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Recent work in philosophy of mind and 
metaphysics has yielded a number of new 
theoretical models of the experience of 
passage of time, duration, and timing of 
events. At the same time, research in 
neuroscience has been uncovering the neural 
mechanisms that underlie time perception 
and consciousness. This workshop will bridge 
these common strands in the work of 
philosophers and neuroscientists. For 
example, by bringing neurobiological models 
of temporal perception to bear on theorizing 
about the content of conscious experience of 
time and vice versa. We will also discuss 
subjective distortions of time, which may be 
useful in testing the viability of such models. 
We will also focus on the relationship 
between world time and subjective time.  
A collaborative and interdisciplinary dialogue 
will generate a more comprehensive 
understanding of the role of time in 
conscious experience that can bear directly 
on issues of concern to the public. Among 
these are explanations of folk psychological 
metaphors such as ‘time flying when we are 
having fun,’ but also a better understanding 
of symptoms of depression, anxiety, 
Parkinson’s disease, and even ageing, all of 
which manifest altered sense of subjective 
time.
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KEYNOTE I 

PAULA DROEGE 

 

PHILOSOPHY; PENN STATE; USA 

Consciousness is structured by 
time 
 
Consciousness is structured by time.  
Everything that exists, from the 
perspective of subjective experience, 
occurs now. The past is but a memory, 
the future, a dream. Nonetheless, 
everyone not under the spell of an 
ideology believes in a material universe 
that has existed for billions of years and 
will continue to exist for billions more. 
How can these equally compelling 
realities be made commensurable? How 
can time in mind be related to time out 
of mind? 
 
The beginning of an answer lies in the 
role time plays in the mind’s capacity to 
function in its world. Because the 
environment is in flux, a mind requires 
some way to track change in order to 
exploit resources and avoid dangers. 
Some mechanisms for tracking change 
are automatic, depending on innate 
reflexes or associative sequence 
learning. Conscious time enters when a 
flexible response is required, and the 
present situation must be assessed in 
order to determine the appropriate 
action. The vast time that stretches from 
the beginning to the end of the universe 
does not even occur to a mind until it 
finds some way to dislodge itself from 
the present to contemplate its own past 
and future. Only then can it extend its 
self-reflection outward to consider the 
nature of time itself. 
 
Now that our minds have gotten to this 
advanced state of abstraction, the time 
is right to consider how we got here, and 
how a science of the mind can help us 

understand the neural systems 
underlying our capacity for temporal 
perception. I recommend a simple 
taxonomy for organizing temporal 
models in relation to 1. unconscious 
representation, 2. conscious 
representation, and 3. self-conscious 
representation. 
 
1. Unconscious representations rely on 
the automatic mechanisms of 
sensorimotor systems to track time. It is 
useful to consider how much work can 
be done by these systems without 
invoking consciousness in order to 
circumscribe the unique work done by 
conscious time. Unconscious forms of 
temporal representation are 
also  significant in being directly attuned 
to environmental change. Perception of 
diurnal cycles, movement, and duration, 
as well as sequential learning and 
structured action depend on timing 
mechanisms such as neural oscillations 
and pacemaker-accumulator systems. 
Neurobiological models primarily 
involve this sort of time. 
 
2. When different sensorimotor tracking 
systems need to be coordinated toward 
flexible pursuit of goals, conscious 
representations are required. 
Unconscious temporal mechanisms have 
the advantage of speed and accuracy in 
response to defined stimuli. This 
advantage turns to constraint when the 
situation calls for an evaluation of 
present action in relation to future goals. 
At this point a coordinated 
representation of the present moment is 
needed to determine the best response 
for the particular situation at hand, given 
a variety of available routes to a chosen 
goal. The flash-lag illusion demonstrates 
the way conscious perception integrates 
sensory representations to facilitate 
action. In order for motion perception to 
be effective, a representation should 
indicate where the moving object is 
going, not where the light signal 
originated. Stationary objects do not 
require an updated spatial position 
because they can be expected to remain 
right where they are, at least long 
enough to be of use. Integrating these 
competing objectives into a 
representation of what is happening 

‘now’ results in the conscious perception 
of a spatial dislocation between the 
moving bar and stationary flash despite 
their simultaneous presentation at the 
same location. Research on the timing of 
perceptual integration, including 
perception-action integration underlying 
feelings of agency, applies to conscious 
time. 
 
3. The point where the mind develops 
self-conscious representations is also the 
point where it is capable of forming an 
autobiographical self, one that is 
necessary to understanding cultural 
time, clock time, and world time. At this 
point events can be marked as having 
occurred at a specific past time or as 
planned for some definite future. 
Because temporal abstraction allows us 
to become unmoored from the present, 
all kinds of possibilities and problems 
arise. We can catalog our history and 
avoid repeating the mistakes of our 
predecessors; we can establish a 
detailed program toward an elaborate 
project to be completed after our 
demise. In a darker vein, we might 
become so obsessed with the passage of 
time that melancholy prevents actually 
making use of time; or schizophrenia 
pulls us into a world with its own 
disjointed temporal order. While the 
reassuringly objective standards of clock 
and calendar suggest that self-conscious 
time is the most closely calibrated with 
the world, recent studies of time 
estimation indicate the opposite. We 
can slow the passage of self-conscious 
time by concentrating on our thoughts, 
or make it fly by disengaging thought 
entirely. Episodic memory, imagination, 
and introspection are among the various 
forms of self-conscious representation 
that together form a temporally 
extended self. 
 
As conceptual distinctions in types of 
temporal perception converge with the 
tools to measure them, we are uniquely 
poised to sort out one of the most 
puzzling aspects of the mind’s relation 
to its world: does anyone really know 
what time it is? Put another way, how 
does the subjective experience of time 
diverge from, yet remain tied to, 
objective relations of events? 
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KEYNOTE 2 

 

JOHN WEARDEN 

 

PSYCHOLOGY; KEELE UNIVERSITY; UK 

 

Passage of time judgements 
 
Passage of time judgements are 
judgements of the rate at which time 
seems to pass during some event, rather 
than judgements of the event’s duration. 
It might at first seem that these 
judgements are measures of a person’s 
direct experience of time passage, thus 
related to the phenomenology, the basic 
“feel”, of time, but some research 
suggests this might not always be the 
case. 
 
Passage of time judgements can be 
studied in laboratory settings, via 
questionnaires asking about time 
passage in different circumstances 
(Wearden, O’Donogue, Ogden, & 
Montogomery, 2014), or by using 
methods such as Experience Sampling 
Methodology (ESM: Droit-Volet & 
Wearden, submitted for publication), 
with the latter two methods asking 
questions about time passage in real-life 
situations. 
 
One question that arises is about the 
relation between a passage of time 
judgement and a duration judgement. 
Suppose we present 2 events A and B, 
and we require both retrospective 
duration judgements and passage of 
time judgements. If event A is 
associated with a significantly faster 
passage of time judgement than event 
B, does it have a longer or shorter 
duration judgement? Research 
published in Wearden (2005, 2008) and 
Wearden et al. (2014) suggests that 
there is no simple answer to this 

question. Passage of time judgements 
can be significantly different in during 
events A and B, without any significant 
difference in their duration judgements, 
suggesting that passage of time 
judgements and retrospective duration 
judgements are based on different 
aspects of the events. In general, 
changing the “content” of some time 
period (for example, contrasting an 
action film with a relaxation video, or 
manipulating the task carried out in the 
laboratory) changes passage of time 
judgements more reliably than duration 
judgements, although these also 
sometimes change. However, some 
situations, such as prospective duration 
judgements of auditory and visual 
stimuli, will change duration judgements 
reliably without any change in passage 
of time judgements. 
 
Passage of time judgements for real-life 
events may not always reflect the direct 
experience of time passage, but may 
instead be inferences. Wearden et al. 
(2014) administered a questionnaire 
which asked about passage of time in 
different drug and emotional states, and 
generally found that situations 
associated with “distraction” from time 
were associated with faster passage of 
time, in accord with the idea that 
“attention to time” is an important 
determinant of time judgements. 
However, some results suggested that 
judgements of “fast” and “slow” time 
were not mirror-images of one another. 
“Fast time” anecdotes were analysed 
and it was found that these invariably 
involved inferences: “I looked at my 
watch and it was 3 o’clock therefore time 
must have passed quickly”. Here, fast 
time was not experienced, but inferred 
in retrospect. In contrast, “slow time” 
anecdotes, occasioned by queues or 
extreme boredom, seemed to involve 
the actual feeling of “slow time” during 
the event itself. 
 
What factors change passage of time 
judgements in everyday life? Droit-Volet 
and Wearden (submitted for publication) 
used ESM to probe local passage of time 
in elderly and student-age participants, 
using smartphones which administered 
8 probes per day (at quasi-random 

times) for 5 days. Measures of positive 
and negative affect, as well as task 
difficulty and attention, were taken. 
Higher levels of positive affect were 
found to increase passage of time 
judgements only in the younger group, 
whereas negative affect decreased it in 
both groups. Likewise, a laboratory 
study reported in Wearden et al. (2014) 
suggested that increasingly negative 
evaluations of a repeated film were 
associated with slower and slower 
passage of time judgements in a student 
group, again suggesting a link between 
affective variables and judgements of 
passage of time. 
 
In general, passage of time judgements 
have been neglected relative to 
judgements of duration, which is ironic 
since most “everyday life” statements 
about time seem to involve them rather 
than duration judgements. Research by 
the present author and with colleagues 
shows that passage of time judgements 
are not unmeasurable, disorderly, or 
hard to manipulate in the laboratory, 
although difficult questions arise about 
both what the questions used are asking 
people to report, and how to interpret 
what they do report. 

  



CONSCIOUS EXPERIENCE OF TIME    4   

 

 

MODELS 

IN THIS PANEL WE EXPLORE HOW 
NEUROBIOLOGICAL MODELS OF TEMPORAL 
PERCEPTION CAN HELP IN THEORIZING 
ABOUT THE CONTENT OF CONSCIOUS 
EXPERIENCE OF TIME AND VICE VERSA  

 

Panel I: Models 

WARREN MECK 

 

DEPARTMENT OF PSYCHOLOGY AND 
NEUROSCIENCE, DUKE UNIVERSITY, DURHAM, NC 

USA 

 

Claustrum: From Temporal 
Integration to Consciousness  

Identifying the neural correlates of 
consciousness has been a difficult task for 
neuroscientists. In recent years, the 
claustrum has been proposed to be a 
possible neural candidate for the 
coordination of the conscious experience. 
In this workshop, I will propose that the 
claustrum plays a crucial role in 
consciousness by supporting the temporal 
integration of multisensory patterns of 
cortical oscillations. This framework for 
consciousness is based on the striatal 
beat-frequency model of interval timing 
(Buhusi & Meck, 2005; Coull, Cheng, & 
Meck, 2011; Matell & Meck, 2004). 
Moreover, the proposal that “timing is 
everything” when it comes to 
consciousness is based, in part, on the 
suggestions of Crick and Koch (2005) and 
Smythies, Edelstein, and Ramachandran 
(2012) that the claustrum plays a key role 
in information processing in the brain by 
correlating the separate neural firings in 
the different sensory cortices into one 
coherent activity that “binds” separate 
sensations into the unitary objects. 

Crick and Koch outlined a framework for 
the scientific study of consciousness 
(Crick & Koch, 2003). In this framework, 
the authors proposed that the focus for 
tackling the “hard problem” of qualia 

should be finding some neural correlate 
(s) of consciousness in causal terms, that 
is, “finding a minimal set of neuronal 
events that gives rise to a specific aspect 
of a conscious percept”. They also noted 
that consciousness is by-and-large 
“private”, which means that it is 
impossible to convey one’s conscious 
experience to another. They focused 
exclusively on neural activity related to a 
specific sensory modality, i.e. the visual 
system of primates, leaving unexplored 
other aspects of consciousness, such as 
emotion and self-awareness. While my 
colleagues and I agree, in principle, with 
Crick and Koch’s point of view, our goal 
is to provide a broader framework for 
consciousness, investigating how inputs 
from different sensory channels can 
emerge as a complete picture of our 
ever-changing conscious experience. As 
a consequence, any specific sensory 
percept is construed as one 
input to this emergent principle of 
coalition. In other forums, this has 
traditionally been referred to as the 
neural binding problem. 

It’s easily overlooked that humans share 
with other animals a remarkable ability 
to measure the passage of physical time 
and “subjectively experience” a sense of 
time passing (Allman, Teki, Griffiths, & 
Meck, 2014). It is also tempting to think 
that to have subjective (conscious) 
experience it is necessary to perceive the 
passage of time and understand the 
concepts of past, present, and future 
(Allman, Yin, & Meck, 2014), which leads 
researchers to face the dilemma of 
whether lower animals have human-like 
conscious experience. While performing 
an interval-timing task may not require 
the total awareness of time passing, 
more fundamentally our conscious 
experience may actually be organized by 
an underlying timing mechanism. 
Indeed, distinctive from physical entities 
that have multiple dimensions (at least 
three dimensions in space and one 
dimension in time in the classic-physics 
world), time is arguably the only 
dimension for mental entities (e.g., 
thought, feeling, sensory perception, 
etc.), unless they have other dimensions 
that could only be measured in a 
phenomenal world (Smythies, 2003). 

Therefore, it is intriguing to ask whether 
our subjective experiences coalesce 
mainly because we have a built-in timing 
mechanism that coordinates different 
channels of inputs that constitutes our 
subjective experience. This is particularly 
important not only because of the hard 
problem of consciousness that has 
lingered for centuries, but also because 
timing and time perception is linked to 
various types of mental disorders 
(Allman & Meck, 2012), which can be 
regarded as “disorders of conscious 
experience”. One example is 
schizophrenia, because schizophrenic 
patients have a distorted sense of 
reality. Another example is pathological 
gambling, since pathological gambling 
can be directly associated with 
dysfunctional risk assessment and a 
skewed perception of time and rate of 
return, which means that gamblers may 
be ultrasensitive to time and experience 
a delusional high rate of return in various 
aspects of their lives. Timing processes 
provide the fundamental basis for 
calculating the rate of return for 
decision-making and the regulation of 
impulsivity and risk taking. Therefore, 
disrupted optimization of timing abilities 
may contribute to their gambling 
behavior (e.g., Meck, Doyère, & Gruart, 
2012; Wittmann, 2013; Wittmann & 
Paulus, 2008). 

First, let’s examine the nature of 
consciousness. By definition, 
consciousness refers to one’s individual 
awareness of one’s unique thoughts, 
feelings and sensations of the 
environment. A key characteristic is that 
these experiences are constantly 
shifting. The ever-shifting stream of 
thoughts can change dramatically from 
one moment to the next, but one’s 
experience of it seems smooth and 
effortless. How did the brain produce 
such stream of conscious experience? 
What are the essentials for the 
emergence of conscious experience? 
Three possible criteria: 

1. The ability to select one state out of 
the indefinite possibilities (differentiated 
information) e.g., differences between a 
light sensor and a conscious being. 
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2. The ability to know that it knows 
(meta-cognition; second-order 
representations). 

3. The ability to tag personal meaning to 
the state. 

It is important to note that there exist 
fundamental differences between 
sensitivity (non-conscious) and 
awareness (conscious): sensitivity relies 
on the first-order representation in the 
system, while awareness relies on the 
second-order representation for the 
system. In other words, sensitivity 
merely entails the ability to respond in 
specific ways to certain states of affairs, 
whereas awareness requires the agent 
to have the knowledge of the fact that 
he is sensitive to some state of affairs 
and also cares about certain state of 
affairs more than others. For example, a 
camera is not conscious because it is 
only sensitive to light, but has no 
awareness of being sensitive to light. 
One could only make the camera 
conscious by enabling a second-order 
learning mechanism that could 
coordinate its moments of recording 
light with its memory of past recordings 
of light, as well as its own preference for 
that particular moment of light-sensing 
and memory traces – this mechanism 
could obviously be the time-keeping 
mechanism described above. For such a 
higher-order timing mechanism to work, 
each channel of inputs must have its 
own clock(s) so that these clock phases 
can be synchronized to form a 
representation of the present –– “now”. 
The proposal that I will introduce at the 
Berlin workshop is that the claustrum is 
critical for the type of temporal 
integration required by consciousness. 

 

 

 

 

BARRY DAINTON 

 

UNIVERSITY OF LIVERPOOL 

The “consciousness boom” that began in 
the last decade of the last century shows 
no sign of ending nearly a quarter of a 
century on.  One consequence of the 
boom has been a renewal of interest in 
long-ignored (by analytically inclined 
philosophers) metaphysical options 
regarding the relationship between 
consciousness and the rest of reality: 
panpsychism and dualism are now being 
taken seriously in a way that would have 
been almost unthinkable a quarter of a 
century ago.  Another consequence has 
been a renewal of interest in 
phenomenological questions.  In recent 
years there has been a lot of new 
interest in two areas in particular: 
cognitive phenomenology (so-called), 
and temporal experience, which will be 
my focus here. 

I will briefly outline the main issues 
which have been dividing opinion among 
philosophers working on time-
consciousness over the past five years or 
so, and provoked the most 
argument.  One issue concerns whether 
there is anything that is distinctively 
temporal about experience at 
all.  Philosophers who believe we directly 
experience change and persistence think 
that there is; philosophers who deny 
that we experience such phenomena 
think there isn’t.  Philosophers in the 
first camp agree that we experience 
temporally extended phenomena (or 
seem to), but the disagree – quite 
radically – about how this is 
possible.  According to one view, which 
can be traced back to Brentano and 
Husserl, the experience of change takes 
place in momentary (or near-
momentary) conscious 
states.  According to a competing view, 
which can be traced back to William 
Stern, change-experience takes place in 
experiences which are themselves 
extended in time.  These competing 

views are also associated with very 
different accounts of the structure our 
streams of consciousness possess over 
longer periods of time. 

Much of the empirical work on carried 
out in neuroscience and psychology has 
focused on quite different issues.  How 
do our brains manage to keep track of 
time, by measuring or estimating 
temporal intervals over minutes, hours 
or days?  Several quite different “internal 
clock” mechanisms have been 
proposed.  A great deal of work has been 
carried out on our abilities to compare 
and judge the length (duration) of 
intervals.  Interesting as they are, 
questions such as these are (not 
obviously) of direct relevance to the 
philosophical debates concerning the 
character and structure of our 
experience from moment to moment. 
This does not mean that recent 
philosophical debates have been entirely 
uninfluenced by scientific findings, or 
carried out in isolation from them - there 
are several ways in which the 
philosophical debates have been 
influenced by empirical findings.  That 
said, there is plenty scope for scientific 
work to have far greater influence on the 
philosophical debates than they have 
had so far, but only if the right questions 
are addressed. 

Issues concerning the fine-structure of 
consciousness can easily seem quite 
esoteric – and so comparatively 
inconsequential.  In fact, the opposite is 
the case: a good deal hangs on 
them.  The time-consciousness debate is 
relevant to some central questions 
concerning nature of the self (or at least, 
when the self construed as a subject of 
experience).  These issues also impact 
significantly on metaphysical and 
cosmological controversies concerning 
the nature of time itself. The character 
of temporal experience is also some 
surprising epistemological ramifications. 
To mention but one, the different 
accounts of time-consciousness have 
very different implications with regard 
to the likelihood of our being 
“Boltzmann brains”.  
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Talks Day 1 
Accounting for alterations in the 
subjective experience of time in 
computational models of time 
perception 

Hedderik van Rijn 
University of Groningen 

Pim Mostert 
Donders Institute for Brain, Cognition and 
Behavior 

Scalar timing theory assumes that 
pulses generated by a pacemaker are 
accumulated, resulting in an index of 
time that is the source of a subjective 
experience of time. Traditionally, 
theorists in the field of interval timing 
have proposed that the main cause of 
subjective distortions of time is a change 
in the efficiency by which pulses are 
copied from the pacemaker to the 
accumulator (i.e., the attentional gate 
model). Earlier (Taatgen, Van Rijn & 
Anderson, 2007; Van Rijn & Taatgen, 
2009), we have shown by means of 
experimentation and computational 
modeling that instead of modifications 
in the clock-stage, subjective distortions 
can also be driven by changes in how the 
cognitive system utilizes the available 
temporal information. However, this 
model-based account does not explain 
how some pharmacological 
manipulations, mainly targeting 
dopamine, also affect the subjective 
experience of time. These 
pharmacological studies have clearly 
showed that changes in - what is 
conceptually referred to as - the 
pacemaker might influence the speed of 
the internal clock. From a 
neurobiological and computational 
perspective, these explanations are 
difficult to implement, because the most 
prominent neurobiological model of the 
clock stage, the Striatal Beat Frequency 
model, assumes that dopamine serves a 
dual role, both as the starting gun for 
intervals and as a modulator of the 
subjective experience of time. In this 
talk, we will discuss a computational 
model that shows how these two 
seemingly incompatible roles can be 
reconciled when the default, 

mathematically ideal but 
neurobiologically implausible oscillators 
are replaced by biologically realistic 
Wilson-Cowan neural oscillators. By 
integrating these realistic oscillators in a 
more traditional computational 
framework, we can explain both 
cognitive and pharmacological 
distortions on subjective time. 

 

 

Models of temporal experience and 
the structure of perception 

Roberta Locatelli 
University of Warwick, UK 

The debate on temporal experience is 
rarely explicitly connected to the 
broader debate on the nature of 
perception in general (one notable 
exception is Hoerl 2013). Vice versa, the 
debate on the nature of perception in 
general tends to focus on perception of 
objects and properties, such as colours 
and shape, neglecting experience of 
events and temporal properties such as 
duration, simultaneity, change, 
succession (one notable exception is 
Soteriou 2011a; 2013). I shall argue 
instead that we have to look at the 
debate on temporal experience in the 
context of the general view on the 
ontology of perception if we are to 
decide what model better 
accommodates the phenomenology of 
temporal experience.  

In particular, I will focus here on a 
specific phenomenological constraint, 
that (Phillips 2010; 2014) and (Soteriou 
2011a; 2011b; 2013) call temporal 
transparency. This can be divided into 
two claims: 

- Introspection of one’s experience 
seems to require attention to 
objects of awareness that are 
distinct from the experience itself. 
Among those items there are not 
only physical objects and properties, 
but temporally extended events. 
Following (Dainton 2008; 2014) I 
shall call this principle Temporal 
Realism. 

- Introspectively, experience seems to 
inherit its temporal location and 

structure from the temporal 
location and structure of whatever it 
is perceived. Following (Phillips 
2010; 2014) I will call this Inheritance 
Principle. 

There are three main models of 
temporal experience:  

- The cinematic model (C): our stream 
of consciousness is composed of 
momentary snapshots that lack, by 
themselves, any temporal structure.  

- The retentional model (R): our 
stream of consciousness is 
composed by momentary states 
which lack extension but represent 
temporally extended intervals of 
time.  

- The extensional model (E): the 
experience of succession and 
unfolding events is to be explained 
by appealing to the idea that 
episodes of perceptual experience 
unfolds over a certain period of 
time. 

I will argue that (C) cannot account for 
Temporal Realism and is hence 
committed to an error theory, i.e. a view 
according to which we are 
systematically deceived about the 
import of experience, which hence 
carries sceptical consequences. (C) 
should then be rejected.  

In order to assess how well (E) and (R) 
respectively accommodate the 
Inheritance Principle, we should look at 
the ontology of perception (E) and (R) 
underlie.  

Broadly, there are three competing 
views of perception:  

(I) Intentionalism: perceptual 
experiences are identified in terms of 
intrinsic representational contents. 

(S) Sense-datum theory: perceptual 
experiences are identified in terms of 
obtaining of a psychological non-
representational relations (relation of 
acquaintance) with sense-data. 

(N) Relationalism (or Naïve realism): 
perceptual experiences are identified in 
terms of the obtaining of a psychological 
non-representational relations (relation 

TALK 1 DAY 1 

TALK 2 DAY 1 
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of acquaintance) with the objects or 
events perceived. 

According to (R), a momentary episode 
of experience is directed toward the 
present but also something is retained 
from the immediate past experience 
(and, perhaps, a small portion of the 
future is anticipated, see Husserl (1893-
1917). Generally, (R) is spelt out in an 
intentional way (I): an experience 
contains different representations with 
modes of temporal orientation. It is in 
virtue of these different modes of 
presentations that the momentary 
experience can embrace the immediate 
past as well as the present. It is hence 
hard to see how this view could be made 
compatible with (N) or (S). Even if it the 
idea that an act of acquaintance can 
relate us to the past and one can 
conceive of different types of 
acquaintance (see Russell 1912), it 
doesn’t seem possible to be related in 
the same act of acquaintance to the past 
and to the present, precisely because 
acquaintance to the past cannot be the 
same act as acquaintance to the present.   

Following Hoerl (2013), I will argue that 
(E) is better understood as 
implementing and being motivated by 
(N). If one conceives of experience as 
having representational content, (R) 
would reduce to a resemblance theory 
where the explanandum (duration and 
succession) is presupposed by the 
explanans (the experience of succession 
which imitates the structure of enduring 
objects and events).  

Despite the fact that some prominent 
proponents of (E) defend some version 
of (S) (Dainton 2008, Foster 2000), I will 
argue that this is not the better way to 
spell out (E). For (E), experience inherits 
its temporal structure from the temporal 
structure of its objects of awareness, but 
for (S) the objects of awareness are 
sense-data, and it is difficult to make 
clear how a sense-datum (whose 
existence is defined by its being present 
to one’s mind) can have a temporal 
structure that can inform that of the 
experience itself.  

On the contrary, we should frame (E) in 
relationalists terms (R): one can 

coherently claim that experience has 
itself a temporal structure only if one 
conceives of perception as an 
acquaintance with objects and events. 
Hence (E) can easily accommodate the 
Inheritance Principle: being 
fundamentally determined by whatever 
one is perceptually aware of, perception 
inherits the temporal structure of the 
event perceived.  

On the contrary, (R), with its 
commitment to (I), faces a problem. As 
Soteriou (2013: 38) points out, a state 
with a representational content is what 
Geach calls a “non-successive unity”, 
which doesn’t have temporal parts. It 
remains hence mysterious how one can 
explain that perception seems to unfold 
over time in the same way as the 
perceived events do, if one is committed 
to (I). An intentionalist is committed to 
claim that the successive parts of an 
event are represented simultaneously in 
a content that doesn’t have temporal 
parts.  This is not an insurmountable 
problem, but it makes (R) less suited to 
account for the Inheritance Principle than 
(E). 

POSTERS DAY 1 

Posters Day 1 
Attentional enhancement of 
auditory mismatch responses: a 
DCM/MEG study 

Ryszard Auksztulewicz and Karl Friston 
University College London 

Attention and expectation have similar 
behavioural effects, both enhancing 
detection and facilitating recognition of 
stimuli. However, they have opposing 
effects on early evoked neural activity: 
attention typically enhances event-
related responses, while expectation 
reduces them. This opposition has been 
reconciled in the predictive coding 
framework, where prediction errors 
(lower for expected stimuli) are 
weighted by precision associated with 
attentional modulation. The aim of this 
study was to corroborate the predictive 
coding account of attention and 
expectation based on MEG data and 
modelling. Temporal attention and 
expectation were orthogonally 
manipulated in an auditory mismatch 

paradigm. Brief tones (sine waves at 6 
possible frequencies) were presented in 
a roving oddball sequence over the 
course of multiple trials. In a given trial, 
the tones could be played at two 
latencies with 50% probability for each 
latency. Participants (N=20) attended to 
one of the latencies (randomised across 
blocks) and were instructed to detect 
tone omissions. As hypothesised, 
analysis of evoked responses revealed 
that expectation and attention had 
opposing effects on ERFs. Crucially, 
mismatch negativity (response to 
deviants vs. standards, reflecting a 
violation of sensory expectation) was 
enhanced by temporal attention at 190-
210ms post-stimulus over frontocentral 
channels, speaking against its 
supposedly pre-attentive nature. The 
differential effects of attention and 
expectation were modelled in a 
canonical microcircuit using dynamic 
causal modelling of evoked responses, 
comparing models that allowed for 
extrinsic vs. intrinsic connectivity 
modulations at different levels of 
processing hierarchy from sensory to 
frontal areas. The modelling results cast 
mismatch negativity in terms of the 
recursive interplay of sensory 
predictions and prediction errors. On the 
other hand, temporal attention was 
linked to the gain of inhibitory 
interneurons at early stages of the 
processing hierarchy, extending 
previous empirical and modelling work 
on the role of precision of prediction 
errors in perceptual processing. 

“One minute” - Depiction and 
quantification of subjective 1 
minute 
 
Sabaï A. Ramedhan-Levi

1
 and Ariel B. 

Lindner
2 

1 
Independent artist and architect, Paris 

75004, France; 

 
2

 

Center for Research and 
Interdisciplinarity (CRI), INSERM U1001, 
Faculty of Medicine, Paris Descartes 
University, Paris 75014, France 
contact details: 
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Scientists and artists alike, attempting 
to understand the world in all its 
complexity, are forced to reduce its 
dimensions into an affordable 
representation and experimental 
framework. As artists and scientists will 
often take very different approaches, 
they would at best complement each 
other in their performative depiction of 
the world. Yet the potential richness of 
artistic and scientific collaboration may 
lie in frameworks that are commonly 
defined and then explored with both 
artistic and scientific actions. Common 
frameworks are defined through 
universal units. In our “Measure for 
Measure” ongoing project we survey the 
subjective measures of individuals 
across countries and cultures. An 
experimental framework is set to survey 
how people use common units as basis 
to elaborate their conception of time, 
distance, weight etc. The objective 
scientific methodology developed in this 
project, namely a repetitive quantitative 
experimental protocol is contrasted with 
the subjective individuals' idiosyncratic 
measures. These measures are then: (i) 
transferred into new media as basis for 
artistic installations and (ii) serve for the 
scientist's objective statistical 
hypothesis-driven representation. 

We focus here on the notion of One 
Minute - depicting its subjective 
expressions and quantifying its duration, 
using a novel protocol. In this we aim at 
providing and sharing data with the 
research towards better understanding 
the cognitive, physiological basis of 
short-time estimations . In parallel we 
wish to reveal how the personal, 
subjective conception of one’s time is 
tuned (or resists...) in an era where 
everyone is constantly exposed to time 
standards that may fit the average 
person and therefore perhaps to actually 
no one. 

Experimental methodology. One 
Minute evaluates subjective time units. 
Individual participants (>100 recording 
thus far) are requested to sit still in front 
of a camera and close their eyes for a 
duration of one minute and to remain 

still once opening their eyes until given a 
sign to end the session. Typical 
recording includes 20 seconds of 
recording pre-measurement and elapses 
2'30'' to include post-measurement 
recording. The protocol assures isolation 
from visual signals and leaves 
participants to concentrate on inner 
cues. These may include un/conscious 
link to breathing, heart-beat rhythms or 
yet other cognitive processes. The 
protocol can be in principle replicated in 
any settings and could thus be crowd-
sourced. Participants are suggested not 
to count. A variant may include a short 
post-measure interview. In return to the 
voluntary participation, each participant 
receives a signed certificate with his 
Personalized Time Unit specifying the 
date and time of his measure.  

Artistic depiction. The artistic 
installation consists of repetitive 
projection of series of videos 
synchronized by the initial eye-closing 
instance on a screen within a dark room. 
Each eye pair opens to signify the end of 
the individual’s subjective minute, 
resulting in a dynamic depiction of the 
differences within the collective. 

Data analysis. Ongoing scientific 
analysis includes distribution statistics, 
correlations between individuals’ 
estimated time, age, sex, time-of-day. 
Further, we attempt to quantify 
temporal facial changes as eyelid 
movement, changes that may be 
accounted by breathing rhythm as well 
as extract heart-beat measures from 
rhythmic changes in skin redness. 
Poster will include discussion of 
preliminary data analysis (mean 
subjective minute=75.8; median=72.4; 
N=105) T-test and ranking test 

(Wilcoxon) (p-value(≠60)< 10

-4

) image 
data analysis (see above) as well as a 
video installation. One Minute is a 
participatory project - we suggest that 
participants to the workshop will be able 
to measure their subjective minute.  

 

Phenomenology and 

neurophenomenology of time-

consciousness – are these two 

methodologies really “partners in a 

dance”? 

Leon Ciechanowski 
Warsaw University 

In this talk I will describe and evaluate 
the phenomenological and 
neurophenomenological proposal of the 
analysis of time-consciousness, or time 
apprehension. Francisco Varela, the 
scientist responsible for the 
development of neurophenomenology 
(Varela, Thompson, & Rosch, 1991), 
postulated a connection of 
phenomenological analysis of subjective 
experience with neuroimaging methods. 
He advocated a study of lived experience 
and its biological basis. We may find 
such statements (Petitot, Varela, 
Pachoud, & Roy, 2000: 267) regarding 
neurophenomenology that it mixes 
“…both modes of discourse as if they 
were partner in a dance, as if they were 
one, for that is what a naturalized 
account of phenomena means, and only 
in action can we see it happening. Given 
the importance of the topic of the 
experience of temporality, let it be clear 
that I consider this an acid test of the 
entire neurophenomenological 
enterprise.” I will inspect whether these 
two dancers really fit together. 

The talk is divided into a several 
sections. First, I will describe the 
phenomenological analysis of time-
consciousness, depicting briefly its 
background and necessary tools from a 
broader perspective of the whole 
phenomenological project. Next, I will 
discuss the neurophenomenological 
model of time apprehension, which is 
claimed to draw strongly from 
Husserlian methodology, with the 
addition of naturalization. This analysis 
will be followed by a comparison and 
criticism of the two methodologies, in 
the light of the exploration of time-
consciousness. Finally, I am going to 
evaluate both approaches taking into 
consideration contemporary research of 
human experience of temporality, 
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together with the analysis of the 
question whether neurophenomenology 
actually draws from phenomenology 
accurately or maybe it should abandon 
the “-phenomenology” part of its name; 
how does it improve on the Husserlian 
analytic examination of time 
apprehension and does it answer our 
intuitions considering time experience 
given the neuropsychological data that 
we have gathered to date. 

A new approach to time perception 

Camille Colin 
Sorbonne Paris III - CNRS, Lattice 

We propose to begin our argument 
considering that space and time cannot 
be dissociated in the field of experience 
because they are always involved with 
each other. We end up with a model of 
perception taking into account both the 
spatial and the temporal dimension of 
our representation — although the latter 
is often omitted in cognitive theories. 
According to this approach, only one 
mechanism of perception would be at 
work, which should give full account of 
our subjective assessment of the 
relations between percepts, and more 
particularly of time intervals, regardless 
of their dimensional anchoring. This 
presentation refers back to a general 
theory of perception, and then suggests 
a more specific reflection on the 
subjective assessment of temporal 
intervals. I - A General Theory of 
Perception After showing the 
inseparable link between space and time 
in experience, following Merleau-Ponty’s 
research, in which movement can be 
considered as a change of spatial 
location in two different points of time 
whereas permanence — eg any object — 
is viewed as the same spatial location at 
two different points in time, we suggest 
the following hypotheses: (i) there is 
only one “double-dimension” 
articulating both time and space. (ii) 
once such spatio-temporal articulation is 
admitted, it can be inferred that the 
perceptive strategies of either 
dimensions are identical (cf. the 
Cognitive Localism Theory, prolonging 
the theories in Experimental 
Psychology). (iii) space-time is 

structured by a small amount of 
schematic spatiotemporal relations (in 
Cognitive Linguistics, this structure is 
said “topological”, but we argue that it 
involves a temporal dimension, too): 
relation figure / ground, type of relation, 
time interval assessment… (iv) our 
ability to valuate spatial or temporal 
intervals is related to our own way of 
dealing with reality, ie to our capacity to 
cut reality into smaller units (eg for time, 
into the indifference-interval (see Davis, 
1962)) In fact, one’s assessment of the 
duration of a train journey depends on 
how many points of reference one has: 
few points of reference mean boredom; 
lots of intermediate points of reference 
make one feel time is flying. These 
“grips” on reality, these elements on 
which one focuses one’s attention, act as 
the basis of our time and/or space 
assessment. According to this approach 
in which these two dimensions of space 
and time should be dealt with similarly, 
it becomes possible to apply to time 
perception the mechanisms which so far 
have been applied to spatial experience. 
As such, the perception theories prove 
to be pertinent to investigate time 
experience, because they highlight two 
major phenomena, which are 
complementary parts of the theories of 
Husserl, of the Gestalt Theory, and of 
Experimental Psychology: (1) The 
selective function (Husserl) or awareness 
(Jackendoff), makes it possible to select 
some pertinent elements of the 
perceptive field. (2)  Salience, which 
characterizes the same pertinent 
elements. Recent research on the 
change in the focus of attention showed 
that consciousness is able to modify the 
way it perceives pertinent features of 
salience: from some certain sort of 
pertinent features (eg a shiny object on 
the ground like a lost jewel), the focus 
can evolve to the perception of other 
details (eg if it proves that the jewel is 
actually an opaque stone). From the 
dimensional background, time may thus 
become the focus of awareness. II - 
Hypotheses on the Subjective Valuation 
of Temporal Intervals The whole of this 
model seems to be particularly adapted 
to a better approach to time perception: 
in the absence of salient “concrete” 
elements, for example, attention no 

longer focuses on spatiotemporal 
entities, but on time lapses. Yet the flow 
of time can be measured through its 
intervals. We suggest founding the 
definition of intervals on the 
apprehension of small action units, ie of 
basic temporality, thus allowing to 
decompose the passing moments. Such 
basic temporality relies on its anchoring 
within the human body: making a 
physical movement takes an invariable 
amount of time and bigger periods of 
time can be reduced to these 
physiological units (the indifference 
interval, which lasts — 0.7s — doesn’t 
vary much from an individual to 
another). Thus, it is easier to measure a 
time span during which one spoke 
(because of a series of physiological 
movements), than to measure an 
equally long but silent time span, which 
lacks in bodily anchoring. Summing up, 
what seems to be fundamental and 
particularly fertile in the conception of 
time is the notion of salience and the 
strategy to define salient features which 
can be applied to any percept including 
time. They open prospects for research 
on troubles in valuating time spans and 
passing time, which could be linked to a 
distortion of perceptive abilities, of 
identification abilities or distortion of 
the hierarchical organization of various 
salient elements of perception. 

Mental Time Travel and Episodic 
Memory as an Indication of Higher 
Degree Time Consciousness 

Özer Özge Dural 
Middle East Technical University, Ankara 

The main objective of this study is to 
clarify the nested structure in time 
consciousness, depending on mental 
time travel and episodic memory. Time 
consciousness, mental time travel and 
episodic memory are connected, and 
function depending on each other. 
Mental time travel ability enables us to 
imagine personal future events. Episodic 
memory allows us to travel mentally into 
both past and future. Similarity between 
remembering the past and imagining 
the future indicates that episodic 
memory system contribute to future-
directed personal mental time travel 
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competence, and justifies the relation 
between episodic memory and mental 
time travel into both past and future. 
Episodic memory requires autonoetic 
consciousness, which can be applied to 
mental time travel competence, and 
mental time travel is a function of 
episodic memory. Distinguishing 
humans and non-humans is a method to 
understand the role of episodic memory 
and mental time travel in time 
consciousness. Episodic memory and 
mental time travel indicate to a higher-
level time consciousness in humans, 
because mental time travel, episodic 
memory, autonoetic consciousness and 
recursive language are unique to 
humans, while non-humans show 
future-directed acts, possess episodic-
like memory, and communicate with 
limited ways. Time consciousness is 
derived from the notion of autonoetic 
consciousness and it is a sort of temporal 
consciousness which enables us to be 
conscious of ourselves who travels in 
time and aware of ourselves along the 
temporal line. Non-humans have a 
rudimentary form of time 
consciousness, even they are deprived of 
autonoetic consciousness. This study is 
an effort to understand and clarify the 
notion of time consciousness with the 
help of the notions, mental time travel, 
episodic memory and autonoetic 
consciousness. I take into consideration 
the relationship between them and the 
claim that non-humans do not have 
them in order to understand how we 
have an inner perspective in temporal 
domain. 

Firstly, I will briefly mention the 
definitions of mental time travel and 
episodic memory in order to understand 
the nested structure functioning in time 
consciousness, which depends on 
mental time travel and episodic 
memory. It seems that mental time 
travel and episodic memory are tied 
together, and categorization of memory 
systems in terms of time is crucial to see 
the essential tie between mental time 
travel and episodic memory, because 
several notions may refer to the roles 
that they play. Knowing what episodic 
memory does differently from other 
memory systems will be a starting point 

to see the relatedness of episodic 
memory and mental time travel, and the 
function of episodic memory executes. 
Autonoetic consciousness which is the 
ability to “both mentally represent and 
become aware of subjective experiences 
in the past, present, and future” shows 
the relationship between episodic 
memory and the notion of episodic 
future thought. (Tulving, 2001, 2002) 
Suddendorf emphasizes that episodic 
memory and episodic foresight are two 
sides of the same coin, regarding the 
capacity of mental time travel. Episodic 
memory is likely to inform humans 
about future happenings, rather than a 
record play that only allows humans to 
go backwards in time. Episodic memory 
presupposes autonoetic consciousness, 
and what allows us to make mental 
travels into the future and the past is 
episodic memory. It indicates that 
mental time travel competence and 
autonoetic consciousness are related. I 
mention a kind of temporal 
consciousness which allows us to be 
conscious of ourselves who is travelling 
in time and aware of ourselves along this 
temporal continuity. Time 
consciousness concept might be derived 
from the traditional memory systems 
hierarchy of Tulving. Episodic memory is 
related to autonoetic consciousness. 
(Tulving, 1985) Thus, time consciousness 
which I thought as connected to episodic 
memory and mental time travel 
competence is also dependent on the 
Tulving’s classical hierarchy of memory 
systems. I have considered a sort of 
temporal consciousness regarding 
autonoetic consciousness, and episodic 
memory which allows us to be conscious 
along this temporal line. It seems that 
humans have a distinct mental time 
travel ability both into the past and 
future. There is evidence for future 
planning, and retrieval of the past comes 
from non-human experiences, and such 
evidence demonstrates us that animals 
are not completely stuck in time.Non-
humans may also perform mental 
travels into the future, and they might 
also do future plans to some extent. 
(Zentall, 2005, p. 222)In this way, 
considering non-humans’ future 
oriented behaviors as simpler forms of 
unique version of human mental time 

travel capacity is helpful to understand 
the nature of time consciousness in 
humans and nestedness of time 
consciousness to mental time travel and 
episodic memory. 

At this stage, what Metzinger puts 
forward is more likely to convince us. 
Metzinger argues that there is not an on-
off switch for time consciousness; thus it 
must be a graded phenomenon which 
has many aspects. If mental time travel 
ability and episodic memory are unique 
to humans, then mental time travel and 
episodic memory may be the key 
components of time consciousness in 
humans, since mental time travel and 
episodic memory might have an 
indicative role in time consciousness. To 
see the contribution of mental time 
travel and episodic memory in time 
consciousness, I will follow the method 
of making distinctions between non-
humans and humans. As Metzinger 
argues, time consciousness is a graded 
phenomenon and we cannot say that 
non-humans are totally unconscious in 
their acts. When their acts are evaluated 
in terms of episodic memory and mental 
time travel, they may not have mental 
time travel capacity or episodic memory. 
However, it does not mean that they are 
not conscious organisms. If time 
consciousness is a graded phenomenon, 
it should be expected to see that non-
humans display conscious acts, but 
these acts would not be as complex as 
ours. Their level of time consciousness 
may be different from human time 
consciousness due to their lack of 
mental time travel ability and episodic 
memory. It seems that these unique 
competences of humans are key 
contributory factors of the features of 
human time consciousness. Mental time 
travel allows humans to have the 
concept of a conscious self that extends 
in time. (Corballis, 2011, p. 106) There 
might be other parameters other than 
episodic memory and mental time 
travel, functioning in time 
consciousness, whereas I kept the list 
short in order to see their contribution to 
time consciousness.To understand 
temporal self, time consciousness, or the 
self along the temporal line, I will utilize 
the notions of mental time travel, 
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episodic memory, and autonoetic 
consciousness, and tried to clarify them. 

A case study of Autobiographical 
Amnesia: subjective memory 
versus public memory 

Takeshi Kuroda 
Showa University School of Medicine 

The patient was a 78-year-old right-
handed female. She was a company 
director until January 1995, when she 
developed viral encephalitis. T2 
weighted and proton-density-weighted 
magnetic resonance imaging showed 
increased signal intensity in the 
hippocampus bilaterally. IMP-SPECT 
showed decreased cerebral blood flow in 
the bilateral medial temporal and orbital 
frontal regions. Her intelligence was well 
preserved, but memory function and 
frontal lobe function were disturbed. 
Tests of retrograde memory showed a 
total loss of premorbid autobiographical 
episodic memory. In contrast, her public 
memory was well preserved. These 
findings suggest selective amnesia for 
autobiographical memory. We 
examined her autobiographical and 
public memory using two methods: a 
cued-recall task and a recognition task. 
The dissociation between recall and 
recognition performance suggests 
impaired retrieval or reconstruction of 
preserved autobiographical memory, 
possibly due to frontotemporal lesion. 
Another feature of her autobiographical 
amnesia was that she could remember 
authentic earlier events from her own 
life based upon erroneous estimation of 
age. 

What type of scales do we use to 
estimate short time intervals? 

Daria Podvigina 
Pavlov Institute of Physiology, Russian 
Academy of Sciences, St Petersburg 

To assess the duration of events and 
intervals between them our time 
perception system uses time scales of 
different ranges. What are these scales 
like? Are they rather continuous or 
discontinuous? In case they are 
discontinuous how many gradations (or 
time points) do they include? 

In two series of behavioral experiments 
we have studied the characteristics of 
temporal scales for assessment of short 
time intervals (duration up to 2 and 3 
sec). These two ranges of time intervals 
were analyzed using a large set of 
durations (up to 50) differing from each 
other by a small amount - 0.04 or 0.06 
sec. This provided the identification of 
the structure of the subjective scales 
with which subjects evaluate the 
durations of time intervals in the range 
studied. Analysis of the distribution of 
the standard deviations of evaluations of 
interval durations showed that these 
scales are discontinuous and could 
include 7 plus or minus 2 gradations. 

Systematic errors in time 
reproduction tasks are based on a 
general judgment bias and not on a 
distorted perception of time 

Martin Riemer 
German Center for Neurodegenerative 
Diseases (DZNE) Otto-von-Guericke University 
Magdeburg 

Systematic underreproductions of time 
have been interpreted as a 
misperception of time and therefore 
contradict the basic assumptions of 
pacemaker-accumulator models. An 
alternative explanation of this 
phenomenon was proposed in Riemer et 
al. (2012) and at the International 
Conference of Timing and Time 
Perception 2014. According to this 
alternative explanation, negative errors 
in reproduction tasks are a consequence 
of a general judgment bias, rather than a 
distorted perception of time. Results 
from two experiments (Riemer et al. 
2012) demonstrate that the direction of 
reproduction errors depends on the 
direction of the dimensional change (i.e., 
ascending vs. descending values). These 
results support the assumption that 
temporal underreproduction does not 
reflect a genuine misperception of time, 
but rather a methodological artefact. 
Contrary to other dimensions, time 
changes can be perceived only 
unidirectional. In timing experiments, 
we cannot manipulate the perceived 
direction of time, and therefore are 
constrained to ascending values. 

Accordingly, bidirectional errors were 
observed in other dimensions (e.g., 
pitch, brightness), while only negative 
errors were found in time reproduction. 

Although plausible and parsimonious, 
the support for this explanation is only 
indirect, because it is based merely on 
inferences from analogous errors in 
other dimensions. An objection might be 
that the results from reproduction tasks 
for other dimensions cannot be 
transferred to the domain of time. 
Therefore, we will present data from a 
more direct test of our hypothesis. Using 
repetitive TMS over the right inferior 
parietal cortex, we will modulate the 
perceived uncertainty for temporal 
judgments, while the mean accuracy of 
those judgments remains unaffected. If 
systematic errors in time reproduction 
tasks are based on a general judgment 
bias, this manipulation should increase 
the negative reproduction errors. In 
contrast, if reproduction errors reflect a 
genuine misperception of time, only the 
variability of reproductions should 
increase, while the absolute errors 
remain constant. 

Conglomerate cognitive spacetime 

Kurt Stocker 
Departement of Psychology, University of 
Zurich 

Recently, the theory of cognitive 
spacetime was introduced (Stocker, 
2014). Based on extensive theoretical 
and empirical review and linguistic 
analysis, this theory proposes that what 
commonly is referred to as “space” in 
the cognitive sciences always contains 
time, and what commonly is referred to 
as “time” in the cognitive sciences 
always contains space. The theory thus 
proposes that “spatial cognition” (or 
mental space) is more aptly described as 
object-spatiotemporal cognition (or 
object spacetime) and “temporal 
cognition” (or mental time) more aptly 
as event-spatiotemporal cognition (or 
event spacetime). What has not yet 
been considered in Stocker (2014) are 
conglomerates of object and event 
spacetime. Such conglomerates are 
likely to exist for even seemingly simple 
mental-time scenes like I went home. 
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Furthermore, cognitive perspective 
(Stocker, 2012a, b, in press) is also likely 
to play a role in such spacetime 
conglomerates. Considering such 
cognitive-spatiotemporal and cognitive-
perspectival conglomerates for the first 
time is the aim of the planned talk at the 
Conscious Experience of Time 
workshop. 

In object spacetime, there is three-
dimensional cognitive space xyz and 
time t unfolds along the fourth 
dimension as an abstract nonspatial 
correlate within the xyz -space (cf. 
Fig.1a). For example, a mental scene like 
One satellite followed another involves 
mentally representing the satellites as 
moving through the xyz -space of object 
spacetime and at the same time as 
progressing through the abstract t -time 
of object spacetime. In event spacetime, 
there is one-dimensional space x with 
time t unfolding as a correlate along the 
x -path (cf. Fig.1b).  

 

Figure 1: Cognitive spacetime (from 
Stocker, 2014, p. 81). (a) Object 
spacetime. The concept of object 
spacetime is based on cognitive-linguistic 
analysis and on extensive theoretical and 
empirical review (e.g, Galton, 2010; Marr 
& Nishihara, 1978; Moore, 2006; O’Keefe, 
1996; Richardson & Matlock, 2007; 
Talmy, 2000). (b) Event spacetime. The 
concept of event spacetime is based on 
cognitive-linguistic analysis and on 
extensive theoretical and empircal review 
(e.g, Boroditsky, 2000; Casasanto & 
Boroditsky, 2008; Galton, 2010; Miles et 
al., 2010; Sinha et al., 2011). 

The x -axis of event spacetime 
corresponds to what is often referred to 
as the “mental time line” (e.g., Arzy et 
al., 2009; Hartmann & Mast, 2012; Ulrich 
et al., 2012). For example, a mental 
scene like New Year’s follows Christmas 
(cf. also Stocker, 2012a) involves 
mentally representing the events New 
Year’s and Christmas as moving along 

the x -space of event spacetime. t -time 
of event spacetime progresses along the 
x -axis space of event spacetime. 

Given the current theory of cognitive 
spacetime (Stocker, 2012a) and 
cognitive perspective (Stocker, 2012a, b, 
in press: Talmy, 2000), the generation of 
a mental-time scene (e.g., a mem- ory 
image) is likely to in principle always 
involve the conceptualization of the 
following cognitive- spatiotemporal and 
cognitive-perspectival properties: the 
xyzt -spacetime of object spacetime, the 
xt -spacetime of event spacetime, 
object-spatiotemporal perspective (Po), 
and event-spatiotemporal perspective 
(Pe). With this theoretical framework, 
the mental construal of a simple mental-
time scene like I went home seems to 
first involve a multidimensional 
coordinate system: the xyz -space of 
object spacetime within which a mental 
scene and its perspectival cognition (Po) 
is generated. This multidimensional 
coordinate system (including the Po 
within it) then unfolds at the past point 
on the x -axis of event spacetime. Fig. 2 
offers a first proposal of the 
conglomerate structure of object- 
spatiotemporal, event-spatiotemporal, 
and perspectival cognition that is 
proposed to underlie the cognitive 
processing of a mental-time scene like I 
went home. 

Cognitively processing the past in 
relation to I went home is proposed to 
trigger of a mental view- ing along the x 
-axis of event spacetime (along the 
mental time line) from the event-
spatiotemporal perspective point (Pe, 
where P stands for perspective and o for 
object spacetime) at the present- 
moment point to a point in the 
subjective past, event A. Event A is the 
event-spatiotemporal xt -past location 
where the person uttering this sentence 
is mentally conceptualizing herself as 
going home. At the xt-location A, the 
unfolding of a corresponding mental 
image i in the xyz -space of object 
spacetime could also take place. The 
speaker uttering this sentence could for 
instance mentally see herself as walking 
home, carrying a shopping bag. 
Furthermore the speaker of the 

sentence might cognize the mental 
image of going home either from an 
embodied object-spatiotemporal 
perspective point (Po-EMG, where P 
stands for perspective, o for object 
spacetime, and EMG for embodied 
mental gaze) or from a disembodied 
mental-gaze perspective point (Po-
DMG). Like i, Po is also un- folding 
within the xyz -space of object 
spacetime. EMG and DMG (developed in 
Stocker, 2012b) are a generalization of, 
respectively, the field and observer 
perspective of episodic memories (e.g., 
Eich et al., 2009; Henri & Henri, 1896; 
McIsaac & Eich, 2002; Nigro & Neisser, 
1983; Rice & Rubin, 2009, 2011). The 
main advantage of the EMG/DMG 
distinction over that of the 
field/observer distinction is that EMG 
and DMG can be argued to occur in 
relation to all mental imagery—as 
opposed to the field and observer 
perspectives which only apply to 
memory images. 

The above has exemplified the proposed 
spatiotemporal and perspectival 
conglomerate struc- ture of a single-
event mental-time scene (of a single 
event like going home). In the planned 
talk, more complex forms would also be 
exemplified: dual-event mental-time 
structures (as reflected in expressions 
like I shopped at the store before I went 
home) and multiple-event mental-time 
structures (mental-time constructions 
where more than two consecutive 
events are cognized). 

Figure 2: The object-spatiotemporal and 
event-spatiotemporal conglomerate 
structure of the mental geometry and 
perspective underlying a single-event 
mental-time scene like I went home.  
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DISTORTIONS 

IN THIS PANEL WE EXPLORE HOW 
NEUROBIOLOGICAL MODELS OF TEMPORAL 
PERCEPTION CAN HELP IN THEORIZING 
ABOUT THE CONTENT OF CONSCIOUS 
EXPERIENCE OF TIME AND VICE VERSA  

 

Panel II: Distortions 

SYLVIE DROIT-VOLET 

 

LABORATOIRE DE PSYCHOLOGIE SOCIALE ET 

COGNITIVE 

UNIVERSITÉ BLAISE PASCAL, CLAREMONT-

FERRAND; FRANCE 

Subjective Experience of Time in 
Human Beings 

High abilities of timing and time 
perception have been observed in 
animals of different species and humans 
at different levels of the ontogenetic 
scale. In addition, animals and humans 
exhibit the same scalar properties of 
time, with accurate temporal estimates 
in mean and a variability increasing with 
the length of durations to be estimated. 
Researchers have thus assumed that 
humans and animals share in common 
the same sense of time, and try to find 
the mechanisms (internal clock) in the 
brain underlying this sense of time. 
However, in humans, the judgment of 
time cannot be reduced to a by-product 
of a physiological internal clock 
mechanism. Indeed, human adults are 
aware of passage of time. They know 
that they are subjects of temporal 
illusions, that their experience of 
passage of time changes as a function of 
their emotional states or their activities 
when they capture attention. They 
express for example their awareness of a 
slowing down or an acceleration of 
passage of time when they are sad and 
happy, respectively. The question is: 
what is the role of humans’ 
consciousness of passage of time on 

their temporal judgments?  Does 
awareness of passage of time involve 
cognitive processes that are completely 
independent of processes involved in the 
perception of time? Several studies will 
be presented allowing us to try to 
respond to these important questions. 

YVONNE FÖRSTER-BEUTHAN 

 

DEPARTMENT OF PSYCHOLOGY AND 
NEUROSCIENCE, DUKE UNIVERSITY, DURHAM, 

NC USA 

Time-Consciousness and 
Embodiment 

The phenomenon of distortions of time-
consciousness immediately raises the 
old question of the ideality of time. If the 
perception of time can be distorted it 
seems to follow that time is a mental 
and hence ideal form.In my talk I want 
shed some light on the idea that time-
consciousness is as embodied as motion 
perception or colour perception. Just as 
in the case of colourperception the 
perception of time seems to have exact 
correlate in the physical world. In the 
case of colour there are physical 
properties of surfaces that cause our 
specific visual senses to perceive those 
surfaces as endowed with a certain 
shade of colour. The colours themselves 
do not seem to be „out there“. With time 
it gets even shadier. Which physical 
qualities could be the cause of our 
temporal perception. It is hard to say. 
But left aside the questions of relativity 
or even quantum physics there still is the 
conviction that perception of time has 
its causes not only „in our heads“. The 
temporal characteristics of movement, 
day and night rhythms, the sounds of 
dropping water: the environment has 
features that can be experienced as 
temporal in contact with an embodied 
cognitive system.If the concept of 
embodiement can account for colour 
perception in the sense that colours are 
perceived by means of a specific body 

and ist being embedded in a certain 
environment, then it is not that 
farfetched to account for time-
perception in a similar way. The question 
I am going to ask is: Does the body play 
an yet to be specified role in the 
perception of time and what are the 
features in the world it is responding to. 
To take my inquieries one step further I 
would like to start an open reasoning on 
how distortion of time-consciousness 
might also be accounted for in terms of 
an embodied approach. 

Talks Day 2 
Contextual elements determine 
the perceived time of intent and 
action 

Eve Isham 
Psychology Department and Center for Mind 
and Brain, University of California, Davis. 
 

Understanding how the brain and mind 
code intention remains a fundamental 
yet largely unsolved in cognitive 
psychology.  Pioneering, yet 
controversial, work by Benjamin Libet 
conducted three decades ago 
established a temporal relationship 
between neural events and the mental 
representation of the moment of intent.  
Briefly, Libet observed that the 
readiness potential (RP), a brain activity 
associated with the preparation of 
action, began significantly earlier than 
the moment in which the observer 
reportedly became conscious of the urge 
to act.  This temporal delay in the timing 
of intent has been widely replicated, 
leading to the implication that one’s own 
idea does not initiate an action; that 
consciousness does not cause behavior.   
Consequentially, the finding has led to 
the interpretation that free will is simply 
an illusion. 

The heightened controversy naturally 
raises many questions on intentionality.  
In this presentation, I will present a 
series of studies that questions the 
notion of intention, particularly whether 
the timing of intent can be accurately 
represented, reported, and whether it is 
a reliable temporal marker of awareness 
(Module I). We observed that while the 
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timing of intent is mentally represented, 
it is not accurately reported.  This report, 
instead, is inferred and reconstructed 
from relevant contextual cues 
surrounding the action.  Based on these 
findings, we have explored an 
alternative measure to access that true 
moment in which intention is 
experienced (Module II).  Not until this 
moment is accurately assessed that we 
can validly relate this mental timing with 
the timing of neural events of intention.  
Before then, free will is "saved” from 
science. 

Module I. Evidence for Timing Distortion 

In a series of experiments, we examined 
whether the perceived moment of intent 
or the moment of action could be 
directly perceived, reported, or both.  
Our results provide supportive evidence 
that these moments are biased by 
external information and are not 
accurately reported at the explicit, more 
conscious level.  

(A) Action feedback alters the perceived 
moment of intent. By definition, intent 
precedes action. If the moment of intent 
could be directly perceived and/or 
reported, then post-action information 
should have no bearing on the perceived 
timing of intent.  We presented 
deceptive feedback (an auditory beep) 5 
to 60 ms after the action to (falsely) 
signify a movement time to be later than 
the actual movement. The reported time 
of decision moved forward in time 
linearly with the delay in feedback. In a 
separate experiment, participants 
viewed their hand with and without a 
120-ms video delay, and gave a time of 
decision as 44 ms later than without the 
delay. We conclude that participants' 
report of their decision time is largely 
inferred from the apparent time of 
response.  

(B) Performance feedback alters the 
perceived moment of action. We 
examined whether knowledge about 
one’s performance in a race to press a 
button could alter their perceived time 
of action.  Playing against a confederate, 
participants performed an externally-
cued key press that elicited one of two 
(deceptive) outcomes indicating a win or 

a loss (The outcomes were indicated 
either by brief tones, verbal feedback or 
monetary reward or punishment). The 
results showed that a presumed winning 
action was judged to occur earlier 
whereas a presumed losing action was 
judged to be later. These findings 
therefore support the view that the 
reported time of action is reconstructed 
from known temporal information. 

(C) Philosophical beliefs (preliminary 
data) Different perspectives on free will 
have been shown to elicit different 
behaviors (Schooler et al.).  In the 
current study, we asked whether the 
belief in free will would alter the 
perceived time of intention.  The current 
research is motivated by the neural 
evidence that preparation for voluntary 
action begins earlier than an involuntary 
movement (Libet et al., 1983).  Based on 
this finding, we anticipated that those 
who believe in free will would also 
perceive the time of intent to be earlier 
than those who believe in determinism.   
The current experiment manipulated the 
participant's philosophical belief about 
free will via a suggestive passage of 
whether free will existed.  Subsequently, 
the participants were asked to perform a 
simple button press and to report the 
time of intent by reading the time from a 
computerized clock.  Additionally, the 
participants indicated their confidence 
regarding the temporal reports.  
Preliminary data suggest that those who 
believed in free will judged their time of 
intent to be earlier and felt more 
confident about their reports.   These 
results suggest that philosophical 
perspectives related to action 
generation contribute to the mental 
representation for the timing of action. 
Module II. Assessing Temporal Awareness 

As illustrated above, the perceived 
timing of action-related mental events 
are biased by contextual factors, 
resulting in inaccurate temporal reports.   
In this module of research, we asked 
whether the representation of temporal 
information remains intact or is 
overridden by contextual cues. Naïve 
participants performed a self-initiated 
button press that resulted in either an 
immediate or delayed tone presentation 

(Banks & Isham 2009 procedure).  The 
participants reported the moment of 
intent or action and provided confidence 
scores on how accurate they felt of their 
temporal reports. The results showed 
that while the observers relied on the 
timing of the tone to formulate their 
temporal reports, thus implying the 
absence of explicit temporal awareness, 
their confidence data nevertheless 
suggest there is awareness for the 
temporal mismatch between action and 
the delayed tone (i.e., lower confidence 
score when the tone was delayed).   
Given these findings, we conclude that 
while contextual cues facilitate the 
explicit reconstruction of temporal 
experience, representations of time of 
action initiation are indeed present and 
may be detected via alternative 
approaches. 

Does the distinction between time 
represented and time of 
representation solve the paradox 
of time perception? 

Teresa Pedro 
Technische Universität Berlin/ Universidade 
Nova de Lisboa 

Most of the philosophical theories of 
time consciousness can be seen as 
attempts to solve what has been called 
the “cognitive paradox” (Gallagher 
1998), the “phenomenological paradox 
of time perception” (Le Poidevin 2007) 
and also the “simultaneity problem” 
(Dainton 2011). The paradox arises when 
we try to account for our perception of 
succession: in order for our 
consciousness to experience different 
states as successive states, these states 
must be presented simultaneously in our 
consciousness. Otherwise, we would not 
be able to relate these states to each 
other. This problem is especially 
pertinent when it comes to our 
experience of succession at a micro-level 
of time. Indeed, within a time-span that 
is experienced as present, succession is 
experienced as a “now” and thus it 
seems to be experienced via a sort of 
simultaneity. The problem is therefore 
how to account for the 
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phenomenological difference between 
succession and simultaneity within our 
experience of the present. This paradox 
is often addressed with the help of two 
examples: the auditory experience of a 
short series of notes and the visual 
perception of a short movement. In both 
cases, we have an experience that 
contains succession (of notes or of 
positions in space), but this succession is 
accommodated by our experience of a 
“now”. 

In my paper, I intend to ask if this 
paradox of time perception may benefit 
from the consideration of theories of 
how the brain represents time. I will 
refer to several authors who claim that 
some empirical findings can only be 
accurately described if we posit a 
difference between the vehicle’s 
temporality or time of the 
representation, on the one hand, and 
content or time represented, on the 
other hand (Dennett 1991, Dennett and 
Kinsbourne 1992, Grush 2005). I shall 
endorse this position and defend it 
against criticism (Phillips 2014). I shall 
argue that the content/vehicle 
distinction provides a solution to the 
paradox mentioned above, but only 
within the limits of two constraints. 

In order to do this, I will first expound 
the distinction between time of 
representation and time represented 
and I will analyze theoretical worries 
recently raised by Phillips against this 
distinction. I will argue that this 
distinction should be maintained against 
his objections. I will then consider the 
so-called “postdictive phenomena”, in 
which a stimulus presented later affects 
the perception of an initial stimulus 
presented earlier. These phenomena 
include examples such as the “cutaneous 
rabbit” (Geldard and Sherrick 1972) and 
the “flash-lag effect” (Eagleman and 
Sejnowski 2000). Both Dennett and 
Grush are concerned with a model of 
how the brain represents time which 
accounts for these perceptual illusions 
that have a temporal dimension. They 
agree on the fact that the phenomena 
can only be accounted for if we 
distinguish between the time 
represented and the time of 

representation. Finally, I will consider 
the philosophical paradox of time 
perception. I will analyze the solution 
given by Dainton (Dainton 2011) which 
consists in the notion of “diachronic co-
consciousness” of the successive 
contents of an experienced present. I will 
compare it with the distinction between 
time represented and representation of 
time. 

I will argue that this distinction may be 
profitable for the philosophical 
discussion of the relation between 
presentness and succession in time 
consciousness. But the latter is only 
useful under the conditions of two 
constraints: 1) the paradox of time 
perception is only partially solved with 
this distinction, because the distinction 
merely accounts for the difference 
between succession as represented and 
simultaneity as time of representation, 
but not for the experience of a 
simultaneity of a now that contains 
succession and 2) the distinction 
between time of representation and 
time represented does not explain 
exactly how the two are related. 

POSTERS DAY 2 

Posters Day 2 
Exploring a possible subjective 
time perception distortion in 
patients mild cognitive impairment 

Sara Coelho, Fabio Paglieri, Alexandre 
Mendonca Laboratory of Neurosience, 
Institute of Molecular Medicine and 
Faculty of Medicine, University of Lisbon, 
Portugal, Instituto di Scienze e Tecnologie 
della Cognizione, Consiglio Nazionale 
delle Ricerche, Rome, Italy 

Throughout history, philosophers and 
psychologists have often interested 
themselves in the problem of time 
perception. Among these scholars, 
Bergson, a 20

th
-century French 

philosopher, was the leading proponent 
of a strong bond between time and 
memory, through the concept of 
duration. Time, for Bergson, is also 
interwoven with other dimensions of 
human consciousness, such as will. 

Nowadays, a great deal of attention has 
been paid to the group of patients that 

are in the boundary between normal 
aging and dementia, mostly because 
they face a high risk of developing 
Alzheimer’s disease (AD). This condition 
is usually called Mild Cognitive 
Impairment (MCI). Patients with MCI 
perform most activities of daily living 
and present normal general cognitive 
function, yet memory complaints are the 
main reason for consultation. During the 
clinical interview, the MCI patients often 
express difficulties in dealing with time 
questions, an issue that compromises 
their daily life planning and orientation. 

  To the best of our knowledge, there has 
been a little research in subjects with 
cognitive decline. Our study proposes a 
detailed analysis of time perception in 
MCI patients. We will focus on the 
perception of time passage of short 
durations (seconds, minutes), according 
to a method based upon the assumption 
that we have an internal clock, that can 
run slower or faster. This method has 
the advantage to use the prospective 
paradigm and a retrospective paradigm 
at the same time, assessing estimated 
and produced time intervals. With this 
experiment, we expect to find a 
distortion in the internal clock of MCI 
patients, as compared to the control 
group. We will also check time 
perception of MCI patients for long 
intervals (hours, days, months, years). 
Together, these experiments will 
prompt us to explore the broader effects 
of a possible change in time perception, 
namely to verify if there is a change in 
retrospective and prospective memory, 
mental time travel and intertemporal 
decision-making. 

Insentient Processing: Dissociation 
as a Moderator in the Relationship 
between Emotion and Time 

Andrej Krakau, Johan Verwoerd 
Univerity of Mannheim 

Sentience was suggested to be the basis 
for temporal processing by mediating 
the relationship between emotions and 
time.

1
 Sentience has been described as 

awareness of oneself which arises from 
the integration of all available internal 
and external sensory information 
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including visceral, bodily and perceptual 
signals.

2
 In contrast, clinical dissociation 

is thought of as a process which inhibits 
integration of these signals by distorting 
perception to reduce self-awareness and 
emotional impact during stressful 
situations. Furthermore, there are 
comparably well validated 
questionnaires available for the 
measurement of state and trait 
dissociation. The concept of sentience, 
in contrast, is largely based on 
hypothetical work. Based on this 
conceptual inverse relationship between 
sentience and dissociation, this project 
aims to explore ways to utilize 
dissociation as a window into sentient 
processing and its potential moderating 
role in the relationship between emotion 
and time. 

Dissociation is associated with causing 
and maintaining mental disorders 
including Post-traumatic Stress Disorder 
(PTSD), Dissociative Identity Disorder, 
Eating Disorders and Panic Disorder. 
Common items on measures of 
dissociation include items on the 
awareness of oneself, ones’ body and 
the environment, perceptual distortions 
and, furthermore, items on the 
perceived passage of time. Specifically, 
dissociation during the trauma 
(peritraumatic dissociation) is the most 
important predictor of the development 
and maintenance of PTSD.

3
  

The diagnostic symptoms of PTSD 
include re-experiencing the trauma, 
heightened arousal, and avoidance of 
reminders of the trauma.

4
  Since the 

disordered subjective time flow as 
experienced during the trauma is an 
intrinsic feature of the encoded trauma 
memory representation, re-experiencing 
the trauma (i.e., as flashbacks and 
intrusive memories), is also 
characterized by subjective time 
distortions.

5
 However, most of the data 

collected on temporal distortions in the 
context of PTSD stems from 
retrospective passage of time judgments 
and experimental data on duration 
judgments are scarce. In summary, 
sentience and dissociation seem to be 
inversely related to each other and thus 
may both moderate the relationship 

between emotions and time. In order to 
test the hypothesis that dissociation is a 
mediator between emotions and time 
we investigated the influence of 
dissociation, emotions and bodily 
reactions on time perception during 
emotional, potentially dissociating, and 
neutral but arousing videos. 

60 participants were presented with 
either a video of the cockpit view during 
a car race or a video showing a safer-
driving ad depicting a car crash with 
several fatalities which was designed to 
induce strong emotions. The video clips 
were chosen on basis of a comparable 
potential to induce arousal. Time 
perception was assessed by duration 
judgments of the video as well as 
passage of time ratings. The Dissociative 
Experiences Scale (DES) and the 
Peritraumatic Dissociative Experiences 
Scale (PDEQ) were used to measure 
state and trait dissociation respectively. 
The Positive and Negative Affect scale 
(PANAS) and the (State-Trait Anxiety 
Inventory) STAI were used to assess 
emotions and anxiety before and after 
the presentation of the videos. 
Furthermore, skin conductance levels 
(SCL) during baseline and during the 
videos were assessed as index of the 
induced bodily changes. Data have been 
collected during 2013 within a Master 
Thesis project at the University of 
Groningen with approval of the 
respective ethical commission.  

There are preliminary, mostly 
correlational results available. SCL 
difference-scores and PDEQ scores were 
comparable in both conditions. 
Contrary, groups differed on STAI and 
PANAS scores as well as retrospective 
duration judgments and passage of time 
ratings. The PDEQ correlated with the 
STAI and the Negative Affect Scale of 
the PANAS but not with the duration 
judgments. In contrast, the DES scores 
correlated with the duration judgments 
but neither with PANAS or STAI scores. 
Passage of time ratings and SCL 
correlated with STAI scores. The skin 
conductance level data has not been 
processed for the neutral video yet, 
however, for the traumatic video there 
seemed to be no relationship between 

SCL and either temporal measure in our 
data.  

These preliminary results partly support 
our hypothesis that dissociations 
moderate the relationship between 
emotions and time. However, according 
to our data the effect of dissociation is 
based on trait rather than state 
dissociation. For the final analysis we will 
construct regression models with each 
of the temporal variables as dependants 
to compare the predictive power of state 
and trait dissociation over and above the 
remaining predictors, including positive 
and negative emotions, anxiety, bodily 
changes. 

Results of this study have the potential 
to test the hypothesis of a mediating 
role of sentient and self-aware 
processing. Furthermore this study 
might help to bridge the gaps between 
several concepts including those 
between sentience and dissociation and 
between passage of time and duration 
judgments. I am applying for this 
workshop with this particular project 
because I think it can contribute to all 
three themes and especially to the 
models of time perception panel and 
thus is a perfect match for this upcoming 
TIMELY session in Berlin. 

Vicariance in adolescents’ 
judgment of time: A view from 
Absolute Judgment Of Recency 
(AJOR) 

Éric Laurent 
1
, Sophie Rosier

1
, & Fabien 

Mathy
2
 

1
Laboratory of Psychology, University of 

Franche-Comté, France; 
2
BCL Lab, UMR 7320, 

University of Nice-Sophia Antipolis, France 

Absolute Judgment Of Recency (AJOR) 
requires participants to estimate the 
time or the number of items intervening 
between two presentations of identical 
items. This task offers a good means to 
identify individual differences in time-
related judgments. We examined 
numerical AJOR performance in 
adolescents by manipulating both 
expertise and emotions. Usually, 
expertise and emotions are related to 
different theoretical frameworks. In the 
present research, the effects of expertise 
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and emotions were tested together in 
order to understand contributions of 
different individual (i.e., expertise) and 
contextual (i.e., expertise-dependent 
stimuli, emotional content) 
characteristics on the judgment of 
recency in adolescent participants. 

Two experiments were carried out in 
order to i) validate visual material 
related to emotions and to the domain 
of expertise of the adolescents and, ii) 
test recognition and AJOR capacities. 

In the first experiment, we recorded the 
data corresponding to 51 participants 
(Mage = 14.05, SDage = .75). Each 
adolescent had to rate 297 pictures 
belonging to four categories (i.e., 
configurational, non-configurational, 
evoking success, evoking failure). 
Configurational features were a priori 
evaluated by two independent experts in 
the handball game and referred to 
typical relationships between the 
players that are usually found during real 
game sequences. Non-configurational 
pictures were made of handball players 
randomly distributed on the playfield. 
Pictures evoking success in sport and 
pictures evoking failure in sport were a 
priori selected by a panel of researchers 
from the University of Franche-Comté 
and were not relative to handball (e.g., 
moments of finish in cycling or running, 
fall in horse riding). All pictures were 
then randomly presented during 2 
seconds to the participants, which then 
rated them along one unidimensional 
failure-success likert-like scale (from 1 
completely evoking failure to 9 
completely evoking success). A total of 52 
pictures per category were then selected 
for the second experiment (i.e., 208 
pictures). Pictures distributed into 
“configurational” and “non-
configurational” categories were rated 
as intermediate in terms of associated 
achievement emotions. 

48 new participants (24 handball novices 
and 24 handball experts; Mage = 14.62, 
SDage = .50) took part in the second 
(recognition-AJOR) experiment. 256 
pictures were randomly displayed on a 
computer screen (40 non-repeated 
pictures, among which 4 lures on which 

questions were asked; and 12 repeated 
pictures, on which questions were also 
asked). Questions concerned 1) 
recognition of the presented picture 
(yes-no answer), and, if the participant 
stated that he had already seen the item 
before (yes answer), 2) the number of 
items that had intervened between the 
first and the second presentation of the 
picture. For answering the second 
question, a forced-choice was expected 
and visually represented on the 
computer screen (5-10-15-20). Results 
concerning the recognition phase 
showed that both individual and 
contextual factors influenced 
recognition accuracy. Recognition 
accuracy decreased with the increase in 
lag. Experts were more accurate than 
novices to recognize configurational 
pictures. Moreover, novices had 
increased recognition accuracy for the 
pictures associated with success and 
failure emotions. Results concerning 
AJOR showed that i) error magnitude 
(i.e., |Estimated lag - Real lag|) was lower 
for pictures associated with 
achievement emotions, increased with 
Real lag, was lower in experts than in 
novices for the highest lag values, ii) 
experts were less prone to 
underestimate lag. 

Taken together, these results highlight 
the need to simultaneously consider 
multiple systems that support the 
evaluation of recency and time in 
adolescents. Expertise becomes very 
useful to both recognition and recency 
judgment when scenes lack emotional 
information. 

The correct estimation of time may well 
not only rely on intact biological clock 
mechanism, but also on the current level 
of activation of knowledge and 
emotional nets in memory. 

Time perception in anxious and 

depressed patients 

Giovanna Mioni
a,b

, Franca Stablum
b
, 

Martina Benedetti
b
, & Simon Grondin

a
 

a
École de Psychologie, Université Laval, 

Québec, Canada; 
b
Department of General, 

University of Padova, Italy
 

Several investigators have proposed 
that people suffering from anxiety or 
depressed disorders perceive time as 
passing faster or more slowly than do 
non-clinical people. In the case of 
anxious patients, it has been observed 
that, in the presence of unpleasant 
affect, the subjective tempo is faster 
than the objective tempo. This 
distortion might have been caused by 
the higher level of arousal often 
associated with anxiety. With respect to 
depressed patients, studies showed that 
clinical levels of depressed mood usually 
produce the feeling that time is passing 
more slowly than usual. Evidence 
suggests that such subjective changes in 
time experience may be linked to 
changes in objective time judgements. 
The aim of the present study is to 
investigate variations in temporal 
performances in order to identify the 
source of temporal dysfunction in 
anxious and depressed patients. The 
strength of our work is to include three 
temporal tasks, in addition to measures 
of spontaneous tempo, speed of 
processing and executive functions. 
Fifteen patients suffering from anxiety, 
12 depressed patients and 17 controls 
participated in the study. Controls were 
matched according to age and 
education to the patients groups and 
presented no anxiety or depression 
symptoms. The three groups did not 
differ on age and education and were 
significantly different on anxiety and 
depression symptoms. All participants 
were examined in one experimental 
session that lasted approximately 60 
minutes. Participants performed three 
temporal tasks all the presented in visual 
modality: time reproduction, time 
production, and time discrimination. In 
all tasks, three standard duration were 
chosen: 500, 1000 and 1500 ms. In the 
time reproduction task, participants were 
instructed to reproduce the duration of a 
previously viewed stimulus. In the time 
production task, participants were 
instructed to produce the durations, in 
chronometric units, appearing at the 
centre of the computer screen (e.g., 
“produce 1 s”). Finally, for the time 
discrimination task, participants were 
instructed to judge the relative duration 
of two different time intervals and to 
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decide if the second interval was shorter 
or longer than the first one. Participants 
also performed two finger-tapping tasks 
(free tempo and 1-s tempo) for 
investigating spontaneous tempo, a 
simple reaction time task to measure 
processing speed, and the phonemic 
verbal fluency task to measure executive 
functions. Results showed that in the 
case of time reproduction, anxious 
patients under-reproduced the 500- and 
1000-ms intervals more than depressed 
patients and controls. In the case of time 
production, all participants under-
produced temporal intervals but the 
under-production was weaker in the 
depressed patients. Moreover, the 
under-production was much more 
important in the longest temporal 
interval (1500 ms). In the case of time 
discrimination, no differences were 
observed between groups but there was 
an effect of duration: participants were 
more accurate when discriminating long 
temporal intervals. In the case of free 
finger tapping tasks, depressed patients 
were significantly slower in their inter-
tapping interval than participants of 
other groups; whereas for 1-sec finger 
tapping task, there were no differences 
between groups. No differences were 
observed between patients in simple 
reaction time and verbal fluency tasks 
between groups. Collectively, our data 
support the hypothesis of differences in 
temporal perception in people suffering 
from anxiety or depression disorders. 
Moreover, we highlight the importance 
of selecting the appropriate method 
when investigating time perception in 
clinical populations. 

Erwin Straus’ psychopathology of 
time – history and contemporary 
significance 

Marcin Moskalewicz  
Poznan University of Medical Sciences 

Erwin Straus (1891-1975) was one of the 
foremost phenomenological 
psychiatrists of the 20

th
 century. Some 

of his innovative insights concerned 
temporality. Even if they have been 
scarcely published (five papers), Straus 
reflected on time throughout his 
professional life. His first, probably most 

known, paper on time distortions in 
mental disorders was published in 
Monatsschrift für Psychiatrie und 
Neurologie in 1928 (Das Zeiterlebnis in 
der endogenen Depression und in der 
psychopatischen Verstimmung) and had 
significant impact upon – among others 
– Victor Emil von Gebsattel’s 
interpretation of psychotic temporal 
experience. His second paper was on 
Disorders of personal time in depressive 
states (1947). The third one was entitled 
Über Störungen des Zeiterlebens bei 
seelischen Erkrankungen (1963), and the 
fourth Chronognosy and Chronopathy 
(1964). The last one concerned what 
Straus called Existential Approach to 
Time (1967). In my talk I intend to 
comprehensively present Straus’ 
reflections on time, taking into account 
also his relevant, unpublished papers on 
the subject: Psychotic disorders of space 
and time (date unknown), Time and 
addictions (date unknown); Temporal 
horizons (manuscript 1952);  Orientation 
in time (talk from 1956); The Calendar as 
a system of signs ( talk from 1956). I will 
focus upon: (1) his distinctions between 
different notions of time (immanent, 
intersubjective, homogenic-objectified); 
(2) his idea of establishing a healthy 
norm of experienced time; (3) 
pathologies of immanent time in several 
disorders (depression, obsessive 
compulsive disorder, addictions); (4) 
significance of Straus’ reflections for 
contemporary discussions surrounding 
constructive input that phenomenology 
may have for understanding temporal 
disturbances in mental disorders. 

Is the feeling of control sensitive to 
temporal based haptic distortions? 
A study on adaptive motor 
mechanisms. 

Sébastien Weibel, Patrick Poncelet, 
Antonio Capobianco, André Dufour, 
Renaud Brochard, Yvonne Delevoye-
Turrell, Laurent Ott, Anne Giersch 
INSERM Unit 1114 

When you climb stairs and that one step 
is slightly higher than the other, you will 
stumble. This unpleasant phenomenon 
comes partly from a discrepancy 
between the moment you thought your 

foot would be on the step and the actual 
moment when you hit it. 

Temporal prediction of your actions 
plays a huge role in the perceptual-
motor system operation either at 
conscious and non-conscious level. 
Keeping the stairs example, if a step 
makes you stumble, then you will have a 
feeling of not having a perfect control 
over your action. Here we explore this 
conscious feeling called “feeling of 
control” and its determinants. The 
feeling of control can be considered as a 
subcomponent of the feeling of agency, 
i.e. the feeling of being author of one’s 
own action. The feeling of control would 
reflect the feeling that everything goes 
as planned, or on the contrary escapes 
from one’s own control. A decreased 
feeling in control might weaken the 
sense of agency and this is why we seek 
to uncover its determinants. 

In this work, we wondered about the 
impact of temporal distortions on the 
feeling of control. We explored this 
question by manipulating temporal 
distortions in haptic feedback during a 
movement. 

Our aims were (1) to explore whether 
the feeling of control can be influenced 
by supraliminal and subliminal temporal 
distortions and (2) whether these 
distortions can generate adaptive motor 
mechanisms. 

We used a robotic device that records 
movement trajectory and create virtual 
surfaces by generating haptic feedbacks. 
Participants had to perform vertical 
pointing actions on the virtual surface 
without any visual feedback of their 
movement. In the first session, subjects 
realized a sequence of 15 pointing 
actions. In the 6 to 8 first trials, the 
haptic feedback was stable, i.e. always 
at the same level. Then, between the 6

th
 

to 8
th

 trial, the haptic feedback was 
slightly postponed in time. We used two 
delays: a 15 ms subliminal distortion or a 
65 ms supraliminal distortion. The 
following pointing actions were realized 
by keeping the surface at the same 
(distorted) level, for 6 to 8 further trials. 
This allowed us to evaluate the 
adaptation of the trajectory to the 
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distortion, by measuring parameters 
reflecting the anticipation of the surface 
(especially the deceleration time 
observed before the contact with the 
surface and the height at which 
deceleration started). In the second 
session, subjects executed 5 pointing 
actions, and we asked subjects to rate 
their subjective feeling of control after 
the actions. We introduced varying 
numbers of supraliminal or subliminal 
distortions in sequences of trials. For 
both sessions we made two 
experiments. In Experiment 1 we used 
both supraliminal and subliminal 
distortions, whereas in Experiment 2, we 
used only subliminal distortions. 

The results of the first session indicate 
that subjects optimize their movement 
in the trials following a supraliminal 
distortion. We find also a slight 
adaptation phenomenon with subliminal 
distortions in sequences where 
distortions are either zero or 15 ms 
(Experiment 2). 

The results of the second session show 
that the feeling of control is decreased 
with temporal distortions. Indeed, we 
observe this decrease in the presence of 
only one supraliminal distortion 
(Experiment 1). We also observe 
decreased feeling of control for 
subliminal distortions, insofar as these 
are only 15 ms distortions presented in 
the experiment (Experiment 2). 

Our results indicate an adaptation 
phenomenon based on haptic feedback 
distortions, suggesting that this sensory 
information may play a larger role than 
previously believed.We also show that 
temporal distortions have a major effect 
on the feeling of control. Most 
importantly this effect on the feeling of 
control does not seem to be a direct and 
trivial consequence of the conscious 
detection of distortions. Indeed, 
subjective feeling can change even as a 
consequence of subliminal distortions, 
and increases in the trials where an 
adaptive mechanism was set up. Thus it 
appears that temporal distortions affect 
the feeling of control through several 
factors. All in all, this work shows that 
both supraliminal and subliminal 

temporal distortions in the perceptual-
motor system have an impact on 
conscious feelings that may play a role in 
the sense of agency. 

Reproduction bias and 
sensorimotor integration in 
duration reproduction 

Zhuanghua Shi 
General and Experimental Psychology  
LMU Munich 

The ability of reproducing temporal 
patterns is important for our daily 
activities, such as speech and dancing. 
Considering multiple sources of timing 
are often corrupted by noise from 
external environment and internal 
processing, sensorimotor reproduction 
can be biased and inaccurate. Thus a 
reliable reproduction requires the brain 
to optimally combine multiple timing 
sources, including sensory inputs, own 
active motoric commands, and prior 
knowledge of related event timing. This 
hypothesis is supported by recent 
several behavioral findings. For example, 
using explicit sensorimotor duration 
reproduction we have found the 
reproduction bias is reduced with an 
additional auditory feedback signal. 
Importantly, the reproduction bias is an 
optimal weighted integration of biases 
of the perceptual and motor timing 
according to the associated precision of 
the source signals. Moreover, the brain 
also takes the prior knowledge of motor 
timing in the temporal reproduction. 
This has been shown in another our 
recent study, in which we have 
investigated the influence of the prior on 
temporal reproduction by training 
participants to reproduce a given 
duration and then introducing a delay 
perturbation in the auditory 
reproduction. The prior information is 
dynamically updated with the perturbed 
delays and integrated in the temporal 
reproduction, which lends support to 
Bayesian inference of temporal 
reproduction. 

Does depression alter the internal 
clock? A meta-analysis on time 
perception in depressive patients 

Sven Thoenes, Daniel Oberfeld and 
Heiko Hecht 
Johannes Gutenberg - Universitaet Mainz 

Background: Depressive patients 
frequently report to perceive time as 
passing by extremely slowly (Blewett, 
1992; Ratcliffe, 2012; Straus, 1947). 
However, to this date, the question of 
whether this impression is tantamount 
to a change in the ability to judge the 
duration of time intervals remains 
unresolved. Studies on interval timing in 
depressive patients have reported 
inconclusive findings. We conducted a 
meta-analysis to evaluate the existing 
literature on time perception in 
depression. 

Potential effects of depression on 
interval timing have been investigated 
mostly by means of four interval timing 
tasks (Msetfi, Murphy, & Kornbrot, 
2012): verbal time estimation, time 
production, time reproduction, and 
duration discrimination. Some studies 
additionally asked for subjective ratings 
on the experience of the flow of time. 
Notably, these ratings differ from 
interval timing tasks because the 
subjective flow of time is assessed rather 
than the perception or production of 
defined time intervals. 

Method: The initial literature search 
yielded 35 studies, 28 of which report 
empirical data. 12 studies met the 
inclusion criteria of (a) control group 
design, (b) group assignment based on 
standard diagnostic criteria (e.g., DSV III, 
DSM IV), (c) complete description of 
sample sizes, means and standard 
deviations, and (d) application of at least 
one of the five common tasks. 

Because the comparability of data 
obtained by means of different tasks and 
time intervals is limited, we analyzed 
and integrated the data from these 12 
studies in two steps: First, based  on a 
fixed effects model (Hedges & Olkin, 
1985; Normand, 1999) and a random 
effects model (Normand, 1999), we 
estimated effect sizes for each task 
(estimation, production, reproduction, 
discrimination and experience). Second, 
by means of a meta-regression model 
(Van Houwelingen, Arends, & Stijnen, 
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2002), we included interval range (< 1s, 
1s to 10s, 10s to 10 min, >10 min, and > 1 
day) as a covariate that may influence 
potential effects of depression on 
interval timing and time experience. 

Results: Step 1: If the assumption of 
homogeneity of single effect size 
measures ( p(Q) ?_ .20) was violated (in 
cases of reproduction, discrimination 
and experience), results from the 
random effects model were taken into 
account. For production tasks, results 
indicated a small but statistically 
significant effect of depression on 
interval production, with depressive 
subjects producing shorter intervals than 
control subjects. Time estimation, 
reproduction and discrimination 
performance, as well as time experience 
did not significantly differ between 
groups. However, even though not 
significant, small to moderate effect 
sizes were found for duration 
discrimination (better discrimination in 
control subjects) and time experience 
(slower passage of time in depressives). 

Step 2: Only in the case of time 
production, interval range turned out to 
have a significant influence on effect 
size. This indicated differences in effect 
sizes between short intervals and 
medium intervals for time production 
tasks. The analyses for verbal time 
estimation, temporal reproduction, 
duration discrimination and time 
experience, however, did not indicate 
significant influences of the covariate 
“interval range” on the effects. 

We computed least square means as 
estimators of effect size per interval 
range and task. A small significant effect 
for production tasks in the medium 
interval range was found, 

where depressive subjects under-
produced time intervals compared to 
control subjects. Marginally significant 
effects of small and moderate size, 
respectively, were observed for verbal 
time estimation at short intervals 
(depressives overestimated time 
intervals), and duration discrimination at 
short intervals (depressives 
discriminated less accurately). For 
temporal reproduction and time 

experience no effects or trends were 
obtained for any interval range. 

Discussion: Taken together, the analyses 
revealed only few significant effects 
(rather small in size) of depression on 
interval timing. These effects depend on 
task and interval range. Most notably, 
depressive patients under-produced 
intervals especially in the range of 
several seconds to minutes. Effects of 
small and moderate size in estimation 
and discrimination tasks, respectively, in 
the range of few seconds did reach 
marginal significance only. 

Based on the results from this meta-
analysis, neither interval timing nor the 
experience of time as measured by 
subjective ratings is affected significantly 
by depression. The notion of altered 
clock speed in depressive patients, in 
particular a speeding of the clock, cannot 

be maintained. 

Motor synchronization in patients 
with schizophrenia: the rhythmic 
representation is preserved 
whereas predictive timing fails 

Hélène Wilquin
a,b,e*

, Yvonne Delevoye-
Turrell

a,b
  Robert Espesser

d
, Mariama 

Dione
a,b

, Anne Giersch
c 

a Univ Lille Nord de France, F-59000 Lille, 
France; b UDL3, URECA, F-59653 Villeneuve 
d'Ascq, France; c INSERM U1114, F-67091 
Strasbourg, France; d Aix-Marseille Université, 
CNRS, LPL UMR 7309, 13100, Aix-en-
Provence, France; e Aix-Marseille Université, 
LPCLS EA 3278, 13621, Aix en Provence, 
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Objective: Motor fluency deficits have 
been described in patients with 
schizophrenia without clear explanation 
on their origin. Such deficits impact daily 
life autonomy in that it affects the 
smooth execution of motor sequences in 
a variety of activities, e.g., walking, 
grasping a cup, playing a musical 
instrument or even speaking. We 
propose that basic timing perturbation 
also observed in this pathology could be 
linked to these motor perturbations. 
More specifically, “timing” being a 
general term, we developed a new 
sensorimotor synchronization task 

(SMS) through space in order to specify 
which timing aspects (rhythmic 
representation or synchronization) may 
contribute more specifically to the 
motor fluency perturbations in these 
patients.  

Method: 24 chronic schizophrenia 
patients (SZ) matched with 27 controls 
(HC) had to produce sequential-pointing 
movements (tapping) to visual targets in 
synchrony with a metronome. On a 
touch screen (EloTouch), the 
participants’ task was to point clockwise 
a series of 6 circles arranged in the form 
of a hexagon, one after the other, during 
15 s. A total of 10 trials being constituted 
of two distinct auditory sequences were 
presented. One was constituted of 
successive equivalent time intervals 
(Inter Stimulus Interval (ISI) =500 ms) 
shaping a regular sequence (R-eq) 
whereas the second was constituted of 
alternating time intervals (ISIs=300/600 
ms) shaping a rhythmic sequence (R-alt). 
Subjects were to be the most accurate 
possibly both in space and in time.  

Parameters measured: the Inter 
Response Interval (IRI), which is the time 
interval between the production of two 
successive taps, was used as an indicator 
of the participants’ capacity to organize 
correcly rhythmic patterns. Asynchrony 
(ASYNC), which is the time interval 
between the peak force of each tap and 
the start of the nearest tone, was used 
as an indicator of the participants’ 
capacity to synchronize own actions 
with an external event. 

Results: For HC and SZ groups, mean IRI 
was close to the target interval for both 
the regular sequences (496 ms with 
target 500 ms) and the alternated 
sequence (896 ms with target 900 m 
when pooling short and long intervals 
together). These results suggest that 
patients produce correctly the overall 
tempo that is imposed by an external 
metronome. To note, patients produced 
nevertheless a less pronounced 
short/long interval alternation than 
expected compared to controls, 
suggesting that the specific alternating 
of two successive intervals was more 
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difficult to perform for patients with 
schizophrenia.  

When considering the synchronization 
parameter, patients revealed greater 
difficulties to tap in synchrony with 
beeps than controls. Indeed, the error 
amplitudes were significantly greater in 
patients than in controls for both types 
of auditory sequences. The variability of 
these asynchronies was also increased in 
all conditions for the patients. 

Conclusion: Overall, these findings 
suggested that patients had no 
difficulties to extract global tempi both 
in simple and complex rhythmic 
patterns. Nevertheless, patients showed 
impairments in synchronizing their own 
actions with external events, suggesting 
a basic deficit in predictive timing that 
could contribute more specifically to the 
motor fluency perturbations in 
schizophrenia.  

Role of alpha oscillations in 
interval-time perception, as 
examined by behavioral testing 
and neural simulations 

Yuko Yotsumoto and Yuki Hashimoto 
Department of Life Sciences, The University of 
Tokyo 

When a visually presented stimulus 
flickers, its perceived duration exceeds 
its actual duration. This effect, the so-
called “time dilation,” has been 
attributed to the number of changes in 
the event, so that an event with more 
changes is perceived to be longer 
(Brown, 1995). However, recent 
neurophysiological studies also suggest 
that time perception is linked to 
oscillatory neural activity (Buhusi & 
Meck, 2005; Matell et al., 2004). In this 
study, we hypothesized that the time 
dilation associated with a flickering 
stimulus is caused by interactions 
between spontaneous oscillatory neural 
activity and neural synchronization 
induced by the external visual stimuli. To 
test the hypothesis, we conducted 
behavioral experiments and neural 
simulations. 

In the behavioral experiment, stimuli 
were presented either steadily as a patch 

of luminance or as a flickering patch with 
a specific temporal frequency, or RBBF 
(random broadband flicker), the 
temporal profile of which is distributed 
within a specific range. In each trial, two 
visual stimuli—one standard stimulus 
and one comparison stimulus—were 
presented sequentially in 
counterbalanced order. Subjects were 
asked to determine which stimulus was 
presented for longer. The standard 
stimulus was presented steadily for 3 s, 
and the comparison stimulus was 
presented for various durations and 
flickered in various frequencies. 
Flickering frequencies of 10.9 Hz (alpha 
frequency), 30 Hz (gamma frequency), 8 
to 12 Hz RBBF, 4 to 30 Hz RBBF, and 12 
to 16 Hz RBBF were used as the 
comparison stimulus. The point of 
subjective equivalence (PSE) to the 
duration of the standard stimulus was 
derived from the subject’s responses. 
When the PSE was smaller than 3 s, the 
perceived duration was considered to be 
dilated. Flickering frequencies of 10.9 
Hz, 30 Hz, and 8 to 12 Hz introduced 
time dilation, whereas those of 12 to 16 
Hz and 4 to 30 Hz did not. Because the 8 
to 12 Hz RBBF and 4 to 30 Hz RBBF had 
the same numbers of luminance 
changes, the difference in perceived 
duration could not have been 
attributable to that factor. 

The subjects were also asked to rate the 
eventfulness of each stimulus; the results 
confirmed that the flickering stimuli did 
not differ in terms of perceived 
eventfulness. Our findings therefore 
suggested that alpha oscillatory activity 
plays a key role in time dilation. 

To explain our behavioral results in the 
context of a striatal beat-frequency 
model (SBF) (Matell et al., 2004), we 
combined an SBF model with the neural 
entrainments. In our model, 50,010 
cortical oscillators projected to a 
detector neuron. The cortical oscillator 
neurons oscillated at a unique oscillating 
frequency that ranged from 8 to 13 Hz. 
This frequency range was segmented 
every 1/1000 Hz, resulting in 5001 
oscillation frequencies. Ten neurons 
were assigned to each oscillating 
frequency, resulting in 50,010 oscillating 

neurons. The probability of an oscillatory 
neuron with a unique oscillating 
frequency (    firing at time t was 
described as: 

(1)   (                (        

The firing state of the oscillating 
neurons (  (  ) was determined from the 
firing probability described in equation 
(1) and was set as +1 if the neuron fired 
at time t and 0 otherwise.   (   was 
updated every 1/30 s. The projection 
from the i-th oscillating neuron to the 
detector neuron was weighted as    and 
was determined by duration to encode 
(T), the firing state at time T (  (  ), and 
the firing probability at time T (  (  ): 

(2)      (    (   (  
  (   (    (    

Normally, the SBF model uses the same 
oscillating frequencies for the encoding 
and the retrieval phase. In our model, we 
assumed that the flickering visual 
stimulus induced neural entrainments; 
therefore, we incorporated the original 
oscillating frequency (    and the 
stimulus flickering frequency (F) to 
calculate the oscillating frequency    : 

(3)   
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Here,   takes a larger value when the 
unique oscillating frequency (    is closer 
to the stimulus flickering frequency (F), 
indicating the magnitude of the 
entrainment. The firing probability of an 
oscillatory neuron after entrainment was 
recalculated as    (  , along with the 
firing state of the oscillating neurons 
(   (  ). We then simulated spikes in the 
detector neuron,  (  : 

(5)  (   ∑      (  
     
    

To evaluate the simulation results in the 
context of our behavioral data,  (   was 
simulated with the parameters of T 
(stimulus duration) = 3, and F (stimulus 
flickering frequency) = 6, 7, 8, 9, 10, 11, 
12, 13, 14, and 15 Hz. 

When the parameter F was <8 Hz or >12 
Hz, the simulated peak activities of the 
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detector neurons clustered around 3 s, 
indicating accurate detection of the 
stimulus duration. However, when the 
parameter F ranged from 8 to 12 Hz, the 
simulated peak activities skewed toward 
a smaller T, indicating that the detector 
neuron was responding sooner than it 
should have. 

To summarize, interval-time perception 
by human subjects was dilated by a 
visual stimulus flickering at alpha 
frequencies. Neural simulations based 
on the SBF model and neural 
entrainment were able to produce 
outputs equivalent to this frequency-
specific time dilation. These findings 
suggest that interval-time perception is 
governed by neural oscillations, as 
proposed in the SBF model, and can be 
modulated by externally triggered 
neural oscillations in the visual cortex. 

Neural mechanisms of the 
distortion of interval-time 
perception in response to visual 
flicker and auditory flutter 

Kenichi Yuasa, Ikuya Murakami & Yuko 
Yotsumoto 
Department of Life Sciences, The University of 
Tokyo 

When an object is presented for a 
certain amount of time, we can estimate 
the duration of that time. However, this 
“interval-time perception” is known to 
be distorted under some circumstances. 
For example, if a visually presented 
stimulus moves, expands, or flickers, the 
presentation duration tends to be 
overestimated, resulting in time dilation. 

“Interval-time perception” and “time 
dilation” have been of great interest to 
many researchers. Some studies have 
suggested that interval-time perception 
and time dilation are attributable to 
neural oscillation (Treisman et al., 1994), 
and that sub-second and supra-second 
time perception depend on different 
brain networks (Schwartze et al., 2012). 
Although recent neurophysiological, 
neural imaging, and behavioral findings 
are being merged to establish a model 
that will explain time perception 
(Merchant et al., 2013; Treisman et al., 
1994), the role of oscillating neural 

activity and the specificity of its 
modalities are not yet fully understood. 

Here, we used visual flicker and auditory 
flutter to investigate the neural 
mechanisms of interval-time perception. 
We focused especially on how neural 
oscillations at particular frequencies 
affect time perception and on how such 
effects differ among modalities and 
among stimulus durations. 

We hypothesized that interactions 
between spontaneous and stimulus-
induced neural oscillatory activity cause 
distortions of time perception. We 
conducted two experiments using 
flickering or fluttering stimuli at alpha 
frequencies to examine the frequency 
specificity of time dilation. 

In Experiment 1, we evaluated the 
effects of temporal modulation of 
frequency by using visual flicker and 
auditory flutter. Two visual stimuli—one 
standard stimulus and one comparison 
stimulus—were presented sequentially 
in counterbalanced order. Subjects were 
asked to determine which stimulus 
lasted longer. 

The standard stimulus was presented 
steadily for either 1 or 3 s, and the 
comparison stimulus was presented for 
various durations with 
flickering/fluttering at 10.9 Hz 

(alpha frequency). The point of 
subjective equivalence (PSE) to the 
duration of the standard stimulus was 
derived from each subject’s responses. 
When the PSE was smaller/bigger than 
the duration of the standard stimulus, 
the duration perception was determined 
to be dilated/compressed. Visual flicker 
of 1 or 3 s induced time dilation. In 
contrast, auditory flutter of 3 s did not 
affect time perception, and auditory 
flutter of 1 s induced time compression. 
When visual flicker and auditory flutter 
were presented simultaneously for 1 s, 
neither dilation nor compression was 
observed. The results suggested that 
interval-time perception was 
attributable to neural oscillations, and 
that neural oscillations of different 
modalities contribute differently. 

To examine the role of neural 
oscillations more directly, in Experiment 
2 we recorded electroencephalograms 
while the subjects were conducting 
visual and auditory tasks. The standard 
stimulus was presented steadily without 
flickering/fluttering, whereas the 
comparison stimulus flickered/fluttered 
at 10.9 Hz. Both the standard and 

the comparison stimulus were presented 
for various durations of about 1 s. Thirty-
two active electrodes were placed on the 
scalp so that the occipital, parietal, and 
temporal lobes were covered, and neural 
activity was measured at a 512-Hz 
sampling rate. The behavioral results of 
Experiment 1 were replicated: that is, 
time dilation was observed with the 
visual flicker and time compression was 
observed with the auditory flutter. 

To examine the difference in temporal 
oscillatory activity between the standard 
and comparison stimuli and between the 
visual and auditory presentations, we 
transformed the recoded neural activity 
into a time-frequency representation 
(TFR) by using the multi-taper method; 
we then averaged the results across 
subjects. 

When the visual stimulus flickered at 
10.9 Hz, the high-alpha oscillations 
(around 11 Hz) were enhanced and the 
low-alpha oscillations (around 9 Hz) 
were suppressed. Thus the flickering 
stimulus induced a steady-state visual 
evoked potential and caused 
entrainment of the high-alpha frequency 
and suppression of the low-alpha 
oscillations. In contrast, when the 
auditory stimulus fluttered at 10.9 Hz, 
the low-alpha oscillations around 9 Hz 
were enhanced, indicating an absence of 
auditory steady-state responses. Low-
alpha activity was suppressed by the 
visual flickering but enhanced by the 
auditory fluttering, whereas the theta 
activity (around 5 Hz) was enhanced by 
the visual flickering but suppressed by 
the auditory fluttering. When the visual 
flicker and auditory flutter were 
presented simultaneously, the resulting 
neural oscillations were similar to, but 
weaker than, the ones with visual flicker 
alone. These results suggest that low-
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alpha and theta oscillatory activity 
contributes to time distortion. 

To summarize, our results demonstrated 
(1) a modality-specific role of alpha-
frequency oscillations; (2) time dilation 
and alpha entrainment of the neural 
oscillations induced by visual flicker; and 
(3) the potential contribution of low-
alpha and theta activity to interval-time 
distortion. Our results support the 
hypothesis that neural activity changes 
in the alpha-band frequencies affect 
interval-time perception, and that these 
effects are related to the alpha 
entrainment caused by a 
flickering/fluttering stimulus. 

 

WORLD TIME AND MENTAL TIME 

IN THIS PANEL WE EXPLORE HOW 
NEUROBIOLOGICAL MODELS OF TEMPORAL 
PERCEPTION CAN HELP IN THEORIZING 
ABOUT THE CONTENT OF CONSCIOUS 
EXPERIENCE OF TIME AND VICE VERSA  

 

World and Mental Time Time 

DAN ZAKAY 

  

PSYCHOLOGY, HERZLIYA, ISRAEL 

Subjective duration: a measure 
reflecting cognitive entropy 

Entropy is the amount of disorder in a 
closed system. According to the second 
law of thermodynamics the amount of 
entropy in a closed system can only 
increase with time. Because of this, the 
direction of the " time arrow" can be 
inferred from the direction of the 
increase in entropy. In order to reverse 
the direction of entropy, the system 
must be open and outside energy must 
be invested in the system. This is the 
case in biological systems in which the 
creation of an organism implies a 
decrease in the level of entropy. This is 
possible because of the supply of energy 
in the form of food, water, oxygen, etc. 

to the organism. When an organism 
dies, entropy increases again, with time. 
Cognitive entropy can be defined as the 
amount of disorder in mental 
activity.  Thinking analytically 
requires   investing energy in the 
thinking system; i.e., the brain. The 
brain uses up almost 20% of the energy 
consumed by the whole body, although 
its weight accounts for only 2% of  total 
body weight.   Cognitive disorder or 
entropy is manifested by disordered 
thoughts, cognitive errors, illusions and 
delusions. This is the case for several 
mental illnesses in which mental activity 
is impaired such as in schizophrenia. 
While it is difficult to measure the 
amount of cognitive disorder in such 
states, cognitive entropy can be 
observed as well in normal individuals 
when they do not invest much energy in 
their thinking processes. In such cases 
people might feel bored, or will exhibit 
low Intensity of thinking as is the case 
when system 1 is used.  Decisions will be 
based on habits, intuition and heuristic 
thinking that result in errors and 
cognitive biases. In such cases, 
prospective duration judgment can 
serve as a measure of the amount of 
cognitive entropy. According to 
attentional models of prospective 
duration judgment such as the 
Attentional-Gate-Model (AGM), 
prospective duration is a function of the 
amount of attentional resources 
allocated for timing in a given situation. 
Attentional resources are scarce and 
hence there is an ongoing competition 
for attentional resources.  When 
individuals are asked to prospectively 
judge the duration of a concurrent non-
temporal task, attention needs to be 
divided between the task and the 
timing. The more demanding a task, the 
more attentional resources are allocated 
for its performance and fewer 
attentional resources remain available 
for timing. The outcome is a shortening 
of duration judgment. This differs from a 
situation in which a person is asked to 
prospectively judge the duration of a 
routine task, which does not demand 
many attentional resources. In this case 
duration will be felt to increase. Thus for 
normal cognitive systems the feeling 
that the duration is becoming longer 

reflects an increase in cognitive entropy 
and vice versa. The symbolic meaning is 
that when we feel the passage of time 
we are, most probably, engaged in low 
level cognitive and information 
processing. In the opposite case, we do 
not feel the passage of time. The 
difference between the length of felt 
duration of same intervals in which 
different levels of cognitive and 
information processing load are 
required, can serve as a measure of 
cognitive entropy. 

 

CHRISTOPH HOERL 

  

UNIVERSITY OF WARWICK 

Time and the Domain of 
Consciousness 

The way in which we experience time is 
often said to conflict with what 
metaphysics or physics tell us about 
time, which would imply that our 
experience of time is, in an important 
respect, illusory. In this talk, I explore the 
extent to which this can really be the 
case. If time as we experience it is 
different from what time is actually like, 
our experience of time must involve 
some kind of construction, apparently 
presenting us with a feature of time that 
time does not actually have. Yet, on 
reflection, it is not obvious that we can 
make sense of the idea that our 
experience of time could involve a 
construction in this sense. I suggest that 
what may appear like a conflict between 
our experience of time and the nature of 
time itself actually has to do with the 
fact that there are quite different ways - 
structurally different ways - in which we 
can become aware of how things unfold 
over time, which we don't always 
distinguish clearly enough from one 
another. 
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Talks Day 3 
Simple view on postdictive effects 

Valtteri Arstila 
University of Turku, Finland 

Philosophers and scientists alike have 
shown keen interest in postdictive 
effects during the past decades. These 
are effects where a stimulus influences 
how things shown before it appear to a 
subject. For instance, in the case of color 
phi, which is philosophers’ favorite 
example of postdictive effects, the latter 
of two stimuli brings about an 
experience of motion that appears to 
precede the second stimulus. To give 
another example, in flash-lag effect, a 
flash is shown at the location of a 
moving stimulus and yet the flash is 
perceived to lag the stimulus that 
moves. Interestingly, the direction of the 
lag depends on the trajectory of the 
moving stimulus after the presentation 
of the flash. 

Philosophers have explained these and 
other similar phenomena by relying on 
the idea of Orwellian and Stalinesque 
revisions. In the first one, our (initial) 
experiences are veridical, but these 
experiences (or our memories about 
them) are later tampered with. In 
Stalinesque revision, it is our pre-
experiential states that are tampered 
with, and our reports and memories of 
what we experienced are correct. 
Stalinesque revision brings about a delay 
to our perception. Given that predictive 
accounts of our perception cannot 
explain all postdictive effects (i.e. Frolich 
effect and phi phenomenon), the idea of 
little delayed perception has become the 
most popular way among scientists to 
account for flash-lag effect. 

In this talk, I argue that these popular 
explanations for the mentioned 
postdictive effects are unnecessarily 
complex. First, the studies concerning 
the timing of neural correlates of 
consciousness show that perception 
cannot be delayed as much as 
philosophers’ explanations to phi 
phenomenon imply. Moreover, I will 
argue that another, simpler explanation 

based on the time course neural 
processing can explain the reports 
equally well. Second, the simple 
explanation goes towards providing 
explanation for flash-lag effect too. 
Combined with the recurrent processing 
that is used to explain backward 
masking, and with an empirically 
testable hypothesis concerning its time 
course, other postdictive effects can also 
be accounted for. This means that the 
postdictive effects can be explained 
without our perception being delayed 
any significant amount of time. 

 
The body, the self and the 
experience of time 
 
Marc Wittmann 
Institute of Frontier Areas of Psychology 
and Mental Health, Freiburg, Germany 

Empirical findings in the Cognitive 
Sciences on the relationship between 
affective states and subjective time, 
together with recent conceptualizations 
of self- and body processes, have led to 
the assumption that time perception 
entails emotional and interoceptive 
states. The perception of time would 
thereafter be embodied. The bodily self, 
the continuous visceral and 
proprioceptive input from the body, 
which is a basis for our mental self, is the 
functional anchor of phenomenal 
experience. Subjective time emerges 
through the existence of the self across 
time as an enduring and embodied 
entity. The proposal of an intimate 
relation between time and the 
awareness of an emotional and body self 
is in line with a philosophical tradition 
proposing that the experience of time is 
a creation of the self, i.e. subjective time 
is related to the conscious self as an 
enduring entity over time. 

This entanglement of self-reflective 
consciousness, emotion and body 
awareness with the experience of time 
has been repeatedly shown in 
psychophysical studies varying bodily 
arousal levels and registering levels of 
awareness to body states. Moreover, 

this relation is prominently disclosed in 
studies on altered states of 
consciousness such as in meditative 
states, under the influence of 
hallucinogens as well as in many 
psychiatric and neurological conditions. 
It can be shown that an increased 
awareness of a body- and emotional-self 
coincides with an increased awareness 
of time and a relative overestimation of 
duration. Conversely, a decreased 
awareness of the self is associated with 
diminished awareness of time. The body 
of empirical work within different 
conceptual frameworks on the intricate 
relationship between self and time will 
be presented and discussed. 

POSTERS DAY 3 

Posters Day 3 

Experiencing time in continuous 
and discrete ways 

Sonja Deppe 

Universität Koblenz-Landau 

Reflections on time, both in contexts of 
metaphysics and in experience of time, 
encounter a certain tension between 
continuous and discrete aspects of time. 
On the one hand, we experience time as 
continuously flowing; on the other hand, 
we have a strong tendency to explain 
time referring to separate instants of 
time, discrete objects, and their 
different states. In my talk, I will present 
and explain an often neglected 
perspective on the matter, namely the 
approach of the French philosopher 
Henri Bergson. 

In his analysis of temporal experience, 
Bergson yields an understanding of the 
two aspects of time that leads to an 
overall picture of time and our 
experience of it: For him, continuity is a 
crucial feature of our experience of time, 
and even more, temporal continuity is a 
crucial feature of our experience in 
general. Thereby, the temporal 
continuity – the “duration” in Bergson’s 
words – is directly connected with the 
qualitative aspect of experience: The 
way I perceive a certain sound in a piece 
of music – such as the harmonic 
resolution of a dissonance – can’t be 
understood by isolating the one sound 

TALK 1 DAY 3 
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from the others. The present moment 
can’t be understood by itself but rather 
as developing continuously out of 
preceding moments. Furthermore, 
continuity is a basic feature in Bergson’s 
overall view of temporal process-related 
reality. 

Up to this point it is true that Bergson 
takes a firm stand in favour of a 
continuous view of temporal experience. 
At the same time, however, he gives a 
detailed and interesting analysis of our 
tendency to cope with our own 
durational experience in a way that 
introduces discrete forms of access to 
time and to temporal processes. For 
him, it is the context of acting that 
demands to “cut” the temporal 
continuity into fixed objects of 
differentiated states, situated at 
instantaneous points of time. Bergson 
compares the tendency to access 
temporal phenomena in this way with 
the mechanism of a film camera, taking 
instantaneous pictures out of the 
continuous progression of events to be 
filmed. 

In his view, such a fragmentation of 
temporal processes does not only 
happen in the context of our analytical 
reflection but already in the context of 
our perception. After all we can say that 
this discrete way of approaching 
temporal processing is a basic and very 
natural part of our experience as well. So 
even if Bergson takes the continuity of 
time for more fundamental, he sees 
both our continuous experience of time 
and our discrete way of grasping it as 
related parts in the bigger context of our 
being incorporated in temporal 
processuality. 

After reconstructing Bergson’s 
approach, I will consider its possible 
implications for the contemporary 
analytic debates about time, and show 
that it might open new perspectives on 
the reasoning about experience and 
ontology of time. For instance, 
concerning the issue of temporal 
passage, Bergson might help to bridge 
the gap between certain contrary 
intuitions of experience and ontology. 

How do we perceive music? About 
Joel Krueger’s enactive approach 

Francesca Forle 
San Raffaele University, Milan 

In his Enacting Musical Content (2011), 
Joel Krueger argues for an enactive 
account of music perception. Trying to 
develop the enactive model that Alva 
Noë has proposed for vision and touch 
(Noë 2004), Krueger maintains that 
music perception is a kind of skilful 
bodily activity, in which the possession 
and deployment of our bodily skills 
shape the character and the content of 
our experience (Krueger 2011). The idea 
is that our bodily abilities contribute to 
the constitution of music: bodily 
movements, such as swaying back and 
forth, tapping fingers or dancing, 
modulate our perception of meter and 
melodies and become <<a vehicle for 
voluntarily drawing out certain features 
of the piece>> (Krueger 2009, 120). 
In order to explain this view, Krueger 
maintains that we enact musical content 
because we engage in a kind of 
exploration of the musical piece’s spatial 
profile. He defines this spatial profile as 
the inner space of every piece of music 
and maintains that, even without 
forgetting the temporality of musical 
experience, we need to recognize that 
music shows a peculiar spatiality, which 
can be usefully accounted for thanks to 
the concept of inner space (Krueger 
2011, 69). 

Now, even if totally sympathetic with an 
enactive account of music perception, 
and with the idea of recognizing some 
fundamental spatial qualities in music, I 
will argue against Krueger’s concept of 
inner space and I will show how the 
description of music as a dynamical - 
and so as a primarily temporal – percept 
can even better account for an enactive 
thesis about music. I will show that that 
of “inner space” is somehow a confusing 
concept, because it is defined not just 
through spatial properties but also 
through temporal ones – the same 
temporal properties that, according to 
Krueger, were not enough to define 
music and needed to be enriched by the 
concept of inner space itself. This 

concept, moreover, could be a bit 
confounding about the actual 
phenomenological nature of music. To 
remain faithful to Krueger’s idea of en-
acted musical experience – yet to better 
describe it – music can be characterized, 
in fact, not as a particular – static? – 
space in which we move, but, on the 
contrary, as movement itself - that is, as 
a dynamical percept that seems to be in 
movement. We could metaphorically 
say, therefore, that in listening to music 
we are not engaged in a kind of 
dynamical exploration of a sonic space 
(Krueger 2011, 75) but, rather, in the 
temporal constitution of a dynamical 
percept that we seem to follow in his own 
movement. 

Furthermore, the concept of inner space 
seems to be in partial conflict with 
another main topic in Krueger’s 
analyses, that is the criticism of Kivy’s 
enhanced formalism (Krueger 2009). 
Dealing with Kivy’s account of the 
nature and the source of musical 
expressive qualities, Krueger maintains 
that one of the problems with Kivy’s 
position is that he <<overemphasizes 
the ‘fixedness’ of a piece’s purported 
physiognomic properties>>, without 
giving any relevance to the role of the 
subjective embodied experience in 
shaping the dynamic contour of a 
musical percept. But, with the idea that 
music has an inner space that the listener 
is able to explore, Krueger seems to 
consider this space as something that is 
already given to the listener and, then, 
he does not seem to really abandon the 
objectivistic position on musical qualities 
(Menin and Schiavio 2012) that he 
ascribes to Kivy and criticizes. 

Trying to put the problematic concept of 
inner space aside, therefore, I will 
maintain that focusing on the idea of 
music as movement and trying to 
develop an accurate phenomenology of 
its dynamical course (Piana 1991) can be 
a better way to maintain the enactive 
thesis about musical perception on the 
one hand and, on the other, to account 
for both spatial and temporal qualities of 
music. Moreover, this account can enrich 
the enactive theory itself, by focusing on 
the temporal dimension of perception 
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that seems to be of secondary 
importance in the enactive theses about 
vision and touch. As Gallagher and 
Zahavi (2014) underline, in fact, the way 
in which temporal percepts are 
constituted in consciousness is enactive 
in its own nature. With Husserl’s theory 
of temporal consciousness in mind 
(Husserl 1991), the authors state that 
consciousness is not merely a passive 
reception of a present datum, but it 
enacts it because <<it constitutes its 
meaning in the shadow of what has just 
been experienced, and in the light of 
what it anticipates>> (Gallagher and 
Zahavi 2014, 15). Moreover, this 
structure is actually the same of our 
bodily actions, given the fact that the 
meaning of every present movement is 
constituted on the basis of what has 
preceded it and in the light of what it 
tends to. This common 
phenomenological structure allows our 
bodily interaction with the dynamical 
profile of music and can account for the 
fact that our movements shape and 
modulate our perception of meter and 
melodies. In this way, to defend the 
enactive theory of musical perception, 
we do not need to use concepts like that 
of “inner space”. We can rely, on the 
contrary, on the dynamical unfolding of 
music that, sharing a common 
phenomenological structure with 
movement, could give a clear and 
maybe simpler idea of how we can en-
act musical content. 

Experience, perception and 
conceptualization of time from a 
situated perspective 
 
Melina Gastelum Vargas 
UNAM, México 

In this talk I want to explore the 
importance of considering time 
experience from an embedded approach 
in order to be able to account for some 
of the reasons that cause subjective 
distortions in time perception.  
First, I shall explore the dimensions that 
talking about time raises about its 
ontology and the approaches that can 
be given of it as if it can be treated from 
the Kantian stand and also from the 
perspective of the A and B Series of 

McTaggart (1908). On of the key 
conclusions of these approaches is that 
time is tied to subjectivity. From this 
conclusion I will part to the second part 
of the talk. 

The interesting point here and hence it 
will occupy the vast part of my talk is 
that time experience has to be 
embedded in the world for us to 
perceive it. I will argue that any concept 
of time experience needs to integrate a 
material basis in which the subject of 
cognition is part of. I will be discussing 
these concepts of time within the 
broader focus of embodied cognition 
debates; because I think that to re-
conceptualize time in order to give a 
broader explanation of it, an embodied 
approach is needed. One of these 
important aspects of embodied 
processes is the idea of human cognition 
as a dynamic and variable process that 
implies a strong intertwining between 
human agents and their environment. 

In my talk I want to stress that time 
perception has to be treated as just 
another kind of perception, like auditory 
or visual. So, the aspect to analyse about 
time experience is in which ways the 
body plays a role (not yet fully specified) 
in the perception of time and how is its 
enrolment with the environment. To do 
so I will go into the theories of embodied 
perception where there are important 
aspects that fall under what Shapiro 
(2011) calls the conceptualization 
hypothesis. This is the hypothesis that 
how we conceive of our world is 
grounded in and constrained by the 
nature of the perception-action systems 
that we are (our bodies). For example, 
Lakoff and Johnson (1980, 1999) 
describe how common metaphors are 
typically grounded in the nature of our 
bodies and experiences in the. This style 
of research doesn’t seek to replace the 
concept with a different process. 
Instead, it looks to find examples where 
use of the concept can be primed or 
altered by manipulations of the 
grounding state of the body. 

In this tradition I will take into account 
the proposals of Shapiro (2011) and 
Barsalau (2008, 2012). In a few words I 

will embrace Barsalau’s proposal of 
embedded conceptualization to talk 
about time experience. The modal re-
enactment of perceptual, motor, and 
introspective states constitutes the 
central mechanism in this approach. The 
re-enactment process has two phases 
that I will discuss with some empirical 
examples (Eagleman 2011, Droit-Violet 
2009): (1) the storage of modality-
specific states, and (2) the partial re-
enactment of these states. A situated 
conceptualization typically simulates 
four basic types of components: (1) 
perceptions of relevant people and 
objects, (2) an agent’s actions and other 
bodily states, (3) introspective states, 
such as emotions and cognitive 
operations, and (4) likely settings. 
Putting all these together, a situated 
conceptualization is a multimodal 
simulation of a multicomponent 
situation, with each modality-specific 
component simulated in the respective 
brain area. 

Point 3 just mentioned above is a key 
factor for understanding time 
experience and its distortions from the 
embodied approach I am suggesting. As 
discussed by Damasio (1994), in complex 
real-world situations, there is no proper 
reasoning without emotion. Emotions 
help to guide reasoning during decision-
making. Within this theoretical 
framework it has to be taken into 
account that temporal illusions (like time 
perceived shorter or longer), are not the 
result of any additional emotional feeling 
that disturbs the functioning of time 
perception. On the contrary, these 
temporal illusions reveal that the so-
called “internal clock” is a highly 
adaptive system that enables organisms 
to adapt efficiently to events in their 
environment. Studying the temporal 
illusions may thus be a means of gaining 
a better understanding of the function of 
emotions and the mechanism 
underlying their influence on 
behaviours. Conversely, studying the 
effect of emotion on time judgements 
may also help us to arrive at a better 
understanding of the mechanisms 
underlying time perception. 

http://journal.frontiersin.org/Journal/10.3389/fpsyg.2013.00058/full#B69
http://journal.frontiersin.org/Journal/10.3389/fpsyg.2013.00058/full#B69
http://journal.frontiersin.org/Journal/10.3389/fpsyg.2013.00058/full#B43
http://journal.frontiersin.org/Journal/10.3389/fpsyg.2013.00058/full#B44
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In short, my talk will discuss on one hand 
the dimensions that talking about time 
raises about its ontology and the 
approaches that can account for them 
and on the other hand the importance of 
considering time experience from an 
embedded approach in order to be able 
to account for some of the reasons that 
cause subjective distortions in time 
perception. For this I will basically use 
the embedded conceptualization 
hypothesis to shade some light on how 
distortion of time experience might be 
accounted for in terms of an embodied 
approach. 

The Interplay of Causality and Time 
Perception 

Michael Goldberg 
Berlin School of Mind and Brain 

The ability to act upon things in the 
environment, control our external 
surroundings and learn new associations 
is highly dependent on causal relations. 
Surprisingly, in the specific case of 
voluntary actions, it seems that the 
temporal perceptions of the actions and 
their sensory consequences shift 
towards one another. This phenomenon 
is termed the intentional binding effect. I 
propose to combine behavioral and 
electrophysiological methods in order to 
uncover the neural basis of this 
phenomenon. By manipulating the 
relation of cause and effect a better 
understanding of the underlying 
mechanisms can be achieved. 

Theoretical Background: 
Causality affects time perception in such 
a way that the perceived interval 
between cause and effect is shortened. 
More specifically, when causal relations 
are salient, the onset of the cause moves 
forward in time while the outcome seems 
to appear earlier compared to a baseline 
condition. Focusing on intentional 
actions, this phenomenon is termed the 
intentional binding effect (IBE) (for a 
comprehensive review see: Moore & 
Obhi, 2012). 

Most operationalizations of causal 
relations compare motor-auditory 
relations (e.g., press a key and hear a 
tone) with either externally induced 

motion (by TMS) or an external cause 
followed by an auditory outcome. The 
method of assessing the perceived time 
interval has been almost exclusively 
behavioral. The most common method 
is based on the Libet clock. However, 
unlike Libet's experiments, the research 
on the interplay between causation and 
time does not involve physiological 
methods, living the dependent measure 
of time perception in the 
phenomenological subjective realm of 
estimation and judgment. 
The multiplicity of factors that mediate 
the effect converges into two main 
explanatory paths: prediction (internal 
forward motion) and retrospective 
inference. Evidence exists for both 
theories and the contention is not 
unequivocally resolved. 

Detailed Research Proposal: 
Objectives: AIM 1: Finding out what does 
the IBE look like in the brain? and AIM 2: 
What mechanism is responsible for it 
and to what extent?  

Hypotheses and Methodology:  
1. Replicating the perceived shift in time 
that was reported in previous studies 
such as those of Haggard et al. (2002, 
2008). In the classical paradigm, two 
important conditions are contrasted: a 
voluntary and a non-voluntary action. 
Participants will be asked to judge the 
time of their actions as well as the time 
of the sensory consequences. This 
should be the ground for an objective 
measurement of the neural basis. Using 
EEG as an additional source of data 
should open the opportunity to "see" the 
effect with our own eyes. 

A general idea of what the IBE is 
expected to look like in terms of ERPs 
can be drawn from a recent review by 
Hughes & Waszak (2011) (depicts only 
the stimulus ERP, disregarding the 
action ERP). (See Figure 1)  

Analysis should reveal the way in which 
the cause and effect temporally come 
together in the brain (which components 
actually move?) and in what relation 
they stand to the time judgments made 
by participants. 

2. Two explanatory paths: Proponents of 
the predictive mechanism argue that the 
nervous system contains internal 
forward models that generate 
representations of bodily positions and 
their expected sensory outcomes. This 
process is executed by formation of 
efference copies of what is anticipated 
to happen whenever an action is about 
to take place. Therefore, I hypothesize 
that ERP components correlating a 
predictive mechanism would appear 
sometime before an action is executed. 
On the other hand, the retrospective 
inference account of IBE puts the 
emphasis on the sensory information. 
According to this view, sensory 
outcomes are used by the brain to 
establish the origin of an event after it 
has happened by a process of inference. 
In that case, I hypothesize that ERP 
components correlating a retrospective 
mechanism should be observed at some 
short time window after the sensory 
outcome. 

As was shown by Moore & Haggard, by 
manipulating the predictability and the 
presence of the outcome, dissociation of 
the mechanisms can be achieved. 
Following this logic, I suggest that by 
adding another condition in which the 
presence of the action is manipulated, a 
double dissociation may prove that 
predictive mechanisms operate before 
the presence of an action and inferential 
mechanisms follow the occurrence of a 
sensory outcome. This would allow 
finding out to what extent each 
mechanism influences the IBE and 
whether an interaction exists. 

Potential Pitfall: The temporal proximity 
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of action-effect may make it too hard to 
separate their signals. Signal 
contamination should be overcome by: 
1. Using visual instead of auditory stimuli 
will expand the time interval 
(components' latencies) between cause 
and effect since visual stimuli takes 
more time to be processed in the brain. 
2. Deliberately distance the cause from 
the effect (delay insertion) in such a way 
that will not call off the IBE. 

Further directions: Conducting 
experiments with other modalities that 
have not yet been tested in the context 
of the IBE, such as olfaction or 
somatosensory. Alternatively, 
integrating the IBE and the temporal 
ventriloquism effect, in which auditory 
stimulus is shown to temporally pull 
visual stimuli towards its direction: 
which factor is more influential, causality 
or audition? 

Significance and Novelty: The neural 
basis of the IBE was barely investigated 
so far. Moreover, the discussion of the 
underlying mechanism hasn't come to a 
resolution. The proposed research 
intends to fill this gap.  
Furthermore, the IBE creates the 
impression that our brain makes a 
special effort to keep things together in 
order to let us know that it is us who are 
responsible for the occurrence in the 
world. Indeed, according to a growing 
literature, the IBE is essentially an 
implicit measure for the sense of agency 
(Moore et al., 2009). If so, once deeply 
understood, the effect can be used to 
explain deficiencies in patients suffering 
from schizophrenia, in which the 
experience of the boundaries between 
interior and exterior reality is blurred 
(see Synofzik et al., 2010 for discussion). 

The Appeal of Mirroring 

Bruno Mölder 
University of Tartu 

An often-discussed assumption about 
the structure of experience states that 
the temporal structure of experience 
concurs with the temporal structure of 
events experienced. This assumption 
has a certain intuitive appeal, but at the 
same time the existence of temporal 

illusions and some conceptions about 
how the brain processes temporal 
information tell against it. In the paper, I 
clarify this assumption, distinguish 
different versions of it and explain 
wherein its intuitive appeal lies. 

This assumption has appeared under 
different names and versions. I. Miller 
(1984: 107) discusses it as the Principle of 
Presentational Concurrence: “the 
duration of a content being presented is 
concurrent with the duration of the act 
of presenting it.” Ian Phillips (2014a: 132) 
terms a version of the assumption as 
Inheritance: “for any temporal property 
apparently presented in experience, our 
experience itself possesses that 
temporal property.” He defends the 
naïve view of temporal experience, the 
claim that “the temporal structure of 
experience matches the apparent 
temporal structure of the world 
presented” (Phillips 2014b: 142). 
Geoffrey Lee (2014: 7) sets it out as a 
Mirroring View: “there is a direct 
correspondence between certain 
aspects of the apparent temporal 
structure of events presented by an 
experience, and the temporal structure 
of experience itself.” Henceforth I stick 
to Lee’s term. 

A mirroring relation can be claimed to 
hold between different relata: a) the 
content and the act of experience; b) the 
worldly event and the experience of it; c) 
the experienced event and experience. 

Since the case of (b) is open to obvious 
counterexamples from temporal 
illusions and the differing time-lags for 
different modalities, the relation has 
been more recently been upheld 
between events as experienced and 
experience (or apparent structure of 
events and the structure of experience). 
Since (a) is a version of (c), but involves 
more theoretical baggage, I discuss 
mostly (c). 

I argue that on certain conception of 
experience, (c) is trivially true. As such, it 
is not really interesting. To say that the 
temporal structure of experienced 
events corresponds to the temporal 
structure of experience is to say in effect 
that as one experiences something one 

experiences it. What one experiences 
and the experiencing of it do not come 
apart given the following widespread 
assumptions: (1) All experiences are 
phenomenal, that is, there are no 
experiences below the threshold of 
awareness. (2) For all experiences with 
contents, experiences are individuated 
by their contents. (The claim (2) 
subsumes also those views like Dainton’s 
Simple Conception, which rejects the 
distinction between the act and the 
object of experience, speaking thus 
simply of experiences.) Now, if having an 
experience equals undergoing it 
phenomenally and if experiencing is 
being phenomenally presented with 
some content, then the temporal 
properties of experienced events and 
the experiencing of them cannot be 
separated. For when we are aware of 
some event, we experience it. Thus, if I 
am aware of the event a occurring 
before b, my experience of a occurs 
before my experience of b. 

When thinking about the mirroring 
relation, it is important to be clear 
whether we think of it as applying to 
experiences or to representations. 
Several authors (Roache 1999; 
Kiverstein and Arstila 2013) have pointed 
out that if there is a Mirroring relation in 
one case, it does not follow that this 
relation holds also in the other case. I 
argue that whereas the Mirroring View is 
compelling and intuitive in the case of 
experience, it is not compelling for 
representations. Applied to 
representation, (c) reads as the claim 
that the representing mirrors the 
represented event. This is not 
compelling, for there may be multiple 
processes of representing of which we 
are not aware at all. The brain may 
restructure its representations in various 
ways, so that the mirroring may be lost. 
The representations of events need not 
be processed in the same temporal order 
as the one in which these events are 
represented to occur. That is, the event 
a is represented as occurring before b, 
but the representation of a is 
commenced or completed later than the 
representation of b.   
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This raises the question of how 
representations relate to experience. 
There are various views on this matter, 
but presumably all of them allow the 
existence of nonconscious 
representations, which still play a role in 
the etiology of conscious experience. 
Already in that way, there is room for 
the failure of the mirroring.  

Here is thus my explanation to the 
appeal of the Mirroring View and the 
opposition to it. The Mirroring View is 
intuitively appealing when one thinks 
about how experience relates to its 
objects. Given certain assumptions, it is 
part of the notion of experience that the 
mirroring relation holds. However, when 
one thinks about how the brain 
processes temporal information, the 
Mirroring View loses its appeal and one 
is more likely to reject it.  I speculate that 
this shift in perspective might be one 
reason why the debate between 
extensionalism and atomism is so 
persistent. Different sides of the debate 
initially feed their intuitions with cases 
from different spheres (experience or 
representations in the brain, 
respectively) and then try to extend the 
view to the other sphere. 

Duration, Apperception, and World 
Time 

Michael J. Sigrist 
George Washington University 

For a clock to be effective, Reichenbach 
noted, it must consist of uniform, 
congruent periods, the various phases of 
which are geometrically similar to one 
another. It's curious that the Romans 
seemed not to discover this fact, or to 
care, until quite late into the Republic. A 
Roman hour in December was a full 
thirty-one minutes shorter than the 
same hour in June (see Carcopino). For 
there were twelve hours in a Roman day, 
and as the days lengthened and 
shortened following the winter and 
summer solstices, so too did Roman 
hours.  

In this paper I explore whether facts such 
as these about Roman conceptions of 
time and the temporal organization of 
the Roman social world register on the 

phenomenal level. Over the past century 
anthropologists and sociologists have 
made many close studies of the widely 
diverse ways that human cultures 
conceive of time and organize their 
social lives temporally, but few of these 
studies have examined in any systematic 
way the relation between these 
conceptual and cultural formations and 
the science and phenomenology of time 
perception. Perhaps there are no 
phenomenal consequences. The 
Romans thought very differently about 
time than we do, but it does not follow 
from this that they perceived time 
differently than us. Perhaps conceptual 
shaping bottoms out at a level that is 
impenetrable to conceptual 
determination. (This model is too 
simple, but it is useful to introduce the 
kinds of questions I am examining). 

If so, how far does cultural and 
conceptual penetration go with respect 
to time? Is there a universal sense of 
time--similar, as Carlos Montemayor has 
suggested, to a universal grammar--
upon which cultural and conceptual 
variation is built? If so, is this universal 
sense available to phenomenal 
inspection and description, or does it 
operate only at a sub-personal, 
neurological level? These are the 
primary topics of this paper. 

Conceptual and cultural determinations 
go deeper than is often assumed. A-
series representations, as Hugh Mellor 
and Montemayor have argued, depend 
upon B-series contents. B-series 
representations are conceptual, agent-
independent (in terms of content), 
culturally relative, and most importantly, 
non-motor-intentional. This isn’t 
obvious. For example, scrub jays cache 
food they have caught, remember 
where they have hidden it, and the rate 
at which it decomposes, forming a sort 
of temporally organized menu. So scrub 
jays seem capable of thoughts like ‘now 
is time for cache A,’ ‘cache B will be 
edible a while longer,’ ‘cache C is spoiled 
by now,’ meaning that they are able to 
represent both an objective, agent-
independent ordering of when various 
foods will spoil (B representations) and 
to locate their present temporal position 

in relation to that series (A 
representations). But scrub jays have no 
objective sense of time outside of 
motor-intentional contexts 
(Montemayor follows Gibson by calling 
the kind of categorizations made by 
scrub jays ‘affordances’). The sort of 
temporal categorization of which scrub 
jays are capable are direcly biological, 
but the same is not true for B-series 
representations for humans which are 
conceptually and culturally variable. The 
argument, in short, is this: since B series 
representations are culturally specific, 
and A series representations locate 
agents within a B series domain, and the 
phenomenal content of A series 
representations must be culturally 
specific as well. There are several 
consequences to this argument that are 
worth examining. One: it is an 
interesting fact about modern 
timekeeping that our sense of time 
syncs up with our concepts of objective 
time (second, hours, years). A Roman 
had no such idea: Romans measured 
time in nature by the moon, the sun, and 
the seasons, as many other human 
societies have done, but it’s important to 
stress in this connection that the sun and 
seasons were not measuring the time 
but determining it. Romans had what 
Alfred Gell and other anthropologists 
have called ‘process time,’ meaning, 
they did not separate the passage of 
time from the productive tasks in which 
it is embedded. This is why an ‘hour’ 
could lengthen or shorten throughout 
the year for a Roman, for an hour was 
not an abstract unit and measure of 
time, but a defined part of the day (the 
4th hour, the 9th hour, etc). The idea 
that the ‘9th’ hour of the day (9pm) 
might extend into the night would have 
been as absurd an idea to a Roman as 
the idea of February extending into 
March would seem to us. This tells us 
something about how deep conceptual 
and cultural determination can 
penetrate. For example, it tells us that it 
can penetrate deep enough to uncouple 
durational judgements from the 
objective representation of time. A 
Roman could of course sense that a 
frog’s croak lasts as long as a dog’s bark, 
but she would have had no units by 
which to measure and determine the 
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comparison, and hence, no sense of how 
that durational equality should sync up 
with the record of consulships and the 
turning of the seasons. If this is true, 
then a major assumption common to 
thinkers such as Kant, Husserl, Brouwer, 
and Mach needs to be re-examined: 
each of these thinkers argued that the 
objective conception of time, such as 
that found in modern physics and 
represented by the number line, is 
generated out of and founded upon the 
conditions for the unity of self-
awareness and temporal consciousness 
as such (I call this ‘Kant’s thesis’). But 
durational judgments, I’ve argued, are, if 
in terms of seconds or minutes, a 
culturally acquired skill, or are on an ad 
hoc, contextually determined basis (such 
as in a lab), and could only serve as the 
basis of a notion of objective time in a 
culture like ours that represents time in 
metric units that apply equally well to 
short and very long durations, as well as 
to points in time. Now, I do think that 
there is something right about Kant’s 
thesis, but it cannot depend upon 
duration. The awareness of time does 
not depend upon a measure of time, but 
on an ordering. Consider the analogy 
with space: as I walk along a path, I see 
that the meadow is further away than 
the bend, and know that I have a long 
way to go until the clearing. Neither of 
these--’further away,’ ‘long way to go’--
are metric determinations, but they are 
ordered. Similarly with time. It is this 
orderedness, then, that is the 
foundation that conceptual 
determinations presuppose and cannot 
penetrate, and we must be clear--given 
the arguments above--not to confuse 
this orderedness--as proponents of 
Kant’s thesis do--with the the 
conceptual ordering modelled on the 
number line. This orderedness can be 
called ‘world time.’ 

Mindfulness over mood: time 
distortions in tasks containing 
empty intervals and their 
interactions with mood and 
mindfulness in healthy individuals 

L. Weiner
1
, S. Garcia

1
, G. Bertschy

1
, M. 

Wittmann², A. Giersch
1  

1
 University Hospital of Strasbourg / INSERM 

Unit 1114, France 
² Institute for Frontier Areas of Psychology and 
Mental Health, Freiburg, Germany 

Background: There is a growing interest 
in how mindfulness – as a personality 
trait and/or as a learned skill – is related 
to the perception of time. Given its 
emphasis on moment-to-moment 
awareness, mindfulness meditation 
should have an effect on the perception 
of time, and empirical studies suggest it 
may indeed be the case. For instance, 
according to recent studies, experienced 
meditators are able to stabilize a 
bistable image (the Necker cube) for 
longer periods of time than non-
meditators, suggesting a longer 
duration of ’nowness’ (Sauer et al., 
2012). After an only short meditation, 
meditation-naïve subjects overestimate 
duration (Kramer et al., 2013). Moreover, 
self-rated mindfulness is associated with 
increased accuracy in time perception in 
the student population (Wittmann et al. 
2014). This effect may be explained by 
the attentional resources being better 
allocated to the flow of time. According 
to a study by Bschor et al. (2007), mood 
variations, such as those found in manic 
and depressive affective episodes, are 
also associated with overestimation of 
durations (Bschor et al., 2007). This may 
be due to the fact that aroused affective 
states are typically associated with an 
overestimation of duration (Droit–Volet 
& Meck, 2007; Wittmann, 2013). Bschor 
et al. (2007) also suggest that in mania, 
the overload of ideas, also called « racing 
thoughts », evoke the impression that a 
long time must have passed. On the 
other hand, overestimation in 
depression is more difficult to explain, 
but may be related to psychomotor 
slowness, inactivity and the feeling of 
boredom, leading to attentional 
resources being allocated to the passage 
of time. However, while some studies 
report an overestimation of time in 
depressed patients others observed and 
underestimation. These divergent 
findings might be due to the content of 
the time intervals used in estimation and 
production tasks (Bschor et al., 2007). To 
our knowledge, there are no available 
data on the effects of different inter-

stimuli intervals with neutral content on 
the estimation and production of long 
durations, and their associations with 
trait mindfulness, mood temperaments, 
thought patterns (e.g., rumination, 
racing thoughts), and current mood 
symptoms. We report here preliminary 
results in healthy subjects. 

Method: 88 healthy subjects were 
recruited; most were psychology or 
medical students. They filled out the 
following self-report questionnaires:  

- Five Facet Mindfulness 
Questionnaire (FFMQ), 

- Racing and Crowded Thoughts 
Questionnaires (RCTQ), to evaluate 
state racing thoughts, 

- Ruminative Responses Scale (RRS), 
to evaluate trait and state 
rumination, 

- TEMPS-A, to evaluate affective 
temperaments (cyclothymia, 
hyperthymia, dysthymia, irritable, 
anxious), 

-  depressive and manic current 
symptoms (BDI-II and ASRM, 
respectively). 

Four time estimation tasks were 
administered in random order. 
Participants were asked to read aloud 
the numbers that were presented on the 
computer screen, and estimate the 
duration of the task when it was over. 
They were asked to avoid counting while 
doing the task. Moreover, a secondary 
number reading task effectively 
prevented counting. Then, they were 
asked to complete a visual analog scale, 
ranging from 1 (time passed very fast) to 
10 (time passed very slowly). The tasks 
differed in terms of their total duration 
(32 seconds vs. 128 seconds), as well as 
the interval between the numbers that 
were presented (4 seconds vs. 16 
seconds). 

Four time production tasks were 
administered in random order. 
Participants were asked to read aloud 
the numbers that were presented on the 
computer screen, and press the “escape” 
button when 30 seconds (2 conditions) 
or 60 seconds (2 conditions) had passed. 
Like the estimation tasks, production 
tasks differed in terms of the duration 
expected (30 vs. 60 seconds), and the 
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interval between the numbers that were 
presented (4 seconds vs. 16 seconds). 
We multiplied conditions to select the 
most adequate time estimation / 
production task for further studies with 
patient populations. 

Results: We compared the effect of short 
and long interval ranges on the 
estimation and production of different 
durations with repeated measures. The 
results showed that participants 
overestimated the 32 seconds duration. 
This was more marked when the inter-
number interval was short (4 seconds) 
than when it was long (16 seconds). 
There was no effect of empty intervals 
for the 128 seconds duration. However, 
subjects systematically felt that time 
passed faster when the empty inter-
number interval was short (4 seconds) 
rather than long (16 seconds). In the 
production tasks, participants 
underestimated time, especially in the 
60 seconds condition, when the inter-
number intervals were long (16 seconds) 
rather than short (4 seconds). 

Significant but weak correlations were 
found between timing tasks and the 
mindfulness measure, but only in the 
case of production tasks and when 
subjectively evaluating the passage of 
time. No significant correlations were 
found between the mood measures and 
the timing tasks. 

Discussion: Our results in the time 
estimation tasks suggest that  
differences in “emptiness” (interval 
lengths between numbers) influence the 
accuracy in time estimation, at least for 
relatively short durations (here, 32 
seconds). Indeed, participants 
overestimated the duration all the more 
that empty intervals are short (4 vs. 16 
seconds). This might be due to the fact 
that, since more numbers are presented 
in this condition, greater attentional 
resources need to be allocated to the 
task, whereas when the interval is 
longer, participants may divert their 
attention more often away from the 
task. An increased arousal level in the 
condition where more numbers are 
presented is also possible. In the 
production tasks, empty interval ranges 

also influenced subjective time: 
participants stopped time too late when 
they had to produce 1 minute. 
Consistent with the idea that time goes 
by faster with shorter empty intervals, 
this was less marked when empty 
intervals were 4s. The correlation with 
individual contemplative proneness or 
meditation-trait measures suggests that 
mindfulness affects estimation and 
production of time duration, but these 
results require confirmation. 

The Future Is Now 

Richard Wundrack 
Berlin School of Mind and Brain 

Cinematic, extensional and retentional 
views of temporal consciousness almost 
exclusively consider past and present 
experiences in their attempt to explain 
how we perceive change and succession. 
The future is typically not taken into 
account, which seems to be intuitively 
reasonable since we cannot perceive 
what is yet to happen. One exception is 
the proposal of protenion by Husserl and 
his followers. Arguably, one of the 
functions of the brain is to predict. 
Considering that this sort of predictions, 
if they exist, are ubiquitous, the claim 
that only the present and the past 
constitute our experience of succession 
and change becomes doubtful. One 
example suggesting that the predicted 
future is part of our consciousness of 
change and succession not only in supra- 
but also in sub-second time spans comes 
from synesthetic congruency 
modulating the temporal ventriloquism 
effect (Parise & Spence 2008), i.e. visual 
stimuli bind towards temporally 
proximate sounds, increasing people’s 
visual temporal sensitivity. However, the 
crucial point is that the synesthetic 
congruency between the auditory and 
visual stimuli—the relative pitch of the 
sounds and the relative size of the visual 
stimulus—can modulate the magnitude 
of this multisensory integration effect. I 
propose a prediction-based explanation 
of this phenomenon: Processing of the 
first auditory stimulus forms an 
expectation at a level as low as the 
primary visual cortex about what visual 
stimuli y should accompany an auditor 

stimulus of quality x. A possible 
motivation behind this could be that we 
have to be as precise as possible to react 
to a situation S and while temporal 
resolution is highest in our hearing, 
spatial resolution is highest in vision 
compared to the other sense 
respectively. The degree to which the 
actual visual stimulus fits this 
expectation influences stimuli binding 
and therefore temporal sensitivity. A 
violation of the expected synesthetic 
congruency is a prediction error 
canceling the necessity to be as precise 
as possible in situation S. In conclusion, I 
argue that the future-directedness of 
the brain has to be integrated into the 
explanation of the experience of change 
and succession to give a complete 
account of temporal experience that fits 
with this empirical evidence. 

 
How subjective experience of time 
can diverge from world time, while 
yet remaining tied to it  
 
Ewoud Halewijn 
Delft University of Technology 

  
World time is often implicitly regarded 
as an independent context within which 
prospective duration is judged. 
Attentional gate and internal clock 
models are relying on this independency 
by using world time as a key input from 
which duration can be predicted, 
working with input amplifiers and 
accumulation mechanisms. However, 
our limitations in the knowledge of what 
this “world time” actually is as a 
phenomenon doesn’t make it the 
perfect candidate key input for temporal 
models. Even more so, if our view on 
world time is based on our subjective 
time experience, the supposed input 
variable is in fact a transformed output, 
inserted into a feedback loop. If possible, 
we should avoid accumulations in 
(world) time as inputs for experiences of 
(subjective) time. This can indeed be 
accomplished, but it is taking a 
fundamental and radically different 
approach, acknowledging that in physics 
the existence of world time has long 



CONSCIOUS EXPERIENCE OF TIME    32   

 

 

been debated. Certainly it is not 
observer independent.  
 
According to quantum mechanics we 
cannot be sure about the existence of 
classical objects in between 
measurements. The observation process 
seems to make objects suddenly appear 
out of previously unobservable quantum 
states. This is referred to as the 
measurement problem. Strangely 
enough, these “objects” are incomplete 
from a classical perspective. They 
cannot simultaneously have all their 
properties, which is referred to as non-
commutation. Locations and speeds 
cannot be accurately measured 
simultaneously, for example. This is 
impacting strongly on the concept of 
space as a context “within which” all 
events happen. Time is impacted too, 
linked to space in relativity.  
One could wonder why we find non-
commutation and the measurement 
problem so strange. The measurement 
results themselves can hardly be 
classified as “strange”, because they just 
occur. It is possible that our wondering is 
caused by inconsistencies between the 
phenomena we observe and the context 
in which we assume they occur. A 
number of context-related assumptions 
about objects, space, observers and time 
could be reviewed.  
 
Philosopher Kant used the phrase “Ding 
An Sich” in 1781 to refer to objects as 
“more than we can observe”. However, 
in Quantum Mechanics there is neither 
empirical evidence for the existence of 
objects in between measurements, nor 
for simultaneous existence of all their 
classical properties. According to 
Wheeler’s “It From Bit” approach, the 
supposed “Ding An Sich” is a contexts 
for these measurements, rather than an 
entity “from which” we receive data. 
Objects are assumptions about what’s in 
the scientific representation gap. We 
cannot disprove their existence, but we 
cannot prove it either. Sticking with the 

facts suggesting a “Measurement An 
Sich” context: measurements are all we 
have. All the rest is result of 
interpolation or extrapolation, in 
mathematics or in our fantasies.  
Likewise, space is often regarded as a 
“Space An Sich”, to be existing in 
between measured positions. However, 
there is no empirical evidence for the 
existence of space as a separate entity. It 
is a context for positions, just like the 
“Ding An Sich” is a context for 
measurements. Non-commutation 
implies that some objects do not even 
have positions, so what does this 
context mean? We can use a “Position 
An Sich” context instead, where space is 
just a set of measured positions.  
Observers too can be regarded as 
“Observers An Sich”, existing in between 
measurements. However, we don’t need 
to make assumptions about their 
existence in the absence of 
observations. In quantum mechanics, we 
can describe events as series of discrete 
measurements. So, if we refer to “what 
is observing just one measurement” with 
the signifier “micro-observer”, without 
making any additional assumptions, 
then an observer can be defined as a 
discrete series of micro-observers. We 
do not need continuous existence of 
observers for that, nor measurement 
“activities” or properties for the 
observer, hence metaphysical 
assumptions are not required. We can 
just limit ourselves to scientifically 
recognized measurements, as we can be 
sure they have been observed for 
verification purposes. In the 
“Measurement An Sich” context, each 
measurement consists of one micro-
observer, one micro-object (a set of 
properties retrieved from one 
measurement), and one micro-time (the 
duration of the short co-existence of a 
micro-object and its micro-subject).  
The big advantage of this context is that 
the measurement problem does not 
exist in it. The absence of an object is 
only strange in the ongoing presence of 

an observer “wondering where it is”. The 
“Measurement An Sich” context is 
basically annihilating this problem. The 
problem of different time speeds in 
relativity theory disappears too, because 
some “observers” could exist more (or 
less) often than others in the absence of 
a fixed timeframe. Meanwhile, the 
context does not affect any observation 
or scientific theory. Time for each 
observer will still “be” continuous, since 
the absence of time cannot be observed 
either. Discontinuities in properties of 
micro-objects will go unnoticed if micro-
moments last only shortly, for example 
the minimum time duration in quantum 
mechanics, the Planck Time (10-43 

seconds).  
 
For temporal models, the advantage of 
this context is that world time is no 
longer required as an input variable for 
subjective experience of time. We can 
define world time as the quantitative 
sum of all micro-time durations in a 
series of observations. If we define the 
subjective experience of time as the set 
of micro-time related experiences in 
these series, it may diverge from world 
time.  
 
This context is suggesting a model 
where perceived duration can be 
increased in three ways. Firstly by 
decreasing the “share of attention” for 
micro-objects, postulating that micro-
objects and micro-time share biological 
resources. This could be achieved by 
either increasing predictability in a series 
of micro-object related observations 
(thus lowering disorder and cognitive 
entropy) or by reducing the 
attractiveness of micro-objects in a 
series. Secondly, by increasing the 
overall level of attention with stronger 
concentration, from which micro-time 
benefits too. Thirdly, by adding 
observations. The best way is probably 
to combine them all: observe your own 
(predictable) thoughts, concentrated yet 
fully detached, for a long time.  
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Berlin School of Mind and Brain 

Humboldt Graduate School (HGS) 

Luisenstraße 56 

10117 Berlin 

▶ www.mind-and-brain.de 

 

 
  

http://www.mind-and-brain.de/
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Around and about Berlin 
 

Public transportation and bike rentals 

Berlin has an extensive public transport system of subways (U-Bahn), trains (S-Bahn), buses, and streetcars (Tram or 
Straßenbahn), allowing you to conveniently reach almost every location in town day and night. Berlin has three fare zones: 
Zone A is within the S-Bahn ring and encompasses the city center, zone B ends at the city limits, zone C includes Berlin’s 
immediate surroundings (e. g. Airport Berlin-Schonefeld, Potsdam, Oranienburg). 

For more information and timetables please visit: 
www.bvg.de 
www.s-bahn-berlin.de 
http://www.fahrinfo-berlin.de/Fahrinfo/bin/query.bin/en?ld=0.1& 
 

 
  

http://www.bvg.de/
http://www.s-bahn-berlin.de/
http://www.fahrinfo-berlin.de/Fahrinfo/bin/query.bin/en?ld=0.1&
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Hostel options 
 

Shopping 

Supermarkets and more 
Reichelt, Rewe, Edeka, Kaiser’s, Real 

Discount markets 
Aldi, Lidl, Netto, Penny 

Organic only 
Bio Company (everywhere in Berlin): www.biocompany.de 
LPG (Kreuzberg and Prenzlauer Berg): www.lpg-naturkost.de 

Another German (maybe European) particularity is that stores are generally closed after 20.00 and on Sundays. But this 
wouldn’t be Berlin if there were no alternatives, providing you with the most necessary stuff even at odd hours. 

Late-night shops 

It would be impossible to list all of Berlin’s late-night shops. But a good indicator that a place is open at odd hours is if they 
call themselves Späti or Spätverkauf. These shops are mostly open until 23.00 or midnight, sometimes longer. The gas 
stations, Tankstelle or Tanke, are also open Monday through Sunday until midnight.  

Sunday shopping 

At the S-Bahn stations ‘Zoologischer Garten’, ‘Friedrichstrase’ and ‘Ostbahnhof’, a selection of shops is open on Sundays 
and bank holidays until 22.00.  

Culture for free 

▶ www.berlin.admission-free.org 

▶ www.gratis-in-berlin.de (German) 

▶ www.berlin.de/kultur-und-tickets/kultur/berlin_umsonst (German) 

▶ www.berlin.barwick.de/shopping/berlin-for-free.html (German) 

Emergency calls 

Central emergency number (fire brigade, police, ambulance): 112 
Police: 110 
You can dial 112 directly from your mobile phone. 

 

Humbold University's Guesthouse https://www.ta.hu-berlin.de/guesthouse  Ziegelstraße 13a, 10117 Berlin 

baxpax hostel downtown http://baxpax.de/downtown/  Ziegelstraße 28, 10117 Berlin 

baxpax hostel mitte http://baxpax.de/mitte/  Chausseestraße 102, 10115 Berlin 

citystay hostel http://www.citystay.de/  Rosenstraße 16, 10178 

Heart of Gold Hostel http://www.heartofgold-hostel.de/de/  Johannisstr. 11, 10117 Berlin 

The Circus Hostel http://www.circus-berlin.de/de/hostel/contact/  Weinbergsweg 1a, 10119 Berlin 

https://www.ta.hu-berlin.de/guesthouse
http://baxpax.de/downtown/
http://baxpax.de/mitte/
http://www.citystay.de/
http://www.heartofgold-hostel.de/de/
http://www.circus-berlin.de/de/hostel/contact/
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To cancel a lost credit or debit or health insurance card call the central number (Sperr-Notruf): 116 116.  
Should this number be engaged, you can also call a Berlin number: +49 30 40504050 

 Medical on-call service: +49 (0)30 31 00 31 

 Poisoning emergency number:+49 (0)30 19 240 

 Drug emergency number: +49 (0)30 19 237 

 Emergency dental service: +49 (0)30 89 00 43 33 

 Lost & Found (Berlin): +49 (0)30 90277 3101 

 Lost & Found (Public Transport): +49 (0)30 19 44 9 
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Lunch places close to M&B 
 

Cafés and restaurants 

 
1. Papaya (Asian fast food) 

Luisenstraße 49, 10117 Berlin 
 

2. Café Frau Schneider (Soups, sandwiches, cakes) 
Luisenstraße 13, 10117 Berlin 
 

3. Café Small (American food) 
Luisenstraße 51, 10117 Berlin 

 
4. Thürmann Café Luise (Bakery) 

Luisenstraße 46, 10117 Berlin 
 
5. Thai-Tasty (Thai fast food) 

Luisenstraße 14, 10117 Berlin 
 
6. Sabzi (Oriental food) 

Luisenstraße 15, 10117 Berlin 
 
7. Auf die Hand – Feinstes Fastfood (Fine fast food) 

Luisenstraße 45, 10117 Berlin 
 
8. Porta Nova (Ristorante Pizzeria) 

Robert-Koch-Platz 12, 10115 Berlin 
 
9. Mangiarbene Da Giancarlo (Italian cuisine) 

Platz vor dem Neuen Tor 5, 10115 Berlin 
 
10. JONES (American style organic food) 

Reinhardtstraße 9, 10117 Berlin 
 
11. Pane e Vino (Italian cuisine) 

Friedrichstraße 134, 10117 Berlin 
 
12. Café & Bistro CouCou (Lunch menu, cakes, coffee)  

Reinhardtstraße 37, 10117 Berlin 
 
13. Mahlzeit Luise (Soups, salads, mediterranean food) 

Luisenstraße 39, 10117 Berlin 
 
14. Van-Long (Thai food) 

Reinhardtstraße 8, 10117 Berlin 
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Event Plan 

Tuesday, 30.09.2014  

13:00 Festsaal Paula Droege Consciousness is structured by time 

14:00 
 

BREAK 

14:10 Festsaal 
Warren Meck, Barry 
Dainton  

Models of mental time 

16:10 
 

BREAK 

16:30 Festsaal Roberta Locatelli  Models of temporal experience and the structure of perception 

17:15 Festsaal Hedderick van Rijn 
Accounting for alterations in the subjective experience of time in 
computational models of time perception 

18:00 144 posters  

Wednesday, 1.10.2014 

9:30 Festsaal 
Silvie Droit-Volet, 
Yvonne Foerster-
Beuthan 

Subjective distortions of time 

11:30 
 

BREAK 

13:00 Festsaal Eve Isham 
Contextual elements determine the perceived time of intent and 
action 

13:45 Festsaal Teresa Pedro 
Does the distinction between time represented and time of 
representation solve the paradox of time perception? 

14:30 
 

BREAK 

15:00 144 posters 
 

16:00 Festsaal John Wearden Passage of time judgements 

17:00 Festsaal ART EVENT 

Thursday, 2.10.2014 

9:30 Festsaal 
Dan Zakay,  
Chris Hoerl 

World time and mental time 

11:30 
 

BREAK 

13:00 Festsaal Valtteri Arstila Simple view on postdictive effects 

13:45 Festsaal Marc Wittmann The body, the self and the experience of time 

14:30 
 

BREAK 

15:00 144 posters 
 

16:00 
 

FINAL EVENT 


