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Abstract
Many philosophers and physicists have come to believe that the human experience of time and time as described by physics are incommensurable. Some claim that temporal experience is not veridical or does not even exist. Others claim that theories such as relativity or thermodynamics are faulty. In this paper, we demonstrate how human temporal experience and these theories can be seen as compatible. When relativity and thermodynamics are applied locally, the incompatibility becomes vanishingly small. We interpret the human experience of the neuropsychologically defined specious present within the special and general theories of relativity using causal bicones and the Newtonian limit. We then expand this interpretation to include the human experience of transience and the past-present-future arrow of time. Finally, we explain how the human experience of the thermodynamic arrow, self-organizing systems arrow, and epistemological arrow of time is consistent with the physics of these arrows.  
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1. Introduction
Phenomenal time, or our experience of time, appears to be incommensurable with physical time as it is described by our most empirically established and scientifically accepted theories of the universe. In one’s subjective experience of time, it often seems that the present moment is special and that it exists now while the past is no longer being experienced, except as a less vivid memory, and the future is yet to be experienced. We also experience change (the transient or dynamic aspect of time). Some have described this, metaphorically, as the flow or passage of time. We also often feel that experiences arise out of the future and disappear into the past (Arstilla et al., 2019), that time has a direction (time’s arrow). 
The veracity and even the existence of these experiences have been claimed to be incompatible with physics (Gödel, 1949; Grünbaum, 1963). In this paper, we attempt to show how the experiences of now, transience, and direction can be reconciled with physics. We will do this primarily by demonstrating that when these theories are applied locally to humans living on the earth, the incompatibility becomes vanishingly small. We will not, however, be arguing that physics is incomplete or that human temporal experience is illusory, but will instead demonstrate that they are compatible. But first some caveats: 
1. The physics theories we will focus on will be primarily the special and general theories of relativity, classical thermodynamics, and statistical mechanics. Our focus will generally not be on quantum mechanics due to space limitations and the fact that, even though quantum mechanics is well-validated, there is no consensus among physicists on its ontological interpretation (Schlosshauer et al., 2013). 
2. We are not framing our paper in terms of the philosophers’ A-theory – B-theory debate in hopes of presenting readers with a fresh look at the issues. Also, more than 1/3 of philosophers in the recent 2020 PhilPapers poll didn’t “accept or lean towards” either the A-theory or the B-theory (Bourget & Chalmers, 2021). Again, due to space limitations, we will not be able to exhaustively address the many arguments and multitude of issues that have been developed regarding the nature of time. We will, however, attempt to state our proposal as clearly as possible with the hope of inspiring discussion. 

2. Time is Not an Object:
It is an Abstraction or Generalization from Change
We begin with some conceptual clarifications regarding time. First, time is not an object like an automobile or a river. To conceive of time in this way is a category mistake; where a category mistake is defined, following Ryle (1949, p.16), as representing something as if it belongs to one category when it actually belongs to another (Chi & Slotta, 1993; O’Sullivan, 2016).[footnoteRef:1] Objects exist in time, but it does not make sense to say that time exists in time. Similarly, it does not make sense to say that time flows or passes. A river flows in time, but it doesn’t make sense to say that time flows in time because it is of a different logical order or categorial type than a river. A car can pass us in time while we stand on the sidewalk, but time cannot pass us in time. Speaking of time as flowing or passing is part of our linguistic-cultural heritage and a metaphorical way in which we communicate about time. However, it is conceptually confused.  [1:  Although the concept of a category mistake decreased in philosophical interest beginning in the eighties, it continues to be a useful analytical tool (Magidor, 2022).] 

The concept of time is an abstraction or generalization from change, especially repetitive, regular change. Transience or change is the essence of time and is so fundamental that it cannot be defined in terms of anything more basic. It is this feature of time that makes it impossible to fully spatialize time (Galton, 2011). Transience is a ubiquitous and irreducible aspect of human experience. It is such a salient feature of conscious experience that it is difficult to understand why some philosophers try to prove that transience doesn’t exist (Hoerl, 2014; Torrengo, 2014). However, in Buddhism, impermanence is the first of the three primary characteristics of existence, the First Dharma Seal (Nhat Hanh, 1999). In this paper, we maintain not only that transience is a feature of human experience, it is also a fundamental characteristic of our local, everyday world.
An abstract concept has no specific, individual referent but applies to many specific instances of the category (Reed, 2016). Levels of abstraction can be revealed in a taxonomic analysis. Lower levels are easily imageable while higher levels are not (Burgoon et al., 2013). Abstract concepts develop through the perception of similarities and through inductive generalization (Sloutsky, 2003). For time, on the lowest level of abstraction, episodes of transience are experienced. On the next level, regular repetition and periodicity are observed. Finally, on a higher level of abstraction, measurements are made with artificial devices which can produce more reliable, regular, repetitive behavior.    
Time is a high-level, abstract concept. Our current concept of time developed over millennia. Early homo sapiens experienced transience. They also experienced repetitive, regular patterns of change in their environment – day and night, seasons, phases of the moon. In the Upper Paleolithic era these patterns began to be documented (De Smedt & De Cruz, 2011). These observations were critical for efficient foraging and agriculture.  Around 1500 B.C., Egyptians invented the sundial for keeping time during the day and the water clock for the night (Orzel, 2022). Clocks provided a way to organize and synchronize human behavior. The invention of pendulum and mechanical clocks further refined the concept of time. More recently, quartz clocks and clocks based on the vibration of cesium atoms which keep time with an error rate of 1 second in 10 million years have improved timekeeping (Jespersen & Fritz-Randolph, 1999). The history of time measurement is a history of a competition between clockmakers to develop a clock producing the most resilient, precise, and regular repetitive behavior; this competition in turn refined the abstract notion of time.   

3. Why Do Some Physicists and Philosophers Spatialize Time?
Humans may tend to spatialize time, in part, because the behavioral and neural processing of time and space overlap (Crollen et al., 2013; Skagerlund et al., 2016). Brain areas include the intraparietal cortex, insula, premotor cortex, supplementary motor area, and the inferior frontal gyrus. Additional studies have revealed that, although there was an overlap, space tended to activate more anterior regions and time more posterior regions (Cona et al., 2021). An asymmetry between space and time activations has also been noted with time activations of shared brain regions stronger for time than for space (Winter et al., 2015). This suggests time processing may depend more on space processing than space on time. 
Spatial metaphors are often used when describing time (Boroditsky, 2000; Casasanto & Boroditsky, 2008). For example, imagine a coach saying to her players, “Ok, that loss is behind us. We need to prepare for the big game ahead of us.” Spatial metaphors for time are common across cultures and languages. However, the way spatial metaphors are implemented may vary widely (de la Fuente et al., 2014; Pitt et al., 2021).  
Physicists may tend to spatialize time so readily because the spatialization of time is pervasive in their culture and a common currency in their language. Also, human brains are organized so there is an overlap between the processing of space and time. Physicists use space to represent space – static marks, numbers, and symbols, on paper or on a digital medium. 
However, a representation of the world might not be complete if it represented space, spatially and represented time spatially without the defining feature of time – transience.  Perhaps one might represent time via a dynamic simulation modeled in a computer. Humans and other mammals continually create dynamic space, time simulations to navigate and act in the world (Currie & Ravenscroft, 1997; Dragoi & Tonegawa, 2010; Johson & Redish, 2007). Dynamic simulations allow humans to pick up a cup and even understand and have empathy for other humans (Decety & Grèzes, 2006; Decety & Jackson, 2006; Herbort & Butz, 2015). 
Physicists may also tend to ignore the fundamental transitory nature of reality because they are so intently focused on finding the ultimate building blocks of nature. Some physicists maintain that time does not exist because it does not appear as a variable describing reality in the most fundamental theories of physics such as loop quantum gravity and string theory (Barbour, 1999; Rovelli, 2006). Sean Carroll (2013) has responded to this suggestion by stating that temperature and pressure didn’t stop being real once physicists realized they were emergent properties of underlying microscopic particles. Therefore, why should they infer from time being derivative that it doesn’t exist. Human beings exist, but they are not fundamental. They are not an illusion. The fact that something is supervenient or not fundamental does not demonstrate that it doesn’t exist. 
The tendency among some physicists and philosophers to undervalue transience is significant because it may be part of the reason why they believe that relativity is inconsistent with temporal experience and that, therefore, human temporal experience is illusory. To the contrary, it is our contention that denigrating the importance or even existence of transience is a fundamental scientific and philosophical error. 

4. Reconciling the Temporal Experience of the Present with Relativity Theory
4.1 The Phenomenal Conscious Present (Now) and Sensory Memory
When one experiences the present, one does not experience an infinitesimal temporal point.  One experiences a temporal expanse.  “The practically cognized present is no knife-edge, but a saddle-back, with a certain breadth of its own on which we sit perched, and from which we look in two directions into time” (James, 1890, p. 611).  This is the idea of the specious present. If we consider the phenomenal conscious present to be one’s sensory experience of the present, then the phenomenal conscious present can be identified with sensory memory.  Sensory memory is rich in detail but persists for only a brief time. Visual sensory memory or iconic memory persists for approximately 250 ms (Rensink, 2014), auditory sensory or echoic memory for 3-4 seconds (Crowder, 1982), and tactile or haptic sensory memory for 2 seconds (Millar, 1974; Sinclair et al., 2000).  A possible substrate for iconic memory has been identified.  Once stimulated, neurons in primary visual cortex continue firing.  However, their firing does not have a long enough duration to account for the persistence of iconic memory.  Neurons in higher stages of visual shape processing in the inferior temporal cortex and anterior superior temporal sulcus fire with the necessary persistence and, therefore, must be included in the neural correlates of sensory memory (Keysers et al., 2005).  
4.2 Newtonian Physics and Time
Newton’s classical physics provided an excellent description of the world of middle-sized objects at rest or moving at slow to moderate speeds (Disalle, 2006; Newton, 1687/1846).  His laws were also applied successfully to the solar system.  Due to the fact that his physics accurately described our everyday world, his ideas persisted relatively unchallenged for over a century (Rynaseiwicz, 2014) .  Newton’s physics did not seem inconsistent with our experience of time.  He postulated the existence of what has been referred to as absolute space and absolute time.  This meant that spatial measurements would be invariant from any perspective or frame of reference, whether moving or still.  It was assumed that there was an absolute frame of reference with respect to which something was moving or at rest.  Similarly, it was assumed that there was an absolute time that was the same throughout space and for all frames of reference, whether moving or at rest.  
Newton’s physics was consistent with our experience of time.  The present could be special, and it could be that the only things that exist are in the present moment because the present moment is the same throughout the universe.  A classical Now could be “a global hypersurface of simultaneous events” (Savitt, 2009, p. 352). Transience could be “the successive occurrence of global Nows” (Savitt, 2009, p.354).  The past could fade into nonexistence, and the future could be yet to exist.  The future could pass or flow into the present and then into the past.  It was possible to envision different fully determined spatial states coming into existence in the universal now and in synch with the now of experience.  Time could “flow” both phenomenally and physically, and time could have a direction from the past, to the present, and toward the future.  This could be represented as a four-dimensional hyperspace with three dimensions of space and one of time (Freidman, 1977).  Then, in the early twentieth century, there were two revolutions in physics – relativity theory and quantum theory.  
4.3 Einstein’s Relativity Theory and Time
It was assumed in classical physics that light had a wave nature and, therefore, like the waves in the ocean, needed a medium (ether) within which to propagate.  Since the earth’s speed around the sun is approximately 30 km/s, it was believed that the speed of light would be different when measured on one side of the sun from the speed when measured as the earth was on the opposite side of the sun going in the opposite direction.  Michelson and Morley (1887) did these measurements and found no difference.  Einstein (1905, 1996, 1916/2010) was able to make sense of the observations of the Michelson-Morley experiment by dropping the assumptions of absolute space and time and instead assuming that the speed of light was constant for all perspectives or frames of reference.  But this reconceptualization had vast consequences for physicists’ understanding of space and time.  A distance in space was not the same from all perspectives. Neither was a duration in time the same from all frames of reference.  Events were not simultaneous or even in the same order for all frames of reference.  Now, simultaneity, past, present, and future were all relative to frame of reference.      
Since simultaneity was no longer common throughout the universe and universal, simultaneous change was no longer taking place, it became difficult to understand where the experience of now as uniquely existing as part of the “flow” of time fit into the physical universe.  According to the special theory of relativity, only space-time intervals where invariant to frame of reference.  The universe was conceptualized as a space-time world-block with no events in the world-block being real or existing more than any other events.  Without absolute simultaneity, presentism, the idea that only simultaneous events in the present exist, was no longer tenable (Saunders, 2002).  
4.4 The Compatibility of the Experienced Now with Relativity Theory
As previously noted, if relativity theory is true, there is no such thing as simultaneity throughout space in the universe, and the present cannot be the same throughout the universe.  Nevertheless, it is still possible to reconcile one’s experience of the present with relativity theory.  Steven Savitt (2000, 2006, 2009) and Richard Arthur (2006; 2010) developed an excellent explanation of how one’s subjective, conscious experience of the present moment or now can be reconciled with special relativity.  In special relativity, there are no global Nows, however, there could be local Nows and transience could then be the successive occurrence of local Nows along a timelike worldline. 
A timelike worldline through a point P is a line within P’s light cone (See Figure 1, pp. 44-45). For such a worldline, where P has the coordinates (x, y, z, t) the equation for the timelike vector dx, dy, dz, dt along the line would be:  
dτ = (c2dt2-dx2-dy2-dz2)/c (Minkowski, 1908/1952, p.85)
The integral along the line from beginning point PO to end point P is the proper time of P. The Minkowski spacetime proper time is:
τ = (c2dt2-dx2-dy2-dz2)/c Where τ = proper time (Arthur, 2010, p. 160)
Proper time is invariant and independent of coordinates. 
Proper time is represented in general relativity by:
τ = (-gαβdxαdxβ)1/2  (Misner et al., 1973, p. 393)
Due, in part, to the strong equivalence principle, proper time is also invariant in general relativity. 
Local Nows are based on the temporal persistence of consciousness, the specious present. Savitt (2009) developed the idea of an extended and briefly persistent (1 second) specious present based on a discussion he had with an unnamed psychologist. Arthur (2006) used the duration of 1/50th of a second based on movies projecting at 25 frames per second. In other words, he based his choice for temporal interval on the temporal discrimination limits of the visual system – flicker fusion frequency. Limits to visual perception of external stimuli, however, are not directly relevant to the conscious experience of now. This is because perception partly depends on receptor cells such as rods and cones in the retina which take time to reset after being stimulated and thereby contribute to how long it takes for the sensory system to reset and be prepared to respond to a new stimulus, not how long a stimulus persists in consciousness. Savitt’s estimate of the duration of the specious present is based on a suggestion of an anonymous colleague, not on specific psychological research results. A more accurate estimate should be based on specific empirical studies. 
Given the durations of sensory memory reported above in Section 4.1 of this paper, the temporal duration for the specious present should probably be 250 milliseconds to 4 seconds. The local Now can then be derived from this estimate using John Winnie’s (1977) description of the Alexandroff interval. The Alexandroff interval for two events e1 and e2 in space-time (ALEX (e1, e2)) is “the set of all events chronologically between e1 and e2” (Winnie, 1977, p. 156). When e1 and e2 are chronologically connected, then the Alexandroff interval consists of those events in the interior of the intersection of their light cones. Savitt (2009, p. 357) proposed that “ALEX (e1, e2) is the present for the interval from e1 to e2 along” the timelike worldline in proper time. However, in mathematical physics, a line is a series of infinitesimal points and not representative of a human being. An experiencing person is a physical system, an embodied set of brain processes, which could perhaps be represented more accurately by a timelike worldtube in relativistic space-time (Butterfield, 2006; Dieks, 2006). 
Thus, sense is made of a local present within the context of special relativity. The geometrical shape with two dimensions of space and one of time would correctly be called a “bicone” (See Figure 2, pp. 46-47). In three dimensions of space and one of time, it would be termed a “hyperbicone.” 
This analysis can help explain the face validity of Newtonian space-time.  In the Alexandroff interval (causal bicone), the local present of events is quite extensive.  In the “specious present, light travels a spatial distance that bears a very large ratio to the spatial extent of our bodies or of ordinary objects” (Stein, 1991, p.161).  Light travels in one second, in a vacuum, approximately 300,000 km.  Therefore, in the specious present (250 millisecond to 4 seconds duration in proper time), light travels 75.000 to 1,200,000 km. The circumference of the earth is 40,070 km (National Aeronautics and Space Administration, n.d.). Therefore, this distance would contain the events that are locally present in a human causal bicone which would extend to contain the entire surface of the earth or biosphere, all the everyday activities of human beings.  
Timelike worldtubes and invariant proper time also exist in general relativity (Arthur, 2008; Schutz, 2009). Therefore, the Alexandroff interval strategy to reconcile the experience of now and special relativity should be applicable to the general theory of relativity.
4.5 The Newtonian Limit
No objects move at the speed of light around us except electromagnetic radiation and tiny particles like cosmic rays. We don’t experience these particles directly.  Due to the large magnitude of the speed of light, relativistic effects such length contraction and time dilation are generally not relevant to or noticeable in our daily lives.  According to special relativity, calculation of the length contraction made for a vehicle 20 meters long going 100 kilometers per hour relative to an outside observer would yield:  Length =20m X .999999999999 ~ 20m. The change in the length of the vehicle going 100 km/hr would be negligible. 
For time dilation, consider the following:
Frame 1 (truck) is moving relative to Frame 2 (sidewalk) at a velocity v
Δt1 is the change in clock time in Frame 1 (truck) measured from Frame 1 (truck)
Δt2 is the change in clock time in Frame 1 (truck) measured from Frame 2 (sidewalk)
The equation for time dilation is (Bohm, 1965/2009; Resnick,1968):
Δt2 = (Δt1+vΔx/c2)/(1-v2/c2)1/2
[bookmark: _Hlk105330639]Notice that if v is very small with respect to c, (1-v2/c2)1/2 approaches 1, vΔx/c2 approaches 0, and the t1-t2 difference becomes miniscule. If v equals a driving speed of 100 km/hr then (1-v2/c2)1/2 becomes approximately (1-10-14)1/2 ~ 1. There is no noticeable effect on time in either the truck frame or the sidewalk frame. 
This is why special relativistic effects are negligible in our daily lives and also why Newton’s physics is a close fit to our common-sense picture of the world. Some philosophers have said that when a new theory of the universe is confirmed one should discard the old theory and completely replace it with new theory (Feyerabend, 1965; Kuhn, 1962). Given the success of Newtonian physics, however, the special theory of relativity must demonstrate that it approaches Newtonian physics at the Newtonian limit when v<<c. 
The same reasoning holds for general relativity. Collier (2012) has demonstrated how Newton’s laws can be derived from the formalism of general relativity. The Newtonian limit is specified with three assumptions:
1. A particle of negligible mass is moving slowly relative to the speed of light. 
2. There is a weak gravity field. 
3. The field is static (Collier, 2012, p. 180).
Under these conditions, Newton’s First Law is derived as d2x/dt2 = 0 (Collier, 2012, p. 181). The Second Law is given as Fμ = DPμ/dτ (Collier, 2012, p. 181), where Fμ is force, Pμ is momentum, and D is the absolute derivative. The vector form of Newton’s law of universal gravitation is derived as F = (Gm1m2/IrI2)ȓ (Collier, 2012, p. 184). Thus, at the Newtonian limit, the general theory of relativity converges on Newtonian physics. Under similar assumptions, Rovelli (2021) also has derived Newton’s law of gravitation.  
General relativity predicts time dilation – clocks run slower in stronger gravity. Rovelli (2021) describes a situation where one clock is on the surface of the earth, and another is taken to an altitude h. Then the up-clock is brought back to earth and compared with the down-clock. “Here, the proper time is Tup =  ((1 + 2gh)dt2)1/2 ∼ (1 + gh)t > Tdown“ (Rovelli, 2021, p. 79). In calculating the time difference when the upper clock is one meter higher than the lower clock for 100 days, Rovelli finds the lower clock to be one nanosecond (a billionth of a second) late relative to the upper clock. Hardly a difference that makes a difference for daily life. 
Chou et al. (2010) measured the effect of gravitational time dilation at a difference of 33 centimeters. They found the time difference to be approximately 90 billionths of a second over a human life span, much too small for humans to perceive directly (National Institute of Standards and Technology, 2010). Again, not a noticeable difference. 
Both general and special relativity converge on the Newtonian limit at the speeds and gravity we experience in our everyday world. It is our experience of this quasi-Newtonian world, completely compatible with special and general relativity, along with our internal experiences that results in our temporal experience and our everyday understanding of time. In addition, our first-person experience of the specious present is no illusion and can be interpreted as underpinning a local now within the framework of special and general relativity. We have, therefore, demonstrated that human experience of the present is veridical for all practical purposes and perfectly compatible with relativity.   

5. Reconciling the Temporal Experience of Transience with Relativity Theory
5.1 Some Arguments Against the Phenomenology of Transience
Leaving the issue of the past, present, and future aside for now, transience or change is a salient feature of human temporal experience. Transience is often referred to metaphorically as the “flow or passage of time.” We will not use this, as noted previously, conceptually confused metaphor and will use “transience” or “change” instead. We will first examine a claim that the experience of transience is an illusion. For example, Robin Le Poidevin (2007) maintains that the fact that some experiences of motion are illusions due to the mind projecting motion on the world suggests that the perception of motion is not just a passive phenomenon, but involves constructive mental activity. He then states that, therefore, one should be wary of concluding from one’s perception of motion or change that transience exists in the world (i.e., time flows). Clearly, this argument is fallacious because it does not follow from some experiences of motion or change being illusory that all or even many are illusory. Although behavioral studies have demonstrated that our perceptual systems have imperfections, such as the attentional blink (Shapiro et al., 1997) and jittery eye movements (Bridgeman et al., 1994), the nervous system often has ways of compensating for these challenges (Martens & Wyble, 2010). Nevertheless, perception is never perfect. 
L. A. Paul (2010) in her paper, “Temporal Experience,” cites several studies of illusory motion including the “color-phi” experiment in which nothing is moving but dots appear to change color as they move (Kolers & Grünau, 1976). In summary, she argues that because these studies demonstrate that illusory motion is possible, the statement that we experience change because our brains produce an illusion of change is just as reasonable as the statement that we experience change because our brain perceives change occurring in the world. Again, this appears to be an unwarranted generalization from some anomalous cases.[footnoteRef:2]  [2:  Deng (2013), in her paper, “On Explaining Why Time Seems to Pass,” has provided a more detailed critique of these arguments. 
] 

What motivates philosophers to advance weak or even invalid arguments such as these? Miller (2019) believes that many philosophers argue for transience being an illusion or a cognitive error because they are motivated by the belief that contemporary physics is incompatible with transience. In the following section, we demonstrate that relativity and our experience of transience are compatible and that there is no reason to argue for unsupported alternatives to transience in experience or in physics. 
5.2 Transience and Causal Bicones
In previous sections, 4.4 and 4.5, we explained how our temporal experience of now could be reconciled with relativity theory by identifying the experienced now with an Alexandroff interval on a timelike worldtube in proper time. We demonstrated how the special and general theories converge toward a Newtonian description of our everyday world of v<<c and weak, stable gravity. These ideas can be used to reconcile the human experience of transience with relativity theory. 
Transience is a fundamental feature of human temporal experience. According to Henri Bergson (1922/1965, p. 65), “time is succession.” Husserl (1965/1991), in his On the Phenomenology of Consciousness of Internal Time, states that when we experience the present, our experience includes an intentional act directed toward the present (presentation), a residue from the past (retention), and an anticipation of the future (protention). This allows for the perception of duration and succession (Gallagher, 2017).  
Since there is no global Now or universal temporal hyperplanes in relativistic spacetime, it might seem impossible for relativity to be compatible with the temporal experience of transience. However, a reconciliation of relativity theory with the human experience of transience can be accomplished by demonstrating how there can be a local succession of Alexandroff intervals, causal bicones, or local Nows (Savitt, 2020). The succession of partially-ordered, local causal bicones in proper time along timelike worldtubes would be consistent with relativity theory. Proper time is critical to this model because, “… its intervals are path-dependent, frame-independent, and invariant under change of reference frame” (Arthur, 2008, p. 226).  Of course, one would need to give up the possibility of universe-wide hyperplanes of simultaneity. Instead, one would have a multiplicity of partially-ordered, causal bicones on timelike worldltubes consistent with both our experience of transitivity and relativity theory. These bicones would overlap, not perfectly, but sufficiently so that there would be no noticeable asynchrony for earth-bound human beings. Thus, we have reconciled the human experience of transience with relativity theory.  

6. Reconciling the Temporal Experience of the Arrow of Time with the Physical Arrow of Time 
Just as the key to reconciling the special and general relativity theories with human temporal experience was to emphasize local application rather global application of the theories, the same will be the case for the arrow of time. By focusing on local consequences of theories, we will be able to achieve a reconciliation between the human experience of the direction of time and physical theories of time. 
6.1 Past-Present-Future Arrow of Time
Human beings distinguish the past, present, and future. According to G. J. Whitrow (1972), “In man’s case, awareness of the distinction between past, present and future must have been the result of conscious reflection on the human situation” (p. 3). According to Whitrow, this ability is unique to human beings. At least in modern industrialized societies, where our lives are governed by the clock, we make a fairly well-defined distinction between the past, present, and future. For example, years ago, one of the authors assisted in making malasadas (a fried dough coated with sugar) at a high school carnival event. Now that event is in the past, but it has left traces. He has memories of the event, and he has a colorfully printed “MALASADA” t-shirt. He doesn’t know when the t-shirt will disintegrate in the future. This example illustrates one way in which we experience time having a direction – the past-present-future arrow of time.  
The distinction between past, present, and future is fundamental to Husserl’s theory of time consciousness (Grush, 2006; Husserl, 1965/1991; Mensch, 2014). Psychologists study the human experience of the past, present and future. People who tend to brood think about the past more than the future, while the reverse is true for optimists (Beaty et al, 2019). When people mentally time travel to an imagined past event or future event, or actually remember a past event, the activated regions in their brains are different from when they imagine the event in the present (Nyberg et al., 2010). The Zimbardo Time Perception Inventory was developed to evaluate attitudes toward the past, present and future (Zimbardo & Boyd, 1999). This is only a tiny sampling of psychological studies on the human experience of tense. It should be clear that this experience is a fundamental aspect of human temporal experience. 
We will now show how the human temporal experience of past, present, and future can be reconciled with physics. In the last section, we demonstrated how the experience of transience can be reconciled with relativity theory. The past, present, and future can be understood as a sequence or continuity of local nows, Alexandroff intervals or causal bicones along a timelike worldtube in proper time. If, following Hawking and Ellis (1973), we accept a reasonable chronology condition, causality condition, or strong causality condition, closed timelike curves can be ruled out (Arthur, 2008). Then the present would be the causal bicone corresponding to the current specious present on a person’s worldtube. The past would be the causal bicones on their worldtube prior to the current causal bicone and the future would be the causal bicones after the current causal bicone.  
Even though there is no global hyperplane of simultaneity, a shared past, present and future could be conceptualized as follows: The biosphere of the earth would contain billions of human timelike worldtubes and corresponding sequences of causal bicones. The sequences of bicones would overlap but not completely. However, since the effects of special and general relativity (as we have demonstrated) are miniscule and irrelevant for daily life, any discrepancies between humans would be inconsequential. Humans, for all practical purposes, would share a common past, present, and future. 
6.2 Thermodynamic Arrow of Time
We observe changes in our environment that appear to be irreversible. An egg cracked into a frying pan never reconstructs itself; a burnt piece of paper turns into smoke and ashes and never converts itself back into paper. These observations contribute to our feeling that time has a direction. Fortunately, thermodynamics and statistical mechanics have provided at least a partial explanation of these phenomena. 
According to Lebowitz (1993b, p. 2), Boltzmann developed a statistical theory of time-asymmetric and irreversible, nonequilibrium behavior relating microstates to macrostates. He created an equation for entropy (SB) based, in part, upon the phase space volume of a macrostate and was able to relate SB to Clausius’ macroscopic entropy. Lebowitz (1993a) illustrates this by considering a cubic container divided into two equal parts by a wall separating two liquids. When the wall is removed, the phase space increases dramatically. Where N equals the number of particles, “for one mole of fluid in a 1-liter container the volume ratio of the unconstrained region to the constrained one is of the order of 2N or 10^10^20,” where “^” means “to the power” (Lebowitz, 1993a, p. 35). There will be a movement to newly available regions of phase space until equilibrium is achieved. At that point, there will be, “only small fluctuations from equilibrium unless we wait for times that are much larger than the age of the universe” (Lebowitz, 1993a, p. 35). The laws governing particles are reversible, but the wait time for a full reversal can be more than astronomical.[footnoteRef:3]  [3:  Loewenstein (2003) calculates the time for a reversal of a drop of saltwater 101,000,000,000,000 years while the time since the big bang is only 1010 years.] 

Although these probabilities and temporal periods are staggering, due to the temporal invariance of the laws governing particles of matter, they do not fully explain the thermodynamic arrow of time. Cosmological assumptions must be made (Price, 2004). The most common hypothesis proposed by physicists is that the universe was in an exceedingly low entropy state shortly after the big bang (Callender, 2021). This allowed the clumping together of matter to form stars and galaxies – our medium entropy universe in which processes move from lower to higher states of entropy (Carroll, 2010). However, this is but one of a plethora of hypotheses advanced by physicists, and the science does not appear to be settled at this time (Barbour et al., 2014; Carroll & Chen, 2005). 
Regarding the goal of this paper, to reconcile our experience of time with the physics of time, it appears that most physicists accept the thermodynamic arrow of time that we experience, even though the explanation of the phenomenon is not yet complete. 
6.3 Self-Organization Arrow of Time
All living organisms are self-organizing systems, take in energy from the environment, maintain or develop a more complex organization, and release entropy into the environment. In the 1700’s, Kant (1790/1914) described an organized and self-organizing being as one for which “its parts should so combine in the unity of a whole that they are reciprocally cause and effect of each other’s form. Only in this way can the Idea of the whole conversely (reciprocally) determine the form and combination of all the parts” (Section 65). 
Although entropic processes may underlie one arrow of time, the increase in organization and complexity in the earth’s biosphere supports another arrow. Self-organizing systems may be defined as physical-biological, hierarchical systems in which higher-level structures develop from interactions between lower-level components of the system (Camazine, 2006). Self-organizing systems can change their internal structure and, thereby, change their function to adapt to external fluctuations (Banzhaf, 2009). They are open, dissipative systems. They operate far from thermodynamic equilibrium and exchange energy and matter with the environment. Since they are open systems, they can avoid violating the Second Law of Thermodynamics by “paying” for an increase in organization with an increase in entropy in the environment (Davies et al., 2013; Kondepudi et al., 2020).[footnoteRef:4]  [4:  Self-organization is an essential feature of brains, especially human brains (Haken, 2007; Kelso, 1995).  ] 

Life forms not only self-organize, they evolve into more diverse and complex forms through random-variation and selective-retention and many other evolutionary processes (Gould, 2002). Through a variety of biochemical reactions (Smith, 2013), self-organization and evolution, a biosphere has formed on the surface of the earth (Kauffman, 2019), a biosphere of increasing diversity and complexity. Humans live in this biosphere, experience the increase in complexity, and know of it through written and paleontological-archeological records. Clearly, this is one source of the local, humanly experienced arrow of time.   

6.4 Epistemological Arrow of Time
Another source of our experience of the direction of time is the anisotropy of knowledge – the epistemological arrow of time. A precondition for the existence of this arrow may be the low entropy initial conditions of the universe (Callender, 2021). Nevertheless, the experience is universal. One can determine what the exact closing price of a stock, say Netflix, was on a specific day a month ago simply by checking online or the Wall Street Journal. However, one cannot predict with anywhere near the same degree of specificity what the stock price will be on a day one month in the future (Malkiel, 1973). The best one could do would be to estimate the probability that Netflix’s price would lie in a certain range (Mandelbrot, 1999). 
Although all alleged knowledge is fallible, we seem to have much more precise and detailed knowledge of the past than we do of the future. We have verifiable knowledge of the past but only guesses about what the future will hold. And these guesses are based primarily on our knowledge of the past through memories in our brains and external traces in the environment (Addis et al., 2007; Schacter et al., 2007; Talluri et al., 2021). Our autobiographical memories provide us with a concept of our self over time (Addis & Tippett, 2013; Martinelli et al., 2012). We can consult written history, archeological digs, and the geologic record to arrive at an understanding of the history of the earth (Ogg, 2004). 
Our light cone integrated through human history captures an exceedingly thin slice of what has been happening, but it reveals the way things were over a long range of time in a large universe that offers a lot to see and to seek to interpret. (Peebles, 2020, p. 2)                                                                
We don’t know the future with any surety or specificity because it hasn’t happened yet on our collective worldtubes. 
There are many other arrows of time. The mutability arrow: we feel the future is changeable or open while the past is fixed or closed; the past has happened, the future hasn’t happened. The emotion arrow: we feel differently about the future than we do about the past. The causal arrow: we experience causes to occur before their effects (Reichenbach, 1956). Due to space considerations, we will not be able to consider these arrows of time in this paper. 

7. Conclusion
To sum up, we demonstrated how when physical theories are applied locally, the alleged incompatibilities between human temporal experience and these theories becomes vanishingly small. We identified the definitive feature of time to be transience. Time is a higher level, abstract concept which has evolved over millennia. We explained how humans in general and physicists in particular are prone to spatialize time. This may be part of the explanation of why physicists tend to exclude transience from their theories. We then used the concept of Alexandroff intervals or causal bicones and the interpretation of relativity theory at the Newtonian limit to demonstrate how the special and general theories of relativity are compatible with the human temporal experience of the present, transience, and the past-present-future arrow of time. We then explained how the human temporal experience of the thermodynamic arrow, the self-organizing systems arrow, and the epistemological arrow of time is consistent with physical descriptions of these arrows when physics is interpreted locally.  
It is our hope that this reconciliation of temporal experience with the physics of time, the manifest image with the scientific image of time, will encourage philosophers and physicists to search for more ways to integrate physical theories with experience instead of rejecting the veridical nature of human experience or even its reality.
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Figure 1. Past and future light cones of point P with vertical timelike worldline.  
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Figure 2. A human specious-present, timelike worldtube (exaggerated in size) with future light cone of A and past light cone of B. 
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