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Schizophrenia is a multifaceted disorder with various 
symptoms including auditory hallucinations, egodistur-
bances, passivity phenomena, and delusions. Recent neu-
robiological approaches have focused on, especially, the 
abnormal contents of consciousness, the “substantive 
parts” as James said, to associate them with the neu-
ral mechanisms related to sensory, motor, and cognitive 
functions, and the brain’s underlying stimulus-induced 
or task-evoked activity. This leaves open, however, the 
neural mechanisms that provide the temporal linkage or 
glue between the various contents, the transitive parts 
that makes possible the “stream of consciousness.” 
Interestingly, schizophrenic patients seem to suffer from 
abnormalities specifically in the “transitive parts” when 
they experience contents as temporally disconnected or 
fragmented which in phenomenological psychiatry has 
been described as “temporal fragmentation.” The aim 
of this article is to develop so-called neurophenomenal 
hypothesis about the direct relationship between phe-
nomenal features of the “stream of consciousness,” the 
“transitive parts,” and the specific neuronal mechanisms 
in schizophrenia as based on healthy subjects. Rather than 
emphasizing stimulus-induced and task-evoked activity 
and sensory and lateral prefrontal cortical regions as in 
neurocognitive approaches with their focus on the “sub-
stantive parts,” the focus shifts here to the brain’s intrinsic 
activity, its resting state activity, which may account for 
the temporal linkage or glue between the contents of con-
sciousness, the transitive parts.
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Introduction

Schizophrenia is a multifaceted disorder including symp-
toms like delusions, passivity phenomena, auditory hal-
lucinations, egodisorders, and thought disorder. These 
abnormal mental symptoms are directly given in expe-
rience. which is usually described as “phenomenal.”1 
These experiences, as obtained in subjective first-person 
perspective by the patients, are supposed to be related 
and linked to third-person accessible, eg, objective psy-
chological,2 and neural (see in what follows) mechanisms. 
Although many abnormal experiences including those 
of aberrant experience of time, ie, an abnormal “stream 
of consciousness” in schizophrenia, have been reported 
(see in what follows for details), their linkage to neuronal 
mechanisms remains unclear at this point in time (see in 
what follows for some methodological issues concerning 
such neurophenomenal linkage).

James characterized consciousness by a strong tempo-
ral dimension when discussed about “stream of conscious-
ness.”3,4 He characterized the “stream of consciousness” 
by different phenomenal features like the contents them-
selves, the “substantive parts,” and the transitional peri-
ods, the “transitive parts” (which by themselves can be 
described by “sensible continuity” and “continuous 
change”; see in what follows). Although many researches 
in schizophrenia have focused on the “substantive parts” 
while investigating the cognitive and neural correlates of 
their abnormal contents, eg, neurocognitive hypotheses,5 
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the “transitive parts” that provide the temporal linkage 
or “temporal glue” between the different contents have 
rather been neglected. They may be central for construct-
ing the temporal flow of consciousness that first and fore-
most makes possible to integrate the different contents 
into one “stream of consciousness.”

How about the phenomenal side, the schizophrenic 
patients’ subjective experience of the “transitive parts” 
in their “stream of consciousness”? The schizophrenic 
patients experience the various contents in a disjunct 
and temporally fragmented way with various “now-
moments” that remain unlinked rather than as flow with 
multiple transitions between the different contents (as 
presupposed in the “normal” stream of consciousness.” 
This has been described as “temporal fragmentation”6 
that signifies the disturbance of especially the “transi-
tive parts” in the “stream of consciousness.” Despite first 
attempt,7,8 the neural mechanisms underlying “temporal 
fragmentation” and its disturbance of the “transitive 
parts” in the “stream of consciousness” remain neverthe-
less unclear.5,6,9

One may want to link phenomenal features of subjec-
tive experience and neural mechanisms leading to what 
can be described “neurophenomenal hypotheses.”9 Such 
neurophenomenal hypotheses aim to link subjective 
experiential, eg, phenomenal, features of experience, 
eg, consciousness, with objective neuronal mechanisms. 
They must be distinguished from neurocognitive hypoth-
eses that search for the neural correlates of the contents, 
the cognitions, rather than focusing on the temporal 
structure in the “stream of consciousness” within which 
those with very same contents are abnormally integrated 
in schizophrenia.9

The aim of this article is to develop what I describe as 
“neurophenomenal hypotheses” (see in what follows as 
well as in ref. 9) about the neural mechanisms related to 
the “transitive parts” in the “stream of consciousness” 
and how the abnormalities in “transitive parts” can be 
related to the various psychopathological symptoms in 
schizophrenia.38 Based on recent findings in both healthy 
and schizophrenic subjects, the focus will be on cortical 
midline structures, the core regions of what is described 
as “default-mode network (DMN).”10,11 I  hypothesize 
that due to their extremely strong infraslow frequency 
fluctuations (eg, frequency fluctuations in extremely slow 
range around 0.0010.1; see in what follows for details), 
the cortical midline structures are ideal candidates for 
providing the “temporal linkage or glue” and thus the 
“transitive parts” between the various contents of con-
sciousness. Alterations in cortical midline structures and 
their infraslow frequency fluctuations may then also 
account for the disturbance in the “transitive parts” and 
subsequent “temporal fragmentation” in schizophrenia. 
I consecutively divide my article into two parts: first part 
about the neuronal findings in schizophrenia especially 
in the cortical midline structures’ resting state activity 

and the second part about neuronal and neurophenom-
enal hypotheses about the changes in the “stream of 
consciousness” and the structure of time experience in 
schizophrenia, before though, some brief  methodologi-
cal remarks shall be made. 

Neurophenomenal Approach

What do I  mean by neurophenomenal hypotheses? As 
described at the beginning of the introduction, the term 
“phenomenal” refers to subjective experience in first-per-
son perspective as distinguished from objective observa-
tion in third-person perspective. In contrast, neural data 
as observed in, for instance, brain scanning are third-
person data. How can we link phenomenal first-person 
experience to neural third-person data? For that I assume 
what I describe as neurophenomenal hypotheses that aim 
to link neuronal mechanisms and phenomenal features.9

More specifically, the neurophenomenal approach 
aims to link phenomenal features like the “stream of con-
sciousness” including its distinction between “substan-
tive parts” and “transitive parts” to particular neuronal 
features. Such neurophenomenal approach must be dis-
tinguished from neurocognitive, neuroaffective, and neu-
rosocial (and neurosensorimotor) approaches. The latter 
focus on how the neural activity related to sensorimotor, 
affective, cognitive, and social functions, eg, task-related 
or stimulus-induced activity, and their respective contents 
are related to psychopathological symptoms like delu-
sions, hallucinations, and so on.

That is different in the neurophenomenal approach. 
Instead of focusing on the various functions and their 
respective stimulus-induced or task-evoked activities, ie, 
extrinsic activity, the neurophenomenal approach targets 
the brain’s resting state activity, its intrinsic activity includ-
ing its spatial and temporal structure.9,12–14 This implies 
that the focus on contents in experience (like affective, 
cognitive, social, or sensorimotor) is here replaced by the 
focus on the temporal and spatial structure of experience 
as obtained in first-person perspective. The main claim 
of neurophenomenal hypotheses is that the spatial and 
temporal structure of the brain’s intrinsic activity may be 
related and linked to the spatial and temporal structure 
of experience.9

By considering the structure of experience, the neu-
rophenomenal approach takes strong borrowing from 
phenomenological approaches that start with the phenom-
enon in question as, for instance, the distorted “stream of 
consciousness” in schizophrenia.1 However, it should be 
noted, at the outset, that we can discuss some phenom-
enological features only in a rather coarse-grained way 
without being able to go into fine-grained phenomenolog-
ical details. The rich phenomenological tradition on time 
experience in schizophrenia that dates back to the begin-
ning of the 20th century with Eugen Minkowski, Erwin 
Strauss, Ludwig Binswanger, Victor von Gebsattel, and 
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others cannot be considered here. These earlier studies are 
continued these days by especially Josef Parnas, Lous Sass, 
and Thomas Fuchs with the latter focusing especially on 
abnormal experience of time on whom I therefore rely in 
the following. Space reasons preclude us from going into 
fine-grained phenomenological detail. In addition to such 
formal constraint, there may also be scientific constraints; 
there may be an imbalance in the degree of sophistication 
to which neuronal and phenomenal features are devel-
oped at this point in time. Therefore, the current neuro-
phenomenal hypotheses may be considered tentative as 
suggestions for bridging the neurophenomenal gap which 
may be refined in the future by more direct and explicit 
experimental paradigms.

Resting State Activity in Schizophrenia

Neuronal Findings in Schizophrenia Ia: Abnormal Resting 
State Activity in Midline Regions. Various studies 
recently investigated the DMN in schizophrenia (see 
ref. 15 for a recent review). Recent imaging studies in 
schizophrenia reported abnormal resting state activity 
and functional connectivity in the anterior cortical mid-
line structures (aCMS). A study16 demonstrated that the 
aCMS and posterior CMS like the posterior cingulate 
cortex (PCC)/precuneus show decreased task-induced 
deactivation (TID) during a working memory task. This 
was observed in both schizophrenic patients and their 
relatives when compared with healthy subjects, which is 
indicative of decreased task-related suppression and pos-
sibly increased resting state activity.

Furthermore, the very same schizophrenic subjects 
also showed increased functional connectivity of the 
aCMS with other posterior regions of the CMS, such 
as the PCC. Both functional hyperconnectivity and 
decreased TID correlated negatively with each other. The 
more decreased the task-related suppression, the more 
increased the degree of functional connectivity. Finally, 
both decreased TID and increased functional connec-
tivity in aCMS correlated with psychopathology, ie, the 
predominantly positive symptoms as measured with the 
PANSS scale (ie, the Positive and Negative Symptoms 
Scale).

Decreased TID in aCMS was also observed in an earlier 
study that investigated working memory.17 Similar to the 
study described earlier, they let subjects perform a work-
ing memory task and observed abnormally decreased 
TID in aCMS in schizophrenic patients when compared 
with healthy subjects. Similar to the other study, they also 
observed abnormal task-related activation in the right 
dorsolateral prefrontal cortex in schizophrenic patients. 
Another study18 also reported abnormal TID in aCMS as 
well as abnormal functional connectivity from aCMS and 
posterior CMS to the insula in schizophrenic patients.19–22

In addition to TID and functional connectivity, 
another abnormal measure of resting state activity is the 

temporal features, more specifically fluctuations or oscil-
lations in certain temporal frequencies. For instance, low-
frequency fluctuations in the resting state were increased 
in the aCMS (and the parahippocampal gyrus) in schizo-
phrenic patients, while they were decreased in other 
regions like the insula.23 Abnormally increased power of 
low-frequency oscillations (<0.06 Hz) in the aCMS (and 
posterior CMS regions and the auditory network) and 
their correlation with positive symptom severity were also 
observed in another study on schizophrenic patients.24

However, findings are not fully clear because a recent 
study showed decreased low-frequency power in mid-
line regions in schizophrenia.25,26 Most interestingly, they 
also observed that low-frequency power was no longer 
correlating, ie, decoupled, with functional connectivity. 
Finally, one recent study investigated the variability of 
neural activity (eg, amplitude of low-frequency fluctua-
tions) in the low-frequency range in different frequency 
bands (slow 5: 0.010.027 Hz, slow 4: 0.0270.08 Hz) in 
schizophrenia; they observed significant reductions in 
variability in slow 5 in ventromedial prefrontal cortex 
(and basal ganglia and midbrain) in schizophrenia.27

In sum, there are clear changes in functional connec-
tivity and low-frequency fluctuations in schizophrenia. 
Functional connectivity tends to be increased within cor-
tical midline regions. In contrast, the exact direction of 
the changes in low-frequency fluctuations remains unclear 
with both reduction and increases being reported. Most 
interestingly, recent studies report decoupling between 
functional connectivity and low-frequency fluctuations 
as well as frequency-band specific decreases in variability 
of neural activity in anterior midline regions in schizo-
phrenia. Overall, these findings suggest alterations in 
midline resting state activity in schizophrenia what Lloyd 
described as “dynamic temporal network,”28 which one 
would assume to lead to alterations in temporal continu-
ity and flow of neural activity (see in what follows).

Neuronal Findings in Schizophrenia Ib: Abnormal Balance 
Between Low- and High-frequency Fluctuations. Recent 
resting state electroencephalogram (EEG) showed increased 
coherence in basically all low- and high-frequency bands 
including delta, theta, alpha, and gamma bands within 
and between hemispheres in schizophrenia.29–33Most inter-
estingly, the study by Spencer33 could relate the increased 
gamma power in auditory cortex to reduced stimulus-
evoked activity in response to auditory stimuli with the 
former predicting (ie, correlating) the latter. This suggests 
clear relationship between increased resting state gamma 
power and reduced task-evoked activity in gamma (see in 
what follows). Unfortunately, only a combined functional  
magnetic resonance imaging (fMRI)–EEG resting state 
study allowing for combined measurement of infraslow 
(0.0010.1 Hz), slow (012 Hz), and fast (1280 Hz) frequencies 
has been reported.34This study observed increased associa-
tion of the DMN and the low-frequency fluctuations in the 
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midline regions as measured in fMRI with lower frequencies 
(delta and theta) as obtained in EEG in schizophrenia.34

Task-related electrophysiological findings have focused 
on especially beta and gamma oscillations where schizo-
phrenic patients show severe impairments, eg, reductions 
in gamma power in response to sensory stimuli or other 
tasks (see recent articles 35 and 36–41). In addition to gamma, 
other lower oscillations like delta, theta, and alpha have 
also been observed to be abnormal, eg, reduced during 
task-evoked activity in schizophrenia.42,43

In addition to these high- and low-frequency bands, 
as they can be measured with EEG, there are also lower, 
eg, infraslow bands that can be tapped into fMRI. We 
already reported that infraslow slow frequency power 
significantly differed in especially midline structures 
between schizophrenia and healthy subjects (see afore-
mentioned discussion as well as #0;Yu, 2013 #2151;Yu, 
2014  #2152), which has recently been further investi-
gated. Infraslow frequency bands were subdivided into 
slow 4 (0.0270.08) and slow 5 (0.010.027). Schizophrenic 
patients showed frequency-specific abnormalities (in fre-
quency band slow 4) in particular regions (like ventrome-
dial prefrontal, cortex, basal ganglia, and midbrain).25,27

What remains unclear, however, is how these deficits in 
infraslow frequencies are related to the observed altera-
tions in higher frequencies especially beta and gamma? 
Based on the observations in healthy subjects,44 one 
would assume abnormal coupling from infraslow to 
high frequencies between infraslow frequency phase and 
high-frequency power.

Though not targeting the infraslow frequency fluctua-
tions as measured with fMRI, recent EEG studies investi-
gated the phase synchrony within and between frequency 
bands. A study by Uhlhaas et al36–39 observed significantly 
reduced phase synchrony in especially the beta frequency 
band in schizophrenia during a Gestalt perception task 
(see also ref. 45 for review of high-frequency fluctuations 
in schizophrenia). A study by Spencer et  al46 reported 
that gamma-band power in auditory cortex (during an 
auditory task) was modulated by the phase of delta 
oscillations in a significantly lower degree in schizo-
phrenic patients.  This is complemented by White et al47 
who found reduced cross-frequency coupling between 
alpha and gamma bands in schizophrenia (see ref. 48 who 
could not observe decreases in cross-frequency coupling 
between theta and gamma; see refs 40,41,49 for reviews).  
Ideally, one would like to investigate direct phase–phase/
power coupling between the infraslow frequency fluctua-
tions of the midline regions and low- and high-frequency 
fluctuations in the same and other regions. This remains 
open, however.

Overall, despite being tentative and incomplete at this 
point, the findings strongly support altered temporal 
structure of neural activity in schizophrenia, eg, abnor-
mal relationship between low- and high-frequency oscil-
lations with their possible decoupling from each other. 

Most interestingly, the low-frequency deficits seem to be 
related to the deficits in functional connectivity in espe-
cially the midline regions since both correlated in healthy 
subjects but were disconnected from each other in schizo-
phrenia,25,26 which suggests close though yet unclear dis-
turbances in the linkage between temporal and spatial 
dimensions in resting state activity in schizophrenia. This 
may not only signify abnormalities in the temporal struc-
ture itself  but also altered integration between temporal 
and spatial dimensions of resting state activity.

Resting State Activity and “Stream of Consciousness” 
in Schizophrenia

Neurophenomenal Hypothesis in Schizophrenia Ia: 
Dysbalance Between Temporal Continuity and Temporal 
Flow of Neural Activity in Midline Regions.  Although 
at an early stage and not fully clear, the present findings 
on resting state midline activity in schizophrenia can nev-
ertheless be summarized in a tentative way. Quite consis-
tent seems to be the finding that functional connectivity 
within the midline regions is increased; this suggests an 
abnormally high degree of neuronal synchronization 
(as indicated by functional connectivity) among the dif-
ferent midline regions in schizophrenia. Such increased 
neuronal synchronization seems to be accompanied by 
decreased variability of neural activity—if they are more 
synchronized and coupled among each other, the different 
midline regions themselves can no longer be as variable in 
their neural activity. This is a tentative conclusion, how-
ever, because the exact relationship between functional 
connectivity and variability remains to be reported.

What does such abnormally high degree of neuronal 
synchronization within the midline regions imply for the 
degree of temporal continuity and temporal flow in neural 
activity? The concepts of temporal continuity and tempo-
ral flow describe neural activity by referring to one and 
the same dimension though from opposite ends, continu-
ity or sameness, and flow or change. Temporal continuity 
describes the number of time points during which neuro-
nal activity remains the same and does not change (refer 
aforementioned discussion): the higher the number of time 
points during which activity does not change, the higher 
the degree of temporal continuity. For instance, the long 
cycle durations of infraslow and low frequencies represent 
a period during which neural activity does not change 
entail a high degree of temporal continuity. In contrast, 
high-frequency fluctuations with their much shorter cycle 
duration entail higher degree of change in shorter time 
spans and thus lower degree of temporal continuity of 
neural activity. Temporal continuity can also be increased 
if  the onsets of high-frequency fluctuations are related to 
the ones of low and infraslow frequency fluctuations.

A high degree of neuronal synchronization among the 
midline regions means that the neural activity remains the 
same and is consistent over time—there is a high degree 
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of temporal continuity of neural activity. Such neuro-
nal synchronization, as it is increased in schizophrenia, 
increases the number of time points in time during which 
there is no change in neural activity and does therefore 
increases the degree of temporal continuity. Accordingly, 
it may be assumed that high degree of neuronal synchro-
nization in schizophrenia entails high degree of temporal 
continuity of neural activity.

How about the opposite, temporal flow? Temporal 
flow describes the number of  points in time after which 
neural activity changes. The lower the number of  dis-
crete points in time after which activity changes, the 
more change in neural activity and the higher the degree 
of  temporal flow. That is well reflected in especially 
higher frequency fluctuations: due to their short cycle 
duration, the number of  time points after which neu-
ral activity change is rather low, which leads to a higher 
degree of  temporal flow (and lower degree of  tempo-
ral continuity) of  neural activity. Increase in neuronal 
synchronization between different points in time in neu-
ral activity (as for instance between time points from 
different, eg, low and high, frequency bands) leads to 
increase in the number of  time points after which there 
is change in neural activity and consecutively decrease 
its degree of  temporal flow. This seems to be the case 
where increased neuronal synchronization is reflected 
in increased functional connectivity and decreased vari-
ability in midline neural activity. Accordingly, it may be 
assumed that increased neuronal synchronization leads 
to decreased temporal flow of  neural activity in midline 
regions in schizophrenia.

Overall, I hypothesize that the abnormally high degree 
of neuronal synchronization, eg, functional connectivity 
in midline regions, leads to dysbalance between tempo-
ral continuity and temporal flow of their neural activ-
ity in schizophrenia. Temporal continuity is increased 
and predominates over temporal flow that is decreased. 
This characterizes the resting state activity. Because of 
such increased neuronal synchronization, the resting 
state activity may therefore be less susceptible to activity 
changes during stimulus-induced or task-evoked activity 
which is consecutively decreased (as it is supported by the 
empirical data; see ref. 9 and figure 1a).

How about the infraslow frequency fluctuations in 
midline regions? The findings are somehow contradic-
tory here. The earlier studies reported increase in power 
of infraslow frequency fluctuations in midline regions in 
schizophrenia, whereas the most recent ones seem to sug-
gest rather reduced power. It is clear that there are some 
changes in the power of the infraslow frequency fluctua-
tions in the midline regions. Moreover, it remains unclear 
how those changes are related to the increased neuronal 
synchronization, eg, functional connectivity.

Although preliminary at this point, this suggests that 
the balance between infraslow and low- and high-fre-
quency fluctuations may be altered in schizophrenia. One 

may hypothesize that the balance is tilted more towards 
the infraslow frequency fluctuations and their increased 
degree of neuronal synchronization entailing increased 
temporal continuity. This makes them less susceptible to 
neuronal changes, eg, temporal flow as related to low- and 
high-frequency fluctuations during stimulus-induced or 
task-evoked activity. The latter is well compatible with the 
well-established gamma deficit during task-evoked activ-
ity in schizophrenia (see the aforementioned discussion). 
Accordingly, the neuronal balance is shifted towards the 
infraslow frequency fluctuations in the resting state at the 
expense of the high-frequency fluctuations during stimu-
lus-induced or task-evoked activity (see figure 1b).

Neurophenomenal Hypothesis in Schizophrenia Ib: 
Reduced Temporal Extension of Stimulus-induced Neural 
Activity in Midline Regions.  How does the dysbalance 
between temporal continuity and flow as well as the one 
between infraslow and high-frequency fluctuations mani-
fest in the stream of consciousness? Before reaching to the 
phenomenal side, we need to take one more intermediate 
step, the one related to temporal extension. Temporal 
extension refers to the degree to which a particular stim-
ulus or task at one particular point in time is extended 
across different points in time during its encounter with 
the long phase durations of the infraslow frequency fluc-
tuations in the midline regions.

How do the increased degrees of neuronal synchroniza-
tion and temporal continuity impact temporal extension 
of particular stimuli in time as for instance during mental 
time travel with prospection and retrospection (see refs 50  
and 51). Firstly, prospection and retrospection refer to men-
tal travel in time that has be distinguished from the more 
cognitive and content-based concepts of anticipation/
remembering particular events in past and future as well as 
from the rather phenomenologically based terms proten-
tion/retention.50 Let us now sketch the neuronal scenario. 
The extrinsic stimulus encounters an intrinsic resting state 
activity with increased neuronal synchronization and 
temporal continuity where, as presumed, the long phase 
durations of low-frequency fluctuations predominate. One 
would then suggest that the extrinsic stimuli should be 
more extended in time by the long phase durations. Such 
temporal extension is possible, however, only if the extrin-
sic stimuli interact with and induce some change, eg, tem-
poral flow in the ongoing midline resting state activity.

The ability to induce change in the midline regions by 
extrinsic stimuli is reduced; however, due to their high degree 
of neuronal synchronization, eg, functional connectivity, 
with the high degree of temporal continuity, the midline 
regions’ resting state activity is less susceptible to change, eg, 
temporal flow, induced by the extrinsic stimuli. The extrinsic 
stimuli is processed but can no longer induce as much change 
in the midline’s neural activity and can therefore no longer 
be extended beyond its particular point in time. Accordingly, 
increased temporal continuity during resting state activity 
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entails reduced temporal extension during task-evoked or 
stimulus-induced activity. Owing to the changes in opposite 
directions, one may say that temporal continuity and tempo-
ral extension of midline neural activity dissociate from each 
other in schizophrenia (see figures 2a and 2b).

Neurophenomenal Hypothesis in Schizophrenia IIa: 
From Reduced Temporal Extension to Reduced “Sensible 
Continuity” and Increased “Temporal Fragmentation” 
in the “Stream of Consciousness.” How does the dis-
sociation between increased temporal continuity and 
decreased temporal extension of  neural activity in 

midline regions affects the construction of  time in con-
sciousness, the “stream of  consciousness”? Following 
James, we characterized the “stream of  conscious-
ness” by “transitive parts” that provide the transition 
between the different contents in consciousness. The 
‘transitive parts” themselves can be characterized by 
“sensible continuity” and “continuous changes.”

Let us focus on the first, “sensible continuity,” which 
describes that no phenomenal state and its contents van-
ishes and perishes completely before the onset of the next 
one (see the aforementioned discussion). Taken in this sense, 
sensible continuity is obviously closely related to temporal 

a   Dysbalance between temporal continuity and temporal flow of neural 
activity in cortical midline regions in schizophrenia

Temporal continuity

Temporal flow

Degree of neuronal 
synchronization

Degree of neuronal 
variability

b  Temporal continuity and flow of neural activity and low and high 
frequency fluctuations in the neural activity‘s fluctuations in schizophrenia 

Degree of extrinsic perturbation by 
intero- and exteroceptive stimuli or 
intrinsic interruption  by 
spontaenous activity changes 

Low
frequency
fluctuations

Frequency range in the 
fluctuations of the neural activity

High
frequency
fluctuations

Temporal
flow

Temporal
continuity

Fig. 1.  Balance in neural activity between temporal continuity and flow (a) in relation to low- and high-frequency fluctuations (b) in 
schizophrenia. (a) Balance between temporal continuity and flow of neural activity in midline regions is abnormally shifted towards 
temporal continuity in schizophrenia, indicated by the abnormally tilted horizontal arrows (upper part). Temporal continuity of neural 
activity in midline regions is abnormally strong in schizophrenia (as related to increased neuronal synchronization, eg, functional 
connectivity) and decreased neuronal variability as indicated by the bar diagrams in lower part). (b) Balance between temporal continuity 
(thick lines) and temporal flow (thin dotted line) is abnormally shifted towards the former at the expense of the latter. Most importantly 
that shift goes along with a shift from high- to low-frequency fluctuations with extrinsic stimuli no longer inducing high-frequency 
fluctuations in the intrinsic activity and its predominant low-frequency fluctuations.
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a  Neural activity and temporal extension in schizophrenia 

Low frequency 
fluctuations during 
resting state activity

High frequency 
fluctuations during 
stimulus-induced activity

Temporal partitioning 
of low by high 
frequency fluctuations

Temporal continuum of 
neural activity 

Temporal flow of 
neural activity 

Temporal extension: 
Balance between temporal 
continuity and flow 

Stimulus

Rest-stimulus interaction with 
change in resting state

b   Neuronal continuum and temporal extension in healthy (dotted 
line) and schizophrenic (red line) subjects

Neuronal continuum 
between temporal 
continuity and temporal
flow in neural activity

Temporal flow

Activity change

High frequency fluctuations

Temporal continuity

No activity change

Low frequency fluctuations

Degree of temporal extension 
of time into past and future

Healthy subjects 

Schizophrenic subjects 

Fig. 2. Abnormal relationship between changes in neural activity and temporal extension and how they are modulated by high- and 
low-frequency fluctuations (a) and the abnormal continuum of  changes in neural activity (b) in schizophrenia. (a) Abnormally strong 
resting state’s low-frequency fluctuations (upper left) provide abnormally strong temporal continuity (upper right) on the basis of 
their long phase durations as symbolized by the length of  the interval (left) and arrow (right). The low-frequency fluctuations are then 
complemented by the stimulus-related high-frequency fluctuations (middle left) that show much shorter phase durations and allow 
for temporal flow of  neural activity (middle right), which is significantly reduced in schizophrenia (dotted thin lines). Combination 
of  both implies an abnormally low degree of  temporal partitioning of  the resting state’s long phase durations (lower left), which 
leads to reduced temporal extension of  the stimulus’ present time point into the past and future (lower right) in schizophrenia. (b) 
Relationship between the degree of  temporal extension into past and future (y-axis) and the neuronal balance or continuum between 
temporal flow and continuity of  neural activity (x-axis). Temporal extension is based on a balance between temporal flow and 
continuity of  neural activity as reflected in the inverted u-shape curve (dotted lines in healthy subjects). This inverted u-shape curve 
is shifted abnormally towards the left in schizophrenia (red curve), which entails reduced temporal extension of  the stimulus’ present 
time point into past and future ones.
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extension: the higher the degree of temporal extension of 
neural activity as related to particular stimuli or tasks, the 
more that stimulus or tasks can be extended neurally in 
time, and the higher the degree of subsequent sensible con-
tinuity on the phenomenal level of consciousness.

Therefore, temporal extension and sensible continu-
ity are positively and directly proportional related to each 
other. Reduced degree of temporal extension should entail 
reduced sensible continuity. The stimulus or task can no lon-
ger be extended in time and is therefore less continuous with 
previous mental contents (as associated with the preceding 
stimuli and tasks) on the phenomenal level of conscious-
ness. The contents of consciousness as resulting externally 
from the stimuli and tasks should consequently be less con-
tinuous in time and with each other—they should be more 
segregated from each other in subjective experience.

This is exactly one form and way how schizophrenic 
patients experience time (besides other ways that cannot 
be described in detail here; see my hint at the end of the 
Methodological Remark section). These patients do indeed 
experience disruption in temporal continuity between the dif-
ferent (internal and external) mental contents: the different 
contents are no longer linked or glued to each by an underly-
ing temporal continuity and are instead segregated from each 
other temporally which leads to what has been described as 
“temporal fragmentation” (see refs 6,9(ch. 17)). In the follow-
ing text, we will focus on such “temporal fragmentation” 
and how it can be linked to specific neuronal mechanisms. 
Although we leave other forms and ways of time experience 
in schizophrenia as described in subtle details by psychia-
trists (like Minkowski, Gebsattel, Binswanger, and Strauss) 
as mentioned earlier, there is a more refined neurophenom-
enal investigation kept aside for future..

Let us specify experience of temporal fragmentation in 
the following text. Decreased temporal extension may lead 
to decreased temporal extension of the respective stimu-
lus or task in the neural activity. Thus, there is decreased 
temporal linkage or “temporal glue” and consequently 
less neural continuity between the different stimuli or 
tasks and their respective different discrete points in time 
which, therefore, can no longer be properly linked and 
glued to each other. The various mental contents occur-
ring at different discrete points in time can consequently 
no longer be connected, linked, and glued temporally to 
each other. Instead of being connected as distinct parts 
of a homogenous stream of consciousness, the differ-
ent mental contents are now experienced as temporally 
disconnected or fragmented with no temporal linkage or 
glue connecting them anymore in consciousness.

The lack of temporal linkage or glue between the different 
contents has been described as “temporal fragmentation” as 
it is well reflected in experience of schizophrenic patients.6,52 
Accordingly, I  hypothesize that what phenomenally is 
described as “temporal fragmentation” and indicative of 
reduced sensible continuity in the stream of conscious-
ness may be related neurally to reduced temporal extension 

during stimulus-induced activity and increased temporal 
continuity in resting state activity of the midline regions.

Such fragmentation of the contents and the under-
lying disruption in sensible continuity in the stream of 
consciousness is well reflected in the following quote by a 
schizophrenic patient by Fuchs53: “When I move quickly, it 
is a strain on me. Things go too quickly for my mind. They 
get blurred and it is like being blind. It’s as if you were see-
ing a picture one moment and another picture the next.” 
The schizophrenic patient describes here that the contents, 
eg; the different pictures, are no longer linked and glued 
temporally together. There are no longer any temporal 
transitions between the different discrete points in time and 
space associated with the different contents, eg, pictures. 
Instead of temporal transitions, there are temporal gaps, 
which lead to temporal delays in linking the different con-
tents and putting them together. Metaphorically speaking, 
the pictures are, as it were, experienced as pearls without 
an underlying chain. Because the underlying chain—the 
resting state’s spatiotemporal continuity— seems to be dis-
rupted within itself, the pearls—the different contents—
can no longer be put together, ordered, structured, and 
organized in consciousness.

Here is an another example in what follows: “Each scene 
jumps over into the next, there is no coherence. Time is 
running strangely. It fells apart and no longer progresses. 
There arise only innumerable separate now, now, now — 
quite crazy and without rules or order. It is the same with 
myself. From moment to moment, various ‘selves’ arise 
and disappear entirely at random. There is no connection 
between my present ego and the one before.”4,6,8 

The lacking temporal extension of the resting state activ-
ity makes it impossible to temporally integrate the various 
stimuli and their respective contents and thus to provide 
temporal linkage or glue. This, in turn, leads to “temporal 
gaps” and “temporal fragmentation” during the experience 
of the various contents which are then only experienced 
at different now-moments without any temporal linkage 
or glue. This is, for instance, well reflected in the following 
quote from a schizophrenia patient: “Time splits up and 
doesn’t run forward anymore. These arise uncountable dis-
parate now, all crazy and without rule or order.”7

Neurophenomenal Hypothesis in Schizophrenia IIb: From 
Reduced “Sensible Continuity” and Increased “Temporal 
Fragmentation” to Psychopathological Symptoms. How 
is such “temporal fragmentation” in “stream of conscious-
ness” related to the various psychopathological symptoms 
in schizophrenia? The occurrence of temporal fragmenta-
tion may most likely underlie various symptoms like passiv-
ity phenomena, thought insertion, and thought withdrawal, 
which may thus be traced back to temporal fragmentation 
as the underlying basic, eg, temporal symptoms.

For instance, a recent study by Angelopoulos et  al54 
investigated the electrophysiological correlates of rest-
ing state during thought blocks. Thought blocks were 
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characterized by patients as “a rock in my head,” “blank 
page in my mind,” “spontaneous block of my thought,” 
and “loss of mind” which usually occurred automatically 
during the hallucinatory state. Using EEG, they observed 
significantly decreased phase synchrony in theta and alpha 
range in left temporal and frontal electrodes during thought 
blocks in schizophrenic patients with chronic auditory hal-
lucinations. In contrast, recovery from thought blocks was 
accompanied by immediate increase in phase synchrony.

Although tentatively these data clearly suggest that the 
decreased phase synchrony between temporal and frontal 
areas in the ongoing resting state activity is closely related 
to thought blocks on the symptomatic side: the decrease in 
phase synchrony signals decreased temporal extension of 
the usually ongoing flow of thought leading to a thought 
block. The seemingly cognitive symptom, eg, thought 
block, may turn out as temporal symptom, eg, the reduc-
tion of temporal extension of neural activity that interrupts 
the usually ongoing flow between different thoughts, eg, 
their “sensible continuity” in the “stream of consciousness.”

Accordingly, the decrease in temporal extension of neu-
ral activity may affect the mental contents in consciousness 
that originate in the external world, eg, external con-
tents. External mental contents are no longer temporally 
extended in time and are henceforth experienced as less 
continuous indicating temporal fragmentation. This is well 

manifest in perception and action that show both reduced 
sensible continuity as visible, for instance, in abnormal 
perception and awkward movements (eg, motor signs). 
The abnormal perceptions may prone the subject to make 
abnormal cognitive inferences leading to delusions.

The same applies to internal mental contents like one’s 
thoughts, the own self, and the own memories that are 
also experienced in a less continuous way. For instance, 
a psychological study by Zalla et al55 showed videotaped 
movies to healthy and schizophrenic subjects who were 
required to detect the transitions between the different 
events shown in the movie. Afterwards, subjects were 
asked to recall the events. Interestingly, schizophrenic 
patients recalled the events in a temporary much more 
fragmentary way when compared with healthy sub-
jects and had major difficulties in recalling longer last-
ing events. This psychological study clearly shows how 
the abnormal “stream of consciousness” with increased 
temporal fragmentation impacts a cognitive function like 
memory recall. Analogous temporal mechanisms, eg, 
temporal fragmentation, may underlie and concern the 
own thought which lead to thought disturbances as well 
as the own self  which then may be experienced in a frag-
mentary and delayed way (see figure 3).

Finally, the sense of self  is altered in schizophre-
nia resulting in egodisorders (see refs 9,56–58 for details).  

Low frequency fluctuations intrinsic activity : Duration of the phases 
across different discrete points in time and reduced partitioning by 
extrinsic stimuli into high frequency fluctuations in schizophrenia 

‘Continuous Change’
across Time and Space 

‘Sensible Continuity’
across Time and Space

‘Inner Time Consciousness’: ‘Temporal fragmentation’ and 
predominance of internal contents – Hallucinations and Thought block

Temporal flow of
neural activity

Temporal continuity 
of neural activity

Temporal extensionExternal contents Temporal extension

Fig. 3. Abnormalities in the two main components of the “stream of consciousness,” “sensible continuity,” and “continuous change” 
(upper part) depend supposedly on duration of the phases of the low-frequency fluctuations in the brain’s abnormal neural activity 
during both resting state and stimulus-induced activity (lower part) in schizophrenia. Reduced “continuous change” on the phenomenal 
level of consciousness is related to the decreased temporal flow of neural activity across different discrete points in time (middle 
left), although reduced “sensible continuity” may corresponds to the increased temporal continuity of neural activity (middle right). 
Dysbalance between temporal continuity and temporal flow of neural activity that are already present in the brain’s intrinsic activity 
in schizophrenia are central in constituting decreased “sensible continuity” and “continuous change” in the “stream of consciousness” 
which leads to abnormal predominance of internal contents and temporal fragmentation in conscious experience.
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The sense of self  is closely associated with neural activ-
ity in the midline structures59 which is also implicated in 
allowing for mental time travel as in prospection and ret-
rospection (see ref. 9(ch. 13) for details). One may now assume 
that temporal fragmentation may also affect the sense of 
self  especially the identity of the self  across time: if  there 
is temporal discontinuity in neural activity, the different 
senses of self  at the different points in time can no longer 
be linked together. The self  can consecutively no longer 
be properly temporalized which, in turn, makes identity 
of self  across time impossible. The different sense of self  
at distinct points in time is henceforth associated with dif-
ferent persons or ego resulting in what psychopathology 
describes as egodisorder. Although tentative (and specu-
lative to a certain degree), this hypothesis can neverthe-
less be tested by linking mental time travel to self-related 
paradigms: one would expect that reduced midline neu-
ral activity during mental time travel predicts the degree 
of reduced self-related processing and subsequently the 
degree of egodisorder in schizophrenic patients.

Conclusion

In this study, we investigated the neural abnormalities in 
schizophrenia based on recent findings and linked them 
to phenomenal abnormalities in “sensible continuity” and 
“continuous change” in their “stream of consciousness.” 
We pointed out that such neurophenomenal approach to 
time, eg, the “stream of consciousness,” yields experimen-
tally testable hypotheses and, even more important, may 
well account for some of the schizophrenic symptoms 
like thought block, auditory hallucinations, and delayed 
self  (see the aforementioned section.). However, other 
symptoms like egodisturbances remain unexplained.

What do we gain clinically from the suggested neuro-
phenomenal hypotheses? At the outset, they put forward 
experimentally testable hypotheses about the relationship 
between specific neural features like cortical midline vari-
ability and particular phenomenal features like “sensible 
continuity” and “continuous change.” This will contribute 
to better understanding of the neurophenomenal relation-
ships of the “stream of consciousness” in both healthy and 
schizophrenic subjects. Secondly, the specification of neuro-
phenomenal relationships on both sides neurally and phe-
nomenally may make possible the development of different 
diagnostic markers for the various phenomenal abnormali-
ties and psychopathological symptoms in schizophrenia.
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