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ABSTRACT

Timing disorders in schizophrenia are a well-known phenomenon. However, no studies have yet
assessed the role of temporal distortions in early-onset schizophrenia (EOS), despite evidence that
distorted time perception may share genetic risk factors with schizophrenia and may be a useful
indicator in identifying individuals at risk for schizophrenia. In the present study, we investigated the
ability of 10 patients with EOS (mean age = 21.5 years, SD = 6) matched with 20 healthy control
participants (mean age = 25.3 years, SD = 4.6) in order to compare the durations of two visual events,
presented either sequentially or overlapping in time, along with neuropsychological assessments of
attention, working memory, and executive functions. Each participant had to judge a total of 336
stimuli. We found that temporal overlap had a greater negative effect on ability to judge the duration of
a pair of stimuli in EOS patients than in healthy control participants. In addition, EOS patients showed
impairments in attention and executive functions. Furthermore, in EOS patients, the scores for executive
and attentional functions were significantly correlated with accuracy of temporal estimation in the
overlap condition (r = 0.31, p < 0.05 and r = 0.57, p < 0.05, respectively). These preliminary results
suggest that impairments in neuropsychological functions participate in the deficit in time estimation
observed in patients with EOS. These conclusions highlight the importance of testing time perception
in patients with EOS and could contribute to the development of cognitive remediation-based therapy
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for these patients.

Introduction

Schizophrenia is a severe, devastating, and common psychiatric
disorder (approximately 1% of general population; Van Os,
Driessen, Gunther, & Delespaul, 2000). Early-onset schizophrenia
(EOS) is defined as schizophrenia with an onset before the age of
18 years. The Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, text revision (DSM-IV-TR) criteria for
EOS are the same as for adult-onset schizophrenia (American
Psychiatric Association [APA], 2000). Interestingly, compared to
cases with adult onset, the process of EOS has a greater impact
on cognition and brain-anatomical markers. Furthermore, pre-
vious studies with EOS patients have reported significant deficits
in several specific cognitive functions, including mental flexibility
and working memory (Jepsen et al., 2010). Due to their severe
impairments, EOS patients may present a particular interest in
relation to the developmental process of schizophrenia.
Although distorted time perception may share genetic risk
factors with schizophrenia and be a useful indicator in identifying
individuals at risk for schizophrenia, to our knowledge, no pre-
vious study has assessed the role of temporal distortions in EOS.
However, recent reviews of the literature on the neural bases of
timing reveal a remarkable overlap with the circuits and brain
structures that are affected in schizophrenia (Gomez, Atakan, &

Ortuio, 2014; Ortuio, Guillén-Grima, Lopez-Garcia, Gémez, & Pla,
2011; Ward, Kellendonk, Kandel, & Balsam, 2012).

In recent years, the interest in research on time perception
in schizophrenia, which was also previously studied in the
early 20th century, has increased for two main reasons: (1)
Various models of schizophrenia pathogenesis integrate time
perception as a key process. Some authors suggest that schi-
zophrenia is associated with an excessive temporal integration
of events, possibly leading to delusion (Franck, Posoda, &
Pichon, & Haggard, 2005). Early authors mentioned also a
disturbance in time perception, somehow involved in the
functioning of psychosis (Andreasen, 1999). The “cognitive
dysmetria model” of Andreasen suggests that schizophrenia
is associated with a major failure of a supra-chronometric
system, reflected in timing tasks and in both psychiatric and
cognitive symptoms; (2) dysfunctions of time perception may
be involved in the daily living difficulties experienced by these
patients. Some authors (Davalos, Kisley, & Ross, 2003) have
argued that timing dysfunctions affecting motor sequencing
or temporal event planning processes may account for daily
life functioning impairment rather than executive dysfunction.

Human time perception processes are very complex and have
long been the subject of diverse theories, from philosophy to
cognitive sciences. The major breakthrough in recent years is the
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Figure 1. Model of time perception based on Church and Gibbon (1990).

availability of a relatively consensual model of time perception.
In the present study, we have chosen to rely on Gibbon and
Church’s (1990) well-known scalar expectancy theory of time (see
Figure 1), which is currently widely accepted (for a review, see
Grondin, 2010). This theory postulates the existence of a cogni-
tive temporal processor which stocks subjective time units,
mainly depending on the allocation of attentional resources.
According to this model, time perception involves two succes-
sive steps. The first step, the storage of the temporal pulse in an
accumulator, is a time-specific process. The second step leads to
a decision through a comparison between the pulse level esti-
mated from working memory and samples of previous time
durations from the reference memory.

Clinical and experimental data suggest strongly that time esti-
mation of patients with schizophrenia is less accurate than that of
healthy subjects. Memory impairments in schizophrenia are well
known, in both working and episodic memory, and attention
deficits are also well documented (Forbes & Lawrie, 2009;
Ranganath, Minzenberg, & Ragland, 2008). Some authors
(Elvevdg, Brown, Weinberger, & Goldberg, 2003) found that
patients with schizophrenia were less accurate than healthy con-
trols at recognizing a standard duration on a temporal general-
ization task. Furthermore, patients’ performance differed
significantly from that of controls on a temporal bisection task,
in which participants categorized durations as either short or long.
They concluded that patients with schizophrenia were less accu-
rate at estimating brief time periods, and that this deficit may
reflect the dysfunction of biopsychological timing processes.

Other researchers (Lee et al., 2009) investigated time per-
ception dysfunction and its neuropsychological correlates in
patients with schizophrenia. In their study, 38 patients and 38
age- and sex-matched healthy volunteers were compared in
an auditory temporal bisection paradigm using two interval
ranges (a 400/800 ms condition and a 1000/2000 ms condi-
tion). They found that in patients, short-term memory perfor-
mance was negatively associated with duration judgment in
both conditions, whereas executive dysfunction was corre-
lated with a general performance deficit in the 400/800 ms
condition. They concluded that time perception abnormalities
in schizophrenia might be a part of neuropsychological dys-
function (in particular with short-term and working memory).

Other recent studies have tried to address the question of
whether time misperception is a single or a more generalized
disorder using brief visual or auditory stimuli in the range of
milliseconds (50-100 ms), which puts minimal demands on
non-temporal processes. Researchers have used discrimination
tasks and shown that the timing judgment of patients with
schizophrenia was less accurate than those of healthy partici-
pants (Carroll, Boggs, & O'Donnell et al., 2008, 2009; Elvevag,
Egan, & Goldberg, 2000).

However, whereas both clinical observations and experi-
mental data show that time perception is impaired in patients
with schizophrenia, the underlying mechanisms remain to be
ascertained. Do deficits in cognitive processes, such as work-
ing memory and sustained attention, lead to the behavioral
expression of impaired interval timing in schizophrenia? Or,
conversely, does deficient temporal information processing
contribute to a wide range of symptoms associated with
schizophrenia? Distortions in the perception of temporal inter-
vals could lead to failure to perceive correctly the temporal
sequence of contiguous events. If timing dysfunction and
schizophrenic symptoms are causally related, then a correla-
tion might be expected between severity of cognitive symp-
toms and severity of timing impairment. These questions are
of particular interest as time perception impairment might be
a key deficit in schizophrenia, deteriorating the perception of
environment and relationships in patients. There is a need for
a better understanding of the relationship between cognitive
deficits and impaired time perception in EOS.

The objective of the present study was to examine and under-
stand better the relationships between time estimation and
cognitive functioning in EOS patients. We hypothesized that
when two events partially overlap in time, performance of
patients with EOS should be impaired and that could be related
to an incapacity to divide their attention on two stimuli.
Regarding the literature on time perception, we could argue
that if performance in the overlap condition is impaired, it
would be consistent with the single-clock model to estimate
the duration of two intervals (i.e., the estimation of one interval
depend on the estimation of the other; Gibbon & Church, 1990).
Furthermore, these results would be consistent with the idea of
one single-clock model with a crucial role of attentional
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mechanisms. When two events partially overlap in time, we must
divide our attention to preserve the time estimation of the first
stimulus and to estimate the duration of the second event.

The aim of our study is also to highlight the fact that
temporal processes are disturbed even at early stages of the
disorder, suggesting that they might offer a useful cue to
evaluate cognitive impairments in patients with EOS.

Methods
Study participants

The study was conducted on 10 stabilized outpatients with
EOS (mean age = 21.5 years, SD = 6; age range = 9-24 years; 7
males, 3 females) recruited from French child and adolescent
psychiatry day hospitals. They were diagnosed according to
the DSM-IV-TR criteria and symptoms were assessed using the
Positive and Negative Syndrome Scale (Kay, Opler, &
Lindenmayer, 1989). At the time of testing, eight individuals
with schizophrenia were taking atypical antipsychotic medica-
tions; information was not available on medication for the
other two patients. The mean age at onset of schizophrenia
was 15.3 * 4 years and the mean age at the time of the study
was 215 + 6 years and the mean illness duration was
7.5 £ 3.3 years. Patients with schizophrenia were matched
with 20 healthy control participants (mean age = 25.3 years,
SD = 4.6) on sex and level of education (level of education was
obtained by counting the number of years of school educa-
tion; see Table 1). They were no difference between our two
groups for age (t(28) = —1.93, p = 0.06, NS[not significant]) and

Table 1. Demographic, clinical, and neuropsychological data on the participants
(patients with schizophrenia and control participants).

Patients Controls

Gender (M/F) 7/3 14/6
Age (mean/SD) 215+ 6 253 + 4.64
Level of education (mean/SD) in years 15+ 8 18+ 6
Medication (typical/atypical/unknown) 0/8/2
PANSS positive symptoms* (mean + SD) 21.43 £ 4.69
PANSS negative symptoms* 22.29 £ 522

mean * SD)
PANSS general symptoms* 39 £ 5.51

(mean + SD)
Age at onset (mean + SD) 153 + 4.22
Attention
TEAch <5 50-75
d2 25-50 50-75
Executive functions
Trail Making Test A 10 75-90
Trail Making Test B <5 50-75
Stroop <5 50
Verbal Working Memory (span)
Verbal span 6 7
Inverse span 4 4

At the time of testing, eight individuals with schizophrenia were taking atypical
antipsychotic medications; information was not available on medication for the
other two patients. The mean age at onset of schizophrenia was 15.3 + 4 years
and the mean age at the time of the study was 21.5 + 6 years. Performance for
attention and executive functions are expressed by a percentile that is a
measure indicating the value below which a given percentage of observations
in a normative group of observations fall. For example, the 20th percentile is
the value (or score) below which 20% of observations are found in a normative
sample. A percentile equal or below 5 is considered as pathological. For Verbal
Working Memory, we used the span score; normal spans are considered equal
to7 £2.

*PANSS, Positive and Negative Syndrome Scale.

NEUROCASE (&) 3

for level of education (t(28) = 1.13, p = 0.21, NS). Exclusion
criteria for control participants included history of psychiatric
disorders, learning disability, intellectual disability, chronic
somatic or head injuries, neurological disease, and abuse of
psychoactive substances.

All patients and control participants had normal or cor-
rected-to-normal visual acuity. The experimental protocol
used in the present study conformed to standards and ethics
of the Helsinki Declaration (World Medical Association, 2008).
The protocol was approved by the ethics committee and
written informed consent was obtained from parents for
patients under age 18 and from patients over age 18.

Neuropsychological evaluation

The neuropsychological evaluation of each patient revealed
no language disorders and no signs of apraxia or agnosia. The
neuropsychological test battery included measures of different
aspects of attention, executive functions, and verbal working
memory (see Table 1). Attention was evaluated with the Test
of Everyday Attention for Children (TEACh; Manly, Anderson,
Nimmo-Smith Turner, Watson, & Robertson, 2001) for patients
under 16 years and with the d2 Test of Attention (Bates &
Lemay, 2004) for patients over 16 years. The Trail Making Test
A and B was used to assess mental flexibility and the Stroop
test to assess inhibitory processes (Lezak, 1995). In addition,
verbal span and verbal working memory were assessed with
the Verbal Working Memory subtest from the Wechsler Adult
Intelligence Scale-lll (Wechsler, 2000). In order to reduce the
number of statistical comparisons and avoid redundancy,
selected core test outcome measures were combined into
composite cognitive domains according to their putative con-
tent, combining test scores reflecting the same functional
domain (Kumra et al, 2000). We created three composite
domains: attention, working memory, and executive functions
(including flexibility and inhibitory processes).

Apparatus

All experiments were conducted on a 13-inch MacBook computer.
The monitor was set at a resolution of 1024 x 768 pixels and ran at
a refresh rate of 60 Hz. The experimental stimuli were created with
Matlab R2007a (Mathworks, Sherborn, MA, USA) and displayed
with the PsychToolbox (V1.05; Brainard, 1997; Pelli, 1997).

Stimuli and procedure

All stimuli consisted of two discs, one blue and one red
(represented respectively by a filled disc and by an open disc
in Figure 2), displayed on a uniform white background (lumi-
nance: 40 cd/m?). Each disc had a diameter of 1.0°f visual
angle. The first disc could appear anywhere on a virtual circle
centered on the central fixation point (radius = 2.6°0f visual
angle), and the second disc was always presented at the
diametrically opposite position. The presentation of the stimuli
was parafoveal. One of the discs, called the standard, always
lasted one second, whereas the other, called the test, was
presented for one of the set of possible durations. The method
of constant stimuli was used to manipulate the duration ratio
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Figure 2. Experimental temporal conditions. (A) lllustration of the two conditions, on the left when stimuli are presented sequentially, and on the right when they
overlap. In each condition, the two discs (represented here either by a filled disc or an open disc) were shown diametrically opposed (here left and right, although
any other position was possible). (B) An example of the different positions of the two discs; the first disc could appear anywhere on a virtual circle centered on the
central fixation (radius = 2.6° of visual angle), while the second disc was always diametrically opposed (here the first disc is randomly placed at 1 o’clock, thus
imposing the placement of the second disc at 7 o'clock). (C) Examples of both temporal conditions, on the left when stimuli are presented sequentially, on the right
when they overlap in time. One disc was always presented for one second (the standard) and the other (the test) was presented for a variable duration, a ratio of
between 0.3 and 3.0, respectively in milliseconds: 0.3299, 0.5141, 0.8011, 1.2483, 1.9453, and 3.0314. The continuous line represents the duration of one disc and the
two dashed lines represent the duration of the other disc. In the sequential condition, the second disc follows the first after half a second. In examples (2) and (3),

the standard is presented before the test. In examples (1) and (2), the duration ratio is 0.80 and in examples (3) and (4) the duration ratio is 1.95.

between standard and test. Six duration ratios were chosen,
equally spaced on a log scale between 0.3 and 3.0 (the ratio
1.0 was avoided because it is ambiguous). Two temporal con-
ditions were contrasted: In the sequential condition, one sti-
mulus was presented after the other one, whereas in the
overlap condition, the two stimuli overlapped in time. In the
sequential condition, the gap between the first and second
discs was 500 ms. In the overlap condition, the first disc
disappeared halfway through the duration of the second disc
(see Figure 2).

The experiment took place in the experimenter’s office and
lasted for approximately 30 min. The same experimenter was
present for all participants. The display was viewed from a
distance of approximately 57 cm, although participants were
free to move their head. A trial began with the presentation of
a small fixation cross for 500 ms at the center of the display
area. The stimulus (the two discs) was then presented binocu-
larly (the fixation cross was always present), followed by a
blank screen until the participant responded by pressing a
key. The next trial followed immediately. Participants were
asked to compare the duration of the two discs by answering
the question: “Was the red disc presented for longer than the
blue one?” To answer YES, they had to press the space bar,
and to answer NO, they had to refrain from pressing the space
bar (go/no-go task). A training set was presented before the
session, and no feedback was provided. For each participant,
we collected the proportion of times the red disc was reported
to have lasted longer than the blue one, and then converted
this into the proportion of times the first disc was reported to
have lasted longer than the second one.

A session was composed of 48 stimuli presented in a ran-
dom order (two colors: blue and red) x two order conditions
(the standard before the test or the reverse) x two temporal
conditions (sequential or overlap) X six duration ratios.
Participants ran seven sessions, thereby judging 336 pairs of
stimuli altogether. After each session, they could take a break
for as long as they wished. Throughout the data collection
process, the experimenter sat on the opposite side of the
computer monitor, at a location where the experimenter
could monitor the participant’s gaze direction. Before initiat-
ing each block, the experimenter ensured that the partici-
pant’s gaze was directed close to the center of the screen.

Statistical analysis

For each observer and each temporal condition, we computed
the proportion of times the first disc was perceived to be
longer than the second as a function of the duration ratio
between the two discs. These proportions were fit with a
psychometric function (cumulative Gaussian) after taking the
logarithm of the duration ratios. The fits provided two para-
meters: the bias (corresponding to the duration ratio that led
to chance performance) and the slope (the rate at which
proportion of “longer” judgments increased with increasing
duration ratio) which corresponds to the participant’s sensitiv-
ity in discriminating the durations of the two stimuli: the
steeper the slope, the better the discrimination. Similarly,
and perhaps more intuitively, sensitivity can also be character-
ized by a threshold measure that represents how different the
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durations of the two stimuli had to be in order for the parti-
cipant to discriminate them better than chance: the smaller
the threshold, the greater the sensitivity. Here, we report
thresholds to reach 75% discrimination performance, and
compute this from the psychometric fit as the difference in
duration ratio between the 75% and 50% points.

Finally, the relationships between neuropsychological
scores and time estimation in the overlap condition were
explored using Pearson correlations.

Results

The results presented in Figures 3(a,b) represent the psy-
chometric functions for the two temporal conditions (for
control participants in Figure 3(a) and for patients in
Figure 3(b)).

All healthy participants overestimated systematically the
duration of the second event in all temporal conditions, and
therefore displayed a negative time-order error (TOE'). The
overestimation bias reached 1.14 + 0.16 in the sequential
condition and 1.29 + 0.25 in the overlap condition; these
biases are both significantly different from 1.0 (F(1,18) = 3.55,
p < 0.01). Furthermore, the TOEs for the two temporal
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conditions were significantly different from each other, with
a larger bias in the overlap condition (t(38) = 4.18, p < 0.05).
Early-onset patients with schizophrenia also overestimated
systematically the duration of the second event in all temporal
conditions. Their overestimation bias was 1.10 £ 0.12 in the
sequential condition and 1.19 + 0.31 in the overlap condition;
these biases are both significantly different from 1.0 (F
(1,8) = 2.65, p < 0.05).

A comparison of sequential and overlap conditions for each
healthy participant (open circles) and patients with schizophre-
nia (filled circles) revealed that thresholds were systematically
higher in the overlap condition than in the sequential condi-
tion, especially for EOS patients (see Figure 3(c)). In other words,
the majority of participants were worse at discriminating the
duration of two stimuli when these stimuli overlapped in time.
The mean duration ratio threshold in the sequential condition
was 1.32 for control participants and 1.55 for patients with
schizophrenia (t(18) = 2.18, p = 0.05)); in the overlap condition,
these thresholds rose to 1.53 and 1.78 for controls and patients
with schizophrenia, respectively (t(18) = 3.13, p = 0.01)). One
EOS patient has a notably high overlap threshold but when we
remove his performance from our patients group, there is still a
group effect for the overlap condition (t(17) = 2.14, p = 0.05)).

b.
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Figure 3. Results for healthy participants (A) and patients with schizophrenia (B). (A and B) The proportion of times the first disc was perceived to last longer than
the second disc is shown as a function of the duration ratio (first disc duration divided by second). On the psychometric functions, the continuous line represents the
overlap condition and the dashed line represents the sequential condition. Data were pooled across all healthy participants (N = 20) and across all patients with
schizophrenia (N = 10). (C). Thresholds for the overlap condition are plotted against those for the sequential condition. Each circle represents one participant,
healthy participants as open circles and patients with schizophrenia as filled circles. The white cross represents the threshold mean for the overlap/sequential
conditions for healthy participants, and the gray cross for the patients with schizophrenia. The bias of each psychometric function is represented by the point of
subjective equality (PSE). The PSE represents the duration ratio at which the duration of a test disc was perceived as equal to the duration of the standard disc

(always 1s).
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Table 2. Pearson correlations for patients with schizophrenia between neuropsychological scores (attention, executive functions, and verbal working memory) and

temporal estimation in the overlap condition.

Attention Executive functions Verbal working memory Temporal estimates (overlap condition)
Attention 1 0.67* 0.51* 0.57*
Executive functions - 1 0.23 0.31*

Verbal working memory - -
Temporal estimates (overlap condition) - -

1 0.1
- 1

*p < 0.05.

Finally, we investigated the relationship between time esti-
mation and cognitive functioning of EOS patients (see Table 2).
In EOS patients, the scores for executive and attentional func-
tions were significantly correlated with temporal estimation in
the overlap condition (r = 0.31, p < 0.05 and r = 0.57, p < 0.05,
respectively). Thus, the more patients were impaired in execu-
tive and attentional tasks, the more difficulty they had estimat-
ing the relative duration of two stimuli that overlapped in time.
Interestingly, no correlation was found between working mem-
ory performance and time estimation (r = 0.11, p > 0.05).

Discussion

Our preliminary main results are that EOS patients experi-
enced significantly more difficulties than healthy controls
when judging the duration of two visual events that over-
lapped in time, and this difficulty is significantly correlated
with impairments in attentional and executive functions.

Furthermore, some differences between the first trials and the
last ones for both groups (i.e., for the last items, participants -
both controls and EOS patients - performed worse, being more
variable in their response), but this difference between first trials
and last trials was the same for both groups of participants. So
we can consider that this does not explain the global difference
in performance in the overlap condition between the two
groups. These findings are consistent with the results of a pre-
vious study conducted by our team on non-schizophrenic brain-
damaged patients (de Montalembert & Mamassian, 2010). Our
results were fairly consistent with the idea of one single-clock
model with a crucial role of attentional mechanisms. When two
events partially overlap in time, we must divide our attention to
preserve the time estimation of the first stimulus and to estimate
the duration of the second event. For brain-damaged patients
with hemineglect (i.e,, a deficient response to stimuli presented
to the side contra-lateral to the affected brain hemisphere;
Heilman, Watson, & Valenstein, 2003), this capacity to divide
attention is impaired when it is first oriented to the ipsilateral
side. Attentional mechanisms are divided to feed the clock, not
the reverse; when events overlap in time, attention can be
divided rather than shifts from one event to the other, it is clearly
not a fixed or rigid mechanism.

These results are of particular interest with regard to the
mechanism underlying impaired time perception in patients
with schizophrenia. Thus, our results raise the issue of involve-
ment of attentional processes in time estimation. Concerning
schizophrenia, the main point is to clarify whether temporal
discrimination deficits reflect pure temporal perception dysfunc-
tion as opposed to reflecting schizophrenia-related neuropsy-
chological dysfunctions. Some authors have suggested that

impaired time perception in patients with schizophrenia is sec-
ondary to thought disorders and primary cognitive impairments
(Carroll, O'Donnell, & Shekhar et al., 2009). The strong correlations
observed in the present study between time estimation and
attentional or executive cognitive resources are in line with pre-
vious studies conducted on healthy individuals exposed to a
dual-task paradigm showing that increasing demands on atten-
tional resources decrease the accuracy of time estimation. These
previous studies suggested that the time processor requires
attentional resources to perform accurately (Carrasco, 2011;
Coull, Frith, & Biichel et al., 2000). Patients with schizophrenia
seem to perform poorly on time estimation tasks partially
because of non-time-related impairments. When two events par-
tially overlap in time, we must divide our attention to continue
with time estimation of the first stimulus while also estimating
duration of the second event. In patients with schizophrenia, this
capacity to divide attention appeared to be impaired. Our results
on both healthy participants and EOS patients highlight the
importance of attentional mechanisms for timing judgments
and about the potential neural and cerebral substrates of these
mechanisms. Convergent findings from brain imaging and neu-
ropsychological studies have suggested that there is a partial
overlap of cortical and subcortical regions engaged in time per-
ception tasks with regions engaged in tasks requiring increased
cognitive effort. Specifically, Alustiza et al. (2016) found a pattern
of frontoparietal and basal ganglia activation common to timing
and increased cognitive effort. In schizophrenia patients, they
observed that the involvement of most of these overlapping
cortical and subcortical areas, primarily in the right hemisphere,
was reduced in comparison to that in healthy controls.

Our study also highlights the fact that temporal processes
are disturbed even at early stages of the disorder, suggesting
that they might offer a useful cue to evaluate cognitive impair-
ments in patients with EOS. These results are in accordance
with Rao findings of an early cortical failure (resulting from a
dysfunction of the supplementary motor area) related to atten-
tion disturbances leading to temporal processing deficits in
schizophrenia (Rao, Mayer, & Harrington, 2001). Considering
the wide overlapping between neural networks involved in
high-level cognitive functions (such as attentional processes)
and temporal processing, timing performance could be a sensi-
tive measure of cognitive functioning and a reliable indicator of
impairment to the underlying neural substrate. Temporal pro-
cessing could be thinking as a “cognitive primitive,” a funda-
mental neuropsychological process that has a broad influence
on cognition — and as a reflect of “something wrong” even if
neuropsychological pencil tasks are preserved in EOS patients
(Alustiza et al., 2016; Foster et al.,, 2013; Piras et al., 2014; Radua,
del Pozo, Gémez, Guillen-Grima, & Ortufio, 2014).
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We did not find any correlations between working memory
processes and time estimation. This last result is not consistent
with the results of previous studies (Roy, Grondin, & Roy,
2012), suggesting that time perception disturbances in schizo-
phrenia may result from working memory impairments. One
explanation for these discrepant results could be related to a
difference in the severity of symptoms in the two samples of
patients. Another possibility might be due to the task itself: in
Roy's experiment, participants had to reproduce time intervals,
whereas in our experiment, their task was to estimate the
duration of temporal events.

Concerning study limitations, our study was hampered by
the small sample size, which increases the risk of Type Il errors.
However, there was little variability in terms of cognitive
deficits in our group and their medication profile was similar
(i.e., atypical antipsychotic medication). To better account for
the role of symptom severity and/or symptom type in tem-
poral performance, it will be important for future studies to
include more individuals at different phases of schizophrenia
and with different symptom profiles.

Conclusions

A large literature, from clinical cases to experimental studies,
has shown that patients diagnosed with schizophrenia display
cognitive deficits and timing impairments (e.g., AlUstiza et al.,
2016). Interestingly, individuals at risk of developing schizo-
phrenia (usually relatives) have also been reported to show
interval timing deficits. A previous study (Penney, Meck,
Roberts, Gibbon, & Erlenmeyer-Kimling, 2005) compared time
perception in offspring of parents diagnosed with schizophre-
nia to offspring of parents diagnosed with major affective
disorder and to healthy controls, and found greater variability
in time estimation only in offspring of parents who had been
diagnosed with schizophrenia. Thus, distorted time perception
may share genetic risk factors with schizophrenia and could be
a useful indicator in identifying individuals at risk for schizo-
phrenia. Despite the increased research on time perception,
there are still critical questions that need to be addressed,
particularly in the field of psychiatric disorders.
Understanding the processes underlying this neglected phe-
nomenon could help to develop cognitive remediation-based
therapy, which opens a promising field for patients with schi-
zophrenia (Harvey & Bowie, 2012).

Note

1. A bias toward perceiving the first or the second object as tempo-
rally longer is referred to in the literature as “time-order error”
(TOE; Hellstrom, 1985). The TOE is positive when it corresponds
to an overestimation of the first stimulus relative to the second,
and negative in the opposite case. In our experiment, the TOE
would be negative if the bias is larger than 1; for instance, a bias
of 1.3 means that the duration of the second stimulus is over-
estimated by 30%.
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