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A B S T R A C T

Positive symptoms of schizophrenia may be related to distortions in time perception. To examine this issue, we
conducted a meta-analysis to determine whether positive symptoms are associated with deficits in time pro-
cessing performance. MEDLINE and Web of Science were searched from January 1980 through March 2017, and
all related articles and their references were scrutinized to find relevant studies. Studies were selected if they
included participants with a diagnosis of schizophrenia, and reported data from behavioral measures of interval
timing (e.g. duration discrimination and temporal order judgement). The results indicated that positive symp-
toms of schizophrenia are related with overestimation of interval timing (i.e., acceleration of the “internal
clock”), and suggest that time perception may be associated with psychosis.

1. Introduction

There have been many attempts to identify cognitive/behavioral
indicators linked to positive symptoms (delusions, hallucinations, and
etc.) of schizophrenia (Bark et al., 2003; Bear et al., 2017; Graham-
Schmidt et al., 2016; Giersch et al., 2016; Horga et al., 2014). Specifi-
cally, temporal information processes are essential to all aspects of
behavior, such as walking, speaking and engaging in physical activity.
Recently, disturbances of temporal information processes have been
suggested to contribute to the generation of positive symptoms (Carroll
et al., 2009; Gómez et al., 2014; Lošák et al., 2016; Stevenson et al.,
2017; Ward et al., 2012). Therefore, attempts to integrate these beha-
vioral manifestations deserve considerations.

The nature of time perception is different from that of the other
sensory modalities, e.g. visual and auditory processing, in that it is not
paired to specific receptors, e.g. eyes and ears. It is generally agreed
that attention and arousal may be important in temporal information
processes (Merchant et al., 2013). Specifically, the pacemaker-accu-
mulator model has been proposed as one of the main internal timing
models (Treisman, 1963). This model is based on a multi-process theory
that assumes three levels of timing processes common to animals and
humans (Fig. 1; modified from Hartcher-O'Brien et al., 2016). The first
level consists of a pacemaker and accumulator. The pacemaker gen-
erates pulses that are gated via a switch controlled by attention. In this
level, a lack of attention leads to a deficiency in pulses in the

accumulator. In the second level, the pulses reach the working memory
module. The final level represents the decision mechanism. During this
stage, the contents of the working memory module are compared to
those of the reference memory of the pulse-duration on previous oc-
casions, to which the subject responds accordingly (e.g., see Carroll
et al., 2008; Hartcher-O'Brien et al., 2016).

There are also some indications that altered time perception may be
present in schizophrenia. Traditionally, the pathophysiology of schi-
zophrenia has been associated with abnormalities in dopamine (DA)
transmissions (e.g., Seeman et al., 2006), which in turn, have been
linked to the speed of the internal clock (Cheng et al., 2007). In fact,
several studies have demonstrated DA receptor agonists accelerate the
internal clock, while antagonists decelerate it (e.g., Frederick and Allen,
1996; Meck, 2006).

Indeed, behavioral studies have reported overestimation (e.g. par-
ticipants estimate the interval longer than objective time) in temporal
durations ranging from milliseconds to several minutes in patients with
schizophrenia (Jonson and Petzel, 1971; Volz et al., 2001; Carroll et al.,
2009). The overestimation of time has been suggested to be caused by
accelerated time processing (Droit-Volet and Meck, 2007).

Acceleration of the internal clock may be linked to the hypervigi-
lance state that has been implicated in positive symptoms of schizo-
phrenia (Lošák et al., 2016; Peterburs et al., 2013). Specifically,
Dodgson and Gordon (2009) proposed that hypervigilance enhances
responding biases and produces errors in cognitive processing, leading

https://doi.org/10.1016/j.scog.2018.07.002
Received 21 January 2018; Received in revised form 22 July 2018; Accepted 23 July 2018

⁎ Corresponding author at: Department of Clinical Epidemiology, Translational Medical Center, National Center of Neurology and Psychiatry, 4-1-1, Ogawa
Higashi, Kodaira, Tokyo 187-8551, Japan.

E-mail address: n.ueda@ncnp.go.jp (N. Ueda).

Schizophrenia Research: Cognition 13 (2018) 3–6

Available online 03 August 2018
2215-0013/ © 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/22150013
https://www.elsevier.com/locate/scog
https://doi.org/10.1016/j.scog.2018.07.002
https://doi.org/10.1016/j.scog.2018.07.002
mailto:n.ueda@ncnp.go.jp
https://doi.org/10.1016/j.scog.2018.07.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scog.2018.07.002&domain=pdf


to the perception of a vague signal as a distinct one. Taken together, it is
hypothesized that there is an association between positive symptoms
and accelerated time perception, both linked to hypervigilance.
Therefore, we conducted a meta-analysis to determine if severity of
positive symptoms would be correlated with degree of acceleration of
time perception in patients with schizophrenia.

2. Methods

2.1. Data sources

We conducted a literature review to search for articles that in-
vestigated timing abilities in schizophrenia. MEDLINE and Web of
Science were searched through January 1980 to May 2017. We used
two key words schizophrenia and positive symptoms in combination with
any of the following terms: time discrimination, interval timing, and time
perception. The reference list of identified studies was also hand-sear-
ched to obtain additional articles. Inclusion criteria were as follows: (1)
published in English in a peer-reviewed journal; (2) included subjects
with a primary diagnosis of schizophrenia on the basis of ICD
(International Statistical Classification of Diseases and Related Health
Problems) or DSM (Diagnostic and Statistical Manual of Mental
Disorders) classification criteria; (3) reported behavioral measures of
interval timing; and (4) conducted a correlation analysis between be-
havioral data and measures of positive symptom severity. Studies were
excluded if correlational data concerning the timing ability of patients
and positive symptom severity could not be extracted from the reported
information.

The literature search yielded 100 < studies, 5 of which fulfilled the
inclusion/exclusion criteria. Two articles reported on acceleration or
deceleration in time perception (Waters and Jablensky, 2009; Peterburs
et al., 2013), while three reported on the ability to detect temporal
precision of duration discrimination (Carroll et al., 2008; Carroll et al.,
2009; Stevenson et al., 2017). Multiple publications from the same
investigators were examined to exclude duplication of subjects (Carroll
et al., 2008). Finally, four studies (Carroll et al., 2009; Peterburs et al.,
2013; Stevenson et al., 2017; Waters and Jablensky, 2009), containing a
total of 101 individuals with schizophrenia, were included in the meta-
analysis (See Table 1.).

Fig. 1. The pacemaker accumulator model. Pulses are produced by the pace-
maker and are gated via an attention-controlled switch. In this stage, the lack of
attention leads to deficiency of pulses in the accumulator. The pulses reach
working memory (or short term memory). The contents of working memory are
compared with the reference memory (long term memory) which acquired
pulse-duration in previous occasion and made decision how to response.
Modified from Hartcher-O'Brien et al., 2016 with permission from ELSEVIER
LISENCE (License number: 4242350830031).
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2.2. Data extraction

One of the four studies (Waters and Jablensky, 2009) examined the
ability of subjects to compare the duration of a probe sensory stimulus
with target stimulus previously stored in the working or reference
memory (i.e., duration discrimination task). The second study (Carroll
et al., 2009) used a temporal bisection task which required individuals
to judge whether presented temporal stimuli were similar to the long or
short standard durations previously presented. Another study
(Stevenson et al., 2017) used a simultaneity judgement task to measure
the smallest difference in duration between two intervals that could be
detected by participants. The final study (Peterburs et al., 2013) in-
cluded in the analysis examined the ability to anticipate how long it
would take to move objects to reach a target position (i.e. anticipation
movement task). In this study, if participants estimated the interval to
be longer than objective time, the internal clock speed is assumed to be
increased (Cheng et al., 2007).

If a study included two sets of empirical data and correlation ana-
lyses, we included the data that used longer than a 1 s duration (supra-
second) on the basis of the assumption that the use of longer duration
data would be more effective than shorter duration data in terms of
detecting variability in the internal clock.

2.3. Data synthesis

One study reported Spearman's rank correlation coefficients, while
another used Kendall's rank correlation coefficients. We transformed
Spearman's and Kendall's correlation coefficients to Pearson's coeffi-
cients using transformation functions (Croux and Dehon, 2010) on the
assumption that the variables followed a normal distribution after ap-
plying an adequate statistical transformation (e.g., Box-Cox transfor-
mation). Another study conducted a partial correlation analysis. We
treated the partial correlation as if it was a simple Pearson's correlation
analysis, which tends to be a conservative approach for the assessment
of correlational significance.

A meta-analysis was conducted with the R (version 3.2.3; R Core
Team, 2016) Meta package (Schwarzer et al., 2015). Pooled data from
the four studies suggested a low to large association between perfor-
mance on timing tasks vs. total psychotic symptom severity, as assessed
by Positive symptom scores from the Positive and Negative Syndrome
Scale (PANSS), Scale for the Assessment of Positive Symptoms (SAPS),
or First Rank Symptom scale (Waters and Jablensky, 2009).

3. Results

The meta-analysis revealed a moderate correlation between severity
of positive symptoms and performance on timing tasks (Fig. 2). Cor-
relation coefficient was −0.54[−0.69; −0.33] in the random effects
model (I2= 0.328, γ2= 0.022, p=0.216). Visual inspection of peak
funnel plots did not reveal potential publication bias or other gross
abnormalities.

4. Discussion

In spite of the small total number of subjects included in the meta-
analysis, we found a link between positive symptoms of schizophrenia
and the acceleration and precision of timing. This finding may not be a
result of random error, but represents an association between timing
task performances and positive symptoms.

A small degree of heterogeneity was found across the studies in-
cluded in this meta-analysis. This is attributable to one study (Carroll
et al., 2009) that reported small correlation coefficients between tem-
poral precision and severity of positive symptoms. That study used
outpatients whose positive symptoms were not severe (with an average
PANSS score of 64), probably yielding the heterogeneity.

Findings from the studies included in this meta-analysis are con-
sistent with the concept that accelerated time perception are linked to
hypervigilance (McCarthy-Jones and Longden, 2016), which may un-
derlie the generation of positive symptoms. Hypervigilance is a mental
state in which attention to external stimuli is exaggerated (Tiemann
et al., 2012). The relationship between positive symptoms and dysre-
gulation of the internal clock, observed in this study, is consistent with
a role for hypervigilance in mediating these two mental events.

Altered DA transmissions have been suggested to cause positive
psychotic symptoms in several psychiatric illnesses, particularly schi-
zophrenia (Seeman et al., 2006). As discussed above, DA transmissions
also regulate the speed of the internal clock (Frederick and Allen,
1996). Therefore, it is possible that dysregulation of DA activities may
produce positive symptoms via modulation of the internal clock, which
deserves further investigations.

The present results may have some clinical implications.
Specifically, as the change in time perception has been associated with
psychotic states, its measurement may add to an objective evaluation of
psychosis, and possibly, early interventions (Cellard et al., 2007; de
Montalembert et al., 2016; Horton et al., 2014; Reed and Randell,
2014). Accordingly, Penney et al. (2005) reported interval timing def-
icits in people who were at high risk for developing schizophrenia.
Taken together, further efforts should be directed to determining the
neural substrates underlying the altered time perception in psychotic
conditions.

Limitations of this study include reproducibility problem due to the
small number of trials (only 4 studies were included in this meta-ana-
lysis), suggesting a need for further study.

5. Conclusions

In this meta-analysis, positive symptoms of schizophrenia were
found to be related to acceleration of timing. Further examinations of
factors regulating this association may help understand the neural
mechanisms underlying the pathophysiology of psychosis.
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