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Abstract

According to the thesis of temporal isomorphism, the experienced order of events in the
world and the order in which experiences are processed in the brain are the same. The thesis
is encompassed in the brain-time view, a popular view on the literature of the temporal
illusions. The view is commonly contrasted with the event-time view, which maintains that
the experienced order of events reflects the order in which the events occur in the world. This
chapter focuses on the conflict between the two views in the contexts of perceptual
asymmetry in visual perception and temporal order judgment tasks. It is argued that both
views mean slightly different things in these contexts. Accordingly, it is possible for one to
endorse both the brain-time view and the event-time view at the same time. On the broader
perspective, the chapter illustrates how time order is employed differently by various
perceptual processes, resulting in different characteristics from implicit and explicit time

perception.
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Introduction

Three notions of time are commonly distinguished in the literature of the temporal illusions.
The event time is the time when an external event occurs. The brain time of experience (brain
time for short) is the time when the neural processes that realize the experience of the event
occur (i.e., neural correlates of experiences). The subjective time of experience (subjective
time for short) refers to the time in which an event is experienced to occur. Much of the
discussion on the temporal illusions in recent years has been about the relationship between

the last notion of time and the other two.

The position known as the brain-time view maintains that the distinction between subjective
time and brain time is merely conceptual. In reality, subjective time and brain time are
isomorphic. The brain-time view is contrasted with the event-time view, according to which
subjective time mirrors (or aims to mirror) event time rather than brain time. It is important to
notice, however, that both views have been understood in two different views. As a result,
one version of the event-time view is compatible with the brain-time view’s claim that
subjective time and brain time are isomorphic. For this reason, | will refer to this claim as the

thesis of temporal isomorphism rather than a brain-time view.

This chapter aims to explicate the ambiguity in the two views and how they relate to the
thesis of temporal isomorphism. The aim is not to argue for the truth of the thesis of temporal
isomorphism nor for a specific notion of the brain-time view or the event-time view.' The
related philosophical literature is not so relevant to this volume because it mostly concerns
the theories of the temporal structure of consciousness, rather than temporal illusions.!
Moreover, the focus of this chapter is on temporal order illusions, although the views and the

thesis apply to duration illusions too. In the discussed context, the thesis states that the order



of events represented in the experiences (i.e., subjective time order) is the same as the

temporal order of neural processing underlying the experiences (i.e., brain time order).

In what follows, | begin by summarizing the parts of Daniel Dennett and Marcel
Kinsbourne’s Time and the Observer (1992) that directly relate to the thesis. It is the most
discussed exposition of the thesis of temporal isomorphism; the arguments in the paper are
frequently cited as reasons to reject the thesis. Moreover, the two versions of the event-time
view concur with two alternatives Dennett and Kinsbourne present for the thesis of temporal
isomorphism. The succeeding sections cover these two versions of the event-time view along
with the ambiguity of the brain-time view. The first version concerns the temporal order
judgments of changes within one stimulus; the second version concerns temporal order
judgments between the occurrence of two stimuli. The final section summarizes the
discussion and situates it in the context of whether or not experience occurs in one mental

timeline.

The thesis of temporal isomorphism and alternative views

In Time and the Observer, Dennett and Kinsbourne contrasted the Cartesian theater model of
consciousness with the Multiple Drafts model of consciousness. Both models hold that
feature-detections and discriminations of the features of stimuli are done at different parts of
the cortex. That is, the processing of the features is localized. According to the Cartesian
theater model, we become conscious of the localized discriminations when they are
represented at the hypothetical Cartesian theater. This is a place “where ‘it all comes
together,” and the discriminations in all modalities are somehow put into registration and
‘presented’ for subjective judgment.” (Dennett & Kinsbourne 1992, 183) The subjective time
of the experiences is determined by the time the localized discriminations are (re)presented at

the Cartesian theater. This means that the subjective time order of experienced events is the



same as the order in which experiences of the events occur. In short, the Cartesian theater

model entails the thesis of temporal isomorphism.

Dennett and Kinsbourne’s objection to the Cartesian theater model makes use of three
temporal anomalies—the backward metacontrast masking effect, the color phi phenomenon,
and the cutaneous rabbit illusion—each of which brings about incorrect reports of the
stimuli." As an example, consider the ordinary phi phenomenon. Here, subjects are presented
with spatially separated static stimuli (flashes) with a short temporal gap between them, and
they report seeing that something moves between the location of the presented stimuli. The
temporally anomalous part of the illusion is that the apparent motion can be processed in the
brain only after the second stimulus is processed—or so Dennett and Kinsbourne argue—
because otherwise the motion would not have direction. Thus the order of neural processing
(first stimulus, second stimulus, apparent motion) does not appear to match with the reported

order of experiences (first stimulus, apparent motion, second stimulus).

The described discrepancy raises the question of whether our report is correct or not. If the
Stalinesque revision took place, then the report is correct. We see motion before the second
stimulus, because the order of localized discriminations is tampered with before they reach
the Cartesian theater. In this case, the order in which localized discriminations are processed
is different from the order in which they arrive at the Theater. If the Orwellian revision takes
place, then our experience of the second stimulus precedes our experience of motion, but we
report them in the incorrect order because our memory of the order of events is tampered
with. In the two possible scenarios, only the Stalinesque revision concurs with the thesis of

temporal isomorphism.

According to Dennett and Kinsbourne, the Cartesian theater model necessitates that there is a

way to distinguish which scenario is correct. Their main claim in the paper is that there is no



such way. Consequently, they maintain that the Cartesian theater model is incorrect, and,
with it, the thesis of temporal isomorphism is questionable as well. Dennett and Kinsbourne
argue further that there is no reason that an experience of stimulus S; preceding stimulus S
needs to be accomplished by, first, a neural state realizing an experience of S; and then a
neural state realizing an experience of Sx. The temporal order is not determined by the order
in which the localized discriminations are represented at the Cartesian theater; it is

determined by the temporal content of the individual representings of the events.

Dennett and Kinsbourne present two possibilities for what it means, in practice, to separate
the time in the content of experience (experienced time) and the time of the vehicle of
experience (the neural events realizing the experience). It is worth noting, however, that they
do not explicate either possibility in detail. Instead, they provide analogies meant to illustrate

the ideas behind them.

According to the first possibility, which | refer as the time-stamp view, the temporal
properties of experience utilize time-stamps, a kind of abstract temporal label, linked to the
experienced contents. Time-stamps have temporal information as their content. Dennett and
Kinsbourne’s analogy for timestamps is postmarks on letters: the postmarks represent the
order in which letters are sent, not the time when are received. What matters for the
subjective order of experiences are the postulated time-stamps that accompany the
experiences, not the order in which localized discriminations are represented at the

hypothetical Cartesian theater.

Dennett and Kinsbourne call the second possibility the content-sensitive settling. Their
analogy for this possibility comes from matching the auditory and visual tracks of a film.

Such matching can be done by determining abrupt changes in both tracks and trying to find



the best match between the changes, even when we do not know much about the film or even

understand the spoken language.

Dennett and Kinsbourne (1992, 189) prefer the content-sensitive settling view over the time-
stamp view because they regard the first “a cheaper, less foolproof but biologically more
plausible.” Nonetheless, it is the latter position that is commonly attributed to them in
discussions of temporal illusions. This is possibly because part of their argument requires the
timestamp view. For example, the content-sensitive settling cannot explain the experiences of
features that are not in the stimuli, like an experience of motion in the phi phenomenon,
because it only adjusts the relative order of experienced events. Moreover, the content-
sensitive settling does not specify the stage of processing in which the settling occurs. For
instance, it could take place before localized discriminations reach the Cartesian Theater or
even before localized discriminations. These possibilities mean that the content-sensitive
settling is compatible with the Cartesian theater model and the thesis of temporal

isomorphism.

To summarize the relevant points briefly, the Cartesian theater model of consciousness
maintains that we are conscious of localized discriminations of stimulus features only when
they are represented in the Cartesian theater. Concurring with the thesis of temporal
isomorphism, the subjective time order mirrors the brain time order, where brain time is the
order of localized discriminations represented in the Cartesian theater. Since localized
discriminations, formed in the various regions of the cortex, remain unconscious if they are
not represented in the Cartesian theater, conscious and unconscious perception can have
different temporal properties and structures. Finally, after rejecting the Cartesian theater and
the thesis of temporal isomorphism, Dennett and Kinsbourne propose that the subjective time

of experiences is determined by the temporal content of localized discriminations. They



presented two ways in which this could happen: the time-stamp view and the content

sensitive settling.

Perceptual asynchrony in visual perception

One research topic in which the brain-time and the event-time views have figured in
prominently is the alleged perceptual asynchrony of changes of visual features. The central
finding in question is that when a moving stimulus changes its color and direction of
movement simultaneously and repeatedly, observers report that the change in color occurs
60-100 milliseconds before the change in direction. This effect takes a little while to occur as
it is not reported in the first changes of the features or if the features change only once

(Nishida & Johnston 2002).

The brain-time view, sometimes also called the brain-time account and the brain-time theory
of perception (Arnold 2005, 2010), explains the findings by maintaining that colors and
changes in color are processed faster than motion and motion reversals (Moutoussis & Zeki
1997, 2002). As Zeki and Bartels (1999, 234) put it, their “result implies that the color
processing system reaches its perceptual endpoint before the motion processing system.” The
difference in perceptual latency is reflected correctly in the judgments of the temporal
features of the events. One implication of this difference is that the difference between the
cases when the changes are asynchronous and those in which they are not (e.g., the stimuli
are not shown repeatedly) is because of some sort of adaptation to the asynchronous changes.
It is not because our reports change from being incorrect to being correct. Since the
subjective order of the changes is the same as the order in which the experiences of changes

are neurally processed, the brain-time view subscribes to the thesis of temporal isomorphism.



The brain-time view is attributed to Semir Zeki and his colleagues, who were first to report
the described findings. Zeki took the findings, in concurrence with the known functional
properties of the visual cortex, to support his theory of consciousness (Zeki 2007; Zeki &
Bartels 1999). This is significant because the subsequent discussion of perceptual asynchrony
in vision and the brain-time view has been understood in terms of Zeki’s theory of

consciousness, which differs from the Cartesian theater model of consciousness.

For the topic at hand, the most important difference between these models of consciousness is
that, in Zeki’s theory, the activity of the parts of the visual cortex that process a visual feature
can be a neural correlate of conscious experience. In Dennett and Kinsbourne’s terms, Zeki
argues that, when localized discrimination is finished, we can become conscious of the
detected visual feature without it being represented in the Cartesian theater. Thus, there is no
separation between the time when the processing of localized discrimination is finished and

the time when we experience the result.

Citing Dennett and Kinsbourne, Johnston and Nishida (2001, R428) argue that the brain-time
view faces “some thorny philosophical problems,” at the root of which is the commitment to
the thesis of temporal isomorphism. Moreover, they maintain that “a brain time mechanism is
poorly designed in the sense that processing delay is added to event time estimation.”
(Nishida & Johnston 2010, 286) And indeed, if the subjective time is inherently linked to the
brain time, then the subjective timing of events is influenced by the neural latencies. This
makes deducing the event time, the actual time of external events, practically impossible.
After all, to do so, we would need to take into account the neural latencies, which differ both
within one sense modality (e.g., Allik & Kreegipuu 1998; Maunsell et al. 1999) and between
sense modalities, and yet neurons are spatiotemporally limited in the sense that they do not
have the information about the various latencies at their disposal (Scharnowski, Rees, &

Walsh 2013)."



Nishida and Johnston’s (2002, 2010) method of avoiding this problem is based on two ideas.
First, they distinguish between two types of temporal changes. Determining the first-order
temporal changes, called transitions, requires that the stimulus is compared in two points in
time. For instance, we can detect the change in color if we compare the color of a stimulus at
times t; and t.. Determining the second-order temporal changes, called turning points,
requires that the stimulus is compared in three points in time. For instance, they argue, the
detection of motion reversal demands that we compare the spatial position of the stimulus at
times ti, to, and t3. Consequently, the implication is that even if a transition and a turning
point were to co-occur at ty, determining the time of turning points takes longer than
determining the time of transitions. Nishida and Johnston’s results as regards synchrony
between different types of transitions and turning points provide support for this claim. Given
that the change in color and in the direction of motion are different types of temporal

changes, simultaneous changes in them would not be judged to be simultaneous.

In effect, Nishida and Johnston’s (2002, 365) claim means that the reports of perceptual
asynchrony are “a result of an error of subjective temporal judgments” rather than
asynchrony in the experiences of changes in color and motion. As such, it is compatible with
the thesis of temporal isomorphism; the thesis concerns only the relationship between
subjective time and brain time. It is also compatible with Dennett and Kinsbourne’s view that
subjective judgments occur when localized discriminations have been presented at the
Cartesian theater. That is, their position allows that our temporal judgments of experiences

can be incorrect.

The second idea that Nishida and Johnston put forward is that temporal judgments are based
on time-markers, markers that are themselves based on early neural activity. The resulting
view, which they call the time-marker view, distances them from the way in which the

relationship between brain time and subjective time was envisaged in the Cartesian theater



model. By time-markers (also temporal markers), they mean “temporally localized
representations of salient temporal features” (2002, 360), which are based on “the temporal
pattern of the neural activity elicited by [external] events” (2002, 366). The claim that the
relevant neural activity takes place very early on in the processing hierarchy has the
consequence that the processing of time-markers is dissociated from the finished localized
discriminations and conscious experiences, and especially the timing thereof. Since temporal
order judgments utilize time-markers rather than the brain time of experience, their view

resembles Dennett and Kinsbourne’s time-stamp view in this respect.

Moreover, the idea allows Nishida and Johnston mostly to avoid the problem they thought the
brain-time view suffered from. If the subjective time is linked to the time-markers grounded
on the early neural activation caused by the external events, then the subjective time reflects
the time when the processing of a feature is commenced rather than finished. In this case, the
differences in neural latencies and the processing times in later processing stages do not
influence the temporal judgments. This, in turn, means that subjective time and temporal
judgments mirror the event time rather than the brain time. In short, Nishida and Johnston

endorse the event-time view.

Nishida and Johnston’s notion of a time-marker also resembles Libet’s notion of a cortical
time marker. Briefly, Libet argued that conscious experience of a tactile stimulus requires
cortical processing for 500 milliseconds and that subjectively the stimulus is felt to occur
already around the time when the processing is commenced. That is, the subjective time of
experience and the brain time of experience come apart—the subjective time of skin
sensations are “referred back” to the time when the processing commenced rather than when
the neural processing of the stimulus becomes “adequate” to bring about the sensations.
Moreover, Libet hypothesized that the first components of the evoked potential caused by the

direct stimulation of the skin are used as cortical time-markers based on which temporal
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judgments are made, and that determines the subjective time of experience. Since the first
evoked potential in the cortex occurs very fast after the presentation of the stimulus (in some
of Libet’s experiments, 15 milliseconds after the stimulation), the neural activity used for
temporal coding mirrors the timing of external events certainly more closely than if all neural

latencies would be taken into account.

The views and temporal order judgments

The second topic in which notions of the brain-time view and the event-time view figure is
explanations of the temporal order perception of separate stimuli. The relevant phenomena
requiring explanation are when two simultaneous stimuli are perceived as non-simultaneous,
and when two non-simultaneous stimuli are perceived as simultaneous. For example, a dim
flash shown at the same time as a bright flash is perceived as occurring after the flash. Or,
when a toe is touched tens of milliseconds before a nose, the two are perceived as occurring
at the same time. Similar illusions also happen with multimodal stimuli; for example, a flash
and a sound can appear simultaneous even though they are separated by a hundred

milliseconds.

One straightforward explanation for these results appeals to latency differences: the
simultaneous stimuli are perceived as non-simultaneous because the neural processing of
them took different amounts of time. In accordance with this explanation, the empirical
evidence suggests that a bright stimulus is processed faster than a dimmer stimulus, and it
takes longer time for a signal from a toe to reach the cortex than from a nose.”' In this context,
this explanation has been called the brain-time view." Again, this explanation concurs with

the thesis of temporal isomorphism.
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The brain-time view has been taken to be challenged by evidence that we adapt to non-
simultaneous multimodal stimuli. One interpretation of this evidence is that the adaptation is
achieved by the brain physically aligning the timing of the signals it receives (e.g., Harrar &
Harris 2008; Harris, Harrar, Jaekl, & Kopinska 2010; Navarra, Garcia-Morera, & Spence
2012). The suggested adaptation is what Dennett and Kinsbourne’s content-sensitive settling
does. If the brain recalibrates the sensory signals in this manner, then the explanation of
temporal order perception is no longer a matter of simple latency differences. Instead, the
possibly adaptive nature of temporal order perception increases the accuracy of the subjective
time in relation to the actual order of events. Since, in this case, the subjective time reflects
the event time—thus resembling the event-time view of the previous section—this position

has also been called the event-time view.

Two things are worth noting here. First, the adaptation to a non-simultaneous multimodal
stimulus can also be explained by shifts in decision criteria (Yarrow, Jahn, Durant, & Arnold
2011). Unlike the previous interpretation of the results, the adaptation happens at the post-
experiential decision level. Thus, the explanation concurs with the brain-time view. Second,
in this context, the crucial difference between the subjective time view and the event-time
view concerns the possible existence of an adaptive mechanism that temporally aligns the
sensory signals. This crucial difference means that, departing from how the event time is
implemented in the time-marker view, the event-time view is in theory compatible with the
thesis of temporal isomorphism. The two are also likely to be compatible in practice, because
the adaptation has been postulated to take place in early sensory pathways (e.g., Heron,
Roach, Hanson, McGraw, & Whitaker 2012; Maravita, Bolognini, Bricolo, Marzi, & Savazzi
2008). If correct, then the subjective time of experience and the neural time of experience

could still be isomorphic.
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Further considerations

This chapter focused on views about the relationships between subjective time, brain time,
and event time. The brain-time view(s) subscribe to the thesis of temporal isomorphism—an
event is perceived to occur at the time neural signals the event evokes reach the processes
responsible for consciousness. However, it was argued that there are two versions of the

view, and they differ in two respects.

First, the two versions differ regarding the processes responsible for consciousness. This
disagreement is fundamentally over the neural correlates of consciousness that supposedly
match the subjective time of experience. In the first version, the perceptual endpoint is
reached when the process that determines features of the perceived event finishes. The second
version does not comment on the perceptual endpoint. Hence, it is open to the more
commonly held view that conscious states are somehow unified. Unlike Zeki’s theory, the
processes that determine the features of the perceived event are separate and precede the

processes responsible for consciousness.

Second, the versions differ on their position towards the processes preceding consciousness.
The first version is compatible with there being unconscious processes that aim to increase
the match between subjective time and event time; the brain-time view as understood in the

temporal order judgment literature rules out such unconscious processes.

The crux of the event-time view(s) is the idea that subjective time tracks or aims to track
event time. In practice, this idea has been implemented in two very different ways. In Nishida
and Johnston’s time-marker view, which can be thought as inspired by Dennett and Zeki’s
time-stamp view, subjective time utilizes time-markers. The processing of time-markers
happens early in the processing hierarchy and is largely dissociated from the processing of

the content of experiences (localized discriminations). In the context of typical temporal

13



order judgment literature, in turn, event time refers to a view in which subjective time aims to
track event time by temporally aligning the propagating sensory signals. In practice, this is
what Dennett and Zeki called content-sensitive settling. Because such adaptation is thought to
happen before experiences are formed, unlike the time-marker view, this view is compatible
with the thesis of temporal isomorphism. An interesting consequence of this compatibility is
that the event-time view as understood in typical temporal order judgments counts as a brain-
time view in the perceptual asynchrony literature. This is because the literature is only
concerned about the time when the perceptual end is reached and allows some adaptation to

the asynchronous stimuli to occur.

Let me end by briefly commenting on a recent claim by Alex Holcombe, that experience does
not comprise a single ordered timeline (Holcombe 2015). He maintains that meaningfully
grouping and integrating stimuli is more important than ordering events in a timeline. On my

view, the truth of the claim depends on the perspective one takes on the timeline.

If one approaches the issue of the timeline from the perspective of perceptual mechanisms,
then it is most certainly correct. As mentioned several times in this paper, feature-detections
and discriminations of the features of stimuli are done at different parts of the cortex.
Although many of these processes utilize temporal information, which differs from one
process to another, they are not usually involved in the processing of temporal features.
Accordingly, they might preserve temporal information, but it is done by transforming the
information to the non-temporal content of experiences. In practice, this means that the

temporal information can be implicitly present in our experiences.

In some occasions, we can even use that information to make temporal judgments in which
the temporal resolution is a magnitude smaller than the typical temporal order threshold (2-5

milliseconds versus 30-40 milliseconds). For example, visual stimuli can bring about
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experiences of apparent motion. In these cases, the direction of motion can be used to
determine which stimulus was presented first (Sweet 1953; Wehrhahn & Rapf 1992;
Westheimer & McKee 1977). In the auditory modality, loudness, pitch, and other
micropatterns can be used to determine the order of stimuli (Babkoff & Sutton 1963; Efron
1973; Fostick & Babkoff 2013). For example, when two auditory stimuli are presented a few
milliseconds apart, the first stimulus sounds louder than the second stimulus. Interestingly, at
least in the cases described, the low temporal threshold is because the stimuli are presented so
close in time that there is a mutual influence between their respective processes. When the
stimulus onset asynchrony is larger, the cross-stimuli influence disappears. For example,
subjects are better at determining the temporal order of two auditory stimuli when they are
separated by less than four milliseconds than when they are separated by ten milliseconds

(Babkoff 1975).

Holcombe’s claim also receives support from the findings that grouping and binding do not
require subjective synchrony of the grouped and bound features (Fahle & Koch 1995;
Guttman, Gilroy, & Blake 2007). In fact, studies on audiovisual perception even suggest that
subjective simultaneity is not optimal for subjective integration of the stimuli. The integration
of two stimuli is better when they deviate from the point of subjective simultaneity
determined in the temporal order tasks (Freeman et al. 2013; Ipser, Karlinski, & Freeman

2018).

One interpretation for these results is that there is no ordered single timeline. Then again, it is
not clear that the debate between the brain-time view and the event-time view even pertains
to the sort of timeline Holcombe discusses. After all, at least what the brain-time view and the
latter version of the event-time view maintain is that experiences are temporally ordered by

the order in which they reach their perceptual endpoint.
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The timeline in question differs from the one implied by Holcombe. While it still consists of
implicit timing, the nature of the implicitness is different. The temporal order of events is still
only implicitly represented in the brain-time view and the latter version of the event-time
view as well. However, in these cases, the order is represented by the order of experiences
and not by, say, the direction of motion. Nonetheless, paraphrasing William James’s
remark—agreed by most philosophers and motivating the lively debate concerning the
temporal structure of consciousness—the succession of experience is not the experience of
succession. The latter needs to be separately represented. This claim concurs with Dennett
and Kinsbourne’s definition of the Cartesian theater, according to which it is the place where
discriminations were “‘presented’ for subjective judgment.” That is, the order of experiences

is not the same as the judged order of experiences.

Moreover, neither of the views make claims about the mechanisms for reporting temporal
properties. Thus, again, these mechanisms can utilize different information or have different
decision criteria as suggested by simultaneity judgments, temporal order judgments, and
reaction time studies (see, e.g., Jaskowski 2014; Steglich & Neumann 2000; Sternberg &
Knoll 1973; Tappe, Niepel, & Neumann 1994). This too supports the idea that, considered
from the perspective of perceptual mechanisms, Holcombe’s claim is sound. However, his
claim does not pertain to the question of whether there is a single ordered timeline of
experiences per se. The plausibility of a single ordered timeline is crucially dependent on

what we mean by such an idea.
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"1t is worth noting, however, that the thesis is widely endorsed in science. For instance, Wolfgang Koéhler (62
1947) already argued that “experienced order in time is always structurally identical with a functional order in
the sequence of correlated brain processes.” More recently a version of the thesis has figured in the explanations
perceptual simultaneity (Kopinska & Harris 2004), duration estimation and reproduction (Reutimann, Yakovlev,
Fusi, & Senn 2004; Wittmann, van Wassenhove, Craig, & Paulus 2010), spatiotemporal illusions (Arstila 2015;
Whitney & Murakami 1998; Whitney, Murakami, & Cavanagh 2000), and timing of visual feature changes
(Arnold & Wilcock 2007; Moutoussis & Zeki 1997).

i For the discussion of the thesis as such, see (e.g., Grush 2007; Kelly 2005; Kiverstein & Arstila 2013; Mélder
2014). For the discussion of the thesis complemented with additional qualifications, see (e.g., Grush 2009; Lee
2014; Phillips 2014).

At the latter part of the paper, they also argue that if Benjamin Libet’s results suggesting the delay of
conscious intention and the backward referrals of time are sound, then the model of consciousness they advocate
would explain them better than the Cartesian theater model of consciousness.

v On this topic, it is interesting to note that even though many of the almost thirty commentators of Dennett and
Kinsbourne’s paper had reservations about the Multiple Drafts model, only one of them challenged the view that
subjective time and brain time can come apart.

v Obviously, if one rejects, as many proponents of the brain-time view reject, the assumption that a temporal
comparator tries to deduce the event time from the brain time, then this problem does not emerge.

Vi See Holcombe 2015 for a thorough discussion of the evidence supporting this explanation in various unimodal
and crossmodal temporal order tasks.

VI Since this position emphasizes the importance of simple latency differences, it has also been called as the
simple brain-time view (Yarrow & Arnold 2015). In the debates concerning spatiotemporal illusions, it is
referred to as the latency difference hypothesis, the simple differential latency hypothesis, and the simple
differential lag model (Arnold, Ong, & Roseboom 2009; Chappell & Hine 2004; Whitney & Murakami 1998;

Whitney et al. 2000).
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