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Auditory verbal hallucinations [AVH] are one of the most common psychopathological symptoms in psychosis and schizophrenia
[SZ]. While various studies demonstrate the neuronal features of AVH in specific regions and networks including changes in
structural and functional connectivity, the relation of their neuronal topography to the organization or structure of the subjects’
experience, i.e. the phenomenology of their ‘mental topography’, remains yet unclear. Addressing this gap in our knowledge, we
review recent findings to formulate two neurophenomenological hypotheses of AVH (which extend our earlier Resting state
hypothesis). First, we hypothesize that structural and functional dysconnectivity in AVH with desynchronization and temporal
fragmentation between sensory auditory, interoceptive somatic and cognitive linguistic regions [e.g., auditory cortex, insula and
Broca's area] relate to the experience of analogous temporal fragmentation on the mental level, that is, among the contents in
perception and thought - this is manifest in ‘hyperreflexivity’, the attribution of abnormal salience and attention to single isolated
objects or elements in perception. Secondly, we propose that the topographic distinction and gradient of unimodal and transmodal
regions are reduced in individuals with AVH. We hypothesize that such ‘inner-outer neuronal topographic dedifferentiation and
compression’ is manifest in the experience of overlaps and confusions between the subject’s outer interpersonal social and inner
intrapersonal spaces — analogous to the neuronal level, this reflects an ‘inner-outer mental topographic dedifferentiation and
compression’. Together, we propose two testable neurophenomenological hypotheses of AVH showing shared structural-
topographic changes in both brain and experience as their “common currency”. This directly connects changes in the brain’s
neuronal topographic organization with the structure of experience, that is, the mental topographic organization of the subjects’

experience of AVH in SZ.
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INTRODUCTION

Hallucination are a heterogeneous group of phenomena with a
wide array of different presentations canonically considered as a
fallacious perception of a conscious sensory experience in absence
of a corresponding external stimulation. Such phenomena can be
defined as subjectively experienced sensations in the absence of
an appropriate stimulus that are perceived by the individual as
real. They may be of organic origin, drug induced [by
pharmacological agents such as psilocybin, LSD and others],
occur in healthy subjects, and can be associated with a mental
disorder [1] such as schizophrenia spectrum disorder [2] or bipolar
disorder [3]. We therefore suppose a dimensional view of AVH in
our paper, as they can occur across different causal disorders in a
transdiagnostic way.

Although often concomitant in presentation, AVH are distinct
from illusions in that the latter are considered to be a
misperception of an external stimulus rather than a subjective
conscious perception in the complete absence of any external
stimulation. [1] Distortion of the sense of reality, as encountered in
positive symptoms such as delusions and hallucinations, is a
hallmark feature of the insurgence of psychosis. Importantly, the

phenomenological variables of the AVH themselves such as
content, context, agency, loudness, complexity, location and
persistence might carry prognostic value [4] and could act as a
marker of disease severity and predictor of disease progression [5].
This makes it even more urgent to develop specific biomarkers for
auditory verbal hallucinations [AVH] which directly connect
subjective experience [i.e. phenomenology] of AVH to their
underlying neuronal changes [6].

The goal of our article is to bridge the gap between neuronal
findings and phenomenological observations of AVH by for-
mulating two testable neurophenomenological hypotheses. We
directly connect both neuronal findings and phenomenological
insights about the experiential nature of AVH in schizophrenia
which, more generally, allows us to bridge the gap of brain and
experience. For that purpose, we provide a narrative review of
recent findings concerning neurophysiological alterations in
third-person perspective to connect them to key features
described by phenomenological accounts of AVH in first-person
perspective. Such connection of first- and third-person perspec-
tives is based on a novel framework, namely Spatiotemporal
psychopathology [7, 8].
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What is Spatiotemporal Psychopathology? Roughly, psycho-
pathological symptoms like AVH are here primarily conceived as
spatial-topographic and temporal-dynamic changes that are
shared by, and manifest in, both neural and mental features as
their “common currency” [9-11]. For instance, we will demonstrate
in our second hypothesis how the distinction (or lack therefore in
AVH) between uni- and transmodal regions with their neuronal
distinction of outer perception from inner cognition relate to a
corresponding mental or experiential distinction (or lack therefore
in AVH) of outer inter-personal social space and inner intra-
personal space - the inner-outer distinction (or its confusion in
AVH) is thus shared by both brain and experience as their
“common currency” [10, 11]. This can, for instance, be tested by
applying analogous topographic measures of inner-outer relation-
ship on both neuronal (gradient of uni-transmodal regions during
both external perception and internal cognition) and mental
(experience of outer environment and inner thoughts) levels in
analogous ways (see below for details).

Focusing on the spatial side, e.g., topography in this paper
(while leaving out the temporal and thus dynamic side), we will
speak of both “neuronal and mental topography” “neuronal
topography” refers to the organization of the brain’s different
regions and networks including their relations among each other.
While the concept of “mental topography” designates the
structure or organization of the subjective experience of the
relationship among distinct spatial ‘locations’ like the experiential
distinction and relationship of inner intra-subjective and outer
inter-subjective social space.

NEUROPHENOMENOLOGICAL HYPOTHESIS OF AVH I:
PERCEPTION OF FRAGMENTED CONTENTS RELATES TO THE
BRAIN’S STRUCTURAL AND FUNCTIONAL DYSCONNECTIVITY
AMONG SENSORY, SOMATIC AND COGNITIVE REGIONS
Phenomenology of AVH - Fragmentation and hyperreflexivity
of the contents in perception

Perception is a dynamic process with a temporal contour that
offers an incomplete experience of a phenomena/percept/object
in the first person perspective [12]. This takes place within a larger
context, that is, a perceptual field that consists of a series of
percepts interconnected by spatiotemporal relations, as well as
relations of meaning and significance. In the early stages, subjects
suffering from schizophrenia spectrum disorder typically experi-
ence auditory hallucinations consisting of single words or brief
sentences [12]. This suggests fragmentation of contents in
perception in AVH.

AVH are often initially perceived as the patients’ own thoughts
with the peculiarity of being recognized as alien and non-self in
their origin [13], ['thoughts that I'm forced to think’]. Importantly,
at the same time, they are experienced as being unrelated to the
external environment due to their acontextual nature [12]. In later
stages, the contents of AVH typically gain complexity: the
perceptual contents become more ample and articulated and,
ultimately, they may result in classic Schneiderian first rank
phenomena [12] such as perceiving a dialogue between “voices”
discussing and commenting patients’ actions or behavior.
Importantly, these phenomena might be perceived without any
appreciable sensorial [“silent voices”] and/or experiential quality,
that is, their “what it is like” is reduced if not absent [12]. Moreover,
is not uncommon that hallucinatory phenomena exhibit con-
tinuity with other non-hallucinatory alterations of thoughts and
perception [14].

A phenomenological variable commonly associated with AVH is
hyperreflexivity; this term refers to an abnormality of thought
processing with the attribution of increased salience to discrete
elements and details in one’s perception [and thoughts] which
usually are not aware and reflected upon [15]. Therefore,
hyperreflexivity leads the subject to single out elements from a
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situational context in a non-volitional, non-intellectual and non-
reflective way: the subject becomes suddenly aware of a single
isolated fragment of the whole perception with a focus on an
either its internal [thoughts, feelings, sensations, proprioceptive
inputs] or external (events, objects, persons, etc.) elements. [16]

Taken together, the anomalies in the perception of AVH are
characterized by fragmentation of the contents into single
isolated elements. These fragmented contents are dissociated
from experiential qualities [their “what is like"], and to which an
abnormal salience is attributed, a process phenomenologically
described as hyperreflexivity [See Fig. 1].

Neuronal changes in AVH - Structural and functional
dysconnectivity of the auditory cortex with sensory, somatic
and cognitive regions

Structural connectivity. AVH in the schizophrenic patient are
linked to anomalies in gray matter volume [GMV] localized in
various brain areas. Analyzing whole-brain gray matter volume in
patients experiencing auditory hallucinations, Zaira et al. [17]
found hallucinatory phenomena to be correlated with reduction in
GMV in a left lateralized cluster of brain areas including left
anterior insula and left inferior frontal gyrus. The authors therefore
conclude that structural impairment in areas involved in generat-
ing and perceiving speech, as well as in auditory signal processing,
might be closely associated with AVH. This is further supported by
the positive association of the loss of GMV in left insula and
superior temporal gyrus [STG] with the severity of hallucination.

Sone et al. [18] analyzed a 204 patients pool comprising
58 schizophrenic patients suffering from AVH, 29 schizophrenic
patients without a history of AVH, and 117 healthy controls. They
found that the subjects with AVH showed significant reduction in
gray matter volume in the left caudal middle frontal gyrus and
precentral gyrus when compared to the non-AVH group. More-
over, they observed a smaller surface area in the left insula and
reduced subcortical volume in the bilateral hippocampus when
compared to the control group.

In line with these results, Ford et al. [19] observed a left-
lateralized deficit in processing external auditory stimuli with
decreased activation of primary auditory cortex during probe
tones. Other studies suggest abnormal structural connectivity of
the auditory cortex with other cortical or sub-cortical regions [20],
reduction in GMV [21] reduction in cortical thickness [22], and
increased activity of the auditory cortex [23, 24]. However, another
study reports absent activation in auditory cortex while language
and verbal short-term memory brain areas are activated during
AVH [25].

Functional connectivity. In addition to structural connectivity,
several resting state fMRI studies also analyzed alterations of
functional connectivity [FC] in AVH. Recent studies [26, 27] found
widespread changes in FC characterized by reduced connectivity
between dorsal and ventral anterior insula and default mode
network [DMN] as well as between salience network and central
executive network. This suggests decreased functional specializa-
tion with reduced functional segregation between anterior and
posterior insular cortices.

Xue et al. [28] examined alterations in dynamic functional
connectivity [dFC] in 107 drug-naive schizophrenia patients with
AVH during resting state fMRI [rs-fMRI]. They observed an increase
in dFC from left auditory association cortex to the right middle
temporal gyrus and right middle occipital gyrus. Moreover, they
show decreased dFC from left Heschl gyrus to various regions
including the left superior occipital gyrus, left cuneus gyrus, and
left precuneus gyrus; there was also decreased dFC from right
Heschl gyrus to the posterior cingulate gyrus, as well as decreased
dFC from left medial geniculate nucleus to the bilateral calcarine
gyrus, bilateral cuneus gyrus, bilateral lingual gyrus. The authors
conclude that AVH phenomena are closely related with dFC
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Fig. 1 First neurophenomenological hypothesis: Dysconnectivity, desynchronization and temporal fragmentation in the structure of
experience and perception of AVH relates to corresponding dysconnectivity, desynchronization and temporal fragmentation in the
brain’s functional connectivity. The left figure shows preserved connectivity, synchronization and temporal integration in both perception/
experience and brain. While the right figure shows the fragmentation of perception in experience with the impairment in salience attribution/
hyperreflexivity (upper part) and how that relates to the fragmentation of the auditory cortex’ functional connectivity with the insula and

language areas (lower part).

alterations particularly involving the occipital lobe, default mode
network, and middle temporal lobe.

Consistent with these results, Panikratova et al. [29] demon-
strated decreased FC between the left inferior frontal gyrus and
the bilateral auditory association cortex in schizophrenia patients
with history of AVH; this further strengthens the association
between impairment in language processing areas and the
occurrence of AVH. This is further supported by other studies
also showing concurrent changes in both auditory cortex and
language processing areas during AVH in SZ patients [22, 24, 30].

In another study comparing whole brain functional connectivity
in SZ patients with and without AVH (and healthy controls), Zhang
et al. [31] demonstrated abnormalities in functional connectivity
localized among the frontal lobe, temporal regions and parietal
regions. In particular compared to non AVH group, the AVHs
group showed significantly enhanced functional connectivity
among Frontal Gyrus, Inferior Parietal Lobule, and Hippocampus.

Alterations of connectivity between auditory regions, language
processing areas and memory rgeions in SZ AVH are also reported
by Gao et al. [32] Using Granger causality analysis, they showed
significantly increased directionality in FC from Broca’s area to
superior temporal gyrus which was positively associated with the
severity of hallucinations. While the direction of FC, e.g., Granger
causality, was decreased from the right homolog of Wernicke’s
area towards the right homolog of Broca's area, as well as from the
right STG to the right hippocampus in the subjects suffering from
AVH when compared with the non-AVH group.

Together, there are rather heterogenous results in the structural
and functional connectivity studies focusing on AVH. We can
nevertheless see a certain pattern of changes which concerns the
auditory cortex and its structural and functional connectivity
which is altered in relation various regions like; (i) sensory regions
involved in the processing of exteroceptive inputs; (ii) somatic
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regions like the insula that are involved in processing inter-
oceptive inputs; and (iii) higher-order cognitive regions like default
mode network and prefrontal cortex that are involved in higher-
order cognition including language. Put together, there is
structural and functional dysconnectivity of the auditory cortex
with sensory-exteroceptive, interoceptive and cognitive regions.

Neurophenomenological hypothesis of AVH | -
Dysconnectivity, desynchronization and temporal
fragmentation in both brain and experience/perception
What do the findings in both structural and functional con-
nectivity among the various regions mean in phenomenological
terms? To address this question, we first need to go back to the
physiology underlying functional connectivity. Functional con-
nectivity is calculated by correlating the timeseries’ of two or
several regions activities which, physiologically, can be traced to
their neuronal synchronization: the different regions’ activity
timeseries synchronize with each other yielding high functional
connectivity with high temporal integration among them. While
they no longer synchronize with each other over time when their
functional connectivity is low reflecting predominant temporal
segregation over temporal integration.

Accordingly, neuronal synchronization and temporal integration
are key features for establishing functional connectivity among
auditory, somatic, sensory and cognitive regions. Correspondingly
so in perception and cognition: the auditory contents processed in
auditory cortex can then be synchronized and temporally
integrated with contents that are processed in other regions
including sensory, somatic and cognitive. One subsequently
experiences the contents in one’s perception as integrated
composites of auditory, somatic, sensory and cognitive elements.
For instance, we experience the melody of a music piece
(auditory) in conjunction with somatic feelings in our body like

SPRINGER NATURE
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goosebumps, visual imagery and cognitive association of for
instance memories of past events (like the encounter of a friend
who played the same music).

Such integrated composite in one’s perception [and thoughts]
is well compatible with the phenomenological observation that
contents in perception and thought are neither experienced as
purely sensory, somatic, or cognitive, but rather as an unified and
integrated construct. In fact, we experience transient auditory
contents in the foreground relative to our body’s somatic state
and our ongoing thoughts [33]. This background-foreground
relationship defines what is known as a “perceptual field,” that is
characterized by the spatiotemporal integrations of various
sensory, somatic, and cognitive components within a unified
whole and unity in our perception [12].

We now assume that such background-foreground relations are
disrupted in AVH which, as we assume, can be traced to structural/
functional dysconnectivity of the auditory cortex with the sensory,
[e.g. auditory], somatic [e.g. insula], and cognitive [e.g. DMN and
language processing] regions. Let us explicate that in more detail.

The neuronal findings reveal structural and functional dyscon-
nectivity, desynchronization and temporal fragmentation between
the auditory cortex and sensory, somatic, and cognitive regions.
As a result, the various contents—or more accurately, the
individual elements—fail to be integrated into a cohesive, unified
perceptual composite. Instead, the subject now perceives the
single elements themselves isolated and independent of each
other. This aligns closely with the phenomenology of AVH:
percepts appear to be no longer naturally interwoven within the
composite structure of the perceptual field but rather manifest
with an extreme phenomenological poverty [12], devoid of any
foreground-background contextualization and lacking temporal
contour.

We consequently hypothesize that the structural/functional
dysconnectivity of the auditory cortex with sensory, somatic and
cognitive regions relates to the aberrant perception of isolated,
individual elements without their structural integration within a
unified experience as it is typical for AVH. Single elements and
their details, now devoid of contextualization, become subse-
quently the main focus of the subject’s awareness and attention —
this results in what phenomenologically is described as ‘hyperre-
flexivity’ (see above). Accordingly, we suppose corresponding
processes on both neural and mental levels in AVH, that is,
dysconnectivity, desynchronization and temporal fragmentation
holding among different brain regions as well as among different
perceptual and cognitive elements/contents.

Neurophenomenological hypothesis of AVH Il - Disruption of
local-to-global input integration leads to the disruption of the
structure of experience (background-foreground, perceptual
field, qualia)
Why and how do dysconnectivity, desynchronization, and
temporal fragmentation in the neural activity of different regions
transform into corresponding disruptions in the integration of
contents in the experience of perception and cognition? This
raises the question for neuronal mechanisms constituting the
experience of a unified composite and unity of our perception and
thoughts occurs. We suppose a key role for the neural integration
of local-regional activity changes during their input processing
within the brain’s global activity: the single input is processed
within the brain’s global larger, more expanded, temporo-spatial
context/framework which relates and integrates the various inputs
within one single unity or composite, the brain’s global back-
ground activity. Importantly, we assume that such local-to-global
integration of single inputs and elements into a unified whole is
key for their association with subjective experiential qualities, their
“what it is like” [34]. Let us explicate that.

The local-to-global integration among different regions is
supposedly mediated by their structural-functional connectivity
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and neuronal synchronization: this enables the temporal integra-
tion of the auditory cortical inputs with the inputs of the somatic,
sensory and cognitive regions. We now assume that such local-to-
global integration is manifest in the experience of what
phenomenologically is described as ‘background-foreground
relation’ and ‘perceptual field’ : the single specific element or
content in the foreground is perceived within the context of
multiple other elements serving as background, resulting in the
constitution of a perceptual field.

Given the findings of dysconnectivity, desynchronization and
temporal fragmentation on the neuronal level of the brain, we
now postulate that the local-to-global integration of different
inputs is disrupted in AVH. The local inputs from for instance the
auditory cortex are no longer connected with other inputs from
sensory, somatic and cognitive regions — the former are not
integrated within a unitary composite or whole. The lack of such
unitary composite or whole makes impossible the constitution of
both background-foreground relation and perceptual field in the
subject’s experience. That leads consecutively to the loss of the
experiential quality, the qualia or what it is like: the perceived
contents are not only single isolated elements [rather than
complete perceptual contents] but, at the same time, are also
dissociated from their respective context/background - this makes
impossible their association with an experiential quality [their
“what is like”], a core feature of the experience of auditory
contents in AVH.

Together, our first neurophenomenological hypothesis assumes
that the dysconnectivity, desynchronization and temporal frag-
mentation of the auditory cortex’ input processing with other
inputs in sensory, somatic and cognitive regions leads to
analogous changes on the mental level. As on the neuronal level,
there is corresponding dysconnectivity, desynchronization and
temporal fragmentation among the contents in perception and
thoughts. Phenomenologically speaking, this disrupts both
background-foreground relation and perceptual field with the
subsequent dissociation between the perceptions and their
experiential qualities [their ‘what it is like']. In short, dysconnectiv-
ity, desynchronization and temporal fragmentation are shared by
both neural and mental levels as their “common currency” [10]
in AVH.

NEUROPHENOMENOLOGICAL HYPOTHESIS OF AVH II:
EXPERIENCE OF HALLUCINATORY SPACE RELATES TO
DEDIFFERENTIATION AND COMPRESSION OF THE BRAIN’S
UNIMODAL-TRANSMODAL GRADIENTS
Phenomenology of AVH - Convergence with confusion of
intrapersonal and interpersonal spaces within the
hallucinatory space
AVH are typically perceived by the patient as embedded in a
‘hallucinatory space’ [35] that is, an intrasubjective space arising
from a profound disturbance of most basic, immediate and pre-
reflective relation to space, also termed primordial presence,
originating from the pathological disruption of patients’ percep-
tion of self [35]. The notion of space in this setting refers the
subjectively and pre-reflectively experienced space within which
the internal or external perceptual contents are embedded [36].
Such phenomenological notion relates to the concepts of
interpersonal and intrapersonal space. The interpersonal space
denotes a common space shared by different subjects within the
external environment - this is manifest in the subjective
perception of an interpersonal space by the subjects themselves.
While the concept of intrapersonal space, refers to a subjectively
experienced space localized and perceived within the individual
itself where one experiences one’s own thoughts and emotions.
Usually, we can clearly distinguish between intrapersonal and
interpersonal spaces in experience as we do not, for instance,
confuse our inner thoughts with our outer perceptions. Such

Translational Psychiatry (2025)15:496
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Fig. 2 Second neurophenomenological hypothesis: Dedifferentiation and compression of intra- and interpersonal spaces in the
experience of a hallucinatory space relates to the corresponding dedifferentiation and compression of the brain’s uni-transmodal
topography. The left figure shows the distinction of intra-personal and peripersonal spaces in the subject’s experience (upper) and the
corresponding distinction of uni- and transmodal regions in their topographic gradient (lower part). While the right figure illustrates the
overlay, fusion and integration of personal [orange] and peripersonal [blue] spaces with the subsequent experience of a hallucinatory [purple]
space in AVH (upper part) which relates to decreased distinction of uni- and transmodal regions in their topographic gradient (lower part).

distinction, however, seems to be rather blurred during AVH, as
manifest in the experience of the hallucinatory space. The concept
of the hallucinatory space must be distinguished from abnormal
space experience in mental imagery and illusions. Even if
experiencing inner-outer connection in mental imagery or
illusions, these subjects are still able to distinguish the space of
the inner reality of their own self from the space of the outer
environmental reality.

In contrast, this is no longer possible in the experience of a
hallucinatory space: something that occurs in the inner self is
associated with and located in the outer environment, e.g., the
AVH. Similar so in the experience of passivity phenomena where
for instance subjects experience that their own inner thoughts are
manipulated by others as external environmental forces. We here
leave it open whether and how such hallucinatory space in AVH
with the typical inner-outer confusion also relates to delusions:
this is even more pressing given that both delusions and AVH
often co-occur together.

The hallucinatory space is often experienced by the patient to
be deeply intimate and personal [living in the head, living in a
glass bubble]. The AVH are consequently perceived as private and
inaccessible to others [36] for which reason they are only rarely
mistaken as ‘real’ voices coming from the surrounding inter-
subjective environment [37]. We suppose that the hallucinatory
space of AVH arises from the progressive overlap between intra-
and interpersonal spaces in one’s experience, a ‘phenomenologi-
cal dedifferentiation’. Both inter- and intrasubjective spaces seem
to converge and fuse within the hallucinatory space resulting in
the experience of what has been described as “double ontological
orientation” [12]: the hallucinatory space is oriented inwards
towards the inner self and, at the same time, oriented outwards
towards the outer world.

The experience of overlay, fusion and integration of intra- and
interpersonal spaces carries major implications as the patient
simultaneously experiences two different but subjectively equally
significant “locations and origins” of perceptual contents: one is
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coming from a shared outer social space structured on laws of
nature and the principle of non-contradiction [38]. While the other
is arising from a more private inner sphere where the cardinal
principles of non-contradiction and spatiotemporal continuity are
somehow fluid or even completely absent [39]. This leads to
confusion and distress, especially when the two spaces become
completely indistinguishable during the acute exacerbation of
psychosis [38, 39] with the typical confusion of inner and outer
realities [40] [See Fig. 2].

Neuronal changes in AVH - Topographic dedifferentiation
and compression of unimodal-transmodal gradients

The global topography of the entire brain is represented by
gradients that span across lower-order unimodal and higher-order
transmodal regions describing their relative relations and connec-
tions. These uni-transmodal gradients of brain’s spontaneous
activity [e.g. resting state] are grouped along a progressive
continuum of cytoarchitecture, myeloarchitecture, chemo-archi-
tecture, excitation-inhibition balances, timescales, and activation
patterns as well as functional and structural connectivity patterns.
Taken in this sense, gradients provide an organizing principle for
hierarchical interactions between brain areas [41] whose global
relationships distribute along an information processing con-
tinuum across different functional systems [41].

Among the large scale gradients identified, two account for
about half the variance in functional connectivity along the cortex.
[42] The first gradient, also termed sensory-fugal gradient, spans
the distance between unimodal specialized sensorimotor areas,
involved in the perception of external stimuli, and higher-order
transmodal association areas, that are related with a wide array of
functions including processing of information, cognition, and self-
referential thinking [41, 42]. The second gradient is anchored
within the sensorimotor system itself by spanning the distance
between visual and auditory and sensorimotors cortices [43].

Alterations of these gradients are reported in schizophrenia
patients suffering from AVH. Using resting state fMRI, Dong et al.
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[44] observed reduced differentiation with compression of
unimodal-transmodal gradients in AVH and schizophrenia. Such
compression of the unimodal to transmodal gradient might impair
effective integration of information through diminished differ-
entiation between unimodal sensory systems, e.g. stimulus
perception, and transmodal areas that support complex cognitive
inferences. [44] Similarly, Wengler et al. [45] report that in
schizophrenia patients the severity of AVH positively correlates
with the degree of the hierarchical gradient’s compression within
the auditory systems’ intrinsic neural timescales. Interestingly, they
also observe converse relationship of the same neuronal features
with the severity of delusions; this suggests partial overlap of AVH
and delusions which may potentially explain their co-occurrence.

Further, He et al. [43] report alterations of a unimodal to
transmodal hierarchy of cortical organization in first episode
psychosis which affected the hierarchical distance between the
sensorimotor and the default mode networks. They observe a
global gradient compression in first episode patients, suggesting
decreased functional distance between the two endpoints of the
uni-transmodal cortical hierarchy. This suggests a disturbance in
the balance between sensorimotor and higher-order association
cortices in first episode psychosis. Specifically, the compression
suggests reduced differentiation of unimodal and transmodal
regions which affects their relative input processing, indicative of
a decrease in their functional specialization.

These fMRI resting state findings entail that the default-mode
network [DMN], usually at the apex of the hierarchy, is in a
different topographic position relative to unimodal regions in the
settings of AVH as it is now compressed with, and thus less
differentiated from, the other networks. This is, for instance,
manifest in decreased antagonistic behavior between the DMN
and the language network [46] ;this is supported by reduced
periods of time spent in, and reduced probability to switch to, a
state of anticorrelation between the two networks in AVH + SZ
patients compared to SZ patients without AVH. Decreased
network-antagonism implies less differentiation between lan-
guage network and DMN, and subsequently also dedifferentiation
of their respectively associated functions, e.g., language proces-
sing and self-referential processing; this could engender confusion
about the source and nature of the information processed. [46, 47]

Taken together, these findings clearly demonstrate topographic
dedifferentiation between unimodal and transmodal regions, e.g.,
between sensory regions, language areas and the DMN.
Decreased network-antagonism could imply increased overlap
between these systems. For instance, language processing
(language network) is less distinct from self-referential processing
(DMN) - neuronal dedifferentiation of the networks may thus lead
to subsequent dedifferentiation of their information processing.

Neurophenomenological hypothesis of AVH | - From the
brain’s inner-outer neuronal topography to the inner-outer
mental topography of experience
What exactly does the dedifferentiation and compression of uni-
transmodal regions mean? Unimodal regions are specific brain
areas dedicated to processing information from a single sensory
or motor modality; sensory regions are specialized for processing
specific types of external inputs from the outer environment while
motor regions are involved in generating corresponding outputs
in response to these inputs. In contrast, transmodal regions mainly
process internal inputs related to the own self, memory, emotion
and other higher-order functions originating from within the inner
environment of the person’s self. In the healthy individual both
unimodal and transmodal regions are clearly distinct as they
occupy a precise hierarchical position along the primary
sensoryfugal gradient.

Such hierarchical differentiation and functional segregation
entail that their respective processing and therefore the exact
origin of inputs —spanning both the inner self and outer
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environment—can be precisely distinguished at the neural level.
We assume that this neural distinction is reflected in a
corresponding differentiation at mental level as we can clearly
distinguish the experience of our internal thoughts originating
from the inner environment from our external perceptions arising
from the outer environment. The neuronal findings clearly
demonstrate that the brain regions distributed along the uni-
transmodal gradient are no longer as differentiated in AVH - this is
manifest in gradient compression and dedifferentiation with their
reduced functional segregation. Reduced functional segregation
among uni- and transmodal regions, in turn, suggests an
impairment in their respective input processing: there may be
reduced discrimination between inputs of distinct origins like
internally and externally arising inputs from within inner brain/
body and outer environment.

Following Dong et al. [44], reduced network differentiation,
altered network dynamics and ineffective functional specialization
could ultimately lead to confusion between outer environment
and inner abstract cognitive processing [44]. That, in turn, could
facilitate the intrusion of internally generated inputs, arising from
the fragmented stream of consciousness, into the external
perceptual field. Similarly, Weber et al. [47] suggests that “weak
segregation between different functional networks could be
related to impairments in differentiating between internal versus
external contents” [47].

Together, these observations suggest that abnormal neuronal
dedifferentiation and compression of the brain’s uni-transmodal
topography lead to the confusion of inner and outer environ-
ments in subjective experience. Due to the pathological functional
proximity between the two extremes (uni- and transmodal) of the
hierarchy, an external input arising from the outer environment,
received and processed by unimodal sensory regions is now also
processed by transmodal regions; that functional overlap might
entail that such input could be mistakenly designated as
originating from the inner body and environment rather than
being recognized as arising from the outer environment.

Conversely, an internally generated input from within the brain
[and/or body itself] may no longer be processed primarily in
transmodal regions, but could also involve unimodal sensory
processing, such as that in the auditory cortex. As a result, this
input may be perceived as originating from the outer rather than
inner (brain/body) environment, and consequently experienced as
non-self (rather than as self-specific), as we suppose might be the
case in auditory verbal hallucinations.

Accordingly, the abnormal neuronal dedifferentiation and
compression of the brain’s inner-outer/uni-transmodal topogra-
phy may structure the experience in a corresponding way [9-11].
This is manifest in what we refer to as abnormal mental
dedifferentiation and compression of the inner-outer topography
of the subject’s experience with an overlap their inner thoughts
and outer perceptions. Put briefly, the changes in the brain’s
inner-outer neuronal topography relate to corresponding abnorm-
alities in the structure of experience, that is, its inner-outer mental
topography. How does that relate to the experience of a
hallucinatory space in AVH? That shall be the focus in the next
section.

Neurophenomenological hypothesis of AVH Il - From the
brain’s inner-outer neuronal topography to the experience of
a hallucinatory space
How does the brain’s topographic unimodal-transmodal dediffer-
entiation and compression relate to the experience of the
hallucinatory space in AVH? To better understand this, we need
to distinguish what is described as peripersonal and personal
spaces in psychology.

The peripersonal space is defined as the space surrounding
one’s body where the subject can interact with external entities
including other individuals and inanimate objects. [48] Both

Translational Psychiatry (2025)15:496



unimodal sensory and motor regions are closely related to the
peripersonal space that demarcates and relates the subject to
other subjects in the outer social world [48]; this is possible by
merging interoceptive inputs from within the body with the
exteroceptive environmental inputs/cues coming from the com-
mon shared intersubjective social space. [49-51] Conversely, the
personal space, the physical distance a subject maintains from
other subjects to avoid discomfort [52], is more anchored within
the subject’s intimate sphere and thus restricted to within the
subject itself, e.g., intra-personal. The findings suggest that the
personal space relates more to the transmodal regions and their
cognitive processing [48].

We now tentatively suppose that the distinction of peripersonal
and personal spaces relates to the topographic gradient of uni-
and transmodal regions. As described above, the peripersonal
space is strongly mediated by unimodal regions including both
sensory and motor cortices. While the personal space is more
shaped by the transmodal regions with their integration of
sensory inputs with cognitive processing. We now suppose that
the distinction of uni- and transmodal regions by their gradient
also allows for the corresponding distinction of peripersonal and
personal space: the steeper the uni-transmodal gradient with their
stronger differentiation, the more clearly the boundaries of
peripersonal and personal spaces can be demarcated in the
subject’s perception and experience.

The findings in AVH suggest the opposite, though. There is a
lower gradient with topographic dedifferentiation and compres-
sion among uni- and transmodal regions. This should thus lead to
decreased distinction with overlaps and confusions in the
subject’s experience of their peripersonal and personal spaces.
In fact, it has been observed that SZ patients experience
alterations in the perception of both personal and peripersonal
spaces. Different studies demonstrated that subjects perceive
their peripersonal space as narrower, less demarcated, and more
prone to intrusions by elements in the environment [48, 53, 54].
Concomitantly, other studies showed opposite changes in
personal and peripersonal space: when compared to healthy
controls, the SZ patients exhibit a narrowing of their peripersonal
space while they perceive their personal space as more extended
[52, 55].

These observations support the hypothesis of an overlap
between the boundaries of peripersonal and personal spaces in
subjects’ perception and experience - this suggests compression
and dedifferentiation between interpersonal and intrapersonal
spaces. In the most extreme case, subjects may perceive and
experience no longer any difference between their inter- and
intra-personal spaces. In that case, inputs arising in the intra-
personal space are experienced in association with the inter-
personal space - this is the moment where both spaces result in
the experience of what phenomenologically is described as
‘hallucinatory space’, the confusion of inner-outer spaces in
experience [56, 57] (see above).

We are now ready to formulate our second neurophenome-
nological hypothesis. We hypothesize that the topographic
dedifferentiation and compression of the brain’s uni-transmodal
topography leads to a corresponding topographic dedifferentia-
tion and compression in the subject’'s experience of their
peripersonal and personal spaces. The less distinguished the
uni-transmodal regions are from each other, the less subjects will
experience a distinction of their personal and peripersonal
spaces. In the most extreme case, uni- and transmodal regions
are no longer distinguished at all which, as we postulate, should
lead to the confusion and ultimately fusion of peripersonal and
personal spaces, a hallucinatory space. Given that such halluci-
natory space integrates and operates across the inner-outer
boundaries, it makes possible for inner thoughts to be
experienced as perceptions of the outer environment resulting
in AVH.
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CONCLUSIONS AND FUTURE DIRECTIONS
Neuro-phenomenological hypotheses - Connecting brain,
experience and symptoms
We here show how a more global topographic-dynamic view of
the brain allows for direct connection of the neuronal and
phenomenological levels of AVH. This led us to formulate two
specific neurophenomenological hypothesis of AVH focusing on 1.
Experience of fragmentation of contents and the brain’s structural-
functional dysconnectivity; and 2. Experience of a hallucinatory
space and the brain’s uni-transmodal gradients. While we here
leave out several other phenomenological features of AVH, such
as their commonly negative emotional content [36], our
neurophenomenological hypotheses nevertheless could present
a starting point for empirically testing and investigating the
relations between brain, symptoms and experience of AVH [58].
Future investigation may also want to extend our neuropheno-
menological hypotheses to the biochemical level indagating
imbalances in the levels of different transmitters such as
dopamine and serotonin and how they modulate the brain’s
uni-transmodal topography [59] in both physiological and
pathological states. Furthermore, our neurophenomenological
hypotheses do not stand in contradiction to other models of
AVH but may rather be considered complementary [See Box 1].
Sensory perceptual [12, 60], cognitive [61, 62] and regional or
network [63, 64] models of AVH may be well compatible with the
here proposed spatiotemporal approach; Spatiotemporal Psycho-
pathology [8, 58]: due to its global topographic-dynamic view of
the brain, Spatiotemporal Psychopathology touches upon a more
basic and fundamental level and thus provide a broader frame-
work within which other models of AVH can be integrated.

From neurophenomenological hypotheses to clinical
diagnosis and therapy

Our spatiotemporal approach opens the door for clinical
differential diagnosis and, potentially, personalized therapy. First,
it proposes direct connection from brain to symptom and
subjective experience of AVH; such integrated brain-symptom-
experience approach could then serve to investigate diagnostic
markers that distinguishes AVH from other perceptual or cognitive
disturbances. For instance, a recent study by Wengler et al. [45]
observed distinct hierarchical gradients alterations in the presence
of delusions and hallucinations in psychosis - the uni-transmodal
gradient and its degree of dedifferentiation and compression may
thus serve candidate diagnostic biomarker.

Presupposing a dimensional rather than categorical view of
psychopathology, we suppose that the degree of uni-transmodal
dedifferentiation and compression may serve as a strong
candidate for a diagnostic biomarker of AVH independent of
their origin, that is, whether organic, drug induced, occurring in
healthy subjects, or associated with a mental disorder like
schizophrenia or psychotic depression. Either transient (most
common type in healthy subjects experiencing AVH) or more
persistent (as in schizophrenia spectrum disorder) alterations in
specific regions and networks may lead to a similar degree of
topographic dedifferentiation and compression of the uni-
transmodal gradient which, in turn, may lead to AVH. Additionally,
it could be possible to assess and quantify the degree of uni-
transmodal dedifferentiation and compression in each individual
subject, which could offer a prognostic marker for, for example,
the risk of AVH and the progression of its underlying pathology.

Finally, a more in depth understanding of the mechanism
underling AVH could serve to guide the subsequent interventions,
for example, in transcranial magnetic stimulation [65-68] which
would need to change and re-balance the uni-transmodal
topography (through stimulating key regions within that topo-
graphy in an individualized subject-based way). Similarly, other
forms of therapy could also target the uni-transmodal topographic
balance and gradient like brain computer interface [69-72],
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Box 1. Relation to other influential theories of AVH

One major model posits that AVH as a consequence of an impairment in self-
monitoring of internally originated stimuli that are then mistakenly attributed to
an external source. In particular, an impairment in efferent projections of motor
signals sent to sensory areas is regarded by some models as the key for AVH.
These projections, or efferent copies, provide a prediction, or ‘corollary discharge,’
of the expected sensory consequences of an action in sensory brain regions and
are supposed to act to attenuate self- generated sensation thus allowing and
participating in agency attribution. Assuming that the act of thinking itself could
be regarded as an action, marked deviation from the predicted sensory outcome
could suffice to impart improper external attribution to internally generated inputs
such as touchs. [75] We suppose that the here described topographic changes on
both neuronal and mental levels underlie and impair self-monitoring with the
confusion of internal and external sources like the confusion of peripersonal and
personal spaces. The impaired corollary discharge may thus be traced to the inner-
outer confusion of the neuronal and mental topography.

Another influential theory of AVH is predictive coding. Perception is an inferential
process that is dynamically shaped by a subject’s priors, beliefs and experience and
fine-tuned by continuous interactions between unimodal and transmodal areas
through bottom-up and top-down modulation. This allows for a continuous
interplay between sensory inputs in sensory regions and predictions formulated by
higher associative areas. We could then infer that an excessive top down
interference at the expense of unimodal areas could lead to overly precise priors
contaminating perception [60].

This is well in line with the observation that perception itself is composed of an
interaction between bottom-up input and top-down influences [76]: predictions of
sensory inputs elaborated by higher transmodal hubs are relayed to lower unimodal
somatosensory brain areas in a top down fashion. If these predictions were to
override/overwhelm input gating/processing due to a shift in gradients, con-
nectivity patterns, and/or network segregation [i.e. compression] they could
ultimately exert an inordinate influence over unimodal areas, ultimately manifesting
as external inputs which will have no corresponding external stimulus. We suppose
that, given the uni-transmodal dedifferentiation and compression, that such top-
down prediction with empirical priors and bottom-up relaying of prediction errors
os broken down in AVH: the subject remains unable to predict what may happen
next nor can the subject’s correct their prediction errors - they thus believe that
AVH are real without being able to correct the falsity of their assumption of the
external origins of the voices.

Our neurophenomenological hypotheses extend our earlier resting state
hypothesis of AVH [77] in various ways. 1. Specifying the exact topographic details
[e.g., topographic dedifferentiation on different levels of the brain’s organization]
that drive the abnormal interaction of default mode network and auditory cortex
during AVH; 2. Showing the potentially underlying mechanisms of such topographic
dedifferentiation through dysconnectivity and temporal imprecision; and 3. Linking
topographic dedifferentiation to specific phenomenological features of AVH,
establishing specific testable neurophenomenological hypotheses.

Finally, the neurophenomenological hypotheses also relate to the recently
suggested imprecision model of SZ [78]. Roughly the imprecision model postulates
temporal imprecision in the millisecond range of temporally random phase cycle
dynamics in terms of ‘frequency jittering’. Applied in the present context, this
means that the phase cycles’ different timescales and frequencies of inner (slower
and longer) and outer (faster and shorter) input processing can no longer be
properly distinguished from each other but may rather be mixed with each other.
One would consequently assume abnormal coupling of inner and outer input
processing through the increased randomization of their underlying phase cycle
dynamics during AVH.

alternative pharmacological delivery systems [73], and even
psychotherapy, mindfulness, or other meditation techniques
which are known to change the uni-transmodal topography
[74]. In short, insight into the neurophenomenological mechan-
isms of AVH opens the door for precision treatment.
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