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Predictive processing theories state that our subjective experience of reality is shaped by a balance of expectations based on previous
knowledge about the world (i.e. priors) and confidence in sensory input from the environment. Divergent experiences (e.g. halluci-
nations and synaesthesia) are likely to occur when there is an imbalance between one’s reliance on priors and sensory input. In a
novel theoretical model, inspired by both predictive processing and psychological principles, we propose that predictable divergent
experiences are associated with natural or environmentally induced prior/sensory imbalances: inappropriately strong or inflexible (i.e.
maladaptive) high-level priors (beliefs) combined with low sensory confidence can result in reality discrimination issues, a character-
istic of psychosis; maladaptive low-level priors (sensory expectations) combined with high sensory confidence can result in atypical
sensory sensitivities and persistent divergent percepts, a characteristic of synaesthesia. Crucially, we propose that whether different
divergent experiences manifest with dominantly sensory (e.g. hallucinations) or nonsensory characteristics (e.g. delusions) depends on
mental imagery ability, which is a spectrum from aphantasia (absent or weak imagery) to hyperphantasia (extremely vivid imagery).
We theorize that imagery is critically involved in shaping the sensory richness of divergent perceptual experience. In sum, to predict a
range of divergent perceptual experiences in both clinical and general populations, three factors must be accounted for: a maladaptive
use of priors, individual level of confidence in sensory input, and mental imagery ability. These ideas can be expressed formally using
nonparametric regression modeling. We provide evidence for our theory from previous work and deliver predictions for future research.

“...our conscious experiences of the world around us, and of
ourselves within it, are kinds of controlled hallucinations...”
(Seth 2017)*

Divergent perception is the atypical experience, or interpre-
tation, of sensory information. This excludes illusions, as these
are consistent and reliably observed across the general popula-
tion (so do not meet the criterion of “atypical”). One of the most
striking examples of divergent perception is complex visual hal-
lucinations, which take the form of meaningful objects and envi-
ronments and can occur in various neurological and psychiatric
disorders (Waters et al. 2014). Another form of divergent percep-
tion is synaesthesia, a phenomenon whereby a specific experience
(called the inducer) triggers an additional, unrelated experience
(called the concurrent); this can be a sensory experience, such
as that seen in grapheme-color synaesthesia (experiencing colors

! Although this quote is from Anil Seth’s 2017 TED Talk, the term “controlled
hallucination” purportedly goes back much further, and others have attributed
it to Ramesh Jain in 1990 or Hyppolyte Taine in 1870, although attempts to
uncover published quotes (translated or otherwise) have been unsuccessful by
the authors.

associated with different alphanumeric characters), or a less sen-
sory experience, such as that seen in sequence-space synaesthesia
(experiencing information with a specific spatial organization;
Simner 2012). An interesting, but little-investigated phenomenon
is mental projection (Cavedon-Taylor 2022) or “prophantasia”?;
this is the voluntary ability to mentally project imagined stimuli
into the external environment.

It is currently unknown why people can have different diver-
gent perceptual experiences. For example, hallucinations are
defined as being as vivid as real perception, experienced as exter-
nal, and uncontrollable (Ffytche 2005); however, synaesthesia can
have all these qualities, and prophantasia has the first two. The
difference is that it is highly unlikely for synaesthesia or prophan-
tasia to be confused with reality. Reality discrimination issues
alone do not explain hallucinations; however, they can also lead
to delusional thinking and so do not necessarily manifest as a sen-
sory experience (Thoresen et al. 2014). Individuals can have both
hallucinations and delusions, or either (Corlett et al., 2019), and

2 A term coined by citizen scientist Alec J Figueroa, from the Greek pro-

(before, in front of) and phantasia (imagination; personal communication, 16
October 2020).
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there is currently no way to predict whether they will occur in
combination or isolation in different individuals.

In this paper, we argue that three factors can predict individ-
ual differences in divergent perceptual experience: confidence in
sensory input, maladaptive use of priors in interpreting sensory
input, and mental imagery ability. Although the first two factors
have already been proposed to be involved in atypical percep-
tion, a crucial—novel—and exploratory aspect of our model is that
mental imagery is critically involved in determining the sensory
richness of divergent experiences. We will first discuss confidence
in sensory input, maladaptive priors, and mental imagery before
moving on to the model. Taking inspiration from both predictive
processing theory and psychological principles, we present a new
model of divergent predictive perception.

The predictive processing account of perception states that per-
ception is achieved through a balanced weighting of predictions
based on prior knowledge about the world (top-down) and incom-
ing sensory information from the environment (bottom-up; Walsh
et al. 2020). In an optimal perceptual system, priors (expecta-
tions) about the characteristics of stimuli will be deployed prior
to perception, so that the least amount of energy will be spent
in updating one’s internal model of the environment with the
accumulation of sensory evidence. Prediction error (the difference
between the predicted and actual sensory input) is inherent to
top-down mechanisms of perception, since perception is funda-
mentally an interpretative process. The system’s goal is to mini-
mize prediction error, both in anticipation of and during sensory
stimulation.

“Sensory confidence” refers to the weighting of sensory infor-
mation in perceptual processing, which is usually tied to sensory
precision (which we refer to as the clarity or ambiguity of a stimu-
lus). Less precise sensory information (e.g. a stimulus in noise) will
typically decrease reliance on sensory information and increase
reliance on prior information for perception. Another factor that
could influence one’s reliance on sensory information is individual
sensitivity to sensory input from the environment. If you are very
sensitive to sensory information, you may also have more con-
fidence in sensory evidence and assign this more weight during
perceptual processing.

In a similar vein, “prior precision” refers to the clarity of a prior
(Haarsma et al. 2022). Priors can be precise or imprecise, strong or
weak, and flexible or inflexible (see Table 1 for a summary of defi-
nitions). Optimal priors can have any of these characteristics; for
example, you may have a precise prior for a friend’s face, but if you
know your friend shaved their beard since you last saw them, your
prior should become less precise, but more flexible, so that you can
quickly identify them; alternatively, if you have been tasked with
detecting a stimulus that does not change identity but can appear
at different contrasts, having a precise, inflexible, and narrow prior
for that stimulus would be beneficial. In an optimal Bayesian per-
ceptual system, decreasing prior precision should increase one’s
reliance on sensory information and decreasing sensory preci-
sion should increase one’s reliance on precise prior information
to fill in the blanks. Inappropriately precise, imprecise, weak,
strong, flexible, or inflexible priors are considered “maladaptive.”
We emphasize “inappropriate” here, because sometimes optimal
priors are, e.g. imprecise (which makes them more flexible, as in
the case of identifying a friend with a changed appearance)—but
priors become maladaptive when they cannot be optimized for the
situation.

Table 1. Definitions of prior precision, flexibility, and strength

Prior Definition

Precision The clarity or detail of a prior. In Bayesian terms, this
is defined as the width of the prior distribution (e.g. a
precise prior will have a narrow distribution). For our
purposes, we use the psychological definition of this
term, rather than Bayesian. Example: your prior for an
acquaintance you have met once will be less precise
than your prior for a close friend.

How easily a prior can be updated, related to precision.
Example: once you see your shaved friend, you can
recognize him because your (imprecise) prior of his
visual identity can be flexibly updated, if you can-
not recognize him, your prior is inflexible (and overly
precise for the situation).

The extent to which you rely on a prior for perception.
Example: your prior of your friend will need to be
stronger if you are searching for him in poor lighting
compared to bright lighting.

Flexibility

Strength

Several theories of predictive processing distinguish between
two levels of priors that can influence perception: “low-level”
sensory expectations (e.g. the predictable visual structure of the
world) and “high-level” beliefs (e.g. “What I'm seeing is real”; Clark
2013, Samaha et al. 2018). Prediction errors can occur at either
or both levels. Prediction errors are essential to any kind of per-
ceptual inference, but certain perceptual anomalies can arise
when prediction errors are not effective in updating priors. Visual
illusions that exploit strong priors based on learned stimulus regu-
larities (such as the Ponzo illusion, where individuals perceive two
lines of equal length as different if one seems more distant than
the other) are the result of low-level prediction errors in which pre-
dictions are so strong that they override sensory evidence (Yildiz
et al. 2022). These occur reliably across most individuals because
they defy our extensive previous experience with stimulus regular-
ities; in other words, such predictions are almost always accurate,
and such illusions exploit exceptions. Compare this to the rubber-
hand illusion, which has much more variable effectiveness across
individuals; to believe you can feel touch on a false hand requires
a high-level prediction error, and beliefs are nowhere near as reg-
ular or concrete as low-level priors (Hohwy 2017). This suggests
that low-level priors are typically more precise than high-level
priors, due to their stronger association with sensory evidence
(and therefore better likelihood of minimizing prediction error).
However, there are individual differences in “prior strength” or the
extent to which an individual relies on prior information for per-
ception (Hohwy 2012), which contributes to the natural balance
between the weighting of prior and sensory information at each
level (Corlett et al., 2019).

It is important to stress that illusory visual experience is not
indicative of a suboptimal predictive system—indeed, suscepti-
bility to such errors indicates that the system is working as it
should and that priors can sometimes override sensory evidence
even in nonpathological, nondivergent perception. These exam-
ples also demonstrate that persistent prediction errors at different
levels may result in different nonveridical percepts (e.g. different
types of illusions) and different likelihoods of experiencing those
percepts depending on individual reliance on priors (i.e. prior
strength)—but for percepts to be divergent (rather than simply
nonveridical), priors must also be maladaptive. A system becomes
maladaptive when there is an inability to update priors based on



Table 2. Definitions of conditions discussed

Condition Definition

Psychosis A disordered mental state characterized by an
impairment in reality discrimination, which
includes positive (e.g. delusions and hallucina-
tions) and disorganized symptoms (e.g. nonsensical
communication and unpredictable behaviors),
characteristic of schizotypal personality disorder
and schizophrenia spectrum disorders.

A phenomenon whereby specific stimuli (inducer)
trigger an additional experience (concurrent); sen-
sations can trigger other unrelated sensations
(e.g. tasting colors), but nonsensory associa-
tions are also common (e.g. experiencing time in
different spatial quadrants). Synaesthesia can
further be experienced as overlaid onto the real
world (projector-type) or as a strong feeling of an
association (associator-type).

A spectrum of developmental conditions charac-
terized by challenges in verbal and nonverbal
communication, language, and social interac-
tion; social deficits; and exhibiting restricted or
repetitive behaviors, which can be accompanied
by unusual reactions to sensory stimulation (e.g.
hyper- or hyposensitivity).

Prodigious skill in a specific domain (e.g. arts, math,
and music) that far exceeds the general level of
functioning of the individual.

Synaesthesia

Autism

Savantism

even precise sensory evidence, which is the result of an “imbal-
ance” in the weighting of prior and sensory information; these
types of errors are discussed now.

Predictive processing theory has been used to explain various
characteristics of psychosis, synaesthesia, and autism as the con-
sequence of maladaptive priors, which contribute to persistent
imbalances in the weighting of prior and sensory information.
Here, we propose that divergent perceptual experiences are gen-
erally either psychosis-like or synaesthesia-like, and this can also
explain that many of the diverse divergent experiences observed
conditions such as autism and savantism, both of which are dis-
cussed here. Table 2 presents definitions of the terms that will be
used in this section.

Psychosis

Psychosis is narrowly defined as the presence of delusions, hal-
lucinations, or both, which can occur across a range of psychi-
atric disorders and stems from reduced reality monitoring ability
(Arciniegas 2015, Garrison et al. 2017). Reality monitoring is a
type of source memory (Brébion et al. 2008) defined as the abil-
ity to determine whether information comes from external or
internal sources (Bentall 1990). Hallucinating individuals have an
abnormal propensity to make perceptual reality monitoring errors
(Boker et al. 2000, Aleman et al. 2003, van de Ven and Merckel-
bach 2003, Aleman and de Haan 2004, Brébion et al. 2008) and
thus are more likely to attribute internally generated perception to
incoming sensory signals from the environment. Reality monitor-
ing errors can also be more abstract, as can be seen in delusional
thinking (Thoresen et al. 2014) such as mind control or thought
insertion; in the case of delusions, beliefs are not updated based
on new information (Bronstein et al. 2019). In both cases, reality

monitoring issues are thought to be the result of a lack of confi-
dence in the external world (dismissing sensory signals and new
information; Woodward et al. 2008, Corlett et al. 2009, Fletcher
and Frith 2009, Teufel et al. 2015, Garrison et al. 2017, Sterzer et al.
2018).

In the perception and attention deficit model of clinical hal-
lucinations, Collerton et al. (2005) hypothesized that hallucina-
tions occur when expected, yet inaccurate, object representations
called “proto-objects” persist in the attended field. The inability
to form correct proto-objects from incoming sensory information,
combined with weak attentional binding, results in the pres-
ence of hallucinations in an otherwise accurately perceived scene.
Although this theory does not place hallucinations in the context
of predictive processing, the connection is easily made: persis-
tent, inappropriate (maladaptive) priors that are not updated with
sensory evidence (lack of sensory confidence) contribute to an
imbalance in the weighting of prior and sensory information. Fris-
ton (2005) explicitly stated in his commentary on this theory that
the perception and attention deficit model is in line with the idea
that hallucinations arise from such an imbalance—specifically,
too much weight is ascribed to priors from supraordinate corti-
cal levels (i.e. high-level priors), resulting in an inability to update
priors based on sensory evidence. The general idea that hallucina-
tions are the result of maladaptive high-level priors is supported
by several other predictive processing interpretations of halluci-
nations (Corlett et al., 2019; Horga et al. 2014, Powers et al. 2017,
Sterzer et al. 2018).

Delusions, by comparison, have been explained as a result of a
combination of overly strong (maladaptive) high-level priors and
overly weak (maladaptive) low-level priors (Schmack et al. 2013,
Sterzer et al. 2018). The idea is that persistent, imprecise low-level
perceptual priors continually result in poor updating mechanisms
and a reduced ability to make sense of incoming sensory signals;
this reduces confidence in sensory input, increases reliance on
high-level interpretations, and leads to a stronger focus on beliefs
over sensory evidence (thus resulting in the same predictive pro-
cessing issues as hallucinations: a combination of maladaptive
high-level priors, and a lack of confidence in sensory input).

In making sense of how the same predictive issues can result
in hallucinations versus delusions, Corlett et al. (2019) stressed
the importance of taking into account different “levels” of priors,
which, as we have previously demonstrated, can have differ-
ent amounts of precision that contribute to prior strength. The
authors proposed that imprecise perceptual (i.e. low-level) priors
specifically increase the likelihood of delusions, and overly precise
cognitive (i.e. high-level) priors specifically increase the likelihood
of hallucinations. Individuals can have both (e.g. delusions of
conspiracy and hallucinations of conspiring voices) or either (e.g.
delusions that are separated from perception, such as delusions
of grandeur), and they are not mutually exclusive.

Synaesthesia

The weighting of prior and sensory information is often seen as
a zero-sum process—i.e. a stronger reliance on priors results in
a weaker reliance on sensory information. However, there is evi-
dence that a person can have both strong (but, e.g. inflexible, nar-
row, or otherwise maladaptive) priors and show high sensory con-
fidence (i.e. they have good reality monitoring), which can result in
synaesthesia (van Leeuwen et al. 2020). Synaesthesia is an inter-
esting case because, like hallucinations, synaesthetic experiences



are elicited involuntarily and can seem to occur externally—but
unlike hallucinations, they are not confused with reality.?

According to the predictive perception theory of sensorimotor
contingencies (Seth 2014), perceptual experience is determined
by hierarchical generative models that include a variety of priors
(with dynamically updating weights based on sensory evidence)
that correspond mainly to the interaction between perception
and action (called sensorimotor contingencies); specifically, these
models inform how we should behave in response to a stimu-
lus. We have generative models at each level of the perceptual
hierarchy, from early sensory, secondary, or associative sensory
(intermediate-level) to higher-level, cognitive models (e.g. real-
ity monitoring). According to this theory, synaesthesia occurs
when strong, intermediate-level priors override sensory evidence
(resulting in maladaptive priors, according to our definition). The
intact reality monitoring in synaesthesia is explained by a dif-
ference in the “counterfactual richness” of veridical stimuli com-
pared to synaesthetic associations; that is, there are many possi-
ble ways to interact with real stimuli compared to synaesthetic
experiences, which are impossible to interact with or manipu-
late. We learn over our lifetimes the many ways we can interact
with sensory information, and this shapes our experience of rich-
ness in reality. This has led to the hypothesis that synaesthesia
is the result of both unusually strong perceptual priors and high
confidence in sensory evidence, with intact reality monitoring
capabilities.

This theory best accounts for sensory forms of synaesthe-
sia, such as grapheme-color (experiencing specific illusory colors
for different alphanumeric characters). Nevertheless, there are
dozens of known types of synaesthesia, many of which are not
necessarily sensory, such as sequence-space (experiencing spe-
cific illusory locations in space for different items in a sequence).
The inducer (the item that “triggers” a synaesthetic experience)
and concurrent (the illusory experience) can also have different
levels of abstraction (e.g. the concept of a weekday is an abstract
inducer, and many synaesthetic inducers are abstract entities that
cannot be physically manipulated), and the subjective perception
of the experience can also be more concrete or abstract: projector-
type synaesthesia seems to occur in the external world (e.g. the
individual can point to a location where the experience occurs),
whereas associator-type synaesthesia either seems to occur inter-
nally (e.g.in mental imagery) or can be even more abstract, such as
a strong feeling that the association is so (for a review, see Hochel
and Milan 2008). Perceptual priors do not seem to play a role in
these cases, and abstract concepts cannot have counterfactual
richness.

Individuals with synaesthesia often experience high sensory
sensitivity (Ward et al. 2017, van Leeuwen et al. 2019) and show
enhanced perception of sensory information—both at the level of
the synaesthetic modality (e.g. colors, touch; Banissy et al. 2009)
and generally enhanced processing of local features (Ward et al.
2018, van Leeuwen et al. 2019). All these point to having high
sensory confidence. Because we have already established that psy-
chosis results from a combination of maladaptive priors and low
sensory confidence, we propose that synaesthesia, although also
a consequence of maladaptive priors, is unlikely to be accom-
panied by psychosis (including psychotic and psychosis-prone
disorders, such as schizophrenia and schizotypy, respectively;

® There is a known case of an individual with synaesthesia who also expe-

riences reality discrimination issues (Hunt 1994). As we propose that reality
discrimination issues and synaesthesia are the result of different kinds of mal-
adaptive priors, we consider this case to be rare, though not impossible within
the breadth of human complexity.

Schultze-Lutter et al. 2019) due to intact confidence in sensory
evidence.

This incompatibility idea already has some evidence
(Carmichael et al. 2019, Nugent and Ward 2022); note, however,
that synaesthesia has been associated with higher rates of self-
reported schizotypal traits (Banissy et al. 2012, Janik Mcerlean and
Banissy 2016), not excluding a relationship between synaesthesia
and certain aspects of schizotypy, particularly unusual experi-
ences and cognitive disorganization. A weak genetic link between
schizophrenia and synaesthesia has also been reported (Tilot et al.
2019). Speculatively, with regard to our model, these links may
actually be related to the fact that both (and indeed all) forms of
divergent perception require maladaptive priors; stemming from
this logic, there should also be a comparably weak link between
these conditions, autism, and other conditions associated with
divergent perception. We therefore propose that the critical fac-
tor that distinguishes between psychosis-like and synaesthesia-
like divergent perception is sensory confidence, which can influ-
ence how priors become maladaptive (i.e. inflexible, but strong,
perceptual priors in synaesthesia; strong high-level priors in
psychosis). For this reason, synaesthesia-like and psychosis-like
perceptions are very unlikely to occur in combination (but see
Footnote 3).

Autism

Divergent perceptual characteristics of autism (Van de Cruys et al.
2014) include, for instance, a lack of temporal pattern formation
(Coll et al. 2020), less surprise when an item in the pattern is
changed (van Laarhoven et al. 2017), less susceptibility to (visual)
illusions, and weaker Gestalt binding (Bolte et al. 2007), com-
pared to a general population. Weaker Gestalt binding is related
to the precedence of local information over global information in
visual displays (Van der Hallen et al. 2015). All these perceptual
characteristics point to an altered role of prior information dur-
ing predictions of sensory input in autistic perception (Cannon
et al. 2021).

Different ideas have been put forward to explain the altered
influence of priors in autism. One account (Pellicano and Burr
2012) suggests that priors are generally weaker in autism, leading
to less accurate predictions of incoming sensory information (e.g.
pattern prediction) and resulting in stronger influences of sensory
input on perception, which can explain the feelings of sensory
salience and sensory overload that can occur in autism. An alter-
native theory proposes that prior predictions are overly specific,
narrow, and inflexible in autism, in which one probable source
of sensory information is favored above other options, leading to
large prediction errors if predictions are not met (Van de Cruys
etal. 2014). The inflexibility of priors is related to the weight thatis
afforded to prediction errors; it has been proposed that in autism,
all prediction errors are weighted with the same, inflexible, high
weight, regardless of whether the error should actually be ignored,
which makes it difficult to adjust priors in an adaptive way (Law-
son et al. 2014, Van de Cruys et al. 2014). This is hypothesized to
impair learning and generalization, because all input is regarded
as equally important and salient.

Strong prediction errors and heightened salience of sensory
information, alongside the earlier mentioned perceptual charac-
teristics, suggest that sensory confidence can be intact or even
rather high in autism (e.g. van Leeuwen et al. 2020). However,
individuals with autism report both hyposensitivity and hypersen-
sitivity to sensory stimuli (Tomchek and Dunn 2007, Robertson
and Simmons 2013), which is an official diagnostic criterion in



the Diagnostic and Statistical Manual of Mental Disorders (Ameri-
can Psychiatric Association, 2013). Hence, individuals with autism
do not fit on only one end of the sensory confidence spectrum,
and hypersensitivity and hyposensitivity can even occur within
the same individual, within one or across multiple modalities.

With regard to divergent perception, autism co-occurs with
synaesthesia in ~20% of cases (Baron-Cohen et al. 2013, Neufeld
et al. 2013) and is hypothesized to share the strong, narrow,
low-level priors that may also drive synaesthetic perception (van
Leeuwen et al. 2020). One hypothesis would be that individu-
als with autism and high sensory confidence would experience
synaesthesia relatively often, whereas individuals with autism
and low sensory confidence would not experience synaesthesia.
Preliminary results of a comparison of autistic individuals with
and without synaesthesia suggest that sensory hypersensitivity is
stronger when synaesthesia and autism co-occur (van Leeuwen
et al. 2022). On the other hand, psychosis is also common in
autism, with a prevalence as high as 34% (Ribolsi et al. 2022) com-
pared to the general lifetime prevalence of ~3% (Perdld et al. 2007),
although care should be taken not to mistake altered thought pat-
terns in autism with delusions or hallucinations (Cochran et al.
2013). Following from our predictions, it could be the case that
individuals with autism and low sensory confidence would be
more sensitive to develop psychosis symptoms than those with
high sensory confidence.

Savantism

Savantism is characterized by prodigious skills and can either be
sensory (e.g. using mental images of calendar pages to remember
date-event associations) or nonsensory (e.g. using automatic time-
space synaesthetic associations to enhance the recall of learned
date-event memories; Simner et al. 2009). Savantism has a high
prevalence in autism and, beyond being rooted in cognitive alter-
ations, could also partly be a consequence of obsessive and repeti-
tive behaviors in those with autism (O’Connor and Hermelin 1991).
Savantism occurs more often in individuals with autism who also
have synaesthesia (Hughes et al. 2017), and similarly, synaes-
thetes show advantages in savant skill acquisition (Hughes et al.
2019). The high probability of savantism in individuals with both
autism and synaesthesia suggests that autistic individuals who
also have savant skills resemble synaesthetes in their high sensory
precision and strong, inflexible, and narrow low-level priors. That
savants have high sensory confidence also fits with the nature of
their prodigious skills, such as producing detailed drawings from
memory or absolute pitch.

To sum up provisionally, previous studies point to an imbal-
ance in weighting prior and sensory information as a factor in
divergent perception, which manifests in characteristics of psy-
chosis or synaesthesia, as observed in diverse conditions such
as autism. The combination of maladaptive priors and low sen-
sory confidence likely results in experiences unraveled from real-
ity such as hallucinations, delusions, weakened pattern forma-
tion, and/or sensory hyposensitivity; maladaptive priors com-
bined with high sensory confidence, on the other hand, likely
result in an enhanced experience of reality such as synaesthesia,
savantism, and/or sensory hypersensitivity.

In the summary of divergent experiences thus far, we have not
yet touched on what determines their “sensory richness,” which
contributes to a specifically sensory (as compared to abstract)

experience. We propose that mental imagery ability ultimately
determines whether any divergent experience is more sensory or
nonsensory in nature. Mental imagery is defined as the simula-
tion of sensory information in the absence of a relevant, external
sensory stimulus; ability refers to one’s ability to generate mental
imagery voluntarily.* Throughout the following sections, we use
the terms “mental imagery” and “imagery” interchangeably.

As an example of the role of mental imagery in perception, sup-
pose that you are playing a game to find different objects in the
clouds. Any objects seen (e.g. a face and a dinosaur) are nonveridi-
cal (a form of divergent perception called pareidolia) and can have
varying levels of detail: one individual may see an emoji-like face,
finding an eyes-nose-mouth pattern, whereas another individual
may see a highly detailed and realistic face, mentally injecting new
sensory features into the random patterns that can occur in cloud
formations.

This is evidenced by a recent study: when asked to find faces
in pure noise images, different individuals report a range of per-
cepts: from seemingly incidental face-like patterns (even when
computer algorithms could not detect such patterns) to detailed
and realistic, sometimes fantastic or grotesque, faces (which can-
not be explained exclusively by bottom-up processing; Salge et al.
2020). Importantly, Salge et al. (2020) found strong evidence that
the interpretation of pure noise as a meaningful stimulus is cor-
related with visual mental imagery vividness, suggesting that
imagery is used to create illusory structures in the interpretation
of unstructured sensory information. In other words, different
levels of sensory detail applied to random or unstructured pat-
terns may be predicted by trait-level mental imagery vividness.
This feeds into our broader proposal that mental imagery critically
determines the sensory richness of divergent experiences.

In setting up our justification for a critical role of mental
imagery in different divergent experiences, we must go back to the
predictive perception theory of synaesthesia. Seth (2014) proposed
that synaesthesia must be associated with intermediate-level gen-
erative models that influence the interpretation of sensory signals;
however, we instead propose that what critically results in synaes-
thesia is a combination of maladaptive (in this case, strong and
inflexible) low-level priors with intact confidence in sensory input.
This may be compounded in a feedback loop: just as individuals
with maladaptive high-level priors may have low sensory confi-
dence because they learn over time to mistrust reality (resulting
in psychosis symptoms), individuals with maladaptive low-level
priors and heightened sensory confidence may learn over time to
embellish or enhance reality (resulting in synaesthesia). Tying in
with our proposed role of mental imagery in divergent experience,
synaesthetes with vivid imagery will be more likely to experi-
ence concurrents as sensory and synaesthetes with weak imagery
will be more likely to experience concurrents as abstract or less
sensory. This idea has already been proposed for different sub-
jective manifestations of grapheme-color synaesthesia (Simner
2013), specifically that synaesthetes with weak imagery report the
experience of synaesthesia as more associator-like, even though
the occurrence of associator or projector synaesthesia did not
differ between those with weak or strong imagery (Dance et al.
2021a). This suggests an influence of mental imagery ability on
synaesthetic experience.

Psychosis, synaesthesia, and autism symptoms emerge with
different weightings of prior and sensory information, but each

* Mental imagery can also be involuntary—e.g. intrusive or hypnagogic

imagery—which individuals can experience even if they have an inability to
generate imagery voluntarily We propose that the same mechanism con-
tributes to both; see the Future directions section.



condition can further have sensory and nonsensory symptoms,
and there is evidence that the sensory richness of divergent cogni-
tion appears to be related to mental imagery ability. Previous stud-
ies have found that imagery is more vivid in schizophrenic spec-
trum disorders compared to a general population (Sack et al. 2005,
Qertel et al. 2009, Benson and Park 2013); however, imagery seems
to be more vivid specifically in individuals with sensory symp-
toms (Shine et al. 2015, Aynsworth et al. 2017) and recently was
found to be related to only certain complex hallucinatory expe-
riences, rather than schizophrenia symptoms, generally (Wagner
and Monzel 2023). Furthermore, although vivid imagery is consid-
ered a hallmark of synaesthesia (Barnett and Newell 2008, O’Dowd
et al. 2019), recent research suggests that even people with-
out imagery can have synaesthesia (Dance et al. 2021a). Finally,
although low imagery is often taken as a feature of autism (e.g. as
part of the subscale of “imagination” within the Autism-Spectrum
Quotient; Baron-Cohen et al. 2001), there are personal accounts
suggesting that atleast some autisticindividuals can vividly “think
in pictures” (Grandin 1995) as well as empirical evidence that some
autistic people favor visual thinking in certain situations (Kunda
and Goel 2011). We suspect that different individuals with autism
simply have different imagery abilities, which result in different
levels of abstractness in divergent experiences.

Furthermore, although we do not devote an entire section on
imaginative control here (due to the rather few scientific studies
on the topic), this can also be highly sensory, as in the case of
prophantasia, as described by Galton (1880) (in which a propor-
tion of participants were able to mentally project a stimulus onto
a blank piece of paper in their hand) and recently by Cavedon-
Taylor (2022). Controlled imaginative information can also be less
sensory, such as seen in time-space savantism (Simner et al. 2009).

These all support the hypothesis that mental imagery ability
needs to be taken into account to best predict different divergent
perceptual experiences.

Mental imagery extremes refer to the extreme ends of the mental
imagery spectrum, which include aphantasia (the absence of vol-
untary mental imagery) and hyperphantasia (extremely intense
and realistic imagery; Zeman et al. 2020). It is alluring to try to
dichotomize the two: hyperphantasia being associated with cre-
ativity, openness to experience, and synaesthesia and aphantasia
being associated with enhanced mathematical reasoning, autism
characteristics, and introversion (Zeman et al. 2020). There is some
evidence for these associations: e.g. more vivid imagery is associ-
ated with increased fantasy (van de Ven and Merckelbach 2003,
Aleman and de Haan 2004), pareidolia (Salge et al. 2020), and
hallucination proneness (Shine et al. 2015), and individuals with
aphantasia may report reduced imagination and social skills char-
acteristic of autism (Sack et al. 2005, Oertel et al. 2009, Benson and
Park 2013, Matthews et al. 2014) and atypical sensory sensitivities
(Dance et al. 2021b). We propose that the reality is more nuanced:
that as individuals approach more extreme imagery abilities, per-
ceptual divergences of all kinds are more likely. We have already
discussed that synaesthesia and autism can co-occur in individu-
als with both vivid and absent imageries and that schizophrenia
does not generally seem to be associated with heightened imagery.

Atypical sensory sensitivity is another important aspect of
divergent perception: as mentioned previously, it is a hallmark
of both synaesthesia and autism. We propose that individuals
with imagery extremes may naturally be more prone to atypical
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Figure 1. Data reanalyzed with permission from Dr Carla Dance. In the
original study of sensory sensitivities in aphantasia versus imagery
(Dance et al. 2021b), participants completed the Glasgow Sensory
Questionnaire (Robertson and Simmons 2013) which provides two scores
related to sensory hyposensitivity and hypersensitivity. Each of these
scores is on a range from 0 to 84, with higher scores indicating greater
hyper- or hyposensitivity. In our reanalysis, we subtracted
hyposensitivity scores from hypersensitivity scores (Y axis), so we could
see within-subject differences in hypo- versus hypersensitivity.
Individuals with negative scores thus reported more hypo- than
hypersensitivity, and individuals with positive scores reported more
hyper- than hyposensitivity. We also analyzed individuals with
hyperphantasia (Vividness of Visual Imagery Questionnaire (VVIQ) score
>75, N =25) as a separate group from typical imagery (highlighted with
the gray strip, along with the aphantasia group). From visualizing the
figure with a trend line showing the best linear fit, it is clear that both
hyperphantasia and aphantasia groups show more variability in
responses compared to the typical imagery group, particularly in that
more individuals from the extreme groups tend to have either
hyposensitivity or hypersensitivity, suggesting that further divergent
subgroups are likely hiding within each imagery extreme. To test this
increased variability at the extremes inferentially, we performed
Breusch-Pagan tests for heteroscedasticity in jamovi. This revealed
significant heteroscedasticity with all groups included (statistic = 8.85,
P=0.012) and also when individuals with aphantasia (statistic=4.79,
P=0.029) or hyperphantasia (Statistic=6.76, P=0.009) were selectively
tested against individuals with nonextreme VVIQ scores

sensory sensitivities. Recently published data suggest that indi-
viduals with aphantasia have lower ratings of (both hypo- and
hyper-) sensitivities compared to individuals with typical imagery
(Dance et al. 2021b). Although this much is true, there is another
interesting effect at work in their data: that individuals at both
imagery extremes show more variation in sensory sensitivities
than individuals within the typical range of imagery ability (Fig. 1).

It therefore appears that individuals with imagery extremes
are more likely to have unbalanced sensory sensitivity scores
(either hypo- or hypersensitivity), which is associated with a
higher proneness to divergent experiences, compared to those
with typical imagery. We propose that this variation is driven
by different subgroups at the extremes: specifically, that individ-
uals with sensory hyposensitivity will have more psychosis-like
divergent perception and individuals with sensory hypersensitiv-
ity will have more synaesthesia-like divergent perception. We have
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Figure 2. The divergent predictive perception model. This schematic shows the likely characteristics associated with imbalances between reliance on
sensory evidence (S) and high- (H) or low-level (L) priors and different mental imagery abilities (M). Large prior bubbles represent a maladaptive
over-reliance on priors; large sensory bubbles represent high confidence in sensory input; and large imagery bubbles represent strong imagery. A
combination of maladaptive high-level priors, low sensory confidence, and strong mental imagery (represented by the head with an apple in the
mind’s eye) will likely result in sensory psychosis symptoms such as complex hallucinations (top left, represented by the eyes in the cloud). A
combination of maladaptive low-level priors, high sensory confidence, and strong mental imagery will likely result in vivid sensory synaesthesia
symptoms (top right, represented by grapheme-color synaesthesia). A combination of maladaptive high-level priors, low sensory confidence, and weak
mental imagery (represented by the head without an apple in the mind’s eye) will likely result in nonsensory psychosis symptoms such as delusions of
grandeur (bottom left, represented by the crown). A combination of maladaptive low-level priors, high sensory confidence, and weak mental imagery
will likely result in more abstract synaesthesia symptoms (bottom right, represented by emotion-color synaesthesia). Note that for comparison
purposes, low-level priors are included in the psychosis panels and high-level priors are included in the synaesthesia panels of the schematic, but
these are not included in our model, as they do not offer additional predictive value

already suggested that individuals with imagery extremes may
both be more likely to experience divergent perception compared
to individuals with typical imagery: whether that will manifest as
more sensory or abstract will depend on whether the extreme is
hyperphantasia or aphantasia, respectively.

This concludes the justification for the parameters of our model.
The model is inspired by both the predictive processing frame-
work and psychological principles, illustrating predicted divergent
perceptual experiences based on different weightings of the three
parameters (Fig. 2). The summary of our model is as follows:
Maladaptive priors, combined with high or low confidence
in sensory input, contribute to divergent perception, generally.
Low sensory confidence combined with maladaptive (high-level)
priors is characteristic of psychosis; high sensory confidence
combined with maladaptive (low-level) priors is characteristic of
synaesthesia. High or low sensory confidence alone may point
to the form of divergent perception an individual would likely
have if they were to develop maladaptive priors, but without
maladaptive priors, they will not likely experience divergent per-
ception. We therefore propose that we can best predict these
traits from a “perfect storm” of the first two factors in our
model. Finally, mental imagery ability independently contributes
to the likelihood of having rich, percept-like divergent expe-
riences. For example, maladaptive high-level priors combined
with low confidence in sensory input may result in psychosis

symptoms such as delusions, but delusions can have different
levels of abstraction or can be accompanied by hallucinations.
Stronger and more vivid imagery will result in a higher likelihood
of rich, percept-like experiences such as hallucinations. Mental
imagery therefore determines the sensory richness of divergent
experiences.

The theoretical model (Fig. 2) can be expressed statistically as a
nonparametric regression model. We hypothesize that the way the
predictors (i.e. maladaptive priors, sensory confidence, and mental
imagery ability) are connected to the outcome variables (i.e. psy-
chosis and synaesthesia) cannot be modeled by standard linear
regression models. Because we aim to capture specifically diver-
gent perceptual experiences in our model, we predict outcomes
of specifically extreme values: e.g. behavior when priors become
maladaptive, when one loses confidence in sensory input, or when
one has especially vivid mental imagery. This does not allow us
to make predictions about typical perception, e.g. when priors are
slightly favored over sensory input or when an individual has aver-
age mental imagery vividness. Thus, traditional linear regression
models, which assume a linear relationship between predictors
(independent variables) and the target variable (dependent vari-
able), may not hold in such scenarios. It is also unlikely that
these nonlinear relationships can be linearized via link functions
(e.g. identity, log, etc.) commonly employed in generalized linear
modeling. Conversely, machine learning models can capture com-
plex and nonlinear relationships. Examples of implementations
of nonparametric machine learning regression models include
tree-based machine learning and neural networks. We do not



advocate for any specific machine learning algorithm, as long as
it is designed for modeling complex (i.e. nonlinear) relationships
across variables.

The phenomena at hand can be expressed with the following
general equation:

9() =Bo+F(X),

where F() is a set of nonparametric (or semiparametric) functions
applied to a matrix of predictors X, 3, is the intercept, and g() is
a link function applied to the expected outcome measure p. The
application of this class of models on real data will allow us to
quantify the additional fit that machine learning modeling may
provide over generalized linear modeling.

We can model the likelihood of experiencing symptoms of psy-
chosis (u1) or synaesthesia (u2) using the following equations,
where f is used instead of F to denote a specific function:

9 (1) = Bo+f1(mHi 1-5), )

9(u2;) = Bo + f1(mLis S), 2

where , H; is a predictor variable estimating maladaptive (,,) use
of high-level priors (H) of the individual (;) in (1). ,,L; is a predictor
variable estimating maladaptive () use of low-level priors (L) of
the individual () in (2). S; is a predictor variable estimating sensory
confidence (S) of the individual (;), which represents that higher
sensory confidence will increase the likelihood of experiencing
synaesthesia symptoms, and lower sensory confidence (1 - S;) will
increase the likelihood of experiencing psychosis symptoms.

The interaction in each equation is included to express the
multiplicative increase in the probability of having a divergent
experience if an individual has a combination of maladaptive pri-
ors and high or low sensory confidence. For example, if sensory
confidence is low, but high-level priors are not used maladaptively,
this will not likely result in psychosis symptoms. p1 and u2 are
expressed in separate equations to indicate independent likeli-
hoods for experiencing psychosis or synaesthesia characteristics
based on ., H; and ,L;, respectively. This is not to say that, e.g. an
individual with psychosis cannot have maladaptive low-level pri-
ors (these are a hypothesized hallmark of delusions, as described
earlier), but rather they do not add to the predictive quality of that
model.

To express the predicted sensory richness of divergent experi-
ence, we model a generally linear relationship with u3:

g(u3;) = By + f1 (M), 3)

where M; is a predictor variable estimating mental imagery abil-
ity (M) of the individual (;), which represents the linear effect of
mental imagery ability on the sensory richness of the experience.
Thus far, we have described how our model takes into account
pathological imbalances in the weighting of prior and sensory
information, but our model can also be applied to the general
population (in the absence of, or prior to, a psychiatric diagnosis),
provided that conditions are conducive to divergent perception;
this requires inducing an imbalance in prior/sensory weighting.

An imbalance between the weighting of prior and sensory infor-
mation can occur due to pathological, maladaptive priors, but

it can also be modulated by external changes in sensory preci-
sion (e.g. the clarity or ambiguity of sensory input, as defined
previously) or by manipulating the natural balance in various
ways.

Altered states of consciousness can increase this imbalance.
Mind-altering substances achieve this by affecting our ability to
update priors and interpret sensations accurately. According to
a compelling predictive processing account of psychedelic states,
psychedelic substances (e.g. psilocybin) influence the production
of extra-detailed priors (called “decomposed predictions”), which
can either cause sensory information to seem extraordinarily
enhanced or be completely dissolved (in the case of hallucina-
tions), depending on the precision of incoming sensory informa-
tion (Pink-Hashkes et al. 2017). Specifically, a combination of
decomposed predictions and increased sensory precision (such as
going into nature) may be more likely to elicit enhanced sensory
experiences, whereas a combination of decomposed predictions
and decreased sensory precision (such as closing one’s eyes or
going in a darkened room) may be more likely to elicit halluci-
natory experiences. Psychedelics are perhaps the most obvious
example of a substance that can cause altered states of con-
sciousness, but there are many other substances in common
use that can induce such states to varying degrees, including
alcohol, caffeine, and nicotine (Presti 2017). Nonpharmacologi-
cal altered states of consciousness are thought to work by using
techniques that block out sensory input (decreasing sensory pre-
cision) and draw focus to internal states (increasing prior weight-
ing; Hove and Stelzer 2018). These can be achieved via yoga,
breathwork, meditation, fasting, being in nature, reading spiritual
literature (Corneille and Luke 2021), mind-wandering and day-
dreaming (Abraham 2018), lucid dreaming (Corneille and Luke
2021), or sleep deprivation (Guilleminault et al. 1975), among
other things.

“Sensory deprivation” refers to the temporary withdrawal of
sensory stimulation either through purposeful implementation
such as sensory deprivation chambers (Daniel and Mason 2015)
or blindfolding (Boroojerdi et al. 2000) or due to damage to sen-
sory organs, pathways, or brain areas (Abbott et al. 2007, Dotan
et al. 2021). Sensory deprivation increases neural sensitivity and
plasticity in the affected brain regions as the brain attempts to
recover from, or adjust to, the decrease in stimulation (Tan and
Sabel 2006, Tan et al. 2006). This can cause spontaneous neural
activity and increased proneness to nonveridical perceptual phe-
nomena such as phosphenes (Boroojerdi et al. 2000) or tinnitus
(Dotan et al. 2021). If sensory deprivation induces an altered state
of consciousness, this may enhance susceptibility to divergent
experiences due to an increased reliance on priors in the absence
of sensory input. In this environment, spontaneous sensory phe-
nomena are likely to be misinterpreted as meaningful, complex
experiences (Merabet et al. 2004).

“Perceptual deprivation”is a related phenomenon achieved via
extended exposure to monotonous, impoverished, or unstruc-
tured sensory input such as visual or auditory noise, ganzfeld
(Lloyd et al. 2012), or Ganzflicker (Sumich et al. 2018, K6nigsmark,
et al,, 2021, Reeder 2022). Ganzfeld is defined as a homogeneous
visual field, such as a uniformly colored screen (Wackermann etal.
2008, Zdravkovic 2019), whereas Ganzflicker is a rhythmic alter-
nation of two or more ganzfelds. In all these cases, the reduction
in the content and richness of sensory stimulation compared to
normal perception can induce similar effects as sensory depri-
vation. Our brains are naturally attuned to find structure in the
environment, and the absence of external structure leads to an
imbalance in the weighting of prior and sensory information for



perception. For example, several studies have found that people
will report having seen faces (behavioral) and show activation
of face-related brain areas (neuroimaging) while observing pure
visual noise images, if told falsely that faces were embedded in
those images (Zhang et al. 2008, Rieth et al. 2011, Zimmermann
et al. 2019, Liu and Peng 2020).

Most commonly, sensory precision can be lowered by manipu-
lating stimulus features and quality via degradation (Ramachan-
dran and Gregory 1991), adding noise (Emadi et al. 2013, van
Leeuwen et al. 2021), lowering contrast (Gorea and Sagi 2001), or
increasing ambiguity in different ways such as using camouflage
(Troscianko et al. 2008), bistable images (Meng and Tong 2004),
and different levels of occlusion (van Lier et al. 1994). There is a
long history of investigating the top-down influence on percep-
tion using such methods, which tend to rely on signal detection
(i.e. was the stimulus present or absent?) or discrimination (i.e.
was it stimulus A or B?). These methods are effective for inves-
tigating perception in psychiatric conditions and with different
levels of conscious awareness, though are not the optimal tool to
investigate subjective divergent experiences or altered states of
consciousness.

Therefore, it is possible to increase the likelihood of diver-
gent experiences in the general population by manipulating one’s
reliance on prior and sensory information in different ways. With
this in mind, we can move on to a potential application of our
model to the (arguably) starkest example of divergent perception:
hallucinations.

Hallucinations are widely considered to be the most debilitating
symptom of divergent perception, yet much about them remains
mystifying. Importantly, we still cannot predict who will experi-
ence them or not and how they are different from other forms of
divergent perception. Ffytche et al. (1998) asserted that halluci-
nations are different from other forms of nonveridical perception
(such as mental imagery) in that they are experienced externally
rather than internally, are as vivid as real percepts, and are invol-
untary. However, individuals with hyperphantasia report that their
mental images manifest in as much detail as external stimuli
(Marks 1973, Aleman et al. 2000, van de Ven and Merckelbach 2003,
Zeman et al. 2020, Milton et al. 2021); additionally, involuntary
intrusions of mental images are not uncommon in cases of emo-
tional or traumatic imagery (Hackmann and Holmes 2004, Hirsch
and Holmes 2007, Holmes et al. 2008); finally, cases of prophan-
tasia and projector-type synaesthesia suggest that mental images
can be experienced externally without being confused with reality.

The one thing that seems to distinguish hallucinations from
other related phenomena is reality discrimination. This is not
to say that impaired reality discrimination necessarily results in
hallucinations—we have already discussed how delusions are also
a result of this kind of error. Several researchers have proposed a
more specific error resulting from increased confidence in men-
tal imagery over reality (Aleman et al. 2003, Shine et al. 2015,
Aynsworth et al. 2017). This fits our account of divergent predictive
perception—hallucinations are specifically a result of maladaptive
high-level priors and vivid mental imagery.

This raises the question about whether the role of mental
imagery in hallucinations is causal or correlational: i.e. whether
vivid mental imagery causes maladaptive priors or whether the
incidental co-occurrence of vivid imagery and maladaptive priors

results in hallucinatory experience. These ideas may not be mutu-
ally exclusive: we propose that individuals with imagery extremes
will be more susceptible to forming maladaptive priors, generally,
but the co-occurrence of vivid imagery and maladaptive priors,
specifically, increases proneness to hallucinations. This remains
to be explicitly tested, although two previous studies have shown
significant correlations between imagery vividness and halluci-
nations, specifically, rather than other symptoms of maladaptive
priors (i.e. schizophrenia symptoms), more generally (Shine et al.
2015, Aynsworth et al. 2017).

Because there is so much variation in hallucinatory experi-
ence (Ffytche 2005) and perceptual experience in general (Dror
2005), debates persist over whether a comprehensive model of
hallucinatory experience should even be pursued. Ffytche (2005)
asserted that eye and vision disorders account for a large propor-
tion of hallucinatory experiences (in the case of Charles Bonnet
syndrome, which is hallucinatory experience following macular
degeneration; Schadlu et al. 2009), but hallucinations experi-
enced as a result of these deficits are different from hallucinations
experienced in psychiatric and neurological disorders; the for-
mer tend to be transient and simple and are not accompanied by
other cognitive impairments (also see Ffytche et al. 1998, Burke
2002). Thus, Ffytche proposed a visual deafferentation model
of hallucinations, which can account for hallucinations due to
degeneration of visual acuity. However, this still does not explain
hallucinations in the healthy population, which can occur due to
perceptual (Wackermann et al. 2008) or sensory deprivation (Mer-
abet et al. 2004) and pharmaceutical intervention (Barrett et al.
2015, Aday et al. 2020) and on the border of sleep and wake-
fulness (Ohayon 2000), among many other things. Because these
experiences are so pervasive, any comprehensive model of diver-
gent perception should also account for divergences among the
wider clinical (e.g. vision loss) and general populations (Waters
et al. 2014).

We propose that all these conditions—whether they be neuro-
logical, physical, or environmental—decrease confidence in sen-
sory input, either via a lack of trust in reality due to over-reliance
on high-level priors (which occurs in psychosis) or a lack of trust
in one’s ability to interpret a stimulus due to physical (e.g. Charles
Bonnet syndrome) or environmental factors (e.g. variations in
states of consciousness). A reduction in sensory confidence will
lead to an over-reliance on priors. Reduced sensory confidence
combined with vivid mental imagery will increase susceptibility to
complex and detailed divergent sensory experiences such as hal-
lucinations, whereas reduced sensory confidence combined with
weak mental imagery will not likely result in hallucinatory expe-
rience but other altered states or delusional phenomena that are
less sensory. Therefore, our model of divergent predictive per-
ception explains why hallucinations can occur across all these
various conditions, but no condition guarantees hallucinations.
Divergent predictive perception specifically models how different
combinations of behavioral factors may contribute to the like-
lihood of experiencing hallucinations in pathology and can be
applied to general population models by simulating fluctuations
in individual hallucination proneness via manipulation of the
weighting of prior/sensory information.

Ganzflicker, as mentioned briefly before, is a tool to induce percep-
tual deprivation using rhythmically flickering visual stimulation.
Related techniques require viewing the flicker through closed
eyelids (e.g. using a powerful lamp; Bartossek et al. 2021), but



Ganzflicker can be implemented with eyes open (e.g. using a
bright computer screen) (Kénigsmark et al. 2021, Reeder 2022);
in all cases, various colors (Brown 1966) and frequencies (Allefeld
et al. 2011, Sumich et al. 2018) can induce robust effects, includ-
ing altered states of consciousness and pseudo-hallucinatory
perception.” In terms of pseudo-hallucinations (i.e. induced
hallucinations), both simple (e.g. geometric patterns and shapes)
and complex visual experiences (e.g. real-world objects and things
like faces, animals, and natural environments) can be observed
within 1-2min of continuous stimulation. Altered states of con-
sciousness may span the whole spectrum of experiences, includ-
inglosing a sense of time or space, altered bodily sensations, visual
distortions, intense emotions, and ego dissolution (Schwartz-
man et al. 2019). Based on these reported experiences, we have
proposed that Ganzflicker is a promising technique to simulate
psychedelic experiences (MacKisack and Reeder 2022) that could
be used to experimentally increase the imbalance between the
weighting of prior and sensory information.

Recent Ganzflicker research has already demonstrated that
pseudo-hallucination proneness, vividness, and complexity are
related to mental imagery ability (Reeder 2022). Preliminary evi-
dence suggests that individuals with aphantasia are much less
likely to experience pseudo-hallucinations during Ganzflicker
compared to individuals with imagery (~50% compared to ~88%;
Konigsmark et al. 2021, Reeder 2022); among those who do see
pseudo-hallucinations, these experiences are much less likely to
be complex in people with aphantasia (3%) compared to people
with imagery (33%). The subjective intensity of Ganzflicker expe-
riences is linearly related to mental imagery vividness (r=0.40).
These all point to a relationship between mental imagery ability
and susceptibility to different sensory characteristics (complex-
ity and vividness) of divergent cognition. The observed behavioral
patterns in the subjective vividness and complexity of pseudo-
hallucinations across different imagery abilities may be related to
the interaction between mental imagery and sensory confidence:
if mental imagery is vivid and sensory confidence is low, more
vivid and complex pseudo-hallucinations will occur (attributed to
a stronger influence of imagery on perception); if mental imagery
is vivid and sensory confidence is high, vivid but simple pseudo-
hallucinations will occur (attributed to a lower-level interpretation
of ambiguous sensory input, analogous to certain visual illusions);
if mentalimageryis generally weak, any pseudo-hallucination will
appear nonvivid (with intact sensory confidence) but may never
appear at all (in the case of low sensory confidence). Therefore, we
can test our divergent predictive perception model in a nonclinical
population by simulating hallucinatory experience with this tool.

The divergent predictive perception model informs specific pre-
dictions about susceptibility to perceptual divergences, general-
izable across both clinical and general populations. Here, we
lay out how we can predict probabilities of experiencing sim-
ple pseudo-hallucinations (analogous to certain illusory experi-
ences) or complex pseudo-hallucinations (analogous to complex
visual hallucinations; Collerton et al. 2005) in a general popula-
tion, while observing Ganzflicker. Both synaesthesia characteris-
tics (Cuskley et al. 2019) and psychosis (specifically “schizotypal”)

° We distinguish pseudo-hallucinations from true hallucinations in that

the former are an induced, or simulated, experience; their onset and offset
are controlled; and they are known to be unreal. Pharmaceutically induced
hallucinations are considered true hallucinations: although they are induced,
their onset and offset cannot be completely controlled, and they are often not
understood to be unreal in the moment they are experienced.

characteristics (van de Ven and Merckelbach 2003, Burch et al.
2006, Smailes et al. 2020) occur in different magnitudes across
the general population, and we propose that Ganzflicker can
induce psychosis-like (i.e. complex) or synaesthesia-like (i.e. sim-
ple) pseudo-hallucinations that simulate divergent characteristics
found in clinical populations. Prior strength, in this case, repre-
sents a shift in reliance on priors due to environmental manipu-
lation (Ganzflicker) rather than naturally maladaptive priors. We
predict that a combination of sensory confidence level (sensory
sensitivity), preferred prior level (schizotypal traits), and mental
imagery vividness will influence divergent perceptual experiences
in Ganzflicker, as summarized in Fig. 3. An interactive version of
the model predictions can be accessed at the following webpage:
https://www.reshannereeder.com/interactive-model.

Because the sensory richness of divergent experiences is
dependent on imagery ability (easily assessed by a questionnaire,
e.g. Andrade et al. 2014), individuals with weak imagery (i.e.
aphantasia) are most unlikely to have rich, percept-like experi-
ences, whereas individuals with strong imagery (i.e. hyperphan-
tasia) are most likely. With the degradation of sensory input due
to Ganzflicker, typical sensory confidence levels will be compro-
mised, leading to a temporary imbalance between the weighting of
prior and sensory information (simulating the interaction between
maladaptive priors and sensory confidence in pathological diver-
gent perception).

Natural sensory confidence levels could be preassessed using
a measure of sensory sensitivity (Robertson and Simmons 2013),
and natural propensity to rely on (specifically high-level) priors
could be preassessed with a measure of schizotypy as a proxy
to psychosis-proneness (Merckelbach et al. 2001). If sensory con-
fidence is already natural on the low side, individuals will be
unlikely to experience simple pseudo-hallucinations; whereas if
sensory confidence is naturally on the higher end, individuals will
be most likely to experience simple pseudo-hallucinations. Addi-
tionally, reliance on high-level priors to interpret the Ganzflicker
will lead to perceptual consequences that are less tethered in
reality (e.g. a high probability to experience complex pseudo-
hallucinations), whereas a lower reliance on high-level priors
will result in a low probability to experience complex pseudo-
hallucinations. Therefore, we can predict susceptibility to dif-
ferent types of pseudo-hallucinations in the general population
based on scores from three tests: one for sensory confidence (sen-
sory sensitivity), one for prior weighting (schizotypy), and one
for mental imagery ability. Finally, we note that although simple
pseudo-hallucinations can be reported with a range of subjective
vividness, complex pseudo-hallucinations are always reported as
vivid (Reeder 2022). Therefore, scores can be input into our non-
parametric regression model to predict proneness to complex (u4),
vivid simple (u5), or nonvivid simple (u6) pseudo-hallucinations, in
the following equations:

9 (i) = Bo+f1(SZ)) +f,(1-Seny) +f3(My), ()
9(5) = Bo+f1(1-SZ)) +f,(Seny) +f3(My), ©)
9(161) = Bo+f1(1=SZ)) +f,(Sen;) +f5(1-My), ©),

where f, is the intercept term. SZ; is a predictor variable esti-
mating schizotypal (SZ) traits of the individual (;), which is the
general population analog to maladaptive high-level priors (,H;)
in the clinical model expressed in (1) and (2). Higher schizoty-
pal traits will increase the likelihood of experiencing complex
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Figure 3. Predictions of the likelihood of having different divergent experiences, based on the model. Individual differences in reliance on high-level
(H) and low-level (L) priors, sensory confidence (S), and mental imagery ability (M) will result in different proneness to percept-like divergent
experiences. This model explains differences in the likelihood to experience simple or complex pseudo-hallucinations during Ganzflicker stimulation:
the empty cloud represents no pseudo-hallucination (A), the dull pattern represents a nonvivid simple pseudo-hallucination (B), the rainbow pattern
represents a vivid simple pseudo-hallucination (C), and the dog represents a complex pseudo-hallucination (D)

pseudo-hallucinations, and lower schizotypal traits will decrease
the likelihood of complex pseudo-hallucinations. Sen; is a predic-
tor variable estimating sensory sensitivity (Sen) of the individual
(), analogous to sensory confidence (S;) in the clinical model
expressed in (1) and (2). This represents that higher sensory sensi-
tivity will increase the likelihood of experiencing simple pseudo-
hallucinations and lower sensory sensitivity will decrease the like-
lihood of experiencing simple pseudo-hallucinations. V; is a pre-
dictor variable estimating mental imagery ability (M) of the indi-
vidual (;), same as in the clinical model. More vivid mental imagery
will increase the likelihood of vivid pseudo-hallucinations.

The model can also predict proneness to hallucinations in
psychiatric conditions. Individuals with hyperphantasia and psy-
chosis are very likely to have hallucinations, with or without
delusions (imagery is not required for delusions, but it is required
for hallucinations); hyperphantasia will also increase the likeli-
hood of synchronized delusions and hallucinations (e.g. thoughts
of persecution along with persecutory voices). Individuals with
aphantasia and psychosis will be very unlikely to have hallucina-
tions but be very likely to have delusions, and delusions will be less
sensory in nature (e.g. grandeur). Therefore, there will be different
likelihoods to experience rich, percept-like symptoms (only likely
with imagery) versus nonsensory symptoms (which can occur in
anyone experiencing psychosis).

Therefore, the probability of experiencing hallucinations (H)
given psychosis (“Psychosis”) can simply be expressed as a linear
increase in mental imagery vividness according to (3),

p (H|Psychosis) o g(3).

The relationship between voluntary and
involuntary imagery

Mental imagery can either be voluntary (e.g. “think of a horse”)
or involuntary (e.g. intrusive images), and a distinction has previ-
ously been made between the two (Pearson and Westbrook 2015).
Evidence for this distinction stems from studies of individuals
with aphantasia, who can experience involuntary imagery such as
visual dreams, intrusions, or “flashes” during wakefulness (Zeman
et al. 2015). Nevertheless, more recent research suggests that
individuals with aphantasia are less likely to experience sensory
intrusions associated with previous traumatic events compared to
individuals with imagery; they are also less likely to report sensory
dreams (Dawes et al. 2020). We therefore speculate that voluntary
and involuntary imageries are generated via the same, trait-level
mechanism, with voluntary imagery being an additional, effortful

process and involuntary imagery being an effortless process. Due
to this difference in effort, we suggest that individuals with weak
trait-level imagery will be unable to generate voluntary imagery
but may experience involuntary imagery, albeit to a lesser extent
than individuals with strong trait-level imagery. To tie this back to
our theory, divergent sensory experiences such as hallucinations
are involuntary and therefore can be experienced by individu-
als with aphantasia—but the likelihood is much lower than in
individuals with imagery.

One interesting avenue would be to test the controllability
of involuntary perceptual experiences. Going back to the exam-
ple of dreaming, it is known that dreams are often involuntary
and uncontrollable; however, there is the phenomenon of “lucid
dreaming,” in which one becomes aware that they are currently
dreaming and the individual may have a level of control over
the progression of the dream (Saunders et al. 2016). Perhaps,
then, individuals could learn to control other typically involuntary
perceptual experiences, such as pseudo-/hallucinations.

Experimental manipulation of imagery ability

Is it possible to experimentally reduce imagery in hyperphanta-
sia or boost imagery in aphantasia? Imagery ability is something
of a double-edged sword: it can increase susceptibility to severe
sensory divergent experiences like hallucinations if the individual
develops a psychiatric disorder, but it can also enhance the effi-
cacy of visualization-based therapeutic and wellness techniques
in personalized medicine. For example, guided imagery is used
widely in meditation, relaxation, pain management, stress reduc-
tion, and myriad psychotherapies (Utay and Miller 2006). Prelimi-
nary research suggests that imagery can be temporarily enhanced
or reduced with transcranial stimulation (Keogh et al. 2020); how-
ever, the extent to which this translates to practical outcomes
(e.g. decreased hallucination proneness and increased positive
response to therapy) remains to be seen.

What is the role of phenomenological control in
divergent perception?

Thus far, we have not discussed the role of phenomenological
control, otherwise known as imaginative suggestion, in divergent
perceptual experience (Lush et al. 2021). Phenomenological con-
trol is the susceptibility for subjective experience to be influenced
by suggestions or expectations. This is aptly demonstrated by the
placebo effect, which can have powerful physical and psycholog-
ical consequences, such as feeling and acting inebriated when
sober (Bodnar et al. 2021); inducing and relieving nausea (Quinn
and Colagiuri 2015) and pain (Turner et al. 1994) and, most related



to the current research, relieving symptoms of psychosis (Hird
et al. 2023).

Two important questions for this line of research are how much
of susceptibility to divergent experience is driven by expectations
and how much does it matter? For example, to what extent can
hallucination proneness be controlled simply by telling the partic-
ipant they will or will not have such experiences? This would be
important to know also in evaluating the manipulability of mental
imagery vividness.

Finally, there is sparse literature on the relationship between
reality monitoring and phenomenological control and their role
in hallucinations, although one study (Alganami et al. 2017) found
that high-hallucination-prone individuals reported hearing voices
in white noise more often than low-hallucination-prone individ-
uals, but only when participants were told they should expect to
hear a voice on the majority of trials. This study was inspired by
a review of historical research on hallucinations, in which Ben-
tall (1990) described how individuals from nonclinical samples
have reported auditory or visual hallucinations following a ver-
bal suggestion. Suggestion may add uncertainty to decisions in
individuals with typically high signal detection criteria (i.e. strong
reality discrimination), but perhaps it changes signal detection cri-
teria if the individual is naturally uncertain in their perceptual
decisions (i.e. weak reality discrimination). The extent to which
the perceptual effects of phenomenological control are ampli-
fied by weak reality discrimination will need to be investigated
further.

The origin of reality monitoring issues

Although our theory is the most comprehensive, to date, in
explaining divergent experiences, because it seeks to provide
explanatory value for both clinical and nonclinical populations,
we do not go into what compels individuals with psychosis to
“lose confidence” in reality in the first place, leading to overly
strong high-level priors and creating an imbalance in the weight-
ing of prior and sensory information. We have already demon-
strated that we can manipulate sensory confidence to simulate
an imbalance in individuals who generally have good function-
ing reality discrimination, but the root cause of reality discrim-
ination issues (in the absence of a sensory confidence manip-
ulation) is beyond the scope of the model. Nevertheless, we
speculate here.

Early warning signs of psychosis (e.g. anxiety, eccentric behav-
ior, and depression; Birchwood et al. 2000) and symptoms during
acute experiences (delusions and, hallucinations) may all stem
from a breakdown in the ability to discriminate internal and
external sources of information. This could be related to having
maladaptively inflexible priors, which cannot be updated based
on new information and are thought to be the root of delusional
thinking in both clinical and nonclinical populations (Woodward
et al. 2008, Bronstein et al. 2019). Maladaptively inflexible pri-
ors can explain the inability to update priors based on sensory
evidence, leading to a breakdown in efficient predictive process-
ing. They can occur in autism without psychosis (inflexible low-
level priors may explain characteristics of autism, as described
earlier). Psychosis may require inflexible high-level priors that
compound in an inability to update belief-related (high-level) pre-
diction errors accurately, a reduced sense of agency, and source
attribution errors.

As briefly mentioned earlier, synaesthesia and hallucinations
share many defining qualities: they are both uncontrollable, can
appear to be embedded in the external world, and are as vivid

as real perception; the key difference seems to be in reality dis-
crimination. This is also the key difference between hallucinations
and pseudo-hallucinations. It is the reality factor that seems to
ultimately determine impact on quality of life: synaesthesia and
pseudo-hallucinations are often considered to be enjoyable and
even helpful, whereas hallucinations are overwhelmingly fearful
and debilitating. This brings us to speculate that if we could tap
into what causes an individual to lose faith in reality, we could
even eliminate psychosis symptoms.

As a further point of speculation, it could be that trait-level
sensory sensitivity may play a role in reality monitoring. Ear-
lier, we proposed that sensory sensitivity could provide a mea-
sure of sensory confidence in the general population: perhaps
abnormal sensory sensitivities developed early in life contribute
to the formation of maladaptive priors. Individuals with synaes-
thesia often have sensory hypersensitivity, whereas individuals
with schizophrenia spectrum disorders (in which psychosis is
a core symptom) are susceptible to experience catatonia (non-
responsive to the environment) and flat affect (lack of ability to
experience emotional range; Norman et al. 2005), indicative of
sensory hyposensitivity. For now, this important factor in hallu-
cination proneness remains a mystery.

Implementation of the model

We have already demonstrated how our model can be used to
predict susceptibility to hallucinations generally, and different
kinds of hallucinations specifically, in the absence of (or prior
to) a psychiatric diagnosis. Our model stresses mental imagery
ability as a crucial factor in predicting the sensory nature of
divergent experiences. Therefore, if an individual is referred to
a medical professional due to experiencing psychiatric or neu-
rological symptoms, assessing mental imagery ability can assist
medical professionals in predicting possible future divergent
experiences.

Although we may find a way to reduce or even eliminate hallu-
cinations in the future with this research, this possibility is still
far from being realized. In the meantime, if hallucinations can
be predicted as proposed, simply telling patients that these may
be expected can already eliminate some of the stigma surround-
ing these mystifying events (Menon et al. 2003, Lannon et al.
2006, Abbott et al. 2007). Due to the stigma surrounding hallu-
cinations, patients are overwhelmingly reluctant to admit having
these experiences to medical professionals, so the onus is on the
professional to understand and explain them.

Here, we describe a predictive, testable model of divergent per-
ception, which considers three factors that contribute to different
divergent experiences: maladaptive priors, sensory confidence,
and mental imagery ability. The model predicts susceptibility to
divergent experiences across psychiatric (psychosis), neurodiver-
gent (synaesthesia, autism, and savantism), other clinical (vision
loss), and general populations. We propose that there is a nec-
essary combination of these factors that increases susceptibility
to debilitating divergent perceptual experiences such as complex
hallucinations. This model is the first step toward a comprehen-
sive understanding of divergent perception.
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