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Preface

Examinations of aspects of temporal processing in clinical populations may 
inform not only typical psychological functioning – but may also elucidate the 
psychological consequences of any pathophysiological differences in temporal 
processing. This line of scientific enquiry may improve understanding, and poten-
tial remediation, of the psychological condition.

Humans are equipped with the remarkable ability to estimate event dura-
tion, recall past events, remember to execute future tasks, and perceive a mul-
tisensory and temporally unified world. This ability enables us (and other 
animals) to anticipate, learn, and adapt to temporal regularities and dynamics 
in the social and non-social environment. Moreover, the perception of time, 
typically (although not always) reveals hallmarks shared by other forms of per-
ception (e.g., Weber’s law). Thus, even though our subjective experience of 
time might be quite different from the actual, physical duration of an event, 
temporal experience remains an important and necessary part of our everyday 
living and ultimately forms the fabric of our thoughts and behaviors.

Distortions in aspects of temporal processing from the range of milliseconds 
to seconds, to conceptual notions of a timeline for time (past, present, future) 
have been separately reported for a variety of psychological disorders. Aside 
from adages such as “a watched pot never boils” and “time flies when you’re 
having fun,” the experience of time distortions by the healthy individual may 
require oneself to imagine a world in which aspects of our temporal experi-
ences are “off.” For example, you have some sense of how long you’ve been 
reading this. Now imagine that this was suddenly uncertain for you (minutes, 
hours?). You would most likely feel anxious and aroused and would likely 
engage in different patterns of behavior and decision-making. Go a step further 
and imagine that you experience events that are disorganized in terms of order, 
duration, and sensory integration. How would that feel? There is no mental 
disorder of timing; and it is fair to say that deficits in timing are not character-
izing deficits of any mental disorder. But it is also fair to say that the way in 
which aspects of temporal perception and sensitivity influence our psychology 
is profound, and there are many interesting findings implicating aspects of 
timing to the neurological, behavioral, and cognitive profiles characteristic of a 
number of mental disorders (many of which are described in this book!).

Perception, cognition, and action are tightly intertwined with events unfold-
ing in time and, thus, many processes such as working memory, attention, 
decision making etc. are linked to timing, and implicated in successful interval 
timing models. Disturbance of one or more of these related processes could 
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lead to time distortions or vice versa. Some researchers argue that certain dis-
orders (e.g., dyslexia, aphasia) may potentially have their root solely on time 
distortions. For instance, Frederick T. Melges devoted his career to defining the 
role of time distortions in a number of psychiatric disorders. In his book, Time 
and the inner future, he supported that time disturbances distort a person’s 
view of his/her future, thus disrupting goal-directed behavior and rendering 
the person unable to live a normal life.

It is widely believed that (within the bounds of the psychological present, 
3-5-8 s) people with schizophrenia experience an “overload” of sensory input 
and lack the executive functioning skills to compensate and “sift-through” 
information. Schizophrenics often produce “word salads” and lose track of a 
train of thought, failing to link different sentences appropriately. Theories of 
autism also emphasize differences in “neural signatures,” “temporal binding” 
or the adaptive functioning of long-range (multiple neural systems), and a 
form of sensory “overload” is posited with certain senses tending to become 
highly arousing (visual) or aversive (auditory, tactile). It has been shown 
recently that children with autism spectrum disorder reveal characteristic dif-
ferences in supra-second timing, “bind” sensory information over an extended 
time window, and the relative functioning of aspects of temporal processing 
might correspond to characteristic features of the disorder (e.g., language, sen-
sory processing).

The neural basis of timing and time perception is currently a “hot topic” 
in empirical psychology, but the extent to which the clinical features of cer-
tain disorders are related to time distortions per se is currently unknown, 
although this is beginning to be elucidated. Time perception in the seconds-
to-minutes range recruits cortico-striatal and cortico-cerebellar circuits 
(including various neurotransmitter systems) – brain circuits embedded in 
the frontal lobes and the basal ganglia, which are modulated by the dopa-
mine transmitter system. Thus, patients with frontal lobe injuries display 
impaired estimation of time intervals, while patients with Parkinson’s dis-
ease show decreased dopaminergic function in the basal ganglia accompa-
nied by interval discrimination  deficits. In the millisecond range, patients 
with dyslexia, lesions in the left hemisphere or aphasia, reveal various tem-
poral processing difficulties; e.g., order distortions in aphasia, severe deficits 
in time perception and motor timing of short intervals in individuals with 
cerebellar damage, and a processing deficit for rapidly presented speech 
and non-speech stimuli in dyslexia. Children with attention deficit hyperac-
tivity disorder and adults with aberrant impulsive behaviors, tend to overes-
timate and under-produce given time intervals, and appear less tolerant of 
delays in the imagined “future” – as if they consider them “too long.” Time 
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perception is also crucial in decision-making and impulse control. For 
example, a side effect of L-Dopa treatment for Parkinson’s disease can be to 
increase impulsivity (and inappropriate behaviors) and the subjective 
‘warping’ of time. This relationship of impulsivity and time perception has 
been attributed to an increased cognitive processing speed (and, thus, 
increased clock speed), given research on time perception showing that 
increased arousal often leads to interval overestimations. Disturbances in 
cognitive functioning and emotional processing can also modulate ones 
temporal percept.

In testament to the multiplicity of temporal processing to the human condi-
tion, we also think about the consequences of our actions in hypothetical time; 
discount events based on imagined delay; and temporal dynamics influence 
our valuations of future rewards and past experience. As it may relate to 
human’s capacity for ‘mental time travel’, and the extent to which this forms 
the scaffold for our lives, there is some historical basis for positing there may be 
fundamental pathophysiological differences in certain clinical (psychiatric, 
psychological, neurological) populations. Disorientation in time and inability 
to coordinate and orientate oneself temporally in the external world is rou-
tinely observed in the majority of neurological patients, and those with states 
of mental confusion (e.g., intellectual disability, dementia), who also present 
with poorly developed abstract concepts of time.

The problem for modern psychiatry as a form of medicine is that it has a 
nomenclature of mental illness, but little known etiologies. The mind is con-
sidered an emergent property of the brain, not a “product” like urine from a 
kidney. The presence of mind is based on the interactions of elements in the 
brain, and the adequate organization of elements is fundamental for all con-
scious mental features (faculties, drives, responses). One of the first psychia-
trists to characterize time in psychopathological minds was Eugene Minkowski. 
Minkowski proposed that individuals with schizophrenia lack a ‘feeling of 
time’: They understand ‘before’ and ‘after’, but live very much in the ‘present’. 
Melges described paranoid psychiatric patients as having a form of “temporal 
disintegration” – memories of the past, perceptions in the present, and expec-
tations in the future may be confused and appear to be happening at the same 
time, thus they may appear interconnected. Feelings of sadness, Minkowski 
noted, often accompany thoughts of the past, and people suffering from 
depression and compulsive neuroticism may tend to “live in the past,” while 
neurotics in general tend to neglect the “present.” People who are depressed 
tend to overestimate intervals, possibly due to increased allocation of atten-
tion to the passage of time (or rumination), which in turn leads to a higher 
processing of time units and, thus, overestimation of an event. It has been 
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reported that children with autism also experience difficulty thinking forwards 
and backwards in time.

As of today, we might not be able to claim that certain disorders are due to 
time distortions per se, but experimentation, imaging, and modeling allow us 
to better understand how timing is represented in the normal and disordered 
brain and mind. Recently, there has been a burgeoning interest in timing and 
time perception in certain disorders with a known neuropathology in identi-
fied interval-timing regions (Parkinson’s disease, aphasia) or by virtue of diag-
nostic psychopathological distortions in the apparent temporal organization 
of cognition or behavior (e.g., attention deficit hyperactivity disorder, autism, 
schizophrenia). Deviations from “normal” timing patterns have been obtained 
with a variety of targeted psychological, psychiatric, and neurological patient 
populations on a variety of timing and time perception tasks. Timing is critical 
in everyday functioning and a crucial factor for studying (and maybe rehabili-
tating) the disturbed brain and mind.

It is pertinent, therefore, to collect the current knowledge on temporal pro-
cessing in certain clinical populations. This book serves as such a collection, 
bringing together new and old research and ideas on aspects of temporal pro-
cessing in clinical populations, in the ultimate hope that it will elucidate the 
interdependence between perturbations in timing and disturbances in mind 
and brain. The book as a whole does not provide the answer to the relative func-
tion of temporal processing within these populations (although this is 
reviewed). Instead it offers a window into cutting edge research examining tem-
poral processing in these disorders, and as it relates to how these disorders pres-
ent (their phenotypes). This collection of accumulated knowledge will be an 
excellent reference for the student and scientist interested in the topic of tem-
poral processing, and abnormal psychology, but it will also serve as the step-
ping-stone to share ideas and push forward the advancement in understanding 
how distorted timing can lead to a disturbed brain and mind or vice versa.

Time Distortions in Mind – Temporal processing in clinical populations was 
inspired from the TIMELY (COST Action TD0904) Training School on “Temporal 
Processing in Clinical Populations” that was held in Thessaloniki, Greece on 
March 26–29, 2012. We would, thus, like to thank the TIMELY network and 
COST funding for supporting this endeavor and our authors who contributed 
to this book and patiently waited for its completion and publication. We would 
also like to dearly thank two people: Özlem Altin, who provided us with the 
cover art for this book (we encountered this work in a gallery in Berlin and 
immediately wished for it to be the book’s cover art; Özlem was gracious to 
immediately reply to our email request and work with us in terms of the 
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image’s quality and presentation), and Mary Kostaki, who worked on the 
design of the cover for this book (and showed patience to all the changes – big 
or small – so as to reach the appropriate result for this excellent collection of 
chapters).

Melissa J. Allman and Argiro Vatakis
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to a timed event. C: Illustration of anatomical pathways that enable two-way 
communication between the striatum and cerebellum. acc = anterior cingu-
late cortex; dlpfc = dorsolateral prefrontal cortex; dn = dentate nucleus; 
fef = frontal eye fields; gpe = globus pallidus externa; gpi = globus pallidus 
interna; ppc = posterior parietal cortex; pm = premotor; pn = pontine nucleus; 
sma = supplementary motor area; sc = sensory cortex; snc = substantia nigra 
pars compacta; snr = substantia nigra pars reticulata; stn = subthalamic 
nucleus; vlpfc = ventrolateral prefrontal cortex; vta = ventral tegmental 
area. 193
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8.2  Time perception paradigm. A: Illustration of the trial events in the time 
perception task. A standard and a comparison interval were successively 
presented and separated by a delay. The standard was 1200ms or 1800ms and 
respectively pegged to a delay of 6800ms or 6200ms. Three shorter and three 
longer comparison intervals (ci) were ±7% increments of each si. Intervals 
were designated by filled tones or a blue sphere. B: The three hypothetical 
time-course functions illustrate the expected mr signal associated with 
encoding the standard interval (black curve), encoding the comparison interval 
(solid gray curve), and making a response (dotted gray curve). Arrows leading 
from each trial event designate their onset. The hemodynamic response peaks 
4 to 6 s after the onset of the events. An image of the entire brain is acquired 
every 2 s. The fixation cross is displayed throughout the task. Figure adapted 
from Harrington and colleagues. 204

8.3  Regional analyses of brain activation in pd for the encoding and decision 
phases. Functional regions of interest (roi) were derived by conjoining 
timing-related activation from the control and pd groups. Blue areas blue 
signify regions in which activation did not differ between the groups. Red areas 
showed hypoactivity in the pd OFF group relative to the control group. Brain 
activation is projected onto the lateral (row 1) and medial (row 2) surfaces of 
the left and right hemispheres, the anterior and posterior surfaces of the 
cerebellum (row 3), and the left and right basal ganglia (row 4). Brain sections 
are displayed in neurological view. 206

8.4  Cortical regions showing dopamine-modulated connectivity with the striatum 
during the decision phase. For each striatal seed region, effective connectivity 
of the putamen and caudate is illustrated on axial or sagittal brain sections, 
which are displayed in neurological view. Striatal connectivity was stronger 
OFF than ON medication with elements of the motor circuit (green areas), the 
frontoparietal working-memory network (purple areas), and the limbic system 
(insula). Striatal connectivity was stronger ON than OFF medication with the 
superior frontal gyrus. ip = inferior parietal cortex; mfg = middle frontal gyrus; 
sfg = superior frontal gyrus; sma = supplementary motor area. Figure adapted 
from Harrington and colleagues. 209

8.5  Regions showing abnormal activation during motor timing in prodromal hd. 
Top: Map of the functional regions of interest, which were derived from a 
conjunction map that was used to test for group differences in signal intensity. 
Green line in the sagittal image is perpendicular to the anterior-posterior 
commissure. Z coordinate = mm superior to the anterior commissure -posterior 
commissure line. Bottom: The graphs display the percent mri signal change for 
the control, far, and CLOSE groups. Three different patterns of activation were 
uncovered: (1) far > Controls = CLOSE; (2) Control > far > CLOSE; and (3) 
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far = Controls > CLOSE. Figure adapted from Zimbelman and colleagues (2007). 
B = bilateral hemispheres; L = left hemisphere; R = right hemisphere. 211

8.6  Regions showing abnormal activation volume during time discrimination in 
prodromal hd. Top: Activation foci (p < .01) were derived from the timing 
minus control task comparison for the control, far, and CLOSE groups. L = left 
hemisphere; R = right hemisphere; z coordinate = mm superior to the anterior 
commissure -posterior commissure line. Bottom: Volume of activation in the 
thalamus, caudate/putamen, and the preSMA/cingulate. Figure adapted from 
Paulsen and colleagues (2004). 214

9.1  Coefficient of variation (standard deviation divided by mean movement time) 
for repetitive finger tapping, discrete circle drawing and continuous circle 
drawing. Movements were performed by individuals with unilateral cerebellar 
lesions with both their impaired and unimpaired limbs. Error bars represent 
standard error. 234

9.2  (A) The Reset Task described by Karmarkar and Buonomano (2007). 
Participants judged the length of the target (T) relative to a previously pre-
sented standard interval when the target was presented without a distractor 
(top), with a fixed interval distractor (D; middle), or a variable length distractor 
(bottom). (B) Consistent with Karmarkar and Buonomano (2007), we found an 
increased threshold with a variable distractor condition for the 100–100 
condition. This was not the case in the 100–300, 300–300, or 300–100 conditions 
(adapted from Spencer, Karmarkar, and Ivry, 2009). 240

10.1 Scalar Expectancy Theory (Gibbon, 1997; Gibbon et al., 1984). 251
11.1  Relative frequency distributions for the two target durations (8s and 21s) 

showing accuracy and precision of duration reproduction in Parkinson’s 
disease (pd) patients ON and OFF their levodopa medication. 288

11.2  Relative frequency distributions for a 21-s target duration plotted as a function 
of whether it was trained in conjunction with a 8-s target duration or by itself 
(21 only). The peak functions illustrate the accuracy and precision of duration 
reproduction in Parkinson’s disease (pd) patients ON and OFF their dopami-
nergic medication as a function of the multiple or single target duration 
training. 289

11.3  Proportion maximum response rate for 8-s and 21-s target durations for 
Parkinson’s disease (pd) patients trained ON and OFF their levodopa medica-
tion. Data are plotted in time relative to the median time and normalized as 
proportions of the maximum response rate/frequency. Peak functions superim-
pose in the ON medication state, but not in the OFF medication state – indicating 
a violation of the scalar property of interval timing with lowered dopaminergic 
function. 291

A. Vatakis and M.J. Allman - 9789004230699
Downloaded from Brill.com05/19/2023 07:03:04PM

via free access



xix

<UN>

list of figures

11.4  Peak times (means ± se) for participants in the control (con) and haloperidol 
(hal) conditions tested with 7-s and 14-s target durations in the peak-interval 
procedure. Data are plotted as a function of the probability of intertrial interval 
(iti) feedback (25, 50, and 100%). 296

11.5  Peak times (means ± se) for Parkinson’s disease (pd) patients trained ON and 
OFF their dopaminergic medication and aged-matched controls using 7-s and 
14-s target durations in the peak-interval procedure. Data are plotted as a function 
of the probability of intertrial interval (iti) feedback (25, 50, and 100%). 298

11.6  Ordinal comparison task using hue and duration stimulus combinations in the 
manner of Coull et al. (2004). The duration data presented here represent the 
grand average response-locked event-related potentials (erps) at electrode Fz 
after correct left-handed (green) and right-handed (red) responses and incorrect 
left-handed (magenta) and right-handed (cyan) responses in patients with 
Parkinson’s disease (pd) in the ON and OFF medication states. The 0-ms time 
point represents the time of the “shorter” or “longer” classification (key press) 
determined by a left-handed or right-handed response. The vertical line 
represents the peak latency of the error related negativity (ern) in the pd 
patients. The ern is smaller in the OFF medication state than in the ON 
medication state for the left-handed (magenta) incorrect response with no 
difference in the Pe between conditions (see Falkenstein et al., 2001, 2005). 
Interestingly, no handedness/lateralization effects were observed for the hue 
condition in the pd patients as a function of the ON/OFF states. 303

11.7  Bayesian simulations of 7-s and 14-s target durations in the peak-interval 
procedure for Parkinson’s disease (pd) patients tested ON and OFF dopaminer-
gic medication. Weber fractions for sensory measurement (Wm) were set as 0.1 
in pd-ON medication state and 0.3 in pd-OFF medication state. Simulation of 
200,000 trials demonstates veridical timing (i.e., response functions centered 
on the target durations) in the pd-ON medication state and a high degree of 
migration (i.e., overestimation of the shorter duration and underestimation of 
the longer duration – Vierordt’s law) for the 7- and 14-s target durations in the 
pd-OFF medication state (left panel). Scaled distribution functions, i.e., 
proportion of maximal responding plotted on a relative time scale (right 
panel), show that the estimations of 7- and 14-s target durations superimpose 
on top of each other in the pd-ON medication state. In contrast, the response 
function for the 14-s target duration shows a narrower dispersion compared to 
the response function for the 7-s target duration in the pd-OFF medication 
state, indicating a violation of scalar property of interval timing (see Hinton & 
Rao, 2004; Malapani et al., 1998; Rakitin et al., 1998). 308

12.1 The differential diagnosis of main aphasic syndromes. 335
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12.2  Auditory order thresholds (mean and standard deviations) for the five patient 
groups with focal brain injuries and for an orthopaedic control group are 
shown: lh. pre-anterior left hemisphere (pre-central) with non-fluent aphasia; 
lh. post-posterior left hemisphere (post-central) with fluent aphasia (*p < 1% 
for group differences as compared with controls and L. noAph; statistical 
calculation with Scheffe post-hoc test); L. noAph-left-sided subcortical lesions 
without aphasia; rh. pre-anterior right hemisphere (pre-central); rh. post- 
posterior right hemisphere (post-central). Reprinted from Neuroscience 
Letters, 264, v. Steinbüchel N., Wittmann M., Strasburger H., and Szelag E. 
“Auditory temporal-order judgment is impaired in patients with posterior 
regions of the left hemisphere” 168–71, copyright (1999) with permission from 
Elsevier. 349

12.3  The measured integration interval length (miil) plotted against the metro-
nome frequency using three different strategies in Broca’s aphasia and other 
patients. Integration (A) by time; (B) by number; (C) in Broca’s aphasics; (D) in 
all the remaining patients. Standard deviation values (in ms) for the consecu-
tive frequencies in the Broca’s aphasics: 1964, 911, 887, 591, 439, 363, 408, 491, 
406; in the other subjects: 1191, 698, 535, 370, 338, 370, 363, 394, 401. Reprinted 
from Neuroscience Letters, 235, Szelag E. v. Steinbüchel N., Pöppel E. “Temporal 
processing disorders in patients with Broca’s aphasia” 33–36, copyright (1997) 
with permission from Elsevier. 350

12.4  Maximum-tapping tempo and personal-tapping tempo as mean inter-response 
interval (iri) over the orthopaedic control group and the brain-injured patient 
groups with left-hemispheric cortical lesions (lh), with left-hemispheric 
lesions in predominantly subcortical regions (lh sub) and with right-hemi-
spheric cortical lesions (rh). Data for the brain-injured patients are only 
presented for the hand ipsilateral to the lesion site. Reprinted from Cognitive 
Brain Research, 10, Wittmann M., v. Steinbüchel N., Szelag E. “Hemispheric 
specialisation for self-paced motor sequences” 341–44, copyright (2001) with 
permission from Elsevier. 352

13.1  A schematic and simplified representation of the role of the suprachiasmatic 
muclei (scn) of the mammalian brain as the primary circadian pacemaker. The 
action of light on melanopsin containing cells of the retina can reset the phase 
of the 24h oscillations in neural activity within the scn. The scn regulates 
(black solid arrows) the production of certain hormones such as melatonin and 
cortisol that show characteristic variation in level over the day-night cycle. 
Cortisol and melatonin convey information of circadian phase to peripheral 
clocks and, thus, couple the timing of metabolic processes and behaviours to 
scn time. 359
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13.2  A schematic representation of the interaction between Neuronal Homeostatic 
Limit (grey box) of expression of neuronal genes and circadian regulation of 
one of these neuronal genes (sinusoid); graphs A, B, and C. A, neurotypical;  
B, variation causing a circadian signal with increased amplitude; C, variation 
causing increased base line (constitutive) expression of clock controlled gene. 
D represents another clock-controlled gene where neurotypical circadian 
boosting (solid line) fails due to mutation that produces a week circadian  
signal (dashes). 372
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