Argiro Vatakis Anna Esposito
Maria Giagkou Fred Cummins
Georgios Papadelis (Eds.)

Multidisciplinary
Aspects of Time
and Time Perception

COST TD0904 International Workshop
Athens, Greece, October 2010
Revised Selected Papers

LNAI 6789

@ Springer



Lecture Notes in Artificial Intelligence

Subseries of Lecture Notes in Computer Science

LNAI Series Editors

Randy Goebel

University of Alberta, Edmonton, Canada
Yuzuru Tanaka

Hokkaido University, Sapporo, Japan

Wolfgang Wahlster
DFKI and Saarland University, Saarbriicken, Germany

LNAI Founding Series Editor

Joerg Siekmann
DFKI and Saarland University, Saarbriicken, Germany

6789



Argiro Vatakis Anna Esposito
Maria Giagkou Fred Cummins
Georgios Papadelis (Eds.)

Multidisciplinary
Aspects of Time
and Time Perception

COST TD0904 International Workshop
Athens, Greece, October 7-8, 2010
Revised Selected Papers

@ Springer



Series Editors

Randy Goebel, University of Alberta, Edmonton, Canada
Jorg Siekmann, University of Saarland, Saarbriicken, Germany
Wolfgang Wahlster, DFKI and University of Saarland, Saarbriicken, Germany

Volume Editors

Argiro Vatakis
Cognitive Systems Research Institute, Athens, Greece
E-mail: argiro.vatakis @ gmail.com

Anna Esposito
Second University of Naples and IIASS, Vietri sul Mare, Italy
E-mail: iiass.annaesp @tin.it

Maria Giagkou
Institute for Language and Speech Processing, Athens, Greece
E-mail: mgiagkou@ilsp.athena-innovation.gr

Fred Cummins
UCD School of Computer Science and Informatics, Dublin, Ireland
E-mail: fred.cummins @ucd.ie

Georgios Papadelis
Aristotle University of Thessaloniki, Greece
E-mail: papadeli@mus.auth.gr

ISSN 0302-9743 e-ISSN 1611-3349

ISBN 978-3-642-21477-6 e-ISBN 978-3-642-21478-3
DOI 10.1007/978-3-642-21478-3

Springer Heidelberg Dordrecht London New York

Library of Congress Control Number: 2011941859
CR Subject Classification (1998): 1.2, J.4, F.4.1

LNCS Sublibrary: SL 7 — Artificial Intelligence

© Springer-Verlag Berlin Heidelberg 2011

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws
and regulations and therefore free for general use.

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

The idea of creating a multidisciplinary network of scientists working on time
and time perception was entertained in 2007, was formulated as a proposal in
2008, and was realized in 2009, when funded by the European COST (European
Cooperation in Science and Technology; www.cost.eu) agency under the title
“TD0904: Time In MEntal activitY: theoretical, behavioral, bioimaging, and
clinical perspectives (TIMELY)” (www.timely-cost.eu). TIMELY just completed
its first year of existence bringing together over 150 junior and senior scientists
from 20 different countries.

This volume is the product of the first meeting of the TIMELY network that
took place in Athens, Greece, during October 7-8, 2010. This 2-day interna-
tional workshop on the “Multidisciplinary Aspects of Time and Time Perception”
brought together scientists from different disciplines to present their work on time
and its percept with the ultimate goal of setting the stage for communication
among the different laboratories and foster future collaborations.

The reader of this volume will get a taste of some of the major research areas
of time perception, different views on temporal experiences, different method-
ologies used for measuring one’s time percept, and the interaction/relationship
of time with other cognitive processes. The collection of papers in this volume
covers topics under the four main themes of TIMELY: (Note that papers in this
volume fall under two or more of the themes below, thus no theme categorization
is adopted.)

A. Conceptual analysis and measurement of time: Currently, there is no common
code of communication as to the different aspects of time perception. A
debatable definition also leads to problematic measurement methodologies.
Reaching an agreement regarding the conceptual analysis of time will also
lead to more efficient and accurate measures of the human and animal time
perception.

B. Ezploring factors associated with time perception variability: High variability
in time perception has been reported within and between individuals. This
variability represents a barrier in understanding time perception. Thus, a
close examination of various cognitive/biological processes in relation to time
is needed.

C. Eztending time research to ecologically valid stimuli and real-world appli-
cations: The majority of time perception research has focused on simple
stimuli, necessitating the use of more informationally rich stimuli (e.g., mu-
sic, action) for advancing time perception research and, thus, extending the
results to real-world applications.
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D. Uncovering the neural correlates of time perception: Advances in neuroimag-
ing allow observation of the brain-in-action. It is necessary to identify the
techniques appropriate for studying time perception in both animals and hu-
mans and for examining time distortions in specific neurological /psychiatric
conditions and other impairments.

The TIMELY network and the volume you are now holding was funded and
supported by COST and the people working for the ISCH (Individuals, Societies,
Cultures, and Health) domain. I would like to thank Anna Esposito for initiating
contact with publishers and Alfred Hofmann for giving us the opportunity to
publish this volume with Springer. I am grateful to the co-editors of this volume
(Anna Esposito, Maria Giagkou, Fred Cummins, and Georgios Papadelis) for
their patience and detailed work with all the author contributions. I also thank
all the authors that contributed to this volume and all the members of the
TD0904 International Scientific Committee who provided insight and helpful
recommendations as to the improvement of the papers that are now printed
in this volume. Additionally, I am thankful to the School of Architecture for
hosting the TIMELY meeting in Athens and G. Papadelis, F. Cummins, and
M. Giagkou for assisting me with all the organizational details. My special thanks
goes to Thanos Fouloulis for the technical support and his willingness to realize
all my visions (TIMELY website, live broadcasting of talks, video recording etc.)
and my students for always being there (Eliza Bakou, Konstantina Margiotoudi,
Stamatis Paraskevas, and Ifigenia Pasiou). Finally, a warm thank you goes to
all the members of TIMELY that were willing to support this network and that
responded to all my calls with excitement and encouragement.

July 2011 Argiro Vatakis
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Further Steps in the Science of Temporal Consciousness?

Valtteri Arstila

Department of Behavioral Sciences and Philosophy,

University of Turku, Finland
valtteri.arstila@utu.fi

Abstract. Temporal consciousness, the field that focuses on how time figures in
our conscious states, is essentially interdisciplinary and has received attention
from philosophers and psychologists alike. Nevertheless, there has been little
cross-talk between these two disciplines. In this paper, I argue that the reason
for this resides in crucially different interests: whereas philosophers have been
preoccupied by phenomenology, psychologists have approached the field by
downplaying the phenomenology and emphasizing their subjects' performance
in various experiments. Despite this difference, existing research already
suggests that there are fruitful grounds for interdisciplinary collaboration,
should philosophers and psychologists aspire for it.

Keywords: Temporal consciousness, Husserl, James, Phenomenology.

1 Introduction

Our conscious states, in so far as they are brought about by neural processes, do not
occur instantly. Furthermore, our experiences and perceptions themselves are not
always only of instant events in the world. Quite contrary, sometimes the crucial
features of stimuli that we perceive are temporal in nature. Examples of these include
perceived temporal order, pace, and duration.

Investigation of our awareness of the previous temporal phenomena belongs to the
field of temporal consciousness (I am following Barry Dainton's [1] terminology
here), which is sometimes also called time consciousness. It can be defined as a field
that focuses on how time and temporal properties figure both in consciousness and as
contents of conscious states. This is a rather broad characterization, yet such is needed
to address the multifaceted and interrelated issues in temporal consciousness.'

Although the topic is interdisciplinary in nature, interaction between philosophers
and psychologists of temporal consciousness has remained scarce. This is somewhat
surprising, given the state of affairs in similar issues. In consciousness studies, for
example, philosophers make explicit use of many empirical research results and
theories, and scientists have begun addressing the questions philosophers have posed

' Indeed, researchers from many different disciplines have tackled the topic and the field

appears to be at the center of the interdisciplinary TD0904 (TIMELY) COST Action
(www.timely-cost.eu).

A. Vatakis et al. (Eds.): Time and Time Perception 2010, LNAI 6789, pp. 1 2011.
© Springer-Verlag Berlin Heidelberg 2011



2 V. Arstila

to them. In the topics of self, agency, and ownership, such interdisciplinary discussion
is even more prominent, and this applies also to discussions related to social
cognition. Regardless of these encouraging examples of cross-disciplinary influence,
it is yet to occur in the topic of temporal consciousness (with late Francisco Varela's
research [2,3] being a notable exception).

The overarching objective of this paper is to take steps toward bridging the gap
between philosophers and psychologists of temporal consciousness. I will begin by
explicating what I take to be the central reason why philosophers have not paid much
attention to empirical research on temporal consciousness. Given that my background
is in philosophy, I will not speculate on the reasons why scientists have not found the
philosophy of temporal consciousness significant for their studies. It is nevertheless
worth reminding oneself that one obvious reason for the lack of cross-talk between
philosophy and psychology is that the research questions in one of the disciplines are
not often relevant in the other. Instead of elaborating on the issue of crucially different
research questions in the two disciplines, I will end this article by providing a brief
discussion on the detailed topics where a common theme already exists. I hope that
these few examples will illustrate why engaging in interdisciplinary discussion would
in some cases be useful.

2 Two Approaches to Temporal Consciousness

Prima facie it appears that the issues in temporal consciousness can be approached in
two different ways. On the one hand, one can ask what the relationship is between the
temporal properties of a stimulus and our experiences and judgments about it. For
example, how asynchronous do two stimuli need to be for us to perceive them as
asynchronous? How do we estimate that certain duration time has passed? Given that
these questions need to be approached through subjects' performance in various
experiments, I call this a performance-based approach.

On the other hand, the issue of temporal properties as experienced can also be
raised without any reference to the external world and the properties of stimuli. In this
case the questions that one aims to address are whether we really experience
phenomena with temporal properties and, if we do, then what is the nature of
consciousness and conscious states that makes it possible? This approach can be
called a phenomenology-based approach, as here the emphasis is on the question of
whether temporal properties figure in contents of experiences in the same way as
colors, tastes, and sounds do. That is, can we really experience temporal properties
such as simultaneity, temporal order, and duration?

Although nothing prevents one from investigating the issues in temporal
consciousness by combining both approaches (and in fact Paul Fraisse [4] and William
James [5] did so), they can also be investigated independently. More importantly,
as will be discussed below, it appears that this has happened and in accordance with
the distinction between the disciplines: psychologists have focused on the
performance-based approach and philosophers have adopted the phenomenology-based
approach (with very little regard to the psychological mechanisms underlying the
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phenomenology).” As each line of research can be conducted without the other, cross-
talk between these disciplines has been lacking.

Philosophers' preference for the phenomenology-based approach is understandable—
after all, the other approach would require experimentation, which is not their forte!
As a result, in their own research on the field of time consciousness, philosophers
have instead focused on two interrelated questions concerning phenomenology.’ The
first one is whether we really experience temporal properties such as simultaneity,
temporal order, and duration. Thomas Reid famously argued that this does not
happen. He writes:

It may be here observed, that, if we speak strictly and philosophically, no
kind of succession can be an object either of the senses, or of consciousness;
because the operations of both are confined to the present point of time, and
there can be no succession in a point of time; and on that account the motion
of a body, which is a successive change of place, could not be observed by
the senses alone without the aid of memory. [6, p.235]

Reid argues thus that our consciousness, and the things we can be conscious of, are
confined to momentary points in time—neither of them have any temporal width. Our
experiences are static, motion-free snapshots that do not have any duration.
Accordingly, Reid claims that we do not really experience succession, change,
persistence, melody, or any other temporally extended phenomena. This also includes
motion, which for Reid is merely a matter of succeeding snapshots. In fact, for Reid
the stream of consciousness is mere continuous stream of momentary states of
consciousness.

Although Reid's view of consciousness provides us with the succession of
experiences, whether they are related to, say, visual stimuli or tones, it does not
provide us with experiences of succession or melody. Our phenomenology suggests
however that we can experience also succession and melodies.* Hence, those
philosophers who draw their intuitions from such phenomenology (which includes

It should be noted that the claim how philosophers prefer the phenomenology-based
approach over the performance-based approach concerns only on how philosophers approach
the topic of temporal consciousness. Accordingly, it makes no claims as regards to how
philosophers approach the study of time. Indeed, on this latter topic conceptually-oriented
and even logic-oriented approaches are commonly used, while there is little use for the
phenomenology-based approach.

Although it is safe to say that the topics philosophers have engaged with belong to this
approach, no philosopher has been as explicit about the importance of temporal
consciousness as Edmund Husserl, who is one of the most influential philosophers on
temporal consciousness. He writes that "[the key themes in the phenomenology of time
consciousness are] extremely important matters, perhaps the most important in the whole of
phenomenology" [7, p.346]. That is, those philosophers who aim to understand our
experiences better should give proper attention to issues such as how temporal phenomena
can be experienced in the first place when considered from the point of view of a subject.
Here we are reminded by Husserl's remark that the "duration of sensation and the sensation
of duration are two very different things. And this equally true of succession. The succession
of sensations and the sensation of succession are not the same." [7, p.12].
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almost everyone) have disagreed with Reid's view. Thus, they maintain that our
awareness and/or its contents are not confined to durationless moments. For example,
William James writes in his much cited passage that

the practically cognized present is no knife-edge, but a saddle-back, with a
certain breadth of its own on which we sit perched, and from which we look
in two directions into time. ... we seem to feel the interval of time as a whole,
with its two ends embedded in it. [5, p.609-610]

In the light of our phenomenology, James suggests that we need to distinguish two
notions of 'present’. On the one hand, there is the strict mathematical notion that is
durationless, and on the other hand, there is the "cognized present" that possesses a
brief duration. Since this latter notion refers to the phenomenon that is not really
present in the mathematical sense but comprises a short temporal width, James calls it
"specious present” (others have sometimes called it "subjective now”). Because our
subjectively experienced present has a short temporal width, we can experience
change, persistence, and other temporal phenomena.

It is important to note that accepting the idea that subjectively experienced now is
not a durationless moment does not yet provide a proper explanation for the specious
present nor for the experiences that this notion is supposed to help us explain.
Consider the experience of succession for instance: those who disagree with Reid and
endorse some notion of specious present maintain that our experiences can really have
succession as their content. Accordingly, they argue that in one episode of
experiencing or awareness, we can experience one stimulus succeeding the other
because in such episodes both stimuli are somehow present (and thus their temporal
relation itself can be experienced). But this sounds paradoxical: if we have one
episode of an experience, and this is what we experience as now, then how can our
experiences related to two stimuli not be experienced as simultaneous (and yet they
cannot be, because otherwise we could not experience one succeeding the other)?

We are therefore led to the second question that the philosophers of temporal
consciousness focus on: assuming that we do have temporally extended experiences
(such as experiences of succession, melody, and persistence), then what must
consciousness be like to provide us with them? Given that most philosophers do
disagree with Reid, the debate over the philosophical issues in temporal
consciousness has mainly centered on the best way to resolve the paradox resulting
from specious present.’

It should be noted that one aspect of this debate is the apparently seamless flow of
our consciousness, which James called the stream of consciousness. This is, of course,
apparent in the sense that this is how the stream appears to us; the phenomenology of
how one conscious state transforms to another. Its neural or metaphysical background

> Essentially, two different views have been proposed to resolve this paradox. The first one is
the Extensionalist view that is often related to James's theory. According to this alternative, it
is the episodes of experiencing that are temporally extended. The alternative is Husserl's
Retentionalist view, where the episodes of experiencing are momentary but their contents are
temporally spread.
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does not need to be seamless. The stream of consciousness implies the passage of
time because specious present describes what is experienced as now, whereas the
stream of consciousness describes how these states, specious presents, follow each
other. One specious present concerns the contents of our consciousness in one
subjective now, whereas the stream of consciousness concerns the phenomenology of
how one specious present changes to another. Philosophers, especially those in the
Husserlian tradition, refer to this by the term 'temporality'—the continual background
awareness of passing time.”

Despite the fact that the performance-based approach requires experimentation,
and is thus not something that philosophers do themselves, one might think that
results achieved through it would be useful in philosophers' endeavors. Yet, a brief
look at the philosophical papers shows that empirical results are rarely (if ever) cited
in them. In fact, it appears as if they silently agree with Husserl, who wrote:

It might also make an interesting investigation to ascertain how the time that
is posited as objective in an episode of time-consciousness is related to actual
objective time, whether the estimations of temporal intervals correspond to
the objectively real temporal intervals or how they deviate from them. But
these are not tasks for phenomenology. [7, p.4]

The above may at first appear surprising but on closer inspection Husserl's
indifference to the performance-based approach is actually quite understandable. As
discussed above, the disagreement with Reid's view, and the resulting paradox, are at
the crux of philosophical debates. This is significant for the topic at hand because
most of the research done by psychologists is compatible both with Reid's and with
his opponents' view. Accordingly, this research does not touch on the issues in which
philosophers are interested in and, hence, the lack of philosophers' interest in the
performance-based approach to temporal consciousness.

To see this more clearly, consider the temporal order tasks (where one of the two
stimuli appears first). Arguably, to account for our performance in them does not
require us to address the issue of whether we really experience succession or not. For
example, what happens in the cases of succession could be explained with the help of
memory: when the second stimulus is perceived, we still have a lingering memory of
the stimulus that preceded it. Another possible way to account for the performance in
temporal order tasks is simply by reference to some automatic, unconscious
mechanisms.” Yet another possibility is that the performance mirrors our experiences
of succession. In the first two cases, we would have succeeding experiences, whereas

Two key issues concerning temporality can be used to separate the philosophical theories of
time consciousness. The first one asks how much continuity there really is between two
episodes of experiencing. The second one is: what establishes the continuity? Is it memory,
contents of experience, self? What this means in practice is that philosophers tend to combine
the issues at hand with the broader context of consciousness (and in many cases self-
awareness too). Accordingly, the question they want to address is the general question of
what the conditions for conscious experiences are.

Much like the visual guidance of our actions is done by unconscious, dorsal processing and
not by the conscious experiences that we base our reports on.
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only in the latter case would we have an experience of succession.® The first two are
thus compatible with Reid's view whereas the latter is compatible with his opponent's
views. In so far as we only know the performance in these tasks, little is revealed
about the possible mechanisms underlying them and nothing is revealed about the
nature of conscious states.

This conclusion is supported also by the fact that psychologists themselves write
about temporal order judgments instead of experiences, despite early remarks by
Fraisse, who emphasized the phenomenology related to them.” Obviously this does not
mean that psychologists deny the possibility that these judgments are accompanied or
even based on related phenomenology. Instead, it only suggests that psychologist
consider phenomenology unhelpful in their pursuit of understanding the mechanisms
underlying the role of timing in human behavior. Nonetheless, it is exactly because of
such a noncommittal approach to the phenomenology that psychological results have
only a little direct bearing on the matters that philosophers are interested in.

A similar consideration holds for duration perception. Fittingly, psychologists
emphasize that we do not experience durations. (It has been argued, for example, that
there is no sense organ for time perception in a sense there are sensory organs, say,
for vision and hearing.) The fact that we do not experience durations per se does not
however mean that we could not have some accompanied phenomenology.
Correspondingly, although philosophers agree with psychologists on the experiences
of durations themselves, many of them argue that we can experience something
related: persistence—that something has lasted, been present, for some time. In fact,
the phenomenology of persistence is one of the reasons to postulate the notion of
specious present (see for example [1,9]).

Here again appears the gap between performance-based and phenomenology-based
approaches to temporal consciousness: Given that psychologists explicitly deny the
existence of the experienced durations, they pay no attention to the possibility of
related phenomenology and write about duration estimation (rather than duration
perception), thus emphasizing the cognitive side contra phenomenology. Hence, their
research is largely restricted to the performance-based approach. From the
philosophers' side, on the other hand, it is not obvious how the experience of
persistence relates to the duration of stimuli—even though it appears likely that one
cannot have a feeling of persistence without some way of tracking the passage of
time. Thus, for philosophers, it appears likely that merely focusing on performance
for example in duration estimation, duration generalization, and temporal bisection
tasks does not provide new insights into this phenomenology because it does not
address the issue of what causes the feeling of persistence.

In short, I have been arguing the following. Philosophical investigations are by
their nature mostly limited to the phenomenology-based approach to temporal

Here is a useful analogy to think about: Based on the footprints on the beach one can infer
that someone has walked there, but one only sees the footprints not the person who made
them. Likewise here, maybe we can infer that two stimuli were presented in succession based
on two separate experiences and with the help of some unconscious processes (or memory),
or maybe we can indeed experience the succession itself and our performance is based on
them. It could be either case, but if we look only the results in the task and never ask the
questions concerning the phenomenology, we do not know which case it is.

Needless to say, there are also exceptions [e.g., 8].
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consciousness. More importantly, however, the research done on the performance-
based approach is such that it largely has no (direct) relevance to the issues
philosophers are interested in. For example, the mechanisms for something can be
researched without taking a stand whether the research results indicate that the
temporal properties are experienced or that they are simply judgments that the
subjects make. Thus, there is little need or interest from philosophers' side regarding
the performance-based approach.

Both performance-based and phenomenology-based approaches are viable options
for psychologists, unlike for philosophers. Yet they tend to emphasize the performance
at the expense of phenomenology. From psychologists’ point of view, it does not
appear to matter much whether the results mirror the experienced phenomenon or mere
judgments.'® Of course the latter are based on experiences too (except possibly in the
forced choice tasks—think of blindsight) but not on the way that something is really a
content of an experience instead of being merely inferred from the contents of
experiences. The above does not mean, obviously, that psychologists could not also
incorporate the phenomenology-based approach in their research.

3 Bridging the Disciplines

Although philosophers and psychologists have kept the performance-based and
phenomenology-based approaches to temporal consciousness largely separate, there
are issues where these two disciplines have much to offer to each other. For instance,
there is no reason why properly planned experiments that put emphasis on
phenomenology in addition to performance should not benefit both philosophers' and
psychologists' endeavors. One could, for example, incorporate subjective confidence
ratings in experiments and their analysis—as is done nowadays in some experiments
concerning consciousness (see for example [10,11]). Instead of elaborating on this
option, in this section I want briefly to mention more specific topics that have a
bearing on philosophers' interests and in which some empirical research has been
done. These serve as examples where collaboration between the disciplines is most
likely to bring about advancements in both.

To begin with, philosophers' discussion on specious present means in practice that
they are interested in issues that could shed light on the nature of specious present.
For example, empirical issues that philosophers find interesting in relation to the
notion of specious present are those that either motivate the endorsement of the
specious present itself (perception of succession, change, etc.) or particular features of
it (such as the notions of persistence for retended content and temporal orienting for
protention in Husserlian tradition).

Another take on this matter concerns the minimal duration of experiences; if some
notion of specious present is empirically sound, then each episode of sensing has
some (kind of) temporal extension. Accordingly, it is reasonable to ask how long this
temporal extension is (what the duration of one episode of experiencing is) and

!0 This should not be taken as a criticism against the way research is done (and in fact, the
author himself has been involved in few studies of this kind), but merely as an indication that
psychologists’ interest in the issues of temporal consciousness does not reside on the related
phenomenology.
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whether its duration is fixed. James, for example, thought that specious present could
last up to twelve seconds, whereas more recently Dainton has argued that it lasts
around half a second. Both of these questions, at least prima facie, are close to,
although not identical, with Robert Efron's [12,13] research on the minimal duration
of perception, whereby he explicitly separated the duration of stimulus, processing
epoch, and conscious perception. Furthermore, he argued that the minimal duration of
experience differs for visual and auditory sensory systems, which in turn suggests that
the duration of specious present is not fixed. This, in turn, fits nicely with some
philosophical theories of time consciousness but not necessarily with others.

Empirical investigations have a bearing on the issues concerning femporality too.
One obvious example of this is the quantification of experiences and mental
processes. Is our conscious perception discrete as is sometimes argued or is it
continuous [14]? Or maybe merely some mechanisms leading to perceptions function
in a discrete manner [15]? That is, some discontinuity in our stream of consciousness
could happen either in the level of how one specious present follows the other or in
the contents of succeeding specious presents. Whether there is some discontinuity or
not, it is obvious that the experiments that psychologists have conducted and the
theories they have subsequently put forward (especially concerning the notion of
psychological moment [16]) appear to have a close connection with the philosophers'
debate on how much continuity there is in the stream of consciousness.

Imagine, for example, that we find that our conscious episodes are in fact discrete.
Although philosophers can still maintain that this is not how it appears to us—our
phenomenology is a continuous stream—this would mean that philosophers only need
to explain the appearance of continuity. On the other hand, if there are no grounds to
argue for discontinuity, then philosophers need not only to explain the appearance of
continuity but also to do it in such a way that the underlying process itself could be
continuous. Currently, very few philosophical theories incorporate such continuity.

Another, previously mentioned, issue concerning temporality where empirical
research could have a direct impact is the question concerning the interrelation
between the experienced passage of time and performance in the duration tasks. Can
they vary independently of each other or is one's judgment on the passed duration
dependent on the experience of the passage of time?

One can also begin bridging the gap between philosophy and the psychology of
temporal consciousness by pondering what philosophers can offer psychologists.
Despite my modest knowledge of psychology, I think that here too are grounds for
possible cross-talk. The most obvious contribution that philosophers can make to
psychological undertakings derives from their interest in the phenomenology of
temporal consciousness.

For instance, phenomenologically-oriented philosophers have put forward some
notions that psychologists have later (often independently of philosophers) begun
researching themselves. One example of this that relates to specious present comes
from Husserl, who appeared to regard retention as separate from mere (visual)
persistence. Here, Max Coltheart's [17] notion of informal persistence, formulated 70
years after Husserl, is rather similar.

Another example of the inspiration that phenomenology of temporal consciousness
can bring about concerns the Husserlian notion of temporality: the idea of a
continuous stream of consciousness and the general emphasis on the temporal
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structure of consciousness have been successfully used in developing new methods of
fMRI analysis, which in turn has resulted in new perspectives on schizophrenia [18].

It may be worth adding that most philosophers focusing on temporal consciousness
link their discussion to the broader context. Thus, Husserl (and other
phenomenologists) as well as Dainton [19], for example, link the discussion on
temporality to the discussion on the notion of (pre-reflective) self-consciousness.
Julian Kiverstein [20], in turn, approaches these issues from the perspective of
embodiment. As regards specious present, Rick Grush's [21] trajectory estimation
model puts emphasis on spatiotemporal illusions such as flash-lag effect and
representational momentum. This opens up new frameworks on how to approach
temporal consciousness in general and hence philosophers working with abstract
theories can also suggest frameworks that might be useful to explain certain empirical
results within more psychologically-oriented theories. Philosophers have used, for
instance, results in the timing of experiences in short timescales to propose a view
where the experienced time can differ from the time of representing and then
contextualized this research in temporal illusions on a broader framework of
consciousness studies [22,23]. More recently, Shin'ya Nishida and Alan Johnston [24]
postulated a time-marker view that makes explicit use of this framework that was first
put forward merely as a theoretical possibility.

4 Summary

Temporal consciousness, the field that focuses on how time figures in our conscious
states, has been a keen interest of both philosophers and psychologists. Although one
could assume that these two disciplines have had some influence on each other while
tackling related issues, such cross-talk has yet to occur. The objective of this paper
was to begin amending this situation.

One possible reason why philosophers and psychologist have had so little
interaction on these matters is that their approaches are so far apart that they have
little relevance to each other. It was argued that this is indeed how things currently
stand, as philosophers focus on phenomenology and psychologists on subjects'
performance in various experiments.

Another, equally valid, reason is that cross-talk between disciplines is difficult, if
not even impossible, when researchers in one discipline do not know what researchers
in the other disciplines work with. Hopefully, this latter reason has lost some of its
force with the explication above on where philosophers' interests lie in the topic of
temporal consciousness, because some of the research that has been done suggests
that there are fruitful grounds for interdisciplinary collaboration for those
philosophers and psychologists who wish for it.
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Abstract. Does the status of certain temporal experiences as illusory
depend on one’s conception of time? Our concept of time in part deter-
mines our concept of what we hold to be real and unreal; what we hold
to be real and unreal partially determines what we hold to be illusory;
thus, our concept of time in part determines what we hold to be illusory.

This paper argues that this dependency of illusions on the concept of
time is applicable to illusions of time. Two possible temporal illusions
given the evidence are examined, simultaneity and the experience of the
past; it is argued that the evidence points at temporal illusions depending
on which conception of time is true.

Keywords: illusions, temporal illusions, theories of perception, philos-
ophy of time, simultaneity, experiencing the past, temporal order

1 Introduction

The evidence seems overwhelming that we experience illusions, e.g., the Miiller-
Lyer illusion (e.g., McCauley & Henrich 2006), the waterfall illusion and the
rubber hand illusion (MacKnik & Martinez-Conde 2010, p.102). However we
interpret the appearances in these cases, we have to hold that something is not
as it seems. Not being as it seems, I assume, is what it is for our experience of
something to be an illusory experience or perception.

Yet, although there may be an illusory experience, there is still the question
of what it is that is illusory. Answering that may seem trivial: if we are moti-
vated to posit an illusion at all, what motivates us should be that there is some
discrepancy between appearances and reality. By judging that some object I see
does not have the shape or colour it seems to have, then I also judge that the
shape or colour is illusory.

I think that this is right: once we establish that there is a difference between
what appears to be the case and what is the case, how we establish that requires
our recognition of what is different. Thus, looking at what seems to be a yellow
apple, in the very act of establishing that the yellow is not the actual colour of
the apple, we also establish at least one thing that is illusory here, the yellowness
of the apple.

A. Vatakis et al. (Eds.): Time and Time Perception 2010, LNAI 6789, pp. 11 2011.
© Springer-Verlag Berlin Heidelberg 2011
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However, one’s conception of time is relevant to establishing just this illusory
status. Given we have different conceptions of time, there is this question: can we
assume that certain perceptual or experiential illusions are the illusions that we
take them to be? I argue that we should not assume this: because our thinking
about time alters how we think about what is real and unreal, then it also alters
what exactly it is that we can say is illusory, even where we are forced into
thinking that something must be illusory. I do this by considering a category of
illusion relevant to one’s conception of time, that is, temporal illusions.

This paper proceeds through the following discussions:

(a) The difference between an experience and a perception, and why it is im-
portant in discussing temporal illusions. The issue here is that, if we wish to
be consistent with views from philosophers of time, we ought to talk about
a more general class of illusions, experiential illusions, as opposed to just
perceptual illusions.

(b) The conditions under which an experience is a perceptual or experiential
illusion. It is asserted that, although we may hold that a particular expe-
rience is of certain illusory properties or relations, this does not mean that
this particular experience is of only illusory properties and relations.

(c) A brief description of different temporal features and different concepts of
time.

(d) These sections prepare us finally for an examination of whether or not some
alleged examples of temporal illusions are best understood that way, i.e.,
as temporal illusions. The examples are (i) simultaneity and (ii) memory-
experience. It is argued that, combined with one’s concepts of experience
and perception, the answer depends on one’s concept of time.

2 Time-Experience and Time-Perception

This section considers the relationship between experience, perception and il-
lusion, a relationship which is both important to how we talk about temporal
illusions and is also affected by how we think about time.

Throughout this paper, I attempt to use terms in their most common English
senses. However, some terms have taken on specific meanings in various tradi-
tions. Because the study of time and perception is of interest in a wide variety
of disciplines, there is the risk of terminological confusion in its discussion.

The relationship between two terms, I think, raise particular difficulty in this
discussion. These are experience and perception. As such, I wish to briefly indi-
cate and explain how these are used.

"Experience’ in philosophy seems to be used in a number of slightly different,
but not necessarily incompatible, ways, e.g., experience is:

— the subjective aspect or properties of conscious perception (most typically
sensory perception), also sometimes referred to as the phenomenal character
or properties of consciousness, the 'what it is like’ to see, hear, touch, taste,
etc. When we see, we experience visual sensations (e.g., Chalmers 2004,
p.618).
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— an intrinsic (and, to some, questionable) effect common to perceptions and /or
hallucinations which "happen to a subject [...they] must happen within the
subject [...their] intrinsic natures are independent of anything that happens
outside the subject’ (e.g., Snowden 1990, p.123).

— a representation of things in the world, even in cases where there’s nothing
there (such as in illusion or hallucination), e.g., I have an experience as of
a red squirrel; my experience visually represents a red squirrel (e.g., Lycan,
1996, p.82).

— inclusive of conscious episodes that are not easily considered sensory in the
temporal, empirical or mundane sense, e.g., mystical and religious experi-
ences (e.g., Yandell 1999, pp.213-232).

I use experience here with these various descriptions in mind. However, I
also need to extend its use in order to talk about temporal experience — and of
temporal illusion. This comes from issues with (a) referring to the perception of
time and (b) the need to talk about experience and illusion that is not just
of present things.

It is generally agreed by all sides in the philosophy of time that what we
seem to perceive seems to be present: when seeing a bouncing ball, the ball
appears to be bouncing now (for discussion, see, e.g., Callender 2008). I could
be hallucinating or under an illusion, and not seeing the bouncing ball at all
(thus, I only seem to see it); or I could be having a particularly overwhelming
and vivid memory, as is sometimes alleged of trauma victims, and the bouncing
ball is actually in the past (thus, it only seems to be present). But still, the sides
agree, if I seem to see it, hear it, feel it, and so on, it seems to be present

If this is so, then the perception of time can only refer to one understanding of
time as it appears: time that appears to be present. Time-perception is present-
perception. We cannot, in this view, perceive time that is past or future. Now,
there may be no issue here with perceiving the future — this is not something I as-
sume here needs to be explained. But with the past, there is a more difficult issue.
For whatever we mean by the awareness of the past, as we might say of remem-
bering particular episodes in one’s life, this assumption in the metaphysics of time
means that such past remembering cannot even seem to be a kind of perception.

This has the following effect on talk about temporal illusion: if the temporal
illusion is a perceptual illusion, it can only be an illusion of something which
seems present, e.g., something appears to be present but it is not.

Yet, as will be discussed, temporal experience and illusion do not seem to
be only of present things. Discussions about temporal illusion include duration,
temporal order, and the past. If philosophers of time are right about perception,
can we refer to such temporal illusions? We seem to have two options:

— FEither we have perceptions of temporal features other than those which
belong to (apparently) present things. Or:
— Illusions need not be perceptual illusions.

! Instead, the disagreement concerns what is required for something to seem present
(e.g., Callender, ibid, and later in this paper.)
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Some argue that, in order to make sense of our perception, we ought to agree
that we perceive temporal features such as duration and temporal order (e.g., Ho-
erl 2009; Power 2011)@ Dainton considers a notion of compound presentism, in
which reality is constrained to a subset of all times. In that case, given we iden-
tify the present with the real, we might then say this subset of times, which is a
duration, is the present; thus, we have a somewhat presentist concept of a present
with duration (2001, p.95). Also, given B-theory, in which the present is analogous
to ’here’, any arbitrary duration can be ascribed presentness, just as any spatial
extent can be ascribed ’here’-ness. But with A-theory, I cannot see how this can
work: the fundamental distinctions between moments in time are supposed to be
the positions in the A-series, a series in which there is only one present; but if there
is only one present, how can several moments be distinguished in this A-series as
present? Pending a clear answer on this, I leave it aside. However, such claims
are not so easily found with discussions about the past. Putting aside reasons
from analytical philosophers of time, there are no obvious claims in the philo-
sophical literature that we genuinely see past summers when remembering our
childhood, or hear past notes when listening to a tune. In fact, one finds quite
the reverse, e.g., Husserl claims that our awareness of past notes is nothing like
hearing a continuing echo of such a note; this motivates his particular analysis
of time-consciousness (e.g., Husserl, 1991, p.33).

Yet, there is talk about the phenomenology of remembering, of things appear-
ing in memory. And it has been argued that what appears in memory is, or at
least includes, past things (not present things). For example, Husser] writes:

I now remember vividly the terrain of a military exercise. I have the
color of the sky, the varying tints of the green of the meadows [...] These
colors are past colors; namely, colors of objects that I am remember-
ing but that certainly do not stand before me as objects that are now
present along with all their determinations. Are there (I am now remem-
bering) other colors in the memory phenomenon? No, the colors that are
experienced there are ascribed to the past [...]

In actual perception, the sensed colors are taken as belonging to the
same temporal position as the perceived colors. The situation is analogous
in the case of memory. The memorial appearance together with its body of
sensuous contents (which themselves fall into the appearance) is taken to
be the re-presentation of the earlier perceptual appearance; consequently,
the sensed color, just like the remembered color, is taken as having been.

(Husserl 2005, Appendix XVI, pp.243-244)
And, as we will see, at least one author quoted here discusses the necessary
illusion of memory. In order to respect that way of thinking, I suggest the following:

2 This assumes that, given any number of moments in time, if any moment is present,
only one moment can be present, while all other moments must be either past or
future. As such, only a single moment in any duration can be present; no duration
in its entirety can be present. An anonymous reviewer suggests that there may be
formulations of tense compatible with presentism and the A-theory that allow the
present to have a duration.
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Consider the use of experience above. Experience seems to correspond to
appearances, to occasions in which something is apparent; there is phenomenal
character when we have an experience. However, although what we experience
might be present, it does not necessarily require that what we experience appears
to be present. With this in mind, I use experience here for conscious episodes
where something is apparent but does not (necessarily) appear to be present.
And thus we can extend illusion to such cases as well: although it is not present,
as something is apparent here, this appearance may be mistaken; thus, we may
even have illusory experiences of things that are not present.

For this reason, I sometimes distinguish between (i) what we experience and (ii)
what we seem to experience. An anonymous referee holds that this distinction is
unfounded. However, when considering the previous understanding of experience,
I think it is important to allow the possibility of a separation between appearances
and actual experience; it allows us to have illusions of non-present events, e.g.,
memory-illusions. If there are to be temporal illusions, and this illusion involves
experience rather than just perception, one still needs to distinguish appearances
and reality here. What I do experience is what is actually the case; what I seem
to experience need not be. This is analogous to what I perceive and what I seem
to perceive, except without the commitment to an appearance of presentness.

This, however, leads to one final issue in my use of ’experience’: if x is what
we experience, this does not necessarily mean that x is real. That is, we might
experience something unreal. Again, we could have an illusion here, due to the
discrepancy in appearances, for we may in these cases seem to experience some-
thing real. This is relevant to both positing something as an illusion generally,
as will be discussed in the next section (where illusions of the imagination are
discussed) and with temporal illusions in particular, as will be discussed under
memory—illusionsﬁ

To summarise: my use here of ’experience’ can be thought of as referring to the
larger or more general set of conscious episodes than those described as percep-
tions. In doing so, I still distinguish the appearance of what we experience from
what we experience itself, and thus allow for experiential illusions; but, in order
to allow that certain experiences can appear and may even be of unreal things, I
also include the possibility here that we experience unreal things. I believe these
distinctions are necessary to discuss temporal experience and temporal illusions[

3 My own intuition here is that we can only experience real things, e.g., Power 2009,
and thus any apparent experience of things that are actually unreal is an illusory
experience (see, later, concerning memory). However, this is currently only an un-
developed intuition so I will not argue for it here (the issue comes up again later,
when discussing experiencing in imagination).

One might still want to hold that perception extends to all such cases of what I consider
here to be experience; thus, one insists that we have perceptions of the past perhaps,
we even see, hear, etc. things in the past or we have perceptions of unreal things;
indeed, Husserl seems to talk this way when discussing time-consciousness (although
he also has difficulties, e.g., Husserl 1991, §16). Due to the debate about time from
which this discussion comes, I will not follow such usage but hopefully my terminology
is clear enough to translate into these other terms should they be preferred.
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3 Illusion

The relation between there being a distinction between appearance and reality
does not necessarily lead to there being an illusion. Initially, there are two ways
there one might think that there is such a difference:

(a) Something (x) appears to have some real property or relation but x does not
have that property or relation.

(b) x does not appear to have some real property or relation but x does have
that property or relation.

I take it that cases of (a) are acceptable as illusions: if we seem to see a red
squirrel, but it is not a red squirrel, then we are under some kind of illusion; if
the moon looks to be tangled amongst the branches of the trees, but it is not
tangled there, then we are under some kind of illusion.

However, not all cases of (b) are necessarily illusions. It may be that there is
no appearance of anything related to the relevant properties or relations. It may
simply not be apparent to me in any way at all that x has such properties or
relations, e.g., looking at the red squirrel, it many not appear that it is more red
than another red squirrel two copses over (although it is); nor may it appear that
it is smaller than a grey squirrel I saw this morning (although it is). I can even
fail to experience properties or relations that the object has intrinsically or even
requires, and yet not be under an illusion, e.g., while looking at the squirrel, I can
fail to experience the weight of the squirrel, yet this is not an illusory experience
of its weight; similarly, if I feel the the squirrel on my shoulder, but do so in a dark
room, I do not see it; but this does not mean that I am under a visual illusion.
That something does not seem to be red because we do not see it at all because
we have our eyes closed or are in a dark room — this is not an illusion.

So, to make cases of (b) illusions, we need for the object to seem to lack a
property — and not just that we do not seem to experience the object having it.
The question of whether or not something can be illusory by seeming to lack a
property which it actually has is relevant to questions about temporal illusions
because, in some cases, one might want to say of our temporal experience that
we seem to experience unreal things. That is, some of what we at least seem to
(temporally) experience lacks reality. If it is, in fact, real, then I think that our
experience will be illusory (as will be discussed).

3.1 TIllusion in Imagination

Are there any cases of (b) which are not just the failure to detect something? In
some cases, we might hold that something we experience appears as if it lacks
properties or relations that it actually possesses. A significantly relevant exam-
ple for this paper is if something appears to exist separate to our experiences or
thought. Following Nudds, call this property an NR-property, a 'naive realism’-
property; it is so-called because of what is said to be the naive theory of per-
ception, naive realism: the position that we directly or immediately experience
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mind-independent (and external and public) things (Nudds 2009; see later for
more discussion on this position and one important alternative).

The possession of an NR-property is possessed by the vast number of the things
that we seem to experience, e.g., the distant mountains, our clothes, a red squir-
rel. However, some of what we experience seems to lack the NR-property. We
can easily imagine something which in no way appears to us to be real separate
to such imagining, e.g., the imaginary mansion made of solid gold does not in-
volve a gold mansion that is in some way exists beyond imagination. However,
evidence suggests that the imaginary or mind-dependent appearance of what we
experience may, in some cases, disagree with what we are actually experiencing.

In the Perky Effect, subjects were placed in front of a screen and asked to
imagine seeing something, e.g., a banana. The subjects then believed that they
were only imagining seeing a banana on the screen, not that they actually saw
something on the screen, i.e., whatever it was they were experiencing, it was not
something independent of them out in the world.

However, the evidence suggests otherwise. While subjects imagined seeing the
banana, a projection of a banana was displayed on the screen, the illuminated
strength of which was higher than the visual threshold (MacPherson (forthcom-
ing)). When asked to describe what they were imagining, and not seeing, subjects’
descriptions were of this projection, often to their surprise, e.g., when an upright
half-peeled banana was projected, many subjects stated that, although they orig-
inally intended imagining an un-peeled banana on its side, they found themselves
imagining one half-peeled and upright. Yet, it did not seem to them that were
really seeing anything; it still seemed to them that were just imagining the half-
peeled banana. That is, although it seemed that way to them, these features of
what they were imagining were not, in fact, mind-dependent; they were dependent
on an actual projection on the screen (Perky 1910, MacPherson (forthcoming))

There is an issue with this analysis that might raise concern. The analysis of
the experience of imagining assumes that, when we are imagining seeing some-
thing, we seem to experience something unreal (the imagined banana). But is it
right that when we imagine, or indeed have any other sort of experience, that
what we experience ever seems to be unreal?

If some philosophers are right in their analysis of appearances, then yes: we
should hold that we, at least, seem to experience unreal or merely imaginary
things. Sartre holds that to think otherwise is to fall for the illusion of imma-
nence, the error that what appears in imagining must be a surrogate or stand-in
image rather than the imagined thing. The mistake is that we ’depicted con-
sciousness as a place peopled with small imitations and these imitations were
the images.” (Sartre 1986, p.5) But instead, ’in the mental image we are in the
presence of a horse. Only, that horse has, at the same time, a kind of nothing-
ness.[...] One should not suppose that ’the mental image is a horse in miniature
[...it is] the horse itself that appears to consciousness.” (ibid, p.83). This is not

5 Given naive realism(see below), at least, where subjects directly experience (indeed
see) the image on the screen; otherwise, what they experience is not so obviously
mind-independent.
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to say that what we experience is the imagined thing (that is a different issue)
only that it seems that way — and that is all that we seem to experience.

But what we seem to experience also seems to not be real, present or spatially
related to us: whatever we imagine seems in the imagining to be unreal, or
absent (or spatially unrelated to us, at least, e.g., McGinn 2004, p.29). That
is, an imagined unicorn does not seem to be real; the imagined Eiffel tower
does not seem present or near us. But they are in some way apparent to us; we
seem to have some kind of experience of them. Discussing the sensible qualities
of imagining, Sartre writes that ’these qualities are perfectly externalized but
imaginary’ (e.g., Sartre 1986, p.87).

Given these are correct descriptions of what imagining is like, then we may still
have cases where we are under an experiential illusion: as with the Perky effect,
with the projection on the screen, if what we experience in our imagining is real
and present e.g., if we are actually seeing it, then that it seems only to be imagined
is the illusion. Again, this is relevant to discussion about temporal illusions.

3.2 Illusions Could Have Alternative Interpretations

The next issue is this: we need to pick out what in particular is illusory in
an experience. In the case of temporal illusions, it is the temporal features, the
temporal properties and relations, that are illusory. Similar focus is applied when
we talk about illusory colours or spatial illusions: something that we experience
does not have the colours, hues, spatial distance, size, shape, etc. that it seems
to have — and whatever that is, that is what makes it a colour or spatial illusion.

However, it is just as important to highlight the other side of saying something
is illusory: if something apparent but not actually the case is not a particular
property or relation, then neither is it an example of illusions of that property
or relation. If I seem to see a red squirrel, but in fact I see a red statue of a
squirrel, I may be under an illusion of there being a squirrel but I am not under
the illusion of seeing the colour red (given this evidence, anyhow).

This can be true even of different members of the same class of properties,
e.g., different kinds of spatial properties may be illusory while others are not.
Sitting in a Bed and Breakfast in some tourist resort, I seem to see a giant castle
off in the distance, but it turns out to be a house-sized castle just down the road.
The size is illusory — it’s not as big as it seems — and the distance is illusory —
it’s rather nearer than it appears. However, it would be a mistake to think that,
just because I am under an illusion of size and distance, then I am also under
an illusion of spatial properties generally, e.g., however distant it is, it is indeed
castle-shaped; the apparently gigantic (but actually cat-flap sized) portcullis is
indeed to my left, the pennant is to my right; pending other reasons to think so,
these spatial features are how they seem.

As will be discussed, in the philosophy of time, and indeed normal conversa-
tion, 'time’ or ’temporal’ can refer to many different temporal features. It is not
necessarily the case that illusions of some such temporal features are illusions of
others. As such, just because some kinds of temporal experiences may be illusory,
this does not mean that all kinds of temporal experience are or can be illusory.
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It is also relevant here that, although one may have a case where there is
definitely an illusion, what it is that is illusory needs to be made clear, e.g., that
it is an illusion of colour rather than one of space, or space rather than colour.
But I also think this is part of the issue: we hold an experience to be illusory not
from what is apparent in the experience itself. One believes there are illusions
because of beliefs we have otherwise, beliefs we hold to override whatever we seem
to experience. (Someone who believes in magic does not believe a disappearing
assistant is actually an illusory disappearance).

That we draw on beliefs outside the experience itself leads to the following
possibility: different subjects may give different interpretations of an illusion;
each may assert that different members of the same range of apparent properties
and relations are illusory or real. This is because each may have different beliefs
when presented with the illusion itselfd

Consider one of the most commonly discussed visual illusions, the Miiller-Lyer
illusion[] One demonstrates that there is an illusion here by showing that, when
it comes to measuring the apparently differently extended lines, they then seem
to be the same length. The question is: what properties are illusory here?

The usual, possibly universal, interpretation is that the lines are the same
length and the difference in lengths is illusory. However, here are two other ways
one might interpret the illusion:

— The lines are different lengths. The equal lengths demonstrated afterwards
are illusory.

— There is no illusion of length at all: the lines before measurement are different
lengths and the lines during measurement are the same length.

So why not advance these alternative interpretations for the Miiller-Lyer illusion?
One assumes that the first is not considered because the experiment is set up so
that the length of the lines are as equal as discernibly possible; we should not be
able to tell any actual difference (though no doubt there is some in most examples,
at least on the microscopic scale). I assume that the second is not popular because
we assume that the lines persist unchanged throughout the measuring.

These seem to be reasonable assumptions. But it should be noted that they are
not given in the perception of the lines themselves. They come from assumptions
held by the observers.

This leads to a final point on illusion generally, a point which is relevant to
the discussion of temporal illusions. Whichever interpretation one might give of
the Miiller-Lyer illusion, one is committed to the general charge that there is
some kind of perceptual illusion here: either (i) the appearance of a difference in
the lines’ lengths, (ii) the appearance of equality in the lines’ lengths or (iii) the
persistence of the same length in the lines. Yet, even though there is always a

5 That one can interpret an illusion in different ways is discussed in classical Indian
epistemological, in particular concerning the standard example known as 'the snake-
rope’ illusion (see Mohanty 2000).

" Depictions of this illusion are common. From the references here, see, e.g. MacPher-
son (forthcoming).
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perceptual illusion here, however we interpret it, establishing that one feature is
illusory seems based on an assumption that others are not illusory, e.g., having it
that the earlier lengths are merely apparent, one assumes later lengths are real.

Something similar may apply to temporal illusions: to establish that one tem-
poral feature is illusory, we need to assume that other temporal features are real.

3.3 Two Theories of Perception and Experience

Finally, before moving on to talk specifically about time, we need to briefly
introduce two different theories of perception and experience in the philosophy
of mind.

Consider the following broad theories of perceptionﬁ

— Naive realismi (Most of) what we (directly) perceive is what it seems to
be: something out in the world beyond our bodies or brains (naive or direct
realism, e.g., Nudds 2009).

— Indirect realism: What we (directly) perceive is internal to us, e.g., to our
brains or our minds. However, we do indirectly perceive the outside world,
usually through the outside world causing what we perceive internally (e.g.,
Lowe 1981).

These two theories are not the only theories of perception. But they are
introduced here because the particular distinction between them is relevant to

8 Some philosophers describe experiences as follows: Our experiences are representa-
tions (internal to our bodies, brains or minds). There is not necessarily any object
that we experience, despite how it appears (thus, unlike indirect realism, nothing
through which we experience what we seem to experience). There are only represen-
tations of such objects (Lycan 1996; Crane 2006). Similarly, illusions are sometimes
discussed as cases where perceptions (and experiences generally) misrepresent or are
inaccurate representations of things in the world; alternatively, illusory perceptions
are one class of non-veridical perceptions; the content represented in the perception
does not match how things are in the world. This way of speaking may have its mer-
its but it often seems to be another way of saying that what we appear to perceive
is different to how things actually are. For example, Batty writes:

We can think of the representational content of an experience as the way
the world appears to a perceiver when she has that experience. If the world
is that way —if the representational content matches world, we might say —
then the experience is accurate or veridical. Otherwise — if the content doesn’t
match the world — it is inaccurate or non-veridical.

(Batty, 2011, p.164) It might be that perceptions can misrepresent or be inaccurate
or non-veridical without reference to appearances at all. However, even if one might
call such a state a perception 1 cannot see how one can call such a case an illusion
if either nothing is apparent to us or the appearances are irrelevant. As such, I will
keep the description of illusion in terms of appearances and reality.

"Naive realism’ is sometimes identified with ’direct realism’, in contrast to ’indirect
realism’. However, I want to use the term naive here to highlight its claim that
we perceive something outside of us in the world as being the naive claim in the
discussion on perception (this does not necessarily make it false).
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this paper. Taking a side on this concerns what commitments one has toward
illusory perception and experience in its turn, this affects one’s commitment to
temporal illusions.

The common accusation leveled at indirect realists from naive realists is that
indirect realism requires a fundamental discrepancy between, at least in some
cases, appearances and reality. For we do seem to experience, and to directly
experience, the properties of external things (e.g. Hacker 1987). Indeed, some
philosophers argue that even when we attempt to introspect the properties of
our perceptions themselves, we still only seem to be aware of external entities
(see Nudds 2009 for discussion) — entities which, for the indirect realist, can only
be indirectly experienced. As this is not how it seems, this position requires a
discrepancy between appearances and reality, i.e., they make our experience or
perception illusory.

The accusation of commitment to illusion may be right; but, in the position’s
defence, it is also motivated by cases of illusion or hallucination. A general charge
against naive realism is that it cannot deal with illusion and hallucination. Even
if one is committed to some kind of illusion with indirect realism, one is lead
there away from naive realism because naive realism cannot account for illu-
sions and hallucinations. This has lead to further theories of perception such as
representationalism (Lycan 1996) and disjunctivism (e.g., Smith 2010).

This debate is important for considerations about temporal illusions. As will
be discussed, such a commitment by indirect realists to something fundamen-
tally illusory is relevant to claiming that some illusions are specifically temporal
illusions.

4 Time

We can talk about time as independent of other things, e.g., as time without
changing or persisting entities. This kind of time is not the focus of interest here;
it is not clear that such a time could enter into our experience (e.g., Shoemaker
1991); arguing that it can is a further step than what is required for this discus-
sion (though see Dainton 2003 for some interesting thoughts). Instead, the time
of concern here is the time that structures entities in the world, the time that
determines how they exist or are related to one another (or, at least, might seem
to do so).

4.1 Temporal Features

The entities we encounter in the world, including those that we both do and seem
to experience, can be said to have different (what I will call) temporal features:
temporal properties and relations. Such temporal features include (but may not
be exhausted by):

(i) Simultaneity, as in ’A is simultaneous with B’.

(ii) Pastness, presentness, futurity (and their degrees), as in 'A is past when B
is present’; ’A is more past than B’; B is in the far future, A is in the near
future.’
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(iii) Temporal order, succession, earlier-than/later-than, as in ’A before B’; 'B
succeeds A’.

(iv) Duration, as in ’A lasts a very long time’; ‘B has no duration - it happens
in an instant.’

(v) Change, including movement, e.g., a ball rolls from here to there; a grey
hob heats until it is glowing red.

4.2 Metaphysical Conceptions of Time

By a ’metaphysical’ conception of time, I mean a conception of time as it is
independent of what we believe or how the world appears to us; it is not just
time as we think it or as it seems to us; it is time as it is were there no-one
around to think about it or feel it at all.

There are several conceptions of time like this, many of which are held by
their advocates to be incompatible. Space precludes detailing the reasons for
holding these conceptions in any detail here. However, it is important to give a
brief description of these positions because they make different assertions about:

(a) What is real and unreal in time.
(b) What temporal properties things in time really possess.

Both issues are relevant to illusion in this way: if we seem to experience or
perceive things occurring in time in ways that a particular theory denies can be
the way things are, then it seems right to say that this experience or perception
is illusory.

The four main positions are presentism, eternalism, the A-theory and the
B-theory. They come from two main debates:

1. The reality of times and things (objects, events) at those times.

(a) Presentism: The presentist conception of time is that there is only one
real or existing time; past or future times are not real or do not exist.
Markosian writes:

Presentism is the view that only present objects exist. More
precisely, it is the view that, necessarily, it is always true that
only present objects exist. [...] According to Presentism, if we
were to make an accurate list of all the things that exist i.e., a
list of all the things that our most unrestricted quantifiers range
over there would be not a single non-present object on the list.
Thus, you and the Taj Mahal would be on the list, but neither
Socrates nor any future Martian outposts would be included.

(Markosian, 2010, online)

(b) Eternalism: The Eternalist conception of time is the opposite position
to presentism: all times are as real or existent as each other, whether
they are past, present or future (e.g., Mellor 1998, Le Poidevin 2003).

Presentism is typically considered to be more intuitive than eternalism. Con-

sidering the question ’what is the temporal extent of reality’, Caplan and

Sason write:
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In answer to this question, it is fairly natural to think that reality
is limited to the present and that the past and future are, in some
sense, unreal. This view is known as Presentism. Presentism: Reality
is limited to the present. It is especially tempting to accept Presen-
tism if one already thinks that reality is dynamic. For it is natural
to think, as the future becomes present, it comes to be: it becomes
a part of reality. And conversely, it is natural to think that, as the
present slips into the past, it ceases to be: it ceases to be a part of
reality. Presentism is often contrasted with Eternalism, according to
which reality includes the past and future as well as the present.’

(Caplan and Sason, 2011, p.196)
2. The reality of the past, present and future, and temporal passage (the ’tense’
debate).

(a)

The A-theory: The A-theory conception of time is that events are ordered
by the A-series: the series of moments running from the future, through
the present, into the past (the series of "tenses’; ’A-properties’). Only one
of these moments is present, only one is a week past; only one is a year in
the future, etc. A further claim of A-theory is that events really change
their positions in this series; they really change in being past, present
and future. This concept of a real change in events by their changing
from being in the future, to the present, to the past, is usually what is
referred to in this tradition as temporal passage. A-theorists hold that
the reality of this temporal passage is necessary for the reality of time
(e.g., Schlesinger 1982, Lowe 2003; for extensive discussion, see Smith &
Oaklander 1995, and Markosian, op,cit,)

The B-theory: The B-theory conception of time is that events are or-
dered by the B-series: the series of events ordered by ’earlier than’ and
simultaneity ("B-relations’). The various moments in the past, present
and future, i.e., moments in the A-series, are indexed to the times of
these events; e.g., 'two weeks past’ just refers to events two weeks earlier
than a particular event; what is ’one year in the future’ refers only to
an event one year after the event. As such, there is no unique present,
or past, or future, i.e., no unique A-series. And there is no real temporal
passage of events through the A-series (e.g., Mellor 1998; Le Poidevin
2003).

The four positions are not fully independent of each other. Many A-theorists
are presentists, though there are exceptions (e.g., Lowe, op.cit.). However, eter-
nalism seems almost universally accepted by B-theorists.

4.3 Temporal Illusions given only the Metaphysics

Even without further discussion, the two metaphysical debates here already as-
sert that certain temporal features are illusory. It is not always obvious in the

10 Presentism is often considered to be a dominant version of the A-theory, but there
are also eternalist versions (e.g., Lowe 2003).
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discussion, by saying such features are just illusions, that they mean experiential
or perceptual illusions, i.e., as something apparent which is not actually the case.
So a first question is: do we seem to experience certain temporal properties and
features?

Some in the debates on time do make this claim that our experience seems
to be of various temporal features, indeed that such features are fundamental to
what we experience. As such, they also resist certain conceptions of time because
these conceptions make these features illusory.

Of particular significance is the question of whether or not temporal passage,
conceived here as the change in event’s locations in the A-series, is really such
a change or only seems to be such a change (i.e., is illusory). B-theorists deny
that there can really be such a change — and thus any appearance of it must be
illusory. If it is illusory, it is clearly a case of temporal illusion.

This is an issue A-theorists consider deeply problematic for B-theorists, as
they argue that this passage is fundamental to our general experience. Consider
this statement from Craig:

We do not experience a world of things and events related merely by
the tenseless relations earlier than, simultaneous with, and later than,
but a world of events and things which are past, present, or future.
In fact, the reality of temporal becoming is even more obvious to us
than the existence of the external world. For in the inner life of the
mind we experience a continual change in the contents of consciousness,
even in the absence of any apprehension of an external world, and this
stream of consciousness alone constitutes for us a temporal series of
tensed events. Some of our thoughts are now past, we are aware of our
present mental experience, and we anticipate that we shall think new
thoughts in the future. And there is no arresting of this flux of experience;
there is constant and ineluctable becoming.

(Craig 2001, p.159) (For further discussion, see, e.g., Smart 1955, Schlesinger
1982, Le Poidevin 2003, Lowe 2003, Prosser (forthcoming)).

Also, B-theorists do not hold that there is a unique present; the present,
along with the past, future, and other tenses — these are just properties indexed
to a point on the B-series. Such A-properties are similar to egocentric spatial
locations. Events are as much ’past’, 'present’ or ’future’ as objects are ’here’,
"there’ or spatially present (e.g., Mellor 1998) However, A-theorists insist that
our perceptions themselves show that the presentness of perceived objects is not
merely like spatial presence, not merely like "here’ rather than there’; perceived

1 Thus, according to the B-theorist, the appearance of events as being uniquely
present, or indeed past or future, is something that has to be illusory. Such A-
properties are more like the way different objects seem to be different sizes due to
their spatial distance from us, i.e., such A-properties are more like the perspectival
properties of objects than the actual shapes of objects; they are due to our own
temporal location, to our own temporal point of view (e.g., Hoerl 1998, Le Poidevin
2007), rather than anything belonging to the events themselves.
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events seem to be present in a particularly vivid and unique way. And this, for
the B-theorist, must be illusory: there is no so unique present.

As discussed earlier, that what we perceive is present seems acceptable to all
sides of this debate. However, recently some B-theorist philosophers have argued
against a unique present. They have made two claims against it:

(i) There is no need to explain our perception in terms of a unique present, i.e.,
a unique or special 'present’ is not something apparent in our perception;
instead, the appearance of 'presentness’ is just the appearance of something
being perceived (e.g., Mellor 1998; Callender, op.cit.; Le Poidevin 2007).

(ii) We can describe some difficult features of what we seem to perceive better
in B-theory terms than A-theory terms. E.g., if, as all sides agree, whatever
we seem to perceive also seems to be present, then if we seem to perceive
change, this will seem to be present change. And we do seem to perceive
change (this is one current interpretation of the specious present; see Power
2011). However, change is something that happens over more than a single
time; if we seem to perceive it, it will seem present. But this means we
will seem to perceive the duration of the change, i.e., more than one time,
and this duration will seem present to us. This is particularly problematic
for the A-theory for the A-theory requires there only to be one time which
is present. However, some B-theorists argue that it is not so problematic
for the B-theory (e.g., Oaklander in Smith & Oaklander 1995, Hoerl 2009;
Power 2011) [

Given the undermining of the appearance of A-properties in claim ’(i)’, and the
difficulties for A-theory from claim ’(ii)’, these arguments suggest both that the
B-theory need not explain the appearance of certain temporal features in terms
of the A-theory. Thus, for the B-theorist, these are not cases of temporal illusions;
A-properties need not be features, at least, of what we seem to experience, so
their absence in reality is not a difference between appearance and reality.

As such, within the metaphysical debates themselves, there are questions of
whether or not certain experiences involve temporal illusions. These questions

12" This assumes that, given any number of moments in time, if any moment is present,
only one moment can be present, while all other moments must be either past or
future. As such, only a single moment in any duration can be present; no duration
in its entirety can be present. An anonymous reviewer suggests that there may be
formulations of tense compatible with presentism and the A-theory that allow the
present to have a duration. Dainton considers a notion of compound presentism, in
which reality is constrained to a subset of all times. In that case, given we iden-
tify the present with the real, we might then say this subset of times, which is a
duration, is the present; thus, we have a somewhat presentist concept of a present
with duration (2001, p.95). Also, given B-theory, in which the present is analogous
to ’here’, any arbitrary duration can be ascribed presentness, just as any spatial
extent can be ascribed ’'here’-ness. But with A-theory, I cannot see how this can
work: the fundamental distinctions between moments in time are supposed to be
the positions in the A-series, a series in which there is only one present; but if there
is only one present, how can several moments be distinguished in this A-series as
present? Pending a clear answer on this, I leave it aside.
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rest on the issue of whether or not certain temporal features are apparent and,
also, if they are, whether or not they must be illusory. Different conceptions
seem to force them to be, as can be seen. However, we might also ask if we are
forced to hold that there are temporal illusions in any case, i.e., independent of
our metaphysical conceptions of time. Let us consider two possible candidates
for temporal illusion, and see if they remain temporal illusions whatever concept
of time we hold.

5 Two Possible Temporal Illusions

I consider here some examples of what might be temporal illusions from evi-
dence of psychological research. The intent here is to consider what it takes for
them to be temporal illusions given one’s theory of perception (and experience
generally) coupled with one’s metaphysical conception of time. This is meant as
an illustration of how such an analysis might go, in the hope that it might serve
as a guide for understanding other alleged temporal illusions (of which there
may be many). For reasons of space, this discussion will also be confined to the
debate about the reality of things in time, i.e., the debate between presentism
and eternalism.

The two examples are these: the perception of simultaneity and memory-
experience.

5.1 Simultaneity

A and B appear to be simultaneous if they seem to happen at the same time.
So, there will be an illusion of simultaneity if two perceived events seem to be
happening at the same time but are not happening at the same time.

Some philosophers and scientists consider it obvious that there is evidence
of illusory simultaneity, e.g., Eagleman 2008 lists it as one example of tempo-
ral illusion[X The following cases have been presented as examples of illusory
simultaneity:

1. A television picture appears to be a single simultaneous image spread out
over the screen; however, at each moment, only one point of that screen is
being illuminated; thus, the image is composed of successive illuminations
of the screen, not simultaneous illuminations (e.g., Gombrich, cited in Le
Poidevin 2000).

Generally, we (allegedly) experience a similar illusory simultaneity with any
motion blur: the translucent flickering that is seen when seeing a whirring fan
seems to fill a volume about the axis of the fan, i.e., to simultaneously occupy

13 Bagleman’s work includes temporal illusions such as the sense of time dilation, that
events can seem to take more time than they actually do, e.g., under stressful cir-
cumstances such as a car crash or being dropped from a great height (which is a
component of Eagleman’s experiments). Such illusions are illusions of duration, an
interesting topic but one unfortunately not discussed here.
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different regions of that volume. Yet, this is due to a successive occupancy of
the fans’ blades through that volume. Both of these are likely to be related
to the simultaneity threshold of visual perception (e.g., Dainton 2000).

2. As with vision, there is also a simultaneity threshold of auditory perception;
successive sounds can seem to be simultaneous when they occur close enough
to each other (e.g., Deutsch 1987; Dainton 2000).

3. Certain experiences seem to be of cross-modal simultaneity, e.g., bangs
and flashes that are not simultaneous can seem to be simultancous, as in
when we seem to simultaneously hear and see a film’s out-of-sync, i.e., non-
simultaneous, soundtracks and pictures.

So what does our concept of time have to say about these alleged examples
of illusory simultaneity? This depends on what it is that we actually experi-
ence rather than just what we seem to experience. This involves considering the
answer from the two theories of perception above.

The evidence suggests that there is a temporal illusion of simultaneity if naive
realism is true. Given naive realism, we perceive the two mind-independent
events that we seem to perceive, e.g., the successive positions of the dot on
the television screen, the bang and flash, etc. Such events are not simultaneous,
contrary to their appearances. Whatever apparent simultaneity there is here, it
is not simultaneity between the experienced events themselves.

However, we do not need to assume this given indirect realism. Certainly,
the elements of what we indirectly perceive or what are represented are not
simultaneous. However, this does not mean that what we directly perceive in
perception is not simultaneous. The illusion need not be of simultaneity but
only of what is simultaneous. This is an illusion to which indirect realism is
committed in any case (this is just the accusation levied at this position by the
naive realist). This is because, for indirect realism, we seem to directly perceive
external things but we do not — we only directly perceive internal things; the
externality of what we directly perceive, given indirect realism, is illusory. Yet,
this is not a temporal illusion. It is a further question if what we directly perceive
is simultaneous or not. Thus, for indirect realism, the evidence, although it may
demonstrate some kind of illusion, does not demonstrate temporal illusion.

Recall the possible re-interpretations of the Miiller-Lyer illusion and the ex-
ample of the merely apparent giant and distant castle. Certainly, the Castle’s
portcullis is not forty feet high; that is an illusion. But that does not make it an
illusion that it is portcullis-shaped (or to the left of me). Similarly, we ought not
to assume that if, in a particular experience, certain properties or relations that
we seem to experience are illusory then, because these properties are illusory, all
properties and relations that we seem to experience are illusory.

Next, consider the metaphysics.

Given a further assumption about what we can perceive, we may be committed
to the idea that what we directly perceive must be simultaneous. This further
assumption is similar to one discussed but suspended for experience in general.
However, it seems far more plausible with perception. It is that, whatever it is
that we directly perceive (given naive or indirect realism), it must be real.
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Given presentism, anything real must be present. It is generally accepted by
A-theorists, including presentists, that whatever is in the present is at the same
time as whatever else is in the present; if it were at a different time, it would be
past or future. If so, then, if all of these different things are at the same time,
then there will be no duration between them. Thus, all of them, being real, will
be simultaneous. Thus, if presentism is true, we cannot only indirectly perceive
simultaneity; the various things that we directly perceive must be simultaneous
themselves. We cannot have an illusion of simultaneity, given presentism; we can
only have an illusion of what is simultaneous.

However, an eternalist cannot assume simultaneity between what they directly
perceive. Thus, they may very well have examples of illusory simultaneity.

In fact, given one motivation for eternalism, eternalists might need to hold
that, in most cases, the appearance of simultaneity is illusory. The theory of
relativity holds that the simultaneity of spatially separated events is relative —
relative to arbitrary and conventional inertial reference frames. Considered from
a different inertial reference frame, the exact same events will not be simul-
taneous. Many eternalists are motivated to be eternalists by this theory (e.g.,
Mellor 1998). Yet, Power argues that, given one accepts such relative simul-
taneity, simultaneity is illusory in nearly all cases of perception, for what we
actually perceive cannot be so relative; as a result, if we do seem to perceive
simultaneity between spatially separated things, this is an illusion (for details of
this argument, see Power 2010a).

This difference between the commitments of presentists and eternalists high-
lights an implication for the relationship between one’s conception of time and
one’s theory of perception. If naive realists need illusions of simultaneity in or-
der that we can directly perceive the external things that we seem to perceive
then, since eternalists can (or perhaps usually must) have illusions of simultane-
ity, they could, perhaps, be naive realists. However, assuming that we can only
directly perceive what is real, then since presentists deny that anything that
we directly perceive can be non-simultaneous, it seems that, as the apparently
perceived external objects are mot simultaneous, presentism and naive realism
are incompatible

5.2 Experience of the Past

As discussed, most philosophers in the debate about time accept that the ap-
pearance of what we perceive is of it being present; they just deny the importance
of that being so (e.g., A-theorists think this is an additional property to what

1 A related issue concerns the time-lag argument for indirect realism, the argument
that, because there is a delay between external events, which we seem to perceive,
and effects of those events within us, e.g., the stimulation of our retina or neural
activity as a result of light from such external events, then we cannot directly perceive
external things, despite how it appears to us. This might be another example of
a temporal illusion, this time one of presentness, though I think this will depend
again on one’s conception of time. For a recent discussion considering this from the
perspective of the presentist/eternalist debate, see Power 2010b.
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we seem to perceive; B-theorists think it is only the appearance of having a
perception). If this is so, then when talking about experiencing what seems to
be the past, we are talking about experiencing something that does not seem to
be present. As a result, it will not seem to be perceived. We might, however,
have some other kind of experience of the past. What kind, and how we are to
understand it given different conceptions of time, is part of what might it the
case that there are illusory experiences of the past.

The most immediate example of experiencing the past is through memory,
in particular episodic memory. Arguably, with some episodic memories, there is
a phenomenological component — visual, auditory, tactile — to our recollection.
Thus, one might hold that some episodic memories could be illusory. In addition,
that what we experience appears to be past seems to be a condition of such
memory-experience; if what we experience seems to be happening now, or to be
about to happen, whatever else it seems to be, it does not seem to be a kind of
memory.

Given our memories are about the past, and have a phenomenological com-
ponent that seems related to the past, do we have illusions of pastness? Two
reasons to think so will be discussed here: the evidence for false memory and the
idea that memory is like imagination.

There is a great deal of evidence for illusory cases of memory, of false mem-
ories, where subjects fail to distinguish episodes that actually happened from
episodes that they have imagined (e.g., Brainerd & Reyna 2005; Sabbagh 2009).
However, does the evidence establish that such experiences involve an appear-
ance of something past that is not actually past, i.e., a temporal illusion?

According to one model (discussed in Brainerd & Reyna 2005), the evidence
for false memories is due to a failure in what is referred to as source monitor-
ing: the subjects mis-attributed imagining an episode with having actually lived
through it (see also, Lindsay & Johnson 2000). Given just that description, one
might argue for a temporal illusion in this way:

1. What the subject experiences in false memory is what they experience in
imagining.

What the subject seems to experience is what is experienced in remembering.
What is experienced in imagining is what is present.

What is experienced in remembering is what is past.

Thus, (from 1 and 3) the subject is experiencing what is present but (from
2 and 4) seems to be experiencing what is past.

6. Thus, the subject is under an illusion of pastness, i.e., a temporal illusion.

DA

However, it is not clear from the evidence for false memory that the subject
misidentifies an act of remembering with an act of imagining. Tests of memory
are carried out after both imagining and the original recollection have occurred
(e.g., Brainerd & Reyna 2005). That is, the subjects are not confusing imagining
now with remembering now; they are confusing an occasion where they were
imagining before now with an occasion of remembering before now. The illusion
is that a past experience, an imagining, is remembered as having been another
kind of experience, a remembering. The illusion is between two kinds of past
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episodes, not between the past and present. Confusing the memory of one of
these with memory of the other is not an illusory experience of the past.

Another reason to suppose that an apparent experience of the past, e.g., in
memory, is illusory is that what is past is not around us; the past cake is not on
the table beside me. It seems intuitive to hold that we cannot experience what
is not around us. Yet, in memory, this is just what we appear to do. Thus, we
might argue that what we appear to experience — the past, a temporal property
— is different to what we can experience; thus, we have a temporal illusion.

MacKay refers to this kind of experience in memory as illusory, in particular
because of the immediacy of such past events when we recall them:

The illusion of which I speak is the direct awareness of past objects
or events that seem to be involved in the process of memory. It is the
apparent existence of that which has not only ceased to exist, but is
known at the moment of remembering to be non-existent. That we should
seem to be aware of objects which, as we know, are not there to be
perceived, is of the sort that Kant may have had in mind when he spoke
of necessary illusions. This is an illusion that arises in the nature of
the experience.[...] [The illusion is that memory] should seem to be an
acquaintance with the past [...that it] pertains only to the quality or
immediacy of the memory experience. In remembering, it is as if things
past were nevertheless present, or as if there were a consciousness, a
direct awareness, of the presence of remembered events, known to have
occurred in the past. Memory [is a] “presence of things past”, to use
Augustine’s paradoxical phrase.

(MacKay 1945, p.297)

Like Husserl, MacKay thinks memory-experience is like this: we are not aware
of an intermediary present entity, such as an image, which we experience directly
and through which we experience the past event. But does this mean we are
under an illusion if we experience past things? If other philosophers are correct,
then this is not so obvious. For consider the quote earlier from Husserl: all
that seems to be apparent to us in memory-experience are the features of the
remembered past episode — in remembering red things, only past sensations
of red are apparent, not present sensations. However, not only are these past
sensations only what is apparent but, according to Husserl, they also appear to
be past in our memory-experience. Thus, as these events are themselves past,
then this appearance in memory does not disagree with how things are. Thus,
there is no illusion here.

But how can we experience something that also seems past without some
kind of intermediary entity through which we experience them? This is a prob-
lem similar to one already discussed earlier in this paper: the ’appearances’ in
imagined events. Recall that the difficulty there is one wants to say that one is
aware of something, something is apparent, yet one also wants to deny that there
is anything being presented. When I seem to be visually imagining a unicorn,
it does not seem to be presented. But even if I imagine something real like a
donkey far away in the field near my family home, although it seems to be of
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something real, it still does not seem to be present in any way; it seems to be
absent. This absence, this non-presence, whether because it is unreal or because
it just is not around me in any way, is precisely why such an experience seems
to be an act of imagination.

With memory, there is something similar. However, there is a significant dif-
ference: what is remembered always appears to have happened. As such, there
may be the following two options for a basic description of how the past appears
in memory:

1. Past events do not seem to be present, or to be around us, because they do
not seem to be real. They seem to be unreal, as imaginary things seem unreal.
This is possibly part of the motivation for presentism: only the present seems
real; the past and future do not.

2. Past events do not seem to be present, or to be around us, because they seem
to be at another time. They do not seem to be happening now; however, they
do appear to be real — they just appear to be real at another time.

Both of these options makes remembering episodes very like imagining episodes
— the events and things are not happening here and now — and the same question
applies. If, just like we imagine, the appearance of the past is of something that
is absent, how can its being absent make that appearance an illusion?

As stated, one (very plausible, in my view) response is that any appearance
of absence must itself be illusory, e.g., we can never experience something that is
absent. In that case, we do have an illusion here: our memory-experience seems
to be of something absent from this time; but we cannot experience something
absent from this time; thus, we are under an illusion.

However, as with false memory syndrome, even if there is an illusion, there is
still the question about whether or not the illusion is a temporal illusion. The
inability to experience something which is absent applies to imagining in general,
not just remembering; what is imagined also appears to be absent. If just absence
is what makes the experience an illusion, then this is not a temporal illusion.

However, perhaps this is a temporal illusion because there is a special kind
of temporal absence; not only is it mistaken that we seem to experience a non-
present thing but, particularly, in memory it is non-present because it is specif-
ically past. But again: if what we experience is in fact present and here, what
does adding 'temporal’ to its absence do here that makes it that particular kind
of illusion? If some positive answer can be given for this, then we may have here
an illusion of time.

It should be clear from the foregoing discussion that the issue of whether or
not memory illusions are temporal illusions require a decision on whether or not
either of the following is true of experience:

1. What we can experience must be present.
2. In memory, what we seem to experience is past.

Deciding both of these, I think, involves engaging with one’s concept of time.
We can say that there are temporal illusions given either of the following sce-
narios obtain:
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1. Presentism and an apparently real past:
(a) What we experience seems past and real (just absent now) when we
remember.
(b) Presentism is true: only what is present is real.
2. Eternalism and an apparently unreal past:
(a) What we experience seems past and unreal (and not just absent now)
when we remember.
(b) Eternalism: anything at any time, including the past, present, or future,
is real.

In these cases, if we experience what appears to be past, we have cases of
temporal illusions. For, given how the past seems in memory: - '1.” implies that
we could not be experiencing the past as it seems to be; the past is unreal,
contrary to appearances. - '2.” implies that we could not be experiencing the
past as it seems to be; the past is real, contrary to appearances.

Thus, if this is how we think things seem when we remember, then to avoid
temporal illusion we need to engage with the metaphysics of time.

Finally, perhaps there is another way to deal with this issue. This is to re-
sist the interpretation given so far of what memory-experience is like or how it
seems. We deny that this is an experience which seems to be of the past - or
at least directly of the past. Instead, we always seem to experience only present
things. With memory, these present things are like images which stand for past
things. This alternative view may allow one to withdraw from engaging with the
metaphysical debate on time and memory. One assumes that, where something
present is thought to be unreal, its unreality is not related to its temporal prop-
erties. The image seems to be present and it is present. However attractive this
interpretation may seem, one must first establish it; one must show that this is
what our memory-experience is like (again, not how it actually is). This is not a
metaphysical question, perhaps. Although still a philosophical question, it looks
to be one within the domain of phenomenology (for more on the memory-image,
see e.g., Locke 1971, Le Poidevin 2003).

6 Conclusion

In conclusion, to summarise, this paper has:

(a) Briefly considered what it is for something to be a perceptual (or experien-
tial) illusion.

(b) Briefly described different temporal features and different concepts of time.

(c¢) Argued — and attempted to show through two examples — that whether or
not some evidence could be interpreted as evidence of temporal illusions
partly depends on one’s concept of time.

If the general argument here is right, I suggest that it is because of the following
chain of reason:
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(i) Onme’s concept of time partially determines one’s concept of what is real.
(if) One’s concept of what is real partially determines one’s concept of what is
illusory.
(iii) One’s concept of what is illusory partially determines one’s concept of what
is a temporal illusion.

Linked in this chain is a more general conclusion, one which may be significant
to the study of illusion in general: one’s concept of time partially determines
one’s concept of what is illusory. Such conclusions suggest that thinking about
time has interesting consequences for how one interprets experience in general.

Given the concern of this paper, however, the next step is to examine whether
or not other possible temporal illusions can be interpreted differently given dif-
ferent concepts of time. One significant example which could not be examined
in sufficient detail here is the phi phenomenon, in particular colour phi (e.g.,
Kolers 1972, p.171; Dennett 1991, p.115). Dennett uses this example to argue
that temporal order need only be represented in perception, i.e., perceptions
need not have the temporal order that they appear to possess. Where they do
not, as they seem not to in the phi phenomenon, we have an example of temporal
illusion (at least according to the naive realist).

However, before deciding that temporal order is what is illusory here, we might
ask this: perhaps this interpretation of the phi phenomenon is dependent only
on some conceptions of time? And so: could it be interpreted differently given
other conceptions? This is something for future work.
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Abstract. This paper presents a fresh look at A.N. Prior’s Notion of The
Present (1970), in order to cast light on the article through Prior’s own notes
from the Bodleian library. This will be done in order to evaluate two critiques
of Prior’s notion of the present: That is self-contradictory (see [17]), and that it
is unable to account for change (see [6]). This article will argue that a revisit to
Prior’s notes will provide clarity at places where confusion gives ground to
criticism of Prior’s definition as self-contradictory. The notes will also
underline how radical Prior’s notion of the present is, and that he was aware of
it. They thus help us to see more clearly what Prior actually meant by saying
that the present is the real considered in relation to two realms of unreality,
namely the past and the future.

Keywords: Ontology, A.N. Prior, Time and existence, Tense-logic, Presentism.

1 The Notion of the Present

When A.N. Prior is credited for playing a role in bringing metaphysics out from the
heydays of logical positivism (see [20]), it is in large part due to his development of
temporal logic that gives pre-eminence to the present together with his commitment to
temporal realism.

Prior developed temporal logic as a modal logic with four operators. Two for the
future: the weak operator F for “it will be the case”, and the strong operator G for “it
will always be the case”, defined as —F—. And two for the past: The weak P for “it has
been the case”, and the strong H for “it has always been the case”, defined as —P—.
The essential metaphysical commitment behind this logic is the idea that propositions
have changing truth-value.

This development of temporal logic, not only sparked the birth of a new kind of
logic, it also gave new life to metaphysical discussions on the nature of time, between
those who defend a view of time in which propositions have changing truth-value,
and those who defends a perspective of time, in which propositions have eternal, or
static truth-value. The former is typically defended as part of the larger paradigm,
called presentism, in which the central motivating intuition is the idea of becoming,
which only seems to be defensible if reality is denied to that which isn’t yet the case,
or no longer is the case. The latter, called eternalism, is typically defending a larger
paradigm of time against what is perceived to be problematic, unscientific or even
contradictory results of presentism.

A. Vatakis et al. (Eds.): Time and Time Perception 2010, LNAI 6789, pp. 36—@ 2011.
© Springer-Verlag Berlin Heidelberg 2011



A.N. Prior’s Notion of the Present 37

One of the central problems in this debate has been the definition of the present
given by Prior in The Notion of The Present (1970), which has become the go-to
article for a definition of presentism, and, for this reason, arguably one of the most
influential works by Prior on the metaphysics of time. Due to his early death, though,
in 1969, at the age of 55, it has largely been up to his inheritors to continue the
defence of presentism. This defence has been taken up by quite a large group of
philosophers who have produced book-length defences of a tensed view on time, in
which presentism typically is an essential element (see [15,4,1]). Others could be
mentioned who treat the metaphysical questions surrounding the notion of the present,
but the general picture is the same in all of these, and is brought out by Nathan
Oaklander in his critique of Prior’s presentism when he says that:

Each of the philosophers I shall discuss, William Lane Craig, John Bigelow and
Robert Ludlow, all avowed presentists acknowledge their debt to Prior, but for one
reason or another find his particular explication of presentism wanting. Prior’s
views have recently received critical discussion by other A theorists such as Craig
Smith and Tooley” [8:76—77].1

The Notion of the Present (1970) was written in 1969 for a conference on time he
attended in Austria at the launching of The International Society for the Study of
Time. It was published the year after, but not by Prior himself. The central, and
controversial part, of the paper is Prior’s view that the concept of the present and the
concept of the real are the same, with the radical consequence that the past and the
future should be treated as having the same ontological status as stories and
imaginations of centaurs and possible worlds. They are just as equally unreal.

The critique of such a definition of the present, summed up in the name Solipsistic
Presentism is that it is self-contradictory, and that it cannot account for the central
intuition behind Presentism, namely the idea of becoming.

Even though we do not have Prior’s reply to these critiques of his notion, we are
very fortunate that we, at the Bodleian Library in Oxford, have his notes to The
Notion of the Present. This is interesting, since we in these can see Prior struggling to
get the definition right, producing two discernable variations of the definition. It is
furthermore clear from the notes that Prior was aware of the radical nature of his
notion of the present. While there is little hope that the notes can settle the
philosophical dispute surrounding the Priorian notion of the present, (could
anything?) a revisit to the notes might bring clarity to how he meant his definition of
the present to be understood.

2 The Definition of Presentism

In general, presentism is the view that to exist, or to be real, is to be present. This
means that a presentist denies reality to the past and the future. While this sounds
short and lucid, what meaning is there in saying that to exist is to be present when
being present isn’t explained in relation to some extension that gives a meaning to the

! Qaklander’s reference here is to [3,13,15-16,18] To these could also be added criticism from
Bourne (see [1]) who joins the camp of the B theorists concerning the need of truthmakers for
tensed facts, but none the less finds room for such within a presentist framework.
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word? The presentist seems to need the past and the future to do that. Just as up and
down are needed in order to explain what in between is, so the presentist has to relate
the present to the past and future. But at the same time such relations are controversial
to say the least. Prior’s definition of the notion of the present looks like an attempt to
navigate these waters:

they [the present and the real] are one and the same concept, and the present
simply is the real considered in relation to two particular species of unreality,
namely the past and the future [12:245].

Presentism exists in many variants, several of which are critical towards Prior’s
own version. Several versions of presentism are of course to be expected when one
joins together two difficult metaphysical issues in a single concept. However the more
specific reason is the above-mentioned problem. If only the present is real, then what
does it mean to relate the present to the past and the future? A common assumption is
that relations between two entities entail the reality of both.

If it does, then presentism is self-contradictory, when it claims that only the present
is real, but also related to the unreal past and future. Prior’s definition of the present
and the real has been criticised by Smith (see [17]) for being just that.

If the present, on the other hand, isn’t related to the past and the future, then how
can presentism account for the notion of becoming? David Lewis (see [6]) argues that
presentism, in virtue of treating other times as abstract constructions is unable to
account for change. If Lewis’s charge is right, then it is a hard blow to presentism,
since one of the primary motivations for accepting it is, according to Zimmerman:

The desire to do justice to the feeling that what’s in the past is over and done with,
and what’s in the future only matters because it will eventually be present [19:212].

2.1 Is Prior’s Notion of the Present a Contradiction?

Smith’s criticism of Prior notion of the present turns on the temporal relations Prior
talks about between the past/future and the present:

I believe solipsistic presentism is logically self-contradictory. The main founder of
solipsistic presentism, Prior, tellingly defines it in an implicitly self-contradictory
way ... ‘the present simply is the real considered in relation to two particular
species of unreality, namely the past and the future.” If the real stands in relation to
the unreal, the unreal is real, since only something real can stand in relation to
something. Unreality can no more stand in relations than it can possess monadic
properties [17:123]

Smith’s argument assumes that
1) If x is related to y, then both x and y are real

He also assumes a reading of Prior’s definition to the effect that “considered in
relation” should be understood as affirming a relation between the present and the
past and the future. If this reading is correct, and given the assumption that the present
is the real, then it follows that
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2) If the present stands in relation to the past and the future, then the real is related
to the unreal

From these Smith concludes that

3) If the real is related to the unreal, the unreal is real.

Smith’s argument is not just directed against Prior’s notion of the present, but also
other versions of presentism, which follow Prior in claiming that the past and future
are unreal.” Whether or not Smith is correct in his reading of Prior is actually solvable
with the notes we have from the Bodleian archive. He isn’t, and this will be clear
later, but it doesn’t settle the problem for Prior’s notion of the present. The
contradiction is namely deducible, not only from relations between the present and the
past and future, but from quantification over non-present objects. This means that
whether or not Prior, in his definition, only speaks about a considered relation, a new
argument could be made if Prior takes this to imply that we in such a considered
relation between something in the past and future actually quantify over something in
the past and future. Since the logic of relations typically presupposes quantification
theory, this is a more serious problem. The core of the matter is not just that a relation
between x and y commit us to the reality of both x and y, as Smith assumes, and which
Prior can dodge in talking about a mere consideration. With regard to relations, in
order for xRy to mean anything we have to bind the variables by an existential or
universal quantifier. But then, already in speaking about relations as considered
between the past and the future, Prior assumes that we can quantify over something in
the past or the future. The issue of quantifying over non-present objects is therefore
more fundamental than temporal relations between the past and the future. Prior
actually seems to affirm this in Past, Present and Future, when he with regard to
tensed fact about past or future individuals says:

One argument in favour of the view that if we are to use individual name-
variables at all, we should let them cover non-existents, is that we often want
to express relations between what now exists and what does not [11:169].

If the presentist therefore believes that he in his considerations quantifies over
something in the past and the future, then a new argument can be mounted against
him with the conclusion that presentism is contradictory. The B theorist Robin Le
Poidevin has spelled out an assumption for his criticism of presentism’s quantification
over non-present objects that can be used in such an argument. I will refer to this as
Le Poidevin’s principle:

a theory which involves ineliminable quantification over F’s is committed to a
realist position over F’s [5:38].

With this assumption or dictum de omni et nullo, the charge against Prior’s self-
contradictory definition of presentism can be outlined in a syllogistic form

% The charge of solipsism with regard to the present covers a wider range of philosophical
issues. (See [5], and [4] for a response)
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4) Any theory that involves ineliminable quantification over non-present
objects is committed to a realist position over non-present objects
5) Presentism involves ineliminable quantification over non-present objects

From 4 and 5 it follows that

6) Presentism is committed to a realist position over non-present objects

This conclusion is in clear contradiction with Prior’s definition of presentism, and not
only Prior’s, but any version of what Smith calls Solipsistic presentism. Furthermore
we have very good reason to believe that Prior was committed to something like Le
Poidevin’s principle. It is an underlying principle of Prior’s rejection of tensed facts
about that, which doesn’t exist. (see 11:137-174]). This is already seen in Time and
Modality from 1957:

Where x stands for a proper name, it seems to me that the form ‘x exists’
must be logically equivalent to, and definable as, ‘There are facts about x’,
... If there are facts about x, I cannot see what further fact about x would
consist in its existing [9:31].

The crucial point is that Prior did not allow ineliminable quantification over non-
present objects. This is also already clear in Time and Modality:

In other words, in the form ‘There will be an x tomorrow which ®’s, the
bound variable x has as yet no range of values at all, and its truth-value
depends, so far as it depends on a range of values, on the range of values
which the bound variable in ‘There is an x which ®’s will acquire tomorrow.
And what it now states is not a fact about any of tomorrow’s objects, though
if the statement is true there will be an x tomorrow with a fact about it of the
form ‘x ®@’s’ [9:32].

This remained a clear core conviction of Prior’s tensed logic, and part of his argument
in The Notion of The Present, which we will return to later. For now it is enough to
point out that Prior’s presentism is not guilty of self-contradiction on any reading of
his definition. A Priorian presentist can still maintain that he isn’t committed to a
realist position over non-present objects, by avoiding ineliminable quantification over
non-present objects. In syllogistic form he could maintain

4) Any theory that involves ineliminable quantification over non-present
objects is committed to a realist position over non-present objects

7) Presentism is not committed to a realist position over non-present objects

8) Therefore: Presentism does not involve ineliminable quantification over non-
present objects

It is evident from Prior’s reasoning in The Notion of The Present (1970) that Prior
affirms 4, 7 and 8. For Prior what will be, and what has been, fall under the same
category as what could have been, what might have been or for that matter what
Greek mythmakers have imagined. Accordingly, just as any quantifier that extends
over modal statements or imagined objects has to be understood as not only picking
out certain objects, but as also eliminating those entities, so must the quantifiers in
connection with the temporal operators. This has the consequence of drastically
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reducing tensed facts about the past and future to facts of a logical kind only. The past
is, thus, treated by Prior as the now-unpreventablej. It is not treated as a set of facts
that are somehow a past truth, but rather something that is a present truth:

Moreover, just as a real thought of a centaur, and a thought of a real centaur,
are both of them just a thought of a centaur, so the present pastness of Dr.
Whitrow’s lecture, and its past presentness, are both just its pastness. And
conversely, its pastness is its present pastness, so that although Whitrow’s
lecture isn’t now present as so isn’t real, isn’t a fact, nevertheless its pastness,
its having taken place, is a present fact, is a reality, and will be one as long as
time shall last [12:247]

Prior’s presentism leads him therefore to deny that there are any facts about the past,
because what was the case, is a prefix, just as what would have been the case, and as
such entail that whatever it connects to isn’t real.

Smith is therefore wrong in arguing that Prior’s notion of the present is
contradictory. He is also wrong though in his wider argument that any theory that
only affirms reality for the present is in contradiction. The final syllogistic form with
relation to the dictum de omni et nullo, is to argue that there is an exception to Le
Poidevin’s principle. It is logically valid to affirm 5, that presentism is involved in
ineliminable quantification over non-present objects, but also affirms 7, that
presentism isn’t committed to a realist’s position over non-present objects. This of
course can only be done by denying principle 4, that any theory, which involves
ineliminable quantification over non-present objects, is committed to a realist position
over non-present objects. Thus the final position, the dictum de excepto is

5) Presentism involves ineliminable quantification over non-present objects

7) Presentism is not committed to a realist position over non-present objects

9) Therefore: It is not the case that, any theory that involves ineliminable
quantification over non-present objects is committed to a realist position over
non-present objects.

5 and 7 characterises the position of a presentist like Craig [4]. The consequence of
affirming both that the past and the future aren’t real is that one cannot adhere to the
dictum de omni et nullo, but so much the worse for that principle one could say.

It is therefore possible for the presentist to give two answers to Smith’s criticism of
the definition of presentism. First of all it is possible to deny the principle behind
Smith’s criticism, following the cue of Craig. A reason for doing so is that it isn’t just
quantification over future and past objects that give us problems with 4. Should we
also be committed to the existence of non-hobbits, when we affirm that there are no
hobbits?

The second answer, which Prior would give, is that he isn’t committed to relations
between the past, present and future, even though these terms are part of his definition
of the present. He would seem to affirm that if he was guilty of ineliminable
quantification over non-present objects, then he would end up in a contradiction, but
he isn’t since his temporal operators of his tensed logic, in virtue of being a prefix,
come with no ontological commitments.

3 As in his treatment of Time and Determinism, in [11].
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3 Revisiting ‘“The Notion of the Present”

Two interesting places relate to the present discussion in Prior’s notes to The Notion
of The Present. The first is directly related to Smith’s criticism and the second shows
Prior’s awareness of a weakness in his version of presentism.

It turns out that Prior was struggling with getting his definition just right, and we
find two alternative phrases in his notes. The first phrasing Prior was attempting was

1. Attempt: “the present simply is the real considered in relation to a particular” [13]

The word included here, which didn’t make it to the final version, is the word “a”
before “particular”. The second attempt perhaps shows us why Prior first wrote “a
particular” in the first attempt

2. Attempt: “the present simply is the real considered with a particular kind of
contrasting unreality in mind, namely the pa” [13]

Prior clearly tried to describe the notion of the present as a consideration of the
present as the real, a consideration of a particular kind: a kind that involves a
contrasting between the past and future as unreal, and the present as real. The phrase
he ended up with dropped the singular term ‘a’ with regard to ‘particular
consideration,’ leaving it ambiguous whether the relation Prior speaks about between
the real and the unreal has to do with something merely under consideration, or a
particular relation between the unreal past and future and the real present. From the
notes it seems clear that Prior is struggling with defining the present without affirming
to much about the past and the future. On one hand, he wants to affirm that the
present and the real are one and the same concept. On the other hand, he also needs
the past and the future in order to denote what it is that he is claiming to be the same
concept as the real. This is problematic since if the past and the future are needed in
order to denote what being present means, then one has to describe in what way the
past and the future are related to the present. He therefore has to speak about the past
and the future as being on the ontological level of considerations, while at the same
time describing how such considerations are relevant in speaking about the relation
between past, present and future.

Thus the words considered in relation in Prior’s definition of the present are to be
understood as just that. The present is the real, simply. The temporal prefixes for past
and future, which is needed to describe ‘the present’, and give meaning to the concept
has the ontological status of a consideration, and just as prefixes like could have been
and is imagined that, according to Prior, do not denote some relation between the real
and the unreal, neither do temporal prefixes.

Smith seems to be aware that Prior’s use of the phrase “considered in relation”
should not be taken literally as involving temporal relations between the real and the
unreal, and anticipates the reply that Prior merely talks about a thinker’s consideration
of the present in relation to the past. He doesn’t find this helpful either though, since
“I cannot consistently consider the unreal to stand in a relation to the real” [17:123].
Smith’s charge of inconsistency is off the mark with regard to Prior’s definition
though. The reason is that since Prior categorizes temporal prefixes together with
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characters of fiction, the only kind of inconsistency possible is of a logical kind.
Should we take Smith charge to question the logical validity, as such, of temporal
logic?

While Prior’s notion of the present isn’t inconsistent, it is, as Butterfield notices a
radical position [2]. Firstly, Prior’s lucid definition of presentism, is achieved by
lumping, not just past and future objects, but any non-present tensed proposition,
together with Zeus and unicorns. Secondly, clarity seems achieved at the expense of
intelligibility when Prior defines what reality consists in as ‘“the absence of a
qualifying prefix” [12:247]. As Craig points out, it is hard to see what the existence of
my lamp has got to do with the fact that it lacks a prefix [4].

It is rather interesting that Prior’s notes to The Notion of The Present show that he
was aware of how radical this view on tensed facts was. In direct connection to his
past tensed facts, he immediately began a consideration on the difference between
tensed and modal facts. In the crossed out section he wrote:

There is, indeed, a great deal more law and regularity about the logical
behavior of the prefixes “it has been that” and “it will be that” than there is
about the logical behavior of “it is imagined that” [13].

After having crossed the section out Prior didn’t return to the topic of how the logical
behaviour of temporal prefixes differs from other prefixes, and more importantly,
what he believed we should attach of importance to this with regard to tensed facts.
Had Prior himself finished up the article for publication, he might have done
something more about this than what we have before us now.

4 Presentism and Becoming

Based upon this analysis of Prior’s notion of the present, and the notes we have at the
Bodleian library, the question arises whether such a notion, doesn’t lay itself open to
Lewis’s criticism (see [6:202-204]) that presentism is unable to account for change.
Lewis rejects presentism’s ability to account for change since it treats other times as
“false stories” or ‘“‘abstract representations composed out of the material of the
present.” And he seems to have a point with regard to versions of presentism that
treats other temporal prefixes as merely fictional prefixes. If only what is present is
real, and all quantification over future or past objects are to be eliminable like
quantification over objects of fiction, then what is it that changes? What is it that can
be said to endure through time? As Merricks comments on Lewis’s argument, (see
[7]) such a version of presentism would be a theory of everything as instantaneous. At
each successive moment a set of statements would be true and say something about
reality. Others would have prefixes like “it is imagined that”, and still others would
have a prefix like “it will be the case that”, but the only things that would be real,
would be facts, are statements without a prefix. It would seem in such a view on time
that reality is reduced to what is a present tense truth at an instant, with no enduring
objects.

Since becoming arguably is the primary intuition behind an A-theory, defining
presentism in this way would be bordering on self-defeat.
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A presentist should, in order to avoid Lewis’s charge, minimally affirm that every
truth about the future and the past are primitively present at each successive instant.
This is done by presentists who affirm that we can make ineliminable quantification
over non-present object. If we can’t, then while temporal prefixes might contribute to
a psychology of temporal reasoning, it appears to accounts just as much for becoming,
as fictional prefixes ascribes properties to characters of fiction.

The problem for the Priorian notion of the present arises from its solution to the
problem of temporal relations. Prior’s notion of the present is able to give an account
for temporal relations in terms of prefixes under a thinker’s consideration. But by
drastically reducing the ontological import of these temporal prefixes about the past
and future, it makes the notion of the present vulnerable to Lewis’s attack. The
question is: If there are no facts about the past and the future, then how can there be a
fact about becoming?

Prior has actually argued against the idea of being brought into being (see [11])
and seems satisfied with affirming a notion of starting to be instead. While this seems
defensible, it is only because it doesn’t require a thicker ontology than what his notion
of the present allows. But, given this definition, the problem doesn’t only arise with
regard to becoming, but also with regard to having past. While a presentist easily can
agree that having past shouldn’t be parsed as stating a property about a none existing
object, wouldn’t a Priorian presentist need to parse it as not even involving a fact
about a none existing object, and instead affirm a notion of ceasing to be?

With this said, it must be kept in mind that Prior doesn’t argue against the notion of
having past. On the contrary, he says that while the pastness of Dr Whitrow’s lecture
isn’t a fact, “its having taken place, is a present fact, is a reality, and will be one as
long as time shall last.” [12:247]

5 Conclusion

Prior’s notes to The Notion of The Present gives us valuable insight into the
reflections he made while working on his speech, which only after his death was
published. The criticism Prior’s definition of the present as the real has received by
Smith [17], can be shown to be not only false, but also based upon a misreading of the
definition, with help from the notes. The notes make it clear that when Prior relates
the present to the past and the future, it is with an emphasis upon a considered
relation. The notes also reveal that Prior was aware of how radical his view was,
when he categorizes temporal prefixes together with fictional prefixes as regard
ontological import. While a Priorian notion of the present is therefore able to save
itself from Smith’s charge of contradiction, it isn’t so clear that it can save itself from
Lewis’s charge of being incapable of accounting for change. It is unclear to me, and
worth investigating whether other versions of presentism that follow Prior in only
allowing eliminable quantification over non-present facts are able to avoid Lewis
argument. One way to avoid both problems as a presentist is to deny that
quantification over non-present objects entails the existence of non-present objects.

Acknowledgments. I am grateful to Dr. Mary Prior and to The Bodleian Library for
giving me access to the Prior collection in Oxford.



A.N. Prior’s Notion of the Present 45

References

10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.

Bourne, C.: A Future for Presentism. Oxford University Press, Oxford (2006)

Butterfield, J.: Prior’s Conception of Time. In: Proceedings of the Aristotelian Society, pp.
193-209 (1983-1984)

Craig, W.L.: Is Presentness a Property? American Philosophical Quarterly (1), 2740
(1997)

Craig, W.L.: The Tensed Theory of Time: A Critical Examination. Kluwer Academic
Press, Dordrecht (2000)

Le Poidevin, R.: Change, Cause, and Contradiction: A Defence of the Tenseless Theory of
Time. Macmillan, London (1991)

Lewis, D.: On the Plurality of Worlds. Blackwell, Oxford (1986)

Merricks, T.: Truth and Ontology. Oxford University Press, Oxford (2007)

Oaklander, L.N.: Presentism, Ontology and Temporal Experience. Cambridge University
Press, Cambridge (2002)

Prior, A.N.: Time and Modality. Clarendon Press, Oxford (1957)

Prior, A.N.: Formal Logic. Clarendon Press, Oxford (1962)

Prior, A.N.: Past, Present and Future. Clarendon Press, Oxford (1967)

Prior, A.N.: The Notion of The Present. Studium Generale (23), 245-248 (1970)

Prior, A.N.: Notes to The Notion of the Present. The Prior Collection, Bodleian Library,
Box 7, Oxford

Smith, Q.: The Infinite Regress of Temporal Attributions. The Southern Journal of
Philosophy (3), 383-396 (1986)

Smith, Q.: Language and Time. Oxford University Press, New York (1993)

Smith, Q.: The ’Sentence-Type Version’ of the Tenseless Theory of Time. Synthese (3),
233-251 (1999)

Smith, Q.: Time and Degrees of Existence: A Theory of ’Degree Presentism’. In:
Callender, C. (ed.) Time, Reality and Experience, pp. 119-136. Cambridge University
Press, Cambridge (2002)

Tooley, M.: Time, Tense and Causation. Oxford University Press, USA (1997)
Zimmerman, D.: Temporary Intrinsics and Presentism. In: Zimmerman, D., van Inwagen,
P. (eds.) Metaphysics: The Big Questions, pp. 206-220. Basil Blackwell, Cambridge (1998)
Zimmerman, W.D., Loux, J.M.: Introduction. In: Zimmerman, W.D., Loux, J.M. (eds.)
Oxford Handbook of Metaphysics, pp. 1-7. Oxford University Press, Oxford (2003)



Towards a Common Language for the Discussion of Time
Based on Prior’s Tense Logic

Peter Ghrstrgm

Department of Communication and Psychology, Aalborg University
Kroghstrede 3, 9220 Aalborg East, Denmark
poe@hum.aau.dk

Abstract. Time is not definable in terms of other concepts. On the other hand, it
is generally accepted that Augustine was right in claiming that we as human
beings have a tacit knowledge of what time is. But how can this tacit knowledge
be explored and discussed, if time as such cannot be defined? This paper
suggests that temporal logic, and in particular the hybrid logic corresponding to
AN. Prior’s 3™ grade of tense-logical involvement, may be useful as a precise
conceptual basis of a common language for the formal discussion of time. The
paper offers a general investigation of this suggestion illuminating the
conceptual potential and also some of the open questions within the study of
temporal logic. It is argued that the endeavour of the logic of time can be seen
as the study of some important manifestations and structures of our tacit
knowledge of time.

1 The Conceptual Challenge in the Study of Time

According to St. Augustine (354-430) time cannot be satisfactorily described using
just one single definition or explanation. In his own words: “What, then, is time? If no
one asks me, I know: if I wish to explain it to one that asketh, I know not” [18:1].
Time is not definable in terms of other concepts. Every attempt to tell what time is
will be an accentuation of some aspects of time at the expense of others. Therefore, it
will not present time in its fullness. It may even be misleading. Time is unique and sui
generis. On the other hand, this does not mean that precise studies of temporal matters
and of time as such will be impossible. On the contrary, according to the Augustinian
insight we all have a tacit knowledge of what time is, even though we cannot define
time as such. However, if such studies are to lead to a deeper understanding of time it-
self, various disciplines have to be brought together in the hope that their findings
may form a new synthesis, even though we should not expect any ultimate answer re-
garding the question of the nature of time itself. If such a synthesis is to be formed, a
certain degree of homogeneity in the conceptual structure will be needed. For
instance, if we have to design a computer system to handle discussions of time in
general, it must be possible to state in a rather precise manner what is meant by words
like ‘during’, ‘since’, ‘until’, ‘past’, ‘future’, ‘before’, ‘after’, ‘what must be’, ‘what
might be’, ‘what could have been’, etc. The possibility of describing the logical
relations between such notions is essential, if we want to be able to reason about the
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temporal aspects of reality. This means that we need a common formal language,
which is relevant at least for the kind of discussion of time that we have in mind.

It is important to emphasise that the question concerning a common language for
the discussion of time is not psychological, but rather conceptual and systematic.
When looking for such a common language the main question is not how the human
mind actually works, but rather what notions will be needed in various kinds of
scientific discourse dealing with the temporal aspects of reality. In particular, this
question has recently turned out to be very important in computer science (see [6],
[22], and [23]). The common language we a looking for in this context should not
only allow for the precise specification of all notions relevant in scientific discussion
of temporal matters, but it should also make it clear how these various notions are
conceptually related. Such a common language may be useful within specific sciences
like psychology and the physical sciences that are dealing with issues related to time.
And even more important, if such a common language can be established and
accepted as the common conceptual background, it may significantly support
interdisciplinary research concerning the temporal aspects of reality. This means that
there are very good reasons for looking for a common and precise language for the
formal discussion of time.

The 20th century has seen a very important development within the philosophical
study of time. One of the most important contributions to the modern philosophy of
time was made in the 1950s and 1960s by A.N. Prior (1914-69), who became the
founder of modern temporal logic. Prior presented his ideas and theories in a number
of books and papers. He was very much inspired by his studies of the long history of
science and philosophy. In particular, he found important inspiration in ancient and
medieval thought. In fact, Prior considered several logical systems. We shall suggest
the use of the conceptually richest temporal logic suggested by him. This may
facilitate the practical use of temporal ideas and formal relations in all relevant ways.
In a sense the endeavour of such a logical language of time makes it possible to study
important manifestations and structures of our tacit knowledge of what time is. The
system in question, which was originally invented by Prior, belongs to the family of
systems which has later been characterised as so-called hybrid logic (see [3]). A
logical system belonging to this family includes a special class of propositions (in the
present case the so-called instant-propositions). Recently, hybrid logic has been
demonstrated to be very useful within various kinds of computer science (see [3]).

2 The Two Classical Languages on Time

In his famous paper ‘The Unreality of Time’ [7] the philosopher John Ellis
McTaggart (1866-1925) suggested a distinction between the so-called A- and B-
series, which in fact corresponds to a distinction between the following two sets of
fundamental concepts concerning the temporal aspects of reality:

A-concepts: past, present, future
B-concepts: before, after, ‘simultaneous with’
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The A-concepts are well suited for describing the flow of time, since the future will
become present and the present time will become past, i.e., flow into past. The
B-concepts seem especially apt for describing the permanent and temporal order of
events. Clearly, the two kinds of temporal notions can give rise to two different
approaches to time.

Firstly, there is the dynamical approach (the A-theory) according to which the
essential notions are past, present and future. In this view, time is seen “from the
inside”. Secondly, there is the static view of time (the B-theory) according which time
is understood as a set of instants (or durations) ordered by the before-after relation.
Here time is seen “from the outside”. It may be said to be a God’s eye perspective
on time.

There is an ontological difference between the two theories. According to the A-
theory the tenses are real whereas the B-theorists consider them to be secondary and
unreal. According to the A-theory the ‘Now’ is real and objective, whereas the B-
theories consider the Now to be purely subjective.

Formally, the A-language is tense-logical, i.e., it includes operators, P, F, and ¢,
which can be used to form new propositions. If ¢ is a proposition, Pg, Fg and ¢g stand
for the propositions “it has been the case that ¢”, “it will be the case that ¢”, and “it is
possible that g, respectively. It is assumed that the truth-values of the propositions in
question can vary from time to time. Using these three operators we may define the
dual operators: H = ~P~ (“it has always been that ...”), G = ~F~ (“it will always

be that ...”), and /7 = ~¢0~ (“it is necessary that ...”). In addition, it is possible to
introduce temporal units, e.g. days, using P(n) for “it has been the case n days ago
that ...”, and F(n) for “it will be the case in n days that ...”. The basic formalisms of

temporal logic have been discussed in details in [18].

Formally, the B-language is based on the idea that time is a set of instants with an
ordering relation, i.e. (TIME,<). In addition, there is a truth-function, T. If ¢ stands for
an instant of time, and ¢ stands for a proposition, then 7(¢,q) stands for “g is true at £”.
In working with the B-language one major question will be how the basic structure
(TIME,<) should be described. In particular, there is a focus on the properties of the
relation, <.

The debate between the two theories has received a fresh impetus due to Prior’s
formal analysis of the problem. (See [18: 216 ff]). It turns out that in addition to the
A- and the B-theories it would in fact be possible to define a position between the two
theories according to which the B-notions are just as fundamental that the A-notions.
On this view the A-notions cannot be defined in terms of the B-notions or vice versa,
but the two sets of notions have to be treated on a par. (See [15: 117 ff].) Calling the
traditional B-theory the first grade of tense-logical involvement, Prior has termed this
intermediate position the second grade of the tense-logical involvement. However, it
does not seem that anybody since Prior’s first analysis has wanted to defend this
second grade.

It should be mentioned that in Prior’s analysis there are in fact two different
versions of the classical A-theory. This distinction has to do with the modal operator.
In what Prior has called the 3" grade of the tense-logical involvement there is a
primitive notion of temporal possibility (or necessity), i.e. the operator, ¢ (as well as
its dual operator, /). In the so-called 4™ grade of the tense-logical involvement this
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modal operator is defined in terms of the tense-logical operators, P and F. Obviously,
the latter theory is simpler from a systematic point of view. On the other hand, it is
also evident that a lot of the expressive power is lost, if we drop a primitive modal
operator. Among other things, it would be very difficult to express the idea of a true
future (as opposed to ‘the possible future’ and ‘the necessary future’) without the use
of a primitive modal operator.

3 The Importance of the Dynamic Aspects of Reality

The most common theory dealing with the relation between the A- and B-language is
the B-theory according to which the B-notions are more fundamental that the A-
notions. Following this theory the A-notions have to be defined in terms of the B-
notions. The tense operators, P and F, may be defined in the following way:

@))] T(t,Fq) = &, t<t, A T(t,q)
2) T(t,Pq) = 2,0 t,<t A T(t,q)

According to the B-theory tense-logical statements will have to be evaluated as the B-
logical expressions, which occur when these definitions (1-2) are used. If for instance
the structure (TIME, <) is supposed to be linear, then tense-logical theorems like the
following may easily be proved to be valid at all times in the structure:

(3) FFp>oFp
(4)  FPp S(Pp vp vFp)
(5)  PEp S(Pp vp vFp)

However, it should be emphasized that on the B-logical account such theorems are
only abbreviations of complex properties regarding the structure (TIME, <).

Prior pointed out that there are obvious weaknesses of the B-logical approach. The
most important problem is that this theory does not include any idea of ‘Now’. From a
B-logical point of view, the present time can only be represented as an arbitrary
instant. This is of course quite acceptable, if we take the view which Albert Einstein
expressed in a letter to Michele Besso: “There is no irreversibility in the basic laws of
physics. You have to accept the idea that subjective time with its emphasis on the now
has no objective meaning.” [12: 203] If the ‘Now’ and consequently also the other A-
concepts are purely subjective, all we have to bother with when dealing with the
temporal aspects of the objective world are the B-concepts. Viewed in this way reality
is just a four-dimensional co-ordinate system, and time is nothing but clock-readings
and dates. However, according to Prior even Einstein was a bit uncertain regarding
the status of the ‘Now’. He referred to the fact that Einstein once “explained that the
experience of the Now means something special for men, something different from
the past and the future, but that this important difference does not and cannot occur
within physics.” [15: 136-7] Prior found that this observation is very important. In his
opinion, the distinction between the tenses is essential for the understanding of reality.
For this reason Prior argued that it would be misleading to base the description of
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reality on “a language in which the difference between being, having been, and being
about to be becomes inexpressible.” [16: 323]

In Prior’s opinion it would be mistaken to assume that the ‘Now’ and the tenses
can be derived from the logic of earlier and later. For this reason he rejected the B-
theory, and instead he argued in favour of the A-theory. Prior insisted that ‘the Now’
is real, and consequently that the distinction between the tenses is real (see [4: 47]).
His main idea regarding the importance of temporal logic was philosophical. He
wanted first of all to emphasize that we have to focus on the role of the tenses if we
want to grasp the reality of the passage of time.

Prior pointed out: “Time is not an object, but whatever is real exists and acts in
time.” [4: 45] In his view, time is not just a structured set of instants, and “this
earlier-later calculus is only a convenient but indirect way of expressing truths that are
not really about ‘events’ but about things, and about what these things are doing, have
done and will do.” [4: 45]

The distinction between past, present, and future is in fact essential for the proper
understanding of Prior’s philosophy and logic. His central ontological tenet was that
the distinction between past, present, and future is essential for a correct
understanding of the objective world. In his own words: “So far, then, as I have
anything that you could call a philosophical creed, its first article is this: I believe in
the reality of the distinction between past, present, and future. I believe that what we
see as a progress of events is a progress of events, a coming to pass of one thing after
another, and not just a timeless tapestry with everything stuck there for good
and all.” [4: 47]

Prior criticized the common approach to logic according to which only unchanging
(eternal) truths are studied: “Certainly there are unchanging truths, but there are
changing truths also, and it is a pity if logic ignores these, and leaves it to
existentialists and contemporary informal ‘dialecticians’ to study the more ‘dynamic’
aspects of reality. There are clear, hard structures for formal logicians to discover in
the world of change and temporal succession. There are practical gains to be had from
this study too, for example in the representation of time-delay in computer circuits,
but the greatest gain that a logic of tenses brings is the accurate philosophical
description of the reality of the passage of time.” [4: 46] In this way, Prior maintained
that the changes in the world should be analyzed in terms of tense-logical notions.

To some extent, Prior conceived his work as a continuation of Peirce’s philosophy
and logic. In fact Prior sometimes even called himself a Peircean. Prior clearly found
some inspiration in the following statement made by Peirce in 1903: “Time has
usually been considered by logicians to be what is called ‘extra-logical’ matter. I
have never shared this opinion. But I have thought that logic had not yet reached the
state of development at which the introduction of temporal modifications of its forms
would not result in great confusion; and I am much of that way of thinking yet.” [10:
4.523]

Prior wanted to take up this Peircean challenge and to carry out the task by
integrating tenses in logic. He argued that we should in fact accept “tense distinctions
as a proper subject of logical reflection” and that we should accept that “what is true
at one time is in many cases false at another time, and vice versa” [13: 104].
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4 The Origin of the Idea of Branching Time

Prior’s main argument in favour of the A-theory was based on his strong belief in
indeterminism. He wrote: “... I do not see how indeterminism can be expressed in a
tenseless language at all. For indeterminism asserts a certain difference between the
future and the past..., which is not at all the same thing as a difference between the
earlier and the later.” [21]

In addition to the fundamental creed regarding the role of the tenses in a proper
understanding of reality, Prior held that freedom of choice is something very
important and essential in the real world. He expressed his belief in real freedom in
the following way: “One of the big differences between the past and the future is that
once something has become past, it is, as it were, out of our reach - once a thing has
happened, nothing we can do can make it not to have happened. But the future is to
some extent, even though it is only to a very small extent, something we can make for
ourselves. And this is a distinction which a tenseless logic is unable to express.” [4:
48] For this reason Prior argued in favour of a fundamental asymmetry between past
and future. The idea of alternative pasts may be conceivable as seen from a
epistemological point of view, but he found that from an ontological point of view the
idea of alternative pasts should not be accepted.

Prior obviously knew that similar thoughts had earlier been defended by
continental philosophers, among whom Henri Bergson (1859-1941) would be one of
the clearest examples. In his book from 1889 Essai sur les données immédiates de la
conscience Bergson had argued that the space-like before-after-calculus (i.e. what was
later called the B-approach) was insufficient and misleading as the basis of a proper
understanding of time. Bergson denied that time can be adequately represented by
space. In this way we can only deal with “time flown” and not with “time flowing”,
[1: 221]. In fact, he also — like Prior — pointed to the importance of the notion of
freedom. He wrote: “Freedom is ... a fact, and among the facts which we observe
there is none clearer. All the difficulties of the problem ... arise from the desire to
endow duration with the same attributes as extensity, to interpret a succession by a
simultaneity, and to express the idea of freedom in a language into which it is
obviously untranslatable”, [1: 221]. In his discussion of time he even suggested
something, which came rather close to what was later called branching time. Bergson
suggested to following illustration:
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This figure was mainly meant as an illustration of the process of deliberation. The
idea is that the deliberating person in question has traversed a series, MO, of
conscious states. At the state O he finds the two directions, OX and OY, equally open
for him. - However, Bergson argued that this geometrical representation of the
process of coming to a decision is deceptive: “This figure does not show me the deed
in the doing but the deed already done. Do not ask me then whether the self, having
traversed the path MO and decided in favour X, could or could not choose Y: I should
answer that the question is meaningless, because there is no line MO, no point O, no
path OX, no direction OY. To ask such a question is to admit the possibility of
adequately representing time by space and a succession by a simultaneity.” [1:180]

According to Bergson the idea of human freedom is in fact indefinable. He argued
that “we can analyse a thing but not a process; we can break up extensity, but not
duration” [1: 219].

Although Prior knew this philosophical tradition, and also admitted that his own
views on time to some extent were similar, he did not find contributions like
Bergson’s to be particularly useful to him. He had a strong belief in the value of
formal logic, and in his opinion explanations like those suggested by Bergson were
far too unclear. On the other hand, he also emphasized that logic has to do with real
life. He wanted a logic that would take full advantage of formal methods, but which
would also be sensitive to the reality of human experience. In an unpublished paper,
he described this view: “Perhaps you could call my logic a mixture of Frege and
Kolakowski. - I want to join the formal rigorism of the one with the vitalism of the
other. Perhaps you regard this as a bastard mixture - a mesalliance. - I think it is a
higher synthesis. And I think it important that people who care for rigorism and
formalism should not leave the basic flux and flow of things in the hands of
existentialists and Bergsonians and others who love darkness rather than light, but we
should enter this realm of life and time, not to destroy it, but to master it with our
techniques.” [17]

Prior’s book, Time and Modality, from 1957 was the first longer presentation of
his tense logical approach to the understanding of reality. Prior demonstrated in the
book that the development of tense-logic is very important if we want to establish a
deeper understanding of the temporal aspects of reality, i.e. if we want a clear
representation of temporal realism. One of the first readers to react on Prior’s book
was Saul Kripke who was only 17 years old when he wrote to Prior. In his letter
Kripke suggested the following: “... in an indetermined system, we perhaps should
not regard time as a linear series, as you have done. Given the present moment, there
are several possibilities for what the next moment may be like -- and for each possible
next moment, there are several possibilities for the next moment after that. Thus the
situation takes the form, not of a linear sequence, but of a “tree”...”[21]

In this way Saul Kripke argued that the modal logic S4 corresponds to a branching
time system. This presentation of branching time as a logical system is the first ever,
and this approach is certainly very different from the ideas included in Bergson’s
model of the process of deliberation.

The importance of Kripke’s approach was clearly recognised by Prior, who in his
book Past, Present and Future [14] discussed what he called “Kripke’s branching
time matrix for S4” [14: 27]. However, it should be noted that in such a model, it may
in some cases be true that F(n)p A F(n)~p. In consequence, ~(F(n)p A F(n)~p) will
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not be a theorem in the system. This would certainly be intuitively acceptable, if F(n)
were understood as ‘possibly, it will be the case in n time units’. But if we want a
logic for F(n) conceived as ‘it will be the case in n time units’ as opposed to
‘possibly, it will be the case in n time units’, we have to look for a further elaboration
of the tense-logical system and its representation in the branching time model. Much
of the recent work on branching time models has been focused on a satisfactory
representation of the future operator in terms of branching time (see [2,19, 20]).

Indeterminism is a very important tenet in Prior’s philosophical logic. The idea is
that there is a fundamental asymmetry between the past and the future. The point is
that P(n)p v P(n)~p is true in all possible cases (i.e. it is a theorem), whereas the same
does not hold for F(n)p v F(n)~p. Prior’s reason for denying that the latter disjunction
is a theorem, is that if the proposition p depends on the free choice of some agent,
then neither F(n)p nor F(n)~p should regarded as true now. In Prior’s opinion, there is
no truth about which future decision the agent will make (until the agent has actually
made his or her decision). However, regarding the past exactly one of the
propositions, P(n)p and P(n)~p, is true, since only one of the propositions, p and ~p,
corresponds with how things were »n time units ago. According to Prior,
indeterminism is the basis of the asymmetry between past and future expressed here.
It should be mentioned that this logical representation of indeterminism depends on
the choice of tense-logical system. The above representation is based on the logical
system, which Prior himself preferred, i.e. the so-called Peircean system. However,
Prior also considered the so-called Ockhamistic system, in which indeterminism
would correspond to the rejection of the disjunction /F(n)p v [F(n)~p as a theorem,
whereas F(n)p v F(n)~p will be accepted as an Ockhamistic theorem. More about the
distinctions between the Peircean and the Ockhamistic systems can be found in [14:
113 ff, 6: 211 ff].

It is an important issue within the discussion of temporal logic whether or not it is
possible to create a tense-logical system according to which it makes sense to claim
that statements about the contingent future can be true now. It has been argued in [19]
that this is in fact possible to establish such a logical system.

5 Instants and the Notion of Branching Time

In his later writings Prior significantly contributed to the further development of the
notion of branching time. One basic question regarding the branching time diagram
has to do with the status of the points in the model. What is an instant? In [14: 187 ff]
he suggested a logic of world-states, and he later developed this idea further [15]. His
claim was that an instant in a branching time structure is in fact a world-proposition
i.e. intuitively, an infinite conjunction of all propositions in a maximal and consistent
subset of the set of all well-formed formulae formulated in terms of the logical
language we are dealing with. In this way instant propositions are descriptions of
possible states of the world, which are as complete as they can be given in the
language we have chosen. Following Prior’s idea in [15: 128 ff] the set of instant
propositions can be characterized by the following three axioms, where a stands for
an arbitrary instant proposition, and where p stands for an arbitrary proposition
(whether instant proposition or not):
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1) ¢a
(12) Fa:a
(I3) fa>p)vifa>~p)

According to (I1) any instant proposition represents a possible world-state, and (I12) is
the claim that there is an instant proposition describing the present state of the world.
The last condition, (I3), is the claim that any instant proposition will be total in the
sense that for any other proposition, p, the instant proposition either necessarily
implies p or it necessarily implies the negation, ~p. It should be noted that any
proposition in the logical language can be substituted for p. In consequence, a also
implies which instant propositions have been, will be, could have been etc. In terms of
the branching time system, this means that the whole structure of the branching time
system follows from any single instant proposition. That is, the system has the nice
and interesting property that the system as a whole is fully reflected — and in a sense
even contained — in any basic part or element of the system i.e. in any instant. This
insight might be conceived as a support of Prior’s understanding of branching time as
a conceptual structure consistent with his presentism. In short, according to Prior’s
theory the whole structure of time follows logically from the present, i.e., the instant
proposition that is true now.

Formally, we may define what it means for a proposition, p, to be true for an
instant proposition (or world proposition), a, in this way:

4) T(ap) =, {a>p)

Prior has demonstrated that given a basic tense-logical system this definition of T(a,p)
will have all the properties which a classical B-theorist would like for “truth at an
instant”. For instance, he demonstrated that given (I1-3) and the definition (I4) along
with some basic assumptions concerning the logic of the P-,F-, and ¢-operators, the
equivalences (1-2) become provable theorems. In this way, everything in the B-theory
can interpreted as properties of the instant propositions. This also means that the
traditional B-theoretical criticism of the A-theory turns out to be empty since the A-
theory conceived as a hybrid logic is supposed to include all instant propositions. The
A-theoretical criticism of the B-theory for ignoring the importance of the ‘Now’ and
the asymmetry of time, on the other hand, still stands.

In Prior’s opinion time is not an object, but rather a construction. He wrote: “What
is time? Time is a logical construction. What looks like propositions about time are
generalized tensed propositions about other things” [17]. Although time, on this view,
is a construction, it is certainly not an arbitrary construction. The point is that our idea
of time is an abstract generalization of a number of observations from everyday life
concerning what it means to act now on the basis of what is known about the past and
the future possibilities.

One very basic assumption in Prior’s worldview has to do with the notion of free
choice. This should probably be understood as closely related to his ideas of ethics
and responsibility. In general, Prior tried to establish a conceptual framework
integrating fundamental notions of logic, ethics and time. In terms of branching time
notions, it becomes obvious that we may not only ask which future developments are
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possible and which are necessary, but we may also want to investigate which of the
possible futures we should choose and how this choice can be backed up by various
kinds of ethical reasoning. (See [15: 65 ff].)

6 Temporal Logic and the Discussion of Time

Given a logical calculus corresponding to Prior’s 3™ grade of the tense-logical
involvement a variety of temporal ideas and notions can be expressed in a very
precise manner. If we assume the tense-logical assumptions corresponding to linear
time, including the theorems (3-5), to hold for the fragment of the logic in which the
modal operator does not occur, then it will be possible to demonstrate that each
instant proposition, a, actually defines a linear set of instant propositions:

TRL(a) = {bl T(a, Pb vb v Fb)}

The linear and maximally ordered sets in the branching time system are normally
called chronicles in branching time theory. On the assumptions just mentioned it turns
out that there is a chronicle, TRL(a), through a for each instant, a, in the system. The
TRL-function corresponds to what has been called “the thin red line” ([2], [19]). In
this system we obtain instead of (1):

(6) T(a,Fq) = FbeTRL(a) : a<b A T(b,q)

TRL(a) represents not only the past but also the true future relative to a. If such a
function can be defined, it will be possible to make distinctions between “necessarily,
it is going to be”, “possibly, it is going to be”, and “it is going to be”. Graphically, this
may be illustrated in a branching time system in which the TRL-function is indicated
using arrows on the selected chronicles as it is shown in this example:

G

n a &A
In the above figure it is evident that TRL(n) = ¢, and that TRL(a)=c;.

In this framework it will also be possible to discuss whether all chronicles in the
branching time system can be presented on the form TRL(a) for some instant
proposition, a. An even more abstract question regarding the structure of time would
be the question of connectedness: Will any two chronicles have a common past? Or
could there be chronicles, which are totally disconnected? It should be mentioned that
the question of temporal connectedness cannot even be formulated as an open
question if we choose Prior’s 4™ grade instead of the 3™ grade.



56 P. @hrstrgm

There are many other topics regarding time, which may be discussed on the basis
of a framework, based on a hybrid logic corresponding to Prior’s 3" grade. One may,
for instance, discuss the representation of durations. Assuming that the instant
propositions are conceived as durationless, any duration may be represented as a pair
of instant propositions, i.e. (a,b) or alternatively as a proposition like Pa A Fb. Here a
is the description of the beginning, and b the end of the duration in question.
Alternatively, one may make use of the temporal unit which can be built into the tense
operators, i.e., P(n) and F(n).

Having a logical calculus corresponding to Prior’s 3™ grade available makes it
possible not only to talk about what has happened, what is happening and what is
going to happen. The calculus also allows us to reason about what can happen or what
could have happened, if things had gone differently in the past.

However, the potential of Prior’s temporal logic as a common language for the
discussion of time has not been fully explored. One of the aspects of Prior’s logic,
which needs more investigation, has to do with his idea of a tensed ontology. How can
we account for past and future objects given that only the present exists? (See [5]).

One problem, which has been considered very often, has to do with the relation
between tense logic and relativistic physics. In fact, this problem was already
discussed in the correspondence between Kripke and Prior in 1958. In the
correspondence Kripke pointed out that the emphasis on the present (the ‘Now’) is
rather problematic if we assume a scientific discourse taking relativistic physics into
serious account. Prior was certainly aware of the challenge from special relativity.
However, he also argued that it is in fact possible to maintain the tense-logical
position without contradicting the results of relativistic physics. He later elaborated
his view (see [14: 197 ff]). Recently, several authors have been interested in the
theory of the so-called branching space-time, which has been established under
inspiration from various ideas in physics. Here Belnap (2005), Miiller ([8], [9]), and
Placek [11] have contributed significantly.

Although there are several open questions regarding the use of temporal logic as a
conceptual foundation for the construction of a common language for the discussion
of time, it is also evident that temporal logic in many cases has been demonstrated to
be a very precise and useful tool for the description of the dynamic aspects of reality.
On this background, it seems very reasonable to continue and to strengthen the
research in the potential of Prior’s hybrid tense logic (or a further elaboration of it) as
a conceptual basis, a common ground, for the discussion of time whenever there is a
need for a precise and formal language in order to clarify the various ideas concerning
time.
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Abstract. Perceptual synchrony has received attention as result of physiological
studies of neural responses to visual stimuli. The terms synchrony and
synchronization are used to refer to stimulus activity, the psychological-systems
response to that activity and perception although the latter is not necessarily the
same as the systems response. The concern of this paper is the integrity of the
idea of perceptual synchrony. The problem with perceptual synchrony is that on
close analysis it is a non sequiter and on this basis it is insufficient to explain
the conditions under which events will be seen as simultaneous. Instead, the
perceptual groupings generally ascribed to perceptual synchrony are better
explained in terms of the intervals of time over which stimulus events integrate.
Considering the agenda of studies that aim to examine the timing of perceptual
grouping, the argument I put forward here recommends interpretation in terms
of temporal integration rather than synchronization.

Keywords: Temporal Binding, Perceptual Synchrony, Synchronized Stimulus
Activity, Neuro-phenomenological Equivalence, Epiphenomenality, Goodman’s
New Problem of Induction, Temporal Integration.

1 Prolegomenon

Our perceptions in space and time consist of organizations of one sort or another: In
vision, we encounter a visual field composed of definable subregions, which we
resolve as objects or items to the extent to which we deploy visual attention to their
locations (that movement to my left is Drosophila, not a mosquito). In audition, we
experience montages of sound that integrate to form coherent auditory scenes, the
chiming of church bells on a background of morning traffic, the slightly asynchronous
ascent of alto and soprano at the beginning of the first movement of Pergolesi’s Stabat
Mater. These organizations imply unification, in other words the demarcation of a
group of stimuli, or of a group of stimulus elements that go together to form a
coherent whole according to laws established by the Gestalt psychologists. And, as a
general rule, Gestalten arise in spite of variations in featural configuration, the spatial
separation, or even the sensory modality required for coding their separate elements.
It has been claimed that grouping in space, while determined by the spatial
configuration of the grouped elements, is also closely linked to the dynamics of the
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systems responsible for coding those elements. It is thus by means of the interaction
of processes in time that the integration or binding of information is achieved [1-3].

This opinion has received support from neurophysiological studies employing
grouping stimuli. While now controversial as regards the precise physiological
mechanisms concerned [4,5], these studies claim that the presence of simple feature
contrasts (defined by luminance, orientation, hue and spatial frequency) within the
receptive fields of visual-cortical neurons results in some responding neurons forming
an ensemble defined by a common firing rate. This firing rate is usually in excess of
20 Hz with the participating neurons firing in almost perfect synchrony with zero or
close to zero phase lag [6-9]. These findings are suggestive of synchrony as the
neuronal operating characteristic of relevance for feature-feature binding.

In this paper, I will address one major issue in human experimental psychology in
its attempts to evaluate the binding by synchrony hypothesis. Experimental
psychologists have attempted to resolve two potential problems with the physiological
accounts, these being their ability to resolve what I refer to as the neuro-
phenomenological equivalence and epiphenomenality problems. After introducing
both problems, I will briefly review the design of experimental paradigms that aim to
throw light on these matters and, in particular, I will discuss a common reliance upon
perceptual report of whether stimulus events were synchronous or not. Following this,
I will outline a logical argument akin in structure to Goodman’s New Problem of
Induction which shows that the idea of perceptual synchrony is a non sequitur: the
term is not sufficient to describe the psychological response to event structure in time.
Accordingly, I will argue that a number of experimental approaches in psychology
have based paradigm design on a misunderstanding of the logic of their independent
variable. Having outlined this argument, I conclude by discussing the logical
alternative, which is to consider the time over which events integrate, rather than their
precise synchronization as of significance in seeking a psychological corroboration of
the physiological binding hypothesis.

2 Perceptual Synchrony, Neuro-phenomenological Equivalence and
Epiphenomenality

As with the majority of neurophysiological studies, psychological studies of the effects
of perceptual synchrony using temporally correlated stimuli and with human subjects
are mainly confined to the integration of visual features. These studies have aimed to
address two shortcomings inherent to neurophysiological procedures. The first
concerns the problem of establishing which, if any, direct equivalences might be made
between synchronization at the level of neuronal operation and subjective experiences
of what — in terms of one’s experience — appears to go together with what (the neuro-
phenomenological equivalence problem). Although laboratory animals can be trained
to perform grouping tasks whilst awake, their responses often remain insufficient to be
able to clearly decide what it is that they experience (we assume, perhaps correctly,
that they organize their experiential worlds as we organize ours but we don’t actually
know this for certain). A second shortcoming concerns simulations of grouping. These
suggest sustained oscillatory synchronization (i.e., synchronization beyond more than
one cycle) to be unnecessary for visual features to be grouped into wholes [10]. In [10],
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simulations are presented which show low-level binding operations such as perceptual
framing and boundary completion are achieved as a consequence of fast neuronal
synchronization. However unlike physiological observations, these simulations show
that it is in principle possible to resynchronize an assembly of desynchronized neurons
within a single oscillatory cycle. This raises the possibility that the sustained
oscillatory states found to accompany neuronal synchronization are at best
epiphenomenal and may indeed be irrelevant with respects to the organization of
sensory space. These simulations raise an epiphenomenality problem, a problem,
which essentially refers to the correlative and non-causal character of the physiological
evidence regarding synchronization (see also perhaps [4] and [6] which attempt to
resolve this issue from the neurophysiological perspective). It is worth noting that
concerns of this nature have led to a strong call for continued experimental research
[11] and perhaps with good reason: in a different domain of interest, studies of other
oscillatory phenomena, such as the resonant properties of cochlea, are strongly in favor
of the idea of oscillation frequencies as an information rich medium for information
transmission, including the feature-related filtering of sensory information [12].

Clearly issues such as these need to be resolved before we can accept the idea that
neuronal synchrony brings about grouping. Psychological studies that have proceeded
with the explicit (or indeed tacit) aim of showing that grouping comes about as a
consequence of perceptual synchrony can be divided into two classes of paradigms: in
their simplest form, the first, referred to in terms of the periodic motion paradigm [13]
involve the alternate presentation of a set of target elements in different phases of the
same global presentation frequency [14-15]. Phase is here determined by the inter-
stimulus interval (ISI) between presentations of target and background elements and
relative to frequency. In these paradigms, an increase in presentation frequency is
accompanied by an increase in the phase separation required for target elements to be
distinguished from background elements. The second approach, referred to in terms of
the correlated motion (or stochastic stimulus) paradigm, involves the correlation of
independent activity across different stimulus elements. Using this technique a
coherent whole corresponding to an organization of temporally correlated stimulus
elements can emerge from a background of apparently stochastic stimulus activity by
virtue of correlated contrast modulation [16] or by virtue of correlated changes in the
direction of contrast modulation [17]. Generally, correlations occur with near perfect
(i.e., synchronized) temporal precision.

2.1 The Problem with Perceptual Synchrony

A tentative interpretation of the stochastic stimulus paradigm is that it approaches a
solution to both neuro-phenomenological and epiphenomenality problems. This is
because it is assumed that experiential effects emerge as a consequence of the
matching of the temporal responses in neurons coding simple visual features, with the
temporal correlation (or synchronous/asynchronous presentation) of the stimuli [16].
However, careful consideration of the notion of perceptual synchrony leads to a series
of conclusions so problematic for this interpretation that it begs rejection of the very
idea of perceptual synchrony as a possible explanation for the phenomenological
effects that either stochastic-stimulus or correlated-motion paradigms appear to bring
about. Moreover, rejection of perceptual synchrony highlights some previously
expressed suspicions that the effects of stimulus synchrony may not correspond
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directly with the type of neuronal synchrony observed during grouping [17]. This
conclusion significantly reduces the possibility that measures of perceptual synchrony
offer the promised solutions to either the neuro-phenomenological or epiphenomenality
problems.

So why is perceptual synchrony a problem? The fundamental problem is one of
construct validity, in other words the real meaning of the term perceptual synchrony
and this stems (but as will be explained, it is not confined to) consideration of
perceptual synchrony as synonymous with perceptual simultaneity and thus its
inclusion in the class of events referred to in terms of perceptual equivalence. A
simultaneity (or synchrony) problem arises when we ask the question “which stimulus
events do we actually experience as simultaneous?” At the crux of the problem are
events that are not simultaneous but which we see as simultaneous. Some of the
experiential effects brought about by periodic motion paradigms might be considered
a special case of these: In particular, cases when visual segmentation does not occur
even though the ISI between target and background items is greater than zero. In spite
of this it might be considered an acceptable claim, irrespective of the actual non
simultaneity of two events, that in perception they can be considered simultaneous iff
(if and only if) that is how they seem to the observer. The problem is that this obvious
definition of perceptual simultaneity is non-transitive although simultaneity is, by
definition, an equivalence relation. An analogy to this problem is easy to generate and
I shall develop an explanation in the following:

Consider any two events A; and A, that appear to the observer to occur
simultaneously, in spite of which they are separated by a small ISI (for arguments
sake let’s take the lowest known simultaneity threshold of some 4-5 ms [18-19]. Take
then some third event that occurs at some time later than either A; or A, but is
experienced as simultaneous with each. Using this method a series of perceptual
events Ay, ..., A, may be experienced such that each is experienced as simultaneous
both with the immediately subsequent and with more distant events, but A; and A, are
experienced as non-simultaneous. The existence proof for non-transitivity as applied
to perceptual simultaneity concerns the already very well known demonstrations that
apparently continuous experience is subject to subtle discretization [20-23]. The clear
non-transitivity of apparent simultaneity in the problem outlined above should also, in
principle, preclude the definition of perceived events such as temporally correlated
stimuli in terms of their simultaneity because simultaneity, as an equivalence relation,
cannot in addition be non-transitive.

Note that the simultaneity problem is similar in structure to the Sorites Paradox
attributed to Eubulides of Miletus, an example of which arises when one considers a
heap of sand, from which grains are individually removed. Is it still a heap when only
one grain remains? If not, when did it change from a heap to a non-heap? However
the problem most closely resembles is (in fact it is formally equivalent to) a derivative
of the Sorties Paradox referred to as Goodman’s New Problem of Induction (or
Goodman’s Paradox) [24]. This problem concerns the non-transitivity of appearance
properties but has the obvious solution to simply circumvent the problem of
transitivity by defining two (simultaneous or non-simultaneous) events A; and A, as
perceptually simultaneous iff (1) they appear to be simultaneous and iff (2) there is no
third event Aj such that either A, or A, appears to be simultaneous with A; while the
other does not. On this basis, one might argue that the simultaneity problem does not
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apply to stochastic stimulus paradigms in which target elements A, to A, appear as a
single experience (as a function of their correlated motion) relative to background
elements, which, while moving at the same time, appear unrelated. This argument
would seem to support the potential of stochastic stimulus paradigms for resolution of
both the neuro-phenomenological and the epiphenomenality problems, and indeed
this counter argument might be valid except for one surprising corollary, which is the
entailment that, although two events might appear to be simultaneous it is nonetheless
impossible for the observer to conclude that they have experienced them to be
simultaneous in the absence of a third event As;, which is relative to (i.e., either
partially or non-simultaneous with) the relation A, - A, and thus serves to define A, -
A, as a set, that is as separate and (in this case) temporally discrete but unified
experience.

2.2 A Solution But Some Implications

Even if this corollary is argued away on the grounds that there are no particular
reasons to consider the temporal activity of other stimuli as an important factor for
consideration, there are three reasons why the simultaneity problem persists for
stochastic stimulus and correlated motion paradigms. The first of these concerns the
correlated motion paradigms and is straightforward and procedural: very simply,
experimental subjects were asked to make an invalid judgment of stimulus activity.
The judgment is invalid because subjects were asked to report a synchrony relation
when no such relation is in principle possible. As a result it cannot be argued that
what they report is not more than a demand characteristic of the experimental
procedure. It is difficult to estimate how much of a concern this really presents (it is
actually largely an empirical question). But in fact the major problems remain
conceptual: various studies have shown that in the absence of a third event, judgments
of simultaneity nonetheless appear to be made across an inter-stimulus or stimulus
onset interval. For very simple stimuli such as two brief and successive flashes these
windows appear to be on the order of 5 ms because paired stimuli separated by longer
intervals are seen as separate [18-19]. A simultaneity window of this magnitude is of
course of sufficient temporal resolution to be subsumed by the relatively slow
frequencies associated with visual-cortical synchronization.

Returning to the potential for stochastic stimulus paradigms to resolve the neuro-
phenomenological and epiphenomenality problems, the important question then
concerns the magnitude of the window of simultaneity associated with correlated
stimulus presentation and whether or not this window would fit within a period of the
frequencies associated with visual-cortical synchronization. This leads to the second
problem: Even if no particular claim is made concerning a solution to the neuro-
phenomenological problem, stochastic stimulus paradigms implicitly claim to have
resolved the epiphenomenality problem. In other words they claim groupings to have
emerged, or to be a consequence of viewing correlated stimulus activity [16-17]. On
this basis one might speculate the window of simultaneity to be approximately
equivalent (if not entirely synonymous) with the perceptual moment which has been
established at around 55 milliseconds (or associated with a frequency of 18 Hz [20-
21,25-28]. Clearly, the window of simultaneity associated with perceptual simultaneity
is greater than a single period of even the lowest frequency associated with neuronal
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synchronization and this seems to preclude consideration of stochastic stimulus
paradigms as direct method for solving the neuro-phenomenological problem.

Unfortunately, the structure of stochastic stimulus paradigms seems relatively
uninformative with respects to the precise windows of simultaneity required for their
grouping effects to emerge, although this is not true for the periodic motion paradigm.
In this case measures exist that are consistent with the idea that for presentations
falling within a given window of time all stimuli that appear together will be bound
together while stimuli falling outside of these intervals will be seen as separate. The
original pattern of effects arising from periodic motion paradigms were clearly
defined in terms of the temporal delays that were required between rapidly alternating
stimuli for the appearance of one stimulus as distinct relative to the other.
Interestingly, for stochastic (random dot) patterns, delays were relatively constant
over a range of lower frequencies 1.3 — around 15 - 20 Hz, at which point the required
delays were found to decrease in magnitude [14]. Although the reasons for this
decrease are not known, it seems plausible to speculate that a general reconfiguration
in the timing of processes occurs in the neighborhood of a threshold that divides
perceptual moments from other non-perceptual intervals. Concerning the relations
between binding and perceptual moments our line of argumentation recommends they
be treated differently. Indeed evidence from other paradigms aiming to measure the
temporal characteristics of binding seems to support this notion (for example, [29]).
The finding that spatially superimposed pairings of alternating orientation and color
features could be accurately reported below a threshold of some 18.8 Hz suggests
dissociation between rapid binding mechanisms operative at frequencies at least
greater than 19 Hz and mechanisms responsible for bringing the outcome of the
binding process into awareness, operative for combined feature pairs, at frequencies
of 18 Hz and lower. Additionally, in [30] the belief is expressed that different
attributes of a visual scene are consciously perceived at different times, leading to the
mis-binding of features such as the colour and the direction of motion or the colour
and the orientation of lines. This conclusion is based upon the earlier work of [31]
who showed in experiments that colour is perceived before orientation by 63 ms,
orientation 52 ms before motion and colour before motion by 118 ms. In the context
of our discussion the timing of these asymmetries (equivalent to 16 Hz, 19 Hz and 8.5
Hz) suggests that the different times referred to by [30] may in fact be the two sides of
a temporal threshold falling at approximately 18 Hz (or 55 ms) and subharmonics (i.e.
successive multiples in time) thereof.

So what of the emergence of form from temporally structured displays? A recent
appraisal of the effects obtained from periodic motion paradigms argues that
perceptual synchrony should be considered a form of the Gestalt principle
“Gemeinsames Schicksal” or “common fate”, which obtains for stimuli occurring
within windows of perceptual simultaneity [32]. However, even if these paradigms
should be considered to bring about the temporally defined organization of visual
space (a matter currently subject to some disagreement [13,33-34]), they merely serve
to specify the set of temporal preconditions and are otherwise silent on the underlying
dynamics required for an adequate solution to the neuro-phenomenological problem:
This points to a failure to adequately resolve both the neuro-phenomenological
problem and (by extension) the epiphenomenality problem. The latter problem is
clearly addressed by periodic motion paradigms which emphasize the role of temporal
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windows for emergence of form from temporally structured displays; however the
failure of those paradigms to measure, within the same instant, the temporal dynamics
of binding within those windows significantly reduces their potential as measures of
any necessity relation that holds between synchrony and the organization of our
experience.

3 Conclusions

I have provided a logical argument for considering perceptual synchrony to be a
misnomer and to refer to one measure of a temporal window over which two stimulus
events will be judged to be in synchrony. Examination of the experimental data tends
to corroborate this position while the magnitudes of windows suggested by these data
are often equivalent to well-established estimates of the perceptual moment. This
conclusion stems from a related conclusion that, contrary to original aims, the
perceptual-synchrony paradigms are in principle unable to resolve either the neuro-
phenomenological problem or the epiphenomenality problem. This counts against the
common claim that neuronal synchrony is a means for the binding of sensory
information. However, it is not to say that the information that appears to go together
within a given (perceptual) moment is not bound together, it is just to say that it is not
bound only by virtue of its simultaneous appearance. Instead it becomes bound by
virtue of the interval of time over which defines the moment, of which simultaneous
appearance is but one instance.

Acknowledgments. The author is indebted to Sean Kelly for his reformulation of
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improving the flow of argumentation presented in the paper.
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Abstract. Distortions in temporal memory can occur as a function of differences
in signal modalities and/or by the encoding of multiple signal durations associated
with different timing tasks into a single memory distribution — an effect referred to
as “memory mixing”. Evidence for this type of memory distortion and/or
categorization of signal durations as an explanation for changes in temporal
context (e.g., duration ranges), as well as for Vierordt’s law (e.g., overestimation
of “short” durations and underestimation of “long” durations), can be studied by
examining proactive interference effects from the previous trial(s). Moreover, we
demonstrate that individual differences in the magnitude of this “memory-mixing”
phenomenon are correlated with variation in reaction times for ordinal temporal
comparisons as well as with sensitivity to feedback effects in the formation of
duration-specific memory distributions.

Keywords: Timing and time perception, Interval timing, Memory distributions,
Individual differences, Modality differences, Feedback effects, Reaction time.

1 Memory-Mixing and the Encoding of Temporal Information

Subjective time is not necessarily equal to objective time and can be affected by
various factors, including memory load and temporal context [1-3]. For example,
when subjects are presented with various signal durations and are then instructed to
reproduce these durations they tend to bias their reproductions towards the mean of
the distribution of signal durations by overestimating short durations and
underestimating long durations — an often unrecognized and underappreciated
relationship known as Vierordt's law [4-6]. In addition, when auditory and visual
signals are intermixed within a session, subjects tend to overestimate auditory signals
and underestimate visual signals of equivalent duration [7-12]. The range and
modality of experienced signal durations have been shown to contribute to distortions
in timing and time perception. Moreover, both of these phenomena have been
hypothesized to be related to “memory-mixing” whereby similar clock readings are
categorized into a limited number of memory distributions with the decision process
involving a comparison of the current clock reading with a sample taken from each of
these distributions [2-3,10-11,13]. For example, if auditory signals drive the internal
clock faster (on average) than visual signals and memory distributions for a particular
target duration are a mixture of these “shorter” visual and “longer” auditory clock
readings, then auditory signals will have an increased probability of being judged
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“long” relative to visual signals of an equivalent physical duration. Alternatively,
“memory-mixing” can occur when different standard durations used within the same
temporal context (e.g., test session) are combined into a single memory distribution
rather than separate memory distributions being maintained for each standard. As a
consequence of the temporal context, “memory-mixing” can produce distortions in
scaling of duration that are consistent with Vierordt's law and may be modifiable by
training conditions (e.g., blocking of different standards or signal modalities and/or by
providing feedback in order to encourage the formation of separate rather than mixed-
memory distributions). Furthermore, “memory-mixing” is distinct from the previously
described time-order error (TOE) which refers to the influence of the order of
presentation on the comparison of successively presented stimuli — see [14-18] for
discussion of these different phenomena within the more general field of psychophysics.

1.1 Memory-Mixing and Temporal Context

As described above, the mixing of unimodal stimuli in memory as a function of
temporal context is consistent with Vierordt's law [4-6], and the tendency for
overestimating shorter durations and underestimating longer durations is one of the
most robust temporal phenomena shown under a variety of experimental conditions
[3,5]. However, the exact mechanism underlying this effect is currently unknown. A
recent study employing functional magnetic resonance imaging examined the neural
features whose activation is correlated with the extent of this memory-mixing, and
suggested that different brain areas are correlated with clock speed, temporal
sensitivity, and the degree of memory-mixing, respectively [19]. In this study, one of
two standard signal durations was presented (signal durations were demarcated by 50
msec tones), after which subjects were asked to differentiate whether the following
comparison is longer or shorter than the standard. When the percent “longer” response
was plotted in relation to the ratios of comparisons to the standard signal durations,
the psychometric functions for the short and long standards were horizontally
displaced in a manner suggesting the overestimation of the short standard and
underestimation of the long standard. Temporal sensitivity in this timing procedure
was correlated with the level of activation in the caudate, inferior parietal cortex, and
cerebellum — in accordance with current theoretical accounts of interval timing [1,20-
24]. Moreover, the degree of “memory-mixing” was correlated with activation of the
precuneus and superior temporal gyrus — although the exact contributions of these
brain areas in the encoding and/or rehearsal of clock readings remain uncertain.

A recent investigation of temporal context has shown that a Bayesian model can
simulate the biased performance of subjects when they were asked to reproduce the
presented signal duration [3]. This Bayesian model incorporates the knowledge of the
distribution of previous signal durations into the perception of the current signal
duration, thus biasing the reproduction of the current interval towards the mean of the
distribution. In this model, it is hypothesized that the accuracy of performance trades
off with the precision of performance in the presence of temporal uncertainty in such
a way that temporal context can optimize performance by sacrificing accuracy but
reducing the variability of performance.

In this model, it is hypothesized that a tradeoff exists between accuracy and
precision such that the distribution of signal durations (i.e., temporal context) can be
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used to optimize performance. In other words, precision can be gained at the expense
of accuracy (or vice versa). In this case, the implicit knowledge of the underlying
distribution from which a sample is drawn would be useful when the current clock
reading is uncertain due to the effects of noise and/or inattention. This explains how
the intermixing of previous trial’s signal durations with the perception of the current
trial’s signal duration could bias performance. Under certain conditions, however, this
statistical analysis can provide an efficient strategy for reducing variability in the
presence of uncertainty or noise. Nevertheless, this hypothesis is mainly supported by
computer simulation rather than experimental results from behavioral or neurobiological
studies.

1.2 Memory-Mixing and Modality Differences

In addition to the “memory-mixing” effects observed in a single sensory modality
(e.g., audition), differences between auditory and visual stimuli can also contribute to
distortions in timing and time perception [7-12]. The effect of signal modality on time
perception has been mostly shown using the duration bisection task where “short” and
“long” anchor durations are presented and subjects are required to categorize
intermediate durations as being closer to the “short” or the “long” signal duration. The
concurrent underestimation of visual signals and overestimation of auditory stimuli
has been demonstrated when the auditory and visual signals share the same anchor
durations and are presented in the same test session [11].

As a source of this bimodality effect, differences in either clock speed or in the
probability of closure of an attentional switch have been used to account for the
findings [11,25-27]. In the case of the clock speed account, auditory signals are
presumed to drive the pacemaker or oscillatory processes used as the time base for
temporal discriminations faster than visual signals, thereby creating proportional
differences between the clock readings for physically identical durations.
Alternatively, the locus of the modality effect may be at the level of an attentional
switch that allows pulses to flow from the pacemaker into an accumulator. Auditory
signals are purported to be automatically alerting, whereas visual signals require
attention to be directed to them in order to initiate and maintain the temporal
integration process. According to this hypothesis, the attentional switch
flickers/oscillates between an open and closed state with the efficiency of maintaining
this closed state varying between auditory and visual signals. In other words,
maintaining a closed state is more difficult when timing visual signals than when
timing auditory signals due to increased attentional demands. As a consequence,
pacemaker pulses are lost at a higher rate for visual signals as a result of this
flickering during the signal [9,12].

Under either the attentional switch or clock speed accounts, auditory and visual
signal durations are hypothesized to be stored together in an amodal memory
distribution such that visual signals are perceived as “shorter” and auditory signals as
“longer” when they are compared to samples taken from this amodal memory
distribution — although modality-specific information is acquired and can be used
under certain conditions [28]. As the auditory and visual signal durations are
intermixed with each other in a single memory distribution, it can be argued that the
“memory-mixing” between different modalities contributes to the distortion of



70 B.-M. Gu and W.H. Meck

perceived duration. Moreover, it has been shown that these amodal memory
distributions can be updated in a linear manner as a function of temporal information
accumulated for auditory and visual signals on subsequent trials [29,30].

1.3 Memory-Mixing and Sequential Ordinal Comparisons

Ordinality judgments involving standard and comparison durations can be used to
investigate “memory-mixing” effects as a function of proactive interference. In this
task, two tones of standard and comparison durations were presented with randomly
selected inter-stimulus intervals (2.4, 2.7, and 3.0s), and subjects (n=13; 5 males - 8
females; 22-28 year old college students) were asked to determine whether the
comparison (2") tone was “shorter” or “longer” than the standard (1%) tone. The
standard tone duration was either 0.6s or 1.0s, and the comparison duration was
randomly selected from 6 durations that were proportionally distributed around each
standard duration, as shown in Table 1. In total, 144 trials were presented for 30 min
with 12 repetitions for each standard and comparison pairs. The subjects responded by
pressing the ‘S’ or ‘L’ key corresponding to the “shorter” or “longer” responses in
order to classify the comparison duration.

Table 1. Standard and comparison durations for the ordinal comparison task. Comparison
durations are proportionally distributed around each standard duration (0.6 and 1.0 s).

Standard (s) Comparison (s)
0.60 0.45 0.51 0.56 0.65 0.71 0.80
1.00 0.75 0.85 0.93 1.08 1.18 1.33
Ratios to 075 085 093  1.08 118 133
standard

According to Weber’s law and the scalar property of interval timing, the
psychometric functions for the 0.6-s and 1.0-s standard durations should superimpose
when the percent “longer” response is plotted as a function of the ratio of the
comparison duration to the standard duration [31]. In contrast to this prediction,
subjects showed the standard “memory-mixing” effect as revealed by overestimation
of the “short” standard duration/underestimation of the “short” comparison durations
and underestimation of the “long” standard duration/overestimation of the “long”
comparison durations (Fig. la). This “memory-mixing” effect is consistent with
previous reports using a temporal comparison task [19] and a temporal reproduction
task [3]. The basic idea here is that subjects don’t actually use the standard duration
presented on the current trial, but rather a conglomeration of the standards presented
on a sequence of previous trials, i.e., a memory distribution composed of “short” and
“long” standards. In this sense, standard signals are underestimated for the “long” set
of comparison signals and overestimated for the “short” set of comparison signals. In
addition, the plot of reaction (RT) time as a function of the ratio of the comparison
duration to the standard duration shows similar leftward shifts for the 1.0-s standard
and rightward shifts for the 0.6-s standard (Fig. 1b). In psychophysical tasks of this
sort, RT is generally thought to reflect the level of difficulty in the decision process as
a function of the similarity in the current clock reading and the sample taken from
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memory [32]. Moreover, the observation that the shortest RTs are obtained for long
comparison signals judged “longer” and for short comparison signals judged ‘““shorter”
appears to an example of the “semantic congruity effect” described by Petrusic and
colleagues for situations in which the time to select the smaller of two relatively small
quantities is faster than the time to select the larger. Moreover, the magnitude of the
semantic congruity effect has been shown to be larger for incorrect than for correct
RTs due to linguistic factors involved in the encoding of the stimuli [33,34].
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Fig. 1. (a) Mean * SD percent “longer” response for the 0.6-s and 1.0-s standard conditions
indicating the standard “memory-mixing” effect. (b) Mean + SD reaction time (s) in each
standard condition.

1.4 Effects of the Previous Trial on Memory-Mixing

The effects of proactive interference from the standard duration presented on the
previous trial (n-1) were analyzed in order to determine the potential impact of
“memory-mixing” of standards on the current trial (n) as illustrated in Fig. 2. The 1.08
ratio comparison for the 0.6-s standard and the 0.93 ratio comparison for the 1.0-s
standard were selected for analysis due to their intermediate levels of “short” vs.
“long” response classification. Comparison signal durations on trial (n) were re-
categorized according to the standard duration used on the previous trial (n-1). The
results of this reanalysis showed that if the current trial’s standard was different from
the previous trial’s standard, the error rate was significantly increased. In other words,
the presentation of 1.0-s standard on trial (n-7) leads to the overestimation of a 0.6-s
standard on trial (n), whereas the presentation of a 0.6-s standard on trial (n-1) leads to
the underestimation of a 1.0-s standard on trial (n). Two-way ANOVAs were
conducted to test the effect of the standard on the current trial (n), the standard on the
previous trial (n-1), and the interaction of the previous and current trial’s standard
durations on error rates. As expected, the interaction between the previous and current
trial’s standard durations was shown to be significant (F[1,48] = 7.57, p < 0.01).
However, when the interaction between the previous and current trial’s standard
durations was evaluated for the conditions in which the memory of the previous trial’s
standard did not interfere with the classification of the current comparison (e.g.,
standard:comparison ratio of 1.08 for the 1.0-s standard, and standard:comparison ratio
of 0.93 for the 0.6-s standard), there was no reliable effect on error rate (F[1,48] < 1.0).
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This pattern of results that the increased error rate was not induced by sequential
changes in the standard signal duration (e.g., “task-switching” effect) or the response
classification used on the previous trial, but occurred as a result of the formation of a
memory distribution representing the accumulation of a series of standard signal
durations (e.g., “memory-mixing” effect). These data provide support for the proposal
that subjects contrast the comparison duration of a specific trial with a sample selected
from a distribution of previously experienced standard durations rather than the
standard duration presented on that specific trial.
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Fig. 2. (a) Mean percent “longer” response for the 0.6-s and 1.0s standard conditions indicating
the basic “memory-mixing” effect. (b) Mean + SD percent incorrect (error rate) for the
classification of comparison durations on the current trial (n) as a function of the standard
duration on the previous trial (n-1) for the 0.93 ration from the “long” set of comparison
durations and the 1.08 ratio from the “short” set of comparison durations. A significant
interaction was observed between the current and previous trial's standard duration on timing
performance as a function of the range of comparison signals, p < 0.05/ Please see text for
additional statistical details.

2 Individual Differences in Memory-Mixing

Although the “memory-mixing” effect that we have been describing is quite reliable,
large individual differences can be observed as illustrated in Fig. 3. Interestingly, the
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subject with a relatively large displacement of the “short” and “long” timing functions
(high degree of “memory-mixing”) displayed relatively low variation in the reaction
times for their response classifications, whereas the opposite was true for the subject
with little separation of the timing functions (low degree of “memory-mixing”).
Indeed, the “memory-mixing” index was negatively correlated with the observed
variability in reaction time across individuals (r = -0.66, p < 0.05) as shown in Fig. 4.
For this correlation analysis, the degree of “memory-mixing” was calculated by
averaging over the percent “longer” response differences between each comparison
for the two standard functions.
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Fig. 3. Individual differences in percent “longer” and reaction time measures. A representative
subject exhibiting little or no displacement of the 0.6-s and 1.0-s functions is shown in the
upper left panel (Subject A) and a representative subject exhibiting a large displacement of
the two functions is shown in the upper right panel (Subject B). The lower panels illustrate the
correlation between the “memory-mixing” represented by this displacement and reaction time
for these individual subjects, i.e., low levels of “memory-mixing” are associated with a high
degree of variability in reaction times (lower left panel), whereas high levels of “memory-
mixing” are associated with a low degree of variability in reaction times (lower right panel).

It is uncertain why variability in reaction time should be related to the level of
“memory-mixing”. One possible explanation for this negative correlation, however,
would be the difference in attention during the processing of the standard duration.
Those subjects who pay less attention to the current standard would utilize the
arguably more automatic and less variable process of sampling from a previously
established memory distribution rather than engaging the more variable process of
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controlled attention to time the duration of the current standard on a trial-by-trial basis
[30,35]. Moreover, it has not been determined whether the degree of “memory-
mixing” for unimodal signal durations would correlate with the magnitude of any
observed modality difference across individuals. Although they appear to be similar,
the type of “memory-mixing” resulting from differences in the timing of auditory and
visual signals may differ from the type of “memory-mixing” observed for different
signal durations within a single modality. It has been hypothesized that the size of the
modality effect is related to the relative difference in clock speed between auditory
and visual signals and/or the efficiency in maintaining closed state of an attention
switch [9,11,36]. On the other hand, higher levels of “memory-mixing” for unimodal
signals are likely caused by paying less attention to the duration of current signals
and/or stronger residual components of previously timed signals. Further investigation
of the individual differences associated with these two “memory-mixing” phenomena
should provide the means for identifying these sources of variance [10,37].
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Fig. 4. Relation between “memory-mixing” and variation of reaction time for individual
subjects (n=13). A significant negative correlation was observed between the “memory-
mixing” index and the standard deviation of the mean reaction times, r = 0.66, p < 0.05.

3 Feedback Effects on Memory-Mixing

The observation of reliable individual differences in “memory-mixing” begs the
question as to whether it is possible to increase or decrease the degree of “memory-
mixing” by experimental manipulation? One can assume that if differences in attention
to the standard duration during the encoding phase of the trial contribute to variation in
the degree of “memory-mixing”, then it might be possible that manipulation of this
encoding phase would alter the degree of “memory-mixing”. Feedback is well known
to increase timing efficiency [38,39]. Reward cues, for example, have been shown to
increase the encoding of information through mesolimbic dopamine activation [40,41]
and also, the proportion of feedback has been shown to affect the accuracy and
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precision of timing functions — especially as a function of dopaminergic manipulations
[22,38-42]. Presumably this feedback aids in the formation of modality-specific or
standard-duration specific memory representations within the context of the procedures
described above.

In order to determine whether feedback can affect the degree of “memory-mixing”,
the word “WRONG” was presented on the computer screen along with an aversive
buzzer sound when subjects made an incorrect response and the word “CORRECT”
was presented along with a pleasant bell sound when they made a correct response.
Following the implementation of this feedback procedure, some subjects showed a
dramatically reduced “memory-mixing” effect as illustrated in Fig. 5. Further studies
will have to be conducted in order to determine the most reliable and effective form of
feedback for different subjects, including the loss or gain of money, in order to extend
and verify the exact nature of these feedback effects on “memory-mixing” [43-45].
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Fig. 5. Feedback effects on “memory-mixing.” Mean percent “longer” response is plotted as a
function of the ratio comparison between the standard and comparison durations for the 0.6-s
and 1.0-s standards. The amount of separation between the different psychometric functions is
hypothesized to reflect the degree of “memory-mixing” without feedback (left panel) and with
feedback (right panel). Feedback significantly reduced the degree of “memory-mixing” in a
subset of subjects sensitive to this specific kind of auditory/visual feedback; t(5) = 4.1 p < 0.05.

4 Summary

The classic hallmarks of Vierordt's law, i.e., the overestimation of “short” durations
and the underestimation of “long” durations within a specific range of signal durations
(i.e., temporal context) has been shown to be a common property of temporal memory
distortions. A general mechanism of “memory-mixing” is proposed to account for
these effects whether they are the result of modality differences and/or proactive
interference. Subjects can be “released” from the interference effects of “memory-
mixing” by providing appropriate feedback and/or by blocking trials in such a way as
to discourage the formation of such distortions in temporal memory. Moreover,
individual differences in “memory-mixing” provide a unique opportunity to study the
effects of instructional ambiguity, positive and negative feedback, as well as unimodal
and bimodal distractors [46,47]. Such encoding processes may also provide a target for
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pharmacological investigation in select patient populations in which dopaminergic
function can be manipulated, e.g., attention deficit hyperactivity disorder, obsessive-
compulsive disorder, Parkinson’s disease, and schizophrenia [48-51].
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Abstract. We take a close look at the task of prospective time reproduction,
wherein an individual is aware of the fact that she will subsequently be asked to
reproduce a demarked duration. Our participants were either explicitly
instructed not to count, or were allowed to count. When participants are allowed
to count, their reproductions (R) tend to be a linear function of target duration
(D). When instructed not to count, they exhibited a shorter log(R) mean value
than those who were allowed to count. Participants not counting are thus less
veridical in time estimation. Given that for them <1, this suggests that
subjective time for them is not a linear function of physical time. We further
contrast four major indices relating reproduced time to target duration: R/D,
D/R, IR-DI\, and |IR-DI/D. While the D/R ratio score detected the difference
between groups; this was not the case for the other measures.

Keywords: Time estimation, Time reproduction, Psychophysics, Ratio score,
Absolute discrepancy, Absolute error.

1 Introduction

Subjective time has always been a favourite subject of investigation for scholars, poets,
and other students of perception [1], each of whom has addressed the vagaries of
definition which plague the field [2]. The task that we have chosen to analyze is that of
prospective time reproduction, wherein an individual is aware of the fact that he or she
will subsequently be asked to reproduce a demarked duration.' Of all the various tasks

Our title incorporates a play on words alluding, on the one hand, to the first line of Elizabeth
Barrett Browning’s famous love sonnet 43 (“How do I love thee? Let me count the ways.”),
while also referring to one of the factors under investigation here—namely, whether there is a
difference in psychophysical function and in the various indices presented here, for
participants who are allowed to count and for those explicitly instructed not to count, while
performing the task of time reproduction.

Our participants were aware of the fact that they were engaged in a task of time
reproduction—hence the paradigm is prospective. A retrospective paradigm, wherein the
participant is not aware of the fact that she will subsequently be required to reproduce a target
duration, would be effective for the first time duration reproduced, but following this the
participant would, of course, be fully aware of the task requirement—hence implementing a
prospective time reproduction. See [1] for references to studies conducted under either
paradigm.

A. Vatakis et al. (Eds.): Time and Time Perception 2010, LNAI 6789, pp. 79 2011.
© Springer-Verlag Berlin Heidelberg 2011
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of time estimation—and especially in contrast with that of time production (i.e., the
request to produce a target duration)—time reproduction seems to be the most
problematic, for three reasons: methodology, modeling, and measurement.

First, the methodology is problematic, given that there is no consensus in the
literature regarding the reliability and validity of the task. Time reproduction has been
viewed as being inherently “untrustworthy because it necessarily confounds factors
affecting the subjective durations of the initial, presentation event and the subsequent,
reproduction event; differences in attentional and set characteristics of these two
events cannot be controlled and may introduce time-order errors” [3, p.168]. It has
been claimed to be “typically the most difficult” [4, p.22], yet the most accurate task
[5], producing the least variable results [6]. In short, we have no consistent view here
regarding the very nature of the task.

Secondly, the task is problematic because it is unclear whether time reproduction is
a separate variant of time estimation, requiring its own type of modeling, or whether it
and time production can be modeled along the same lines [7]. Presumably, the same
type of model for both tasks could be adopted if the data generated by both were
consistently related (sometimes found [8], and sometimes not [9]). Some authors
claim that time production and time reproduction indices should be negatively
correlated [10], others that they should be positively correlated in the sense that
reproduction is re-production [11,12], at least for those cases in which “introducing a
delay between the two parts of a reproduction trial makes this task more nearly like a
combination of the separate estimation and production tasks” [13, p.178]. Some
authors have concluded that time production and time reproduction involve inherently
different processes [9]. There is, however, a growing consensus in the literature that
time production and time reproduction employ different components of the same
internal clock: Time production being more attuned with internal clock speed [14,15]
and attention [16,17], whereas time reproduction, while also being dependent on
attention [18,19], relies heavily on working memory [20,21]. Others have argued
against the notion of an internal clock [22,23], but would, presumably, still suggest
that time reproduction and working memory are inherently related.

Thirdly, there is the problem of measurement (or, data evaluation). Reproduced
time (R) is to be related to target duration (D). Of course, this is part and parcel of the
more general problem of relating subjective time to physical time [5]. How is this
done? We find a total of three different approaches in the literature, none of which is
derived from any particular model, nor are they necessarily specific to the task of time
reproduction: (1) computing the R/D ratio [24,25]—one can also consider the D/R
variant [26]; (2) computing an absolute discrepancy (IR-Dl) score [27]; (3) computing
an absolute error (IR-DI/D) score [28,29]. What are the benefits of one measure over
the others? In computing the R/D ratio, “the time estimates are expressed as
proportions of physical durations, [hence] they are directly comparable across the
different durations” [10, p.108]. More importantly, such a measure is completely
compatible with the notion of a ratio comparison of “a currently evolving interval”
[30, p.171] to a retrieved duration (‘standard’) at the memory stage in interval timing.
Computing the IR-DI score “reflects the magnitude of the participant's errors in timing
regardless of directionality” [27, pp.354-355], and is compatible with “an absolute
discrepancy rule” for response output in interval timing [31, p.145]. The IR-DI/D
score is “more sensitive at detecting differences between treatment conditions than are
measures of directional error” [32, p.622] and, further, “measures based on absolute
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error or variability may be especially sensitive indicators of timing performance ...
Absolute error represents a mix of both overestimations and underestimations and as
such reflects a more generalized disruption of timing” [29, p.612].

Time reproduction is also somewhat an insular task, in that two specific models
have been proposed for its depiction, with little or no reference to other tasks: the
“parallel-clock” model for time reproduction [33], and the “dual klepsydra” model
(DKM) [34]. In the “parallel-clock” model, “two sensory registers (‘clocks’) are in
use: one accumulates subjective time units from the start of the first to the end of the
second duration. The other accumulates subjective time units during ... reproduction”
[33, p. 22]. The task of time reproduction involves a comparison of both registers,
such that when the difference between the two is equivalent to the state of the second,
then both durations are viewed as being equal. The “parallel-clock” model “disposes
of any memory” [35, p.71], that is “no time is required for transferring data from
the sensory register to memory” [36, p.271] because “the total subjective duration and
the 2nd duration are each accumulated in a separate sensory register” [37]. Neither
of these changing values are subsequently affected because the two sensory
registers (or, clocks) do not suffer from such capacity constrictions as would be the
case with a working-memory register, in which “the outcome from the accumulator
corresponding to the current time is transiently stored” [15, p.368]. There is an online
“comparison between two magnitudes that change continuously in parallel (hence the
‘Parallel-Clock Model’)” [36, p.271].

The recently proposed that the DKM for time reproduction [38,39] relies heavily
on memory (i.e., leaky accumulators, or klepsydrae), while disposing of any
‘pacemaker-counter’ scheme. According to this model, two inflow/outflow systems
(‘klepsydrae’) are in use: one is filled with constant flow from the start to the end of
the first duration; after a waiting time, the second is then filled with constant flow.
The task of time reproduction involves a comparison of both klepsydrae, such that
when their two states are equal, then both durations are viewed as being equal.

Given our interest in contrasting various indices of time perception [40], we
compute the parameters of the psychophysical function for time reproduction, using
the “parallel-clock” model, and investigate to what degree simple experimental
manipulations are captured by the function. These manipulations involve a factor of
chronometric counting (whether the participants were explicitly instructed not to
count, or whether they were allowed to count), and a waiting interval (whether they
were required to wait 2 seconds or 4 seconds before reproducing the target interval).
Chronometric counting by participants is explicitly prohibited by the proponents of
the “parallel-clock” model [33,35], who argue that counting will impact on the
psychophysical exponent. Waiting time has been investigated by proponents of the
DKM [38,39], who argue that waiting will impact on the reproduction function.” Our
present interest is in seeing to what degree these two factors will have an influence on
the four major indices relating reproduced time to target duration. Our design (see
below) allows for a comparison amongst conditions, and we investigate whether the
different indices are sensitive enough to such an experimental manipulation.

2 Unfortunately, we could not also investigate the DKM indices, and will have to wait until the
software for computing these indices becomes available (Jiri Wackermann, personal
communication).
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2 Method

2.1 Participants and Design

Our 24 participants (22 female and 2 male) were drawn from an undergraduate pool.?
Their age ranged between 20 and 26. They were randomly allocated to four groups of
a 2x2 design, having the following factors: Whether the participants were explicitly
instructed not to count, or whether they were allowed to count*—we shall
subsequently refer to this factor as Count—and whether they were required to wait 2
seconds or 4 seconds before making each of their reproductions—we shall
subsequently refer to this factor as Wait.

2.2 Apparatus, Stimuli, and Procedure

Five target intervals—2, 4, 8, 16 and 32 seconds—were demarked by a coloured disk
appearing on a grey background, presented focally for the required interval. Disk
diameter was 8 cm, viewed from a comfortable viewing distance (50 cm). For
reproduction, the same disk was redisplayed, and the duration of its appearance was
terminated by the participant on pressing the spacebar, after an estimated duration
subjectively equivalent to that of the original presentation. To aid the participant here,
interval and the colour of the disk were matched as follows: red (2 sec), yellow (4 sec),
green (8 sec), purple (16 sec) and blue (32 sec). Allocation of colour to duration had
been done randomly, but was then set for all participants serving in the study. All
materials were prepared as visual stimuli using Canvas 2.0 software, and presented on a
colour monitor. The experiment was controlled by a SuperLab routine, run on an Apple
Power Macintosh, and presented on a colour monitor having a refresh rate of 67 Hz.

The second author, who served as experimenter, explicitly instructed the
participants that they had to wait either 2 seconds or 4 seconds, and she measured
these waiting times using a stopwatch. The five target durations were each replicated
5 times, and all 25 durations were presented in a random order within participants,
with a different random order for each participant. For one group (n = 12), time
reproduction was done after waiting 2 seconds following each target interval; for the
other group (n = 12), this was done after a waiting period of 4 seconds. Within each
group, half the participants (n = 6) were explicitly instructed not to count; the others
were allowed to count.

2.3 Data Screening

Clear aberrant values were deleted (for an example, see Fig. 1), and these were
not replaced by some other value. We view such an aberrant value as indicating what
has been referred to as a stimulus-independent lapse [41]. Of the 600 (24x25)
reproductions, a total of 22 (3.7%) were discarded. A total of 4 participants exhibiting

3 Given the existence of sex differences in time estimation [40], it is plausible that our male and
female participants might well differ in their performance in the present study. Unfortunately,
we are not able to investigate this here, given the small number of male participants.

* The participants were given no specific instruction. From our previous work in this domain
(e.g., [40]), we know that they usually report counting.
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aberrant performance (i.e., more than one aberrant reproduction in their data set) were
dropped from the sample. The final sample thus comprised a total of 20 participants,
and it is their data that are presented below. These were evenly split (n = 10) into the
two groups of Wait.
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Fig. 1. Data Screening: An example of an aberrant value for one individual

Individual psychophysical functions were computed using 5 durations X 5 replications
= 25 data points. Mean time reproduction values (using both untransformed data and
log-transformed data) were computed for each target duration based on these 5
replications—except for those participants, for whom one aberrant reproduction was
deleted, leaving for these 4 replications. The intra-individual standard deviation (SD) for
each target duration was computed using these replications, relative to the participant’s
mean time reproduction.

3 Results and Discussion

3.1 Individual Time Reproduction Functions

We computed individual psychophysical functions, using the “parallel clock” model,
wherein the exponent (f) and subjective zero (¢) are derived from the slope and
intercept respectively of the linear plot of R regressed on (D+R), as follows [42, 43]:
B = log(0.5)/1og(slope); ¢ = intercept/(1 - slope). The exponent ranged between 0.78
and 1.12 (median=0.939), and has a symmetric distribution. Does the exponent
change as a function of both Count and Wait? To answer this, we ran a two-way
analysis of variance (ANOVA) on both the exponent and the subjective zero (in
separate analyses). For the exponent, we uncovered a main effect for Count [F(1, 16)
=4.63, MSE = 0.007, p < .05, Cohen’s d=0.93], and no other effects (for Wait, F < 1),
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indicating that when participants were instructed not to count, they exhibited a lower
exponent (f=0.91) than those who were allowed to count ($=0.99). No effects were
uncovered for the subjective zero (F values for both Count and Wait < 1). Eisler and
Eisler [43, p.202] have suggested that when <1, this indicates both that the number
of units accumulated has decreased, and that the participant’s attention has “slipped.”
More importantly for present purposes, it would seem that when participants are
allowed to count, their reproductions tend to be a linear function of target duration.
Given this pattern of results, we discarded our factor of Wait, and restricted our
subsequent analyses to the factor of Count.

3.2 Mean Reproduction, Coefficient of Variation (CV), and Mean
Log(reproduction)

Given our profile of time reproductions for each participant, namely reproductions for
each of 2, 4, 8, 16, and 32 second target durations, we subsequently analyzed the data
by means of a two-way ANOVA, with repeated measures on target duration
(subsequently referred to as Duration), and with a grouping factor of Count. We
uncovered a main effect for Duration [F(4, 72) = 936.94, MSE = 2.635, p < .0001],
together with a main effect for Count [F(1, 18) = 7.49, MSE = 11.77, p < .05, d =
1.23], and a Duration X Count interaction [F(4, 72) = 7.36, MSE = 2.645, p < .0001].

As can be seen in Fig. 2a, while reproduced duration increases with Duration, so
does the standard deviation (SD). In fact, it is because of this very dependence of the
SD on the mean, that we shall subsequently present an analysis based on a logarithmic
transformation of the reproduction data. Turning to the CV (i.e., SD divided by mean
R) as dependent variable, and using the same ANOVA, we uncovered a main effect
for Duration [F(4, 72) = 3.87, MSE = 0.007, p < .01], together with a main effect for
Count [F(1, 18) = 26.72, MSE = 0.010, p < .0001, d = 2.323], and no significant
interaction.

To what extent do these results conform to the expectations of scalar expectancy
theory (SET) [44]? Firstly, the expected linear relationship between reproduced (R)
and target (D) durations [45] is found when participants are allowed to count, but is
exchanged for a monotonically increasing one when they are requested not to count
(see Fig. 2a). Secondly, the expected increase in SD with target duration [46] is
confirmed. Thirdly, the expectation of a constant coefficient of variation (CV) [47,
p.62] is not found. We do note, however, that with only 5 data points based on which
we computed the mean, SD and CV for each reproduced duration, we cannot really
make a strong statement here with respect to this issue.

We then looked at log(R), which we would argue is preferable over R. Given our
choice of target durations, all of which are powers of 2, we employed a logarithmic
transformation to base 2, of both reproduced and target durations, the target durations
rendering thereby a linear scale ranging between 1 and 5, with a midpoint value of 3.
Now the data exhibited linearity, between reproduced and target durations, when both
are log-transformed (see Fig. 2b). We find a main effect for Duration [F(4, 72) =
794.36, MSE = 0.04, p < .0001], together with a main effect for Count [F(1, 18) =
4.67, MSE = 0.33, p < .05, d = 0.97], and no interaction. When participants were
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Fig. 2. (a) Mean reproduced duration (R) as a function of target duration (D); (b) mean
log(reproduction) as a function of log(duration), both using log to base 2. Error bars are

standard deviations (SD), for group (between participants) mean reproductions.

instructed not to count, they exhibited a shorter log(R) mean value (M=3.14) than
those who were allowed to count (M=3.39). In the present context, this indicates that
participants not counting are less veridical in time estimation. When coupled with the
fact that for them P<1, this suggests that for these participants, subjective time is not a
linear function of physical time.
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3.3 Comparing Different Dependent Variables: (1) R/D and D/R Ratios, (2)
Absolute Discrepancy (IR-DI), and (3) Absolute Error (IR-D//D)

3.3.1 R/D and D/R Ratios

Analyzing the data by means of a two-way ANOVA, with repeated measures on
Duration, and with a grouping factor of Count, we uncover a main effect for Duration
using the R/D ratio [F(4, 72) = 45.79, MSE = 0.054, p < .0001], but no such effect for
Count [F(1, 18) = 2.39, ns, d = 0.69], nor one for their interaction.
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Fig. 3. (a) Mean R/D ratio (+ SD) as a function of D; (b) mean D/R ratio (+ SD) as a function
of D
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Fig. 4. (a) Mean I|R-DI ratio (= SD) as a function of D; (b) mean IR-DI/D ratio (+ SD) as a
function of D

We then looked at the reversed, D/R ratio [26]5. For the mean D/R ratio, we uncover,
as before, a main effect for Duration [F(4, 72) = 48.97, MSE = 0.013, p < .0001], but
this time also one for Count [F(1, 18) = 4.75, MSE = 0.117, p < .05, d = 0.98], but no
interaction. For participants who were instructed not to count, D/R = 0.933, while for

> As one reviewer acknowledged, it might be surprising to see that both R/D and D/R are
analyzed. In fact, we have benefited here from Richard Block’s insightful comment to us
regarding another study [40], suggesting looking at both such measures. To paraphrase his
logic here: If the target duration is 8 seconds, and the reproduced duration is 6 seconds, the
R/D ratio is 0.75, and the D/R ratio is 1.33—and these are not equally distant from the value
of 1.00.
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those who were allowed to count, D/R = 0.783. Furthermore, note that for the R/D ratio,
SD progressively decreases with Duration (see Fig. 3a), while for the D/R ratio, SD
fluctuates (see Fig. 3b).

3.3.2 Absolute Discrepancy (IR-DI) and Absolute Error (IR-DI/D)

Turning now to our two other measures, we uncover a main effect for Duration for the
absolute discrepancy (IR-DI) [F(4, 72) = 4.83, MSE = 1.96, p < .05], and for the
absolute error (IR-DI/D) [F(4, 72) = 34.01, MSE = 0.058, p < .0001], but no such
effect for Count, nor one for their interaction. For participants who were instructed
not to count, |[R-D| = 2.28, and |R-DI/D = 0.33, while for those who were allowed to
count, |IR-DI = 2.02, and IR-DI/D = 0.38, these respective values not being
significantly different (see Fig. 4). Hence, when employing these indices, no effect is
uncovered for Count. Furthermore, note that for IR-DI, SD fluctuates (see Fig. 4a), and
for IR-DI/D, SD progressively decreases with Duration (see Fig. 4b).

4 Conclusions

Counting entails either more accurate (i.e., veridical) [33,35,48-51], or at least as
accurate [46] time reproductions. Our use of a log(R) score [52] is fully compatible
with the use of a geometric mean (GM) for time reproduction data [53], in that the
arithmetic average of the log-transformed reproductions R; and R, , namely [log(R;) +
log(R»)]/2 = log(R 1R2)1/2, is the same as log(GM[R;R;]). Furthermore, the logarithmic
transformation is consistent with two notions current in the literature: (1) that a power
function holds for the data [42, 54, 55], linearized using a logarithmic transformation;
(2) that numbers have a logarithmic rather than linear representation [56]. The latter
case pertains to the spatial mapping of number (i.e., the demarcation of a series of
numbers on an analog scale)—the smallest number being to the left, the largest being
to the right, and the intervening numbers in between—and especially to the spatial
representation of their numerical magnitude (i.e., the translation of each number to a
magnitude on the analog scale)—the distance between numbers reflecting their
difference in magnitude. A number of authors have referred to this analog
representation as comprising a “compressed logarithmic mapping” [57, p.1217], the
distance between the smaller numbers/magnitudes (e.g., 4, 7, 12) being made much
larger than that between the larger numbers/magnitudes (e.g., 80, 90, 100), or as being
indicative of the implementation of an intuitive “logarithmic-ruler counter” [58], which
might subsequently be replaced by a linear mapping. Hence, given the fact that
participants might well be counting off intervals during the task [49], and/or the notion
that “pulses, possibly generated by a neural oscillator, are counted during a time
interval, and that the sum of counts constitutes the experienced duration” [43, p.195],
the resultant value should be on a logarithmic scale. The fact that the |IR-DI and the IR-
DI/D scores did not detect a main effect for Count provides further evidence
supporting the argument that the use of these measures should be reconsidered [40].
That it was specifically the D/R ratio, and not the R/D ratio, which uncovers the effect
for Count is somewhat surprising, and is worthy of further investigation.

In conclusion, we have shown in this paper that a number of commonly used
indices for relating subjective time to physical time, or as specifically here, for relating
reproduced (R) to target (D) duration, seem to be suspect. When participants are
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allowed to count, their reproductions tend to be a linear function of target duration.
This distinction (Count) is detected in the psychophysical exponent of the “parallel
clock” model for time reproduction, is seen in the CV of R, and is seen in the log(R)
measure. It is detected by the D/R ratio, and not the R/D ratio, and is not at all detected
by the IR-DI and the IR-DI/D scores.

Acknowledgments. We thank our three reviewers for their constructive and insightful
comments on a previous draft of this chapter.
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Abstract. In the present study, we tried to improve the discrimination of short
temporal intervals marked by two brief visual signals with an extensive and
massive training involving the discrimination of intervals marked by brief
auditory signals. Two groups completed two sessions of visual interval
discrimination (pre- and post-test). Between the two sessions, participants were
either discriminating intervals marked by auditory signals (experimental group)
or waiting for a period equivalent to the auditory training (control group). Once
a method (called jackknife) is applied to reduce the statistical noise inherent in
individual psychometric functions, the results show that visual duration
discrimination is improved in the post-test portion of the experiment, but this
effect applies to both groups. Therefore, it is not possible to argue that the gain
is due to the auditory training. The discrimination threshold in the visual condition
remained much higher than the threshold observed in the auditory mode.

1 Introduction

The discrimination of brief temporal intervals is much better when these intervals are
marked by auditory signals rather than by visual or tactile signals ([1-4]; for a review
see [5]). Given this basic fact, one cannot expect to improve auditory duration
discrimination on the basis of visual or tactile duration discrimination. However, the
question of cross-modal transfer of temporal learning is relevant in the opposite
direction: could temporal discrimination training in audition improve the subsequent
duration discrimination performance in another modality?

It is known that practice exerts moderate influence on auditory duration
discrimination [6-7]. Nevertheless, there are within-modality transfers, for interval
discrimination at specific durations, in the auditory [8-9] and in the visual modes
[10]. Moreover, the timing literature also shows some cases of transfer of temporal
learning across skin locations for tactile duration discrimination [11]. Even more
striking is the fact that there is evidence that the learning obtained in auditory
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duration discrimination can be transferred to an interval production task, would the
intervals, in the discrimination and production tasks, be in the same range [12].

However, there are some signs in the literature that not much temporal learning can
be transferred between sensory modalities. In one experiment by Grondin et al. [13], it
was first shown that, after five 300-trial sessions of visual duration discrimination,
performance did not much improve from Session 1 to 5. After these sessions, Grondin et
al. conducted multiple sessions where simultaneous presentations of auditory and visual
signals were used for marking empty intervals to be discriminated. Discrimination was
better with marking signals delivered in both modalities instead of only in the visual
one. This indicates that as soon as auditory signals are available for marking time,
duration discrimination is improved. Once the auditory signals were withdrawn, there
remained only a slight improvement of visual duration discrimination. In other words,
even this type of training (learning by association between auditory and visual markers)
resulted in small progress. In a final step of Grondin et al.’s experiment, additional
auditory training seemed to provide some gain, but a fragile one given that the levels of
performance in visual conditions tended to diminish rapidly. Indeed, in this experiment,
the capacity to maintain benefits after auditory exposure depended on task difficulty
level (which was set in this experiment according to the initial capabilities of observers).

In another attempt for improving visual duration discrimination with audition,
Grondin et al. [14] reported data for sessions involving only auditory duration
discrimination, only visual duration discrimination, or some visual trials within a
context where mainly auditory intervals were presented. The performance levels
remained constant in the different experimental conditions in the auditory condition:
the Weber fraction around 6% with or without the insertion of visual interval.
However, with visual trials, the Weber fraction was slightly above 10% in sessions
involving only visual stimuli, but close to 15% when auditory signals were also
presented. Instead of helping discrimination, the auditory context interfered with the
ability to process visually marked intervals, in spite of the fact that the participants
knew that they should keep paying attention to the visual signals.

In a further study [6], participants were trained to discriminate between two empty
temporal intervals marked by brief auditory signals. The main goal of this study was
to examine whether temporal learning generalizes to empty intervals with the same
duration, but marked by brief visual signals. In addition, the authors wanted to assess
to what extent temporal learning generalizes to other conditions within the same
sensory modality; therefore, their experiment also included conditions involving
longer intervals marked with auditory intervals and filled auditory intervals of the
same duration as the one used for training. In contrast to previous findings showing a
transfer from the haptic to the auditory modality [11], the results of Lapid et al. [6]
did not show a transfer from the auditory to the visual modality, though they showed
a transfer within the auditory modality.

In brief, it is still difficult to draw a definite conclusion regarding the potential
benefits that the training in auditory duration discrimination would have on visual
duration discrimination. The potential effect, if any [6], seems to be thin and not
permanent [13], if not damageable [14]. The lack of success in past experiments on
this question may be due to an inefficient distribution of training sessions. Indeed, one
aspect of the potential cross-modal transfer in timing performances that remains
unexplored, as far as we know, is the effect that can be exerted by massive, instead of
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distributed, training sessions. The effect of extensive and massive auditory training on
visual duration discrimination is the question addressed in the present study.

Discriminating auditory intervals versus discriminating visual intervals leads to the
unequal levels of performance. For the auditory training portion of the experiment, we
have chosen to adopt a simple task, which is the discrimination between one short
(240 ms) or one long (260 ms) interval. In the auditory mode, such parameters should
lead to a level close to 75% of correct responses. In the visual mode, the
discrimination of such intervals is much more difficult. Therefore, we have adopted
the same intervals for the first blocks of trials in the visual condition, and added much
easier blocks of trials, with intervals lasting 220 ms vs. 280 ms. Finally, we applied a
novel statistical method, the jackknife method [15-18], in an attempt to overcome the
statistical noise that is often inherent in individual psychometric functions. This noise
hampers the estimation of the difference threshold for determining discrimination
performance at an individual level. The jackknife method operates on aggregated
psychometric functions rather than on the level of individual functions like traditional
approaches in psychophysics. Since aggregated data are less prone to statistical noise
than individual data, the jackknife method is likely to provide more reliable estimates
of the difference threshold compared to previous approaches. This in turn may
enhance the statistical power of the subsequent data analysis.

2 Method

2.1 Participants

Twenty volunteer students or employees at Université Laval, aged between 20 and 35
years old, took part in this experiment. They received $40 for their participation. The
experiment lasted about 3.5 hours.

2.2 Apparatus and Stimuli

Participants sat in a dimly lit room. A red LED, controlled by a stimulus generator
connected to a microcomputer, was placed at approximately 70 cm in front of the
participants and used to mark the visually-marked intervals. The 1-kHz auditory
signals were presented through Sennheisen HD 477 headphones (70 dB SPL). The
computer’s keyboard was used as a response device with the participants indicating,
by pressing the appropriate button, whether the interval presented was short or long.
The parameters of the task were under control of an E-Prime program.

2.3 Procedure

At the beginning of each main part, a 250-ms standard interval was presented ten
times. Each interval was marked by two successive 20-ms stimuli, visual in Parts 1
and 7, and auditory in Parts 2-6. Within each part, there were 6 blocks of 60 trials,
with a 20-sec inter-block pause. Each trial began with a 500-ms preparation period,
after which the interval to be categorized as short or long was presented. The observer
then provided a response and a 1-sec feedback was presented.
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Ten participants were assigned to each of two conditions. In one condition, the
experiment consisted of seven parts, the first and the last ones involving visually-
marked intervals. In the five remaining parts, the participants received duration
discrimination training with auditory intervals. There was a potential 5-min pause
between the parts during which participants could come out of the room, if they
wished to. Each part lasted about 25 minutes, making the whole experiment
approximately 3.5 hours long.

Ten participants were assigned to the control group where Parts 1 and 7 were the
same; however, in-between, there was no auditory training but only a long rest period
in the testing room, with the possibility to leave briefly.

In the two visual parts (control condition), intervals for the first three blocks
lasted either 240 or 260 ms and the next three lasted 220 or 280 ms. There were 30
trials per block for each temporal interval. For the auditory parts, there were 30 short
(240 ms) and 30 long (260 ms) presented randomly within each block. For each of
the five auditory parts, there were 360 trials; therefore, participants of the
experimental group received 1800 trials of auditory duration discrimination within
about 2.5 hours.

2.4 Data Analyses

For each participant and for each of the two visual conditions (pre and post), a 4-point
psychometric function was traced, plotting the four empty intervals on the x-axis and
the probability of responding “long” on the y-axis.

The cumulative normal distribution (CND) was fitted to the resulting curves. Two
indices of performance were estimated from each psychometric function, one for
sensitivity and one for the perceived duration. As an indicator of temporal sensitivity,
estimates of one standard deviation (SD) on the psychometric function were
determined. Using one SD (or variance) is a common procedure to express temporal
sensitivity [19]. The other dependent variable was the bisection point (BP). The BP
can be defined as the x value corresponding to the 0.50 probability of “long”
responses on the y-axis. Longer perceived durations are reflected by smaller BP
values.

The data presented below are (1) the mean results of individual psychometric
functions as described in the preceding paragraph and (2) the result of the jackknife
method. The jackknife method consists in the following steps. In a first step, the
individual psychometric functions for each experimental condition are averaged and
an estimate SD(all) from this aggregated function is computed. Secondly, the
individual score for each condition is computed in the following way. For Participant
1, the estimate of SD is based on the data of all subjects except that of Participant 1,
say, SD(-1). For Participant 2, the estimate of SD is based on all subjects except
Participant 2, i.e., SD(-2). The procedure is repeated for each of the 10 participants,
i.e., up to SD(-10). For Participant 1, the score, SD(1), kept for final analysis is:
10*SD(all) — 9*SD(-1); and for Participant 2, SD(2) = 10*SD(all) - 9*SD(-2); ... and
for Participant 10, SD(10) = 10*SD(all) - 9*SD(-10). The jackknife method was
applied for estimating both SD and BP.
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3 Results

3.1 Mean Individual Results

The mean SD in each experimental block indicate that the experimental (M=59.80)
and control (35.74) groups have unequal performances in the first part of the
experiment (baseline in visual duration discrimination). In the last part of the
experiment (second visual duration discrimination estimate), the SD is slightly
increased in the experimental group (61.84) and decreased in the control group
(29.75). However, a 2x2 ANOVA with repeated measures on the part factor (pre vs.
post) revealed that there are no significant effects, main or interaction.

The BP results seem to indicate that there is an increase of the mean value in the
auditory training group but in the control group, the results go in the opposite direction
(see Table 1). Once again though, the 2x2 ANOVA revealed no significant effect.

3.2 With the Jackknife Method

In spite of the large mean differences between groups, especially with the SD
variable, no effect reported above was significant. This situation may be partly caused
by the large variability of the individual scores (a variability that occurred even if the
scores were based on 90 trials per data point on each individual psychometric
function). In order to attenuate this variability effect, we have adopted the jackknife
procedure.

Table 1. Mean Standard Deviation (SD) and Bisection Point (BP) in the experimental and
control groups before and after using the jackknife procedure

Without jackknife With jackknife

Auditory training Control Auditory training Control
SD - Pre 59.80 35.74 40.58 32.22
SD - Post 61.84 29.75 31.13 28.03
BP — Pre 252.52 256.28 250.94 254.38
BP — Post 256.01 253.65 252.02 252.94

As indicated in Table 1, the effect of individual differences (very high SD
estimates in some cases in the experimental group especially) is largely reduced with
the method. Indeed, there is now a reduction in the experimental group from the first
to the second estimate of the visual duration discrimination. The 2x2 ANOVA with
repeated measures on the part factor (pre vs. post) revealed that this effect is
significant, F(1,18) = 4.68, p<.05, 5’=.21. The group effect (p=.42) and the
interaction (p=.41) are not significant (see Fig. 1).
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Fig. 1. Mean Standard Deviation, based on the jackknife analysis, in the pre- and post-tests for
the experimental and control groups. Bars are SE.

Table 1 also reveals that, for the BP, the differences between conditions are now
reduced following the application of the jackknife method. The 2x2 ANOVA reveals
that no effect is significant.

3.3 Performance in Auditory Duration Discrimination (Experimental Group)

The mean percentages of correct responses in each of the five parts of auditory
duration discrimination are the following: .683 (SE=.035), .704 (.038), .715 (.038),
716 (.038) and .709 (.043). A one-way ANOVA with repeated measures reveals that
the differczances between the means are only marginally significant, F(4, 36) = 2.495,
p=.081, n'=.22.

4 Discussion

The main finding revealed by this study is that performance for visual duration
discrimination can be improved. When two performance estimates are completed
within a 4-hour period, the second estimate shows better performance (smaller SD).
However, and most importantly, this improvement cannot be attributed to the auditory
training occurring between the two estimates with visual signals. Although the
improvement was in average larger in the experimental group, there was no significant
interaction.
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The present finding joins previous ones where minimal or temporary gain, when
any, was observed on visual duration discrimination after temporal training in the
auditory mode [6,13,14]. What the present study shows is that the previous
unsuccessful attempts cannot be attributed to the spacing of the training sessions in
auditory. The auditory training here was massive and extensive, but it was still
insufficient to exert a significant improvement in discrimination performance relative
to the control condition. Indeed, the performance levels were increased in the visual
condition, but remained far from what is obtained in the auditory mode. A specific
look at the performance levels in the blocks of trials involving for the 240- and the
260-ms intervals, visual discrimination went from 58.5% (mean of both groups) of
correct responses in the first session to 62.3% in the last session, which remains far
from 70.6% obtained in the auditory training sessions. In other words, the visual vs.
auditory difference for the discrimination of brief temporal intervals remains present,
which is consistent with the modality differences typically reported in the literature
(for reviews, see [20-21]).

From a theoretical standpoint, our data show the difficulty to gain any benefit in
the visual modality, in term of temporal discrimination, from the training in the
auditory mode. Strictly speaking, this means that there is no possible transfer of
temporal information processing, just as if the reading of the output of a central clock
could not be trained. This may be interpreted as if there is no such central clock.
Consequently, the data could rather be interpreted as an indirect support to the idea
that temporal processing is modality-specific, each modality having its own
limitations [21].

There are some limitations in the design of the present study. For instance, it
cannot be excluded that multiple trials of training caused some fatigue, although the
performance levels in the auditory condition remained quite stable over the different
parts of the experiment. Therefore, the potential gain that would accompany massive
training may be masked partly by some fatigue. Maybe that employing another
training schedule would have led to different conclusions. As well, it cannot be
excluded that using different parameters (instead of 240 vs. 260 ms) for either the
auditory or visual portions of the experiment would have lead to different results; and
the present study remains restricted to the 250-ms range anyway.

The analysis of the BP, before and after the jackknife analyses, revealed no
significant effect. In other words, whether or not there was massive auditory training,
there was no subsequent change in the perceived duration of the intervals marked by
visual signals. This result is consistent with some previous findings with empty
intervals [14,22], but inconsistent with other findings when auditory and visual
intervals are compared [6].

The present study also indicates that the jackknife method is a promising tool for
improving the signal-to-noise ratio of psychometric functions. This in turn may
enable especially reliable estimates of SD and BP from such functions. Of course, a
methodological study is required to assess thoroughly the potential of this tool before
it can be recommended as standard procedure. We are currently conducting extensive
simulations to evaluate the potential virtue of this method for analyzing psychometric
functions.
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Abstract. In this paper, we present an experiment whose goal is to as-
sess the role of temporal aspects in sonically and haptically simulating
the act of walking on a bump or a hole. In particular, we investigated
whether the timing between heel and toe and the timing between foot-
steps affected perception of walking on unflat surfaces. Results show that
it is possible to sonically and haptically simulate a bump or a hole only
by varying temporal information.

Keywords: Footstep sounds, physical models, auditory feedback, hap-
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1 Introduction

Previous research on simulating walking sounds using physics based engines has
focused on the act of walking on flat surfaces [2IAJ3IT4UTT]. In the virtual reality
community, few locomotion interfaces are able to render uneven grounds, and
they have the disadvantage of being costly and cumbersome [5J618]. Recently,
research has shown that it is possible to simulate the act of walking on unflat
surfaces by only using visual cues [10]. Three parameters of camera motion were
considered in the simulation: orientation, velocity and height, and their com-
bination. The experiments were run both actively, having users wear an head
mounted display, as well as passively, having users look at a video of the si-
mulations. Results show that such visualization techniques successfully simulate
bumps and holes located in the ground. These results are a development of pre-
vious research on pseudo-haptic simulation [9]. This research was extended by
implementing a multimodal (audio-visual) simulation of walking on a bump or a
hole [I6]. Results in this case showed that the auditory cues reinforce the visual
cues when coherent cues are provided in both modalities. When subjects were
exposed to conflicting cues, for example by simulating visually the act of walking
on a bump and auditorily the act of walking on a hole, usually the visual cues
are dominant, apart from when the velocity effect is the visual parameter var-
ied. This might be due to the higher temporal resolution of the auditory system
versus the visual system [21].

In this paper, we are interested in exploring the possibility of implementing
such pseudo-haptic feedback from the sonic and haptic point of view. Recently,
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we developed a system which can provide combined auditory and haptic sen-
sations that arise while walking on aggregate and solid surfaces. The system is
composed of an audio-haptic synthesis engine, and a pair of shoes enhanced with
sensors and actuators. Such engine is based on physical models, that drive both
the haptic and audio synthesis. A complete description of such system and of all
its components is given elsewhere in detail [12], [17].

In a previous study [I5], we used the synthesis engine in order to run an
experiment whose goal was to assess the role of temporal aspects in sonically
simulating the act of walking on a bump or a hole. In particular, we investigated
whether the timing between heel and toe and the timing between footsteps
affected perception of walking on unflat surfaces. In the experiment the footstep
sounds where prerecorded. Results showed that it is possible to simulate a bump
or a hole only by using temporal information [15].

Starting from those results, in this paper we are interested in understanding
whether at haptic level it is possible to simulate the act of walking on a bump
or a hole. Such haptic information is generated by means of the same techniques
applied in [I5] for the auditory simulation of bumps and holes, i.e., varying the
temporal distances between the vibrations corresponding to the heel and to the
toe as well as those between footsteps.

2 Simulation Hardware and Software

In this section we briefly describe the system used in the experiments presented
in this paper. As mentioned in section[I] the complete description of such system
can be found in our previous research [20], [17].

We developed a system which simulates both offline and in real-time the
auditory and haptic sensation of walking on different surfaces. Specifically, the
sensation of walking on solid surfaces is simulated by using and impact model [7],
while to simulate walking on aggregate grounds, we used a physically informed
sonic models (PhisM) algorithm [I].

In order to provide both audio and haptic feedback, haptic shoes enhanced
with pressure sensors have been