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ABSTRACT Phenomenology suggests a disruption in the experience of time in individuals
with schizophrenia, related to disorders of the sense of self. Patients themselves relate a
fragmentation of their temporal experience and of their sense of self. Temporal
expectations help relate the present moment to the future and we have previously shown
that temporal expectations are fragile in patients, and relate to disorders of the self. Here,
we investigate whether patients' performance is still impaired when the motor response to
the expected event can be prepared in advance. In two different experiments participants
(41 patients vs. 43 neurotypicals in total) responded to a visual target occurring at a variable
interval (or “foreperiod”) after an initial warning signal. Moreover, in Experiment 1 we
measured the sense of self with the EASE scale. We observed the usual benefit of the
passage of time: the longer the waiting period, the better the preparation, and the faster
the responses. However, this effect also comprises sequential (surprise) effects, when a
target occurs earlier than on the preceding trial. We evaluated the effect of the passage of
time, by isolating trials that followed a trial with the same foreperiod. The benefit of long,
versus short, foreperiods was still observed in controls but disappeared in patients. The
results suggest that the benefit of the passage of time is diminished in patients and relates



to self disorders, even when the task allows for motor preparation. The results suggest that
a non-verbal impairment sub-tends disorders of the sense of self. 1.

Introduction

The relationship between self and time was originally proposed in phenomenology (Husserl,
2012), which in turn inspired psychiatrists (Minkowski, 2013). The sense of self has been
proposed to involve several components, and among them a narrative self, which allows us
to explicitly define our personal identity (Gallagher, 2000). The sense of self also includes a
bodily component, or ‘minimal’ self. The bodily self is based on non-verbal information from
the body, e.g. proprioception, vestibular information, tactile and interoceptive information
(Blanke and Metzinger, 2009). It includes the borders and location of the body, agency (the
feeling of being at the source of our actions), body ownership (the feeling that we own our
body), and interoception (e.g. heartbeats). In this study we focus on one specific property of
the ‘minimal’ sense of self, i.e. its phenomenological continuity. We refine and extend prior
work and propose an experimental approach to evaluate the experience of time by
measuring the incidental influence of the passage of time on response speed in a simple
target detection task. We relate time continuity to the feeling of self-continuity by using a
phenomenological scale, the EASE. Indeed, we do possess a feeling of self that is continuous
over time and that matches our feeling of time continuity. Furthermore, our experience of
time and self as being continuous refers to our everyday first-hand experience of the world,
i.e. our self, for which time never seems to stop, jump, or disappear. Time is thus intimately
related to our experience of one unique and continuous sense of self. Consistent with the
relationship between time and self, disorders of the sense of self in schizophrenia have been
related to a disordered experience of time (Fuchs, 2007; Vogeley and Kupke, 2007; Vogel et
al., 2019). Patients' own reports suggest a relationship between the sense of self and time
disorders: ‘Time splits up and doesn't run forward anymore. There arise uncountable
disparate now, now, now, all crazy and without rule 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’ (Kimura, cited in Fuchs, 2007).
Many aspects of timing are impaired in patients with schizophrenia (Giersch and Mishara,
2017; Thoenes and Oberfeld, 2017). Here we evaluated the incidental influence of the
passage of time on response speed in a reaction time task with variable intervals (or
“foreperiods”). We have already shown a link between disrupted performance on the
variable foreperiod paradigm and disorders of the sense of self in individuals with
schizophrenia (Martin et al., 2017; see also Ciullo et al., 2018), as evaluated with the
phenomenological scale EASE (Parnas et al., 2005). In the variable foreperiod paradigm,
individuals are instructed to respond as quickly as possible to a target, which can be
presented in any sensory modality. Crucially, the target is presented after a warning cue
with the interval (or “foreperiod”) between cue and target being varied from one trial to the
next. Since time flows inexorably forward (“time's arrow” and “passage of time”), the
probability of target occurrence increases with the amount of time elapsed since cue
presentation, and the sense of expectation grows with this probability (Elithorn and
Lawrence, 1955; Luce, 1986). As the trial unfolds, the probability of target occurrence is
progressively updated, which translates into faster reaction times (RTs) for targets occurring
after longer intervals (Niemi and N aat " anen, " 1981). This effect of foreperiod duration on
response speed is known as the “variable foreperiod” effect. An advantage of this paradigm
is that it invokes an increasing sense of temporal expectation that the target will soon occur,



which may help construct a sense of time continuity. The sense of time continuity is
necessary to feel oneself as a continuous being in time, and conversely a disruption of the
sense of time continuity may disrupt the phenomenological continuity of self in time (Martin
et al., 2014). As a matter of fact events are discrete and how we go from a series of
disconnected events to the perception of a continuous flow is not as straightforward as it
seems. It has long been proposed that events are related to one another by means of
memory (‘retention’) and prediction (‘protention’) mechanisms (Husserl, 2012). A famous
example is the one of music, during which distinct notes are played successively, but
interpreted as an integrated melody, thanks to past, present and future notes being
simultaneously present in mind, i.e. phenomenologically perceived. However if, for
example, prediction mechanisms are impaired, it may disrupt the phenomenological
continuity of time and self. Our previous results are in agreement with this hypothesis
(Martin et al., 2017). A pending question is whether our results are due to perturbed
cognitive expectations (waiting for the target) or to poor motor preparation. The latter
would suggest a more basic motor impairment. In Martin et al. (2017), individuals had to
respond with the left or right hand according to the presentation side of the target. This
meant they could not prepare their motor response ahead of target presentation. Instead,
they had to wait for presentation of the target to know on which side it appeared and then
to initiate their response. The preparation thus concerned mainly temporal expectation of
the moment at which they would process the location of the target. The benefit of time
preparation is observed in many different settings (Nobre and van Ede, 2018), and preparing
to process a target location certainly entails time expectation. However, it has been
suggested that time preparation may also involve motor preparation in neurotypicals
(Hasbroucq et al., 1999; Nobre et al., 2007; Thomaschke et al., 2011; Volberg and
Thomaschke, 2017). In addition, motor preparation has been suggested to be impaired in
individuals with schizophrenia (Delevoye-Turrell et al., 2006). As already emphasized, a
growing literature suggests an impaired sense of bodily self in individuals with schizophrenia
(Gallese and Ferri, 2014; Lee et al., 2021a, 2021b). Planning when to contract muscles in a
motor sequence or when to expect sensory feedback is integral to action, and their
impairment relates to agency disorders (Foerster et al., 2021; Frith, 2005). It thus makes
sense to verify whether performance on a variable foreperiod reaction time paradigm that
allows for motor preparation is also impaired in individuals with schizophrenia. In Ciullo et
al. (2018), the same response effector (i.e. the same hand) was used to respond to the
target whatever the location of the target. As in Martin et al. (2017), the variable foreperiod
effect appeared to be preserved in individuals with schizophrenia in the absence of
attention or changes in target occurrence probability. However, the variable foreperiod
effect was not fully distinguished from sequential effects (see below), which were also
preserved, and which could contribute to the pattern of performance observed. In the
present study we therefore analyzed the variable foreperiod effect separately from
sequential effects, in a reaction time paradigm in which motor preparation was possible.
The variable foreperiod effect represents the speeding of response times when the cue-
target interval is long rather than short and reflects performance benefits of the passage of
time. However, response times (RTs) are not only influenced by the current cue-target
delay, but also depend on what happened on the preceding trial. When the target occurs
after a long foreperiod on trial t = 1, a long foreperiod is expected again on trial t. As a
consequence, if the foreperiod is short on trial t, the target comes as a surprise, participants
are not prepared, and response times are lengthened (Correa et al., 2006; Los and Agter,



2005). This ‘sequential’ or ‘trial-to-trial’ effect is extremely robust. It is independent of the
effects of the passage of time itself (Tal-Perry and Yuval-Greenberg, 2022) and was observed
in individuals with schizophrenia in both Ciuollo's and Martin's studies. So far however,
when analyzing the benefit of the passage of time on RTs, an influence of sequential effects
has not been systematically ruled out. Thus, the slowing down of RTs when a trial with a
short foreperiod is preceded by a trial with a long foreperiod may contribute to the
apparent benefit of the passage of time, by artificially increasing RTs at short foreperiods,
independent of the benefit of the passage of time itself (see Los et al., 2014 and Salet et al.,
2022 for discussion of this point). In the current study, we isolated the effect of the passage
of time from sequential effects. Since sequential effects are observed when foreperiods
differ on two successive trials (more specifically when a trial with a long foreperiod precedes
a trial with a short foreperiod i.e. longshort), our solution was to measure the benefit of the
passage of time selectively on trials that were preceded by a trial with an identical
foreperiod (e.g. short-short or long-long). If participants benefit from the passage of time,
an RT advantage for long foreperiods over short foreperiods should still be observed in such
trials. In contrast, if patients do not benefit from the passage of time then response times
for short-short or long-long trials should be similar. A possible difference between patients
and neurotypicals in this study would thus help assess the extent to which timing
information can be dynamically updated in individuals with schizophrenia when motor
preparation is made possible. 2.

Methods

Participants in Experiment 1 were a sample of 24 outpatients and 22 matched controls. They
are almost the same participants as described in Martin et al. (2017) (characteristics of the
present group are summarized in Table 1, columns 1-3), although we describe here the
results of a different paradigm than that in Martin et al. (2017). Patients were recruited in a
rehabilitation center in Lyon. Participants in Experiment 2 are a different group of 17
outpatients and 19 matched controls recruited and tested in the University Hospital of
Strasbourg (1 patient was excluded from the initial dataset due to a difference in RTs
between short and long foreperiods more than 2SD above the average; characteristics of
this group are summarized in Table 1, columns 4-6). Details on inclusion and exclusion
criteria, as well as the description of the phenomenological scale (the EASE), can be found in
supplementary material. In addition to typical clinical scales, the EASE scale was
administered by the 3rd author of the paper (MB), who is trained on its use. This scale was
used only in Experiment 1, because Experiment 2 was conducted in a different town
(Strasbourg), where psychiatrists are not trained in phenomenology. The EASE is a semi-
structured interview designed to evaluate disorders of the minimal self (Parnas et al., 2005).
The minimal self is a non-verbal type of self that includes, among others, the sense of bodily
self. It entails five domains, including the sense of mineness of mental experience, self-
awareness and presence, bodily experiences, demarcation between oneself and the
environment, and existential reorientation. A full description of the five domains can be
found in supplementary material. Although the lack of phenomenological evaluation in
Experiment 2 is a limitation, Experiment 2 allowed us to generalize the results obtained in
Experiment 1 to a different group of slightly older patients, with slightly less symptoms, and
with a different experimental setting. In addition, the target was displayed laterally in
Experiment 1, whereas it was always presented in the center in Experiment 2. Experiment 2



therefore allowed us to discard any possible role for conflict between the side of the target
and the response in the pattern of data since this conflict was possible only in Experiment 1.

2.1. Stimuli Details on the apparatus can be found in supplementary material. In Experiment
1, the background display consisted of a central fixation point (“+”) surrounded by two
circles, and two peripheral boxes left and right of the center (Fig. 1). The trial started when
both circles were briefly (100 ms) highlighted, indicating the beginning of the trial. Next, the
screen remained blank for a variable foreperiod of 400 or 1000 ms. The target was then
displayed in either the left or right box for 100 ms. If no response to the target was made,
the next trial began after a randomized foreperiod of 1600 or 2000 ms. The target was
either the letter ‘X" or the symbol ‘+’. The two targets appeared with a probability of 0.50,
and were varied only to avoid boredom. Crucially, the response was the same whatever the
form of the target, and whatever the side of the target. In Experiment 2, a light in the center
of a virtual robot was the central fixation point used to deliver the visual cue and target
stimuli. This light could be either on or off and have either a red (cue) or green (target)
color. The trial started with the light off for a random interval between 2000 ms and 3000
ms. Then, the light turned red for a variable foreperiod of 900 or 1500 ms. At the end of the
foreperiod, the light turned green and remained on screen until the participant's response.
The task of the participant was to respond as quickly as possible to the onset of the green
target light (correct response), and refrain from responding beforehand (incorrect response)
while the light was still red. In case of an incorrect response, negative feedback (i.e. a buzz
sound) was delivered, the red light turned off and the next trial was initiated. The
participants provided their motor response by pressing the button pad of a virtual reality
controller placed in their right-hand, using their thumb.

2.2. Procedure In both Experiments (see Fig. 1), patients and controls were instructed to
respond to the target as quickly and accurately as possible. Experiment 1 included two
experimental blocks in which the cue indicated the upcoming foreperiod (temporal cue), as
in Martin et al. (2017). The results for these experimental blocks can be found in the
supplementary material, along with methodological details. The results did not show any
difference between groups when this temporal cue was presented prior to the target. Here,
we consider only the two blocks of 100 trials in which the initial cue was neutral, i.e. it
contained no information regarding the cue-target foreperiod (those blocks were displayed
separately from blocks with temporal cues). There were 100 trials for each cue-target
foreperiod (400 and 1000 ms) displayed in random order, leading to around 50 trials for
each sequential order (trials with a short foreperiod followed by a long foreperiod, i.e.
shortlong, or short-short, long-short and long-long). Experiment 2 included distinct
experimental blocks manipulating the presence or absence of (1) an optical flow displayed in
the background, and (2) visual distractors (orange lights) displayed on the vertical light
display in the visual periphery during all foreperiods (at 500 ms). Given the scope of this
article, only data recorded in pairs of trials without the optical flow and without the
distracting lights were used. There was one block with a static optical flow, which showed
similar results to those reported here, but we discarded these results due to numerous
static lights in the visual field. The trials without an optic flow and without distracters were
mixed with trials with distracters. However, the effect of distractors was marginal (if any it
rather improved performance in patients), and the task and foreperiods were similar across
conditions. We included only those trials without distracters for the present analysis. There



was a total of 240 trials composed of 120 trials per foreperiod (900 and 1500 ms), displayed
in random order. The number of trials per sequential order was thus around 60.

2.3. Statistical analysis

Trials with correct responses faster than 150 ms or slower than 1000 ms were excluded
from the RT analysis in both Experiments and then averaged for each participant and
condition. Mean RTs were normally distributed in Experiment 1 but not in Experiment 2. The
two experiments differed in the foreperiods used and in the experimental setting. To make
results more comparable between experiments and to take into account the lack of
normality of the data in Experiment 2, we calculated two normalized indices (the
distribution normality of the indices for each experiment and group was verified with a
Shapiro-Wilk test).

— We estimated the benefit of the passage of time by calculating for each participant the
difference in RTs when the trial had a short foreperiod versus when it had a long one. For
this index, we considered only trials preceded by a trial with an identical foreperiod i.e.,
short-short minus long-long. The difference was divided by the sum of the averaged RT
across both conditions.

— We estimated the typical slowing in RT that occurs when the target occurs earlier than
expected by subtracting for each participant the RT observed when the trial with a short
foreperiod was preceded by an identical trial, from the RT observed when the trial with a
short foreperiod was preceded by a trial with a long foreperiod i.e. longshort minus short-
short. The difference was again divided by the sum of the averaged RT in the two
conditions.

We conducted repeated-measures ANOVAs separately for those indices with the factors
foreperiod/sequential effect as independent within-subject variables, and group
(controls/patients) as the betweensubject variable. Given the differences between
Experiment 1 and 2, we analyzed each index first separately and only then compared the
index between experiments, which was included as an additional betweensubject variable.
In addition, we used t-tests to verify if the indices differed from 0. We correlated the two
indices with PANSS and EASE scores. For the sake of clarity, in the graphs (Fig. 2) we
represent data as average RT for each condition rather than the value of the calculated
index.

3. Results

An analysis of variance was conducted for Experiment 1, with foreperiod (400 ms/1000 ms),
and sequence type (similar vs. different on trials t and t - 1) as independent within-subjects
variables, and group (controls/patients) as a between-subject categorical variable. There
was a significant interaction between the three factors (F[1,44] = 4.4, p < .05, partial n2 =
0.09. We did not conduct this analysis for Experiment 2, as data was not normally
distributed. The following analyses were conducted on the normalized indices. Given the
experimental differences between Experiments 1 and 2, we analyzed each index separately
for each experiment. The index evaluating the benefit of the passage of time in trials with a
foreperiod identical to the one in the preceding trial (i.e. short-short minus long-long) was
smaller in patients than in controls in both Experiment 1 (- 0.01 vs. 0.015, F[1,44] =5.1, p<
.05, partial n2 = 0.1) and Experiment 2 (0.004 vs. 0.02 F[1,34] = 4.7, p < .05, partial n2 =
0.12). In controls, the index tended to differ from 0 in Experiment 1 (tvalue = 1.9, p =.06)
and significantly differed from 0 in Experiment 2 (tvalue = 3.6, p <.005). In patients the



index did not differ from 0 neither in Experiment 1 (t-value = - 1.31, n.s.) nor Experiment 2
(t-value< .01, partial n2 = 0.1), without interaction with Experiment. We had included five
untreated patients, three in Experiment 1 and two in Experiment 2. The index measuring the
benefit of the passage of time in these patients had values of 0, - 0.004, - 0.027 respectively
in Experiment 1, and 0.019 and 0.006 in Experiment 2. These values were all below the
average values found in controls (0.015 in Experiment 1 and 0.02 in Experiment 2); only one
was close to the controls' values, in a pauci-symptomatic patient. The index measuring the
surprise effect (slower RTs when a trial with a short foreperiod was preceded by a trial with
a long rather than short foreperiod i.e. long-short minus short-short) was systematically
different from O (see supplementary material) and tended to be larger in patients than
controls in Experiment 1 (0.057 in patients vs. 0.03 in controls; F [1,44] = 4, p =.053, partial
n2 = 0.08). There was no group effect in Experiment 2 (F < 1) or when the two Experiments
were put together (F [1,80] = 2.6, n.s., partial n2 = 0.03). We did not find any correlation
between the different indexes and chlorpromazine equivalents. The following correlation
was found to be significant when pooling together data from the two experiments. The
index measuring the surprise effect was negatively correlated with the positive subscale of
the PANSS (N =41, r=-0.32, p =.04). In Experiment 1, we additionally assessed patients'
sense of self using EASE (see supplementary material). The index evaluating the passage of
time was negatively correlated with the ‘presence’ sub-score of the EASE (N =24, r=-0.42,
p <.05), i.e. the subscore evaluating the patients' self-awareness and immersion in the
world. The correlation did not survive correction for multiple correlations, though. As in
Martin et al. (2017), we created sub-groups of patients based on a median split of EASE
scores. We conducted an analysis of variance on the index evaluating the passage of time,
which showed an effect of group (low EASE score patients vs. high EASE score patients vs.
controls, F[2,43] = 4.4, p < .05, partial n2 =0.17). The HSD post-hoc test showed that only
the sub-group of patients with a high presence score had a significantly lower passage of
time index than controls (p < .05).

4. Discussion

We present results from two different experiments involving individuals with schizophrenia
and matched controls, in which participants had to react to a target occurring at different
intervals after an initial cue. The two experiments differed in terms of cue-target interval,
the position of the target (left or right in Experiment 1 but centered in Experiment 2) and
the mode of stimulus presentation (simple stimuli on a computer screen for Experiment 1
vs. complex visual scene in a virtual reality environment for Experiment 2). Despite these
numerous differences, the results were similar across experiments. In controls, we observed
the usual benefit of the passage of time on reaction time (RT), with faster RTs for targets
appearing after a long interval (foreperiod) than a short one. This effect was significant in
both experiments, even when isolating those trials that were preceded by a trial with an
identical foreperiod. Our main result is that this benefit of the passage of time was
significantly decreased in patients relative to controls, in both experiments. In addition, in
Experiment 1, phenomenological evaluation of the sense of self revealed that the sense of
presence, i.e. an impaired immersion of the world, was associated with this lack of benefit
from the passage of time. A fragility in being able to benefit from the predictive information
carried by the passage of time fits with Martin et al., 2017 and with conclusions of older
studies (Galbraith et al., 1983), and extends those previous results. We used relatively short
intervals (<2s) like in Martin et al. (2017) and Ciullo et al. (2018), and made it possible for



participants to prepare their motor response in advance of the target occurrence, allowing
the benefit of the passage of time to be facilitated by motor preparation. Although Ciullo et
al. (2018) or Zahn et al. (1963) also used a simple reaction task, here we additionally isolated
the benefit of the passage of time from sequential effects. This was possible thanks to a high
number of trials per foreperiod, which allowed us to differentiate the benefit of the passage
of time when two consecutive trials had the same vs. a different foreperiod. Our results thus
suggest that the benefit of the passage of time is fragile in patients when it is isolated from
sequential effects, even when it is possible to prepare a motor response in advance.
Inasmuch as schizophrenia is seen as a pathology affecting consciousness, it is not often
expected that they show disturbances at the motor level. As a matter of fact, patients move,
act, speak, and do not show clearcut motor deficits (but see Krebs et al., 2000; Walther et
al., 2020). Moreover, those abilities are timed and require planning in time. It is thus
probable that patients have some kind of compensatory strategy. The additional indexes
measured in the present study shed some light on the alternative strategies used by
patients and allow us to reconcile apparent contradictions in the literature, as well as the
discrepancy with the fact that patients still can time their actions and thoughts. The
decrease in the benefit of the passage of time cannot be attributed to an impairment in
sequential effects. If any, patients tend to show a rather larger surprise effect: they are
clearly slowed down when the target occurs at a short interval immediately after a trial with
a long foreperiod. Those results are consistent with previous results suggesting increased
sequential effects in individuals with schizophrenia (Zahn et al., 1963). They are also
consistent with recent results based on motor actions (Foerster et al., 2021). In this study,
participants made pointing actions on a virtual surface. The haptic (kinesthetic and tactile)
feedback was artificially provided by means of the virtual setting and was deliberately
delayed in some trials. Results showed that individuals with schizophrenia adapted their
motor trajectory according to the moment of the haptic feedback on the previous trial,
whereas controls appeared to wait for the haptic feedback whilst ignoring the recent history
of actions. In this study, patients also appeared to be excessively sensitive, rather than
insensitive, to sequential effects. However, part of the results might seem contradictory to
the present ones, and this contradiction is actually informative. In Foerster et al. (2021),
results showed that patients were exceptionally sensitive to very short delays in haptic
feedback. Such results might seem at odds with patients' inability to benefit from the
accumulating passage of time. The fact that patients are sensitive to short delays in haptic
feedback shows that they had correctly predicted the moment of occurrence of the
feedback. Similarly, the preservation of sequential effects and of the benefit of temporal
cues (see supplementary material) shows that patients are able to rely on predefined time
intervals to plan a response, and thus to estimate time. These apparent discrepancies can be
resolved by observing that there are several possible mechanisms for predicting the time of
occurrence of an event. It is possible to (1) rely either on the recent experience of various
time intervals, or (2) on temporal cues, to prepare for a specific interval (Los et al., 2014). As
shown by preserved or increased sequential effects, patients are able to mobilize these
mechanisms, which make it possible to have equivalent reaction times for short foreperiod
trials preceded by an identical trial, as when both trials have a long foreperiod. In patients, it
is as if the sequential effects have similar effects than the effects of temporal cues: patients
prepare for an interval defined by either a cue or the foreperiod of the preceding trial.
However, such a strategy may lack flexibility since, in real life, events rarely happen at
predictable moments. Temporal uncertainty is the rule rather than the exception. This leads



us to regularly check for the occurrence of an event, allowing expectations to be updated,
checking again for the event, and so on. Although patients with schizophrenia clearly benefit
from fixed a priori temporal expectations (temporal cues or sequential effects), they find it
more difficult to adapt when temporal information is unreliable (Coull and Giersch, 2022) or,
as we have shown here, changes dynamically with the very passage of time itself.
Furthermore, we have shown in previous studies that patients with schizophrenia have
difficulty planning for the time of occurrence of sequences of visual stimuli at the level of
milliseconds (Lalanne et al., 2012a, 2012b; Marques-Carneiro et al., 2021; reviewed in Coull
and Giersch, 2022). This difficulty may underpin a more general difficulty in benefiting from
the passage of time: if expecting an event at the level of seconds entails checking regularly
for the event at the level of milliseconds, such millisecond-level mechanisms may help time
to be accumulated at a longer scale, thus leading to benefits of the passage of time. This
benefit of the passage of time would entail growing expectation over time, ultimately
reflected in faster reaction times after long intervals, on top of any influence of sequential
effects. These are the mechanisms we hypothesise are impaired in patients. There are
several limitations in the results, and some aspects that warrant discussion. First the effects
are small in amplitude. However, they replicate a vast literature. Moreover, the lack of
benefit of the passage of time in patients is unlikely due to response variability, since
sequential and cue effects are preserved in the very same patients. Also, it might be
tempting to attribute the lack of benefit of the passage of time to medication, especially as
it is motor-related. Yet, with the exception of four patients in Experiment 2, all patients
were treated with atypical antipsychotics, which have fewer motor side-effects, and so
should minimize the motor impact of their medication, especially for the cohort in
Experiment 1. In addition, low or absent benefits of the passage of time were observed in at
least 4 out of 5 unmedicated patients. We have already conducted a single case analysis in
an unmedicated patient (Martin et al., 2018), suggesting that the inability to benefit from
the passage of time precedes medical treatment. In all, the results are consistent with
studies suggesting that a diminished sense of presence precedes the emergence of
psychosis (Nelson et al., 2020; Parnas et al., 2016) and is thus independent of treatment.
The correlation between the lack of benefit of the passage of time and a diminished sense
of presence in Experiment 1 is consistent with the idea that timing deficits relate to minimal
self disorders. It might seem surprising that we find a correlation with the sense of presence
rather than with the sub-scale exploring the stream of consciousness. However, incidental
accumulation of temporal information throughout the passage of time is unlikely to emerge
at the conscious level. Even if some patients report a disappearance of time, and a
fragmentation of time, and even if those complaints seem to fit with our experimental
observations, the benefit of the passage of time at the level of milliseconds mainly serves to
adjust one's own behaviour to a changing environment, i.e. to immersion and presence. It
has to be noted, though, that more robust correlations may be achieved with larger samples
of patients. It is a limitation that we did not perform a phenomenological evaluation in
Experiment 2. However, the similar results in both experiments represent an internal
replication, and this similarity was observed despite the use of a different set-up in the two
experiments, and slight differences in patients' symptomatology.

5. Conclusions
In all, our results generalize and extend previous ones in individuals with schizophrenia, and
show an impaired benefit of the passage of time when preparing to make a motor response.



This impairment is correlated with a diminished sense of ‘presence’, i.e. disorders of the
minimal self. These results are consistent with the phenomenological literature on self and
time disorders in patients, as well as with the literature on motor disorders.
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