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A STRUCTURE OF EXPERIENCED TIME

Ivan M. Havel

Abstract. The subjective experience of time will be taken as a primary motivation for an alternative, essentially discontinuous conception of time. Two types of such experience will be discussed, one based on personal episodic memory, the other on the theoretical fine texture of experienced time below the threshold of phenomenal awareness. The former case implies a discrete structure of temporal episodes on a large scale, while the latter case suggests endowing psychological time with a granular structure on a small scale, i.e., interpreting it as a semi-ordered flow of smeared (not point-like) subliminal time grains. Only on an intermediate temporal scale would the subjectively felt continuity and fluency of time emerge. Consequently, there is no locally smooth mapping of phenomenal time onto the real number continuum. Such a model has certain advantages; for instance, it avoids counterintuitive interpretations of some neuropsychological experiments (e.g., Libet's measurement) in which the temporal order of events is crucial.
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1    Introduction

   Hypothetically, time might be smooth 
or rough, prickly or silky, hard or soft.

            


             Alan Lightman

In this essay I intend to question the usual conceptualizations of time that either utilize the mathematically motivated idea of a linearly ordered homogeneous continuum, or rely on folk psychology of common experience of events smoothly and orderly flowing from the future through the present to the past.

With only few exceptions the mathematically idealized concept of homogeneous time is taken for granted in most sciences with the role of the best, if not the only, model of absolute objective (meta)physical time. Indeed, there are at least two advantages of such an approach, one of them coming from the fact that the properties of mathematical continuum allow for the use of the most powerful tools of infinitesimal calculus (utilized most in physical sciences); the second advantage stemming from the universality of absolute objective time that provides a basis to link up ideas (and empirical data) of diverse disciplines. 

On the other hand, in philosophical phenomenology and, in particular, in the newly emerging consciousness studies, the idea of subjective temporal experience, characterized by the triad of the past, present, and future, plays a dominant role. However, attempts to unify the two conceptions of time realistically are doomed to failure. McThaggart [1] demonstrated that two models of time, one called the A-series (with the subjective past–present–future distinction) and the other called the B-series (with the objective earlier–later ordering), are mutually incompatible under the supposition of realism. 

The prevailing practice is pushing aside the one or the other conception as irrelevant for a particular area of study. Thus, in physical sciences (perhaps excluding subquantum theories), the Newtonian claim that “absolute true and mathematical time, on itself and by its own nature, flows uniformly, without regard to anything external” (cited in [2]) has an enduring influence. In classical physics the basic attributes of time followed from its homogeneity, including its infinity, continuity, and uniformity. As Čapek points out:

No matter how narrow a temporal interval may be, its limits remain always in the relation of succession, the first being earlier, the second later. Time flows even within its smallest intervals, because, strictly speaking, there are no smallest intervals. ([2], p. 40)

Even the relativistic view of time as dependent on (the relative motion of) the observer does not open the question of the first-person temporal experience. As Einstein himself writes:

For us who are convinced physicists, the distinction between past, present, and future is only an illusion, however persistent. [3] 

On the contrary philosophical phenomenology since Husserl [4] follows the program of “bracketing” all objective scientific ideas and concentrates on the analysis of human internal experience including temporal consciousness. 

However, even before Husserl, William James [5] developed the idea of specious present (Clay's term) to capture the intuited duration of conscious present with a „vaguely vanishing backward and forward fringe“ ([5], p. 613) and he cited various psychological measurements of the duration of the present in the standards of objective time. More recently philosophers of the analytical tradition have turned their attention to temporality  and posed the question of relationship between subjective and objective time. John Searle  somewhat modestly writes: 

Notoriously, phenomenological time does not exactly match real time, but I do not know how to account for the systematic character of the disparities.” ([6], p. 127) 

Other philosophers, like Daniel Dennett [7, 8], make the effort to include observations of brain research into the account. In this respect the program of “neurophenomenology” should be mentioned, launched by the late Francisco Varela [9]. For the approach in this paper the work by Shaun Gallagher [10] is particularly relevant and I take the liberty to start by quoting his somewhat metaphorical statement that could be a watch-phrase of the present study:

Instead of experience organized in a temporal stream, experience may be more like a rain against a finite surface, droplets of experience splashing together forming puddles of meaning which only sometimes flow together to create a short-lived stream. (p. 201)

I intend to propose a formal structure of  time (to be called “granular” time later on) that radically differs from, but not replaces, both the common-sense and the conventionally scientific (linear and continuous) structure of time. By inserting the phrase  “but not replaces” I want to entertain the idea of complementarity (epistemological as well as metaphysical) of the two conceptions. Correspondingly, Gallagher continues: 

If time is indeed a mystery that resists final definition […] then we need […] an incomplete set of theories that keep each other off balance, that undermine the formation of a Grand Theory of time. We need a metaphor of stream as much as the metaphor of incessant rain. (ibid., p. 202).

2    The Twofold Way of Reflecting Temporal Experience

A promising point of departure might be to distinguish two ways that the originally pre-reflective lived experience may be submitted to subsequent reflective scrutiny. In any such reflection two tendencies can be distinguished: one aiming at a first-person, subject-oriented phenomenal account of experience; the other relying on a third-person, intersubjective or objective description of a situation behind such experience. In both cases we focus on temporal modality of lived situations that is only one of several basic experiential modalities (let us call them so; the others may be space, scenic structure, various types of efficacy or causality, movement in the most general sense, own body, own self, other selves, significance of situation etc., see [11]). To focus on temporality does not mean neglecting other modalities since all modalities are mutually interconnected and the analysis of one requires (at least) a reference to others (for instance the spatial and temporal modalities are tightly connected in the notion of movement).

In Figure 1 there is a general schema that may help to clarify our framework (it holds for other modalities as well). Here “pre-reflective” does not mean non-conscious; in fact it is the other way around: when I reflect on a particular experience I think about it, and even if such thinking is also a sort of experience, it is not the experience that I thematize in my reflection (correspondingly one should distinguish introspection from real experience of one's self).

The arrows (a) and (b) in Fig. 1 represent two extreme types of tendency in common-sense reflection. Type (a) leads to a phenomenal, or “first-person” account, type (b) yields an objective or intersubjective “third-person” account, typically based on, or influenced by, the scientific vocabulary. (In this essay I occasionally use the grammatical first-person singular or even the rhetorical second-person singular to stress the type (a) tendency in reflection of our experience. However, once anything is expressed in words, it automatically acquires a semi-objectified nature.) 

The fact that I experience some events as present (or just past), I remember some events as past, and I anticipate some events as future is related to the type (a) of reflection. I can objectify some experiences (horizontal arrow from the right to the left in Fig. 1) by associating some objective dates with events and sorting them with respect to the earlier–later relation of the mentioned McTaggard's B-series. 

As a matter of fact, A-series can be dealt with as it were an outcome of an objectification of common human experience of the past–present–future triad. 
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Now, due to the essential role of objective linear time, whether in historiography, in our 

daily routines, or in science, it is hard to imagine pure first-person temporality. The idea of objective time plays the role of an ever present background for any such imagination. 

Gallagher [10] emphasizes the role of much more and deeper background, called prenoetic past: “traditions, linguistic structures, social–economic forces that are hidden, yet operative within intentional life” (p. 166) and prenoetic future: “that which is not yet and is completely indeterminate affects our possibilities and constrains what we can project from out of the present,” above all undoubtedly our death (p. 175). In this study I do not take into account the pre-reflexive nature and origin of experience, as for instance the inter-subjective origin of temporality.  Rather I  would like to open up a theoretical/scientific analysis of any possible common-sense reflection (as opposed to informed philosophical reflection) of experience of temporality.

3     Multiplicity of Temporal Scales

[image: image2.bmp]Most natural sciences study events and processes occurring in objective time. Besides certain obvious facts about typical time scales of particular study areas (cosmology, paleontology, history…, all the way down to molecular reactions and interactions of elementary particles) there are relatively few studies concerned with the multiplicity of scales as such and their ordering and interrelationship ([12, 13]). Imagine a collection of time arrows, each with its own characteristic time-scale unit, and order the arrows according to the length of that unit  (e.g. microseconds, min​utes, hours, years, decades, centuries, millennia, etc.). Imagine further that this ordered collection of arrows is arbitrarily extended in both directions, and moreover, that arbitrary number of new intermediate arrows can be inserted between any already existing pair of arrows. This yields a new imaginary continuum that I will call the temporal scale axis (TS). Each point of this axis corresponds to a time arrow of a certain specific scale (cf. Fig. 2, upper line).

This construction enables formulating various ideas in geometrical language. For instance the discourse of a typical scientific discipline is often restricted to a certain segment of TS with fuzzy boundaries towards the small as well as towards the large scales. In Fig. 2 a segment corresponding (roughly) to the span of scales more or less relevant to human cognition is depicted by the small ellipse on the TS axis. (It may range from microseconds of neural events to months of medium-term learning and memory). By zooming in this segment we obtain a more detailed scale axis TS' and zooming in once more yields a segment relevant to human consciousness (axis TS''). This last segment turns out to be particularly important for discussions about possibilities of projecting the present-time consciousness onto the objective time-line.

Several significant temporal scales (with respect to physical time) are marked  in Fig. 2: (a) sensory fusion thresholds [14, p. 108]], (b) micro-cognitive phenomena (e.g. shape and color detection), (c) cognitive acts (perceptual recognition, delays in conscious experience), (d) descriptive and narrative assessments (typical utterances), conscious control of action, (e) preplanning of action, (f) reasoning, typical period of stable concentration (lectures, movies, masses etc.), (g) formation of individual character (life-long), (h) evolution. (Compiled mainly from [9, 14–16].) 

One of the characteristics of human consciousness is the limited span of relevant temporal scales of experience. On one side of the spectrum there is the liminal discernability in conscious perception of short temporal intervals (tens to hundreds of milliseconds); on the other side there is the ability of autobiographic memory to grasp extended periods of personal life (decades). Everything below or above these two horizons is accessible only through indirect knowledge, either from scientific measurements or from historical data.

In spite of the scientific assumptions about the absolute objective time, particular disciplines or areas of study have their own, seldom explicitly thematized, horizons of relevant scales. 

Events with duration near the scale horizon cease to be relevant; those of duration beyond the horizon are irrelevant. I will use the term domain of discourse to capture this feature (among others) of various areas of scientific (and not only scientific) investigation. In view of the fact that besides the time-scale limitation there are other boundaries of a given domain of discourse (for instance space-scale horizon) I suggest the general concept of the domain horizon to capture the intuition of the shadowy fringes of the expressive and explanatory power of concepts, laws, and theories of the area in question.

Besides the domain horizon there are other attributes that characterize a domain of discourse, for instance domain-specific types of causal efficacy and pertinent causal laws. One of the advantages of talking about domains of discourse is that it enables a distinction between two kinds of concepts, relations and facts: those that are “endemic” (specific to a particular domain) and those that  link up two or more domains (are shared by them, bind them causally, are correlated etc.). 

There are at least three domains of discourse particularly relevant to experience of temporality: the phenomenal domain (the domain of first-person conscious experience), the psychological domain (the causal or explanatory basis for behavior described in the third-person way) and the neuroscientific domain (concerned with neural and brain functioning). The distinction between the first two domains is more philosophical (cf. Chalmers [17]), while the psychological and neuroscientific domains differ more or less in the scale of phenomena under study. Part of the tentative strategy of this study will be treating the concept of time as if it were endemic to a particular domain. This would give a certain freedom in considering various alternatives for the fine texture of time. 

Specifically, I will be concerned with the option of discrete, granular texture of time at the subliminal level. First let me point out a supporting intuition based on the large-scale structure of phenomenal time.

4     The Emergence of Autobiographical Time

Close your eyes and try to recall a concrete situation or event from your past life that persists in your memory. It may be, for instance, an event from your childhood, a party, your wedding ceremony, your yesterday's searching for lost glasses. Let us call any such event, in general, an episode of your life. Even if you may recall the episode very vividly you do not repeat your living through it and your present experience is experience of something else: an experience of  recollection of the episode. There are some processes in the brain that make it possible but brain science does not know yet where exactly and how it happens. There is at least a term for it used by Tulving [18], namely the episodic (or autobiographic) memory:

Episodic memory is a recently evolved, late-developing, and early-deteriorating past-oriented memory system, more vulnerable than other memory systems to neuronal dysfunction, and probably unique to humans. It makes possible mental time travel through subjective time, from the present to the past, thus allowing one to re-experience, through autonoetic awareness, one's own previous experiences. […] The essence of episodic memory lies in the conjunction of three concepts –– self, autonoetic awareness, and subjectively sensed time.

Note that physiological discourse is here somewhat carelessly linked to a subjective mental discourse. Moreover, some authors mention  “preservation of some sort of place keeping and time tagging” ([19], p. 262) as a central characteristic of episodic processing. 

In our view, however, no a priori temporal coordinate line exists that would make such a 'time tagging' exact. Yet, in my intuitive reflection, I apprehend all past episodes of my life as if they were spread over (an a priori intuited) time-line. Let us call such a totality of episodes a panorama of personal life (I borrow the word from the title of H. G. Adler's novel [20].)

Let us examine the idea of panorama of personal life as it appears to a reflecting person (e.g. to myself). There are several evident observations. First, one (and only one) of the episodes is the actual, presently–lived episode, other episodes are past or imagined. The past episodes may in principle reappear into the present as memories either due to intentional recollection or spontaneously. There exist also purely imagined, contingent, or even dreamed episodes which should not be counted as parts of the panorama in the strict sense; it should be noted, however, that only the subject can draw a dividing line between (possibly) distorted memories of real episodes and episodes that are only imagined or dreamed (which may be “located” into the past, the future, or without any temporal label). 

The second observation concerns the questionable temporal ordering of experienced episodes. I can recall the memories of past episodes in arbitrary order, and, more importantly, I cannot always decide about the actual order of their past occurrences. Since a part of our cultural background is the certitude about linearity and connectedness of our autobiography as if all experienced episodes orderly followed one after another (I will mention mutual inclusion of episodes later on) we automatically ascribe the disorder and gaps merely to our forgetfulness and unavailability of complete chronological records. However, for the sake of discussion, let us follow the strategy of separating our phenomenal first-person experience from the background intuition of linearity (and continuity) of time.

Up to now we have dealt with the overall structure of the panorama of episodes as if episodes themselves were primitive atomic entities. They are not. Our third observation applies to the inner structure of a typical episode, namely to its inner temporality. Such an episode can be associated with a smaller or larger temporal extension and with a certain narrative content. Normally the narrative content is more characteristic: think, for instance, about meeting with a friend, having a lecture, writing a letter. Such episodes comprise many further features: space, scene, participating persons, things, processes, events, and also your mental states (there is no essential distinction in this context between episodes and situations mentioned in Section 2). Both duration and spatial extension of an episode are not unlimited but there do not exist any strict spatial or temporal boundaries: the inner episodic time and space cannot surpass the subjective  horizon of the episode that depends on the position, interests and intentions of the subject, and, in general, on the meaning of the episode for him. 

[image: image3.bmp]Think about an actual episode you live through right now. In its inner perspective you can experience other, non-actual episodes only indirectly, through intentional recollection or imagination. They are, so to speak, behind the horizon of the actual episode, not just next to it (there is no “next” in this sense). Thus if you recall, say, a past episode of your life not just by reference but re-experiencing it, you actually live in two times simultaneously (in different mode only): you live in the virtual replayed time of the episode that you are recalling and you live in the time of the actual episode in which you perform the recalling. In fact, there is also a third time, the seldom-reflected background time of the panorama of you life as a whole, in which all the episodes flow. 

Most of the theories of personal time take for granted the metaphysical assumption that all three mentioned times coincide and hence that it is nothing else but the weakness of our memory and narrowness of consciousness that prevent us from projecting all the episodes of our life densely onto one common measurable time-line. Analogously, most natural sciences entertain the notion of objective physical time endowed with the structure of the ideal mathematical continuum, formally identifiable with the continuum of real numbers. (Let us put aside speculations of contemporary sub-microscopic physics that apply to scales remote from anything relevant to human experience.) The same notion of time is tacitly used in research on consciousness in spite of the fact that human consciousness has no access beyond the temporal scale-horizon (towards the small scales) of tens of milliseconds.

What is the origin of the certainty about such linearity and continuity of objective time? Does it come from experience of the lived present (to be discussed later)? Or is it our inherent view that our past life consists of episodic memories glued together into a single amorphous whole? Marcel Proust in his famous search for “lost time” [21] writes: 

All these memories, following one after another, were condensed into a single substance, but had not so far coalesced that I could not discern between my oldest, my instinctive memories, those others, inspired more recently by the taste or “perfume,” and those which were actually memories of another, from whom I had acquired them at second hand –– no fissures, indeed, no geological faults, but at least those veins, those streaks of color which in certain rocks, in certain marbles, point to differences of origin, age, and formation. (p. 164)

Let us try to suppress the view of our past “condensed into a single substance” and let us take notice that, after all, our memory only offers discrete, episodic clips that are divided by “fissures” and “faults”. The experienced episodes have their own inner episodic time and most of them are separated by gaps of unrecoverable memory. “Fissures” and “faults” (perhaps even “veins” and “streaks”) in Proust's reflection may only be products of our effort to secure temporal continuity of our selves and of the surrounding world.

Reflecting, in the abstract, the personal life panorama comprised of all episodes that have become or will become the content of the episodic memory we may formally identify some general relationships among mutually distinguishable episodes. This may be disjunction (temporarily distant episodes are separable), overlap (two episodes share certain events), or inclusion (one episode being a component of a more extensive episode). This is, indeed, a somewhat static view. As some episodes are refreshed in new recollections, others lost from memory entirely, still others become overlapped, the structure of the panorama perpetually evolves.

In spite of that, the idea that, in principle, all episodes of the panorama may be glued together into a single linear chain of connected or overlapping episodes seems to me somewhat counterintuitive: there are rare cases, indeed, that two not overlapping events are in some way linked together (whether due to a causal link, evolution of involved entities, or something else –– see Section 7). 

Now, if there are gaps between episodes in the life panorama, we may naturally ask: what is inside these gaps, what is between episodes? But do we really expect something to fill the gaps? Indeed, we are accustomed to say “some time elapsed between them”. When saying it, we mean, however, another time, not the authentic time of narratives and episodes, but the pervasive background time of inner intuition. 

I propose to speculate about a sort of granular time composed of “droplets of experience”, for which Fig. 3 may serve as a graphical metaphor. Lines (a) and (b) may be two alternative quasi-linear lines, each consistent with experience but mutually incompatible. Only on a higher level the lines may “flow together to create a short-lived stream” or, on the topmost level, they merge into the panorama of personal life (c). As O. Sacks writes (motivated by observation of a patient with Korsakov syndrome) [22]:

We have, each of us, a life-story, an inner narrative –– whose continuity, whose sense, is our lives. It might be said that each of us constructs and lives, a 'narrative', and that this narrative is us, our identities. (p. 105)

Obviously, our life panorama evolves throughout life owing to our ability to preserve episodic memories. Antonio Damasio observes [23]:

The ability to form memories is an indispensable part of the construction of a sense of our own chronology. We build our time line event by event, and we connect personal happenings to those that occur around us. (p. 50)
Incidentally, this may be one of the areas of study that may link up three domains of discourse, related to experience of temporality (see end of the previous Section). 

Certain disorders may help to find a neural basis for  consciousness:

In patients with damage of temporal lobe cortex, years and even decades of autobiographical memory can be expunged irrevocably. […] The patient inhabits a permanent present, unable to remember what happened a minute ago or 20 years ago. (ibid., p. 51)

Sometimes such a patient becomes a “confabulatory genius” –– he “must literally make himself (and his world) up every moment” [22]. This points to the importance of the narrative content. Paul Ricoeur is aptly writes: 

[T]ime becomes human to the extent that it is articulated through a narrative mode, and narrative attains its full meaning when it becomes a condition of temporal existence. ([24], p. 52)

Next we shall turn to the opposite end of the span of relevant scales, to phenomena on the threshold of consciousness. Again, some important links between different domains may emerge.

5 A Lesson from Libet's Experiments
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Among the research areas where the inner experience meets objective measurements and where precise timing plays an essential role may be the study of processes on the threshold of conscious detection. The neuroscientist Benjamin Libet recently summarized in a book [15] his famous experiments from the 70s and 80s of the last century dealing with human affairs as intimate as free decisions. They seem to indicate that our cortex “knows” the outcome of our voluntary decisions long before we make them. Let us briefly summarize the most interesting experiment (cf. Fig. 4(a)): the subject is instructed to decide freely when to make a certain movement (flexion of the wrist). At the same time a readiness potential (RP) from his scalp is recorded that always accompanies such a voluntary act. The surprising outcome is that the onset of RP not only precedes the act but also, by 400 whole milliseconds, precedes the time of subject's free decision (or wish) to act (inferred from his reading the time from a special clock). This temporal difference is substantially larger than any neuronal delays can explain. The question arises whether it is the neuronal network itself that is responsible for our action. Is free will, after all, just our subjective illusion?

Even if we put aside the strongly antilibertarianist view (that human action is just a result of purely causal physical processes in the brain, possibly combined with blind randomness at a lower level) we can still speculate about at least five different interpretations of Libet's experiment, the first two being somewhat radical (and I mention them for the sake of completeness):

(1) There may exist a retrograde causation, i.e. neuronal behavior is a direct consequence of our future decisions. This would obviously require a radical revision of our notion of causality or time or both. 

The second option seems equivalent (but need not be so):

(2) The neuronal level may be capable of precognition whereby neuronal structures might predict our future decisions in order to be prepared for action. 

The following three options seem more plausible:

(3) A decision may be intentionally delegated to unconscious processes, while consciousness only retains the power of veto (or trigger) their activity. Libet himself suggests this interpretation on the grounds that his experiments actually prove the possibility of vetoing the decision (the deadline for veto is 50 msec prior to muscle activation). What we call free will may be just a surveillance of consciousness that, especially in cases of routine and meaningless behavior, may be relatively weak and/or reduced just to the veto.  

(4) Subjective timing may be postdated. Conscious decision is the actual cause of neuronal processes but there is a subjective referral of the timing for that decision to the actual time of muscle activation. Note that there exists experimental evidence (mentioned also by Libet [15], Chapter 2) for antedating of delayed sensory experience (by 500 msec). Note that behind all previous interpretations there is a tacit presupposition that for each event in the phenomenal domain there exists an objective –– and thus “correct” –– reference point in the physical time-line. Only with such a presupposition can one use terms such as displacement, antedating, postdating, simultaneity, or even temporal kinks described by Dennett [8]. The following last option questions the very possibility of correct datation:

(5) Subjective timing (the endemic time of the phenomenal domain) is in principle incomparable with the objectively measurable time of physical sciences. The term “in principle” means here that there may be a radical difference between subjective experience of temporality and the idea of the continuous real line.

Let us illustrate this last point by Libet's experiment. In part (a) of Fig. 4 there are shown four conceptually distinguishable events that can contribute to conscious sensation in the experiment: detection of the clock time, becoming aware of the wish to act (W), becoming aware of actual act (M), and possible visual perception of the actual movement of the hand (in a more complex action such perception would play the role of feedback). The indicated objective (measured or calculated) timing of these events is used in customary interpretations of the experiment, including the claim of the illusoriness of free will. 

My thesis is that the objective timing of these events cannot serve as a basis for any conclusions about conscious experience, not even in the case when some of the time intervals between the events are supraliminal (e.g. more than 100 msec as in the discussed case). The idea is that in the phenomenal domain (the domain of our inner consciousness, cf. Fig. 4(b)), all the mentioned events, being semantically related, clump together into a single meaningful whole (d) –– in our case “one's willful wrist flexion”. 

For reasons to be seen soon I shall call any such meaningful whole a (phenomenal) atomic episode and the imagined “process” of its formation semantic binding (cf. Fig. 4(c)). Thus, the objective timing of individual participating events is lost in semantic binding and consequently the resulting atomic episode cannot be associated with any concrete point in the objective time-line. Incidentally, another set of events may form a different atomic episode, that is in conscious experience distinguished from the first one, even if the original events of both episodes were intermingled when projected to the objective time-line. 

In general, the statement that an episode preceded or followed some physical event (for instance the change of the readiness potential) or that it preceded or followed another episode may be meaningless.

I use the modifier 'atomic' in order to stress the fact that normally we do not feel any inner temporal structure of such episodes: the explicit temporal layout of participating events is not phenomenologically accessible. This makes them different from life episodes discussed in Section 4.

6      Present-Time Consciousness

At this point it is natural to open the issue of inner experience of time at the smallest temporal scales. Phenomenology of present-time consciousness is an area of intensive philosophical and psychological study since the already cited works of James [5] and Husserl ([4], cf. also [25]) who both were concerned with the temporal structure as the principal feature of consciousness. Here I will mention just those intuitively discernible aspects of temporal consciousness that are related to the present study.

Various analyses of psychologists (James), philosophers (Husserl, Bergson, Merleau-Ponty, more recently Gallagher and others) and neurophenomenologists (Varela, van Gelder) are in agreement that the actual, lived present (the Jamesian “specious” present) is not a strict durationless point (the instant “just now”). Most of the authors are, on the other hand, reluctant to associate with the lived present an extended, or even measurable, interval of the physical time continuum. Rather they characterize it by a Husserlian threefold structure of primal impression, retention, and protention. Let me suggest a way of intuiting this structure.  
Imagine that you are perceiving an object (or performing an act or contemplating an idea) right “now”, in the present. The primal impression presents the object in its simultaneity with your intentional act of perceiving it. At the same time you perceive the object (in the present) in the light of your just-past intentional act of perceiving the same object (including its just-past primal impression) as well as in the light of your about-to-be intentional act of perceiving it. Thus, besides the primal impression, there is also the retentional and the protentional dimension of the present that yields the intuition of its non point-like character. 

The expressions “just-past” and “about-to-be” should hint at three features of retention and protention: immediacy, smoothness, and fading away towards the past (or future). Immediacy indicates that retentioning is not the act of recollection from memory and protentioning is not the act of imagining the future: they are both firmly tied to the lived present. Smoothness reflects the absence of any recognizable fine structure of retention and protention. And fading away corresponds to the absence of strict borders. The lived present in this sense only has fogged horizons (Jamesian “vanishing fringes”) towards the past and towards the future. 

Retentioning and protentioning, besides the mentioned common features, are distinctly asymmetrical in our experience due to the determinate and actualized character of the just-past in contrast to the indeterminate, contingent character of the about-to-be. Consequently the essentially formless present has a salient feature: an inherent polarization. 

There have been various attempts to represent the structure of present-time consciousness in a diagram (cf. Gall, Chapter 3); in my own visualization (Fig. 5) the lived present is represented by a small ellipse (a) with fuzzy contour (the local horizon). It is stretched around the imaginary point-like “now” (b); its inherent retentional-protentional polarization is indicated by arrow (c) pointing from the past to the future.

When discussing the pictorial representation I should first of all warn the reader: any such graphical representation of subjective states or processes (i.e. most of the drawings in this essay) may only have a heuristic value and does not depict anything real. Referring to the methodological framework outlined in Section 2, we may think of Fig. 5 and of the related commentary in two different ways. Firstly, it may be viewed as a step towards objectification of the subjective experience of time. Secondly, we should be aware that this very step is enabled by, and based on, the common objective conceptual background. Thus, for instance, the dotted line (d) in Fig. 5 can be interpreted in two manners. It represents our a priori view of objective linear time that is in the background of all our reflections; without it I could not even draw the picture putting the past to the left and the future to the right. At the same time we can interpret the line as something constituted in the course of our reflection of our inner experiences. In such a reflection the time-line represents the flow of present moments as if viewed from a distance so that each such moment seemingly shrinks to a point-like “now” (b).

When the object perceived in the actual present has itself a successive nature, as for instance a moving thing, a melody, or our own gesture, we should not identify such a presently perceived succession with a succession of lived presents (this relates to the “cognitive paradox” discussed by Gallagher [10]). In fact, Husserl and other philosophers often use a two-dimensional diagram with a vertical line corresponding to the retentional–protentional structure of the present conscious and a horizontal line representing successive conscious acts. 

Let me propose a general account of the situation. First let us note the similarity of the concept of atomic episode from Section 5 and the notion of lived present from this section. The difference is only in the aspect emphasized: in the former it was the absence of a phenomenologicaly accessible inner structure, while in the latter it was the inherent retentional–protentional polarization. Since any atomic episode can also be viewed as a possible content of lived present it adopts the polarization from it. Thus we can assume that such a polarization is an inherent objective feature of any atomic episode. (This assumption can be viewed as a step in objectification in the sense of Section 2.) It is also its inner feature in the sense that we cannot automatically take it as something concurrent with the external objective time-line (remember that according to one of the interpretations mentioned above the time-line can be viewed a secondary, constituted object). With this precaution the polarization arrow (c) in Fig. 5 is yet drawn collinear with the time-line (d).

In his important study [9] Varela suggests a neurophenomenological account of the relationship between brain dynamics and the concept of lived present. He writes:

[A]ny mental act is characterized by the concurrent participation of several functionally distinct and topographically distributed regions of the brain and their sensorimotor embodiment. From the point of view of the neuroscientist, it is the complex task of relating and integrating these different components that is at the root of temporality. A central idea pursued here is that these various components require a frame or window of simultaneity that corresponds to the duration of lived present. […] These endogenously constituted integrative frameworks account for perceived time as discrete and nonlinear, since the nature of this discreteness is a horizon of integration rather than a string of temporal “quanta”. (p. 272–3)

Now, “relating and integrating different components” may also be a basis of what I call semantic binding. Note that the phrase “the nature of discreteness is a horizon of integration” can be interpreted as another way of pointing to the 'fading away' feature of retention and protention. In the same study Varela also deals with the property of lived present that I called 'polarization'. He (unlike Husserl) points to affective and emotional aspects of the asymmetry of the present: 

There are at least two main sources of evidence to conclude that protention is generically not symmetrical to retention. The first is, precisely, that the new is always suffused with affect and emotional tone that accompanies the flow. In fact, protention is not a kind of expectation that we can understand as "predictable", but an openness that is capable of self-movement, indeterminate but about to manifest. […] The second is that retention has the structure of a continuum, but protention can only be a bounded domain, since we cannot anticipate that which is yet to come. While the threads of retention set the stage of protention, protention cannot modify the retentional threads retroactively. (Ibid. p. 296)

Here “the structure of continuum” may refer to the idea that fading away of retention is gradual and unbroken, while protention does not reach too far. In my understanding the feature of being 'smooth' and of 'fading away' is shared by retention and protention; the asymmetry relates more to the prenoetic „attitude“ to the intentional content of lived present with a certain deficit of freedom towards the just-past.

7
Stream of Episodes

In Section 5, I used the term 'atomic episode' to capture the cases when due to the semantic binding, several events, which are distinguishable theoretically (or empirically) in the neuroscientific domain of discourse, are clumped together. Atomic episodes are too brief to have consciously accessible temporal duration and yet they are not simply point-like entities with respect to objective physical time. In the previous section such episodes were enriched with inherent polarization due to the conceivability of their occurrence as contents of lived present with retentional–protentional polarity. It is then natural to extend the concept of atomic episode to cover any episodic experience that can possibly be the content of a lived present. It is then enough only to distinguish the present (i.e. actual) atomic episode from all past (or temporally indefinite) atomic episodes.

Let us now discuss how atomic episodes, successively present, can create a stream of episodes flowing away to the past (or to nothingness), which may produce, on the side of the experiencing person, the feeling of continuity of time. In my opinion there are two complementary options how to consider it. 

(1) The first option is to take continuity as the primal idea and base on it the intuition that each present atomic episode, while smoothly fading on the horizon of the lived present, is immediately and indiscernibly overlaid with a subsequent atomic episode. Thus, in the words of our introductory quotation, “puddles of meaning […] sometimes flow together to create a short-lived stream.” The experience of my concrete act of wrist flexion is dissolved in the flux of other important happenings of my conscious life. This option applies primarily to the experience of succession (mentioned in Section 5). Note that the very description of this option plainly presupposes the background of a linearly ordered continuous time-line.

(2) In contrast, the second option is based on the presupposed disjoint character of individual episodes. For superficial intuition I refer to Fig. 6 that is an extension of Fig. 5. The idea is that the present atomic episode is not overlaid with the next atomic episode but that it “drips off” from the present to the past without loosing identity.  My concrete wrist flexion remains “the same” wrist flexion even after many other things happen. 

Clearly the second option yields a more objectivistic view than the first and as such it is more appropriate as a basis for episodic memory as discussed in Section 4. Before an episode is stored in episodic memory it has to leave the present-time window of consciousness altogether, while preserving its own integrity. Only after episodes are, so to speak, lost from the sight can they be brought back in recollections; and the recollections can have an arbitrary order. The same picture as in Fig. 6 may apply here, with the main difference (besides entirely different assumed time scales) in the interpretation of the little arrows inside episodes: in the case of episodic memory they correspond to the inner, narrative temporality of episodes while in the case of atomic episodes they stand for retentional–protentional polarization. 

There may be various types of semantic linkage between different episodes in memory, some links undirected, some directed. A directionless linkage may be derived from the apprehended identity of objects and events that take part in different episodes, and trivially, but most importantly, from the self-identity of the experiencing person himself. Examples of directed links between different episodes are efficacious relationships (what happened in one episode brought about something that happened in another episode), identity preserving changes (for instance growth), and datings (different episodes are tagged with different dates, the tags being ordered). Some orderings of episodes may be remembered, some not.  If we theoretically bracket out any a priori intuition of a background linear time, we have still a possibility of imposing a relation of partial order upon the set of episodes. Under certain conditions the partial order may be embedded in a quasilinear global “stream”. 

This brings us again to the pictorial representation of the time stream in Fig. 3. The speculative idea the picture suggests is to give a more weight to option (2) above and reflect our subjective experience, and therefore also our subjective experience of time, as something that emerges from a discrete underlying structure. I propose to call it granular time. 

In my view, the ordinary commonsense view of a smooth, continuous flow of time may be a combined outcome of several sources of intuition: on a smaller scale it is our inability to discriminate time differences of subsequent episodes (which relates to the first option above), on a larger scale it is our common practice to refer to clocks and calendars, and in general, it is our inherent cognitive and cultural reliance on the linear model of time. Thus we may be tempted to say that the continuity of time is an illusion. Here, for example, is a statement by the neuroscientist Ernst Pöppel [14]:

[The] apparent continuity of time is a secondary phenomenon –– actually an illusion ––, which is only made possible by discrete information processing on different temporal levels. (p. 107)

However, I would rather speak about 'emergent phenomenon' since the term 'illusion' seem to suggest, on the part of its user, knowledge of something that is not illusion: that is the „true“ nature of things. 

My favorite image for the two mentioned complementary views of a stream is an hourglass. If you look at it from a certain distance you can see a continuous yellowish strip just under the neck of the hourglass. If you look closer you may discriminate little grains of sand incessantly falling down from the neck. The source of difference between these two views is simple: a zoom. Thus the hourglass may be an apt metaphor for the idea of granular time. (An open-eyed reader could notice a hidden circularity in both cases: the falling of grains of sand is itself a continuous movement and speaking about stream of episodes would not be comprehensible without an a priori experience of continuity.) 

8
From Subliminal Events to Narrative Episodes

From different interpretations of Figures 3 and 6 we learn that much of what has been said may apply to situations on various temporal scales. Let us examine several cases of particular relevance to the idea of a granular structure of experience and possibly of time itself. 

(1) Subliminal events. In the domain of smallest scales relevant to cognition (10 to 100 msec, cf. Fig. 2(a, b)) there are quite a few empirical results to do with the discontinuity of human perception. Let me briefly mention just one: the saccadic movement of eyes. Due to this movement the brain receives a discrete sequence of snapshots of a visual scene, each as short as 120–130 msec, with intermediate blind periods of less than 100 msec (when the eyes are in transit). In the visual area of the brain, the data are interpreted still under the threshold of conscious discrimination and only the result is accessible to awareness. In general, it appears that perceptually relevant data are never available in the brain in proper order (or simultaneity), but yet no discrepancies are phenomenologically noticeable. For many impressive examples see [7, 14]

(2) Liminal events. This category may include the atomic episodes mentioned at the end of Section 5 (semantic binding at 100 to 500 msec –– see Fig. 2(c)). The characteristic feature is that several events, which otherwise could be accessible to awareness separately, are semi-consciously clumped together to form a single episode. Thus meaning not only may override sequential ordering but also continuity. As discussed in Section 6, retentional–protentional polarity is a salient feature of liminal events.

(3) Supraliminal (continuous) events. Smooth progression of mutually overlapping episodes, as described in option (1) in the previous Section, may be a source of apparent continuity as a secondary, emergent phenomenon. Typical span of scales on which conscious experience of continuity may trump discontinuity may range from seconds to minutes or more –– depending on human ability to maintain concentration on a single object or topic (see Fig. 2 (d, e)).

(3) Narrative episodes were already discussed in Section 4. The typical scales of their episodic time may range from minutes to days (see Fig. 2 (e, f)).

It is natural to treat a collection of episodes (even the atomic ones) that are in one way or another related as a single higher-level episode. In fact, we may view the whole panorama of life as a tangled hierarchy of episodes within episodes within episodes (cf. [26]). Such a hierarchy could be explicitly encountered perhaps only in fiction (The Arabian Nights); an interesting feature of a fictional hierarchy of narrative episodes may be the peculiar coexistence of a multitude of mutually disjoint and incomparable episodic times.

When suggesting the notion of granular time I cannot resist alluding to analogous experiences in altered states of consciousness. One is reported by C. Castaneda [27]:

All I could remember was a series of dreamlike images or scenes. They had no sequential order. I had the impression that each one of them was like an isolated bubble, floating into focus and then moving away. They were not, however, merely scenes to look at. I was inside them. I was part of them. (p. 168)

A similar experience (under mescaline) is described by Beringer ([28], p. 148, here quoted from [29]): 

At the top of the stairway there seemed to be no continuity of time at all, the whole course of events was only a mess of separate situations without any connection. And these situations, in case of active work, could later have been connected in the same way in which one can observe a celluloid film. Yet at the same time these situations – in both experiencing and a direct reproduction of the happening afterwards – carried the character of the independent and disconnected. A strange next-to-each-other-ness, not a one-after-the-other-ness; they have no position in time, time has no sense here...

I have not quoted these reports with any intention of using them as proof of anything; rather I view them as a possible heuristic hint for the reader's imagination.

9
Concluding Remarks

As mentioned earlier, in science time is usually intuited as an absolute universal background common to all natural phenomena and thus also common to various domains of discourse. In those cases where particular domains differ in their references to time, it may be only due to the typical scale of durations of events and processes pertaining to individual disciplines. Physics, working with the smallest scales in nature, is generally considered to be the most competent discipline to deal with the true nature of objective time even in the finest texture.

Even psychology and cognitive science uses a vocabulary that is dependent, at least implicitly, on the homogeneity, linearity and continuity of time. Inner experiences of time may be distorted, shifted, rearranged, even tangled –– however, even these words are meaningful only under a presumption of the underlying  “real“ and “true“ progression of time.

 It was not the purpose of this study to shake any of several well-established scientific and philosophical conceptions of time. Rather I was trying to suggest a reflective grasp of human conscious experience under the working assumption that subjective experience is prior to any theoretical conception of temporality. Specifically, I was focusing on those structural properties of time that may support the phenomenal structure of corresponding experience. I proposed the thesis that to the extent that human experience has a discrete, granular, or episodic structure, the experienced time may adopt essentially the same structure. It is worth noting that such a discrete structure of time can be supported by our experience on scales of time as different as, on the one hand, human autobiographical time, and on the other hand, time on the scale of subliminal events in the brain. 

There is no way of reflecting, and theorizing about individual experiences without a certain step towards their objectification. As a consequence, some of our reflections (as well as our heuristic pictorial representations) cannot avoid references to an objective, linearly ordered time-line in the background but such a background does not contradict the putative discrete structure of phenomenal time. On the other hand, nothing in the observed nature of phenomenal time gives grounds to assume continuity of the underlying physical time, and less still continuity in the mathematical sense (the real number continuum). 

The metaphorical statement quoted in the introduction, namely “that we need a metaphor of stream as much as the metaphor of incessant rain,“ entitles us to play freely with the idea of granular time. Whether it brings certain advantage or not, it may be early to conclude. At least it helped us to avoid counterintuitive interpretations of Libet's experiments by putting into questioning the tacit assumption that temporal data from different domains of discourse are comparable in principle. 

I mentioned three such domains, relevant to consciousness. In the phenomenal domain we should pay attention to the actual nature of phenomena available to us in their immediacy. We may choose to think about episodic memories as if they were either separate entities or segments carved out of a continuous life panorama; the choice depends on the perspective (mental “zoom“) that we adopt. We may think about primal impressions as something that continuously flows through the bottleneck of the present. On the other hand, we cannot, take into consideration within the phenomenal domain any subliminal events as well as events that are “clumped together” in an atomic episode. My wrist flexion is my wrist flexion, independently of what a neuroscientist may tell me about stimuli and signals in my brain.

Th psychological (or cognitive) domain of discourse is different: there we deal with objective knowledge about mental states and events, which partly may be obtained from objectification of phenomenal experience, partly from independent scientific observations and experiments. Here a composition of atomic episodes from more elementary events may be quite relevant. But there is no need to stick to a particular theory about texture of time on the scale of, say, nanoseconds. Maybe, granular time which can only be measured on a coarse scale is more appropriate than a formal mathematical continuum. On the other hand, continuity of time may be preferred in the neuroscientific domain of discourse that resorts to differential equations in studying the dynamics of brain processes.

Various domains of discourse may “interact” on a methodological level. An interesting program may be Varela's neurophenomenological working hypothesis [30]: “Phenomenological accounts of the structure of experience and their counter parts in cognitive science relate to each through reciprocal constraints.” Obviously, any specification of such constraints requires trans-domain theories, in particular theories of domain-relative conceptions of time.
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Fig. 1. The diagram of reflections of experience; (a) the phenomenal account, (b) the objective account, (c) the relevance of the prenoetic past (forgotten autobiography, common cultural practices) and future (like death). 
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Fig. 2. Temporal scale axis (TS) and some of its enlargements; (a – h): various scales relevant to cognition. (Numbers at TS and TS' are powers of 10 in seconds.)
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Fig. 3. A graphical metaphor for the stream of episodes. The arrows correspond to the inner time of episodes; lines (a) and (b) connect some of the episodes; complex (c) depicts a segment of the panorama of personal life. 
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Fig. 5. Pictorial representation of (a) the lived present, (b) the idealized „now“, (c) the retentional-protentional polarization, (d) the constituted time-line. 

















   Fig. 6. Atomic episodes dripping off from the present time consciousness. 
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Fig. 4. Libet's experiment; (a) diagram of measured times, �(b) an interpretation of the experiment. 












