what the findings introduced in
this section seem to be incompatiblewith is not the link between
vivid imagery and hallucinations, but with the claim that the
sensitivity of the sensory areas is the only factor that determines
the frequency of hallucinatory experiences.
5. Hallucinations and mind-wandering
Now that we have seen the importance of spontaneous trigger-
ing events in the background of hallucinatory experiences,
we are in a position to fully acknowledge the inappropriateness
of using voluntary mental imagery as a basis of comparison
when studying hallucinations. Current studies use standard
imagery questionnaires to evaluate if the occurrence of halluci-
nations correlates with the frequency or general vividness
of voluntary mental imagery experiences. Hallucinations,
however, are characteristically involuntary: they occur spon-
taneously in the sense that they are triggered by top-down or
lateral cues that are not under deliberate cognitive control
[149,150]. So a more appropriate basis for comparison would
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be a phenomenon that shares this crucial feature of spontaneity
with hallucinations.

(a) Hallucinations as intensified mind-wandering: a
proposal

There is a form of involuntary mental imagery (self-generated,
or ‘phantom’ [149] perceptual experience) that is so common
that it occupies almost half of our wakeful mental life [151],
and whose main defining feature is its spontaneity [152].
It is mind-wandering. When the mind wanders, it is engaged
in a series of trains of thought and often imagery as well
[153,154] that appear and unfold in a spontaneous and
relatively unconstrained manner with widely varying con-
tent-elements lacking any obvious connection to each other,
to stimuli in the environment or to ongoing task requirements
[152,155,156].

Mind-wandering correlates with default mode network
activity [157,158] and is often thought of as a psychological
baseline, a kind of functioning that the mind returns to when-
ever it is otherwise unoccupied [15]. The content of the
involuntary imagery occurring during mind-wandering is
subserved by the same content-specific sensory areas that
play a similar role in voluntary mental imagery and in
hallucinations as well [11,159,160], and the intensity of the
activity of these areas has been associated with the vividness
of the accompanying conscious experience in the case of
mind-wandering too [22]. Higher imagery vividness leads
to higher meta-awareness (consciously registering the
content of and the fact that one is having an episode of
mind-wandering) [161], and thus individuals with more
vivid mind-wandering experiences better remember that their
mind often wanders, which results in an increased number of
self-reported mind-wandering episodes [15,22]. That is, indi-
viduals with more sensitive sensory areas (which, as we have
seen it, gives rise to more vivid self-generated experiences)
report more frequent mind-wandering.

Here, we propose that the similarities in the spontaneous,
transient and relatively unconstrained nature of hallucinations
and episodes of mind-wandering are owing to similarities in
the underlying mechanism, namely that similar content-
specific areas get triggered by similar spontaneous triggering
events (resting state default mode network activity, involun-
tary lateral and/or top-down cues) in both cases. When these
sensory areas are hypersensitive then the spontaneous trigger-
ing events that normally give rise to episodes of mind-
wandering can occasionally elicit so intense responses that
their strong signals trick the (otherwise well-functioning) rea-
lity monitoring system, which then fails to register them as
being internally generated leading to conscious experiences
that are seemingly externally triggered, i.e. seem to reflect
real events and objects. That is, (at least non-clinical) hallucina-
tions are intensified forms of mind-wandering—experiences
that are produced by the same mechanisms that underly
mind-wandering but are intensified by the hyperactivity of
content-specific sensory regions.

(b) Empirical and theoretical support
According to the proposal above, in the case of overly sensitive
sensory areas cues originated from resting state networks elicit
elevatedactivity.The intensityandrangeof this activityprovides
those sensory characteristics that the realitymonitoring system is
particularlysensitive to.When the strengthof these responsesare
below a threshold then the reality monitoring system correctly
categorizes them as being internally generated and the corre-
sponding spontaneous imagery is experienced as an instance
of mind-wandering. However, when the strength of the
responses are above the threshold, then even intact reality moni-
toring categorizes themmistakenly as being externally triggered
andthecorresponding imagery is experiencedasahallucination.
In the case of sensitive sensory areas these responses are gener-
ally stronger and occasionally above the threshold. As stronger
below-threshold responses correlate with higher reported
mind-wandering frequency, while above-threshold responses
correspond to hallucinations, this model predicts that hallucina-
tions correlate with the frequency of mind-wandering.

A recent study has provided data that allow for testing this
prediction. The study focused on the relationship between
mind-wandering and visual hallucinations in Parkinson’s dis-
ease, and also explored the underlying brain network
coupling [14]. The findings show that individuals with Parkin-
son’s disease who also experience visual hallucinations report
significantly more episodes of mind-wandering than Parkin-
son’s disease patients without hallucinations, thus they
provide empirical evidence of a positive correlation between
mind-wandering and hallucinations. Moreover, this increased
frequencyofmind-wandering is associatedwith agreatercoup-
ling between the primary visual cortex and the dorsal default
network, which suggests that the elevated sensory activity
underlying both hallucinations and mind-wandering is
driven by default mode network activity. As the frequency of
mind-wandering in Parkinson’s disease with hallucination
was not significantly different than in the control group,
whereas controls reported a significantly higher number of
mind-wandering episodes than Parkinson’s disease patients
without hallucinations, the association between the frequency
of mind-wandering and the coupling between primary visual
cortex and the dorsal default network in the hallucinating
phenotype of Parkinson’s disease is preserved, rather than
increased, relative to controls. Because, owing to impaired sen-
sory and attentional abilities the baseline level of sensory
activity is lower in Parkinson’s disease [14], the preserved
level of default more network activity can elicit more intense
responses in sensory areas, giving rise to more vivid experi-
ences than in controls. Therefore, preserved involuntary
mental imagerybecomesunusuallyvivid,which, inaccordance
with the proposal of this paper, leads to those hallucinations
that are characteristic of this phenotype of Parkinson’s disease.
(See also the cortical hyperexcitability model [31,32].)

The proposal of this paper is also in linewith previous find-
ings reporting an association between visual hallucinations in
Parkinson’s disease and increased activity and connectivity in
the default mode network both in the resting state [162,163]
andduringhallucinatoryexperiences [164].Moreover, the coup-
lingbetween thedefaultmodenetworkand thevisual cortexhas
been associatedwith the vividness (both intensity and detail) of
experiencesduringepisodesofmind-wandering inhealthy indi-
viduals as well [165]. Patients with schizophrenia also report
more episodes of mind-wandering and the frequency of mind-
wandering has been found to correlate with the severity of the
positive symptoms, including hallucinations [166].

Over and above these empirical findings, certain theoretical
considerations also resonate with the proposal of this paper
quite well. For instance, the so-called resting state hypothesis
claims that audio-verbal hallucinations are underlain by
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strong interactions between the default mode network and the
auditory cortex, resulting in increased resting state activity in
the auditory cortex triggered by an elevated resting state
activity in the default mode network [167]. The dysfunction of
the attentional control networks model of hallucinations also
agrees that the sensory hyperactivity characteristic of halluci-
nations is triggered by default mode network activations,
and claims that the underlying dynamical shifts in the inter-
actions within and between the default mode network, the
dorsal attention network and the ventral attention network
[34,35,168,169] are similar to the network dynamics that
characterize mind-wandering [152,170].

6. Conclusion
This paper has presented and argued for a multi-factor
account of hallucinations. This account starts from the obser-
vation that hallucinations are associated with hyperactive
sensory areas underlying the content of hallucinatory experi-
ences and a confusion with regard to the reality of the source
of these experiences. This confusion is often expressed as
an impairment of reality monitoring, however, as the first
part of the paper has reviewed, reality monitoring can be
impaired in a lot of different ways. Reality monitoring
impairment can be a general problem with the central reality
monitoring system associated with medial anterior PFC, but
reality judgements can also be mistaken even if the reality
monitoring system is intact—when the cues that this system
is sensitive to carry information that ‘tricks’ the system that
otherwise functions normally.

Corollary discharge dysfunction has been briefly con-
sidered as an instance of the failure of normal functioning
that might produce one kind of such misleading cues (about
the cognitive source of internally generated representations).
Then, the second major part of the paper considered the sen-
sory characteristics that are typically experienced as factors of
vividness (intensity, specificity) as another possible type of
misleading cues, with a special focus on their relationship
with the sensory hyperactivity observed in hallucinations. As
far as the hyperactivity of the sensory areas is a universal
characteristic of hallucinations, mistaken reality judgements
driven by misleading sensory cues can be an important
factor of the phenomenon of hallucinatory experiences.

Finally, the third part of the paper proposed a hypothetical
relationship between hallucinations and mind-wandering,
reinterpreting hallucinations as intensified forms of mind-
wandering that are amplified along their sensory characteristics.
A possible underlying mechanism has also been suggested
sketching how the reactivity of the sensory areas, their inter-
action with the default mode network and a threshold-like
limit in the sensitivity of the reality monitoring system can
lead from episodes of mind-wandering to hallucinations.

Of course, such a simple model can possibly account for
what is perceived as real only in the absence of the other fac-
tors. Interactions between sensory and cognitive cues might
play important roles that require future investigations. Explor-
ing these interactions might help clarify issues, like, for
instance, why maladaptive daydreaming, a condition with
highly vivid experiences that can absorb the individual elicit-
ing compulsive daydreaming and leading to impaired
functioning [171–173], is nevertheless experienced as being
internally generated. It might be the case that cognitive cues
regarding the certain degree of voluntary control in the
initiation and/or maintenance of episodes of mind-wandering
[174] that is present inmaladaptive daydreaming have a crucial
part in signalling internal generation to the reality monitoring
system despite the highly amplified sensory characteristics.
That is, amplified sensory characteristicsmight drive the reality
monitoring system towards mistaken judgements only when
cognitive cues do not interfere with them. As largely indepen-
dent factors, misleading cognitive cues, misleading sensory
cues and the dysfunction of the central reality monitoring
system might underly different varieties of hallucinations to
different degrees and in different combinations.
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