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Within the broad field of human perception lies the category of stimulus-
independent perceptions, which draws together experiences such as
hallucinations, mental imagery and dreams. Traditional divisions between
medical and psychological sciences have contributed to these experiences
being investigated separately. This review aims to examine their similarities
and differences at the levels of phenomenology and underlying brain
function and thus reassemble them within a common framework. Using
Edmund Parish’s historical work as a guiding tool and the latest research
findings in the cognitive, clinical and computational sciences, we consider
how different perspectives may be reconciled and help generate novel
hypotheses for future research.

This article is part of the theme issue ‘Offline perception: voluntary and
spontaneous perceptual experiences without matching external stimulation’.

1. Introduction

Throughout history, we have been faced with the question of how to classify
human perceptions. The term ‘stimulus-independent perception’ refers to a
broad subcategory of perceptions that are decoupled from the sensory environ-
ment [1]. They include experiences such as hallucinations, dreams, imagery,
daydreams and fantasies, which are created entirely by the brain, without the
intervention of the senses [2].

Commonalities between them include the internal representation of an image,
which can occur in one or more sensory modalities, and which can be ‘seen’ or
‘heard’ or ‘felt’ within one’s mind. Several early scholars viewed them as occurring
on a continuum of perceptual experiences utilizing similar brain areas and pathways
[3/4]. Contemporary notions, however, tend to separate these experiences. Tra-
ditional divisions between psychiatry and psychology have often favoured a
separation along the line of ‘normality’. Because hallucinations can cause significant
distress and functional burden, they could be viewed as deviations or anomalies that
can help demarcate the point at which a person requires a psychiatric evaluation
and/or treatment [5,6]. Frequency rates also separate them: hallucinations are
more likely to be found in a proportion of the population with mental or neurological
disorders [7,8] compared with imagery and dreams, which are universal human
experiences that occur almost on a daily basis [9]. Finally, they involve different
states of consciousness, with dreams occurring while asleep, and with contents
rarely available to memory recall or introspection in most people.

These issues have made it difficult to study these experiences in relation to
each other. Comparisons have been made between hallucinations and dreams
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Figure 1. Edmund Parish (1861-1916) in his thirties. Image provided by Dr
Esther Sophia Siinderhauf of the Von Parish Kostiimbibliothek, Munich,
Germany.

[10-12] and between hallucinations and imagery [13-15],
although, to our knowledge, no other study has reported
on multiple comparisons. In the present paper, we therefore
outline the similarities and differences in phenomenological
expression and underlying brain function of hallucinations,
imagery and dreaming, and attempt to reassemble these
experiences using the umbrella term ‘stimulus-independent
perception’. We suggest that a better understanding of their
descriptive features and underlying brain mechanisms can
provide a common framework with which to understand
how they might occur independently of external input. We
also draw on the work of the newly re-discovered German
scholar, Edmund Parish (1861-1916; figure 1), who was the
first to articulate the notion of shared operations among all
types of perception [4,16].

The scope of this paper is hallucinations, imagery and
dreaming. While acknowledging their broad phenomenological
diversity and expression [17-19], for the purpose of operationa-
lizing Parish’s framework for the present era, we have limited
ourselves to those aspects and experiences that have been
well documented, i.e. vision and audition as the most promi-
nent sensory modalities, hallucinations in schizophrenia and
neurodegenerative disorders where they are common symp-
toms, and dreams occurring during rapid eye movement
(REM) sleep as common physiological phenomena (table 1).

2. Historical and theoretical framework

The overlap between hallucinations, dreams and imagery
has long fascinated philosophers and scientists. Many nine-
teenth century scientists considered how the mind is
capable of constructing an internal world without the inter-
vention of the external environment. Etienne Esquirol [20],
for example, maintained that hallucinations and dreams are
perceptual constructions that do not involve the sense
organs. By contrast, John Hughlings Jackson [21] argued for
a key role in ‘sensory discharges” due to peripheral or central
sensory reactivity that have the capacity to spread from one
part of the brain to another. A more nuanced proposal was
advanced by Edmund Parish [4,16]. Starting from his belief
in the brain’s economic use of resources, he proposed that all
perceptual experiences use the same network of brain areas
and pathways. He presented a unifying model to explain all
‘fallacies of perception’, in which he included dreams, daytime

reveries, hallucinations, illusions, distortions and even some n

negative disorders of perception.

He proposed that illusions and hallucinations use a
common perceptual system and may occur with our senses
in full working order. Moreover, he introduced the concept
of ‘dissociation’, described by him (in contrast with our
present-day usage of the term) as a change of routing of infor-
mation gathered by the senses in the direction of unrelated
brain areas. Such disruptions in the brain’s associative and
connective pathways would have the capacity to conjure
entirely different percepts. Finally, he suggested that the
contents of (especially complex) ‘fallacies of perception’ are
drawn from personal experiences [4]. This suggestion regard-
ing the contribution of top-down processes is well aligned
with modern conceptualizations about sensory perception,
which draw on probabilistic models of Bayesian feed-forward
and inference models [22,23].

3. Phenomenological features

This section presents the descriptive features of hallucinations,
imagery and dreams.

(a) Hallucinations

Hallucinations can be experienced in all sensory modalities
and vary considerably in complexity. Visual hallucinations
(common in older adults and in some psychiatric conditions)
[24,25] may range from simple flashes or geometric shapes to
static percepts involving people, faces, animals or objects, as
well as dynamic scenes unfolding before the eyes [26]. Audi-
tory hallucinations are more frequently encountered in
psychotic disorders [27] and may take the form of simple
sounds, such as a telephone ringing, or more complex
sounds, such as music or voices. The linguistic properties of
voices can also range from low complexity (e.g. single words)
to high complexity (e.g. conversations between people) [28].
Hallucinations may be brief in duration or longer lasting.

A fundamental attribute of hallucinations is their detailed
perceptual quality, which can mimic sensory events perfectly
[5]. This generates a percept with a sense of reality that is per-
ceived as ‘present’ in a very concrete sense. While other people
may not see or hear anything, the person may attempt to move
towards or away from the hallucinated object, or engage in
conversation. This subjective reality often elicits emotional
reactions, which may include surprise, amusement, validation,
religious ecstasy, as well as fear and distress [28,29].

Another common feature, in a majority of hallucinations,
is a lack of control and intentionality [26,30]. In many clinical
disorders, hallucinations are perceived as unbidden, intrusive
and involuntary. The lack of control may be crucial in the
development of distress and contribute to the misattribution
to an external agency. Hallucinations may be explained as
supernatural realities and interpreted as symbolic and mean-
ingful within the person’s own cultural background and
historical narrative [31].

(b) Imagery

The term ‘imagery’ tends to be used quite loosely to denote a
private experience presenting in the mind or inner subjective
space [9,18,32]. It is often differentiated from non-symbolic
thoughts and from general sensory awareness, because it
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Table 1. Traditional definitions of stimulus-dependent (SD) and stimulus-independent (SI) perceptions [17].

lllusion (SD): a stimulus-dependent percept, experienced while awake, that is based on a corresponding signal from the senses, but is either

misinterpreted or misperceived (e.g. hearing music in the drone of a computer fan, mistaking a moving curtain for an intruder)

Distortion (SD): a stimulus-dependent percept, experienced while awake, that is based on a corresponding signal coming from the senses, but one in

which either one or several highly specific aspects are changed (e.g. seeing things much larger or smaller than they are, seeing all faces with grossly

distorted eyebrows, seeing all straight lines as wavy)

Imagery (SI): a stimulus-independent, quasi-perceptual representation of objects or events, experienced while awake (e.g. reimagining a concert, seeing

Sydney Opera House ‘in the mind’s eye’)

Hallucination (SI): a stimulus-independent percept, experienced while awake, in the absence of a corresponding signal coming from the senses (e.g.

hearing a voice when no one is around, seeing a cat that is not there)

Dream (SI): a (mostly) stimulus-independent percept (or series of percepts, often with a narrative structure), experienced while asleep (e.g. experiencing

that one can fly, experiencing that one is in first grade again)

manifests as the recall or representation of a meaningful
percept, sometimes described as ‘visualizing’ or ‘mental ima-
gery’ [33]. Research has often focused on the visual senses
(seeing in the mind’s eye), but imagery can occur in many
sensory modalities. Auditory images may include elementary
features (e.g. sound pitch) and complex sounds (e.g. the
sound of breaking glass or melodies).

In most cases, intentionality and voluntary control are key
features of imagery [34]. Imagery thus allows for the voli-
tional manipulation or transformation of imagined percepts,
which is an important point of difference with hallucinations.
While individual differences exist in the ability to internally
manipulate images, the image generally fades rapidly [35,36].

Crucially, imagery lacks the precise perceptual details of
hallucinations. To grasp the difference, it may help to try to
retrieve a memory image of Sydney Opera House (which
most people can) and then seek to count the number of
‘shells” comprising its rooftops, which most people cannot,
because the final product lacks the clarity and finer details
of externally derived perceptions and hallucinations.

(c) Dreams

While hallucinations and imagery occur during an awake state,
dreams are experienced during sleep, or during the transition
between wake and sleep [19,37]. They are difficult to study
using conventional methods, but descriptions from people
after waking up suggest a predominance of the visual modality
(99% of the time). Auditory and somatic experiences are
reported less often (60 and 30%) and often simultaneously
with visual ones [38]. Scenes tend to be fluid and rapidly chan-
ging and often have a narrative structure involving a replay or
recombination of past experiences and fantastical elements
[19,38,39]. Dreams can also evoke a range of intense emotions,
congruent with the dream’s content. Previous studies that
compared them with hallucinations [10-12] show differential
features that also apply to imagery. A key feature of dreams
is that they are totally immersive experiences, replacing all
other perceptions. By contrast, hallucinations and imagery
are superimposed on and can coexist with, regular sense
perceptions (panoramic or scenic hallucinations being an
exception) [17]. Another point of difference is that bizarre or
implausible scenarios are readily accepted during sleep, and
the dreamer is both an actor and spectator [12]. Finally,

dreams involve a continuous stream of perceptions that is
often forgotten upon waking [40], which contrasts with hallu-
cinations and imagery, which are usually well remembered and
available for conscious retrospection.

(d) Similarities and differences

One key point of similarity between hallucinations and dreams
is that they are described as vivid and as accompanied by a
sense of reality. Imagery, by contrast, lacks these attributes
and is therefore rarely mistaken for actual perception. There
are, however, some exceptions where frequent practice can
sharpen the perceptual qualities and intensity of imagery
[36]. One example is the act of praying, which is a communica-
tive discourse that makes use of mostly linguistic, visual and
auditory images. Anthropological studies show that focused
imagery can transform such images into detailed perceptual
experiences with an apparent external reality and independent
agency [41]. Shamanic training, for example, involves a learnt
practice of projecting images into external space in the context
of metaphysical beliefs, which can develop over time into
religious visions [41]. Similar to hallucinations, these may
have clear substance and form, may be entirely convincing
and may be interpreted symbolically or even literally.

One commonly cited difference between these three experi-
ences involves a division along the ‘normality’ line, where
hallucinations are defined as clinical and anomalous because
they are intrusive, unwanted and/or negative in content, or
simply because they co-occur with other symptoms of the dis-
ease. This line becomes blurred if one considers examples of
hallucinations reported in the general population by individuals
without a need for care [42]. These hallucinations are more often
reported as positive, valuable and controllable than those
experienced in the context of mental disorder. In addition, ima-
gery and dreams are not always benign as they too form a part of
a continuum that extends to intrusive thoughts and nightmares.
In clinical psychiatry and psychology, intrusive thoughts are
considered diagnostic features of conditions such as obses-
sive-compulsive disorder. Similar to hallucinations, intrusive
thoughts can be perceived as uncontrollable and fundamentally
non-self in origin and lead to significant distress and burden.
Finally, dream contents are often neutral or benign, but may
also provoke fear and distress when they manifest as nightmares
or parasomnias such as the incubus phenomenon [43,44]. Thus,
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several attributes of hallucinations, imagery and dreams appear
tobeshared, even though they are commonly described as ‘core’
or ‘fundamental’ properties within their own definitions.

4. Perceptual systems in the brain

This section discusses the perceptual systems that are active
during hallucinations, imagery and dreams. Their connec-
tivity to other brain networks is discussed in the next section.

(a) Hallucinations

Neuroimaging studies show that hallucinations clearly involve
brain areas that are active during the processing of incoming per-
ceptual stimuli [45]. Neural activations in perceptual regions
precede activity in other brain areas, so it is possible to locate
the perceptual system as a key site of origin of hallucinations
[46,47]. Regions that are activated are closely linked to the sen-
sory modality of hallucinations. Thus, visual hallucinations are
linked to changes in the visual system, including the primary
and secondary visual cortex, as well as to extensive activity in
association cortex and subcortical centres such as the thalamus
[24,48]. In comparison, auditory hallucinations coincide with
activation of speech-sensitive and auditory processing areas
and networks, including the primary auditory cortex, associ-
ation cortex and the planum temporale [46]. The engagement
of the primary sensory regions is thought to contribute to the
vividness and salience of hallucinations [49], and the planum
temporale is thought to project the experience onto external
space, thus endowing it with ‘external’ qualities [45,50].

One important finding is that of spontaneous cortical
activity in primary sensory areas, detected with resting-state
MRI and electrophysiological methods. These show that
people reporting visual and auditory hallucinations are
prone to spontaneous activity in early visual cortex [51]
and auditory cortex [47]. The spontaneous cortical activity
can influence large brain networks [52] responsible for con-
scious perception. This offers an explanation for the
involuntary and often sudden appearance of hallucinatory
events. Of note, early sensory processing deficits and changes
in early visual and auditory cortex are a common, but not
necessary feature of clinical disorders with hallucinations,
as hallucinations can also occur without any clear deficits
in these early processing areas.

(b) Imagery
Functional neuroimaging research shows that imagery
coincides with activity in brain areas that strongly overlap
with those of regular sense perception [53,54]. What is more,
intact sensory regions appear to be crucial for the development
of mental imagery. An experimental study in people who are
congenitally blind, for example, found that mental imagery
was less accurate and slower compared with people with
intact sight who were blindfolded [55]. In addition, cortical
lesions in visual or auditory areas impact on imagery perform-
ance in a modality-specific way [36]. For example, visual
imagery selectively interferes more with visual than with audi-
tory perception [56]. Moreover, the loss of visual imagery due to
cortical lesions is often accompanied by a general loss of dreams
in all sensory modalities [57], speaking to common networks.
Brain activity is also closely related to the type of object
being imagined. The right fusiform face area as well as

bilateral occipital face areas are activated while imagining [ 4 |

faces, and parahippocampal regions while imagining land-
scapes, showing overlap with brain regions that are
activated when people look at photo images [58].

There is ongoing debate regarding the involvement of pri-
mary sensory areas during imagery, including whether visual
imagery engages early visual areas [59-61]. However, there
are suggestions that this might depend on the level of vivid-
ness [32]. A recent study that directly compared brain activity
during imagery of complex objects (i.e. faces, scenery) [58]
found that the BOLD signal resembled that generated by
photo images, although the magnitude of activation was
lower in imagery. In support, Ganis et al. [60] found only
partial overlap in the brain areas subserving imagery and
stimulus-dependent perception, with imagery being less
likely to engage primary sensory areas.

(c) Dreams

Neuroimaging and electrophysiological studies of dreaming
have drawn similarities with brain mechanisms underlying
hallucinations, thus prompting suggestions of a common physi-
ology [10,11]. During sleep, the brain is highly active in cortical
and subcortical areas [62]. Similar to hallucination networks,
dreams depend on activity in perceptual circuitry, notably
association cortices which serve to integrate sensory information
released from specialized (visual, auditory and somatosensory)
areas [63]. The ventral visual stream (Iocated in inferior temporal
regions and the fusiform gyrus) is particularly active, in keeping
with the visual prominence of dream contents [64].

During REM sleep, the processing of incoming sensory
information is largely absent, leaving dream contents predo-
minantly neurobiologically driven and contained. Their
creation is largely dependent on the release of acetylcholine
(ACh) in the midbrain [65-67], which causes autonomous
and internally segmented perceptual activity. ACh release
increases y-aminobutyric acid (GABA) levels, which triggers
a surge of activity in secondary sensory processing areas,
and to a lesser extent in primary sensory areas [65]. The per-
ceptual release also involves reactivation of memory traces
from the thalamus [68,69].

(d) Summary

In summary, the perceptual circuit in the brain, notably the
association cortex, is a common feature of hallucinations,
imagery and dreams. There is evidence of involvement of
lower-level (primary) cortical areas in hallucinations, and in
dreams to a lesser extent. By contrast, the primary sensory
areas only seem to be engaged during salient, vivid and
complex imagery (but not at all times).

5. Relationship with other brain functions

All perceptions are intrinsically linked to a broader functional
network involving memory, language and other executive
functions. Different interactions may therefore contribute to
a variety of stimulus-independent perceptions.

(a) Hallucinations

In addition to the changes in perceptual processing described
above, the notion of disruption between functional brain net-
works is central to most definitions of hallucinations [21,46].
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In disorders with common auditory hallucinations (such as
schizophrenia), neuroimaging studies show disruptions in
structural and functional connectivity between the auditory
cortex and the prefrontal cortex (PFC), cingulate gyrus, sup-
plementary motor area and cerebellum [46,70]. In disorders
with common visual hallucinations (such as Parkinson’s dis-
ease), extensive disruptions have also been found to visual
thalamocortical networks, as well as impaired connectivity
to the frontal lobe and hippocampus [24,48,71].

Connectivity problems with the PFC are considered to be
particularly important, because they negatively impact on the
downregulation of sensory activity, reality monitoring [72]
and inhibition of unwanted mental contents [30]. Deficits in
the integration of different perceptual networks may also
contribute to distinct phenomenological features of hallucina-
tions. Hallucinations involving memory recall may occur
singly and independently of spatial and temporal attributes.
Contextual properties are typically represented in dual-stream
cortical pathways (the ventral ‘what” and dorsal ‘where’ path-
ways), and it has been suggested that incorrect integration
may strip objects from their context cues, contributing to the
sense of estrangement and alienation [73,74].

(b) Imagery

The ability to imagine and thus mentally ‘manipulate’” objects
that are absent in the immediate environment speaks to the
involvement of memory and other higher order functions
[75]. Accordingly, a core functional neural network has been
suggested for imagery, regardless of the task [76], and which
includes somatosensory processing areas, PFC and the parietal
lobes. During mental performance or activity within the sen-
sory cortices, medial PFC areas such as the anterior cingulate
cortex are engaged, consistent with the notion of frontal control
and neural efficiency [77]. The role of ventromedial frontal
regions is to engage goal-oriented behaviour and regulate
higher order processes that allow for switching between
different brain nodes [78]. This network involving frontal and
parietal regions is the same one that is activated during
sensory-dependent perception [60,79], and this is understand-
able in terms of the level of control required for the regulation
and control of mental images. Intact cognitive control also
allows for self-monitoring and self-recognition, and studies
show that the relationship between reality monitoring and
the capacity for imagery covaries as a function of individual
differences in medial PFC [80]. This can help to localize the
medial-PFC region as a pivotal area in both imagery and hallu-
cinations contributing to their phenomenological variability in
aspects such as self-monitoring and cognitive control.

(c) Dreams

The brain activity coinciding with dreaming during REM
sleep has been said to have the same functional impact as
frontal lobe dysfunction [19,63]. As the brain transits from
light sleep to other sleep stages such as NREM (non-REM)
and REM, gradual changes occur in the regional flow of
information [81]. Reactivity and awareness of external stimuli
decrease and the brain focuses inwards, becoming less
constrained by external stimuli [68].

The dreaming brain during REM sleep, however, is still
highly active [63]. ACh-mediated activity from thalamocortical
centres results in a surge of perceptual activity [65] accompanied
by the disengagement of frontal functions. Known as the

thalamic ‘gate’ [68], this disengagement process with the frontal
lobes has major consequences for perceptual signal propagation.
Such dissociation from prefrontal executive regions results in
limited signal distribution to mostly posterior regions. During
REM-related dreaming, the brain effectively operates as a
“closed system’ that is dissociated from top-down control, reality
monitoring and memory encoding capacity of the frontal
regions. As a consequence, dreams occur independently and
without the restraints from influences such as reality monitor-
ing, goal-directions, conscious awareness and introspection,
and are usually forgotten when the person wakes.

Similarities have been drawn between REM dream experi-
ences, which are unavailable to prefrontal context processing,
and the functional disconnection between posterior and
anterior regions that occurs in hallucinations [70]. One key
difference, however, is that the disconnection is not absolute
in hallucinations. Instead, it undergoes a process of competition
for physiological resources [82] so that hallucinations can occur
alongside or superimposed on regular sense perceptions.

6. Summary and conclusion

When we examine the similarities and differences between
hallucinations, imagery and dreaming, and realize that they
are usually separated along convenient clinical and methodo-
logical divides, the historical work of Edmund Parish reveals
itself to be helpful in reconciling these experiences within the
unifying framework of ‘stimulus-independent perceptions’.

Descriptions of their core phenomenological features often
draw attention to differential features, but our detailed analysis
reveals that many of these attributes are shared rather than
unique and differential. Similarly, our examination of brain
mechanisms indicates that the perceptual system contains
modality-specific areas that are common to all three types of
experience, and that can accommodate their origins, content
and a variety of phenomenological qualities such as vividness.
Finally, what was said about the role of higher order brain areas
confirms that hallucinations, imagery and dreams are associ-
ated with different disconnectivity patterns and yet share
similarities through the functional roles of the PFC such
as the downregulation of sensory activity and reality monitor-
ing, and with major consequences for perceptual signal
propagation and conscious awareness.

In terms of limitations, it should be noted that our over-
view neglects other important types of perception, such as
illusions, distortions and hypnagogia, which constitute
mainly stimulus-based perceptions, and a variety of sleep-
related manifestations. They, too, lie on a continuum between
(normal) perceptions and (clinical) hallucinations, but
because our focus was on the latter three groups, we were
unable to include them in this paper.

With regard to future research, it would be interesting to
investigate the fate of perceptual information coming from the
senses when people hallucinate, and to find out whether it
reaches its designated sensory cortical areas but fails to register
consciously owing to hallucinatory activity competing for
shared physiological resources, or whether the incoming infor-
mation is indeed side-tracked, as envisaged by Parish, to
activate unrelated brain areas. Secondly, it would be interesting
to take into account the role of social connections in the
mediation of hallucinations, imagery and dreams. Current bio-
logical theories described in the present paper suggest plausible
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neural mechanisms, but neglect to explain the social context,
which probably plays an important role in shaping their content
[19,83,84]. Since this may also influence the way people feature
in dreams, hallucinations, illusions and other misperceptions,
this too, may be worthy of future research.

Data accessibility. This article has no additional data.

Authors contributions. E.W. contributed to the conception and design of
the work, and wrote the first drafts. ]J.M.B. and J.D.B. contributed

References

Antrobus JS. 1968 Information theory and stimulus-
independent thought. Br. J. Psychol. 59, 423-430.
(doi:10.1111/}.2044-8295.1968.tb01157.x)

McGuire P, Paulesu E, Frackowiak R, Frith C. 1996
Brain activity during stimulus independent thought.
Neuroreport 7, 2095.

Michéa CF. 1851 Du délire des sensations, 2nd edn.
Paris: Labé. [In French.]

Parish E. 1897 Hallucinations and illusions: a study
of the fallacies of perception. London, UK: W. Scott.
Slade PD, Bentall RP. 1988 Sensory deception:

a scientific analysis of hallucination. New York, NY:
John Wiley & Sons.

Waters F, Blom J, Jardri R, Hugdahl K, Sommer I.
2018 Auditory hallucinations, not necessarily a
hallmark of psychotic disorder. Psychol. Med. 48,
529-536. (doi:10.1017/50033291717002203)
Jablensky A, Sartorius N, Ernberg G, Anker M, Korten
A, Cooper JE, Day R, Bertelsen A. 1992 Schizophrenia:
manifestations, incidence and course in different
cultures A World Health Organization Ten-Country
Study. Psychol. Med. Monogr. Suppl. 20, 1-97.
(doi:10.1017/50264180100000904)

Asaad G, Shapiro B. 1986 Hallucinations: theoretical
and clinical overview. Am. J. Psychiat. 143,
1088-1097. (doi:10.1176/ajp.143.9.1088)

Kosslyn SM, Pinker S, Smith GE, Shwartz SP. 1979
On the demystification of mental imagery. Behav.
Brain Sci. 2, 535-548. (doi:10.1017/
50140525X00064268)

Gottesmann C. 2006 The dreaming sleep stage: a
new neurobiological model of schizophrenia?
Neuroscience 140, 1105-1115. (doi:10.1016/j.
neuroscience.2006.02.082)

Kelly PH. 1998 Defective inhibition of dream event
memory formation: a hypothesized mechanism in
the onset and progression of symptoms of
schizophrenia. Brain Res. Bull. 46, 189—197. (doi:10.
1016/50361-9230(98)00011-2)

Waters F, Blom JD, Dang-Vu TT, Cheyne AJ,
Alderson-Day B, Woodruff P, Collerton D. 2016 What
is the link between hallucinations, dreams, and
hypnagogic—hypnopompic experiences? Schizophr.
Bull. 42, 1098-1109. (doi:10.1093/schbul/sbw076)
Linden DE, Thornton K, Kuswanto CN, Johnston SJ,
van de Ven V, Jackson MC. 2011 The brain’s voices:
comparing nonclinical auditory hallucinations and
imagery. Cereb. Cortex 21, 330-337. (doi:10.1093/
cercor/bhq097)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

2].

Competing interests. The research was conducted in the absence of any
commercial or financial relationships that could be construed as a
potential conflict of interest.

Funding. This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Acknowledgements. The authors thank Dr Esther Sophia Siinderhauf of

Seitz PFD, Molholm HB. 1947 Relation of mental
imagery to hallucinations. Arch. Neurol. Psychiat.
57, 469-480. (doi:10.1001/archneurpsyc.1947.
02300270087006)

Siegel RK. 1984 Hostage hallucinations: visual
imagery induced by isolation and life-threatening
stress. J. Nervous Mental Dis. 172, 25-27.

Blom JD. In press. Hallucinations and illusions by
Edmund Parish: the unlikely genesis and curious
fate of a forgotten masterpiece. Hist. Psychiat. 31,
405-420.

Blom JD. 2010 A dictionary of hallucinations. Berlin,
Germany: Springer.

Finke RA. 1989 Principles of mental imagery.
(Cambridge, MA: MIT Press.

Hobson JA. 2009 REM sleep and dreaming: towards
a theory of protoconsciousness. Nat. Rev. Neurosci.
10, 803-813. (doi:10.1038/nm2716)

Esquirol E. 1845 Mental maladies; a treatise on
insanity. Philadelphia, PA: Lea and Blanchard.
Jackson JH. 1881 Remarks on dissolution of the
nervous system as exemplified by certain post-
epileptic conditions. Med. Press Circ. 35, 399—402.
Fletcher PC, Frith CD. 2009 Perceiving is believing: a
Bayesian approach to explaining the positive
symptoms of schizophrenia. Nat. Rev. Neurosci. 10,
48-58. (doi:10.1038/nrm2536)

Friston K, Schwartenbeck P, FitzGerald T, Moutoussis
M, Behrens T, Dolan RJ. 2013 The anatomy of
choice: active inference and agency. Front. Hum.
Neurosci. 7, 598. (doi:10.3389/fnhum.2013.00598)
Ffytche DH. 2007 Visual hallucinatory syndromes:
past, present, and future. Dialog. Clin. Neurosci. 9,
173-189.

Waters F et al. 2014 Visual hallucinations in the
psychosis spectrum and comparative information
from neurodegenerative disorders and eye disease.
Schizophr. Bull. 40(Suppl. 4), $233-5245. (doi:10.
1093/schbul/sbu036)

Mosimann UP, Rowan EN, Partington CE, Collerton
D, Littlewood E, O'Brien JT, Burn DJ, Mckeith 1G.
2006 Characteristics of visual hallucinations in
Parkinson disease dementia and dementia with
Lewy bodies. Am. J. Geriatr. Psychiat. 14, 153—160.
(doiz10.1097/01.JGP.0000192480.89813.80)

Waters F, Fernyhough C. 2017 Hallucinations: a
systematic review of points of similarity and
difference across diagnostic classes. Schizophr. Bull.
43, 32-43. (doi:10.1093/schbul/sbw132)

28.

29.

30.

3N

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

the Von Parish Kostiimbibliothek, Munich, Germany, for making
available the photograph of Edmund Parish.

Largi F et al. 2012 The characteristic features of
auditory verbal hallucinations in clinical and
nonclinical groups: state-of-the-art overview and
future directions. Schizophr. Bull. 38, 724-733.
(doi:10.1093/schbul/shs061)

Diederich NJ, Fénelon G, Stebbins G, Goetz (G.
2009 Hallucinations in Parkinson disease.

Nat. Rev. Neurol. 5, 331. (doiz10.1038/nrneurol.
2009.62)

Waters F et al. 2012 Auditory hallucinations in
schizophrenia and nonschizophrenia populations: a
review and integrated model of cognitive
mechanisms. Schizophr. Bull. 38, 683—-693. (doi:10.
1093/schbul/shs045)

Largi F, Luhrmann TM, Bell V, Christian Jr WA,
Deshpande S, Fernyhough C, Jenkins J, Woods A.
2014 Culture and hallucinations: overview and
future directions. Schizophr. Bull. 40(Suppl. 4),
$213-5220. (doi:10.1093/schbul/sbu012)

Hebb DO. 1968 Concerning imagery. Psychol. Rev.
75, 466. (doi:10.1037/h0026771)

Heavey CL, Hurlburt RT. 2008 The phenomena of
inner experience. Conscious. Cogn. 17, 798-810.
(doi:10.1016/j.concog.2007.12.006)

Annett J. 1995 Motor imagery: perception or action?
Neuropsychologia 33, 1395-1417. (doi:10.1016/
0028-3932(95)00072-B)

Cui X, Jeter (B, Yang D, Montague PR, Eagleman
DM. 2007 Vividness of mental imagery: individual
variability can be measured objectively. Vision Res.
47, 474-478. (doi:10.1016/j.visres.2006.11.013)
Hubbard TL. 2010 Auditory imagery: empirical findings.
Psychol. Bull. 136, 302. (doi:10.1037/a0018436)
Hobson JA, Friston KJ. 2012 Waking and dreaming
consciousness: neurobiological and functional
considerations. Prog. Neurobiol. 98, 82—-98. (doi:10.
1016/j.pneurobio.2012.05.003)

Schredl M. 2010 Characteristics and contents of
dreams. In Int. Rev. Neurobiol. 92, 135-154.
(doi:10.1016/50074-7742(10)92007-2)

Snyder TJ, Gackenbach J. 1988 Individual differences
associated with lucid dreaming. In Conscious mind,
sleeping brain (eds J Gackenbach, S LaBerge),

pp. 221-259. Berlin, Germany: Springer.

Strauch |, Meier B. 1996 In search of dreams. Results
of experimental dream research. Albany, NY: State
University of New York Press.

Luhrmann TM, Morgain R. 2012 Prayer as inner
sense cultivation: an attentional learning theory of

G 5185y S g e o sl

to individual sections and revised the work. All gave approval for n
the final version of the manuscript to be published.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

spiritual experience. Ethos 40, 359-389. (doi:10.
1111/j.1548-1352.2012.01266.x)

Johns LC et al. 2014 Auditory verbal hallucinations
in persons with and without a need for care.
Schizophrenia Bull. 40(Suppl. 4), 5255-S264.
(doi:10.1093/schbul/shu005)

Phelps AJ, Forbes D, Creamer M. 2008
Understanding posttraumatic nightmares: an
empirical and conceptual review. (lin. Psychol. Rev.
28, 338-355. (doi:10.1016/j.cpr.2007.06.001)
Somer E. 2002 Maladaptive daydreaming: a
qualitative inquiry. J. Contemp. Psychother. 32,
197-212. (doi:10.1023/A:1020597026919)

Hunter MD, Griffiths TD, Farrow TF, Zheng Y,
Wilkinson ID, Hegde N, Woods W, Spence SA,
Woodruff PWR. 2002 A neural basis for the
perception of voices in external auditory space.
Brain 126, 161-169. (doi:10.1093/brain/awg015)
Allen P et al. 2012 Neuroimaging auditory
hallucinations in schizophrenia: from neuroanatomy
to neurochemistry and beyond. Schizophr. Bull. 38,
695-703. (doi:10.1093/schbul/shs066)

Hoffman RE, Pittman B, Constable RT, Bhagwagar Z,
Hampson M. 2011 Time course of regional brain
activity accompanying auditory verbal hallucinations
in schizophrenia. Br. J. Psychiat. 198, 277-283.
(doi:10.1192/hjp.bp.110.086835)

Santhouse A, Howard R, Ffytche D. 2000 Visual
hallucinatory syndromes and the anatomy of the
visual brain. Brain 123, 2055-2064. (doi:10.1093/
brain/123.10.2055)

Woodruff P. 2004 Auditory hallucinations: insights
and questions from neuroimaging. Cogn.
Neuropsychiat. 9, 73-91. (doi:10.1080/
13546800344000165)

Looijestijn J, Diederen KM, Goekoop R, Sommer IE,
Daalman K, Kahn RS, Hoek HW, Blom JD. 2013 The
auditory dorsal stream plays a crucial role in
projecting hallucinated voices into external space.
Schizophr. Res. 146, 314-319. (doi:10.1016/j.schres.
2013.02.004)

Pajani A, Kok P, Kouider S, de Lange FP. 2015
Spontaneous activity patterns in primary visual
cortex predispose to visual hallucinations.

J. Neurosci. 35, 12 947-12 953. (doi:10.1523/
JNEUR0SCI.1520-15.2015)

Ferezou |, Deneux T. 2017 How do spontaneous and
sensory-evoked activities interact? Neurophotonics 4,
031221. (doi:10.1117/1.NPh.4.3.031221)

Kosslyn SM, Ochsner KN. 1994 In search of occipital
activation during visual mental imagery. Trends
Neurosci. 17, 290-292. (doi:10.1016/0166-
2236(94)90059-0)

Zatorre RJ, Chen JL, Penhune VB. 2007 When the
brain plays music: auditory—motor interactions in
music perception and production. Nat. Rev. Neurosci.
8, 547-558. (d0i:10.1038/nm2152)

Knauff M, May E. 2006 Mental imagery, reasoning,
and blindness. Q. J. Exp. Psychol. 59, 161-177.
(doi:10.1080/17470210500149992)

Segal SJ. 1971 Processing of the stimulus in
imagery and perception. In Imagery: current

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

cognitive approaches (ed. SJ Segal), pp. 69—100.
New York, NY: Academic Press.

Blom J, Catani M. 2010 Disorders of visual perception.
J. Neurol. Neurosurg. Psychiat. 81, 1280—1287.
(doi:10.1136/jnnp.2008.171348)

0'Craven KM, Kanwisher N. 2000 Mental imagery of
faces and places activates corresponding stimulus-
specific brain regions. J. Cogn. Neurosdi. 12,
1013-1023. (doi:10.1162/08989290051137549)
D’Esposito M, Detre JA, Aguirre GK, Stallcup M,
Alsop DC, Tippet LJ, Farah MJ. 1997 A functional
MRI study of mental image generation.
Neuropsychologia 35, 725-730. (doi:10.1016/50028-
3932(96)00121-2)

Ganis G, Thompson WL, Kosslyn SM. 2004 Brain
areas underlying visual mental imagery and visual
perception: an fMRI study. Cogn. Brain Res. 20,
226-241. (doi:10.1016/j.cogbrainres.2004.02.012)
Kosslyn SM, Thompson WL, Kim 1, Alpert NM. 1995
Topographical representations of mental images in
primary visual cortex. Nature 378, 496-498.
(doi:10.1038/378496a0)

Carskadon MA, Dement WC. 2005 Normal human
sleep: an overview. Princ. Pract. Sleep Med. 4,
13-23. (doi:10.1016/B0-72-160797-7/50009-4)
Dang-Vu TT et al. 2005 Dreaming: a neuroimaging
view. Arch. Suiss Neurol. Psychiat. 156, 415. (doi:10.
4414/5anp.2005.01655)

Chow HM et al. 2013 Rhythmic alternating patterns
of brain activity distinguish rapid eye movement
sleep from other states of consciousness. Proc. Nat/
Acad. Sci. USA 110, 10 300-10 305. (doi:10.1073/
pnas.1217691110)

Perry E, Perry R. 1995 Acetylcholine and
hallucinations-disease-related compared to drug-
induced alterations in human consciousness. Brain
Cogn. 28, 240-258. (doi:10.1006/brcg.1995.1255)
Dang-Vu TT et al. 2008 Spontaneous neural activity
during human slow wave sleep. Proc. Nat/ Acad. Sci.
USA 105, 15 16015 165. (doi:10.1073/pnas.
0801819105)

Rowley JT, Stickgold R, Hobson JA. 1998 Eyelid
movements and mental activity at sleep onset.
Conscious. Cogn. 7, 67—84. (doi:10.1006/ccog.
1998.0333)

Braun AR, Balkin T, Wesenten N, Carson R, Varga M,
Baldwin P, Selbie S, Belenky G, Herscovitch P. 1997
Regional cerebral blood flow throughout the sleep—
wake cycle. An H2(15)0 PET study. Brain 120,
1173-1197. (doi:10.1093/brain/120.7.1173)
Maquet P, Péters J-M, Aerts J, Delfiore G, Degueldre
C, Luxen A, Franck G. 1996 Functional
neuroanatomy of human rapid-eye-movement sleep
and dreaming. Nature 383, 163-166. (doi:10.1038/
383163a0)

Lawrie SM, Buechel C, Whalley HC, Frith (D, Friston
KJ, Johnstone EC. 2002 Reduced frontotemporal
functional connectivity in schizophrenia associated
with auditory hallucinations. Biol. Psychiat. 51,
1008-1011. (doi:10.1016/50006-3223(02)01316-1)
Stebbins G, Goetz C, Carrillo M, Bangen K, Turner D,
Glover G Gabrieli JDE. 2004 Altered cortical visual

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

processing in PD with hallucinations: an fMRI study.
Neurology 63, 1409—1416. (doi:10.1212/01.WNL.
0000141853.27081.BD)

Heinks-Maldonado TH, Mathalon DH, Houde JF, Gray
M, Faustman WO, Ford JM. 2007 Relationship of
imprecise corollary discharge in schizophrenia to
auditory hallucinations. Arch. Gen. Psychiat. 64,
286-296. (doi:10.1001/archpsyc.64.3.286)

Badcock JC. 2010 The cognitive neuropsychology of
auditory hallucinations: a parallel auditory pathways
framework. Schizophr. Bull. 36, 576-584. (doi:10.
1093/schbul/shn128)

Boyer P, Phillips JL, Rousseau FL, llivitsky S. 2007
Hippocampal abnormalities and memory deficits:
new evidence of a strong pathophysiological link in
schizophrenia. Brain Res. Rev. 54, 92-112. (doi:10.
1016/j.brainresrev.2006.12.008)

Kosslyn SM, Ganis G, Thompson WL. 2001 Neural
foundations of imagery. Nat. Rev. Neurosi. 2,
635-642. (doi:10.1038/35090055)

McNorgan C. 2012 A meta-analytic review of
multisensory imagery identifies the neural correlates
of modality-specific and modality-general imagery.
Front. Hum. Neurosci. 6, 285. (doi:10.3389/fnhum.
2012.00285)

Carter CS, Botvinick MM, Cohen JD. 1999 The
contribution of the anterior cingulate cortex to
executive processes in cognition. Rev. Neurosci. 10,
49-58. (doi:10.1515/REVNEUR0.1999.10.1.49)
Engstrdm M, Karlsson T, Landtblom A-M, Craig A.
2015 Evidence of conjoint activation of the anterior
insular and cingulate cortices during effortful tasks.
Front. Hum. Neurosci. 8, 1071. (doi:10.3389/fnhum.
2014.01071)

Zatorre RJ, Halpern AR, Perry DW, Meyer E, Evans
AC. 1996 Hearing in the mind’s ear: a PET
investigation of musical imagery and perception.
J. Cogn. Neurosci. 8, 29—46. (doi:10.1162/jocn.1996.
8.1.29)

Buda M, Fornito A, Bergstrom ZM, Simons JS. 2011
A specific brain structural basis for individual
differences in reality monitoring. J. Neurosci. 31,
14308-14 313. (doi:10.1523/JNEUR0SCI.3595-
11.2011)

Dinges DF. 1990 Are you awake? Cognitive
performance and reverie during the hypnopompic
state. In Sleep and cognition (eds RR Bootzin, JF
Kihlstrom, DL Schacter), pp. 159-175. Washington,
DC: American Psychological Association. (doi:10.
1037/10499-012)

Hubl D, Koenig T, Strik WK, Garcia LM, Dierks T.
2007 Competition for neuronal resources: how
hallucinations make themselves heard.

Br. J. Psychiat. 190, 57—62. (doi:10.1192/bjp.bp.
106.022954)

Bamby JM, Bell V. 2017 The Sensed Presence
Questionnaire (SenPQ): initial psychometric validation
of a measure of the ‘Sensed Presence’ experience.
Peer). 5, €3149. (doi:10.7717/peerj.3149)

Bell V. 2013 A community of one: social cognition
and auditory verbal hallucinations. PLoS Biol. 11,
€1001723. (doi:10.1371/journal.pbio.1001723)

o o2z 05 4 o . el osnpnctorospin [



