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Abstract
Flow and passage of time puzzles were analyzed by first clarifying their roles in the current multidis-
ciplinary understanding of time in consciousness. All terms ( flow, passage, happening, becoming) are 
carefully defined. Flow and passage are defined differently, the former involving the psychological as-
pects of time and the latter involving the evolving universe and associated new cerebral events. The 
concept of the flow of time (FOT) is deconstructed into two levels: (a) a lower level ― a perceptual 
dynamic flux, or happening, or flow of events (not time); and (b) an upper level ― a cognitive view 
of past/present/future in which the observer seems to move from one to the other. With increasing 
evidence that all perception is a discrete continuity provided by illusory perceptual completion, the 
lower-level FOT is essentially the result of perceptual completion. The brain conflates the expression 
flow (passage, for some) of time with experiences of perceptual completion. However, this is an illu-
sory percept. Converging evidence on the upper-level FOT reveals it as a false cognition that has the 
illusory percept of object persistence as its prerequisite. To research this argument, an experiment 
that temporarily removes the experience of the lower-level FOT might be conducted. The claustrum 
of the brain (arguably the center of consciousness) should be intermittently stimulated to create a 
scenario of discrete observations (involving all the senses) with long interstimulus intervals of non-
consciousness and thereby no perceptual completion. Without perceptual completion, there should 
be no subjective experience of the lower-level FOT.
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“Until we have a firm understanding of the flow of time, or incontrovertible evidence that it is 
indeed an illusion, then we will not know who we are.”

Davies (2004, p. 278)

1.  Introduction

1.1.  Consciousness and the Flow of Time

Andersen and Grush (2009) reviewed the history of time consciousness. James 
(1890; see Block, 1994) a psychologist, philosopher and trained physician, de-
scribed the experience of time as a stream of consciousness. It is a series of mo-
ments in which each moment that comes into existence and disappears only to 
be replaced by another. The thoughts and conscious reactions to events that com-
prise those moments are perceived as a continuous flow. Husserl (see Almang, 
2013; Brough, 1991; Zahavi, 2003), a student of physics and mathematics before 
becoming a philosopher, discussed the same general phenomenon as inner time 
consciousness, a component of his definition of the flow of time (FOT). Inner time 
consciousness is an experience of both succession and duration of events, both 
of which contribute to the specious present. The human brain experiences ob-
jects of the world in sequential order. On the other hand, it also experiences time 
when viewing immobile or fixed objects. This is like James’s (1890) stream of con-
sciousness. Blackmore (2002; see Grube, 2014) challenged the concept of stream 
of consciousness, but not consciousness per se. Much if not most of what we see 
is a reconstruction (by filling in the incompleteness of what is perceived) that 
makes a world appearing complete. What we perceive is not as rich in detail as it 
appears. In addition, consciousness is not necessarily continuous in time. Berg-
son suggested that the nature of consciousness is “an inner life that is ceaselessly 
changing an inner world in which one state of consciousness flows into the next”; 
Barnard, 2010, p. 45). Bergson said that the moments of consciousness are not 
separate from each other. He said: “there are no snapshots cut off from the rest; 
there is simply the continuous flow of our awareness” (Barnard, 2010, p. 46). For 
lack of a better definition of consciousness, many consider awareness (including 
self-awareness) to be one of the best ways to describe what is meant by conscious-
ness (Nunez, 2010).

The views of Hameroff and Penrose (2003) are consistent with James’s view of 
consciousness as a set of discrete moments (or near instantaneous nows). In their 
view, consciousness is a sequence of quantum events inside the brain (associated 
or correlated stochastically with external events, or stimuli) that are, in effect, per-
ceptual moments, which then ‘march’ in sequence. The percept of a light flash is 
an example of a perceptual moment resulting from a quantum reduction. In ad-
dition, the brain is said to apply the perceptual illusion of continuity to all those 
moments which is referred to as flow. For Hameroff (2014; see also Hameroff & 
Penrose, 2003, 2014; Penrose, 1994; Penrose & Hameroff, 2011) consciousness 
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creates both a sequence and a flow of moments: “Consciousness creates time”  
(p. 390). Although this is a hotly debatable topic, and not all agree (Grush & 
Churchland, 1995). Some of the most respected neuroscientists (e.g., Koch & 
Hepp, 2006) acknowledge that there may be a role for quantum mechanics in the 
process of consciousness.

Regarding the specifics of the flow of time within consciousness, Rickles and 
Kon (2014) noted that there are two camps: One thinks that there is a genuine flow 
in the world and another (the non-illusion camp) thinks that there is just a block 
of events. If flow is said to be an illusion, however, they argued that it “is not enough 
to simply dismiss the FOT as a mind-dependent illusion” (p. 4). One still needs to 
know that even if there is a genuine consistency between the mechanisms under-
lying such illusory features and the physical models of the universe. One needs to 
know what aspects of flow are illusory. Arstila and Lloyd (2014) also provided an 
extensive recent review of time, including temporality and subjective time.

1.1.1.  Illusion Camp
The history of the illusion of time begins with philosophers such as Parmenides, 
who maintained that physical reality is timeless (see Whitrow, 1980). Following 
him was Archimedes, who is the prototype of those whose philosophy of physics 
presupposes the elimination of time ― those who believe that temporal flux is 
not an intrinsic feature of the ultimate basis of things (see Whitrow, 1980). The 
modern group of illusion camp philosophers and physicists includes people such 
as McTaggart (2009) and Einstein (best described by Davies, 2002). Einstein’s four- 
dimensional Block Universe Theory is usually depicted as a three-dimensional 
graph [two of distance (d1 and d2) one of time (−t)]. His theory, which is widely 
adopted by physicists, suggests that events are just there individually. One needs 
no account of motion to connect the events, and according to Einstein the past/ 
present/future distinction is a “stubborn illusion” (Davies, 2002, 2004; Gruber, 
2008). It is an experiential phenomenon in which time (more specifically events) 
moves past the apparently single observer like a river, hence the term flow of time 
(FOT).

Exactly what Einstein meant by “illusion” is not known. It is possible that he 
thought of it in terms of a cognitive error (see Hoerl, 2014) or an actual perceptual 
illusion involving the senses. Dainton (2011) agreed, suggesting that the FOT is an 
illusion, and finds that the block universe theory accommodates a philosophical 
conclusion better than any other.

Most cosmological theories today are, in fact, timeless (for a review see Petkov, 
2007) in which time is a derived entity. Based upon the single equation:

  H ^    (x) |  ψ〉  = 0 

of Wheeler–DeWitt, from which most fundamental laws can be derived, Bar-
bour’s (1997, 2000, 2008) popular quantum gravitational theory is the easiest to 
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explain. He suggested that the universe is filled with what we can call nows, a vast  
assemblage of configuration spaces. Each now is a point in spacetime and can 
metaphorically be thought of as a snapshot containing information such as the 
brain’s memories at that instantaneous moment. There is no connection between 
the snapshots. Each one, upon quantum wave reduction, provides information 
about the event at that moment and also memories of prior snapshots that pro-
vide a direction to the nows (to the succession of snapshots, Barbour et al., 2014). 
All timeless cosmological theorists argue that psychology and neuroscience re-
gard the FOT between brief events as an illusion.

1.1.2.  Non-illusion Camp
In philosophy, Aristotle was the forerunner of those who believe that time is fun-
damental when he insisted that “there are real comings-into-being” (Whitrow, 
1980, p. 1). Modern dissenters of the illusion view include Skow (2011) and 
Maudlin (2007). For a review, see Callender (2010). In physics, Ellis (2008, 2014) 
and Elitzur (1991, 1996) suggested that the block universe evolves or grows. The 
future is not called there, as in the conventional block universe, but instead comes 
into existence (by way of quantum mechanics) and is said not to be an illusion. 
It is not an illusion because the experiential phenomenon coincides with phys-
ics, as exemplified by the cosmological theory of Smolin (1997, 2013a, b; 2014). 
Moreover, Smolin adopted the view that time is real and that the laws of physics 
are not constant: “what is real in our universe is real in a moment of time which is 
one of a succession of moments” (Smolin, 2013a, p. xiv). Specifically, he said that 
motion itself is not an illusion. Carroll (2008) said that the arrow of time is real 
but does not necessarily agree that the universe comes into being moment by mo-
ment. Finally, Prosser (2012), who is not part of the non-illusion camp, noted that 
a few modern cosmologies would agree with the A-theory described by McTaggart 
(2009), such as the growing (evolving) block universe.

Other non-illusion researchers suggest that there is no such phenomenology of 
flow or passage. For example, Hoerl (2013, 2014) suggested that there is a specific 
structural aspect of the phenomenology of perceptual experiences of movement 
and change that can explain how one might come to the belief that such experi-
ences involve a phenomenology of passage. He also added that there is no rea-
son to involve an additional illusory phenomenology of passage. Huggett (2014)  
referred to the belief as a mistake. Park (1971) considered the past/present/future 
experience to be a myth, an incorrect thought process as opposed to an error on 
the part of the senses. Finally, Baron et al. (2015) provided a clear and concise 
exposition of this non-phenomenology view.

1.2.  Clarification of Terms

1.2.1.  Flow and Happening
One of the fundamental causes of the controversies regarding time, inner  
consciousness, FOT, and passage of time is the failure to clarify or define terms. 
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Agreement can be much more forthcoming if that is done first. Price (2011)  
denoted three components to the FOT: (a) an objective (present) moment, (b)  
an objective temporal direction (earlier/later phenomenon); and (c) objective  
dynamism ― a dynamic, flux-like character. Flow is a term often used to refer to 
that flux. It is a perceptual phenomenon, debatably an illusion, but not a cogni-
tion. Many theorists, however, have used the term in a totally different manner. 
Kastner (2015) suggested that flow is the phenomenon of “actualized events re-
ceding away from us into the past” (p. 175). Elitzur (1991) used the term passage 
when referring to the past/present/future phenomenon but on occasion would 
use the term flow synonymously with it. We too, in the past, have inadvertently 
conflated those two terms.

The term happening is not common in the literature on the FOT. When it is 
used, however, it is very telling. For example, attempting to improve the block uni-
verse theory by making it an evolving block universe, Ellis (2014) admitted that 
his theory leaves out what is happening (a human observable or percept). It also 
leaves out “the way that the continually changing correlations flow smoothly in 
a continuous ongoing way” (p. 39). His flow (which he occasionally referred to as 
happening) is like Price’s third component of the FOT (a dynamic flux-like charac-
ter). To simplify, it is best to define flow and happening as the same phenomenal 
perceptual experience of dynamic action associated with a sequence of multiple 
events. Finally, we want to be clear that happening, referred to here, is not to be 
confused with the emotional response of what happens within consciousness, 
which Damasio (1999) described so well.

1.2.2.  Passage and Becoming
The term passage is used in a wide variety of ways (Huggett, 2014). Occasionally, 
it is a psychological term referring to the subjective duration of time (Wearden, 
2016). In philosophy, it is commonly used to denote the experiential phenomenon 
of past/present/future (Ismael, 2016). Similarly, Dicks (2016) referred to it as the 
experiential phenomenon that the specious present (or now as he also called it) 
seems to move from the present into the past. For him, the feeling of flow and pas-
sage is well represented in the A-theory of time, which involves a moving now. For 
Dicks, passage is a quale, not an illusion. For Williams (1951), passage is the mere 
occurrence of events. However, Savitt (2002, p. 157) was quick to ask if passage 
also involves “the real whooshy, zingy thing that is so salient in our experience,” 
which we call flow. In physics, passage is usually a cosmological term. For example, 
in his Spacetime Dynamics Theory, Elitzur (1991, 1996) suggested that passage 
of an expanding universe creates space-time. Furthermore, “consciousness is the 
inner expression of the ‘becoming’ that keeps creating the universe one moment 
after another” (Elitzur, 1996, p. 149). In Ellis’s (2014) evolving-block universe, the 
physical increase in cosmological events is referred to as the FOT when in effect 
he is referring to passage the same way Elitzur (1991, 1996) did. Huggett (2014) 
suggested that there is no percept of passage; what we really experience is change, 
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duration, and motion. He also said that it is therefore unnecessary to incorporate 
physics into dynamic passage of time.

The term becoming is usually used in a manner like the term passage. Prigogine’s 
(1980) approach to uncertainty in chaos theory also insisted that “events are be-
coming,” and therefore the flow of time is not illusory. Dowker (2014) equated 
becoming with passage. She reviewed another new but very exciting type of evolv-
ing universe within Causal Set Theory (CST; Sorkin, 2007). Put simply, space is 
not smooth and continuous. It is made up of individual atoms (actually, space-
time atoms). They expand and grow in number but there is no space between 
them. The analogy is in chemistry with atoms comprising the solid that we expe-
rience. CST contains the concept of passage as the coming into being or birth of 
atoms of spacetime (featureless with no internal structure). However, being is a 
property of the past and once a space atom is born it is part of the past. Dowker 
noted that what is missing within the standard block universe view is the occur-
rence of the event (i.e., there is nothing corresponding to the “event happens”— a 
perceptual sense of the cosmological passage). The CST, on the other hand, pro-
vides that missing link by “breathing life into the standard block’s static view”  
(p. 22). To be clear, passage, like motion, is not part of the standard block universe 
of Special Relativity. It is also not part of general relativity. For a basic explanation 
of time and space in general relativity, see Greene (2005) and Gruber et al. (1988). 
If the resulting experiential phenomenon of happening correlates with the birth 
of spacetime atoms within it, the experience itself according to CST must be an 
illusion: “Neurology, psychology … must be responsible (will account) for this  
illusion” (Dowker, 2014, p. 24). Huggett (2014) agreed for the most part, and 
we chose to take that responsibility upon ourselves. Moreover, to simplify the 
situation, we find it best to view passage and becoming as the same or a similar  
phenomenon — a phenomenological coming-into-existence of events. We define 
passage as a phenomenon associated with the becoming of events at the cos-
mological horizon in a growing or evolving universe. The growth or evolution of  
the universe may be physical or psychological or both. In contradistinction, we 
define flow as (a) the percept of movement or change, and (b) the past/present/ 
future phenomenon (the cognition that objects and self-move from present to 
past). We will avoid the term becoming, and reserve the term happening for a new-
ly introduced percept (see later).

1.3.  Duration, Duration Judgment, and Temporality

Other terms are frequently associated with the FOT such as the experience (tem-
poral order) associated with the succession of events (Block & Patterson, 1994) 
and also duration. Husserl’s exemplified duration as follows: “When one perceives 
a ball move in a trajectory, one never sees the ball as frozen in successive spa-
tial positions. Rather, one always sees it as moving in a spatially extended trajec-
tory over a certain time. In this case, the perceptual object is always presented as  
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enduring or persisting and experienced as motion. Furthermore, the experience 
of duration is acquired for even fixed and stable objects (see Almang, 2013).

When quantified by the observer, duration becomes duration judgment, a 
quantitative measure of duration. For a review of duration judgment, see Block 
(1979, 2003), Block and Grondin (2014), Block and Zakay (1997), and Block  
et al. (2018). Thus, when a ball is thrown into the air the thrower needs to know 
and does know it is no illusion where the ball is to a good approximation in terms 
of the course the ball takes with respect to other objects (i.e., the temporal order 
of spatial changes and the duration judgment between those IGUS’s spatial chang-
es). Referring to it as a passage of time, Wittmann et al. (2010) demonstrated that 
duration judgment (measured by a reproductive task) involved the insula of the 
brain. To be clear, the standard (Einstein) block universe theory does not deny du-
ration judgment or the temporal order of events ― only the passage (becoming) 
and the flow (happening).

In the controversial Penrose and Hameroff (2011) Orch OR theory, conscious-
ness is the creation of and the temporal sequence of quantum events (moments). 
We suggest that the components (both internal and external) of these resulting 
cerebral events (moments) are in no way illusory. The sequence of events (in 
memory) and resulting temporal order are also real information for the observer. 
We acknowledge that some do not view duration as a simple summation of a suc-
cession of (present) moments. For example, Kummel (1966, p. 33) suggested that 
duration is that perceptual phenomenon of time that is “free from all content” 
(other events or moments) and yet provides an enduring experiential quality. We 
argue that it is nearly impossible to avoid content. There are almost always ambi-
ent sounds, and the self-perception of breathing and other bodily movements. 
Even isolation chambers have difficulty achieving complete sensory deprivation. 
Finally, for the sake of completion, we note that temporality is a perceptual pre-
requisite for duration judgment. It is a before/after experience that makes it pos-
sible to experience duration and duration judgment. Temporality correlates with 
the physical succession or successivity of events, and Ruhnau (1997) reviewed it 
in detail.

1.4.  Illusions

Much of the confusion within the topic of the FOT relates to the meaning of the 
word illusion, which was reviewed by Anstis (2009), Gregory (1991), and Zakay 
and Bentwich (1997). What is an illusion? This word is almost as stubborn and 
difficult as the word ‘time’. By using the term illusion, we mean the more common 
usage whereby a perceptual phenomenon reported by a human observer conflicts 
with the physical measurements of what is observed. Specifically, it conflicts with 
the universally accepted physics of the situation. For example, the enigma illu-
sion by Leviant (1996) is one of static concentric circles that when viewed by an 
observer appear to rotate. Although illusions may involve the senses (referred 

Downloaded from Brill.com05/19/2023 07:02:42PM
via free access



132 R. P. Gruber et al. / Timing & Time Perception 6 (2018) 125–153

to as physiological or perceptual illusion) they may also involve cognition only.  
An example of the latter is the Kanisza (1976) triangle, which is referred to as a 
cognitive illusion.

Of many illusions, a class is functional by filling the gap. On the one hand, the 
perceived image filling the blind spot (Bach, 2014a) of the retina is clearly an illu-
sory percept because the brain is not physically capable of recording information 
from that region. On the other hand, the fabricated image does usually agree with 
the local physical situation and is predictive and functional for the observer. Be-
cause so much of the world the observer is exposed to is fabricated by perceptual 
completion, Noe (2002; see also Blackmore et al., 1995) referred to the totality of 
these illusory percepts as the grand illusion. He noted that because more poten-
tial information exists than the brain can acquire, it is much more efficient for 
the brain to reconstruct the visual world from less information. It should be men-
tioned that theorists have debated as to whether there is, in fact, actual filling in 
and whether the brain simply ignores the blind spot and other regions (Blackmore 
et al., 2002; Bridgeman, 2002; Clark, 2002; Cohen, 2002; Dennett, 2002; Mack, 
2002; Ramachandran, 1992). For a demonstration of the blind spot phenomenon, 
see Bach (2014a). A complete review of these perceptual completions, which are 
both static and dynamic, is given elsewhere (Pessoa & De Weerd, 2003).

1.5.  Deconstructing the FOT

Much confusion is avoided if we deconstruct the term or expression, FOT (Gruber 
et al., 2015). To clarify the meaning of it, Gibson (1975) argued that “a sequence 
of external stimuli … provide[s] a flow of change, and it is this we perceive (expe-
rience) rather than a flow of time as such” (p. 299). He added that “the observer 
perceives both what is altered and what remains unaltered in the environment” 
(p. 298). To be clear, the FOT as defined here involves an experiential, perceptual 
phenomenon. Park (1999) went further, suggesting that “discussions of time be-
come more clear if one drops the word ‘time’ entirely and substitutes one of the 
words ‘event’ or ‘change’ ” (p. 20). We agree. Thus, the FOT is really the FOE (flow 
of events). However, to use the term flow of events from this point on would only 
create confusion, because it would add yet another term. Therefore, we will con-
tinue to use the expression FOT with the understanding that our definition refers 
to the perceptual flow of events. We must also be careful not to confuse the near 
instantaneous perceptual events with events (of much longer duration) in the 
event segmentation theory (Radvansky & Zacks, 2014; Tversky & Zacks, 2013). 
That theory elucidates how perceptual systems spontaneously segment activity 
into internal events (that have a beginning and an end) as a means of anticipating 
upcoming information. Finally, we should also acknowledge that some authors, 
such as Prior (2009), have referred to events as changes, which is reasonable.

The importance of change in the understanding of time was originally dis-
cussed by Aristotle (see Coope, 2009). He considered time to be fundamentally 
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linked to change and movement: “Not only do we measure change by time, but 
time by change, because they are defined by one another” (Coope, 2009, p.107). 
We add that every change involves an event, and every event involves a change. 
Kastner (2015) took a different tack with the term change. For her, changes are 
bought about by transfers of energy from emitting entities to absorbing entities 
and time is just the attribute by which we measure those changes; that is, “time 
and energy…are two sides of the same coin” (p. 175).

Hameroff (2003) said “consciousness creates time” (p. 390). Therefore, con-
sciousness creates (internal) events. Whether these events are those that comprise 
passage [part or all of an expanding evolving universe as Elitzur (1991, 1996) and 
others have suggested] is another even more debatable issue, which we discuss 
later. Even the experiential phenomenon of duration for fixed and stable objects 
[referred to by Husserl, as Brough (1991) noted] depends on non-specific un-
avoidable events such as breathing and body movement. Furthermore, events not 
only influence perceived time (Liverence & Scholl, 2012), they are fundamental 
to the phenomenon of duration judgment. For a review of timing and discussion 
of internal clocks, see Block (2003), Block and Grondin (2014), Block and Zakay 
(1997), and Block et al. (2018).

We previously reviewed our understanding of the FOT (Gruber et al., 2015), a 
phenomenon that was discussed in detail by Foundalis (2008), Hameroff (2003), 
and Penrose (1994). There are actually two levels to the FOT (Davies, 2004;   
Gruber & Block, 2013). There is an upper-level component, the past/present/ 
future, which entails a moving present. Time moves like a river, and events disap-
pear into the past. It is often simply referred to as passage (Ismael, 2016). When 
Einstein referred to the “stubborn illusion,” he was really thinking of the upper 
level of the FOT. The upper-level FOT is to which Park (1971) referred when he 
said that passage (the time through which we pass) is a myth. It is a myth in his 
opinion, we suspect, because it is an incorrect thought process ― what we would 
call a false cognition.

As for the apparent asymmetry of the upper-level FOT (e.g., events appearing 
to go from future to present to past), Foundalis (2008) reminded us that cosmo-
logical time asymmetry is indicated by the ever-increasing overall entropy of the 
universe, providing a physical arrow of time. However, although the asymmetry is 
physical, the directionality can be cognitive. The directionality of the asymmetry 
is dictated by memory because the brain stores events in the direction of past-to-
present. That is why we do not remember the future.

There is also a lower-level component of the FOT, the experience of events 
flowing or happening, such as occurs when a volcano erupts. It involves visual, 
auditory, olfactory, and other sensory modalities. It is the dynamic flux-like char-
acter of Price (2011). It is often simply referred to as flow (Ismael, 2016). It is 
the “whooshy, zingy thing” of Savitt’s (2002) passage of time. It seems to be Hus-
serl’s duration of events within James’s (1890) specious present. It also seems to 
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be Hameroff ’s (2003) “illusion of continuity” for discrete moments acquired by 
ORCH/OR quantum reduction. To be clear, it takes more than a single almost in-
stantaneous external event to result in an experiential phenomenon that has a 
prolonged dynamic quality. A singular brief percept does not endure long enough 
to evoke a percept of flow. However, a series of external events during the specious 
present will evoke that experience.

1.6.  The Lower-Level FOT

1.6.1.  Perceptual Completion of Apparent Movement and Motion
The lower-level FOT (or passage of time, for some) is, in effect, the perceptual 
completion that provides continuity to discrete observation. Psychologists and 
neuroscientists have hinted that much of perception (particularly visual percep-
tion) is an illusion because the brain exhibits perceptual completion. These are 
illusory percepts to connect the experience of perceptual events which fill the 
gaps (Moore et al., 1998; Pessoa & De Weerd, 2003; Wokke et al., 2013). One ex-
ample is apparent movement (reviewed by Ramachandran & Anstis, 1986), which 
is not often but sometimes discussed in terms of perceptual completion (Yantis 
& Takehiko, 1998). For example, if one visual dot is followed in time by another 
further away, they seem like separate dots, separate in time. But if they are close in 
distance and time, the brain connects the two events by making the one dot ap-
pear to move back and forth. In this illusion, known as beta movement (important 
for motion pictures), the brain fills the gap and perceives a movement sensation. 
A similar type of illusory perceptual connection is the phi phenomenon (seen at 
interstimulus intervals greater than those associated with beta) in which a sensa-
tion of motion is experienced between the images of consecutive stimuli without 
a change their spatial position (Steinman et al., 2000).

If all visual perception is discrete the interval (gap) must be filled with an il-
lusory percept. In fact, convincing evidence suggests that all perception may be 
discrete (intermittent), not continuous (VanRullen & Koch, 2003;VanRullen et al., 
2007). That is very apparent for the visual modality if not the auditory modality, 
in which discrete perception is expected to be discovered soon (VanRullen et al., 
2014). If that is the case, all the sensory modalities of perceptual completion to 
fill the gaps need to be analyzed to appreciate how the lower-level FOT occurs and 
why those modalities are illusory. The evidence for motion comes largely from the 
continuous wagon wheel illusion (Andrews & Purves, 2005; Crick & Koch, 2007; 
Macdonald et al., 2014; VanRullen et al., 2010). Almost any observer perceives this 
when watching a wagon wheel in an old Western movie (or the wheel of a modern 
car) to roll forwards and then inexplicably roll backwards (for a visual demon-
stration, see Bach, 2014b). This wagon-wheel illusion occurs because the brain 
discretely samples the external world at approximately 10–13 times per second. 
As the rotation rate increases to a critical sampling value a point is reached such 
that the images of the wheel appear to move backwards (a phenomenon known 
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as aliasing). The most parsimonious explanation is that perception is discrete, not 
continuous. It should be noted, however, that not all theorists agree that the wag-
on wheel experiment suggests discrete sampling (Kline & Eagleman, 2008). How-
ever, despite those objections the resultant experiential visual result is that of a 
smoother more seamless picture than would occur otherwise (Holcombe, 2014).

Koch (2004) suggested that the percept of motion in the wagon wheel experi-
ment may be “painted onto” the snapshots of visual perception. Such a painting-
on process would, in effect, be yet another example of perceptual completion. 
It also appears to be an example of a superimposed percept or a quale, like that 
of music. Moreover, it is evoked in postdiction fashion, as has been described to 
occur for the flash lag illusion (Eagleman & Sejnowski (2000). Using an inconsis-
tent model of motion, Mortensen (2013) provided a schema to explain the expe-
riential phenomena between snapshots of perception. Gruber and Block (2014) 
discussed some experiments that illustrate illusory perception between “snap-
shots” of stimuli. VanRullen (personal communication) considered the principle 
of bridging the gap (with motion) between ‘snapshots’ in discrete sampling of all 
motion scenes to be the same or like that in apparent movement. These views as 
to the illusory nature of motion are in good agreement with philosophical views. 
Paul (2010) argued that, in general, the flow associated with motion (a change of 
location of a persisting object) is merely an effect of the brain. Hoerl (2014) also 
argued that the passage of time (as he liked to refer to it) does not exist but is best 
explained by the experiences of movement and change.

The most recent evidence that perception is discrete comes from the study of 
Herzog et al. (2016). They provided a two-stage information processing model to 
account for discrete perception and also consciousness. They suggested that like 
other features, temporal features (such as duration) are coded as quantitative la-
bels. When unconscious processing is completed, all features are simultaneously 
rendered conscious at discrete moments in time, sometimes even hundreds of 
milliseconds after stimuli were presented. Their model challenges prominent 
theories on the philosophy of mind, which considers that consciousness is a con-
tinuous stream. However, they acknowledged that the phenomenal experience of 
events has the appearance of continuity.

1.6.2.  Perceptual Completion of Dynamic Change
Another example of a perceptual completion that comprises the lower-level FOT 
is dynamic change (Rensick, 2002). Nakashima and Yokosawa (2012) demon-
strated it using a flicker change detection task. A 250-ms duration image of a bed 
oriented to the right was alternated with another oriented to the left with black 
blank interstimulus intervals (ISIs) between them varying from 100 to 2000 ms. 
Participants were asked to give their impression of seeing the change occur. As 
the ISI increased, that impression weakened and was lost after 1000 ms. Because 
the experience of change that the participants reported occurred during the black 
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intervals, the researchers considered that the dynamic change experienced is an 
illusory one. Similarly, Hollingworth (2008) demonstrated perceptual completion 
in a flicker paradigm in which an initial object and a different object were shown 
for 250-ms duration and a blank ISI varying from 200 to 5000 ms. Participants 
reported a strong impression of “seeing the change occur” at 200 ms, a weaker 
impression at 1000 ms, and no impression at 5000 ms. Chen and Scholl (2016) 
performed a similar experiment in which the ISI was 17 ms. The change appeared 
to be gradual even when it was actually sudden, in a type of transformational ap-
parent movement.

1.6.3.  Perceptual Completion of the Percept of Happening
We found another perceptual completion ― a more generalized form of dynamic 
change (termed happening), one that crosses sensory modalities, is less dependent 
upon the qualitative nature of the stimuli, and one that extends for prolonged du-
rations (up to ISIs of 7000 ms). (For details, see Block & Gruber, 2014; Gruber & 
Block, 2013; Gruber et al., 2017.) Specifically, we tested for the illusory percept 
of perceptual completion for an entire sequence of stimuli rather than just two 
events (stimuli). For example, video scenes were created of a walking man. Ten 
(100-ms duration) images showed him walking for 50 feet. Black ISIs of 0.5, 3.0 or 
7.0 s were inserted. Participants had to judge whether (a) the walk had ‘happened’ 
(i.e., that he had walked from one side to the other), or (b) the walk ‘must have 
happened’. As the ISI increased, fewer participants experienced happening. At an 
ISI of 7.0 s, very few participants experienced anything happening. Irrespective 
of the ISI the perceptual (qualitative) phenomenon of happening at 0.5 s did not 
appear to be any different than that at 3.0 s or even 7.0 s when it occurred. These 
results bear some relationship to Pöppel and Bao’s (2014) findings. They noted 
that at 5 s two sequential stimuli can no longer be united into one percept (i.e., 
temporal binding for temporally adjacent stimuli is no longer possible because 
they fall into successive integration windows).

We also found a phenomenon of happening for a non-spatial (non-motion) 
sequence of stimuli — images of toasting bread. In this featural (color) change 
situation, 10 frames captured from toasting bread were used. Participants had to 
judge whether (a) they could see the toasting process, or (b) simply knew that it 
must have occurred. As the ISI was increased, fewer participants experienced that 
the process had happened. For an interactive demonstration, see Bach (2014c). 
Moreover, we found that to be the case with stimuli in other sensory modalities, 
both auditory (sequential sounds of a falling bomb) and tactile (a bug crawling 
up the forearm, with intermittent tactile contact; Block & Gruber, 2014; Gruber 
et al., 2017). Irrespective of the sensory modality, happening appeared to be a 
frequency-dependent illusory percept. Technically speaking, it is more of a modal 
completion phenomenon. In dynamic situations, modal completion, in contrast to 
amodal completion, means that an observer’s percept involves the same (sensory) 
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mode, as if a contour were actually present. The best example of modal comple-
tion is the Kanizsa triangle, in which three Pacman-shaped figures provide the 
corners of a triangle yet evoke an illusion that a complete white triangle covers the 
disks comprising the Pacmen (Brodeur et al., 2006). This illusion is an example of 
reification ― constructive perception by which the experienced percept contains 
more explicit information than the actual sensory stimulus. By contrast, amod-
al perception is the perception of the whole of a physical structure when only 
parts of it affect the sensory receptors (Singh, 2004). For example, a table will be  
perceived as a complete volumetric structure even if only part of it — the facing 
surface — projects to the retina.

Arguing on behalf of the illusory aspect of time flow, Prosser (2012) suggested 
that a key factor is that change is experienced as dynamic because the experience 
involves the representation of something enduring through the change. In the 
case of the happening experiments, it is reasonable to conclude, therefore, that 
the experience is much like what he describes. Finally, the perceptual completion 
of happening alone can fill the gap for all brief perceptual events (stimuli) in all 
sensory modalities. Thus, perceptual completion can account for the entire phe-
nomenon of the lower-level FOT.

1.6.4.  Perceptual Completion in the Specious Present
The responses to any series of stimuli, including intervening perceptual comple-
tion, that comprises an interval of 3–7 s, are part of the specious present (Block, 
1979; Durgin & Sternberg, 2002; Fairhall et al., 2014; Gruber, 2008; Kinsbourne 
& Hicks, 1990; Pöppel, 1997; Ruhnau, 1997). The specious present is frequently 
referred to as the now, causing some confusion in definitions. We have even done 
that in the past (Gruber & Block, 2013). Pockett (2003) reviewed the many differ-
ent durations ascribed to the perceptual now ― from 10 ms to several seconds 
and in extreme cases up to several hours. The duration can be quite different for 
philosophy in contrast to psychology. Whatever the duration is, it would be best to 
define now as the near instantaneous interval, and the longer interval of phenom-
enological duration (3–7 s in psychology) as the specious present. To be clear, we 
also note that the term moment is used interchangeably with the instantaneous 
now. As a reminder, the instantaneous perceptual now is not the same as the in-
stantaneous physical now of SR and physics (Gruber & Price, 1997; Hartle, 2005; 
Taylor & Wheeler, 1992). Einstein had difficulty reconciling the now, as he called 
it. He was referring to the specious present. The reason it perplexed him is because 
it did not fit into his theory of relativity, making it potentially an incomplete theo-
ry (see Muller & Maguire, 2016, p. 306). As we note later, however, if the brain (as 
observer) is part of the cosmological theory, there is no need to justify the specious 
present that is nicely explained by psychology.

During the specious present, the observer can work with the present moment 
and the memory of numerous prior present moments that occurred during that 
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previous 3–7 s. Zahavi (2007) summarized the literature on the specious present. 
He noted that the present as it is experienced is not a pure point-like presence 
but has a width of several seconds and contains the past (memories) as what just 
happened. He referred to it as an extended moment consisting of a few seconds 
of memory. Within that interval of the stream of consciousness there is a distant 
component (the past end of it) and a less distant component (the present end 
of it). Expanding on this concept, Dalla Barba (2001) suggested there is a mem-
ory trace paradox, which consists in believing that the past is contained in the 
memory trace of the specious present (the now interval, as he called it). For him 
“objects…are neither present, nor past, nor future, but they acquire a temporal di-
mension only in the presence of a person who goes to the trouble of making them 
temporal” (p. 54). Montemayor and Wittmann (2014) proposed one of the most 
comprehensive approaches to this issue. They proposed a three-level present: (a) 
the experience of simultaneity (in the milliseconds range); (b) the experienced 
presence (referred to as the now) — a 2–3 s conscious experience of the present 
moment; and (c) the continuity of experience (requiring working memory) in-
volving multiple seconds to generate a platform for the narrative self.

Noteworthy is the fact that the percept (modal completion) of happening (un-
like other means of perceptual completion) can be evoked at ISIs up to 3–7 s. It 
is no coincidence that this duration coincides with that of the specious present. 
Thus, happening would seem to be much of the source of the dynamic flux-like 
quality (Price, 2011) of the specious present. Lastly, there is yet another possible 
illusory percept involving the specious present. It is the illusion of continuity be-
tween episodes of specious present. Pöppel (1997; Pöppel & Bao, 2014) referred 
to them as states of being conscious (STUBCON) which are accompanied by the 
subjective feeling of nowness. Each STUBCON represents a mental island of activ-
ity distinctly separate from neighboring adjacent ones. He suggested that each 
island of nowness is implemented in a 3-s window and that the continuity of ex-
perience between islands is an illusion.

1.6.5.  The Lower-Level FOT is Backwards-in-Time
Examples of the lower-level FOT entail a postdiction phenomenon, in which a 
stimulus influences the appearance of events occurring before it. In neuroscience, 
postdiction indicates that the brain includes information after an event in the  
process of retrospectively deciding what happened at the time of the event  
(Choi & Scholl, 2006; Eagleman, 2008; Eagleman & Sejnowski, 2000; Shimojo, 
2014). A common example is the color phi phenomenon (Kolers & von Grünau, 
1976). A red disk is presented, followed by a green disk with a blank ISI between 
them. Remarkably, the observer experiences a continuous disk that changes colors 
halfway between the actual onset of the second disk. How does the observer know 
to perceive green before actually being presented with the green disk?  Another 
example is the cutaneous rabbit illusion (Goldreich & Tong, 2013). A person does 
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not know that the touch on the wrist is going to be followed by a touch on the 
elbow. Yet he or she experiences something going up the forearm after the elbow 
is touched.

A major part of the lower-level FOT is exemplified by uncommonly known 
examples of postdiction phenomena. First and foremost is apparent movement. 
If the image of an object is located at point x, a person has no way of knowing 
that it will be at point y 100 ms later. Therefore, it must reconstruct the scene in 
retrospect. The same is true for dynamic change. In the example of the rotating 
bed (see earlier), a person has no way of knowing that the second image of a bed 
is going to appear. Therefore, the change that is seen must be reconstructed in 
retrograde fashion. The same is true for the percept of happening. In the walking-
man example described earlier, a person has no way of knowing that subsequent 
images of the man are going to appear. By conventional psychological theory, the 
experience of happening could not be acquired until the second image appeared. 
Furthermore, the modal completion of happening involves all sensory modalities. 
In combination with dynamic change and motion, it can easily account for every 
aspect of the lower-level FOT. All three of those percepts are backwards-in-time 
(postdiction) phenomena. Thus, the entire lower-level FOT is a backwards-in- 
time phenomenon.

The mechanism by which postdiction can be accounted has not been fully 
explained. In terms of the underlying mechanisms, Arstila (2015) reviewed four 
prototypical models, which were called catchup, reentry, different pathway, and 
memory revision models. The latter model is one in which a tentatively established 
memory representation may be revised later (cf. Dennett & Kinsbourne, 1992). 
However, in all these models the duration in which the postdiction phenomena 
occur is less than a few hundred milliseconds. Current mechanisms that justify 
those postdiction durations require correlations with known brain wave frequen-
cies, such as alpha and theta in the 5–15 Hz range (Chakravarthi & VanRullen, 
2012). Those frequencies work well for postdiction intervals of approximately 
50–150 ms. However, the happening postdiction phenomenon can be evoked at 
long ISIs (3,000–7,000 ms), making it difficult to account for postdiction at those 
long intervals.

1.6.6.  Alternative Views: Non-Phenomenology of Passage
An alternative view of the lower-level FOT is that it is not a perceptual illusion. 
Hoerl (2014) argued that there is no phenomenology of passage ( flow). Move-
ment and change can explain how the brain comes to the belief (false cognition) 
that those experiences involve passage (flow). Baron et al. (2015) provided similar 
arguments. Their point is well made. We agree to the extent that flow is conflated 
with perceptual completion and add that time is conflated with events. However, 
we choose to focus on the nature of the perceptual experience associated with the 
FOT. Not all agree that it is an illusory percept. For example, Smolin (2013a; 2014; 
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see Smolin & Unger, 2015) has a Cosmological Natural Selection theory which in-
volves a theory of Temporal Naturalism which declares that time as well as motion 
(personal communication) are real. To his credit and unlike other cosmological 
theorists he has offered two falsification experiments. Instead, we are suggesting 
that the cerebral experience of the lower-level FOT is based upon the illusory post-
dictive perceptual completion even if the brain conflates flow (passage) with per-
ceptual completion. Thus, we think it is more important to demonstrate that the 
percepts of perceptual completion are all illusory. By extension this means mo-
tion, itself, is an illusory percept and, as such, contradicts Temporal Naturalism.

1.7.  The Upper-level FOT

We are left with the need to find experiments that account for the apparent il-
lusory phenomenon of the upper-level FOT, which involves cognition of past/
present/future. Consider what it means to view the world with events or objects 
moving into the past. Logically, it means that an object experienced now must be 
the same as when it was experienced then. It must persist. For a thorough review 
of the general phenomenon of the philosophy of persistence, see Haslanger and 
Kurtz (2006). This involves working memory processes. For example, a person 
thinks that he or she is the same person now as he or she was a few moments ago. 
For short interval situations (seconds) this is sometimes called object persistence 
(Scholl, 2007). But persistence also applies for long term situations (e.g., years.). 
Someone seems like the same person today as when he or she was younger. In 
many modern cosmologies, events and objects (including humans) persist within 
a block of space-time and have never disappeared. When Einstein’s best friend 
Besso died, Einstein was consoled by the assumption that there is no past and 
present, no persistence as we would say, and therefore Besso was still there, so to 
speak (see Davies, 2002; Elitzur, 1996). In the block universe view, multiple differ-
ent Bessos are in the past, and no single immutable Besso persists through time. 
If, therefore, an observer has a cognition that there is only one of him that persists 
he will, of necessity, have a cognition (the upper-level FOT) that he is moving into 
the past. Assuming that the Block Universe Theory is correct, it is a false cognition. 
This cognition of persistence seems to be inextricably linked to the past/present/
future phenomenon (the upper-level FOT). It allows us to think of persistence and 
the upper-level FOT as two sides of the same coin.

1.7.1.  Illusions and False Cognitions of Object Persistence
Object persistence is a person’s inclination to recognize an object as being the 
same despite a change in either its spatiotemporal situation or its features. When 
motion is hidden, such as in the classic tunnel effect (e.g., a car going through 
a tunnel), that type of perceptual continuity is maintained by amodal comple-
tion (Flombaum & Scholl, 2006; Kim, et al., 2012; Michotte, 1991). In the tunnel  
effect, the observer has an experiential phenomenon in which the object that  
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entered the tunnel (the occluder) did indeed pass through and exited as the same 
object. Moreover, even if the color of the exiting car is slightly different, the car 
that entered is cognitively the same car that exited. The automatic tendency of 
persistence is so overwhelming that the observer recognizes that somehow a 
minor change within the tunnel may have occurred. If, however, the exiting car 
is vastly different from the entering car, sameness (as it is often called) may not 
be evoked. Object persistence occurs because of the principle of spatiotemporal 
priority (Flombaum et al., 2009; Scholl & Flombaum, 2010). Factors relating to 
how and where an object has moved will trump factors relating to what the object 
looks like, with few exceptions. However, surface features also play an important 
role in maintaining episodic object representations (Hollingworth & Franconeri, 
2009; Moore et al., 2010). To be clear, most of the time object persistence is incon-
gruent with the physical facts, and it is a false cognition, not an illusion (i.e., not a 
problem with the sensation or perception).

Another example is the color phi phenomenon (see earlier). Not only is the 
color of the first disk seen to change colors during the interval between disks, but 
the disks are viewed as the same. Similarly, consider five different colored circular 
disks appearing sequentially from left to right on a viewing screen, with short time 
and distance intervals between them. At short ISIs, observers see one disk (the 
same disk) moving from one side to the other, changing colors as it appears to 
move. The brain does not register five different disks at five locations appearing at 
five separate times (Gruber & Block, 2014).

As the ISI between the disks is increased, a duration is reached when the five 
disks appear to be all different, and there is no apparent movement between them. 
It is an example of a false cognition that is frequency- (ISI-)dependent. A more 
outrageous experimental example of the illusory potential of object persistence 
is a golf ball changing colors as it moves across the putting green. Even if it turns 
into a strawberry just as it falls into the hole, the golfer still considers it to be the 
same ball (his or her ball) that for unexplained reasons changed drastically. The 
brain does not consider the possibility that the ball disappeared and was replaced 
by a strawberry (Gruber & Block, 2014). To be clear, a detailed analysis is required: 
After observing the strawberry to appear in place of the ball, there is a moment of 
cognitive reflection (however long that duration is in this situation). The result is 
an experiential phenomenon of object persistence between the recent memory of 
the ball (i.e., of the distant specious present) and the memory of the strawberry 
(i.e., of the less distant specious present). Without that experience of object per-
sistence, the observer would perceive two unrelated objects.

Yet another example of the illusion of perceptual completion involves a bind-
ing cue: When color or motion momentarily exposes an object from a background 
of similar elements, observers remain aware of the object for a few seconds.  
For example, a bird camouflaged by leaves may not be seen. As it moves, the bird 
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suddenly becomes visible. However, when it stops it is still visible for a short pe-
riod of time (up to approximately 8 s; Wong et al., 2009). That is a perceptual illu-
sion, not a false cognition. It is associated with activation in the lateral occipital 
area. This visual persistence is not the same as iconic memory, which is of much 
briefer duration. Finally, Emrich et al. (2008) performed a similar experiment  
(a fragmented line-drawing moving relative to a background of randomly oriented 
lines) that demonstrated persistence of awareness at intervals up to 1500 ms.

1.7.2.  Object Persistence in the Stationary (Non-Motion) Situation
Object persistence occurs not only because of spatiotemporal priority (Mitroff & 
Alvarez, 2007) but also, by extension, in temporal-only situations. Moore et al. 
(2010) exchanged the features of two objects abruptly and found that the object 
correspondence operation (persistence) could be established based on surface-
feature cues alone. Thus, a sudden change in the color of a stationary coin will 
evoke the perception of same, whereas a slow change (long ISI) in color will evoke 
the perception of different. The observer’s brain entertains the possibility that the 
time interval was sufficiently long enough for change to occur. In general, there-
fore, we expect that the cognition of object persistence to be a time-dependent 
(and frequency-dependent) false cognition in the stationary situation.

The first compelling piece of evidence came from Beth and Ekroll (2015). A ma-
gician typically creates the illusion of transferring a coin from one hand into the 
other, which is then closed into a fist, while the coin is actually kept hidden in the 
first hand. The magical experience occurs when the closed fist of the second hand 
is opened and shown to be empty. The magical experience evoked by this kind of 
trick becomes noticeably weaker as the time interval between the false transfer 
and the opening of the fist increases. In this experiment, increasing the temporal 
interval from 1 to 32 s leads to an average reduction of the strength of the magical 
experience of 38%. The researchers suggested that the experiential phenomenon 
that the coin was still there is an example of object persistence which decreases 
with time. They were careful to indicate that the experiential phenomenon might 
not be a percept per se and noted that Pylyshyn (1999) had raised the issue of 
the ambiguous nature of a percept. Mroczko-Wasowicz (2016) also questioned 
the close relationship between perception and cognition. We regard the authors’ 
experimental finding as a phenomenon closer to a false cognition.

Beth and Ekroll’s study prompted us to investigate the possibility that the brain 
has the potential to evoke perceptual completion for the intervals between dis-
crete observations of a stationary object. This had not been done before but is 
logically possible. We used a phi-phenomenon experiment with two intermit-
tently flashing disks of the same color (Gruber et al., 2016). When overlapped at 
short ISI intervals (<100 ms), they no longer flash but instead merge to appear 
as one disk ― the same disk. The phenomenon may or may not be attributed to 
the type of visual persistence described by Wong et al. (2009). One can perform 
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the experiment and adjust the variables by linking to Bach (2014d).1 Whatever 
the mechanism, the illusory perceptual completion leads to continuity and object 
persistence. The observer has no reason to invoke a cognition other than same. If 
the observer perceives objects discretely (intermittently), he or she could form a 
cognition of either same or different based upon other physical circumstances or 
theory; the cognition could go in either direction. However, perceptual comple-
tion for stationary objects prevents that from happening. Thus, the upper-level 
FOT results from a false cognition of object persistence attributable to illusory 
perceptual completion. Of note, any claim that the upper-level FOT is a false cog-
nition must demonstrate that its evidence is independent of the cosmological 
facts or theories surrounding the upper-level FOT. None of those theories can be 
used to prove conclusively that the upper-level FOT is a false cognition or not. 
They can only predict it. As it turns out, the prediction by cosmological theories 
that it is a false cognition [or a myth as Park (1971), would say; or a mistake, as 
Huggett (2014) would say] are accurate according to the evidence we presented.

1.8.  Arguments Against Persistence as an Illusion or a False Cognition

The notion that persistence, in general, could be an illusory or false cognition is 
contrary to the arguments of many (Haslanger & Kurtz, 2006). Aristotle suggested 
that “a body which is carried along is the same body at each stage in its motion” 
(see Benjamin, 1966, p. 14). Both Dainton (2007) and Montemayor (2013) said 
that during the specious present one may be able directly to apprehend persis-
tence or change. However, most modern philosophers think that the controversy 
on persistence is not whether it is an illusion or whether objects persist through 
change, but how they do so. Kurtz (2006) suggested that how persistence occurs 
depends upon what philosophical view one adopts (e.g., perdurance, endurance, 
or exdurance). For example, endurance theories (Van Inwagen, 1990) are intui-
tive. The same object is said to be present from moment to moment: “I am here 
now, and again at this new ‘now’. I do not need to be thought of as extending into 
the past and future the way that I extend in space” (Scholl, 2007, p. 570). The per-
durance view takes persistence to be a matter of having temporal parts, with no 
part being wholly present at more than one time and one place.

In Balashov’s (2013) perdurance concept of persistence, it is more like an un-
changing ‘worm’ in the space-time manifold, a composite of many different slices 
of spacetime events. He uses the classic ladder-in-the-barn paradox of Special  

1 Set the disk duration to 10 ms, the interdisk duration to 10 ms, and the time of onset for the next 
pair of disks (called the preamble) to 0 ms. As the disks are brought together and partially over-
lapped, they seem to flicker, but one will note an illusory percept shaped like a football during the 
interdisk interval. As the disks are completely overlapped, an illusory solid disk is seen. Percep-
tual completion provides a continuous color at these frequencies. The illusory overlap occurs at 
interdisk durations (ISIs) up to 60 ms.
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Relativity (SR) to argue that the notion that a persisting object (one that ‘per-
dures’) can have a ‘temporal part’ is meaningless. We agree because so doing con-
notes an absolute quality when in fact length, duration and motion are relativistic 
measurements including the location of the aging process in the Twin Paradox 
(Price & Gruber, 1996). Balashov acknowledged that whereas the spacetime worm 
perdures or persists, a space-time slice of that worm does not persist (personal 
communication, 2015). The observer experiences the slice as not the same at 
any two spacetime points. Furthermore, it cannot be numerically the same. Thus, 
there seems to be a possible place for perceptual completion in the theoretical 
framework of perdurance. To reach areas of agreement between philosophical 
and psychological views of persistence, Scholl (2007) analyzed both the neurosci-
ence results and philosophical arguments of object persistence.

2.  Experiencing a World without the FOT

To be more convincing that the entire lower-level FOT involves perceptual illusion 
of perceptual completion, it is essential to create a world without any FOT. Until 
now it has only been possible to provide a few examples in the visual modality 
and happening for a few modalities (auditory, haptic, or tactile, and visual). How-
ever, there are so many other perceptual phenomena such as the pressure from 
sitting, respiratory movement and verbal thinking that might involve perceptual 
completion. It would be ideal if we could control the frequency of all external 
and internal (self-stimulating) percepts or cognition and then test for perceptual 
completion. Our hypothesis begs an experiment in which the observer (partici-
pant) is exposed to a world of stimuli with a low frequency, such as an Hz < 0.33 
(ISI > 3 s), at which all of the modalities of perceptual completion that we have 
tested to date are not elicited. If all the other sensory modalities (e.g., buttock 
pressure from sitting, or respiration) are discrete and involve perceptual comple-
tion) perhaps their contribution to the lower-level FOT can be precluded by the 
same mechanism. One way to completely remove these percepts of dynamism is 
to allow intermittent short intervals of consciousness that are separated by long 
intervals of unconsciousness. If the long interval is greater than 3 s, one would be 
bypassing the specious present.

We can only guess what intermittent consciousness might do to a participant. 
When the general anesthetic Methohexital (Brevital; see Ferrari & Donlon, 1992) 
is employed (typically for short surgical procedures), retrograde amnesia results. 
Upon awakening (after 5–15 minutes of surgery) some patients (which the senior 
author has witnessed) offer their experience that they recall being told that they 
will be given the drug and the next thing they recall is becoming awake and told 
that the procedure is finished. Moreover, they are puzzled that “no time” elapsed 
between the two verbal events because they know that the procedure must have 
taken a finite amount of time.

Downloaded from Brill.com05/19/2023 07:02:42PM
via free access



 R. P. Gruber et al. / Timing & Time Perception 6 (2018) 125–153 145

Coincidentally, Koubeissi et al. (2014) recently discovered that electrical stim-
ulation of deeply implanted electrodes near the claustrum of an epilepsy patient 
results in a state of unconsciousness. Years earlier, Crick and Koch (2005) predict-
ed that the claustrum is the so-called on–off switch for consciousness (Chau et al., 
2015). The electrodes were placed there to eliminate the seizures. The claustrum 
is near the insula deep in the temporal cortex at a level near the top of the ear. 
Stimulation in this patient (for durations ranging from 3 to 10 s) resulted in imme-
diate loss of consciousness 10 out of 10 times, with cessation of reading, sudden 
blank staring, and unresponsiveness to visual or auditory commands. The patient 
returned to baseline as soon as the stimulation ceased, with no recollection of the 
events for the stimulation period. When stimulation at 14 mA was applied, the 
alteration of awareness occurred suddenly, within the first second.

Theoretically, intermittent claustrum stimulation appears to be an extraordi-
nary method to test our hypothesis. To remove the role of perceptual completion, 
we first need to calculate the approximate ISI at which the happening percept is 
lost for that participant. That would be the off time. We assume that there are no 
perceptual completions of longer postdictive duration than that of the happening 
percept (~3 s). The claustrum stimulus duration (on time) should be brief but 
needs to be the minimum required for appreciation of language (two adjacent 
words). A stimulus duration of about 500 ms is necessary for speech to be intel-
ligible (Bashford et al., 1988).

What should we expect the claustrum participant to experience? If he or she 
is shown a video of a river with 3 s ISI, we expect him or her to deny experienc-
ing motion and, in fact, claim that the entire scene was static. He knows that the  
appearance of the river at the beginning is different than at the end. However, we 
expect he will acknowledge that he did not see anything happen. Of note, the er-
ror of conflation discussed by Hoerl (2014) and Baron et al. (2015) might still be 
there. The claustrum participant might have the belief that the passage of time 
was not experienced during the river scene. Of great importance from a physics 
perspective is that the claustrum experiment is a falsification test for the Tem-
poral Naturalism theory of Smolin (2013a) that is so crucial to his cosmological 
theory (Smolin, 2014). Demonstrating that perceptual completion (including ap-
parent movement and by extension, motion) is a mind-dependent percept makes 
it extraordinarily difficult to suggest that there is a second, independent motion 
of physical origin. Unfortunately, for our hypothetical experiment, the electrodes 
have been removed from the aforementioned patient. It may be some time before 
this fortuitous neurological situation is seen again.

3.  Summary

We reviewed evidence from multidisciplinary research, including philosophy, 
physics, and psychological science. We clarified flow-and-passage time puzzles. 
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We defined the terms ( flow, passage, happening, becoming). Flow and passage 
are different, the former involving the psychological aspects of time and the 
latter involving the arguably evolving universe and associated cerebral events. 
We deconstructed the concept of the flow of time into two levels: (a) the lower  
level ― a relatively automatic dynamic perceptual flux, happening, or flow of 
events (not time); and (b) the upper level ― a relatively controlled cognitive view 
of past/present/future. The human brain conflates the expression flow of time 
(lower level) with the experiences of perceptual completion, and is therefore an 
illusory percept. It suggests a falsification experiment that resolves perceptual 
completion of the lower FOT. The claustrum (center of consciousness) might be 
intermittently stimulated to create a scenario of discrete observation with long 
interstimulus intervals of non-consciousness and thereby no perceptual comple-
tion. Evidence on the upper-level FOT reveals it as a false cognition that has the 
illusory percept of object persistence as its prerequisite.
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