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Abstract

Background. The experience of time, or the temporal order of external and internal events, is
essential for humans. In psychiatric disorders such as depression and schizophrenia, impairment
of time processing has been discussed for a long time.

Aims. In this explorative pilot study, therefore, the subjective time feeling as well as objective
time perception were determined in patients with depression and schizophrenia, along with
possible neurobiological correlates.

Methods. Depressed (n = 34; 32.4 £ 9.8 years; 21 men) and schizophrenic patients (n = 31;
35.1 & 10.7 years; 22 men) and healthy subjects (n = 33; 32.8 &= 14.3 years; 16 men) were tested
using time feeling questionnaires, time perception tasks and critical flicker-fusion frequency
(CFF) and loudness dependence of auditory evoked potentials (LDAEP) to determine seroto-
nergic neurotransmission.

Results. There were significant differences between the three groups regarding time feeling and
also in time perception tasks (estimation of given time duration) and CFF (the “DOWN”
condition). Regarding the LDAEP, patients with schizophrenia showed a significant negative
correlation to time experience in terms of a pathologically increased serotonergic neurotrans-
mission with disturbed time feeling.

Conclusions. Impairment of time experience seems to play an important role in depression and
schizophrenia, both subjectively and objectively, and novel neurobiological correlates have been
uncovered. It is suggested, therefore, that alteration of experience of time should be increasingly
included in the current psychopathological findings.

Introduction

Everything is in time. All internal and external events are organized in time for humans and are
experienced and arranged by them as before/after or in the past, present, or future. Changes in
this time experience have been a recurring theme in the psychiatric literature [1]. In older, more
phenomenological works, subjective changes in the sense of an altered feeling of time (“time
becomes slow”) were reported; in studies of recent years, empirical research approaches regard-
ing restrictions of so-called objective time perception have dominated [2,3]. Besides that, it was
repeatedly found that basal temporal processing, is only changed in organic brain illnesses and
objective perception of time is changed more in patients with schizophrenia than in those with
depression, whereas the subjective feeling of time is disturbed in many psychiatric illnesses [1].

Depression is one of the most common psychiatric disorders and its incidence is steadily
increasing [4], although the pathophysiology of this disorder is not yet fully understood. A
multifactorial process of genetic predisposition, traumatic experiences, chronobiological
changes, and current psychosocial stress is assumed as the cause. These factors, and their
interaction, can lead to an impairment of neurotransmitter systems such as the serotonin system,
which could explain the depressive symptoms [5]. A serotonin deficiency postulated in depres-
sive patients affects the entire central nervous system, but especially the limbic system, via the
modulating projection pathways of the serotonergically innervated raphe nuclei. From this, a
serotonergic influence on emotional processes, as well as on the sleep-wake rhythm and time
experience, is derived in general and for depression and schizophrenia specifically [6].

The suspicion that an altered experience of time could be a decisive influencing factor in
depression first arose at the beginning of the 20th century. The impetus for this came from von
Gebsattel [7], who published a phenomenological case report in his article “Time-related
obsessive thinking in melancholia.” As the core of their depression, von Gebsattel thematized
an altered time feeling. Von Gebsattel impressively described the patient’s “time-related com-
pulsion to register” [7, p. 278], through which she experienced an increasing senselessness of her
own existence and developed depressive symptoms, such as a loss of interest and lack of drive.
Based on this individual definition of time as the basis of the depressive symptoms, which today
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would perhaps rather be described as the phenomenon of “com-
pulsive slowness” [1], von Gebsattel generalized the subjectively
altered experience of time, in the sense of the presence of the past
and concentration on the passing of time, as a phenomenon under-
lying depression. Against the background of this early individual
case study, the assumption of a disturbed experience of time in
depressive patients has been taken up many times [1].

It is now well documented that during a depressive episode
many patients have the subjective impression of standstill and the
feeling that time is passing very slowly [8]: “They experience a past
that is becoming overpowering and a small insignificant present.”
At the level of objectively measurable time perception, an attempt
was made to find an empirically provable correlate to the subjective
impressions of the sufferers. In 2015, Thones and Oberfeld pub-
lished a meta-analysis on the experience of time in depression and
found in many studies that depressive patients would report their
time feeling as being much slowed. However, in the meta-analytical
examination of 16 empirical studies, no significant influence of
depression and measured depressiveness (psychopathologically
and psychometrically) on four dimensions of objective time per-
ception (discrimination, reproduction, production, and estima-
tion) could be found. The authors assumed the model of an
“inner clock” for the phenomenon of slowed time perception
especially for duration evaluation. This consists of a pacemaker
that sends impulses and a counter that processes these impulses. As
the speed of the temporal impulses emitted by the pacemaker
differs, it should be possible to detect objective differences in the
processing of various time perception tasks compared to the
healthy control group. However, only differences regarding time
feeling, but not time perception could be determined across all
previous studies [2].

Change in the experience of time has also been described for
patients with schizophrenia. Already at the beginning of the 20th
century, Franz Fischer in 1929 [9] reported in his article “Zeitstruk-
tur und Schizophrenie” (Time Structure and Schizophrenia) case
descriptions of an objectification and a “moving away” of time in
the context of this disorder. Fuchs [10] then later spoke of a
fragmentation of the stream of consciousness in schizophrenic
patients. Kupke [11], in his book “Der Begriff Zeit in der
Psychopathologie” (The Concept Time in Psychopathology), even
cited an altered time experience as an explanatory approach for the
development of ego disturbances: “They notice that they are no
longer the master of their very own inner experience of time. So, it
seems logical to think that there is an alien spirit inside them that
dominates them” [p. 54].

In addition to individual case descriptions on the topic of time
experience in schizophrenia, there are also numerous empirical
studies on the topic of time perception. These were summarized
in 2017 by Thones and Oberfeld as part of a meta-analysis. More
than 68 publications from 1956 to 2014 were analyzed, examining
time perception (i.e., the assessment of a time interval and the
perception of the temporal sequence of two stimuli). The main
finding of the meta-analysis is that patients with schizophrenia are
particularly impaired in the precision of time perception, since their
values showed a broader range than that of healthy control subjects.
However, in regard to the accuracy with which the time intervals
were estimated, no significant difference could be found compared
to the control group. According to the authors, it is possible that the
effects would be greater without medication. As a theoretical
explanatory model for the measured effects of the altered time
perception, reference is again made to the model of the “inner
clock” by Treismann [12] which focus especially on duration
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evaluation: “In patients with schizophrenia, this inner clock is
accelerated so that more impulses are registered per time interval,
which leads to a temporally prolonged perception of the interval.
This acceleration thus manifests itself in a greater variability and
overestimation of the duration.”

Previous studies of time experience in the sense of subjective
time feeling and objective time perception are subject to several
difficulties. The pure observation of time experience as a feeling
of time is difficult to access from an external psychological point
of view and can therefore hardly be objectified in a scientifically
valid way. When measuring time perception, different individ-
ual memory and cognitive processing could be activated within
the framework of methodological heterogeneity and different
tasks. This is particularly important in the tasks for the dis-
crimination of time intervals, because sensory processing must
be assumed in the differentiation of intervals in the millisecond
range, whereas for intervals of one or more seconds cognitive
factors such as attention and memory become increasingly
important. So far, it has remained unclear how the subjective
time feeling can best be scientifically examined as a psycho-
pathological abnormality without recourse to the phenomeno-
logical individual case level.

In order to address such points of criticism, the additional
investigation of neurobiological parameters as possible objective
correlates, namely measurement of the loudness dependence of
acoustic evoked potentials (LDAEP) and the critical flicker-fusion
frequency (CFF), should take place within the present study on time
feeling and time perception. In order to be able to determine the
activity of the synaptically released serotonin in the central nervous
system, measurement of the LDAEP increasingly has proved to be a
valid indicator for this in recent years [5], which is supported by
numerous studies on depression and schizophrenia to date
[13]. Interestingly, the serotonergic and the dopaminergic system,
which was more in the focus concerning temporal processing so far,
is closely intertangled with the lead by the oldest neurotransmitter
[14]. Besides serotonin and dopamine, there are definitively several
further neurotransmitters being involved in such a complex issue as
time processing.

After few previous and older studies in this field [15], the
measurement of CFF is a newly used technique in the context of
time experience in psychiatric disorders that correlates how we
perceive an object and process this in time intervals. Thus, the
organism constitutes time units and relations for itself. Since CFF
differ concerning age, animal species (dog vs. fly vs. human),
personality, specific psychological moments (such as the so-called
“slow motion moment”), CFF parameters seem to be exploratory
interesting as correlates for possibly changed time perception in
patients with mental diseases, although other cognitive mechan-
isms and influences as masking, persistence or attention have also
to be taken into account. The CFF is the frequency at which
successive flashes of light are perceived as a continuous light signal.
The higher the CFF, the faster we can detect changes in our
environment: for example, a fly whose CFF is around 120 Hz can
perceive human movement as slowing down considerably; in
humans, the CFF lies between 20 and 90 Hz and is dependent on
neuronal but also psychological variables, in addition to physical
parameters such as light intensity. Therefore, it can be concluded
that by measuring the CFF in psychiatric patients, an indication of
underlying impairment and pathophysiological correlate of an
altered time perception can be obtained. With this research
approach combined with neurobiological methods, it may be pos-
sible to better attempt to clarify exactly how altered time experience
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is present in the mentally ill and how relevant it is to the patho-
physiology of these disorders.

The aim of this pilot study was therefore to investigate on several
levels using simple tasks whether time experience as subjective time
feeling and objective time perception are altered in the group of
patients with major depression and schizophrenia compared to
healthy subjects, and whether they are related to the respective
psychopathological symptoms and to what extent these changes are
related to the LDAEP and the CFF.

Methods
Study population

A group of 34 patients with unipolar depressive disorder (ICD-10:
F32.X and F33.X; mean age: 32.4 + 9.8 years) and a group of
31 patients with schizophrenia (ICD-10: F20.X; mean age:
35.1 & 10.7 years; see Table 1) were tested. Included patients were
at least 18 years old, agreed to participate in the study by signing the
informed consent form and spoke the German language. Patients
with a comorbid severe neuropsychiatric disorder or addiction (e.g.,
alcohol and illicit drugs), severe physical diseases with possible
cerebral effects (e.g., Cushing’s disease, hepatic encephalopathy,
and oncological diseases), the presence of primarily organic brain
diseases (e.g., Alzheimer’s dementia and Parkinson’s disease) and
the existence of a color vision disorder (ICD-10: H53.5) were
excluded. The presence of hearing loss, assessed in the context of
the study by a hearing test, also led to exclusion.

Existing psychopharmacotherapy was not an exclusion criter-
ion. Antipsychotics were converted into chlorpromazine equiva-
lents so that they could be correlated with the biological and clinical
variables. With regard to antidepressants and other drugs, patient
subgroups with monotherapy or simple or complex polypharmacy
were formed and then statistically compared with each other. All
patients were recruited in the Department of Psychiatry of the LWL
University Hospital of Ruhr University Bochum during their
inpatient treatment. All patients with depression were on anti-
depressant medication, mainly selective serotonin reuptake inhibi-
tors. All patients with schizophrenia were treated mainly with
atypical neuroleptics. Occasionally, the patients received on-
demand medication with a low-potency neuroleptic or benzodi-
azepine.

The control group consisted of 33 healthy volunteers (mean age:
32.8 £ 14.3 years; see Table 1). Healthy subjects were recruited by
means of flyers from the authors’ circle of acquaintances, the clinic
and a large existing subject file. Prerequisites for study participation
were a minimum age of 18 years, written consent to participate and
the presence of sufficient German language skills. Exclusion criteria
for the healthy subjects were the presence of severe somatic and
mental illnesses, existing medication and a positive family history of
a mental disorder.

The study was approved by the ethics committee of the Medical
Faculty of Ruhr University Bochum (No. 18-6531-BR). Consent to
participate in the study was given in accordance with the Helsinki
and ICH-GCP declarations.

Psychometrics

Depressive symptoms were assessed using the Hamilton Depres-
sion Scale (HAM-D [16]) and the Beck Depression Inventory (BDI
[17]). The Positive and Negative Syndrome Scale (PANSS [18]) was
used to assess schizophrenic symptoms. The psychosocial
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functioning level of patients with schizophrenia was assessed using
the German version of the Personal and Social Performance (PSP)
scale [19] and the general severity of illness was assessed using the
Clinical Global Impression (CGI) scale [20]. In addition, all three
groups were given a detailed questionnaire on the sociodemo-
graphics and clinical data.

Time questionnaire

The time questionnaire was used to record the experience of time
from the inner perspective (“time feeling”) of the test subjects.
This was designed independently, based on the “time and events”
section [21, pp. 22-26] of the “Examination of Anomalous World
Experience” (EAWE), a detailed interview that captures personal
experiences of various aspects of the experienced environment.
The EAWE interview is divided into six sections: (a) space and
objects; (b) time and events; (c) other persons; (d) language;
(e) atmosphere, and (f) existential orientation. Section 2 (“time
and events”), in turn, comprises six items that ask whether and to
what extent the passing of time is perceived in a changed way.
This includes, among other things, changes in the speed and
interruptions of the flow of time, differences in internally and
externally perceived time and a disturbed relationship to the
future and past. The newly designed time questionnaire for
self-rating, based on the EAWE scale and used here, contains
20 items with first-person statements on the subjective feeling of
time that are oriented toward the categories of a changed experi-
ence of time on the EAWE scale described above. In addition,
some statements on how the test subjects deal with their own
lifetime were added. The statements were evaluated using a visual
analogue scale ranging from “not at all true” to “completely true”
(0-10). The 20 items of the questionnaire were divided into three
categories (time knowledge, seven items; time feeling, seven
items; and time handling, six items) based on the time dimen-
sions of Jaspers [22]. For evaluation, both the combined categor-
ies in the form of an overall value and each category separately
were used. The total values were divided by the number of
individual items to standardize the values. The higher these
values are, the more problems the test person has overall with
time experience or with the subdimensions mentioned.

PC-based time measurement

To examine the ability to estimate time (task one) and to produce
time intervals (second task), in order to assess time perception, a
computer-controlled test was carried out (programmed by Arthur
Berns, Gottingen). This is an adaptation of the “Chronotest” by
Bschor et al. [23].

In the time estimation task, subjects were presented with a
light bulb on the computer screen that lit up for a specific time
interval predetermined by the investigator. The task was to
estimate the duration of this time interval in seconds and enter
it in a field provided on the screen. To produce time intervals, the
subjects were asked to light up a light bulb for a certain number
of seconds by pressing the computer keyboard. For both tasks, six
runs each were performed but only runs 2-6 were recorded and
analyzed. The data from the first run were discarded in order to
avoid habituation effects. The duration of the individual runs was
determined before the survey began and was the same for all
tests. The duration of the runs in verbal time estimation was 5, 1,
13, 2, and 32 s. For time production, durations were set at 4, 1,
27,2, and 14 s.
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Critical flicker-fusion frequency

The basic principle of CFF is to measure the frequency of successive
light signals. The faster the frequency, the less the signals can be
distinguished from each other and are therefore perceived as one
continuous signal. With the help of a CFF device, it is possible to
measure the frequency at which the test persons perceive the signals
as continuous. Measurement of CFF was carried out using a
HEPAto-norm analyzer. This was determined by performing two
series of measurements (“UP” and “DOWN”) with 10 passes each.
The HEPAto-norm analyzer consists of a pair of headband goggles,
a handheld control unit and a stop button. The headband goggles
were held in front of the subject’s eyes and generated a light-
emitting diode (LED) light spot at a frequency of 60 Hz. The
frequency was then continuously reduced down to 25 Hz. The
subject indicated when the light signal was no longer perceived as
continuous by pressing the stop button. The frequency at which the
test person was able to distinguish individual light signals for the
first time was recorded and listed in the “DOWN” measurement
series. To generate the “UP” series of measurements, the frequency
of the light signals was continuously increased from 25 to 60 Hz. In
this case, subjects pressed the stop button when they perceived the
light signal to be constant for the first time (at CFF). The measure-
ment took place in a room darkened by curtains.

Loudness dependence of auditory evoked potentials

Subjects sat in a comfortable armchair in an electrically shielded
and sound-attenuated room. They were instructed to avoid move-
ments and blinking during the entire testing procedure. Auditory
evoked potentials were recorded with 32 passive nonpolarizable
Ag-AgCl electrodes mounted on an elastic cap in accordance with
the 10-20 system of the BrainAmp MR Amplifier and BrainVision
Recorder software (Version 1.20.001; Brain Products GmbH,
Gilching, Germany) The electrode configuration contained 29 elec-
troencephalography (EEG) channels, one ground, one reference
(placed at FCz), and one electrooculography (EOG) electrode. We
controlled for ocular artifacts by means of the EOG electrode, which
was located 1 cm below the left outer canthus. Impedances were
kept at 10 kQ or below. EEG was filtered using a bandpass filter of
0.531-70 Hz and data were collected at a sampling rate of 250 Hz. A
5-10-min resting EEG was recorded with eyes closed to exclude the
presence of any significant EEG abnormalities, such as epileptiform
discharges or diffuse EEG slowing. Auditory stimuli were presented
binaurally via earphones (Sony Stereo Headphones MDR-1A, Sony
Corporation) and using the Presentationsoftware
(Neurobehavioral Systems, Inc., Version 14.9; Berkeley, CA,
www.neurobs.com). Pure sinus tones (1000 Hz, 40 ms, 10 ms r/f,
ISI 1841-2239 ms, mean 2046 ms) of five different intensities
(60, 70, 80, 90, and 100 dB sound pressure level) were presented
in a pseudorandomized order. A total of 350 sweeps, 70 per inten-
sity, with an epoch length of 800 ms were evaluated. Data analysis
was carried out using the BrainVision Analyzer 2.0 (Version
2.2.07383; Brain Products GmbH, Gilching, Germany). In detail,
rereferencing to the average of all electrodes was conducted and a
notch filter and high- and low-pass filters were applied (low-pass
filter 0.5 Hz; high-pass filter 20 Hz). The first response to each of the
five intensities was also excluded to reduce short-term habituation
effects. After segmentation into the five loudness levels, the epoch
350 ms before stimulus onset was used for baseline correction.
Epochs with excessive eye or body movements (£100 V) in any
of the 32 channels were automatically rejected. For each subject, the
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remaining sweeps were shortened to 300-ms epochs and averaged
separately for the five intensity levels. At least 30 artifact-free
sweeps in any of the intensities were required with respect to the
auditory evoked N1/P2 potential. The N1 amplitude was regarded
as the nadir between 50 and 150 ms after the stimulus and P2 as the
peak between 100 and 250 ms post-stimulus. The N1/P2 amplitude
was then calculated as the difference of peak amplitudes between
N1 and P2. The LDAEP of the scalp data (Cz) was calculated as a
median exponential slope of the amplitudes of the single loudness
levels.

Statistical analysis

Statistical analyses of the data were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp., Armonk, NY).
Descriptive statistics are given as means, standard deviations, and
ranges. Statistical analyses were performed using the appropriate
parametric or nonparametric tests (t-test, Mann-Whitney U test,
analysis of variance and Pearson or Spearman correlation coeffi-
cients). Statistical significance was taken as p < 0.05, with p < 0.10
indicating a statistical tendency.

Results
Sociodemographic and psychometric findings

The sociodemographic and psychometric findings of the two
patient groups and the healthy controls are summarized in
Table 1. The patients were clearly impaired according to the nos-
ology-specific psychopathology (BDI, HAM-D, and PANSS) and
showed obvious to marked difficulties and limitations in one or
more psychosocial functioning domains (PSP).

Time questionnaire (“time feeling”)

In the time questionnaire, it was found that both the schizophrenic
and depressive patients scored significantly higher than the healthy

Table 1. Sociodemographic and clinical psychometric characteristics.

Patients with Healthy
schizophrenia Patients with controls
N=31 depression N = 34 N =33
Age (years) 35.06 £ 10.08 324+98 32.85 £+ 14.31
Gender 9 Women 13 Women 17 Women
22 Men 21 Men 16 Men
PSP 57.87 £+ 8.70 63.8 + 5.0 97.27 £ 1.13
CGlI 474 £ 0.82 4.82 £ 0.67 -
PANSS pos. 17.61 + 6.01 - -
PANSS neg. 18.68 + 6.42 - -
PANSS ALP 3723 £ 5.74 - -
HAM-D - 259 £5.3 -
BDI - 30.1£9.2 -
Age at -
onset of
23.73 £ 5.87 25.0 + 10.8

illness

Abbreviations: BDI, beck-depression-inventory; CGl, clinical global index; HAM-D, Hamilton-
depression-scale; PANSS, positive- and negative-syndrome scale; PSP, personal and social
performance scale.
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subjects. This applies to the values averaged over the entire ques-
tionnaire as well as to the individual consideration of the three
categories of time knowledge, time feeling, and time handling
(Table 2 and Figure 1).

No significant differences were found between the depressive
and schizophrenic patients in the post hoc test for the dimension of
time knowledge but a statistical tendency was found for time feeling
(p = 0.08). In contrast, significant differences were found between
the two patient groups in time handling (p < 0.001) and the sum
score (p = 0.006), with stronger time experience disorders in the
depressed patients.

PC-based time measurement and CFF

Concerning time perception, a systematic group difference in time
estimation was shown as a statistical tendency, which was explained
by a significant difference post hoc between the healthy subjects and

Table 2. Time questionnaire (group differences).

Schizophrenic  Depressive Healthy
patients patients controls ANOVA
Time knowledge 394 +1.73 442+ 147 1784097 Fyer =32.6,
p <0.001
Eta = 0.41
Time feeling 3.39 £1.52 407 £1.60 1.86+£0.88 Fy97 =226
p <0.001
Eta’ = 0.32
Time handling 4204209 6064177 1524060 Fpep =675
p <0.001
Eta” = 0.59
Sum 3.78 £ 147 485+136 1744075 Fpo =556
p <0.001
Eta” = 0.52
8,00
6,00
(]
1
(®]
14
]
5 400
(%]
2,00

the schizophrenic patients (p = 0.03). However, this was not
detectable in the production of time intervals (Table 3).

There were no systematic differences in the measured CFF with
regard to the UP condition between the studied groups. For the
DOWN condition (Table 3) there was a significant difference with a
post hoc effect between the two patient groups showing lower CFF
for the patients with schizophrenia (p = 0.02).

Loudness dependence of auditory evoked potentials

When comparing the groups, there were no systematic differences
between schizophrenics, depressives and healthy persons, either in
the analysis of variance or in the post hoc t-tests.

Correlations

No significant influences of age, gender, education, medication, or
other sociodemographic variables were found on the time param-
eters examined here.

Table 3. PC based time measurement and CFF.

Schizophrenia Depression Healthy ANOVA
Differences 046 +426 —0.661+:295 —1.44+£1.88 Fye7 =295
time p = 0.057
estimate Eta® = 0.06
Differences 0.21 +3.19 —0.07 +2.33 —0.454+2.40 n.s.
time
production
Measurement  36.95 +4.26  36.65 = 3.39  37.07 £ 2.95 n.s.
series UP
Measurement  39.72 £3.79  40.96 2.53 40.92 +2.83 Fe7 =3.71
series DOWN p =0.03
Eta’ = 0.08

Healthy volunteers

Figure 1. Time questionnaire (sum score of all three groups).
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Table 4. Relationship of LDAEP (recorded on the three central electrodes) and
time questionnaire in patients with schizophrenia.

Electrodes Time feeling Time handling Total score
Cz r=—0.308 r=—0.401* r=-0.327
p = 0.092 p = 0.025 p=0.072
Fz r=—0.421* r=-0.330 r=—0.387*
p =0.018 p =0.070 p=0.031
Pz r=—0.378* r=-0.187 r=-—0.250
p =0.036 p=0314 p=0.176
p<0.05.

There were no significant correlations between the time meas-
ures and the LDAEP in the healthy subjects or the depressed
patients. However, in the schizophrenic patients it was found that
the LDAEP correlated negatively to Cz, Fz, and Pz with the cat-
egories of time feeling, time handling, and sum score of the time
questionnaire (Table 4). A stronger change in the subjective side of
time experience was associated with a weaker LDAEP and thus
increased serotonergic neurotransmission. No correlation was
found for the time knowledge category of this scale.

Concerning the severity of depressive and schizophrenic psy-
chopathology, correlations were found mainly with the dimensions
of the time questionnaire. Time knowledge, time handling, and sum
score (but not time feeling) correlated positively with the PSP scale
and the BDI (from r = 0.36, p < 0.05 to r = 0.65, p < 0.001), but not
with the HAM-D, in depressed patients. Time handling and sum
score also correlated with the PANSS-negative and PANSS-general
in the schizophrenic patients (from r = 0.34, p < 0.05 to r = 0.53,
p < 0.001). No other significant correlations were found.

Discussion

In this exploratory study of time experience and possible underlying
neurobiological parameters in patients with schizophrenia and
depression, significant changes in subjective time feeling were found
in both depressed and schizophrenic patients compared to healthy
controls. Here, both patient groups showed poorer scores; overall, the
depressive patients showed stronger changes in this respect com-
pared to the schizophrenic patients. In the depressed patients, these
changes did not correlate with the objective assessment of depressive
symptoms and their extent by means of the HAM-D but they did
correlate with the self-assessment of these symptoms using the BDI.
Interestingly, in the schizophrenic patients time feeling was related to
the negative and general psychopathological symptoms and their
severity. The schizophrenic patients differed mostly with regard to
objective time perception tasks in terms of time estimation, but not
with time production. For the CFF (the DOWN condition) there
were slightly lower values in the schizophrenic patients, but this was
not correlated with time experience or psychopathology. With regard
to the serotonergic system (LDAEP), no group differences were
found but in the patients with schizophrenia there were significant
negative correlations with time feeling, time handling, and the sum
score of the time questionnaire, as seen in the pathologically
increased serotonergic neurotransmission with disturbed subjective
time experience.

It should be mentioned that in this study, time feeling seems to
be more clearly disturbed in the two patient groups, including the
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correlation with the neurobiological variables, while concerning
time perception it was a bit differentially found for depression
and schizophrenia. This corresponds to previous experience in
the literature [1-3,24] that changes in the basal temporal processing
and time perception compared to time feeling are less pronounced
overall in the classic psychiatric diseases than in organic brain
disorders such as dementia, Parkinson’s disease, and so forth.
The finding that only patients with schizophrenia showed con-
spicuous values in time estimation and CFF, while depressive
patients were more similar to healthy people, not only fits with
the current state of the literature but also with the idea of schizo-
phrenia as a brain development disorder with microfunctional
brain changes and correspondingly stronger imaging findings
[5]. While concerning time production in the time perception tasks
could only seen a similar tendency, patients with depression esti-
mate time intervals shorter comparable with the healthy volunteers
as the time duration was given in advance. In contrast, patients with
schizophrenia estimate these intervals longer interestingly. This
could be possibly interpreted within the context of slowed neuro-
psychological processes in this disease.

Furthermore, it is interesting that depressive patients have
significantly stronger disturbances in time feeling compared to
healthy and schizophrenic patients. It is also fitting that this was
found to be related only to the assessment of time feeling, but not of
time perception in patients with depression. This is in line with
many findings in studies with depressive patients: that the subject-
ive suffering with time across the construct “major depression”
(from strongly neurotic/environmental to endogenous neurobio-
logical) is felt and reported more strongly by these patients [25]
than can be objectified, whereas patients with schizophrenia gen-
erally perceive their suffering less and, if they do, suffer more for
themselves subjectively and less expressively directed outwards
[26].

In this context, the correlation between the values of the time
questionnaire regarding time feeling and the negative schizo-
phrenic symptoms seems to be significant because it expresses that
the subjective experience of time and temporal relationships is
disturbed in schizophrenic patients as an essential feature of daily
mental activities, especially in the context of negative symptoms
such as apathy, anhedonia, abulia, or alogia. As the influence of
depressive symptoms could be excluded here, one could speculate
that these main symptoms, which are particularly characteristic of
schizophrenia (Bleuler), are possibly also responsible for the fact
that patients feel altered in their time feeling (e.g., in the sense of
slowing down or fragmentation) [27,28].

With regard to the psychophysiological measurement method
of CFF, the results were manageable and only in the DOWN
condition was there a small significant effect in the schizophrenic
patients. As this was the first application of CFF in psychiatric
patients in regard to time experience, the results cannot be con-
sidered adequate. However, as there were also no clear relationships
to time feling and time perception for the parameters of the CFF, it
must be concluded that these are possibly only insufficiently suit-
able for mapping changed time perception in depressive and
schizophrenic patients. Thus, no data are available for CFF and
time experience in mental illness so far. There are indications that
there is a connection with nonspecific cognitive function losses [29]
and CFF also plays a indirect role in the context of learning in
motion processing [30]. However, it is not sufficiently known which
specific cognitive functions are mapped by CFF. The assumption
that CFFs map a biological function of time perception therefore
could not be confirmed in this study. It has also to be stated out that
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CFF measures are related to many other biological and functional
parameters across medicine, so that the question remains whether
CFF is suitable as objective correlate of any time experience dis-
turbances.

No group differences were found in the LDAEP as an indicator
for the serotonergic system, which is surprising in view of previous
findings [13,31] or for the known changes in serotonergic neuro-
transmission for depression and schizophrenia. The effects of
medication or other severe psychopathological findings were pos-
sibly responsible for this. However, the correlation between the
LDAEP and time feeling in the schizophrenic patients is interesting.
Why this was not found in depression, a “classic” serotonin dis-
order, is difficult to explain. The depth of the disturbance of the
time experience in schizophrenic patients may again be responsible
here, which presumably has a stronger neurobiological foundation
and possibly also causes a stronger variance. In any case, the
correlative relationship points in the expected direction because a
pathologically increased serotonergic neurotransmission is consist-
ently assumed in schizophrenic disorders [6], and this seems to be
related to the altered time feeling in schizophrenic patients. Because
this is also associated with increased values of negative symptom-
atology in particular, a possible pathophysiological circle seems to
close here, as an altered LDAEP in the sense of increased seroto-
nergic neurotransmission was found particularly in connection
with negative schizophrenic symptomatology in these patients
[13]: that is, changes in time feeling seem to be an expression of
negative symptoms in schizophrenia, the background to which
could be changes in the synaptically released serotonin. In this
respect, evidence was found for the first time that aspects of time
experience and their pathological changes in psychiatric diseases
such as schizophrenia are related to the activity of the serotonin
system, as measured with the LDAEP.

Limitations

A limiting factor in this study was certainly the psychopharma-
cotherapy of the two patient groups. Secondly, only the illness
specific psychometric scales were performed in each disorder.
Since participants performed time estimation and production
trials in identical orders, it can not be excluded that this has
had specific effects on, for example, duration judgements. In
addition, the group size was possibly not quite sufficient for some
aspects of the study, such as the time measurement program and
further instrumental diagnostics. In future studies, more mean-
ingful results could be obtained by increasing the number of
cases. The time questionnaire was self-compiled, based on inter-
national phenomenological templates, not performed within an
interview, and had not been validated in a previous study. How-
ever, the clear differences in the two patient groups compared to
the healthy subjects showed that substantial and valid results
could be achieved. It is especially interesting that time feeling
determined by the time questionnaire produced particularly clear
results in this study. In the sense of an orienting pilot study, no
Bonferroni correction was carried out. It is also possible that a
stricter definition of the inclusion and exclusion criteria could
measure greater effects. For example, the illness phase of the
patients was not taken into account. However, the time experi-
ence in a psychotic episode for schizophrenic patients could
differ, for example, from the time experience at the beginning
of the remission phase. To sum up, the most important limita-
tions of this study are lack of precise matching, lack of identical
psychometric evaluation, self-rating instead of interview
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assessment, low trial number, lack of control for order of pres-
entation and carry over effects and the exploratory nature of the
experiments.

Conclusions

This explorative pilot study conducted here aimed to gain an
overview of different dimensions of time experience in patients
with schizophrenia or depression with the help of heterogeneous
methodology. In necessary confirmatory subsequent studies, there
is now the possibility of looking at the individual aspects of the
experience of time in more detail. Among other things, time feeling
could be examined more closely in a more extensive self-assessment
questionnaire. The correlations already found in this study could
thus be strengthened and possibly provide a basis for taking time
experience into account as a parameter in the psychopathological
assessment of findings and also in the subsequent diagnosis of
psychiatric illnesses to a greater extent than before. More compre-
hensive understanding of the experience of time in different psy-
chiatric disorders such as depression and schizophrenia should lead
to a better understanding of these and other subgroups as the
experience of time is an essential dimension of the psyché and its
relationship to the world. It is surprising that the attempts of
tradition have not led to this [1,22] or established this as an
important psychopathological dimension in everyday psychiatric
work, although today there is a justified prospect of underpinning
such a category accordingly and also neurobiologically with find-
ings from modern methods, ranging from EEG to high-resolution
magnetic resonance imaging.
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