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      Introduction

      
         
         Examining Phenomenalism and Phenomenology in Relation to Time and Irreversibility

         
      

      
      Phenomenalism, Phenomenology, and the Question of Time seeks to address Husserl’s phenomenology in a new way that offers a view into debates
         in the philosophy of science and time as well as Husserl’s own theory of time in relation
         to Mach’s phenomenalism. By examining Mach’s and Boltzmann’s conceptions of time in
         relation to Husserl’s I would like to draw attention to the significance of Husserl’s
         phenomenology to the philosophy and physics of time and elucidate aspects in Husserl’s
         philosophy that are important not only to the scope of his phenomenology and critique
         of science but to our ability of naturalizing phenomenology and time. In fact, my
         focus is not Husserl’s critique of science as associated primarily with his later
         work, such as in his book The Crisis of European Sciences and Transcendental Phenomenology. Rather, my attention is mostly given to Husserl’s concepts in mathematics and kinesthetics
         pertaining to the analysis of time and continuity in relation to perception.
      

      
      The philosophical motivation for this book is a critique of conceptions of temporal
         irreversibility as phenomenologically grounded and as lying outside the perimeters
         of science. Such an undertaking necessitates examining the historical context that
         is rich in cross-influences between the philosophical and scientific discourses. Phenomenalism
         and phenomenology as emerged at the end of the nineteenth century and the beginning
         of the twentieth shared a common context and were related to the formulations of thermodynamics
         by Ludwig Boltzmann (1844–1906). If discussions of such historico-philosophical contexts
         relegate Ernst Mach (1838–1916) to phenomenalism on the one hand, and Edmund Husserl
         (1859–1938) to phenomenology on the other, they fall short in grasping both the connections
         and complexity of the context. There is thus a need to address Mach and Husserl and
         to re-examine the concepts of time and irreversibility in relation to the work of
         Ludwig Boltzmann (1844–1906).
      

      
      How we trace the genealogy of questions regarding the experience of time and its irreversible
         manifestations in human perception is largely connected to discussions in philosophy
         and science that differentiate perceptual and mathematical constructs of time. In
         particular, these questions are connected to the difficulty in disentangling a plexus
         of influences and discursive contexts which rose in the nineteenth and twentieth century
         and involved three main figures which are the foci of my book: Boltzmann, Mach, and
         Husserl. I will comparatively analyze conceptions of time in relation to Boltzmann’s
         thermodynamics and statistical mechanics, as well as in philosophy, with the specific
         historical context of Mach’s phenomenalism and Husserl’s phenomenology and will reassess
         how we define and articulate the problem of irreversibility in relation to time. 
      

      
      The problem of irreversibility in relation to time can be understood in two principle
         ways. The first in connection with the apparent contradiction between scientific descriptions
         of time-symmetry in physics and biological and thermodynamical processes which are
         time-asymmetric. The second arises when we attempt to account for experiential and
         phenomenological perception of temporality which place time in subjectivity in contrast
         to the ontological objectivity of time. More familiar are Mach’s and Bergson’s respective
         critiques of the physics of time-symmetry; Mach’s (as will be discussed in the book)
         in respect to the sensation of time, and Bergson’s in his rejection of metric time
         as opposed to the intuition of time as durational. Husserl’s on-going probing of time
         and temporality, of what he regarded as “objective time” and “internal time-consciousness”
         are less known within the context of the philosophical and scientific debate on time
         and the problem of irreversibility. Nonetheless, my focus in this book is not given
         primarily to Husserl’s conception of temporality and its exclusive significance to
         phenomenology. Rather, by comparatively analyzing some phenomenal roots and influence
         in Husserl’s thinking I intend to elaborate on some key issues in the philosophy of
         time and questions connected to irreversibility and unidirectionality of time. Husserl’s
         developing of his phenomenology of internal time consciousness defines a nexus between
         consciousness and temporality, and such nexus is crucial to the understanding of the
         connection between intentionality and temporal objects.
      

      
      Historically, the common grounds for both physics and philosophy in terms of phenomenal
         and phenomenological descriptions of time are in fact more intertwined. Three main
         protagonists are at play in this historical-conceptual context: Ernst Mach, a physicist
         and a philosopher and a proponent of a version of phenomenalism; Ludwig Boltzmann,
         a physicist and philosopher of science who developed statistical mechanics; and Edmund
         Husserl, the founder of modern phenomenology. One additional figure completes this
         historical context: Franz Brentano. Brentano was Husserl’s mentor and had important
         exchanges with Boltzmann, specifically in regards to Mach’s phenomenalism. In particular,
         Brentano’s influence on Husserl’s phenomenological distinction between continuum and
         continuity is important in respect to philosophy and physics of time and the problem
         of irreversibility beyond the scope of phenomenology.
      

      
      The first critical perspective is in relation to the historico-philosophical context
         of the emergence of phenomenology and analytic philosophy as reciprocally distinct
         and exclusive, to which my research adds another overlooked edifice—(which had been
         primarily addressed only in German by Manfred Sommer, see below)—the influence and
         role of Mach’s phenomenalism on Husserl’s phenomenology. The split between the phenomenological
         and the analytic approaches did not only occur in connection to Husserl’s relation
         to Gottlob Frege (1848–1925) but also in an important way in relation to Ernest Mach.
         With the exception of a mentioning in an article by Jaakko Hintikka (“Ernst Mach at
         the Crossroads of Twentieth Century Philosophy”). 
      

      
      The first perspective moves along the methodological axis defining Mach’s phenomenalism
         in relation to Husserl’s phenomenology. Departing from a historic and conceptual analysis
         of the commonalties and differences between Mach’s and Husserl’s understanding of
         phenomenology as a “descriptive method,” my comparative analysis evolves into the
         second axis: a critical evaluation of how “intuitive-time-asymmetry” or “time-consciousness”
         are defined in phenomenal and/or phenomenological terms.
      

      
      I specifically expound on the relevant historical and philosophical positions in understating
         the split between phenomenalism and phenomenology. The first chapter focuses on the
         divides between phenomenalism and phenomenology in particular and phenomenology and
         analytic philosophy in general, reviewing five different critical positions on how
         to pursue such a comparative analysis. This review is in fact an introducing of approaches
         that are rarely addressed in the critical literature on Husserl, and as in the case
         of Kleinpeter’s account, has a historical import on the way we view phenomenology
         today as distinct from phenomenalism.
      

      
      I start with a discussion of two German philosophers who treated Husserl’s work in
         connection with Mach’s phenomenalism and the analytic tradition. The first is Herman
         Lübbe whose approach to phenomenalism and Neo-positivism together with phenomenology
         is conceived as the “bedrock” of the analytic tradition in philosophy. The second
         is Manfred Sommer, whose attempt to revive Mach’s phenomenalism is supported by his
         critique of Husserl’s phenomenology, which according to Sommer requires a re-directing
         back to its roots in Mach’s phenomenalism.
      

      
      Lübbe’s approach is revisionistic by reconstructing Husserl’s phenomenology as a “radicalization”
         of work by philosophers such as Mach and Frege. Lübbe’s approach had a decisive influence
         on Manfred Sommer’s work on Mach and Husserl and what makes Sommer’s interpretation
         compelling is its unique analysis of Husserl’s phenomenology through the prism of
         Mach’s philosophical work. Even though Husserl, especially in the first volume of
         Logical Investigations (Logische Untersuchungen 1900), extensively discusses Mach’s philosophical positions it is commonly, and perhaps
         unjustly regarded only as a background to Husserl’s work—say the way he discusses
         Hume—and as a formative moment or a departure from Mach’s philosophy.
      

      
      Nonetheless, I critically review Manfred Sommer’s interpretative approach to Husserl’s
         phenomenology that mostly relies on Mach’s phenomenalism as a corrective analysis
         to Husserl’s diverted path. Sommer takes a critical view of Husserl’s phenomenology
         as a derailment from its phenomenalistic roots or proper philosophical grounds: namely,
         Mach’s Thought-Economy and his theory of sensations. Sommer does find novelties in Husserl’s phenomenology,
         especially in relation to “intentionality” and time-theory, but insists on fitting
         such novel issues within Mach’s phenomenalism. In addition to Lübbe’s and Sommer’s
         approaches to phenomenalism and phenomenology I will also examine Jaakko Hintikka’s
         work in relation to Mach and Husserl. Of particular importance is Hintikka’s treatment
         of the divide between phenomenology and the analytic philosophical tradition which
         places phenomenalism, and Mach in particular, at the “crossroads” of such philosophical
         divergence but without siding with either Mach or Husserl as a preferred critical
         vantage point. 
      

      
      Instead, Hintikka’s comparative analysis also introduces Ludwig Boltzmann and Ludwig
         Wittgenstein as parts of the historical scenario and its debates involving issues
         like atomism, psychologism, phenomenological language, and observation. What makes Hintikka’s account important is its triangulation of Mach, Husserl, and
         Boltzmann within a shared context. As such, Hintikka’s attempt to connect Mach, Husserl,
         and Boltzmann can be seen as a model for this book. Given the impetus of Boltzmann’s
         scientific importance and particularly in respect to Mach’s philosophical positions,
         Hintikka’s addition carries a significant contribution to the analysis of Husserl’s
         phenomenology within the wider perimeters of science and physics as well.
      

      
      The problem of delineating the historical and philosophical perspectives surrounding
         phenomenalism and phenomenology is further discussed in the section on Kleinpeter’s
         book, Der Phänomenalismus (1913) which provides an account of the relationship between Mach’s phenomenalism
         and Husserl’s (and Bergson’s) phenomenology. Beyond some small allusions, Kleinpeter’s
         book was never examined in relation to phenomenalism and phenomenology from historic
         and philosophic viewpoints. By explicating Kleinpeter’s critique of phenomenology
         as a misconceived offshoot of phenomenalism, I emphasize how historical and philosophical
         perspectives cannot be separated.
      

      
      The outcome of this approach is fully realized in the chapter that involves the naturalization
         of phenomenology. Kleinpeter’s role is thus critical in tracing some key misconceptions
         involving phenomenal and phenomenological assertions in science and physics in general
         and in particular philosophy of time. These errors concern time and irreversibility
         in particular. I have attempted to examine Kleinpeter’s position as entailing pertinent
         differentiation; it is not the right one to hold. My examination of Kleinpeter’s book completes the hisorico-conceptual
         analysis of phenomenal and phenomenological divergences that are traced back to both
         Mach’s and Husserl’s respective works.
      

      
      It is in the second perspective of the book that I fully encompass the historical
         and conceptual split between phenomenalism and phenomenology as connected specifically
         to conceptions of time and questions regarding irreversibility in respect to Mach’s,
         Boltzmann’s, and Husserl’s theories. With this perspective I focus on two issues extrapolated
         from the first chapter. The first concerns the conceptual divergence of the terms
         phenomenal and phenomenological in the works of Mach, Husserl, and Boltzmann. The second issue concerns the role
         of description in the works of Mach, Husserl, and Boltzmann.
      

      
      Following the analysis of Husserl’s work I examine Boltzmann’s work. Specifically,
         I explain Boltzmann’s conceptual use of the term phenomenology in relation to his descriptions of entropy. Boltzmann distinguishes between different
         senses of “phenomenology” in relation to: “mathematico-physical equations” and probability;
         “phenomenological thermodynamics” as advocated by Mach’s anti-atomism and Ostwald’s
         energeticism; “phenomenological physics” in general and what can be construed as Mach’s
         phenomenalistic epistemology for the “unity of the sciences”; and finally Boltzmann’s
         critique of both phenomenalism and what Wittgenstein’s squarely defined as “phenomenological
         language.”
      

      
      The second critical perspective is in fact a comparative analysis of Mach, Husserl,
         and Boltzmann’s respective conceptions of time and irreversibility. This part deals
         with the ramifications of the phenomenal/phenomenological distinction in respect to
         Mach’s phenomenalistic analysis of the “sensation of time,” Husserl’s “phenomenology
         of inner-time-consciousness,” and Boltzmann’s concept of time and probability.
      

      
      My comparative analysis of their time-theories introduces a fundamental assertion
         underlying the irreversibility and asymmetry of time: the distinction between “physical
         time-asymmetry” and “intuitive time-asymmetry.” This distinction is conceived by the
         philosopher of physics, Lawrence Sklar, to concern an inferential theoretical concept
         of time-asymmetry as opposed to a non-inferential, intuitive time-asymmetry. My purpose
         in the second perspective is to fine-tune this distinction by exposing its implicit
         assumption about perception, intuition, and consciousness in relation to time-asymmetry. Moreover, by examining “time-consciousness” as a more
         neutral concept than “intuitive time-asymmetry,” I demonstrate that Husserl’s phenomenological
         analysis of “time-consciousness” does not follow a phenomenological explication of
         time in terms of “intuition” (e.g. Bergson’s). Instead Husserl uses acausal terms.
      

      
      Thus, I challenge the common assertion that psychological or intuitive time is grounded
         in time-asymmetry, conflating epistemic asymmetries with intuitive-asymmetries. In
         dealing with Mach’s phenomenalistic concept of time, I examine the anomaly between his theory of sensations with its reliance on the “sensation of time” as
         a determining factor to describe time, and Mach’s ultimate insistence on temporal
         anisotropy as teleologically explained. This inconsistency between Mach’s phenomenalism
         and the determination of time as anisotropic suggests a strong conflict between what
         Mach regards as chronometric physical time and phenomenal time. Furthermore, Mach’s
         critique of Boltzmann’s concept of entropy and its relation to time and irreversibility exemplifies how phenomenal and physical
         concerns are conflicted and remain unresolved in relation to probability.
      

      
      The third critical perspective in this book focuses on Husserl’s phenomenology of
         “internal-time-theory” in relation to his “time-diagram” and his radicality in defining
         “time-consciousness” on acausal grounds. More specifically, Husserl’s concept of “objective
         time” in relation to “time-consciousness” as a cognitive modification of St. Augustine’s
         rumination on the immanence of temporal perception and the difficulty of describing
         such experience makes Husserl distinguish between perceptual continuity and the apperceptual continuum. Such a distinction differentiates between a mathematical continuum and the phenomenal-perceptual
         dis/continuity of “temporal objects.” It underlines an important aspect of Husserl’s
         time-theory in respect to Boltzmann’s.
      

      
      Specifically, I reconsider Husserl’s time-theory in relation to thermodynamics and
         statistical mechanics and discuss the apperceptual continuum as entailing the adumbrative dynamics of “impressions,” “retentions,” and “protentions”
         and their conceivable equivalence to retrodiction and prediction. Moreover, I will
         consider another level of “objective time,” which in Husserl’s late “genetic phenomenology”
         is construed as “pre-phenomenal” with “adumbrated possibilities” and a probabilistic
         component to temporal determination. The latter component is analyzed in relation
         to Boltzmann’s probabilistic interpretation of temporal direction and irreversibility.
      

      
      I examine two aspects of phenomenological interest in regards to Boltzmann’s time-theory.
         The first concerns the relation between “physical” and “intuitive asymmetry of time”;
         the second involves Boltzmann’s “weak interventionism.” More specifically, I will
         examine the precise significance of “intuition” in discussions about the experience
         or perception of time-order (i.e., past, present, future, before, and after—the “A” and “B” series) and physical time-order as constituted by physical laws.
         
      

      
      Furthermore, I argue that Boltzmann’s “weak interventionism” and/or “weak anthropic
         principle” should be construed non-teleologically in so far as distinguishing between
         epistemological and phenomenological implications defies a teleological principle binding observation with perception. A teleological principle would entail that observation in the physical theory and perception in an intuitive-cognitive sense are not discrete descriptive levels, but rather stem
         from the same ontological condition. This would turn Boltzmann’s “weak interventionism”
         hypothetical context into a pre-requisite for the theory itself—a metaphysical supposition.
         
      

      
      The last two chapters of the book (chapters 4 and 5) elaborate two crucial aspects
         of Husserl’s phenomenology in respect to time. The first in relation to observation
         and direct perception and the second aspect involving the possibility of naturalizing
         phenomenology in general and its account of time in particular.
      

      
      In the fourth chapter I examine a less acknowledged aspect of Boltzmann’s work related
         to phenomenological issues. Boltzmann had shared with Brentano, Husserl’s mentor,
         a keen interest in criticizing Mach’s ideas about perception, direct and indirect
         sensations, observation, continuum and dis/continuity, space, time and probability.
         “The-Opening-The-Drawer-Experiment” (Schubladenexperiment) is in some respects a precursor to Schrödinger’s Cat (despite obvious differences
         over the quantum mechanical conception of atoms) with its focus on observation, time,
         and determination. In the Schubladenexperiment a supposed object (e.g., a glove, an atom, etc.) is found in a closed drawer which when opened determines the object’s presence and absence. There are two issues
         that come into play here. One concerns the difference between physical and phenomenal permanence and the other involves the divisibility of a mathematic-physical continuum as opposed
         to the discreteness of phenomenal dis/continuity. Both of these issues relate to the
         question of observation and time since the opening-intermission of the drawer is a temporal span (or interval) in relation to probabilistic descriptions. Using this Schubladenexperiment, I will explain the issues of perception and observation from an extended Husserlian perspective. This will allow a re-examination of Boltzmann’s
         interventionism and his concept of time and irreversibility. 
      

      
      The third perspective encompasses the field of Husserl’s phenomenology of time and
         its implications and constructs that involve both science and physics and philosophy
         of time in general. The only literature that attempted to connect Husserl to science
         and physics involved attempts to naturalize phenomenology (e.g., Naturalizing Phenomenology: Issues in Contemporary Phenomenology and Cognitive Science (Writing Science) by Jean Petitot  (editor), Francisco Varela (editor), Bernard Pachoud (editor), Jean-Michel Roy (editor)
         but did not consider and introduce Husserl’s phenomenology and time theory to philosophy
         of science and philosophy of time.
      

      
      In chapter 5, I focus on the possibility of naturalizing phenomenology in general
         and “intentionality” and “time-consciousness” in particular. In this concluding chapter
         I raise the issue of whether we can use models for intentionality, such as the probabilistic
         one, in computational models without violating or compromising phenomenology’s rigorous
         attempt to “describe” intentional objects (perceptual or categorical). By addressing
         the question, whether or not Husserl’s phenomenology, especially with respect to his
         late concept of intentionality vis à vis “genetic phenomenology,” can be sustained,
         I examine the possibility of synthesizing “intuitive time-asymmetry” with “time-consciousness.”
         Furthermore, I examine whether or not re-describing “intuitive-time asymmetries” in
         terms of a naturalized “internal-time consciousness” can help explain physical time-asymmetries
         and possibly amount to a “physics of becoming.”
      

      
      
   
      Chapter 1

      A General Overview of the Philosophical Context

      
         
         
      

      
      Concepts of time and irreversibility, particularly those implied by thermodynamics
         and statistical mechanics, are embedded in the general philosophical and scientific
         contexts of phenomenalism and phenomenology. As we will see later in this first chapter,
         I will address the philosophical positions (and divisions) regarding the roots of
         phenomenology and positivism that to some extent are still unresolved. Some writers
         such as Lübbe and Sommer attempt to trace positivism to phenomenology and equally
         to interpret contemporary phenomenology as a radicalization of positivism, especially
         so for Ernst Mach’s brand of phenomenalism. Others, such as Jaakko Hintikka (1996)
         and Dagfinn Føllesdal (1969), explain Edmund Husserl’s phenomenology within the analytic
         tradition of Bernard Bolzano (1972), Gottlob Frege (1984), and Ernst Mach (1986).
         These perspectives do not stand for a mere divergence in historical alliances. Rather
         they imply important differences in the analysis of historically grounded issues such
         as atomism and energeticism, mechanism, phenomenalism, and psychologism, and their
         bearing on epistemology and science. Thus, insofar as the common conflation between
         phenomenal and phenomenological implications exceeds indifference to terminological distinctions and is instead marked
         by conceptual confusion, analyzing such historical-philosophical contexts is critical
         to understanding their role. 
      

      
      Moreover, some interpretations of thermodynamics and statistical mechanics, such as
         Ilya Prigogine’s and the Brussel’s School, feed on phenomenological and/or phenomenalistic
         positions as fundamental to backing up conceptions of temporal irreversibility. The
         tracing of terminological and conceptual confusion (between phenomenalism and phenomenology)
         leads us back to philosophical disagreements stemming from the works of Mach, Boltzmann,
         and Husserl, as well as Brentano as connecting all three. These scientists and philosophers
         shared a common professional and intellectual base, best exemplified by the fact that
         each occupied the same post at the University of Vienna. As Massimo Libardi informs
         us: “in 1880 Brentano . . . lost his professorship in the philosophy of the inductive
         sciences at [the University of] Vienna. The chair was assigned first to Ernst Mach,
         who was later then succeeded by Ludwig Boltzmann.” Brentano occupied the post during
         the years 1874–1880, Ernst Mach in the years 1880–1888, and Boltzmann from 1894–1900.[1]  
      

      
      The historical significance of the multiple discursive exchanges between Mach, Boltzmann,
         Brentano, and Husserl, specifically in relation to the concept of phenomenology, is critical for analyzing temporal irreversibility in general and thermodynamics
         and statistical mechanics in particular. As I will demonstrate, the terminological
         and conceptual divergence between the terms phenomenal and phenomenological was often
         overlooked and left ambiguous. However, upon examination the terminological confusion
         seemed to surface for the likes of Franz Brentano, Edmund Husserl, Ernst Mach, and
         Ludwig Boltzmann. 
      

      
      The multiple and often inconsistent use of the term “phenomenological” in late nineteenth
         century and early twentieth century philosophical and scientific discourse reflects
         an intertwined intellectual discourse not yet divided: “analytic” philosophy and phenomenology,
         philosophy and psychology (as in the case of both Mach’s and Brentano’s experimental
         psychological work and early Gestalt theory), and more generally the natural sciences
         (Naturwissenshcaften) and the human sciences (Geisteswissenschaften). Here the influence
         of Mach, Boltzmann, and Brentano cannot be underestimated. Brentano, whose early version
         of phenomenology paved the way to Husserl’s, shared a common interest in experimental
         psychology with Mach and was a friend and a colleague of Boltzmann.[2]  
      

      
      Although Mach rejected Husserl’s articulation of the term “phenomenology,” Husserl
         retained his interpretation of the term in his communication with Mach. For both Mach
         and Husserl, at this particular historical junction but less so for Boltzmann, the
         terminological divergence reflected an unstable conceptual distinction. As early as
         these terms surfaced in various discourses and with array of epistemological suppositions
         that at times differed significantly from one writer to another and at other times
         shared a common discursive language. In Kuhn’s sense, one might view the inconsistent
         use of the term “phenomenology” as a “conceptual anomaly” which signifies a shift
         between different “paradigms.”[3]   Here, I am referring to a rather “local” shift of paradigms, which culminated in
         Husserl’s later phenomenological work, Mach’s scientific phenomenalism and Boltzmann’s
         “localization” of the term within physics (i.e., thermodynamics and statistical mechanics).[4]  
      

      
      As early as 1896 Mach and Boltzmann both use the term phenomenological in a thermodynamic
         context and in reference to perception, observation, and scientific epistemology.
         Boltzmann’s use of the term is of great interest, mostly in relation to thermodynamics
         and its consequent interpretations of irreversibility.[5]   As we will see, Boltzmann’s use of the terms phenomenological and phenomenology
         occupied important positions on two respective levels. On a philosophical level it
         differed in analyzing “sensations” and “phenomena” in relation to observation, and
         also differed from Mach’s Thought-Economy and its “analysis of sensations.” And on a scientific level, Boltzmann’s differentiation
         between mathematical and phenomenological implications with respect to statistical
         mechanics is in some ways analogous to Mach’s distinction between “mechanical” and
         “phenomenological” physics.[6]  
      

      
      Much of the Boltzmann-Mach debate can be construed as differences over the phenomenological
         (phenomenal) interpretation of “sensation” and “observation” of facts in thermodynamics
         and statistical mechanics more than what is generally encompassed in the dispute between
         atomists and energeticists, such as Joseph Lochsmidt (1821–1895), Wilhelm Ostwald
         (1858–1932) and others who do not possess the same phenomenological component found
         in Mach and Boltzmann’s approaches. Other uses of the term phenomenological within
         science (in addressing phenomenological-chemical attributes of matter such as chromatic
         and other material properties, or using the term in astrophysics) are not discussed
         here since they exceed the context of the present examination. Instead I center on
         the implications of phenomenology in relation to thermodynamics, time, and irreversibility.
      

      
       Contrasting phenomenology with phenomenalism is not a common strategy in comparing
         various strains of positivism and phenomenology. More frequently phenomenology is
         addressed in terms of its relation to logical positivism (Føllesdal 1969; 1996) or
         the analytic tradition (Hintikka 1995; 2001) or its divergence from Mach’s Thought-Economy (Lübbe 1972; Sommer, 1985). Highlighting the distinction between phenomenology and
         phenomenalism and bringing it to the foreground of our discussion is motivated by
         two separate yet related concerns. The first is that the common ground for both contemporary
         phenomenology and scientific physicalism (with its phenomenalistic heritage) needs
         to be evaluated (Hintikka, Føllesdal, Sommer) to fully evaluate the significance of
         phenomenal claims within philosophical and scientific discourses. Here I use phenomenal
         claims as referring broadly to various kinds of description and observation, as well
         as perceptual and “intuitive” suppositions involving accounts of observables and unobservables.
         The second concern involves the degree to which differentiation between the two conceptual
         aspects (phenomenological/phenomenalistic) can assist the analysis of certain aspects
         of thermodynamics relating to time and irreversibility. 
      

      
       Husserl’s rejection of Mach’s Thought-Economy on the grounds of psychologism positions him close to Boltzmann’s scientific epistemology.
         In their rejection of psychologism and anti-atomism, Husserl and Boltzmann do not
         share Mach’s phenomenalism, especially when Mach’s phenomenalism is construed as rejecting
         theoretical posits (such as atoms) on the basis of non-observables (the case of the
         statistical atomistic hypothesis). Thus, the differentiation between phenomenalism
         and phenomenology which so involves debates over psychologism, atomism, and observation
         concern thermodynamics and statistical mechanics. The wider orbits of such implications
         are critical also to reevaluating the ways in which phenomenalistic and phenomenological
         assertions infiltrate philosophical and scientific discussions on time and irreversibility.
      

      
      The Split between Phenomenology and Phenomenalism: Herman Lübbe

      
      Lübbe is one of the first philosophers in the second half of the twentieth century
         to seriously challenge the prevailing view that Mach’s phenomenalistic Thought-Economy and Husserl’s phenomenological project are distinct philosophical methods and approaches.
         Lübbe’s attention is primarily given to the historical (or perhaps pre-historical)
         context which underlines conceptions of intentionality and subjectivity in twentieth-century
         philosophy. 
      

      
      Lübbe focuses on what he regards as the split between phenomenological (continental)
         philosophers such as Husserl and Heidegger and “positivistic” philosophers such as
         Mach and the early Wittgenstein.[7]   Lübbe’s explication of the shared philosophical context when applied to Mach and
         Husserl alike can be regarded as a genealogical approach, aiming to demonstrate that
         “Ernst Mach’s and other critical empiricists, regardless of their positivism, belong
         in the tradition of phenomenology.” And so, “the very project of phenomenology—the
         project of providing a painstakingly adequate description of what is given in experience
         precisely as it is given—can be regarded simply as a more comprehensive and more radical
         version of phenomenalism in the traditional sense.”
      

      
      In order to appreciate the extent to which Lübbe’s position reduces phenomenalistic
         and positivistic strains to phenomenology we need to recognize his attempt not as
         simply following a historical exposition of philosophical genealogy—which places phenomenology
         as a key philosophy—but rather, as re-interpreting the whole gambit of philosophical
         concepts, such as consciousness and subject, through a phenomenological perspective.
      

      
      Lübbe’s revisionism traces Husserl’s phenomenology back to Mach’s texts and argues
         that the proof that Mach already had phenomenological ideas in his texts might give
         him more saliency in the self-understanding of current philosophy, and might lessen
         his reputation as the first German positivist. It can also better explain phenomenology.
         Lübbe’s approach has direct consequences on how we are to evaluate phenomenalism and
         phenomenology in relation to concepts such as irreversibility and time-consciousness,
         and how we are to construe the historical context of both classical thermodynamics
         and statistical mechanics as present in the work of Boltzmann.[8]   
      

      
      Lübbe’s account of Mach’s conception of the role of the physicist reveals the shortcomings
         of phenomenalism’s attempt to explain scientific knowledge, as in the case of time,
         in terms of practical applications and results. Accordingly, the scientist, then,
         applies a measuring scale which is chronometric and numerical to better perceive “elemental
         sensations,” as with functional relations for formulating the law of falling bodies.
         Lübbe argues that Mach’s phenomenalism falls short of coming to terms with scientific
         concepts which are irreducible to sensations.[9]   If indeed we were to follow Lübbe’s interpretation of phenomenology, then any philosophical
         discourse surrounding the concepts of irreversibility, time-consciousness, and time-asymmetry
         would ultimately be relegated to phenomenological explanations.[10]  
      

      
      In spite of the perils of his analysis, Lübbe’s important juxtaposition of Husserl
         with Mach acknowledges that it was against Mach’s empirico-criticism that Husserl
         rallied, despite noting some positive aspects in it. Lübbe argues that the idea of
         a psychological base for mathematics as a practice involving a pragmatic or evolutionary
         intuition (Anschauung) is shared by both Mach and Husserl.[11]   In addition Husserl adopts “Mach’s idea that a certain proposition of human scientific
         praxis could be interpreted by analogy with mechanical praxis, viz., ‘mechanistic’
         or ‘mechanical’ cognitive activity within the subject.”[12]   However, as Lübbe points out, in Logical Investigations, Husserl differs from Mach
         in arguing for “the a priori validity of the mathematical and logical . . . [as] .
         . . the precondition of any meaningful account of economy of thought” and not as evidence
         induced from the doctrine of economy of thought.[13]   Such differences between Mach’s and Husserl’s respective conceptions of mathematics
         and logic are crucial to the later distinction between a phenomenal dis/continuity
         and a mathematical continuum in respect to time and will be discussed in chapter 4.
      

      
      Lübbe’s position contrasts Husserl’s phenomenology either to phenomenalism or to positivism
         and thus discourages any attempt to explain Husserl’s phenomenology of time in physicalistic
         terms and the ultimately grounding cognition within physics.[14]   Lübbe’s comparative analysis reduces the conceptual complexity of the historico-philosophical
         context to Husserl’s phenomenology, and thus obscures the fact that phenomenology
         played a pivotal role in Mach’s, Husserl’s, and Boltzmann’s works in multiple different
         ways.
      

      
      As Lübbe’s analysis treats Mach through a phenomenological-Husserlian perspective
         it argues for two seemingly separated and yet connected attempts. The first is to
         show historically that Husserl’s phenomenology radicalizes Mach’s phenomenalism and
         positivism in general—encompassing Mach’s empirico-criticism as well as Frege’s work.
         The second is the attempt to redirect this radicalization back to its positivistic
         roots and describe positivism in phenomenological terms.
      

      
      In Lübbe’s analysis the distinction between positivism, neo-positivism, and phenomenology
         results from a socio-political split in discourse.[15]   Hence, for Lübbe, the departure points for a phenomenalist like Mach and for Husserl
         are the same. They share the same intellectual and discursive context and are aware
         of each other’s work. A common preoccupation with notions such as description, reduction,
         and phenomenon in relation to epistemology conveys an impression of such commonalty.
         Nonetheless, a closer inspection reveals these shared notions to be radically incongruent.
         One is inclined to conclude that the terminological commonalty might be only a surface
         manifestation rather than a shared conceptual foundation. This is contrary however
         to Lübbe’s argument that there is a third possible analysis related to the originating
         conditions which led to both positions.[16]  
      

      
      Lübbe’s claim that in so far as Mach’s Thought-Economy posits observation and an irreducible resort to sense perception, the esse est percipi is retained. From Mach’s writings, one gathers ample evidence for reliance on impressions
         leading to his theory of sensations. On the one hand, in Lübbe’s view, Mach’s scientific
         method can be construed as an introduction of the traditional empirical-idealistic
         position into physics and science in general.[17]   On the other hand, Lübbe’s comparative analysis of Mach’s phenomenalism and Husserl’s
         phenomenology posits that either the philosophical radicalization of Mach’s phenomenalism
         leads to Husserl’s phenomenology, or digging up the roots of Husserl’s phenomenology
         leads back to Mach’s phenomenalism.
      

      
      Lübbe’s revisionism is evident in his treatment of Husserl’s phenomenology, with its
         concept of “intentionality,” as depleting the polarity between subject/object in a
         manner similar to Mach’s. Lübbe reminds us that,
      

      
      
         Mach is of course not only one who, even before the turn of the century, anticipated
            Husserl by raising objections to the duplication of the world into an “external” world
            and a subordinate “internal” one, to would-be “explanations” of what exists in the
            consciousness in terms of physical and physiological processes, as well as to the
            theoretical constructions of perception which became necessary . . . and went on to
            postulate a new theory which analyses and describes what exists phenomenally in perception
            as such.[18]  
         

         
      

      In hindsight, Lübbe’s attempt to position phenomenology at the crossroads of phenomenalism
         on the one hand and of the analytic tradition on the other hand recalls, as we will
         see later, Hintikka’s attempt to reconcile between phenomenology and the analytic
         tradition. However, Lübbe’s historical reductionism depletes the historico-philosophical
         specificity from concepts such as time and irreversibility not only in relation to
         Mach and Husserl but also in respect to Boltzmann. Consequently, by stressing the
         role of phenomenology as a philosophical origin Lübbe tends to prioritize phenomenological
         terms over non-phenomenological constructs (as occurring in science for example).
      

      
      Between Phenomenalism and Phenomenology: A Critique of Manfred Sommer’s Analysis of
         Husserl
      

      
      Manfred Sommer’s analysis of the relation between phenomenalism and phenomenology
         is philosophically more explicit and developed than Lübbe’s effort to emphasize the
         historical tangle of phenomenalism, phenomenology, and positivism. Sommer specifically
         traces the roots of Husserl’s phenomenology (early, middle, and late) to Mach’s phenomenalism,
         as manifested in his Thought-Economy and Theory of Sensations. Sommer’s assessment of the overlapping of thinking between Mach and Husserl is not
         limited to the interpretation of Husserl’s Logical Investigations. Sommer’s view in fact believes that Mach’s work encompasses that of Husserl’s. 
      

      
      To some extent Sommer’s position regarding the relation between phenomenalism and
         phenomenology is opposite to that of Lübbe. In Sommer’s case it is phenomenalism,
         and Mach’s is a case in point, which is given a precedent over both phenomenology
         and the analytic tradition. 
      

      
       Sommer shares with some “analytic” interpreters of phenomenology (e.g., Føllesdal),
         which does not highlight Husserl’s work in terms of logic and language. He thinks
         Husserl’s later philosophy should be reassessed as an important cognitive turn. However,
         Sommer’s own phenomenalism and his embrace of Mach’s philosophical work as a ground
         for any viable phenomenalistic inquiry makes his analysis of Husserl’s biased. Ultimately,
         Sommer aims to extend the scope of Mach’s Thought-Economy and Theory of Sensations by addressing cognitive issues, such as “intentionality” and “time-consciousness,”
         raised by Husserl’s phenomenology.[19]  
      

      
       Sommer’s position is that Husserl’s work construes scientific objectivity as a source
         of evidence (Evidenz) and intuition (Anschauung) in itself inexplicable yet the bedrock
         of our understanding. Furthermore, as Sommer argues, for Husserl, unlike Mach, scientific
         knowledge embodies the content of understanding or the intentional constituents of
         meanings and is not simply an economic description of sensations.[20]  
      

      
      Another important part of Sommer’s interpretation of Husserl and Mach is the notion
         of description, which I will discuss in chapter 2. The concept of description is fundamental
         to any phenomenology, and Sommer’s analysis of Husserl’s “phenomenological reduction”
         as based on Mach’s phenomenalistic monism and its concept of description is crucial
         to understanding Husserl’s anti-psychologism. Accordingly, Husserl compares descriptive
         psychology that deals with consciousness, or an experiencing subject, Icherlebnisse
         and Bewusstseinsinhalte and genetic psychology that deals with cognition or the connections
         of mental elements. Thus, in Sommer’s view, Husserl mistakes Mach’s psychomonistic
         phenomenology for idealism. Husserl does so by first assuming the primacy of cognition
         (as elemental sensations) and is only then followed by emerging consciousness. In
         assuming so, Husserl’s dissociation between consciousness (the I) and cognition (the
         mind)—clearly absent in Mach’s phenomenalism—will only later be corrected by Husserl.
         Furthermore, Husserl’s differentiation between consciousness and cognition is based
         on understanding cognition as a “bundle” or “weaving of mental experiences.”[21]   Negatively seen, the mind (cognition) is not an empty stage, a slate—emptiness
         to which content comes, since there is already content there, to which information
         (experience) is related, for generating consciousness.[22]   Sommer’s attempt to overcome the difficulty of reconciling consciousness with cognition
         is not simply to reconcile mentalistic and physicalistic accounts of the mind. Rather,
         Mach’s phenomenalism suggests to Sommer another approach. 
      

      
      The main problem with Sommer’s approach is his inability to account for Husserl’s
         conception of time-consciousness from the point of Mach’s phenomenalism. Aiming to
         encompass Husserl’s time-theory within Mach’s phenomenalism, Sommer draws a correlation
         between Husserl’s use of geometry as a “transcendental tool” and its relation to time
         as exemplified by Husserl’s “time-diagram” (chapter 3). Accordingly, Husserl’s two-dimensional
         diagram is made up of two axes: a horizontal one onto which sensations are woven and
         a vertical axis onto which the same sensations can be construed objectively. Thus,
         complexity is codified along the horizontal axis and intention along the vertical
         and the two intertwine. Nonetheless, following Mach, Sommer claims that sensation
         does not need to be intentional and that consciousness can be composed of intention-free
         sensations. On the one hand, Mach would argue that consciousness couldn’t be composed
         of sensations but rather dissolve itself in them. Husserl, on the other hand, would
         insist that even though some sensations exist without meaning attached to them or
         complex bundling and weaving, most sensations must be comprehended for consciousness
         to remain consciousness. Hence, in Husserlian terms, all experiences have some sort
         of connection to intention and all sensations connect to consciousness in order to
         exist.[23]   
      

      
      Sommer’s revision of Mach’s phenomenalism is based on considerations that do not concern
         science and scientific neurological theories and hence suffers as result. Where Mach’s
         monistic conception can fold into one subjective consciousness, living organism, and
         first substance, Husserl treats these aspects as distinct from each other. In pressing
         Husserl’s phenomenology in relation to positivism, Sommer critiques Husserl from a
         Machian point, probing the question: How can Husserl’s analysis of “intentionality”
         rely on the difference between consciousness (phenomenological I) and an empirical
         person (phenomenal I) when these aspects are in effect inseparable? Sommer’s discussion
         of Husserl is largely conducted in reductionistic terms and thus ascribes to Husserl’s
         “intentionality” the role of merely describing sensation.[24]  
      

      
       The weakness of Sommer’s approach to Husserl’s phenomenology results from his assumption
         that any conceptual incongruence between Husserlian-phenomenology and Mach’s Thought-Economy comes from Husserl’s use of metaphors. As Sommer argues, metaphors usually signal
         that the theory approaches its own limits and Husserl’s reliance on metaphors is such
         a case. However, the issue at stake here is Sommer’s assumption that anything exceeding
         the description of sensations à la Mach, as the immediate given, must be linguistic
         excess. [25]  
      

      
      It is only in Husserl’s concept of time that Sommer sees a decisive step beyond Mach’s
         phenomenalism. Sommer’s concern is phenomenal accounts and their relation to time.[26]   But Sommer is interested primarily in a “descriptive philosophy” not based on Husserlian
         “passive givens” and “active formulations,” even though inspired by it. Sommer asks
         the following question:
      

      
      
         Is there a phenomenological descriptive philosophy that only handles sensations (Empfindungen)?
            Is there a “phenomenology of pure perception”? And if it exists, what does it look
            like?[27]  
         

         
      

      Sommer contends that the answer must differ from Husserl’s approach since consciousness
         is always explainable for Husserl in relation to the living interaction between passive
         givens and active formulation. In a sense, Sommer moves away from totally embracing
         Mach’s phenomenalism (Sommer 1985) to translate “intentionality” into phenomenalistic
         terms. For this purpose, Sommer revisits Lübbe’s position that phenomenology must
         be rethought in terms of history. Hence, for phenomenology, as Sommer argues, history
         chronicles the results of “free-thinking variation” and is connected to its archive
         in an atemporal way and its exegesis does not fall into the trap of historicism. The
         result of Sommer’s journey (“free-thinking variation”) is not surprising: he finds
         Mach the first to generate the idea of phenomenology and unlike Husserl to dissolve
         everything—unimaginable moments, clear instants, timeless coincidences—into sensations.
         Mach’s phenomenology is about pure sensations. Sommer defines Mach as a positivist
         who fell short in “naming” such philosophical intuition as “the phenomenology of pure
         sensations.” Sommer’s historical evaluation of Mach is to link him with phenomenology
         as a philosopher, not a scientist, who can be considered an idealist against materialist,
         his debate with Boltzmann, or a materialist against idealist, his debate with Husserl.
         Mach would “terrify one with the other, without fully being one or the other.”[28]  
      

      
      Sommer revisits Lübbe’s revisionism by arguing that Husserl’s criticism of Mach was
         to an extent an exercise of “self-criticism,” allowing him to move beyond the positivistic
         stance of Mach—especially his psychologism—into phenomenology.[29]   As we will see in the following chapter, the crucial differences between Mach,
         Husserl, as well as Boltzmann, in respect to description, sensations, and phenomenal
         criteria cannot be simply resolved by historically revising their relation to a shared
         critical context. 
      

      
      Sommer defines Mach’s phenomenalism as positing elements that are neutral and indifferent
         and not automatically tied to soul, material, physical, or psychological. That the
         elements are neutral allows Mach to construe pure sensations as things that occur
         before meaning is assigned. Furthermore, the individual perception is neither conscious
         nor unconscious, but rather made conscious through the experiences of the present.
         Sommer concedes that Mach’s elements should not be identified as equivalent to perceptions
         in analytical—descriptive psychology. Describing this process—from element to perception
         is the task of Mach’s monism. Elements become kinds of percepts. Sommer asserts that
         Husserl like Mach also believed that finding the roots of perception is unanswerable.
         They cannot be found within unconsciousness nor can be explained in terms of the central
         nervous system. By stressing the fact that Mach, unlike Husserl, relies on his elements,
         Sommer attributes to Mach’s monism the ability to render these elements, subjective
         mind-content, and an objective quality. This allows Sommer to identify Husserl’s approach
         as falling short of comprehending Mach’s phenomenalism, since Husserl did not conceive
         perception as anything more than a subjective content of the mind.[30]  
      

      
      Sommer overlooks the hyletic content in Husserl’s conception of intentionality. Hence
         he argues that for Husserl, “intentionality” constitutes consciousness and not sensationalistic-tactile
         (sinnlich) content and that through intentional acts and experiences consciousness
         is built. Phenomenology is the inner construction of an intentional experience made
         up by bundled perceptions as a whole or complexity and objective apperception understood
         as “intentionality.”[31]  
      

      
      Sommer argues that although early positivism conceived the reduction of sensations
         and intentions (and the objects connected to them) by way of apperception, Husserl
         contends that we should induce from perception an understanding of moments and meanings
         that precede (and constitute) them. In other words, to practice a “phenomenological
         reduction” is to remove pure perceptual data. If Husserl had still fought against
         Mach, as Sommer argues, intention-free consciousness would be “a being just like all
         outside things,” but instead Husserl had to make some concessions. Sacrificing “intentionality”
         did not change consciousness into an object; rather, consciousness and the object
         were placed into chaotic indifference. Sommer argues that for Husserl such reduction
         becomes destruction. And with the sensual reduction came the “desert possibility,”
         and that “consciousness opens up in a swirl of mindless perceptions . . . a so mindless
         swirl, that there is no ‘I’ and no ‘you’ and in which there is no physical world.”[32]  
      

      
      Sommer understands Husserl’s concept of “intentionality” as a way to circumvent the
         empiricist predicament, the “flux of sense-perception” or “elemental mindless swirl,”
         which Husserl identifies in Mach’s phenomenalism. But this analysis is limited. On
         the one hand, Sommer’s work is helpful in stressing the phenomenalistic roots of Husserl’s
         phenomenology in respect to Mach. On the other hand, Sommer’s analysis of intentionality
         ignores the constituents of Husserl’s phenomenology which are not necessarily connected
         with Mach’s phenomenalism. Consequently, Sommer’s interpretation of Husserl’s phenomenology
         can be construed as attempting its phenomenalization. Unlike attempts at naturalizing
         phenomenology, which systematically redescribe Husserl’s phenomenology in physicalistic
         terms, Sommer interprets Husserl through Mach’s phenomenalism and its defiance of
         both physicalism and mentalism as incompatible with phenomenal—neutral monism.
      

      
      Hintikka on Mach, Husserl, and Boltzmann 
and the Relation between Phenomenology and the 
Analytic Tradition
      

      
      Hintikka addresses some key aspects in comparing phenomenalism and phenomenology.
         He discusses Mach, Husserl, and Boltzmann as well as Wittgenstein. Hintikka has demonstrated
         how Husserl’s work is embedded in the analytic tradition.[33]  
      

      
      There are three themes in Hintikka’s comparative approach that are of interest to
         our discussion: 
      

      
      
         	
            
            Mach’s, Boltzmann’s, and Husserl’s respective conceptions of reduction, description,
               and observation. This theme involves the wider philosophical-scientific context influenced
               by Mach.
            

            
         

         
         	
            Critiques of Mach’s phenomenalism and “phenomenological language” by Husserl, Boltzmann,
               Wittgenstein, and Frege. This theme focuses on the extent to which phenomenology,
               mostly Husserl’s, was integrated in early analytic philosophy (i.e., positivism) and
               the relevance his philosophy still has.
            

            
         

         
         	
            The delineation of phenomenalism and phenomenology in respect to Mach, Husserl, and
               Frege. This theme involves historical and philosophical analyses, which I will discuss
               later in respect to Kleinpeter.
            

            
         

         
      

      
      Hintikka’s philosophical discussion on the relation between Mach’s phenomenalism and
         Husserl’s phenomenology is centered on their shared historical context. Hintikka does
         not follow Lübbe’s and Sommer’s historical assertions and philosophical interpretations.
         He treats Husserl’s work in two areas: a cognitive and a scientific. The first is
         Husserl’s contribution to the philosophy of language, logic, and mind, especially
         his concept of the noetic-noematic constitution of cognition. The second is Husserl’s
         re-assessment of some key phenomenal problems in science.[34]  
      

      
      However, when it comes to Husserl’s relation to positivism in particular and the analytic
         tradition in general, Hintikka follows a comparative approach that is not exclusively
         historical. If Husserlian phenomenology can be said to have had pre-historical roots
         in Machian phenomenalism, Husserl’s relation to Frege is more pregnant and yet complex.
         Hintikka comparatively reassesses the cognitive and scientific aspects of Husserl’s
         phenomenology in relation to three comparative analyses:
      

      
      
         	
            
            Husserl’s phenomenology in relation to Mach’s phenomenalism in the context of science
               in general and Boltzmann in particular.
            

            
         

         
         	
            Husserl’s phenomenology in relation to Mach’s phenomenalism in the context of positivism.

            
         

         
         	
            Husserl’s relation to Frege’s philosophy and its subsequent implications for his critique
               of phenomenalism as well as the move beyond logicism.
            

            
         

         
      

      
      Thus, subjugating Husserl to Frege is wrong for both philosophers. As Hintikka argues:

      
      
         Frege was a loner whose direct philosophical influence was for a long time minimal.
            The one early exception that proves the rule is his criticism of Husserl, which was
            instrumental in turning the father of phenomenology against psychologism.[35]  
         

         
      

      Hintikka’s view is disputed for underestimating Husserl’s investigations into language
         and logic, which ran independent of and parallel to Frege. Nonetheless, Hintikka carefully
         analyzes the significance of Husserl’s concept of logic in respect to intuition, regardless
         of Frege’s critique. Hintikka’s analysis is important for its critique of phenomenalism,
         especially in relation to Sommer’s embrace of Mach’s phenomenalism as a critique of
         Husserl’s phenomenology and Mach’s reiteration of sensation and sense perception as
         directly given to our perception.[36] Hintikka points out that the issue of whether or not knowledge in its totality can
         be reduced or explained in terms of sense perception was a key concern for early twentieth-century
         philosophy of science.
      

      
      Hintikka notes the extent to which the philosophical, scientific discourse on phenomenalism
         and sensations involved not only Mach and Husserl but scientists like Boltzmann as
         well. In as much as the Mach-Boltzmann debate over issues of atomism in physics was
         centered on concepts of observation, description, and reduction, it overlapped the
         Mach-Husserl dispute on psychologism and relativism.[37]  
      

      
      Thus, there is a clear correspondence between issues such as observation and its correlation
         to sensations and the immediately given, descriptive methods and Mach’s and Husserl’s
         respective concepts of reduction, and the debate in physics between atomists like
         Boltzmann, and anti-atomists like Mach and Ostwald. And Hintikka emphasizes this by
         arguing that the
      

      
      
         confluence of the general philosophical problem of reducibility to the given and the
            problem of unobservable entities in the philosophy of science was the characteristic
            feature of the intellectual situation around the turn of the century on the continent.
            The protagonists of the two opposing standpoints, Ernst Mach and Ludwig Boltzmann,
            were both philosophers as well as physicists. But both held academic appointments
            that specifically involved philosophy. . . . Boltzmann was Mach’s successor in the
            chair at the University of Vienna devoted to “philosophy, especially the history and
            theory of inductive sciences.”[38]  
         

         
      

      Hintikka ties the Mach-Boltzmann debate over the “reducibility of the given” and the
         problem of unobservables to issues of mathematical symbolism and linguistic representation
         in science. Hintikka’s analysis demonstrates a correspondence between the Mach-Boltzmann
         debate over atomism and the Mach-Husserl dispute over phenomenology.[39]   Boltzmann and Husserl are implicated in their opposition to Mach’s phenomenalism
         in similar positions. Hintikka’s argues that, on the scientific level, Boltzmann opposes
         Mach’s radical reduction of scientific theories to descriptions of the given and thus
         only observables. On a philosophical level, Hintikka observes, Husserl rejects Mach’s
         Thought-Economy and Analysis of Sensations as based on a misconception of “perception” and its cognitive constitution as simply
         the immediately givens.[40]   Hence, what emerges from Boltzmann’s and Husserl’s respective rebuttals to Mach’s
         phenomenalism is their shared concern about the role of language (i.e., symbolic and
         logical representation) and its relation to reality (i.e., what constitutes either
         “physical laws” in Boltzmann’s case or “ideal laws” in Husserl’s case).[41]  
      

      
      Hintikka’s argues that in so far as Mach’s philosophical position (ontology) is phenomenalistic,
         his scientific position (epistemology) is phenomenological. One must consider Mach’s
         phenomenalistic theory of sensations and his phenomenological Thought-Economy not separated philosophical concerns, but rather intertwined. Mach’s anti-representationalism
         can be construed as an outcome of his radical reduction of the role of description,
         in respect to sensations (phenomenally) and observation (phenomenologically). As I
         will explain later in this chapter, the term “phenomenological physics” as introduced
         by Mach and which stands in opposition to “mechanical physics,” is connected to the
         way his Theory of Sensations (Empfindungen Theorie) interrelates with his Thought-Economy (Gedenkenökonomie), Mach’s conception of a “descriptive method.”[42]  
      

      
      Hintikka underlines the interconnectedness and yet distinctiveness of Mach’s epistemological
         and ontological concerns in respect to his phenomenalism. He argues that the rapport
         between Mach and logical atomists was never simply that of agreement and assimilation
         of ideas. Hintikka’s argument that “the Mach-Boltzmann controversy was not the problem
         of idealism versus realism, but the dispensability of theoretical concepts in science”
         repudiates interpreters of both Mach and Boltzmann; for example Blackmore, who tends
         to emphasize the issues of representationalism and realism as pivotal. Hintikka’s
         account of Husserl concerns the misconceptions of the latter by various philosophers,
         mostly supporters of Mach, who confuse Husserl’s phenomenology with Mach’s phenomenalism
         and thus accuse Husserl’s phenomenology of being derivative. Hintikka quotes Husserl’s
         account of “phenomenology” as an answer to various equivocations and accusations:[43]  
      

      
      
         Around the turn of the century there grew out of the struggle of philosophy and psychology
            for a strictly scientific method a new science, hand in hand with a new method of
            philosophical psychological research. The new science was called phenomenology, the
            reason being that it and its new method arose through a certain radicalization of
            the phenomenological method that had earlier been propagated and used by individual
            natural scientists and psychologists. [44]  
         

         
      

      This quote from Husserl is the basis for Lübbe’s view that Husserl’s phenomenology
         is nothing but a radicalization of Mach’s; thus, Lübbe sees Mach’s work as a pre-radicalized
         version of phenomenology. Here of course, Lübbe and Hintikka differ. Unlike Lübbe,
         Hintikka emphasizes the underlying critique of science as connected to scientists
         and philosophers such as Mach and Hering in responding to the speculative mathematical
         but experientially and intuitively ungrounded theorizing.[45]  
      

      
      Hintikka emphasizes the underlying empirical strain that Husserl shares with both
         Mach and Brentano in seeking a rigorous descriptive method for psychological research.
         Accordingly to Hintikka, Husserl was fully aware of his “phenomenological predecessors”
         and relied on them as a foil to his own formulations of phenomenology with contrasting
         shades especially in relation to the understanding of phenomenology as a form of radicalized
         psychology.[46]  
      

      
      Hintikka assumes that, “there is more evidence that Husserl’s conviction that his
         phenomenology was a further development of the ideas of philosophers of science like
         Mach.” Hintikka follows Sommer’s views on Mach as a precursor of Husserl, but without
         subjecting Husserl’s phenomenology to Mach’s phenomenalism.[47]  
      

      
      Where Sommer critically assesses Husserl’s concept of intentionality through Mach’s
         philosophy, Hintikka’s argument is neutral and explores the possible links between
         Husserl and Mach, which relates to the general divide between phenomenological and
         analytic philosophical discourses. According to Hintikka, the differences, for example,
         between Mach’s “phenomenological language” and Husserl’s “phenomenological reduction”
         are crucial and should not be conflated, especially since Wittgenstein’s critique
         of Mach’s “phenomenological language” has nothing to do with Husserl’s phenomenological
         method, nor with Boltzmann’s critique of “phenomenological physics.”
      

      
      In Hintikka’s view, Føllesdal’s approach exemplifies the depth of Husserl’s understanding
         of logic and language which prevails in relation to Frege but not in relation to Mach.
         Mach’s “shallow view of the Knowledge which is constituted from the given,” stems
         from not distinguishing between perceptual and linguistic aspects of experience. Hintikka
         proposes in effect that Husserl and his phenomenology are situated between Mach’s
         analysis of sensations (phenomenalism) and Frege’s analysis of logic and language
         (logicism).
      

      
       Another aspect of Hintikka’s analysis, different from Sommer’s work on Mach-Husserl,
         relates to Hintikka’s understanding of Husserl’s phenomenology as encompassing Mach’s
         and not the other way around, as Sommer believes. Accordingly, Hintikka points out
         that the important relation between experience and theory supersedes Husserl’s distinction
         between the natural and the phenomenological attitudes. Husserl introduced the concept
         of hyletic data, which has no equivalent in Mach’s theory, in order to distance himself
         from Mach’s reliance on describing the giving through direct perception which implied
         for Husserl the overriding of conceptual relations of structures and properties of
         things.[48]  
      

      
      Hintikka incorporates Husserl’s distinction between “sensile” (hyletic) and “intentional”
         (noematic) perception/experiences as based on two intertwined yet distinct strata
         and substratum in the case of hyletic perception. Thus, Hintikka’s analysis is a broader
         conceptualization than simply encompassing Husserl’s phenomenology within the Fregean
         philosophy of language.[49]   In addition, Hintikka also acknowledges the important twofold distinction:
      

      
      
         	
            
            between natural versus phenomenological approaches, or attitudes.

            
         

         
         	
            between experience versus theory.

            
         

         
      

      
      In addition to his comparative analysis of Mach-Boltzmann and Mach-Husserl, Hintikka
         has discussed Husserl’s phenomenology in respect to Wittgenstein. This work emphasizes
         the importance of Wittgenstein’s transition from “phenomenological language” to its
         critique. Hintikka informs us that, “Wittgenstein began to criticize Mach only after—and
         immediately after—rejecting the primacy of phenomenological languages.” In his Philosophical Remarks, Wittgenstein writes the following:
      

      
      
         One of the clearest examples of the confusion between physical and phenomenological
            language is the picture Mach made of his visual field, in which the so-called blurredness
            of the figures near the edge of the visual field was reproduced by a blurredness (in
            a quite different sense) in the drawing. No, you can’t make a visual picture of our
            visual image.[50]  
         

         
      

      Hintikka’s emphasis on Wittgenstein’s rejection of the “primacy of phenomenological
         languages” is connected to the realization that “physicalistic idioms may not be transferred
         without loss to phenomenological objects.” And the “loss” or “giveness” of such “phenomenological
         objects” is precisely the focus of Husserl’s phenomenological reduction.[51]  Thus, what Hintikka attains through his comparative analysis is not a stark contrast
         between Mach and Husserl or Mach and Boltzmann as a backdrop for a critique of phenomenalism
         and “phenomenological language” in particular. Instead Hintikka achieves a subtle
         delineation of the ways in which Husserl’s phenomenology emerges from the limits of
         analyses of language and logic together with Husserl’s additional account of intentionality
         as a constitutive aspect of cognition.[52]   To some extent, Hintikka’s analysis leads to Føllesdal’s position which considers
         Husserl’s phenomenology as a cognitive step beyond theories of meaning confined only
         to language and logic. Unlike Sommer’s view of Mach’s epistemology as a dialectical
         approach to “phenomenological language,” Hintikka notes the complexity and sophistication
         of Husserl’s phenomenology precisely in its avoiding the trap of “phenomenological
         language.”
      

      
      Moreover, Hintikka’s explication of Mach’s position on questions of language and realism
         suggests a strong affinity between Boltzmann’s and Husserl’s positions. Such affinity
         is made clearer by examining other critical viewpoints. At issue is Wittgenstein’s
         critique of Mach’s “phenomenological language” which will be later discussed in relation
         to Mach’s conception of description and Boltzmann’s critique of Mach’s phenomenalism.[53]  
      

      
      Hintikka acknowledges Mach’s influence on positivism and defines positivism in relation
         to Wittgenstein’s Tractatus in three ways: 
      

      
      
         	
            The idea that a priori truths of logic and mathematics are tautological; 

            
         

         
         	
            Wittgenstein’s peculiar notion of solipsism; 

            
         

         
         	
            The idea that empirical science is merely descriptive. [54]  
            

            
         

         
      

      
      Furthermore, as Hintikka points out the fact that shortcoming of logical positivism
         inability to rely truth-function when it involved their “tautology thesis” permeated
         some like Mach and early Wittgenstein to resort to the assertion that the world is
         made up of immediate experiences which should not be obstructed by groundless theoretical
         deviations away from the given.[55]  
      

      
      If indeed Boltzmann’s position on language can be typified as “physicalistic,” so
         it most certainly differs from Husserl’s. The difference between physicalism and phenomenology
         is not simple and obvious. For instance, Wittgenstein’s late philosophy of language
         does not fall into physicalistic assumptions, but rather explains physicalistic presuppositions
         in terms of their relation to language (e.g., language-games). Thus, insofar as Husserl’s
         phenomenological concept of language can be contrasted with Mach’s “phenomenological
         language,” physicalism can be differentiated from phenomenalism but cannot be contrasted
         with phenomenology (in Husserl’s sense) on the same grounds.[56]   
      

      
      Delineating the Historic-Philosophical Context of the Split: Hans Kleinpeter’s Der Phänomenalismus

      
      Hans Kleinpeter (1869–1916), a follower of Ernst Mach, published two books which concern
         the philosophical debate surrounding Mach’s Phenomenalism and Thought-Economy. His relevance to the current research is clearest in the account of phänomenologie
         in his second book, Der Phänomenalismus. This book marks an historic change by implementing the distinction between Machian
         phenomenalism and Husserlian phenomenology.[57]  
      

      
      By examining Hans Kleinpeter’s book, Der Phänomenalismus (1913), which deals directly and explicitly with two distinct contexts (phenomenalism
         and empirico-criticism in relation to phenomenology), we can evaluate the historico-philosophical
         relations between phenomenalism and phenomenology. 
      

      
       When Kleinpeter called Mach’s position phenomenalism (phänomenalismus) and Husserl’s
         phenomenology (phänomenologie), it signaled one of the first tentative attempts at
         making the distinction conceptually, and not only terminologically, different. Moreover,
         Kleinpeter’s distinction serves as the first litmus test to future analysis of the
         terms. Kleinpeter defended Mach’s phenomenalism against criticism of his anti-atomistic
         views (Boltzmann) but also against accusations of subscribing to relativism and psychologism
         (Husserl).
      

      
       In Logical Investigations, Husserl had criticized Mach’s relativism and psychologism, referring to 
      

      
      
         another empiricist attempt to find a basis for logic and epistemology, closely related
            to the psychologism which we have hitherto sought to refute, and which has won wide
            acceptance in recent years: the attempt to provide a biological basis for these disciplines,
            either through the Principle of Least Action, as Avenarius styles it, or through the
            principle of the Economy of Thought, as Mach calls it. That this new tendency ends
            up by being a psychologism, is made very clear in Psychologie of Cornelius.[58]  
         

         
      

      Husserl’s critiques of phenomenalism drew attention from Mach’s circle, particularly
         Kleinpeter’s response to Husserl’s criticism, which is decisive and extensive. It
         reflects the gravity with which Kleinpeter considered Husserl’s “accusations.” Unlike
         other Machians (such as Willhem Jerusalem and Hans Alöis), Kleinpeter’s critical responses
         to Logical Investigations are important for recognizing that the dispute between Mach and Husserl was based
         on key issues of phenomenalism and not simply obtrusive misunderstandings on Husserl’s
         part, as Jerusalem had remarked.[59]  
      

      
      Kleinpeter’s response has three main thrusts:

      
      
         	
            
            An examination of phenomenalism in relation to metaphysics and epistemology (Erkentnistheorie)
               which promotes Mach’s Thought-Economy as preferable to other metaphysical or epistemological positions in science;[60]  
            

            
         

         
         	
            A comprehensive examination of phenomenalism as applied to the human sciences (Geisteswissenschaften)
               or aspects of philosophy which concern the teleological, biological, psychological,
               and ethical sciences;[61]  
            

            
         

         
         	
            An attempt to give a concise history of phenomenalism (qua phänomenologie) as grounded
               in Locke, Berkeley, and Hume and developed and modified by Mach.[62]  
            

            
         

         
      

      
      Thus, Kleinpeter’s distinction between phenomenalism (phänomenalismus) and phenomenology
         (phänomenologie) is derived from his defense of Mach and not from an exegesis of Husserl’s
         phenomenology and his Logical Investigations. Nonetheless, given his role in Mach’s circle, Kleinpeter’s contribution to the debate
         over the split between phenomenalism and phenomenology is important to re-addressing
         some of the historical or/and philosophical suppositions held by Lübbe, Sommer, and
         Hintikka in their comparative analysis of Mach and Husserl. [63]  
      

      
      Kleinpeter’s case exemplifies the divide between phenomenalism and phenomenology as
         related to three concerns:
      

      
      
         	
            
            Evaluating Husserl’s critique of psychologism and relativism;

            
         

         
         	
            Examining Husserl’s conception of phenomenology (phänomenologie) in relation to his
               conception of sensations (Empfindungen), presentation (Vorstellung), intuition (Anschauung),
               and evidence (Evidenz);
            

            
         

         
         	
            Criticizing Husserl’s alleged logicism as well as psychologism either as related to
               Frege’s logicism or Brentano’s psychologism.
            

            
         

         
      

      
      Examining Kleinpeter’s threefold critique of Husserl’s phenomenological position helps
         address some critical differences between Mach’s and Husserl’s positions in relation
         to Boltzmann’s dispute with Mach.[64]  
      

      
      Kleinpeter contrasts Husserl’s phenomenology with Mach’s views to enable a clearer
         understanding of phenomenalism. Accordingly, Kleinpeter argues that Husserl’s second
         proposition of the “phenomenological world view” (Phänomenalistichen Weltanschauung)
         is based on differentiating the given and the arbitrary. Such a conception regards
         sensation both as the given and as substance of the imagination for the sciences.
         According to Kleinpeter, Mach refers to this as “the adjustment of thoughts to facts.”
         In the phenomenological view (i.e., Husserl’s), the freedom of an imaginary world
         is as characteristic as the binding to the sensory world. Thus, Kleinpeter critiques
         Husserl for overlooking the evolutionary aspect of Mach’s epistemology, which unlike
         Husserl’s simplifies and obliterates the need to differentiate between the given and
         the arbitrary. Furthermore, Kleinpeter identifies Locke as the one who already realized
         the crucial synthesis, reconciling previous theories of knowledge in philosophy.[65]  
      

      
      Kleinpeter’s critique of Husserl’s phenomenology is first addressed in relation to
         its divergence from Mach’s “elements” which purport a world-view (Weltanschauung)
         supposing the reduction to the immediately given, or to sensations. Kleinpeter argues
         that in Husserl’s phenomenology there are no true means of finding out if a judgment
         is true or false. Instead 
      

      
      
         people have an innate urge to judge, but their thinking apparatus depends on too many
            subjective circumstances; thus, distracting them from an objective judgment. The result
            is a problem in the theory of cognition. As clear and evident as it seems that the
            subjective feeling is not true, most philosophers base their judgment on evidence.[66]  
         

         
         Here, Kleinpeter overlooks Husserl’s emphasis on axiomatic and deductive systems,
            and thus misconstrues Husserl’s articulation of the term intuition (Anschauung) as
            simply denoting intuitive experience (Intuition) in the Kantian sense. [67]  
         

         
      

      More specifically, Kleinpeter regards Husserl’s differentiation between “pure logic”
         and “practical logic” as well as the distinction between “real” and “ideal” laws as
         the basis for Husserl’s “formal science” in opposition to Mach’s Economy. Kleinpeter argues that Husserl’s epistemology of “formal science,” as distinct from
         other “practical sciences,” is based solely on the concept of a logical deductive
         system: “we have to raise objection against such a restriction, because it makes it
         impossible to apply them to other sciences. . . . There is an important characteristic
         feature of a scientific term missing an accuracy and which provides to all natural
         sciences a base for experience.” Kleinpeter concludes that Husserl cannot properly
         demonstrate the essence of formal science and thus deprives himself from understanding
         the principles of Mach’s Economy. In Kleinpeter’s view, although Husserl attempts to base his theories completely
         on logic and thus opposes the right of “psychological examinations, he tragically
         fails to adhere to the main principles of logic such as the concept of contradiction.”
         Accordingly, Kleinpeter argues that[68]   
      

      
      
         after opposing the construing of the significance of experience as a main source for
            any epistemology, he [Husserl] commits himself to a different search, that of the
            feeling or the experience of evidence! Husserl claims that truth is an idea, which
            occasionally is an actual experience in the evident judgment . . . and furthermore,
            that real and scientific cognition are each based on evidence and as long as evidence
            is sufficient, so is the concept of knowledge.[69]  
         

         
      

      Husserl, according to Kleinpeter, bases the validity of his entire philosophical system
         on the evidence of a mere subjective feeling and not on any objective meaning. Therefore,
         Kleinpeter attributes to Husserl’s position a subjectivist and hence psychologistic
         character.
      

      
      Husserl, according to Kleinpeter, contradicts himself by regarding evidence both as
         the meaning of experience and as a source of logic. In Kleinpeter’s understanding,
         this amounts to a contradiction since evidence is empirically and perceptually grounded.
         Kleinpeter not only accuses Husserl of contradicting himself by applying the notion
         of “evidence,” an empirical experience, as a substratum to “pure logic,” but also
         argues that Husserl’s critique of Mach is really a disguised form of idealism, and
         hence of psychologism and relativism as well. Kleinpeter contends that both Natorp
         and Husserl also implicitly acknowledge the meaning of immediate givens, or experiences,
         to be only occasionally grounded within thinking. Therefore, Kleinpeter identifies
         Husserl’s position with that of “scientists” who follow a Kantian explanation of cognition.
         However, the critical basis of Husserl’s critique of Mach’s Thought-Economy is defined by three conceptual divergences, which Kleinpeter could not have addressed,
         since Husserl in his Ideas stipulated them. Only the last of the three occurs explicitly in Logical Investigations.[70]   Kleinpeter’s review of Husserl’s critique of Mach’s Thought-Economy discloses the degree to which he viewed Husserl’s work within the context of Mach’s
         philosophy and concept of Thought-Economy.[71]   It touches the same issues which, as we will see later, Kleinpeter himself will
         redirect at phenomenological undertakings as deviant forms of phenomenalism.
      

      
      An Analysis of Kleinpeter’s Criticism

      
      Throughout Der Phänomenalismus, Kleinpeter distinguishes between various kinds of phenomenalism: those related to
         Wissenschaften, Naturanschauung, biologischen Wissenschaften, Psychologie, and Ethik.
         From these various categories, Kleinpeter allocates phenomenalism to different branches
         of knowledge. This resonates with Mach’s notion of the “unity of the sciences” (chapter
         2).
      

      
      In fact, Kleinpeter sketches here the evolution of phenomenology as a type of phenomenalistic
         psychology, or rather, an aspect of phenomenalism, which re-describes the psychology
         of perception and experience in terms of sensations. Through Kleinpeter’s historical
         accounting of phenomenology as an offshoot of phenomenalistic psychology, we may construe
         how, in Kleinpeter’s view, Husserl’s position (as much as Stumpf’s and James’) seemed
         encompassed by Mach’s phenomenalism.[72]  
      

      
      Kleinpeter draws a distinction between two types of phenomenalism: one related to
         science and the other to biological sciences. The first type is Mach’s Thought-Economy. It applies a phenomenalistic explanation of both Newton’s science of mechanics and
         biological evolution. In contrast, the second type of phenomenalism, unlike Mach’s
         phenomenalism, is the “the phenomenalistic principle in the biological sciences.”
         This relies on scientific theories as the basis for a “phenomenological naturalistic
         intuition.”[73]  
      

      
      Kleinpeter’s distinction is highly perceptive, given the fact that a phenomenalistic
         conception of temporal anisotropy is based on the analysis of “time-sensation” and
         not on a teleological conception of the temporal irreversibility (Bergson’s and Prigogine’s
         conceptions), which underlies all processes and knowledge, by the necessity of “creative
         evolution.” For example, in Kleinpeter’s analysis, Bergson follows the strictures
         of phenomenalism when it comes to the phenomenology of perception (i.e., with its
         Machian psychophysical empiricism) but diverts into a “teleological phenomenalism”
         and “phenomenological naturalism” when time, space, and evolution are concerned.[74]  
      

      
      In Kleinpeter’s opinion, “the phenomenological naturalistic intuition” (Anschauung,
         which implies equally intuition, contemplation, and perception) underlies any given
         physics that holds a notion of a multi-faceted evolutionary experience; “to a large
         extent such a physics would operate or be thought of by advancing phenomenological
         senses or meanings.” Kleinpeter notes that this perspective is shared by Bergson,
         Kayserling, Helmholtz in physics, and Schopenhauer and Nietzsche in the humanities
         (Geisteswissenschaft).[75]  
      

      
      Above all, Kleinpeter’s typology of phenomenalism posits “phenomenology” as a phenomenalism
         with a biological teleology promoting the view “held by the followers of phenomenological
         intuitionism (Phanomenologiche Anschauugsweise) . . . as conversing with all positions
         related to biochemical (such as vitalism) explanations,” and yet still retaining a
         phenomenological view within phenomenalism.
      

      
       Kleinpeter correlates the phenomenological approach, as opposed to the phenomenalistic
         approach which encompasses biological-scientific implications, to reductive explanations
         of consciousness and the humanities in physicalistic terms and argues that “at its
         best this type of phenomenalism shares an affinity with parallelism (as in the obvious
         case of Mach’s psychophysicalistic phenomenalism).”[76]  
      

      
      Mach, in Kleinpeter’s view, is a case of a physicalistic parallelism which with its
         monistic phenomenalism is opposed to Husserl’s phenomenology because it defies physicalistic
         reductionism. In a way, Kleinpeter’s differentiation between the first type of phenomenalism
         (e.g., Mach’s, Avenarius’) and the second, which relies on “phenomenological intuition,”
         can be construed in terms of the opposition between physicalistic and mentalistic
         phenomenalism.[77]   Accordingly “phenomenalism is thus linked to the notion of physicalistic parallelism
         and is at the core of the differentiation from its phenomenological variations.”[78]  
      

      
      Kleinpeter offers the historic-philosophical delineation of phenomenology as a strain,
         or tendency within phenomenalism, the parent which still offers the best methodological
         formulation. Moreover, it is only when biological explanations are used as teleological
         principle(s) for phenomenalism itself, or when the human sciences are viewed as parallel
         or incommensurable with the physical sciences that the notion of a “phenomenological
         intuition” is needed to explain such a split.[79]  
      

      
      If Bergson’s phenomenology figures into the first category as a “biological phenomenalism,”
         Husserl fits into the second category of “phenomenological intuition.” Nonetheless,
         for explaining the “human sciences” (Geisteswissenschaften) within the conceptual
         framework of phenomenalism, Kleinpeter contends that even before Mach, phenomenalism
         was identifiable with “epistemological relativism” (Relativität aller Erkenntinisse)
         as already present in the long tradition from Protagorass and Berkeley to Hume. Such
         a strain within phenomenalism is clearly found in Göethe’s Faust. Kleinpeter draws from Göethe’s work the antecedent of Mach’s scientific epistemology
         through the notion of hypothesis: a scaffolding embedded in words and language. Such
         historical delineation of the philosophical basis of phenomenalism exemplifies for
         Kleinpeter the epistemological flexibility of Mach’s phenomenalism in coping with
         the human and physical sciences indistinguishably and without reductionism.[80]   
      

      
      Despite the prevailing dispute between atomists and anti-atomists (and energeticists)
         at the time of Kleinpeter’s account, Kleinpeter’s treatment of the presence of phenomenalism
         in physics is not affected by the divide between “mechanical physics” (e.g., Boltzmann’s
         atomism) and “phenomenological physics” (e.g., Mach’s anti-atomism). Instead it entails
         a deeper assertion on the corrective role of phenomenalism in physics. Kleinpeter,
         however, does mention Maxwell as “the great contributor to the electrodynamics theory
         of light and its possible epistemology” as a good example of physics underlined by
         the principles of phenomenalism.[81]  
      

      
      Kleinpeter’s contention that phenomenalism—associated with Mach’s “phenomenological
         physics”—underlines Maxwell’s as well as Boltzmann’s theories. Mach’s redirecting
         of phenomenalism to physics results in a contradiction between his methodological
         phenomenalism and his prescriptive conception of “phenomenological physics.” This
         contradiction is the outcome of Mach’s preference for “differential equations” or
         “phenomenological mathematics” over statistical mechanical calculations, which involved
         atomistic assertion. Accordingly, Kleinpeter’s analysis should be construed as preceding
         this historical debate and thus leading Kleinpeter to identify “Maxwell’s phenomenalistic
         strain in his account of On Faraday’s Lines of Force[82]   (later reformed in the Boltzmann-Ostwald ‘classical debate’).”
      

      
      Kleinpeter’s argument is that “evident in Maxwell’s stance is a kind of phenomenalistic
         (Phänomenalistichen) representation of physical facts . . . and as such he subscribes
         to a standpoint of phenomenalism.”[83]  
      

      
      What seems to emerge from Kleinpeter’s account at this historically significant junction
         in the relations between phenomenalism and phenomenology is that in respect to physics,
         phenomenology is not considered. In other words, by redescribing the scope of phenomenalism
         within physics—as equally prevailing in Maxwell’s and Boltzmann’s theories—Kleinpeter
         is able to extend his critique of phenomenological tendency to a critique of scientific
         representational suppositions in general. These include: Maxwell’s demon in kinetic
         gas theory, Hertz’ epistemology of physics (which readily influenced Mach with its
         concept of “picture theory” (Bild-Theorie) and Mach’s ideas on “empiricism” as well
         as “Kant’s conception of the structure of image/picture as a cognitive function (Funktionen
         des Geistes).” However, Kleinpeter argues that, unlike the first type of phenomenalism
         (i.e., Mach’s) which relies on presentations (Vorstellungen) as sensations (Empfindungen),[84]  
      

      
      
         Maxwell and Hertz have a direct relation to the phenomenalistic intuition (Phänomenalistichen
            Anschauungsweise) which is especially evident in their conception of symbolic representation
            and picture theories of knowledge.[85]  
         

         
      

      Interestingly, as I have argued, such a contention enables Kleinpeter to move his
         earlier critique of phenomenology into the scientific context of physics, and furthermore
         to argue in favor of Mach’s position and in support of “phenomenological physics.”
         Kleinpeter’s reliance on Mach’s phenomenalism allows him to extend his critique of
         phenomenology into physics, by contrasting phenomenalism to a wide range of physicalistic
         and pragmatist epistemologies, such as those by Hertz, Helmholtz, Maxwell, Duhem,
         Clifford, Pearson, and Neo-Kantian undertaking of science by Rickert and Schüppe,
         as well as to the “logical” approaches of Husserl and Frege.[86]  
      

      
      Kleinpeter’s support of Mach’s phenomenalism with respect to a general critique of
         an underlying phenomenological (qua representational) strain within physics is not
         only methodologically but also epistemologically motivated by the contention “that
         phenomenalism regretfully underwent the influence of the peculiar historical interpretation
         of nominalism in the philosophical tradition (as evident in the work of Wilhelm Schüppe’s
         Erkentnistheorietische Logic and its strain of Berkeley’s subjective idealism), and
         has been affected by the common misunderstanding of phenomenalism as connected with
         the psychologism or subjectivism.” Hence, Kleinpeter’s attempt to undo the subjective
         interpretation of Mach’s thought is central to his critique of phenomenology or/and
         scientific representationalism. Kleinpeter’s attempt, on the one hand, to undo the
         subjective vain, and on the other to argue against such a negative interpretation
         of Mach’s phenomenalism relegates the subjective aspect of sense and reference in
         language to psychology without granting any special significance to the logical, linguistic,
         and cognitive analysis of various theories of meaning.[87]  
      

      
      According to Kleinpeter there are two types of phenomenalism. The first is Mach’s
         theory which remains true to the epistemological grounding of “sensations” and the
         methodological consistency of “Thought-Economy.” The second type of phenomenalism
         is Husserl’s, which in turn is based on “phenomenological intuition” and deviates
         from Mach’s theory and methodology by confusing the two. Furthermore, Kleinpeter identifies
         the same confusion of epistemological and methodological aspects of phenomenalism
         in science. Accordingly, scientific phenomenalism relies on representationalism, or
         picture-theory (Hertz) and presents an inherent contradiction in scientific representationalism
         which I will later discuss in relation to Bunge’s analysis of the nature of phenomenological
         theories in physics.[88]  
      

      
      A Further Elucidation of Kleinpeter’s Critique of Phenomenology

      
      In respect to the “phenomenological conception in the biological sciences,” and hence
         in relation to Bergson’s phenomenology, Kleinpeter makes a series of assertions pertinent
         to the comparative analysis of phenomenalism, phenomenology, and analytic philosophy
         and to more recent re-description of Mach’s phenomenalism and Bergson’s phenomenology
         by Prigogine.
      

      
      Kleinpeter first asserts that the phenomenological view of nature originates in physics.[89]   Then many of its insights, which are derived from physics, have become “slogans”
         to physicists who think in phenomenological ways. Kleinpeter’s other assertion in
         relation to biological phenomenalism, namely, phenomenology, is that initially both
         Bergson and Kayserling had followed Mach’s phenomenological line of thinking, thus,
         “thinking in a phenomenological, anti-metaphysical manner as long as questions about
         the physical concept of the elements of our consciousness” are involved. “However,
         they hold that there is a limitation to this way of looking at it [phenomenology],
         when we observe life. Hence, the so called metaphysics is possible and yet [in order]
         to express the essence of life one needs more than phenomenology.” Thus, regarding
         the split in phenomenology/physicalism Kleinpeter contends that “here, Bergson’s vitalism
         is a teleological philosophy that precedes his phenomenological methods and suppositions
         on the nature of intuition and time.”[90]  
      

      
      Another important implication of “biological phenomenalism” involves the issue of
         reduction and the various levels of description of biological and complex phenomena.
         Kleinpeter points to the discrepancy between physical and biological descriptions
         in the following way:
      

      
      
         The common conceptual view we can find in physics is not sufficient for biology. The
            conception of the body as a bundle of “sensations” is sufficient for physicists, because
            their work only deals with “elements.” However, the case is different for the natural
            sciences. . . . For an organized body it is not sufficient to adapt such conceptual
            view, which makes it very hard to grasp within a framework of phenomenological conception
            of the biological sciences.[91]  
         

         
      

      Kleinpeter’s contention is surprisingly relevant in two ways. First it applies to
         Sommer’s phenomenalistic criticism of Husserl’s disagreement with Mach’s reduction
         of both intentionality and bundles of sensations. Kleinpeter’s argument provides a
         distinction between phenomenalism as a methodological tool and as a teleological principle
         assumed by “biological phenomenalism,” and hence, phenomenological assertions about
         the role of cognition in explaining physical phenomena. The implications of such an
         argument touch issues concerning interventionism and the anthropic principle in physics
         (as discussed in chapters 4 and 5).
      

      
      Kleinpeter argues that 

      
      
         apart from these aspects [i.e., of physical description based on “sensations” and
            phenomenological biological explanation of “life”], thinkers such as Henri Bergson
            and Hermann Keyserling are rather hesitant and careful in applying phenomenological
            explanations in regards to living things.[92]  
         

         
      

      Whereas Mach’s Thought-Economy, as Kleinpeter argues, is epistemologically based on the biological supposition of
         adaptation and organization and hence is phenomenally “transparent” in its (ontological)
         claims regarding “elements” of experience, Bergson’s phenomenology is metaphysically
         based on the assumption that intuition (and duration as its cognitive manifestation)
         is never mutable in evolutionary terms. In other words, Kleinpeter’s argument is that,
         ultimately Bergson’s phenomenological conception betrays its own phenomenalistic strain
         and therefore is not based on biological contentions. It is rather the biological
         basis of life that is enabled by the “opaque” (inexplicable otherwise) aspect of intuition
         (duration). Nonetheless, Kleinpeter emphasizes that Mach’s understanding of phenomenalism
         as backed by the empirical evidence of biology and physiology and as compatible and
         “continuous” with biological assertions.[93]  
      

      
      Furthermore, Kleinpeter’s critique of Bergson’s biological phenomenalism—as a phenomenology
         which marginalizes the primacy of biology by stressing the a priori determination
         of cognition—can be extended (as we will see shortly) to Husserl’s phenomenological
         assertion. That assertion also involves a priorism in positing logic or “ideal laws”
         as underlying “practical laws.” Sommer, who criticized Husserl’s double conception
         of thinking as based equally on Mechanical and Ideal thinking, and as such contradicting
         its own distinction between practical and ideal laws, is following in Kleinpeter’s
         footsteps. Accordingly, logical operations can be mechanically and hence practically
         manifested, as in the example of computers. Thus, both Kleinpeter’s and Sommer’s phenomenalistic
         critiques of Husserl’s logicism, with its distinction between ideal and practical
         laws, ignore Husserl’s basic contention regarding intentionality. That entails the
         possibility of reflection not stemming from logic but rather from an ideal substratum,
         which is neither practical nor mechanical nor normative, but rather pre-phenomenal.[94]  
      

      
      Kleinpeter’s objections are against Bergson’s work with its phenomenological/biological
         duplicity and against Husserl’s Logical Investigations. He attacks that work because Husserl targets Mach’s Thought-Economy as overlooking the distinction between ideal and practical laws and as carrying an
         anthropological and hence psychologistic and relativistic version of mathematics and
         physics. Kleinpeter’s critique of Husserl is addressed by Martin Kusch (1994) in “The
         Criticism of Husserl’s Arguments against Psychologism in German Philosophy 1901–1920.”
         Kusch focuses on the weaknesses of Husserl’s arguments against psychologism in his
         Logical Investigations. Kusch, a contemporary of Lübbe, Sommer, and Hintikka rather than of Kleinpeter,
         is nonetheless motivated as Kleinpeter in 1913 to repudiate Husserl’s critique of
         Mach, and in particular Husserl’s alleged refutation of psychologism and relativism.[95]  
      

      
      The first attempts which entailed “detailed criticisms of Husserl’s . . . were provided
         by “Rickert’s (1892; 1904) ‘refutations’ of skepticism. And [that of] relativism was
         provided by . . . Hans Kleinpeter (1913, 45–46).” Kusch rehearses the same arguments
         against Husserl’s conception of self-evidence, which, as I have noted, were put to
         rest by Hintikka. However, Kusch adds to Kleinpeter’s and Rickert’s critique of Husserl,
         that of Wundt, noting that “according to Wundt (Psychologismus Und Logizismus 1910,
         623–25) Husserl never gives satisfactory definitions of his key terms.”[96]  
      

      
      Furthermore, like Wundt, so Kleinpeter argues that “Husserl has gone wrong either
         in claiming self-evidence for his case against the psychologistic skeptic, or then
         in employing the category of self-evidence at all.” What Kusch does not mention is
         that much of Kleinpeter’s criticism was the result of the reception given to the second
         volume of Logical Investigations as if Husserl were retreating back to an old psychologistic position from The Philosophy of Arithmetic. Kleinpeter does not differentiate between the two volumes which deal with two phenomenological
         descriptive levels of logic: one from the standpoint of formal logic in relation to
         intentionality and the other from that of transcendental logic in relation to the
         psychological, perceptual content of logic as cognition.[97]  
      

      
      Notes
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                  of their positions, both Kleinpeter and Bunge share an antipathy for the “subjective”
                  aspect of physical theories. In Bunge’s case Maxwellian theory is to be construed
                  as phenomenological insofar as “Phenomenological” implies “Non-mechanical.” In Kleinpeter’s
                  case either “phenomenological intuition” or “symbolic representation” introduces a
                  “subjective” component to science and physics in particular. Mario Bunge’s position
                  is opposed to Paul Feyerabend’s which I will discuss in chapter 2. Bunge (1964), p.
                  241. I will return to Bunge’s contention on “blackboxism” in chapter 2.2 on the opposition,
                  which later got passed on from Mach to Prigogine who revisits Mach’s position by contrasting
                  mechanical and linear versus phenomenological and non-linear dynamics.
               

            

         

         
            89. Kleinpeter (1913), p. 172. 

            

         

         
            90. Kleinpeter (1913), p. 175.

            

         

         
            91. Kleinpeter (1913), p. 254.

            

         

         
            92. Kleinpeter (1913).

            

         

         
            93. Kleinpeter (1913). Kleinpeter’s analysis is indeed consistent with Mach’s “principle
                  of continuity” in science; see chapter 2.
               

            

         

         
            94. Another key aspect of Husserl’s phenomenology that involves the methodological device
                  of epochē is also ignored by this account and will be discussed in chapter 2.
               

            

         

         
            95. Another writer who provides exposition along the same lines as Kusch is Mohanty (2003)
                  in “The Concept of Psychologism in Frege and Husserl.” He provides a similar historical exposition of Husserl’s antipsychologism
                  and its philosophical context. However, he does review Husserl’s position in a more
                  subtle and hence more favorable way. Mohanty concludes that Husserl’s “subsequent
                  development of his thought into a transcendental phenomenology with the method of
                  epochē, [was] occasioned by various attempts to solve the problems raised in connection
                  with the problem of psychologism and to establish a satisfying connection between
                  mental life and ideal meanings.” (128) However, Mohanty’s account is not as informing
                  as Kusch’s breakdown of phenomenalism into four main groups whose opposition helped
                  define Husserl’s phenomenology. Accordingly, Kusch outlines the “core of Husserl’s
                  reproach of psychologism” as in the following: “Skeptical relativism is self-refuting.
                  Psychologism amounts to skeptical relativism.” . . . [henceforth] . . . “Psychologism
                  is self-refuting.” Kusch (1994), p. 63
               

            

         

         
            96. Kusch (1994), p. 63. Kusch argues: “In Husserl’s criticism of psychologism, the category
                  of self-evidence figures in two ways. On the one hand, Husserl claims self-evidence
                  for his thesis according to which no other species could have a different logic. (#40)
                  On the other hand, Husserl stresses that purely logical sentences say nothing about
                  self-evidence and its conditions, and he rejects the use of self-evidence as a criterion
                  of truth (#51). In this second context, Husserl grants self-evidence a role only in
                  the following “ideal” sense: to every truth-as-such corresponds, ideally or conceptually,
                  a possible judgment of some possible (human or nonhuman) intellect in which that truth
                  is experienced as self-evident (#50).” Kusch (1994), p. 70. Kusch (1994), p. 71. Kusch informs us that, Wundt, like Kleinpeter, is equally critical of Husserl’s
                  use of concepts such as “self-evidence” and “intuition” and hence argues the following:
                  “Even more strange than the failure of psychologism is the fact that logicism [i.e., Brentano’s and Husserl’s position] fares no better. The latter fares no better
                  despite its emphatic appeal to the self-evidence of logical laws. This is because
                  logicism’s appeal [to the self-evidence of logical laws] moves in a continuing circle:
                  it declares logical laws self-evident, but again it bases self-evidence upon the validity
                  of logical laws.In order to escape this circle, logicism can do no better than explain
                  that self-evidence is an ultimate fact, which cannot be further, defined. And since
                  a fact can only be regarded as existing if it is somehow given within a perception
                  (Anschauung, intuition), it is understandable that logicism treats immediate perception and indefinability
                  as equivalent modes of justification. . . . However, since every immediate perception
                  is a psychological process, the appeal to immediate perception amounts to a relapse
                  into psychologism.” Kusch (1994), p. 71.
               

            

         

         
            97. Kusch (1994), p. 63. Kusch asserts that “Kleinpeter stresses the same point more emphatically:
                  The basis of Husserl’s whole philosophy suffers from a dilemma: on the one hand, he
                  rejects all experience and all psychological considerations; on the other hand, he
                  builds his whole system upon a psychological fact that is completely incompetent in
                  logic. Husserl has remained a psychologist in the worse sense of the term.” Kusch
                  (1994), p. 63. [Kusch’s own translation from Kleinpeter (1913), p. 40.] “Husserl regards
                  ‘thoughts-economical’ justifications of logic as hopeless as psychological ones .
                  . . laws of logic are not justified when it is pointed out that their employment has
                  survived-value for the human species, or when it is shown that their employment makes
                  human knowledge more easy to unify.” And “Husserl’s criticism of thought-economy was
                  also contested. Kleinpeter (1913: 39) remarks only generally that Husserl has failed
                  to understand the central idea of Mach’s theory.” Kusch (1994), p. 73.
               

            

         

      

   
      Chapter 2

      Conceptual Divergences

      
         
         
      

      
       A Review of Mach’s, Husserl’s, and 
Boltzmann’s Treatment of the Terms 
“Phenomenology” and “Phenomenal”
      

      
       Kleinpeter’s Der Phänomenalismus helps us understand the philosophical and conceptual divergence between Mach’s phenomenalism
         and Husserl’s early phenomenology and also exemplifies how the term Phänomenologie
         is used in science. As Blackmore points out, phenomenalism was traditionally associated
         with Berkeley’s idealism and sensationalist theories, but in Germany and Austria in
         the late nineteenth century, phenomenalism or neutral monism was usually called Phänomenologie.[1]   Regardless of these authors’ intentions, as defenders of Mach’s phenomenalism (and
         thus as critics of Husserl), Kleinpeter and Höfler facilitated a conceptual shift
         which prevailed in philosophical and scientific discourse.[2]   Blackmore’s contention that Ludwig Boltzmann’s use of terminology cannot be seen
         as “faultless” affirms that the conceptual distinction did not prevail in science.
         Boltzmann’s use of the notion of “Phänomenologie” implied a sense greater than we
         attribute to phenomenalism and more specifically, despite its physicalistic language,
         associated with Mach’s rejection of scientific picture and models and reliance on
         direct perceptions and hence descriptions of phenomena.[3]  
      

      
      Blackmore’s own account is somewhat conflicted: on the one hand, he scorns Husserl’s
         “idiosyncratic” use of the term and goes so far as to embrace Beth’s accusation that
         Husserl’s use of the term is derivative of Mach’s. On the other hand, Blackmore insists
         that a terminological clarification is required. Moreover, Blackmore observes that
         the frequency of the term Phänomenologie in Mach, Husserl, and Boltzmann requires
         further analysis both to provide its chronology and designate its various uses.[4]   Since Blackmore overlooks some key conceptual distinctions in his treatment of
         such terminological differences, he unjustly relegates careless usage of language
         to Mach and Boltzmann.[5]  
      

      
      Other accounts of the terminological and conceptual differentiation have focused on
         the meaning of the term phenomenology within a defined discourse. An example is found
         in Herbert Spiegelberg’s The Phenomenological Movement (1982), which can be considered as an “encyclopaedia of phenomenology.” It is worth
         noting that Spiegelberg conceives Mach’s “role” in contributing to this concept misleading
         which, in relation to Husserl’s own reference to Mach, produced confusion. Spiegelberg’s
         rejection of the historic-conceptual axis of Mach-Husserl clearly indicates his identification
         of “phenomenological scientists” like Mach and “phenomenological psychologists” like
         Stumpf as distinct from “phenomenological philosophers” like Husserl.[6]   
      

      
      Spiegelberg, nonetheless, recognizes in what he calls “extra-philosophical phenomenologies”
         a kind of conceptual fluidity that spills over to “philosophical phenomenology” and
         which includes Mach’s 1894 address. In that address “he postulated a general physical
         phenomenology” (umfassende physikalische Phänomenologie) to comprise all areas of
         physics” as well as “his own “phenomenological approach” to purge physics of superfluous
         additions and to “remove all metaphysical elements” as instrumental to his thought-economy.
         In addition, Spiegelberg points to Boltzmann’s threefold division of the term in Popular Writings, a work that Spiegelberg relates to the indispensability of the concept “phenomena”
         from Newton’s time on. [7]  
      

      
      The term “phenomenology” respectively differs in Mach, Husserl, and Boltzmann and
         is best construed through the analysis of the concept of description. Furthermore,
         the concept of “description” is fundamental to an examination of “time” and “irreversibility”
         in relation to either phenomenal or phenomenological interpretations.
      

      
      Mach’s Phenomenalism and Phenomenological Physics: Phenomenalism as Ontology and “Phenomenological
         Physics” as Epistemology
      

      
      To exemplify the dual character of Mach’s ontological and epistemological phenomenalism,
         I will briefly refer to Robert S. Cohen’s account. Cohen had pointed out the common
         misconception of Mach’s phenomenalism: that “the world consists of sensations, for
         the scientist and for the common [person].” However, as Cohen stresses, Mach’s philosophy
         surpasses the subjective and objective duality of sensations by proposing an impersonal
         and neutral sensationalism. Furthermore, Mach “seems clearly to wish to distinguish
         between a phenomenalistic confirmation base (which is also the phenomenological presentation
         of the world) and any dogmatic certainty about the fundamental nature of the world.”[8]   
      

      
      Mach’s “neutral monism” or “world-elements” epitomizes his ontological phenomenalism,
         and Mach’s epistemological phenomenalism as expressed in his “thought-economy” is
         an evolutionary epistemology that explains scientific knowledge. Cohen suggests that
         Mach’s phenomenalistic ontology, so objective with its neutral elements, 
      

      
      
         was complicated by his empirical attitude to knowledge as a phenomenon. Distinct from
            his purely rational reconstruction of scientific concepts, Mach’s appraisal of their
            very nature was biological and historical: he considered concepts to be properties
            of concept-making animal.[9]  
         

         
      

      Mach’s ontological phenomenalism is based on attacking and obliterating metaphysical
         notions and resorts to a realism that defies the dichotomy of objectivity and subjectivity,
         his epistemological approach to scientific knowledge. The so-called “empirico-criticism”
         (see Lübbe’s account in chapter 1) led to logical positivism and reductionism. Relating
         to Mach’s phenomenalism through the differences between the ontological and epistemological
         aspects of his theories can therefore mislead scholars. Furthermore, the changes in
         Mach’s own scientific and philosophical thinking, as in his position on atomism and
         his later turn to anti-atomism, are rather complex and beyond the conceptual differences
         between ontological and epistemological phenomenalism.[10]  
      

      
      In addition, Mach’s multi-faceted scientific research program (see Cohen in Blackmore,
         1972), which included experiments such as the so-called “Mach band,” de facto unified
         his epistemological inclinations. This unification was not necessarily in keeping
         with his over-arching goal for the “unity of the sciences.” His search for the “unity
         of the sciences” later found its way to logical positivism, which modified what Mach
         had construed as “a universal physical phenomenology.” Upon close inspection, Mach’s
         phenomenalistic concerns, generally identified with ontological “sensationalism” on
         the one hand and his “thought-economy” on the other hand, are implicated in two key
         terminological and conceptual frameworks.[11]   
      

      
      The first conceptual framework relates the term Phänomenologie (not in Husserl’s sense)
         to sensations (Empfindungen). “The assertion, then, is correct,” writes Mach in his
         Analysis of Sensations, 
      

      
      
         that the world consists only of our sensations. In which case we have knowledge only
            of sensations, and the assumption of the nuclei referred to, or of a reciprocal action
            between them, from which sensations proceed, turns out to be quite idle and superfluous.[12]  
         

         
      

      It is crucial to identify Mach’s contentions about “elements” in the context of this
         theory of sensations: that in so far as the world is made of sensations, they in turn
         are elements. “Thus, perceptions, presentations, . . . the inner and outer world,
         are part together . . . homogenous elements. Usually, these elements are called sensations.”
         And then, again, Mach contends: “The primary fact is not the ego, but the elements
         (sensations). . . . These elements constitute the I. I have the sensation green, signifies
         that the element green occurs in a given complex of other elements (sensations, memories).”
         Thus, Mach’s phenomenology of “sensations” is comprised of non-subjective “elements.”[13]  
      

      
      However, in an essay titled “The Economical Nature of Physics,” Mach argues that colors,
         sounds, and temperature as well as spaces and times that fill the world are nothing
         but sensations. And such flux of sensations await their organizing into ordered assemble
         through scientific research.[14]  
      

      
      Within the context of science (e.g., physics) Mach regards such “elements” as the
         flux of experience or sensations; these “elements” turn out to be relational constructs
         which either by definition or indirectly differ from sensations or phenomena because
         they are irreducible (e.g., “I have the sensation of ‘green’”). This doubleness or
         parallelism between internally relational and irreducible “sensations” to externally
         relational and provisional “elements” renders Mach’s phenomenalism unresolved. It
         does not provide criteria for either physical or cognitive determination of “sensations”
         or “elements,” respectively. As long as we insist on differentiating the ontological
         and epistemological substrata in Mach’s thinking, we are in for a disappointment.
         Neither is there any clear-cut demarcation in Mach’s phenomenalism between the epistemological
         and ontological aspects of “elements,” a fact which made Husserl’s critical reading
         of Mach poignant.[15]   
      

      
      In “Sensory Elements and Scientific Concepts” we encounter a flagrant conflation between
         the two aspects or levels. On the psychophysical level, Mach claims that “the connection
         of perceptions is only a special case of the connection of reactions” and that, “it
         would be utterly pointless to leave aside factual connections between reactions. .
         . . The material world exists exactly in connection to the reactions of elements of
         which the connection of the perceptions of people is only a special case.”[16]   
      

      
      Furthermore, Mach goes on to argue that “only insofar as we establish the dependence
         of the elements on one another and explore those connections, whose stability is determined
         by the elements, can we orient ourselves in the world.” On the scientific level, Mach
         stresses that “sensory elements do not stand in an indifferent relationship to concepts,
         but on the contrary, are of fundamental importance.” Thus, in so far as Mach’s neutral
         monism stands for the ontological substratum of his phenomenalism and his economic
         (non-indifferent) elements mark his epistemological substratum in relation to science,
         their reciprocal relationship is never analyzed as such by Mach. Husserl’s critique
         of Mach’s economy can be construed as directed at the lack of conceptual differentiation
         between sensations (Empfindungen) as “neutral elements,” “interactions,” as well as
         “economic” relations or connections. Husserl points out the contradiction when Mach
         and Avenarius ascribe “sense-content” equally to “teleological viewpoints” and perceptual-psychological
         concerns. Mach’s preoccupation with the twofold manifestation of elements is evident
         in his ongoing reformulation of the distinction between sensations (Empfindungen)
         and presentations (Vorstellungen).[17]   
      

      
      Mach, as Blackmore suggests, had moved from his early position on the twofold character
         of elements as ontologically grounded to a view that their twofoldness is epistemologically
         contingent. In Conservation of Energy (1872), Mach offers a list of three definitions which include:
      

      
      
         	
            
            The determination of the connection of presentations. This is psychology.

            
         

         
         	
            The discovery of the laws of the connection of sensations (perceptions). This is physics.

            
         

         
         	
            The clear establishment of the laws of sensations and presentations. This is psychophysics.[18]  
            

            
         

         
      

      
      Such conceptual distinctions are later revised in Mach’s Contribution to the Analysis of Sensations (1882) and the grounds for a differentiation between “sensations” and “presentations”
         are no longer ontological and instead are based on internalist and externalist relation
         of the phenomena to its manipulation. Accordingly, as Mach expounds, a color is perceived
         as objective or physical when related to its source of light but construed as a psychological
         phenomenon when considered in relation to the retina.[19]   
      

      
      And finally, Mach embraces a more emphatic position on the unity of sensations and
         their differentiation in terms of the given scientific research, be it psychology,
         physiology, or physics. Each in turn stipulates a different external relation between
         “sensation” and its correlate as “element.” Mach has retained his parallelism at the
         cost of analyzing “sensations” as physical and psychological facets, which are distinguished
         only conceptually. Thus, Mach’s phenomenalism as a “neutral monism” obliterates any
         fundamental distinction between “ideas” and “sensations” and overlooks what Husserl
         (and Frege) would regard as the threefold analysis of meaning: sense and reference
         in relation to object. Mach’s rejection of any explanation that would exceed phenomenal
         reduction to elements (a relational description of sensations as elements) applies
         not solely to theories of meaning but also to mathematics and logic. In Space and Geometry (1906), Mach contends that “unbiased psychological observation informs us, however,
         that the formation of the concept of number is just as much initiated by experience
         as the formation of geometric concepts.” Mach’s rejection of a priorism through which
         the treatment of geometrical and logical concepts are equally subjected to his “economy
         of thought” would be criticized both by Husserl (in his Logical Investigations) for having failed to distinguish between “ideal” and “real” laws,[20] and by Brentano (in his Über Ernst Machs “Erkenntnis und Irrtum”) for conflating
         the psychological and logical.[21]  
      

      
      Consequently, Mach’s position entailed a conception of science that was methodologically
         too exclusive and dogmatic. Robert S. Cohen sums up Mach’s problematic position by
         contending that “cultural relativism plus formalism cannot explain the phenomenon
         of science. Mach’s ‘universal phenomenological science’ was the conceptual framework
         onto which his more specific conception of ‘phenomenological physics’ could fit.”[22]   Insofar as universal phenomenological science underlined the “global” aim of encompassing
         different scientific fields of knowledge into a unified science, then phenomenological
         physics was the local attempt to resolve conceptual issues of physical theories; and
         to do so within a phenomenalistic framework that would translate what Mach regarded
         as metaphysical excess attached to scientific theories (his views regarding atomism
         and Newtonian mechanics) into a phenomenological language. However, before addressing
         the outcome of phenomenological language (see Hintikka’s discussion on Wittgenstein’s
         critique) and its bearing on the general feasibility of phenomenalism, I will discuss
         Mach’s concept of phenomenological physics in particular.
      

      
      In his brief but charged exposition “The Opposition between Mechanical and Phenomenological
         Physics,” perhaps a conciliatory attempt to bridge Boltzmann’s position and that of
         the energeticists, Mach admits the usefulness of recent, mechanical, and statistical
         theories of gas and heat (namely, thermodynamics and statistical mechanics). Yet he
         stresses despite the fact that statistical equations as means are legitimate as long
         as they are not conflated with theoretical underlying working hypothesis.[23]  
      

      
      Mach’s assertion is that conceptual usefulness and phenomenal necessity are two distinct
         things: “[w]e may, for example, quite well have strong objections to the metaphysical
         conceptions of “matter,” and yet not necessarily have eliminated the valuable conception
         of “Mass.” Furthermore, Mach raises objections against “advocates of mechanical physics”
         who abide by the representational-theory to which Mach attributes naïveté.[24]   In Mach’s words, “when I try to do away with all metaphysical elements in the exposition
         of natural science it is not my opinion that all ideas which are meant to serve as
         images are to be put aside, if they are useful and are viewed merely as images.”[25]   As such, physicists who “have never regarded their ideas as anything but images”
         propose representationalistic theories in science.[26]   Mach’s rejection of all representationalism is in fact a critique directed at Boltzmann’s
         position and specifically his H-theorem.[27]   Mach’s critical view of Boltzmann’s “beautiful discovery” of the correspondence
         between entropy and the principle of least action is rooted in his rejection of the
         notion that Boltzmann’s discovery pertains to the actual “mechanical nature of heat”
         and not limited to its abstracted deductive means.[28]  
      

      
      Mach upholds the superiority of phenomenological physics over mechanical physics based
         on two critical observations: the first epistemological and the other ontological.
         The epistemological insight relates to Mach’s interpretation that implicitly the role
         of probability in Boltzmann’s theory is internally incompatible with mechanical physics.
         Given the fact that Mach’s understanding of “mechanics” as analogous to the physics
         of “matter” and that such “matter of fact” needs to be observed, statistics as such
         defies the phenomenal criteria for observation. Thus, it frees Boltzmann’s theory
         from “physicalistic” or “mentalistic” mechanical suppositions and argues against adopting
         the view of “processes as statistical mass phenomena” as advantegous and liberating.[29]  
      

      
      The other critical observation which Mach makes and which I refer to as ontological,
         involves his distinction between “analogy” and “identity.” As Mach posits: “For analogy
         is not identity; and for complete understanding we must have, besides knowledge of
         simplicities and agreements, knowledge of the differences as well.” Mach’s distinction
         between analogy and identity ontologically asserts the differential identification
         of elements as correlated to sensations but not to ideas. “Ideas,” thus, are at best
         “images” which usefully serve as “analogies” and as such should be distinguished from
         “identities.” Mach’s phenomenological physics obliterates non-observables as metaphysical
         excess and promotes epistemology which includes only relational descriptions of sensations
         as complexes of elements.[30]   
      

      
      In Mach’s phenomenological physics, elemental differentiation is based on degrees
         of complexity from simple sensations to compounds of sensations but never on different
         degrees or levels of descriptions, such as conceptual, representational, and observable.
         As Boltzmann stresses, our inference on the existence of things is based on their
         respective import in our perception and it is science’s main achievement to infer
         the existence of a large clusters of things which are imperceptible in direct perception.
         This by no means implies the weakness of our senses but rather their limited scope
         when it comes to scientific methods able to go beyond the dependency on immediate
         sensations in inferring micro and macroscopic things.[31]   
      

      
      Boltzmann’s contention is in the text to which Mach refers in his “Phenomenological
         and Mechanical Physics” and is titled “The Second Law of Thermodynamics” (1886). In
         this text, Boltzmann does not repudiate phenomenalism in principle. Rather he permits
         “indirect” inference which does not involve “direct observation” as such. On the one
         hand, Mach’s “phenomenological physics” opposes the epistemological possibility of
         equating mechanical and statistical assumptions since “equating increase of entropy
         with the increase of disorderly motions at the expense of orderly ones, seems, a very
         artificial expedient.” On the other hand, Mach’s ontological objection is based on
         the argument that there can be no mechanical analog found (i.e., through ostention)
         for the statistical “increase of entropy.” In other words, the identification of disordered
         states is neither analogous de facto through observation nor can analogy itself ever
         determine identity as such.[32]   
      

      
       Analyzing Mach’s uses of the term “phenomenology” with respect to phenomenological
         physics raises two questions. The first is related to scientific theories which are
         qualified as “phenomenological,” and the second to the reduction of thermodynamics
         to statistical mechanics. Mach advocates phenomenological physics because of his arguments
         against atomism. As Brush argues, Mach’s anti-atomistic position was “more concerned
         with the method than the content of science.” The two main scientific or content-oriented
         objections to atomism were the interpretations of “pure thermodynamics” and “energetics.”
         “Pure thermodynamics” stipulated that thermodynamics is based on “a set of laws based
         directly on experiment” and thus relegates any atomic hypothesis into a mere constructive
         tool, not a constitutive theory. By contrast, energetics, with Ostwald, Duhem, and
         Helm as its proponents, was unequivocally against any theory which relies on external
         explanation and lies outside the theory itself. Thus, the energeticist concept of
         thermodynamics “claimed to provide a unified phenomenological description of all physical
         phenomena.” Mach seemed to vacillate between these two anti-atomistic positions.[33]  
      

      
      However, his underlying critical approach needs to be construed in terms of his overall
         attempt to explain scientific concepts such as “forces” and “masses” based on a “principle
         of continuity.”[34]   Such a principle reiterates the effectiveness of the “economy of thought” in continuously
         relating “observables” to “concepts” in any given scientific theory.[35]   For Mach such a principle reiterates that 
      

      
      
         Chemical, electrical, and optical phenomena are explained by atoms. But the mental
            artifice atom was not formed by the principle of continuity; on the contrary, it is
            a product especially devised for the purpose in view. Atoms cannot be perceived by
            the senses, like all substances, they are things of thought.[36]  
         

         
      

      Phenomenological physics thus assumes the primacy of phenomenal continuity between
         observables, elements (though challenged later by Boltzmann) and physical laws. Observables
         (as the theoretical counterparts to elements) are of utmost importance. Boltzmann
         leveled a charge against such a position (i.e., energeticism) because it sacrificed
         its own ideal of economy to phenomenological ends. Beyond Mach’s objection to atomism
         as based not on observational, phenomenal grounds—namely, that since we cannot “see”
         atoms we cannot theorize on their existence—his phenomenological physics remains irreconcilable
         with classical or “pure” thermodynamics.[37]   
      

      
      Despite Mach’s attempt to distinguish between the mechanical interpretation of thermodynamics
         and the statistical interpretation of the second law (entropy) he did not formulate
         any precise relation between probability and knowledge in thermodynamics. He could
         not create a physical-causal explanation for probability. Moreover, since Mach’s overall
         conception of probability remained instrumentalist and inconclusive it never provided
         a possible concept of probability in phenomenalistic terms. Consequently, phenomenalistic
         approaches to time-asymmetry in terms of time-asymmetric processes subordinate probability
         to irreversibility. By contrast, thinkers like Boltzmann explain irreversibility by
         probability. Brush, musing on the extent to which Mach comprehended the consequences
         of his rather shortsighted view of probability, has noted that “Mach does not seem
         to realize that he is thereby conceding the validity of an important part of the status
         of the interpretation of the second law.”[38]  
      

      
      Husserl’s Phenomenology as Distinct from Mach’s Phenomenalism and Phenomenological
         Physics
      

      
      Husserl’s introduction of the term phenomenology (Phänomenologie) is to a large extent
         novel and exceeds the senses in which the term has been used by both Mach and Brentano.
         For them the term implies a relation to phenomena as based on empirical description
         (I will discuss this in more detail later on). More specifically, Husserl’s use of
         the term Phänomenologie did not correspond to the term as construed by Beth, Jerusalem,
         and other of Mach’s supporters, who had argued against the legitimacy of Husserl’s
         concept. 
      

      
       Husserl did not use the term Phänomenologie extensively in his Logical Investigations (1900), but it gained momentum within the decade leading to Ideas (1913). Therefore, it is likely that the discursive debates which followed the publication
         of Logical Investigations (as discussed in chapter 1) generated for Husserl the need to define phenomenology
         without any equivocation and to remove all charges by his contemporaries against his
         term as Kantian or Hegelian. He also had to answer objections from Mach and Brentano
         about descriptive and genetic psychology.[39]  
      

      
      Husserl might have contextualized some philosophical implications from Mach’s phenomenological
         physics but his subsequent use of “phenomenology” does not rely on the positions of
         either Mach or Brentano in respect to science. However, Brentano, unlike Mach, based
         his work in experimental psychology on the concept of mental categories such as intention,
         a concept which had a greater impact on Husserl than Brentano’s overall concept of
         phenomenology.[40]   Husserl was introduced to Brentano’s philosophy after his early training as a mathematician
         and interest in the foundation of mathematics. Husserl never subscribed to Brentano’s
         concept of philosophical psychology as an empirical, descriptive scientific method
         to analyze consciousness or as the main basis for defining phenomenology. Moreover,
         Husserl’s gradual and persistent distancing from Brentano’s position had a lot to
         do with his concepts of science and “logical laws” in contrast to “practical laws”
         (see my earlier discussion in chapter 1).[41]  
      

      
      Thus, Husserl’s position between Mach and Brentano is charged with conflicted views
         on “psychologism” that possibly stemmed from Mach’s Thought-Economy and theory of sensations, with its psychophysical and psychophysiological aspects,
         as well as Brentano’s concept of “empirical psychology.” To assume that Husserl’s
         phenomenology derived from the term Phänomenologie in relation to Mach or Brentano
         would be to overlook Husserl’s critical stance in relation to both those thinkers
         in his Logical Investigations.
      

      
      Nonetheless, placing Husserl’s early concept of Phänomenologie between Mach and Brentano
         helps to establish the scope of Husserl’s concept as a “descriptive method” in relation
         to logic and “formal science.” However, it is certain that no matter what the extent
         of such influence, it played a pivotal and probably negative role for Husserl. He
         defined transcendental logic as an alternative to the empiricist tradition which positioned
         logic and evidence as epistemologically polar (Mach’s phenomenalism).[42]  
      

      
      Thus, Husserl’s re-description of logic as a form of immanence and thus evidence was
         the foundation for his phenomenology. Such a phenomenological or transcendental concept
         provided for Husserl a refutation or at least critique of psychologism. It distinguished
         him from Frege’s more cautious anti-psychologistic stance. Despite Husserl’s reformulation
         of logic in relation to phenomenology, which drew him closer to Frege and logicism,
         Husserl’s investment in the psychophysical and cognitive aspects of phenomenology
         connected him to Mach’s empirico-criticism and Brentano’s empirical psychology. Husserl’s
         conception of phenomenology is thus at the core of the debate since it is connected
         to his transcendental (as opposed to formal) re-description of logic.[43]  
      

      
      From the outset, Husserl’s phenomenology can be seen as informed by three main influences:

      
      
         	
            
            Mach, Avenarius, and other critico-empiricists, all of whom Husserl scrutinizes in
               his Logical Investigations.[44]  
            

            
         

         
         	
            Brentano, Stumpf, and other empirical psychologists whom Husserl critically addresses
               from Logical Investigations on.[45]   
            

            
         

         
         	
            Bolzano, Frege, and others like Meinong who helped Husserl define his concept of meaning
               and transcendental logic.[46]  
            

            
         

         
      

      
      Combined together, these different viewpoints yield Husserl’s concept of Phänomenologie,
         distinct from Mach’s use of the term and Brentano’s. Furthermore, Husserl’s use of
         the term provides a new ground for multiple concerns which neither corresponds to
         these “original” influences or to their positions. Some of the new concerns, which
         result from Husserl’s concept of Phänomenologie, are already outlined in his Logical Investigations and can be summarized as follows:
      

      
      
         	
            
            A presentation of phenomenology as a “descriptive method” distinct from the work of
               Mach and Brentano. In Logical Investigations, Husserl states the following: “Pure phenomenology represents a field of neutral
               research in which several sciences have their roots.” Such a claim resonates with
               Mach’s “unity of sciences” and his “neutral” desideratum for a non-metaphysical attitude
               toward examined phenomena.[47]   
            

            
         

         
         	
            A phenomenological psychology distinct from Mach’s experimental psychophysics and
               Brentano’s empirical psychology. However, it centers on intention like Brentano’s
               system. Nonetheless, Husserl’s conception of phenomenology as “an ancillary to psychology
               concerned with an empirical science” relies on Brentano’s concept in Psychology from an Empirical Standpoint.[48]  
            

            
         

         
         	
            An extensive cognitive concept of intentionality as attained through a phenomenological
               reduction.
            

            
         

         
         	
            An “anthropological” or economic and evolutionary approach to human knowledge (Mach),
               which Husserl critically acknowledges in his Logical Investigations and later, develops in his phenomenology of “Life-World” (LebensWelt). In Logical Investigations, Husserl criticizes Mach’s Thought-Economy with its underlying teleological (evolutionary) principle as a position that “would
               entail the corruption of all genuine logic and epistemology, as well as psychology,”
               and that ultimately leads to forms of psychologism and relativism. However, Husserl
               acknowledges the importance of Mach’s anthropological contribution to epistemology
               and to a “mental anthropology and not only physical one” which he had attributed to
               Avenarius.[49]   
            

            
         

         
         	
            A conception of logic which results in the distinction between “pure logic” and “natural
               laws” (in relation to Bolzano), and between formal (material) logic and transcendental
               (ontological) logic (in relation to Frege). Husserl’s exposition of “pure logic” as
               a priori and as providing the formal condition of any scientific knowledge is not
               simply a logicist’s conception of logic, but rather, an ontological conception of
               logic as the basis for absolute validity and an “intuitive evidence.”[50]   Here the influences of both Bolzano’s concept of a mathematical object and Meinong’s
               concept of object are important to Husserl’s.[51]   
            

            
         

         
      

      
      Moreover, Husserl warns against an empiricist concept of mathematical objects which
         would undermine the foundation of logic especially regarding formal logic and substantial
         logic or ontology.
      

      
      
         Such concerns stand behind Husserl’s contention that both Avenarius’ Principle of
            Least Action and Mach’s Economy of Thought fall into the trap of psychologism by reducing
            logic and epistemology to psychological grounds.[52]  
         

         
      

       Husserl equally criticizes “the meaninglessness of an economy of thought for pure
         logic and epistemology, and its relation to psychology.” He maintains that “we owe
         a vast amount of logical illumination to the historical-methodological labors of E.
         Mach whereas one cannot agree with his conclusions.”[53]   
      

      
      
         	
            
            A theory of meaning which combines phenomenal (Mach’s “sensations” as hyletic content)
               logical, linguistic (Frege’s sense and reference in relation to objects) and cognitive
               concerns (Brentano’s immanent concept of cognition) and results in the phenomenological
               concept of noetic-noematic constitution: intentional acts and objects of cognition.[54]   
            

            
         

         
      

      
      These six concerns require more extensive philosophical explication, which follows
         in chapter 3 where I discuss them in relation to Husserl’s phenomenology of “internal-time
         consciousness.” 
      

      
      Despite the diversity of such influences, and perhaps because of them, Husserl’s phenomenology
         can be construed as an evolving attempt to reformulate their reciprocal relations.
         The stages in Husserl’s concept of phenomenology are commonly regarded as a change
         from “psychologism” (in his Philosophy of Arithmetic) to logicism (Logical Investigations) and then another: idealism (Ideas). However, Eugene Fink has suggested a more progressive view of Husserl’s phenomenological
         work. In Fink’s view, Husserl’s development of phenomenology follows three main stages:[55]   
      

      
      
         	
            
            The struggle with psychologism between the years 1887–1901 which corresponds to his
               time in Halle, Germany.
            

            
         

         
         	
            The descriptive logical stage between the years 1901–1913 which corresponds to the
               Göttingen years.
            

            
         

         
         	
            The phase of transcendental phenomenology between the years 1913–1938 which corresponds
               to the Freiburg years.
            

            
         

         
      

      
      Fink’s view of this development is more continuous and, unlike Føllesdal’s, emphasizes
         Husserl’s ongoing modification of the phenomenological undertaking. More specifically,
         there are two aspects in this modification which I would like to discuss in relation
         to Mach, Brentano, and Frege.
      

      
      In Logical Investigations Husserl asserts that a phenomenology aims to provide “fixed meanings to all fundamental
         concepts of logic” and that “such meaning will be clarified by both going back to
         analytically explored connections between meaning-intentions and meaning fulfillment,
         and also by making their possible formulation in cognition intelligible and certain.”[56]  
      

      
      From the outset, it looks as if Husserl introduces and combines Brentanian intentionality
         with Fregean theory of meaning. However, by claiming a cognitive stance, Husserl (before
         his move to transcendental phenomenology in Ideas) seems to implicate phenomenology in an epistemological as much as ontological conception.
         Thus, Husserl’s early concept of phenomenology, in an inverted way, follows Mach’s
         twofold definition of phenomenalism both epistemologically and ontologically. Mach’s
         ontological phenomenalism is continuous but incongruent with his universal phenomenological
         sciences, whereas Husserl’s comprehension of pure logic as the ontological ground
         for phenomenology is discontinuous though congruent with the epistemological role
         of phenomenology as a descriptive science.[57]  
      

      
      Another difference between Husserl’s conception of phenomenology and those of Brentano
         and Mach is the role Husserl assigns phenomenology in relation to science. Unlike
         Brentano who limits phenomenology to the human sciences (Geisteswissenschaften), or
         Mach whose phenomenalism instructs science, Husserl assigns a constructive role to
         phenomenology. Botero has concisely expressed this constructive role: “phenomenology
         should be defined as this continuous going back and forth between reflective and natural
         attitudes.” Botero’s contention is more commonly associated with Husserl’s later development
         of transcendental reduction. [58]   
      

      
      Nonetheless, one can trace the importance of phenomenology’s relation to science already
         in Logical Investigations. There Husserl states that a pure phenomenological theory applies to “naïve” sciences—as
         positively assuming scientific knowledge as transformable to a higher philosophical
         reflection of these sciences in particular.[59]   
      

      
      Any attempt to define Husserl’s phenomenology in relation to mentalism (Feyerabend,
         Hacking) would be as misleading as defining Mach’s phenomenalism in terms of physicalism.
         
      

      
      Unlike Brentano, Husserl shares with Mach a distaste for any metaphysical assertion
         regarding phenomena either as elements (Mach) or noemata (Husserl). Neither Mach nor
         Husserl, with their respective descriptive methods, supposes either mentalistic or
         physicalistic primacy, and such abstention often raises the question whether or not
         Mach subscribes to psychophysical parallelism and Husserl to dualism. An intermediate
         position between the two would embrace physical and mental concerns within the scope
         of phenomenology. Stumpf may very well be such a case, taking an intermediate position
         between Mach and Husserl and to an extent even Boltzmann. Stumpf’s inclusive account
         of “elementalism” and “phenomenalistic monism” as well as “psychophysical parallelism”
         positions him close to Mach. But his criticism of Mach’s phenomenalistic conception
         of the relations between appearances is tied to his critique of the reduction of perception
         to sensations, a criticism which Husserl and Boltzmann support.[60]  
      

      
      Two other important implications of Husserl’s phenomenology exemplify the extent to
         which the concept of phenomenology radicalizes both Brentano and Mach. The first implication
         concerns intentionality and the second transcendental reduction. Husserl extended
         and radicalized Brentano’s conception of intentionality, which rested upon the immanence
         of mental objects in relation to extensional objects. Husserl extended Brentano’s
         object-centered conception by defining “intentionality” not only in relation to its
         objects but also its constituting acts as intending and directing of intention. Thus,
         Husserl’s differentiation between the intentional act (noesis) and intentional object
         (noema) is pivotal to understanding the phenomenological as neither sensations (Empfindungen)
         in Machian terms as acts, nor presentations (Vorstellungen) as objects in Brentanian
         terms. Furthermore, Husserl[61]   introduces the intentional act as connected to an immanent’ stratum of intentionality
         and the intentional object as connected to:
      

      
      
         	
            
            The “immediately given” (i.e., presentation). 

            
         

         
         	
            An object which is implicitly in the “immediately given” (i.e., representation).[62]  
            

            
         

         
         	
            “Thing in itself” as a correlate of the two.[63]   
            

            
         

         
      

      
      The reciprocity between intentional acts and objects (i.e., the noetic-noematic constitution)
         is the dynamics of meaning production, which for Husserl is phenomenologically explicable.
         As such, phenomenological cannot be construed as simply the immediately given or as
         an immanent object of cognition, but rather as a relational concept binding together
         or constituting cognitive acts and objects. The other implication concerns transcendental
         reduction as the most fundamental procedure of the phenomenological method.
      

      
      Again Husserl’s introduction of such analytic procedure is distinctly different from
         Mach and Brentano’s descriptive methods. In addition to the strictly empirical and
         phenomenal descriptive methods, Husserl introduces the epochē as a twofold concept entailing suspension and bracketing of any given knowledge or
         epistemic assumption. Suspension, as an abstention, is Cartesian in origin, whereas
         bracketing, or “leaving the noemata as a residue,” is inspired by Hume’s analysis.
         As we will see later on, in Husserl’s descriptive method, the suspension and bracketing (via epochē) is a device which allows Husserl to account for the “immediately given” (i.e., hyletic or sensile) content and the intentional or noetic.[64]  
      

      
      Boltzmann’s Conceptual Use of the Term “Phenomenology” (Phänomenologie)

      
      Boltzmann’s term Phänomenologie stands for a variety of significations.[65]   The terms “phenomenology” (Phänomenologie) and “phenomenological method” (Phänomenologiche
         methode) are construed by Boltzmann himself to have three main senses and thus contradict
         Blackmore’s assumption that Boltzmann’s use of the term echoed Mach’s “phenomenalism.”
         Boltzmann’s use of the term is especially interesting during the time of the debate
         between atomists and energicists. Far from being peripheral, Boltzmann scrutinizes
         different assertions attached to the ambiguous use of the term phenomenology in physics.[66]  
      

      
      As I have stated, Boltzmann himself identifies three main senses of the term “phenomenology.”
         However, a fourth aspect, which directly involves “phenomenalism,” can be added. This
         is Boltzmann’s own attempt to critically engage with Mach’s Thought-Economy and its consequences, especially in addressing the concepts of “observation,” “perception”
         and “sensation” as well as “mental images” and “language.”[67]I will outline Boltzmann’s threefold definition of the term “phenomenology” (Phänomenologie)
         in “On the Indispensability of Atomism in Natural Sciences” (1897).[68]  
      

      
      Probability and Phenomenology as a 
scientific ideology
      

      
      Boltzmann first refers to what he calls “phenomenology on a mathematico-physical basis”
         which is “customary in theoretical physics . . . [as] . . . means of differential
         equations strictly circumscribed an area of facts as possible [probable].” Boltzmann
         implies here the use of probabilistic calculations (with their corresponding geometrical
         and mathematical models) to allow or preclude a possible “picture of facts.”[69]   
      

      
      Boltzmann links statistical calculations with phenomenology since both are underlined
         by “mental pictures.” Thus, Boltzmann asserts that “the differential equations of
         mathematico-physical phenomenology are evidently nothing but rules for forming and
         combining numbers and geometrical concepts, and these in turn are nothing but mental
         pictures from which appearances can be predicted.” And in a footnote, Boltzmann specifically
         refers to Principles of Heat Theory where Mach’s writings on these matters greatly
         helped in clarifying his own worldview.[70]   Here Boltzmann does not make a concession to Mach’s Economy (and phenomenalism) with its anti-mechanical and anti-atomistic bias. Rather, by
         acknowledging the phenomenological character of “differential equations” as equivalent
         to the mechanical-atomistic hypothesis, Boltzmann attempts to expose Mach’s bias as
         problematic.[71]   
      

      
      On the one hand, Mach willingly accepts probabilistic equations if they are not mechanical
         since he associates mechanism with atomism. Boltzmann, on the other hand, does not
         construe “mechanical atomism” to be less preferable than “differential equations”
         because it is less “phenomenologically continuous.” Boltzmann’s argument is that “mathematico-physical
         phenomenology sometimes gives preference to the equations but disdains atomism. In
         my view, it is a circular argument that a differential equation goes beyond the facts
         less than the most general form of atomistic views. If from the outset you hold facts
         that are represented by the picture of a continuum, then indeed differential equations
         do not, while atomism does go beyond this presupposition. If one is used to thinking
         atomistically, then the position is reversed and the conception of the continuum seems
         to go beyond the facts.” Admittedly, by labeling differential equations “phenomenological,”
         Boltzmann is using the epistemic aspect of probability in thermodynamics (i.e., degree
         of ignorance) to argue against the supposition that atomism claims to go “beyond the
         facts.” In Boltzmann’s view, Mach’s preference for probabilistic and yet unmechanical
         methods manifests his “circular argument.”[72]   
      

      
      Thus, Boltzmann assimilates “phenomenology” not simply as implied by epistemic-theoretical
         constructs, but also as manifested in the theory’s representational content (“mental
         pictures”). Viewed in this light, Boltzmann criticizes Mach’s siding with phenomenological
         descriptions by charging “phenomenology” with equally involving methodological and
         representational content, and thus arguing that both “mathematico-physical phenomenology”
         and mechanical atomism are “nothing but mental pictures from which appearances can
         be predicted.” One can easily draw from such an argument the false impression that
         Boltzmann is a conventionalist and that he advocates phenomenalism by relating “mental
         pictures” (or representations) to “appearances” (or sensations). This misconception
         is evident in Blackmore’s understanding of Boltzmann. Rather than construing the rapport
         between probability and mechanics as arbitrary, Boltzmann asserts their interdependence;
         and such interdependence rules out the possibility of idealizing probability as proposed
         by Mach’s “phenomenological physics.” Furthermore, Boltzmann argues that any attempt
         to reconcile the statistical and mechanical conceptions should not assert that phenomenological
         equations have a priority over atomism since they are grounded in perception, and
         hence sensations. Furthermore, as Boltzmann points out in the “Developments of Methods
         of Theoretical Physics,” the underlining “metaphysical” dogma of “phenomenological
         physics” is epitomized in the way in which “mathematical phenomenology,” intrinsically
         assumes the notion correspondence between matter’s continuity and its relation to
         phenomenal observation and perception.[73]  
      

      
      Phenomenology as Aligned with Energeticistic and 
Atomistic Positions
      

      
      Boltzmann’s reference to “another phenomenology which I will call the energetic kind”
         designates a second use, or sense, of the term “phenomenology.”[74]   In this context, Boltzmann refers to “phenomenological physics” as advocated by
         energeticists like Ostwald and anti-atomists like Mach, thus referring to a special
         case of phenomenology associated with the energetic interpretation which fails according
         to Boltzmann to differentiate between approximations and analogies.[75]   
      

      
      Boltzmann clearly responds here to Mach’s attempt at reconciling phenomenological
         with mechanical physics with its implicit critique of the mechanical atomistic view
         in terms of identity based on analogy. Boltzmann emphasizes that “analogies in the
         behavior of different energy form” are approximations which “seem partly to rest on
         . . . purely algebraic reasons.”[76]   If Mach’s attempt was to show a discrepancy between the mechanical and statistical
         analogies in describing the “identity” of energy (e.g., entropy) as a mathematical
         “picture” as opposed to an actual physical description, then Boltzmann repudiates
         the very notion of a fixity prevailing between various analogies (as “mental pictures”)
         and the approximation (only by a degree of precision) of a given physical state of
         affairs.[77]  
      

      
      Voicing his objection to phenomenological anti-atomism, in Lectures on Gas Theory (1896–8), Boltzmann writes about the “relation to the second law of thermodynamics”
         that we may ideally assume that the universe, as comprised of infinitely large number
         of atoms, may have started in highly organized initial state and which is relatively
         ordered at its present state. However, we cannot assume that physics’ theoretical
         and philosophical conception will correspond to the phenomenological interpretation
         of general thermodynamics. Boltzmann writes about the “relation to the second law
         of thermodynamics.”[78]   
      

      
      Here, Boltzmann implicitly distinguishes between observation as auxiliary (i.e., which
         actually agrees with observed facts) and the “phenomenological viewpoint” which posits
         from phenomenal conditions (i.e., the experience of energy as a continuous sensation
         and its description) a preference for “phenomenological thermodynamics.” Thus, for
         Boltzmann, the phenomenal role in theory cannot be taken as the role of observation.
         Furthermore, Boltzmann stresses that “general thermodynamics proceeds from the fact
         that, as far as we can tell from our experience up to now, all natural processes are
         irreversible” and that in as much as the the unconditional irreversibility of all
         natural processes is asserted “as a so-called axiom” by general thermodynamics, so
         does the assertion of “the unconditional divisibility of matter without limit”—which
         is in accordance with the phenomenological desideratum—can be seen as an axiom. Boltzmann
         argues against the dogma of a self-sufficient phenomenology, is also to be avoided
         and instead purports an understanding of general thermodynamics not as reduced to
         phenomenological assertions about the divisibility of atoms without any “limit as
         axiom.”[79]  
      

      
      Boltzmann’s critique of “phenomenological physics” utilizes the very notion of economy
         and simplicity to substantiate the preference for the statistical mechanical viewpoint.
         It thus exposes “phenomenological physics” as based on a metaphysical dogma: for prioritizing
         “one axiom” over another which seems incompatible with the phenomenological viewpoint
         itself. Moreover, Boltzmann’s arguments against energetic and phenomenological anti-atomistic
         positions in general transposes the debate from metaphysical—ontological basis of
         the existence of atoms and the divisibility of matter as continuous and thus congruent
         with its sensations—to methodological grounds. In On the Indispensability of Atomism in Natural Science (1897) Boltzmann critiques phenomenological physics since it prioritizes a metaphysical
         assertion (concerning divisibility and perception) over that of the continuity in
         scientific descriptions themselves, such as between rigid bodies and hydrodynamics.[80]  
      

      
      Boltzmann’s methodological preference is based on the notion of a theory as providing
         a “picture” of the observed phenomena, and therefore might appear as a phenomenalistic
         approach (as Blackmore’s suggestion) unless we acknowledge a fundamental difference
         between Boltzmann’s concept of “theory as picture” and Mach’s phenomenalism. And such
         a difference is not manifested in Boltzmann’s adding “pictures” to phenomenalism.
         Following the traditional binary distinction between presentationalism and representationalism
         will not do either. Rather, the crux of the matter is not how a theory is described,
         but how it is constructed. Boltzmann’s theory construction is both open and undogmatic
         in conception and based on including various considerations in formulating and corroborating
         observed data as constituted by physical laws. It follows neither the phenomenal axioms
         of phenomenalism (i.e., presentationalism) nor objective idealism (i.e., representationalism),
         but in Hacking’s terms, embraces intervening to substantiate a physical theory. Thus,
         it is clear why Boltzmann sides with epistemology and not with those who insist that
         atomism is based on metaphysical and dogmatic assertion and should be judged only
         in relation to the entirety of nature.[81]  
      

      
      Further evidence of Boltzmann’s reliance on intervening for theory—construction is
         found in his coupling the notions picture with representation, a link that does not
         stem from confusing phenomenalism with representationalism, but rather his indifference
         to any metaphysical dogma.
      

      
      Another argument that Boltzmann is no phenomenalist (let alone representationalist)
         is evident in his general approach to what atomism might entail. Atomism, Boltzmann
         argues, is open to further development and adjustment and not a closed and fixed metaphysical
         view of the physical world and furthermore even the concept of atoms may turn out
         to be more complicated and nuanced in attributes and properties.[82]  
      

      
      Phenomenology as a Scientific Ideology

      
      The third aspect or sense which Boltzmann attributes to the notion of phenomenology
         is related to his account of the first two; mathematical phenomenology as a device
         rather than a method and phenomenological physics as part of a scientific program,
         or what Mach conceives as part of a “universal phenomenological physics.” It is possible
         that Lambert’s early use of the term phenomenology (in 1764) accounts for a conception
         of a comprehensive science of phenomena that influenced Mach’s concept of the “unity
         of the sciences.”[83]   Nonetheless, I limit my analysis of “phenomenology” only to its use as a scientific
         term in nineteenth century discourse surrounding the debate over atomism and energeticism.[84]   For Boltzmann, if mathematical phenomenology could be defused of its epistemological
         prioritizing of “differential equations” over “mechanical” for its compatibility with
         phenomenal descriptions, then when combined with the desideratum for phenomenological
         physics, it threatened the advance of physics, experimental and theoretical alike.
      

      
      Such a concern can be discerned in Boltzmann’s somewhat rhetorical questions in “On
         the Indispensability of Atomism in Natural Science.” First, Boltzmann asks whether
         “atomism in its present form” is advantageous to “the current form of phenomenology.”
         Then, he wonders whether “in the foreseeable future phenomenology could develop into
         a theory that poses those same advantages so peculiar to atomism.” This is followed
         by another question: “Along with the possibility that current atomism may one day
         be abandoned, is there not another theory that phenomenology dissolve in it?” and
         that “finally would it not be to the detriment of science if one were not to go on
         cultivating current atomist views as assiduously as phenomenological ones even today?”[85]   
      

      
      Boltzmann responds affirmatively to the superiority of atomism over phenomenological
         physics. However, he returns to the issue by asserting that “even if it is possible
         to unite phenomenological pictures into a comprehensive theory along lines different
         from those of today’s atomism,” there are still two obstacles to its success. The
         first is that like atomism or any other physical theory, “it can be only a directive
         to build oneself a picture of the world” and not a supposition of how we are “actually
         to live through all these facts.” In other words, the very notion of phenomenal descriptions,
         which are posited from the theory and yet subject the theory to phenomenal experience,
         is circular. The second objection is that even if[86]  
      

      
      
         One might then equally well imagine that there could be several world pictures all
            of which possessed the same ideal property.[87]   
         

         
      

      Here Boltzmann is not embracing the idea of “multiple representations,” as proposed
         by Hertz, but rather defies the notion of “scientific unity” as implied by the project
         of a universal phenomenological science and as advocated by Mach. Boltzmann’s concept
         of scientific theories, is thus critical of not only mathematical phenomenology in
         general and phenomenological physics in particular, but also of the idea of phenomenological
         unity in the sciences. He is in favor of open-ended pluralism. Hiebert argues that
         Boltzmann’s theoretical pluralism is rooted in his conviction that theory-construction
         should evolve from locally explaining “phenomena for limited, special domains” into
         “the direction of comprehensiveness over wider domains but only with caution and against
         the test of experimental verification.” Furthermore, Hiebert implicitly criticizes
         Mach by contending that it “is unmistakably clear that Boltzmann was not one to search
         for overall theoretical unity in science.”[88]  
      

      
      Boltzmann’s analysis of sensations

      
      Boltzmann is a critic of Mach’s theory of sensations and his use of the term phenomenology,
         is hence tied to a general philosophical discourse on phenomenalism. His critique
         of phenomenalism introduces the role of observation, perception, sensations, representations,
         and phenomenological language.[89]   
      

      
      Mach’s conception of Thought-Economy and his Theory of Sensations, with its reliance on sensations as a correlate of element, define the basis for
         any phenomenalism: namely, either epistemological or ontological. In other words,
         various kinds of phenomenalism which are either exclusive—admitting only the “immediately
         given”—or inclusive—allowing conceptual analyses or logical fictions—are the base
         of Mach’s theory of sensations and elements. An effective way to reveal one’s lack
         of commitment to the phenomenalistic axiom of sensations would be simply to demonstrate
         the secondary or contingent role of sensations in determining either epistemological
         or ontological matters.[90]   
      

      
      Boltzmann, in the 1897 “On the Question of Objective Existence of Processes in Inanimate
         Nature,” argues that thinking is not simply relational to other bodies, peoples, perceptual
         complexes but also a way to extract the rules of our common ideas.[91]  
      

      
      Such insight echoes Mach’s Thought-Economy but asserts not only an evolutionary role of human cognition as based on a perpetual
         modification (or feedback) between actual sensations and future sensations in Mach’s
         “economic” sense. Rather Boltzmann implies a theory of knowledge that involves an
         inter-subjective aspect in its constitution and is akin to Husserl’s late conception
         of the “LifeWorld.”[92]   
      

      
      Boltzmann’s position on the status of description appears very close to that of Quine-Duhem,
         and even more to Pierce’s underdetermination which entails a linguistic-phenomenological
         analysis of scientific representations, not only empirically “direct” descriptions
         a là Mach. Reading Boltzmann’s position on the status of description from Pierce’s
         viewpoint helps explain the former reluctance to embrace atomism on a metaphysical-ontological
         level.[93]   Underdetermination in itself negotiates the epistemic and ontological on the same
         par, not as polar opposites. The intersubjective aspect implied by the “perceptual
         complexes” which Boltzmann refers to, and which relate to “similar complexes that
         relate to the bodies of others,” is by no means reducible to sensations in either
         an epistemological (by vertical reduction) or ontological sense (by horizontal reduction
         as a foundation).
      

      
      In his critique of anti-representationalism, Hacking stresses a common mistake in
         assuming representation as a single description, sentence, or element thus, which
         would provide the false impression of a direct and congruent reduction or representation
         of sensation either as a representation or presentation. Boltzmann’s belief in the
         intersubjective conceptual constitution of sensation brings him close to Wittgenstein’s
         critique of “phenomenological language.” In another passage reminiscent of Wittgenstein’s
         Logical Investigations, Boltzmann observes that one’s sense of pain, as predicated on behavior alone, is
         not perceivable to others and that we do not possess the knowledge of others (aliens)
         sensations and volitions, but rather, we obtain such knowledge only “constructing
         and predicting the course of our sensations relating to the bodies of others.”[94]  
      

      
      Similarly in Logical Investigations, Wittgenstein states the following: 
      

      
      
         But if I suppose that someone has a pain, then I am simply supposing that [s]he the
            same pain as I have often had.—That gets us no further. . . . The explanation by means
            of identity does not work here. . . . it is no explanation to say: the supposition
            that [s]he has a pain is simply the supposition that [s]he has the same as I. For
            that part of the grammar is quite clear to me: that is, that one will say that the
            stove has the same experience as I, if one says: it is in pain and I am in pain. .
            . . These words [e.g., pain] may lead me to have all sorts of images; but their usefulness
            goes no further.[95]  
         

         
      

      In fact, what Wittgenstein argues in this passage is analogous to what Boltzmann defines
         as correlations between sensations, ideas of sensations, knowledge, and ultimately
         “obtaining useful rules for constructing and predicting the course of our sensations
         relating to the bodies of others.” In the same way Wittgenstein argues that “you learned
         the concept ‘pain’ when you learned language.”[96]  
      

      
      Boltzmann affirms the same by contending that “our conception of the sensations and
         volitions of others is merely the expression for certain equations always holding
         between the behavior of our sensations relative to our own and other people’s bodies;
         it is in a pre-eminent sense what we call an analogy (albeit not a mechanical but
         a psychological one).” The comparison with Wittgenstein helps to emphasize the fact
         that Boltzmann’s conception does not fall into the phenomenalistic position. Boltzmann’s
         eschewing of sensations does not figure into the phenomenalist’s supposition of the
         “immediately given,” or the notion of sensing an irreducible element—or neutral substratum—in
         Mach.[97]   
      

      
      What Boltzmann and Wittgenstein’s contentions share is concern over how sensations
         are to be thought of without falling into solipsism or doubt. Indeed, Boltzmann calls
         someone an “ideologist” or “solipsist” who “combines terms” of his or her sensations
         and volitions as analogous to “non-existing people that I merely imagine.” Against
         the “ideologist” or “solipsist” Boltzmann argues that despite a “subjective difference”
         in the solipsist’s account between the “I” and other people, there is no actual determination
         of “any judgment as to objective existence.”[98]   Wittgenstein similarly contends that 
      

      
      
         the proposition “he has pain” could be false in the same other way than by that man’s
            not having pains. As if the form of expression were saying something false even when
            the proposition faute de mieux asserted something true. For this is what disputes
            between Idealists, Solipsists, Realists look like. The one party attack the normal
            form of expression as if they were attacking a statement; the others defend it, as
            if they were stating facts recognized by every reasonable human being.[99]  
         

         
      

      The similarities continue. Boltzmann argues against metaphysical ideologies which
         as in solipsism is never giving expression to a formulations or equations between
         “perceptual complexes” and instead are permeable.[100]   Compare these assertions by Boltzmann to Wittgenstein’s similar argument: “When
         I imagine [s]he is in pain . . . (“I believe I can think without world.”[101]). This leads to nothing. The analysis oscillates between natural science and grammar.”
         Thus, Boltzmann like Wittgenstein does not question or doubt the existence and importance
         of sensations, but rather probes the ways in which sensations are constructed and
         operate without attributing to them a constitutive role as Mach does in phenomenalism.
      

      
      Boltzmann’s Cognitive Interpretation of the Relation of 
Sensations to Objects
      

      
      Boltzmann proposes in “On the Question of Objective existence in Inanimate Nature”
         (1897) that mental pictures and world pictures as in science are not just a figment
         of the imagination but means for predicting future sensation and as such are constructive
         and instructive in the role. Boltzmann’s analysis of sensations is not merely a rejection
         of Mach’s phenomenalism on the basis of a physicalist critique. Rather like Wittgenstein,
         Boltzmann’s approach is constructive and not instructive (like Mach’s) about the significance
         of sensations and their relation to ideas and language. A more radical approach is
         taken by Boltzmann in his account of “objective existence in inanimate nature” (atoms),
         thus stressing the analogous relation of sensations to objects. Boltzmann points out
         that the only difference between the two is in terms of their linguistic expression:
         “the signs and laws of their conjunction” in representation.[102]   
      

      
      By emphasizing that the distinction between sensations and objects is based on epistemological
         (linguistic-representational function) rather than ontological grounds, Boltzmann
         equally rules out physicalist and mentalist critiques of their ontological equivalence.
         Boltzmann argues that “an inanimate object either does or does not exist thus has
         the same significance as ‘a person either does or does not exist.’” Furthermore, Boltzmann’s
         conclusion is that it would “be a total mistake to believe that in this way one had
         established that matter is more of a mental entity than another person is.” Thus,
         Boltzmann’s position or ontological relativity is tied to the equivalence of any assumption
         on outer or external existence, be it of sensations or of objects. It has great cognitive
         significance.[103]   
      

      
      Similarly, Husserl’s argument in Logical Investigations follows the same line of reasoning in underlining the equivalence of sensations and
         objects in terms of noeses—intentional acts—which both depend on our descriptions.
         Husserl questions the following: “How indeed can we know anything whatever about it
         [mental acts], whether as a fact or as a necessity of essence?”[104]   Husserl responds by arguing that in order to construe “completely self-evident
         truths of essence” one cannot rely on ambiguous terms such as “sensation,” “perceptions,”
         or “presentation” and instead be admitted to the phenomenological sphere of eidetic
         reduction by undergoing a change in sense.[105]  
      

      
       Husserl allocates a limited scope to the immediately given, or raw sensations by
         defining them as hyletic, and Boltzmann stresses that we enact “our world picture
         only from our sensations and volitions, but of all our sensations only the one or
         few that we momentarily have are directly given to us.” Thus, Boltzmann, like Husserl,
         differentiates between sensations and perception not only in degree (what Quine would
         consider as the “flux of experience”) but also in cognitive terms. Such implicit (in
         Boltzmann’s case) differentiation is evident in his treating mental awareness, or
         consciousness of sensations as different from sensations themselves not only in their
         degree of organization or coherence but primarily in their cognitive content. Moreover,
         Boltzmann argues that in as much as sensations may occur involuntary and unrelated
         to our volitions so are possibly processes which are “‘objectively correct’ but not
         cognizable to us.”[106]   Boltzmann’s preoccupation with the ontological basis of sensations and objects
         and his drawing on cognitive categories of levels of awareness as opposed to degrees
         of sensation are connected to his attempt to explain matters that involve existence/non-existence
         and permanence/non-permanence in physics and its relation to theory and perception.
         I will further discuss these issues in chapter 4.
      

      
      Furthermore, not only are perception and sensation distinct, but also sensations cannot
         be simply extrapolated from cognition. As Boltzmann recognizes all animals are sentient
         in so far as they are too, like humans have sensations. The difficulty, as Boltzmann
         observes is in drawing the boundary between a worm and a human in terms of generating
         their respective world pictures and in as much we cannot deny by analogy the existence
         of “unorganized matter” in the inanimate physical world with regards to the divisibility
         of matter.[107]  
      

      
      Unlike Boltzmann, in the Analysis of Sensations Mach claims that 
      

      
      
         the assertion, then, is correct that the world consists only of our sensations. In
            which case we have knowledge only of our sensations . . . there is a rift between
            the psychical and physical, no inside and outside, no “sensation” to which an external
            “thing” different from sensation, corresponds.[108]  
         

         
      

      To that, Boltzmann argues in his polemic against Ostwald (1904) that Mach’s Thought Economy  had assumed that all scientific physical concepts are nomological (“law-like”) since
         they stand only in support of our impressions and relations of sensations.[109]  
      

      
      Thus, mechanical explanation, understood properly, as Boltzmann argues, does not have
         to follow a parallelistic or dualistic assumption about minds and bodies as distinct
         ontological categories, but rather as epistemologically different yet compatible representations.
         And as such, “all mental processes must be predictable from the pictures used for
         representing inanimate nature without change of the laws that govern it.” Boltzmann’s
         attempt to argue against phenomenological physics and phenomenalism with their respective
         rejections of mechanism and atomism led him to repudiate any ontological claim for
         the difference between sensations (Mach’s elements) and objects (i.e., atoms). He
         re-described mechanical laws and cognitive processes as analogous representations.[110]   Thus, he argued:
      

      
      
         Nobody could prove that it [a hypothetical simulated human machine] is less aware
            of itself than a human. Indeed, one could not define consciousness in some manner
            such that it applied less to the machine than to men.[111]  
         

         
      

      Husserl evokes this last implication in his concept of intentionality (Logical Investigations), which, as Sommer argues, leads to viewing cognition in mechanical terms as in artificial
         intelligence. Sommer is critical of Husserl’s intentional implication and attempts
         to retreat to a modified phenomenalism based on Mach’s Thought-Economy and theory of sensations (see chapter 1). Boltzmann’s cognitivism, like Husserl’s,
         is thus the result of his defiance of mechanism as ontologically or teleologically
         distinct from any other constitutive explanation for sensations. I will return to
         the consequences of such a position in chapter 4 when dealing with the Brentano-Boltzmann
         exchange.
      

      
      Phenomenological theories and the 
Role of “Description”
      

      
       Boltzmann’s work in thermodynamics and statistical mechanics also involves a critique
         of the role of “phenomenological theory” in ways which involve phenomenology in a
         broader sense. I will address the issue of phenomenological theory briefly. The debate
         over the nature of phenomenological theories involves the conceptual opposition between
         representationalism and presentationalism, and between idealism and realism.[112]  
      

      
      To an extent, Kleinpeter’s contentions on phenomenology in physics resonate in Mario
         Bunge’s analysis of “blackboxism.” Maxwellian theory is to be construed as phenomenological
         in so far as “phenomenological” implies “non mechanical”—an opposition which Prigogine
         will return to and use in contrasting mechanical and linear versus phenomenological
         and non-linear dynamics. If so, Mach’s phenomenalism—anti-mechanism and his interpretation
         of Newtonian mechanics as a case—is indeed less entrenched in assumptions about observational
         data (blackboxism) but more interested in the non-observational aspects of mechanical
         physics. Bunge’s objection to phenomenological theories is very much connected to
         understanding representationalism as related to realism and phenomenalism in turn
         to anti-realism. But Bunge’s contention is based on analyzing “semi-phenomenological
         theories” (as in quantum mechanics) in terms of representationalism (translucent boxes)
         and presentationalism/ phenomenalism (black boxes). It overlooks the shortcomings
         of such rigid distinctions—between representationalism and presentationalism—in relation
         to questions implied by observation and ignorance. Such questions are equally and
         distinctively raised epistemologically in thermodynamics, ontologically in quantum
         mechanics and widely in statistical mechanics.[113]  
      

      
      Bunge’s concept of “blackboxism” contrasts with “representational theories” in physics.
         According to Bunge, a “black box” theory can be construed as “phenomenological” since
         it does not permit a “transparent” correspondence between the mathematical formalism
         of the physical theory and the physical reality it corresponds to. Since it is thus
         “black” or opaque it implies a phenomenological component. Bunge gives eight different
         gradations of “black box” theories, varying from “translucent” to “black box theory.”
         Thermodynamics is considered by Bunge as a “translucent theory” “which makes no assumption
         about the nature and motion of the constituents of the system, a problem which is
         dealt with by statistical mechanics.” Ultimately, Bunge holds that “blackboxism” is
         the outcome of an idealization and of anti-representational positions. Bunge’s objection
         is motivated by a rejection of their canonization rather than usefulness. Bunge contends
         that “what hinders the progress of knowledge is not the multiplication of black box
         theories but the philosophy of knowledge that praises phenomenological theory as the
         highest type of scientific systematization and abuses representational theory.”[114]   
      

      
      Furthermore, Bunge’s Popperian stance on representationalism and objective knowledge
         opposes “phenomenological theories” on three grounds:
      

      
      
         	
            
            
               That “presentationalism” and “realism” are incompatible.[115]  
            

            
         

         
         	
            That “black boxism” is a presentationalist theory.

            
         

         
         	
            That “presentationalism” and “phenomenological theory” are necessarily connected.

            
         

         
      

      
      Bunge points out that “Maxwell’s theory of the electromagnetic field has often been
         called phenomenological, presumably on the ground that, properly interpreted, it rendered
         mechanical models of the field dispensable. In this case ‘phenomenological’ was taken
         to mean ‘non-mechanical.’” However, Bunge’s general critique of “phenomenological
         theories” and thermodynamics in particular does not address the problem of the misunderstood
         term “phenomenological” by overlooking the difference between classical thermodynamics
         and its attempted reductions to statistical mechanics. As I will discuss in chapter
         3, such a difference ultimately involves the distinction between different types of
         irreversibility: nomological or law-like, and de-facto or observed.[116]   
      

      
      Thus, to categorize these two different descriptions of irreversibility as resulting
         from either “representational” or “presentational” (phenomenological or blackboxism)
         approaches would be at least shortsighted and at most ineffective. I will discuss
         the status of description in relation to Boltzmann’s conception of thermodynamics
         and statistical mechanics later. The general implications of “phenomenological theories”
         that stem from Boltzmann’s terms in respect to what Bunge calls “black boxism” are
         impossible to pinpoint as “presentationalism” and “anti-representationalism” or “idealism”
         versus “realism.” Moreover, Boltzmann’s own attempt to reconcile the “teleological
         implication” with the “phenomenological implication” of irreversibility led him to
         posit his “cosmological hypothesis.” Boltzmann called it “the ingenious suggestion.”[117]   
      

      
      Descriptions and Mach’s Phenomenalism

      
      For Mach, the role of description is desired equally for a scientific principle based
         on “economic” method and the phenomenalistic goal of accounting sensations. As such,
         descriptions seem to play the role of double criteria. This double role, entailing
         both the reliance of scientific knowledge on a descriptive method as well as on describing
         phenomena, raises the problem of the epistemological/ontological status of description.
      

      
       Blackmore attempts to reconcile the problematic implication of this double status
         of description in Mach. He argues that one should differentiate between Mach’s ontological
         phenomenalism in which the descriptive method has an “external purpose” to to organize
         our flux of sense perception, and his epistemological Thought-Economy which has the “internal” purpose of organizing scientific descriptions. The problem
         with Blackmore’s reconciliatory suggestion is that it presupposes a clear cut distinction
         between theoretical and experiential descriptions, a presupposition which on its own
         is impartial to the same problem and came under attack especially when Wittgenstein
         repudiated “phenomenological language.” (See my previous discussion.) Thus, instead
         of attempting to reconcile or criticize Mach’s teleological principle of description,
         I will examine it in relation to both Husserl and Boltzmann. I will look at its phenomenalistic
         (philosophical) and phenomenological (scientific) claims.[118]  
      

      
      In Knowledge and Error Mach suggests that a scientific effort is lost if it does not keep firm hold on the
         immediately given, if, instead of investigating the connections between the characteristics
         of the given, it finishes somewhere in vaccuo.[119]   
      

      
      Mach’s reliance on “the immediately given” paves the way to description as a principal
         mode of accounting for sensation or elements. The immediately given, as expounded
         by Botero, might stand as either an epistemological “ground” for qualifying scientific
         knowledge, or as a foundation for the “task of clarification [or explication] of the
         meaning of our conceptual coping with the world.” Mach’s concept of description is
         underscored by the notion of the immediately given (I. G.) as ground and as background.
         In the Principles of the Theory of Heat, Mach contends that “to place ourselves in any relation to our surroundings we need
         a picture of the world; and to obtain this in an economical way, we cultivate science.”
         Thus, we can construe the underlying purpose of description in terms of sensations
         or economic theories, and as a correlative of the two: a methodological apparatus.[120]   
      

      
      Furthermore, Mach’s insistence that “we know only one source of immediate revelation
         of scientific facts—our senses” radically challenges the notion of scientific theories
         as based on a knowledge different from “natural” sensation. Any theoretical explanation
         not based on a direct “natural” extension to the immediately given is only instrumentally
         or operationally effective and valid. Thus, accordingly Mach states that he has “nothing
         to claim against Boltzmann” for relying on differential equations for attaining scientific
         experimental calculations but rejects atomism as a philosophically grounded scientific
         world view.[121]  
      

      
      Mach does not follow the conceptual distinction between scientific and phenomenal
         descriptions, but instead a radical phenomenalistic understanding of descriptions
         as the immediately givens: “Physics is experience, arranged in economical order.”
         Since Mach’s concept of the status and role of description figures into the ontological
         “ground” as well as the epistemological “background” of his phenomenalism, descriptions
         are distinguished only in degree. More specifically, Mach distinguishes between “direct”
         and “indirect description” and thus argues that “a verbal report (communication) of
         a fact that uses only these purely abstract implements, we call a direct description.”[122]   And Mach refers to an “indirect description” as “a description, in which we appeal,
         as it were, to a description already and elsewhere formulated, or perhaps still to
         be precisely formulated.”[123]  
      

      
      Thus, the putative role of description as either direct or indirect and as ranging
         only in degree, prominently figures in both Husserl and Boltzmann’s respective critical
         views. It would be crucial to Husserl’s debunking of the notion of the “immediately
         givens” as the only qualitatively sufficient data for meaning production. As I stated
         before, Husserl’s limits the “immediately given”—raw data—to the hyletic content of
         perception, but a small fraction within the intentional constitution noemata. In Boltzmann’s
         case it would be critical to grasp “statistical descriptions” (e.g., thermodynamical)
         not as related directly to perception but rather to observation via the theoretical
         implementation of probability. Mach gives the “the role of description” a paramount
         importance for both the method and goal of science, and posits two prerequisites for
         description: “constancy” and “continuity.” Both are the desiderata of “phenomenological
         physics” in maintaining a continuous description of the physical world with its constancy
         of “elements.” “Description,” Mach argues, “is only possible for events that constantly
         recur, or of events that are made up of component parts that constantly recur. That
         only can be described, and conceptually represented, which is uniform and conformable
         to law; for description presupposes the employment of names by which to designate
         its elements; and names can acquire meanings only when applied to elements that constantly
         reappear.” Constancy, which Mach recognizes as historically stemming from a teleological
         principle, together with continuity are the two prerequisites for an effective and
         coherent method of relating or describing sensations and elements. When these two
         teleological principles are maintained, as Mach contends, they detect any scientific
         claim, like atomism or mechanical explanation in general, as not abiding to a direct
         relation between observation (descriptions of the immediately givens) and explanation
         (descriptions of accounts of the immediately givens).[124]   
      

      
      In Mach’s concept of description, there is no differentiation between linguistic or
         representational (“mental pictures” in Boltzmann’s sense) components and the logical-theoretical
         constructs. Furthermore, there is no explication of the exact sense of relating beyond
         the role of organizing descriptions of direct and indirect kinds. Consequently, thermodynamic
         and statistical mechanical descriptions are given by Mach only “insturmentalistic”
         status and yield no physical law. Given that conceptual constructs such as observation,
         causality, and epistemological determination (degree of ignorance) are problematic
         in thermodynamics and its relation to statistical mechanics, Mach’s position with
         its phenomenal-descriptive bias poorly analyzes discrepancies between the two (time-asymmetry
         versus time-symmetry). The term phenomenological as used for thermodynamics and statistical
         mechanics refers to either an epistemological perspective built-in the theory, or
         the role of intervention (weak and strong interventionism and anthropic principles
         which I will discuss in chapters 3 and 4). Mach and Boltzmann use the term phenomenological
         with its nineteenth century sense in the scientific discourse.
      

      
      De Beauregard observes that the distinction between “fact-like thermodynamic irreversibility”
         and “law-like time irreversibility” (or reversibility)—that is between thermodynamical
         and statistical mechanical descriptions of entropy—introduces the notion of phenomenological
         irreversibility as a compounded proposition of the two. Like De Beauregard, Hollinger
         argues that the possibility of phenomenological asymmetry, yielding both cosmological
         and psychological dimensions, is paradoxical in outcome, or rather the need to reconcile
         thermodynamic “fact-like descriptions” with “law-like descriptions” is questionable.[125]   
      

      
      The twofold phenomenological frame of reference, either in terms of Mach’s “phenomenological
         physics” or as the compounding of cosmological and psychological implications together,
         therefore joins two distinct issues. Nonetheless, although Mach’s conception of “phenomenological
         physics” has vanished from the thermodynamical-statistical discourse, it is mixed
         within talk of “phenomenological thermodynamics” through assertions which involve
         phenomenal interpretations of concepts such as direction or irreversibility (see chapters
         3 and 4). Furthermore, the phenomenological aspect as stemming from classical thermodynamics
         is heightened by the problem of redescribing thermodynamics within constitutive physics.
         A theoretical solution to the problem, either through a conceptual analysis or by
         resorting to a foundational reformulation, awaits.[126]  
      

      
      Within the context of Boltzmann’s attempts to account for physical time-asymmetric
         descriptions, Mach’s phenomenalistic anti-atomism—with its insistence on describing
         sensations as elements—abides to a descriptive conception of observation in relation
         to continuity and constancy that falls short of differentiating the psychological
         from the cosmological, or the phenomenal from the physical. The role of atomism and
         anti-atomism was underlined by a rejection of a metaphysical atomism which paved the
         way to quantum mechanics (Planck, first phenomenalist and then atomist) and by Mach
         and Boltzmann. Furthermore, despite the fact that Boltzmann’s statistical mechanical
         atomism did not entail notions such as continuity and observation in the Machian phenomenalistic
         sense, it re-articulated the concept of phenomenal continuity in relation to mathematico-physical
         continuum and of observation in relation to probability. Insofar as traces of Mach’s
         phenomenalistic conception of description can be found within scientific discourse
         on thermodynamics and statistical mechanics,[127]   they are not detected within the scope of Mach’s intended “general physical phenomenology”
         (umfassende physikalische Phänomenologie) and the “unity of science” project. Mach’s
         general physical phenomenology, with its reliance on descriptive differentiation based
         on degrees of directness and phenomenal continuity, not only contradicts the possibility
         of distinguishing between “fact-like” and “law-like” descriptions, but also prohibits
         considering methodological aspects in science that are not based on the primacy of
         phenomenal or phenomenological descriptions.[128]  
      

      
      Husserl’s Phenomenological Descriptions

      
      As I discussed in the first chapter, Husserl himself acknowledges the role of Mach
         in defining phenomenology in relation to a “descriptive method.” His account of Mach’s
         role lends itself to the impression that Husserl’s initial understanding of “description”
         was akin to that of Mach as well as that of Brentano in assuming the role of empiric-analytic
         psychology. However, such an impression is misleading not in overemphasizing Mach’s
         and Brentano’s influence on Husserl in general, but rather in underestimating the
         uniqueness of Husserl’s take on description. I would, therefore, outline three important
         perspectives, which exemplify Husserl’s distinctiveness.[129]   
      

      
      (1) The first difference is related to the influence that Brentano exerted over Husserl
         with his emphasis on “intention” in analyzing cognition and consciousness, and the
         impact of Mach’s descriptive phenomenalism on Husserl’s phenomenology. The obvious
         contrast between Brentano’s categorical model of cognition and Mach’s insistence on
         psycho-physical parallelism as reduced to sensations alone provides sufficient grounds
         for supposing that Husserl himself found such contrast to be irreconcilable, at least
         from within Brentano’s and Mach’s respective positions. Moreover, the debate whether
         Husserl’s use of “descriptive phenomenology” or “descriptive method” derived from
         Mach revolves around two main issues. The first is the issue of empirical psychology
         and the second that of descriptive phenomenology, and both occupied an important place
         in Husserl’s early conception of phenomenology. Furthermore, for Mach and Brentano
         alike, even though for different reasons, the issues of empiricism and phenomena called
         for a rigorous scientific descriptive method. Consequently, the outcome of such similarities
         and differences between Brentano and Mach is evident in critical approaches to Husserl’s
         phenomenology. On the one hand, Mach’s followers (past and present) tend to de-emphasize
         the differences between Mach and Husserl over description and thus underline the primacy
         of Mach’s analysis to that of Husserl. On the other hand, a more informed reading
         of Husserl’s philosophical formation in respect to Brentano de-emphasizes the influential
         role which Mach played, and instead overestimates Brentano’s impact on Husserl’s conception
         of phenomenology, psychology, and descriptive method.[130]   
      

      
      (2) Insofar as Husserl’s early position in Philosophy of Arithmetic shared with Mach a sympathetic though different analysis of logic and mathematics
         from a psychological standpoint, Husserl’s position cannot be construed as embracing
         psychologism. Furthermore, especially in response to Frege’s critique, Husserl abandoned
         his plans for a second volume and changed the course of his thinking about logic and
         mathematics to vehemently reject psychologism. Husserl’s contention is that “the basic
         error of psychologism consists in its obliteration of this fundamental distinction
         between pure and empirical generality, and in its misinterpretation of the pure laws
         of logic as empirical laws of psychology.” Again, whether or not Husserl’s turn from
         psychologism to anti-psychologism and logicism is the direct result of Frege’s critique
         is contestable. Nevertheless, it appears likely that Frege’s critique played an important
         role if we note not only Husserl’s own discussion of Frege’s theory of meaning (sense
         and reference) in Logical Investigations but above all disapproval of his own “fundamental criticisms of Frege’s antipsychologistic
         position” as expressed in Husserl’s The Philosophy of Arithmetic.[131]   
      

      
      Thus, Husserl’s abandonment of his psychologistic position in respect to logic and
         mathematics along with his re-formulation of a theory of meaning with a debt to Frege
         suggests that Husserl in Logical Investigations moves towards logicism and a conception of the “role of description” in cognitive
         terms (Brentano’s influence) as well as logical and linguistic terms (Frege’s influence).
         He moves away from Mach’s orbit of influence. However, we should bear in mind that
         Husserl’s fusion of Brentano’s and Frege’s respective influences results not only
         in distancing from Mach’s position but also in critically defining his differences
         from Brentano and Frege.[132]  
      

      
      In Ideas Pertaining to a Pure Phenomenology and to a Phenomenological Philosophy, Husserl describes phenomenology as “transcendentally oriented phenomenology and
         at the same time a breakthrough for descriptive psychology” aiming at “a totally different
         sense from descriptions of nature, thus from the exemplary descriptions in the descriptive
         natural sciences.”[133]  
      

      
      Understanding Husserl’s anti-psychologistic stance is important to our overall conception
         of his opposition to grounding logic and mathematics on empirical experience. As such,
         psychologism is conceived by Husserl to mistakenly suppose the primacy and ultimacy
         of direct empirical perception; and therefore amply demonstrates Frege’s influence
         on Husserl and his opposition to Mach for applying psychologism to mathematics and
         logic, and worse yet, knowledge in general. Another contention made by Husserl illustrates
         how his conception of phenomenology fundamentally differs from that of Mach’s and
         how description implies 1. “a concrete description of the sphere of consciousness
         as a self-enclosed sphere of intentionality,” and 2. “a totally different sense of
         descriptions of nature, thus than the exemplary descriptions in the descriptive natural
         sciences.” In Husserl’s phenomenological conception, description itself is a complex
         notion that not only relates to phenomenal observation but is also embedded within
         the concept of intentionality.[134]   
      

      
      (3) Another fundamental difference between Mach and Husserl’s concepts of description
         has to do with the role that it plays in their distinct methodological programs. For
         Husserl, phenomenology as “a radical reconstruction of scientific philosophy and through
         it, of all sciences” implies a necessary distinction between phenomenological and
         scientific descriptions. As such, Husserl’s concept of “phenomenological reduction”
         differs from Mach’s “descriptive reduction.” However, unlike Mach’s reliance on phenomenal
         descriptions, Husserl not only elaborates on cognitive noematic content (after Brentano)
         but also incorporates logico-linguistic concerns (following Bolzano and Frege) which
         affect his general concept of science. In Logical Investigations, Husserl clarifies that phenomenology as a “descriptive” science by no means is restricted
         to “mere descriptions” but rather to the unity and guiding “concept of science.”[135]   
      

      
      In addition, Husserl distances himself from Brentano’s position by claiming that “The
         phenomenology of the logical experiences aims at giving us a sufficiently wide descriptive
         (though not empirically-psychological) understanding of these mental states and their
         indwelling sense, as will enable us to give fixed meanings to all the fundamental
         concepts of logic.” A further analysis of Husserl’s concept of description involves
         his later phenomenological method and necessitates further discussing his conception.
         In Ideas, Husserl differentiates between two types of phenomenological accounts that have
         direct implications for the role of description. The first is construed as hyletic
         or sensile descriptions and the second as noetic or intentional descriptions. Husserl
         defines the hyletic content of experience as “All experiences which in the Logical
         studies [i.e., Logical Investigations (1900–1901)] we designated ‘primary contents’
         and which Husserl traces back to his Philosophy of Arithmetic (1891).” Furthermore,
         Husserl conceives “primary contents” as raw stuff or the immediately given sense data,
         which Mach regards simply as sensations. Husserl stresses that “‘primary’ or ‘sensory
         contents’ such as the data of color, touch, sound, and the like” must not be confused
         “with the appearing phases of things, their color-quality, their roughness, and so
         forth, which rather ‘exhibit’ themselves experientially through their means.”[136]   
      

      
      The second category of noetic or intentional descriptions relates to the account of
         experiences which involve a more complex constitution of objects and acts. Before
         explaining Husserl’s phenomenological reduction and the role of intentional constitution
         in describing objects and acts of intentionality (i.e., the noetic-noematic constitution),
         I would stress that Husserl’s distinction between hyletic and noetic content does
         not mean that descriptions themselves are characterized as either. There is no body/mind
         dualism approach in Husserl’s concept of descriptions but rather a supposition that
         only a small fraction of the descriptive content is entirely sensile or hyletic. Later,
         through his concept of “genetic phenomenology” (see my discussion in chapters 3 and
         5) Husserl correlates such hyletic content in perception (and thus descriptions) with
         a “pre-phenomenal flux.” But even without getting into this aspect of Husserl’s phenomenology
         here, suffice it to say that the distinction between sensile and intentional content
         of description is not analogous to that of physical versus mental aspects, but rather
         the hyletic (sensile) stands for a generally inarticulate content which does not figure
         into an object or act of cognition.[137]   
      

      
      In addition, Husserl insists on the inseparable and irreducible character of descriptive
         content and form, thus emphasizing that as in the case of looking at a cube’s side
         profiles, each side with its surface appears as an “abstract content.” And such abstraction
         is indeed never exhausted through a representation of the cube as a manifold of all
         its possible phenomenal profiles, sides, or retentions since such an assumption would
         never account for the intentional act within our “intuitive presentation.”[138]  
      

      
      Later, in Ideas, Husserl contends that underneath the hyeltic or sensile layer of concrete experiences lies a layer of “an ‘animating,’ meaning-bestowing
         structure” which itself is not intentional bur rather informs and is the grounds for
         intentionality.[139]  
      

      
      These last two contentions (in the citations from Husserl’s Logical Investigations and Ideas) clearly contradict interpretations of Husserl’s concept of intentionality as mentalistic,
         and furthermore imply, as suggested by Hintikka, the affinity between Husserl’s position
         and Quine’s holism. Moreover, the notion of descriptions as extrapolated rather than
         found, informs Husserl’s late phenomenology of the fundamental difference between
         the “passive” and “active givens.”[140]   The distinction between the constitution of descriptions as “passively givens”
         on the one hand and “static” on the other hand implies for Husserl a difference between
         a “genetic” and a “static” phenomenology will be further discussed in chapters 3 and
         5.[141]  
      

      
      The reciprocity between description and its noetic-noematic constitution is related
         to another key aspect of Husserl’s phenomenological concept of description and is
         related to the notion of “transcendental reduction.” In Logical Investigations, Husserl observes that
      

      
      
         The thing comprised in my intuition’s intention, the thing I think that I am grasping
            perceptually or constructing imaginatively, stands by and large above all dispute.
            . . . This self-evidence in characterizing description (or in identification and distinction
            of intentional objects) has, no doubt, its understandable limits, but it is true and
            genuine self-evidence.[142]   
         

         
      

      In Ideas, Husserl further elaborates his distinction between sensation and perception allowing
         the re-introduction of “doubt” as epochē in relation to perception as a cognitive
         dynamics (i.e., intentional constitution) and without relying on a concept of sensation
         as connected to the empirically evident. Husserl contrasts empirical evidence with
         “self-evidence” which is based on intuition (Anschauung, as in chapter 1). As such
         phenomenology “is a pure descriptive discipline which studies the whole field of transcendental
         consciousness in the light of pure intuition.”[143]   And yet even in Logical Investigations, Husserl states that “the differences between thing and properties are ontological
         differences, not characters of experience” and as such these differences are not to
         be discerned in immediate data of perceptions since they are “not real moments” but
         instead cognitive amalgams of our scientific constructions.[144]  
      

      
      However, after Logical Investigations Husserl introduces the concept of “transcendental reduction” which falls into three
         different kinds of description and informs the phenomenological method:
      

      
      
         	
            
            A phenomenological research into primary sense contents or hyletic data.

            
         

         
         	
            A phenomenological research into noetic content or intentional acts.

            
         

         
         	
            A phenomenological research into what Husserl proposes through an “eidetic reduction”
               or an analysis of the noematic content (intentional objects). For Husserl, such noematic
               content includes among other things “formal logic” and logical axioms and is the content
               of phenomenology as “a pure descriptive discipline.”[145]  
            

            
         

         
      

      
      Husserl’s subsequent shift from emphasizing the role of noesis to the constitutive
         and institutive role of both noesis and noema marks a progressive change. He moved
         from his initial reliance on phenomenal (hyletic) descriptions to a more complex logico-linguistic,
         cognitive, and inter-subjective analysis of description as part of phenomenology’s
         self-reflective definition of itself. That is, in addition to the phenomenological
         task of putting any judgment under suspension and any object under bracketing, the
         “transcendental reduction” resumes the role of pure description: describing cognitive
         dynamics of any data. Realizing the immense risks of such ambition, Husserl himself
         asks in Ideas the following: “Is it right to set phenomenology the aims of pure description? A
         descriptive eidetic: is that not something altogether perverse?”[146]   
      

      
      While Husserl would remain inconclusive in future attempts to reformulate the phenomenological
         method in ways which would encompass descriptions in relation to “transcendental reduction,”
         he would become progressively receptive to the notions of probability and causality
         as part of his methodological re-description of Hume’s philosophy. I will return to
         this later in my discussion of Husserl’s conception of probability following the next
         explication of Boltzmann’s concept of description. More specifically, I will examine
         how Husserl’s concept of description enables him to view probability and causality
         in a radical way. Thus, he comes close to Boltzmann’s concept of thermodynamics in
         terms of statistical mechanical descriptions.[147]  
      

      
      Boltzmann’s Concept of Description between Thermodynamics and
 Statistical Mechanics
      

      
      In order to better grasp Boltzmann’s conception of description one has to examine
         his early formulations of thermodynamics and his later conception of Statistical Mechanics.
         Specifically, two key issues which concern the various formulations of Statistical
         Mechanics come up. The first relates to a more general distinction between Boltzmann’s
         early methodological attempts (inspired by Maxwell’s approach) to formulate Statistical
         Mechanics based on classical Newtonian dynamics and on kinetic molecular theory, and
         his later construction of the H-theorem that introduces a novel approach of combinatorics.
         The second issue concerns the epistemological implications stemming from the notions
         of microstates, macrostate, and μ space.[148]   
      

      
      Insofar as the early attempts are based on Maxwell’s approach, and Classical Newtonian
         dynamics, they are time-symmetric. Boltzmann’s later combinatorial approach introduces
         the notion of a macrostate and entails time-asymmetry in connection to probability.
         In order to resolve the apparent paradox between “microscopic dynamics are time-symmetric
         but the behavior of macroscopic objects, composed of microscopic constituents, and
         is time-asymmetric”[149]   Boltzmann introduces his combinatorial approach.[150]  
      

      
      
         Boltzmann’s statistical theory of the nonequilibrium (time asymmetric, irreversible)
            behavior of macroscopic systems is based on associating to each macrostate M and thus
            to each microstate X which gives rise to M (=M(X)) a (Boltzmann) entropy SB(M(X)).
            This entropy coincides (up to terms negligible in the size of the system), with the
            ensemble (Gibbs) entropy SG(p) when the ensemble density p is one of local equilibrium—they
            are both equal then to the macroscopic thermodynamic entropy. For such ensembles there
            is essentially no distinction between average and typical values of macroscopic variables.
            However, unlike SG, which does not change in time for an isolated system, even when
            the system is not in equilibrium, SB typically increases in a way which explains and
            describes qualitatively the evolution towards equilibrium of such systems. This means
            that SG, and other quantities like it, are simply not the right objects to look at
            in the latter context. The constancy of SG for isolated systems and the resulting
            disagreement with SB is therefore not a “problem” of irreversibility or of anything
            else (despite what is writer in many textbooks and articles). It simply reflects the
            fact that the distinction between microscopic and macroscopic behavior, which is both
            the problem and the essential ingredient in its resolution, is not captured by SG.
            It is however contained in the very definition of SB, whose increase provides information
            about the qualitative behavior of macroscopic systems.[151]  
         

         
      

      Boltzmann’s account of time-asymmetry is thus connected to the conception of macrostate
         in terms of probability and “therefore now expresses the second law [entropy] as a
         tendency to evolve towards ever more probable macrostates.”[152]   In order to construe how the mitigation of microstates with a macrostate is possible
         one has to consider the combinatorial procedure and Boltzmann’s construction of a
         μ space. Uffink, unlike Lebovitz, does not regard Boltzmann’s conception (of the rapport
         between microstates and macrostates) as entirely resolved and informs us.
      

      
      The procedure of dividing μ space into cells is essential here. Indeed, the whole
         prospect of using combinatorics would disappear if we did not adopt a partition. But
         the choice to take all cells equal in size in position and momentum variables is not
         quite self-evident, as Boltzmann himself shows. In fact, before he develops the argument
         above, his paper first discusses an analysis in which the particles are characterized
         by their energy instead of position and momentum. This leads him to carve up μ-space
         into cells of equal size in energy. He then shows that this analysis fails to reproduce
         the desired Maxwell distribution as the most probable state. This failure is remedied
         by taking equally sized cells in position and momentum variables. The latter choice
         is apparently “right,” in the sense that leads to the desired result. However, since
         the choice clearly cannot be relegated to a matter of convention, it leaves the question
         for a justification. The idea of macrostates (and the assumption of a low entropy
         state in the past) enables Boltzmann to account for time irreversibility or the second
         law of thermodynamics. However, the introduction of macrostates cannot be defended
         on the basis of the dynamical equations of motion. Since we introduce macrostates
         onto the phase space there is a subjective sense to the combinatorial procedure; and
         this sense of subjectivity suggests a phenomenological strain different from other
         epistemological aspects of the theory that is nevertheless different from the phenomenological
         implications of Classical Thermodynamics[153]   (see chapter 2). 
      

      
      Hintikka reminds us that the assertion “that the entire system of mathematical representation
         used in the sciences does not depend on any factual assumptions for its applicability”
         is not that obvious. Hintikka points out that Boltzmann critiqued Mach and phenomenological
         physics for assuming that the differential equations are merely descriptive tools
         rather than relying on “assumptions about the limit behavior of a large number of
         discrete atomic phenomena.”[154]  
      

      
      After Boltzmann’s early position on classical “phenomenological” thermodynamics, he
         produced two by now canonical formulations of thermodynamical descriptions through
         statistical mechanics. The first, the so-called Boltzmann’s “H-theorem,” was a response
         to Loschmidt’s paradox which “has pointed out that according to the laws of mechanics,
         a system of particles interacting with any force law, which has gone through a sequence
         of the states starting from some specified initial conditions, will go through the
         same sequence in reverse and return to its initial state of one reverses the velocities
         of all the particles.”[155]   
      

      
      In the reversed scenario entropy will be decreasing as opposed to what we can tell
         from observable processes which increase in entropy. Then the assertion that follows
         is that such a reversed process must be deduced from the system’s initial conditions.
         This is so since the forces underlying the particles’ interactions do not single out
         a mechanical explanation for such reversal. The problem that arises is how we suppose
         or determine the nature of such initial conditions, given that in a random initial
         state the H quantity will decrease and will incline towards equilibrium and hence
         yield an increase in entropy. That would be paradoxical to the assumed mechanical
         reversal of the system. Boltzmann’s response to the paradox is on the one hand that
         “Loschmidt’s theorem seems . . . to be of the greatest importance, since it shows
         how intimately connected are the second law [entropy] and probability theory, whereas
         the first law is independent of it.”[156]   
      

      
      On the other hand Boltzmann’s counter argument is that Loschmidt’s theorem falls short
         of explaining the possibility of infinitely multiple initial conditions despite its
         asserting that initial conditions will lead to a “non-uniform distribution after a
         certain time t1.”[157]  
      

      
      Boltzmann’s third formulation of statistical mechanical description for entropy came
         as result of criticisms by Zermelo, known as the Poincaré-Zermelo recurrence theorem.
         Zermelo states the paradoxical outcome of this theorem in the following way:
      

      
      
         Poincaré’s theorem says that in a system of mass-points under the influence of forces
            that depend only on position in space, in general any state of motion . . . must recur
            arbitrarily often, at least to any arbitrary degree of approximation even if not exactly,
            provided that the coordinates and velocities cannot increase to infinity. Hence, in
            such a system irreversible processes are impossible since (aside from singular initial
            state) no single-valued continuous function of the state variables, such as entropy,
            can continually increase; if there is a finite increase, then there must be a corresponding
            decrease when the initial state recurs.[158]  
         

         
      

      Insofar as the recurrence of a symmetric mechanical system proves to be incompatible
         with the increase of entropy assumed by thermodynamical systems (which are irreversible),
         then Zermelo argues that all velocity directions can be reversed within a mechanical
         context. This would contradict the possibility of a unidirectional increase of entropy.
         Zermelo’s criticism thus raised for Boltzmann the explanatory problem of equating
         entropy with time. Therefore the problem of such a paradox lies in interpreting or
         applying the theorem within the context of kinetic theory.
      

      
      Moreover, Boltzmann accepted the logical grounds of Zermelo’s criticism but not his
         interpretation of its probability since as Boltzmann argues Poincaré’s theorem confirms
         rather than contradicts probability since it demonstrates that over time probability
         always decreases and consequently will result in the emergence of a more ordered state
         akin to the initial state and which leads Boltzmann to respond to the paradox with
         his “cosmological hypothesis” proposal.[159]  
      

      
      Boltzmann’s explanation of his “cosmological hypothesis” follows the notion that the
         improbability of the state of universe can be construed also in a cosmic scale by
         which our own galaxy can be seen as an island within a larger “thermal equilibrium.”
         Accordingly, as Boltzmann points out, “for the universe as a whole the two directions
         of time are indistinguishable, just as in space there is no up and down.” And in as
         much as we use “down” and “up” as relational and non-fixed designation of space so
         we should accept that “past,” “present,” and “future” are never universally applied
         but rather relate to a specific regions or worlds which may or may not be in equilibrium.
         In Boltzmann’s view,
      

      
      
         This viewpoint seems to me the only way in which one can understand the validity of
            the second Law and the heat death of each individual world, without invoking a unidirectional
            change of the entire universe from a definite initial state to the final state.[160]  
         

         
      

      However, another contention which Boltzmann makes implicitly concerns Mach’s role
         in the debate, according to which “the objection that it is uneconomical and hence
         senseless to imagine such a large part of the universe as being dead in order to explain
         why a small part is living—this objection I consider invalid.” Boltzmann’s dismissal
         of the “economical” argument as being invalid is connected not only to methodological
         concerns but more importantly to the way in which theoretical descriptions within
         physics and those of entropy in statistical mechanical terms are interpreted in connection
         to probability and time’s arrow. And these two issues will become the underlying factors
         in Boltzmann’s concept of the status of descriptions and their relation to observation
         within physics.[161]  
      

      
      Another important implication which stems from Boltzmann’s responses to Zermelo concerns
         the definition of entropy in terms of order and quantity. Despite the fact that I
         will not focus on this issue specifically I will try to discuss its problematic formulation.
         Various authors have pointed out to the ambiguities implied by the concept of entropy.
         Cercignani, for example, justly stresses that the terms “ordered states” and “uniformity”
         are imprecise, bearing in mind that on microscopic levels individual molecules are
         assumed to be in order. Thus, “if we look at individual molecules,” Cercignani argues
      

      
      
         all the states are ordered. This also remains true if the state is not known with
            perfect accuracy, but we insist on a probability referring to the positions and momenta
            of all the molecules (and satisfying the Liouville equation). It is only when we pass
            to a reduced description, based on the one-particle distribution function, that we
            lump many states into a single state and we can talk about highly probable (disordered)
            states; these are states into which, in the reduced description, an extremely large
            number of microscopic states are lumped together.[162]  
         

         
      

      Penrose has argued similarly that “in view of these problems of subjectivity, it is
         remarkable that the concept of entropy is useful at all in precise scientific descriptions—which
         it certainly is!” Penrose reminds us that entropy involves concepts such as order
         and disorder which are imprecise and subjective. It is only through the introduction
         of devices such as coarse-graining and ergodic ensembles that entropy is made more
         intelligible as quantity. On the descriptive level the interpretation of entropy,
         as my previous reference to Penrose suggests, is consolidated as a result of other
         working hypotheses (ergodicity) which augment the thermodynamical formulation itself.
         The formulation of thermodynamics cannot be conceived as a sole basis for understanding
         the description of entropy and Boltzmann’s consequent moves from the classical thermodynamical
         formulation of entropy to his H-theorem and his later equation with its associated
         “cosmological hypothesis” attest to the inconclusive descriptive status of entropy.
         What is of interest to us in the context of description is not whether Boltzmann endorsed
         all time-asymmetries but rather how he differentiated between them. Prior to analyzing
         Boltzmann’s interpretation of thermodynamical descriptions (chapter 2), we may extrapolate
         from his formulations of entropy three types of time-asymmetries.[163]   The first is classical thermodynamical “objective” increase of entropy and is time
         asymmetric. The second is the H- theorem’s time-symmetric and hence “subjective” assertion
         of entropy-increase. The third can be said to be epistemologically inclusive to both
         local time-asymmetry and a global time-symmetry. I will explain this threefold interpretation
         of time-symmetry in chapter 3. I will now proceed with analyzing the role of description
         in Boltzmann’s conception of entropy. I will focus on the phenomenal/phenomenological
         differentiation of description rather than the general epistemological differentiation
         between objective/subjective. My analysis will follow three main concerns which involve
         the phenomenal/phenomenological distinction.
      

      
      
         	
            
            The conceptual disagreement between Boltzmann’s and Mach’s interpretations of statistical
               descriptions.
            

            
         

         
         	
            Boltzmann’s elaborate scientific strategies and hypotheses in dealing with at most
               the paradoxical and at least the conflicted relation between thermodynamical and statistical
               mechanical descriptions of entropy.
            

            
         

         
         	
            The philosophical consequences of (1) and (2) in terms of phenomenalism and its relation
               to phenomenology.
            

            
         

         
      

      
      The Implications of Boltzmann’s Concept of Description

      
      In Lectures on Gas Theory, Boltzmann argues against a possible dogmatism of “either atomistic or antiatomistic”
         views. In arguing so, Boltzmann raises description as an issue to reckon with and
         as such description cannot be assumed as contingent on perception. Accordingly, following
         Hertz and not Mach, Boltzmann argues that any relation between entropy and perception
         in terms of phenomenalism and its relation to phenomenology is tenuous and at best
         coincidental and cannot explain the relation between thermodynamics and statistical
         mechanics.[164] 
      

      
      We may summarize Boltzmann’s contentions as follows:

      
      (1) What Boltzmann regards as “pure description” stands for differential equations
         which do not have one-to-one correspondence with observed facts, or sensations in
         Mach’s terms. Rather, such “differential equations” are “pure” insofar as we regard
         them as inferential generalizations based on randomness and not on direct observation,
         and which ultimately apply to “invisible wave motion.”
      

      
      (2) That the generalization of the differential equations (i.e., their “mathematical
         consequences”) is as unobservable descriptions like the production of heat which occurs
         in “invisible-regions.” 
      

      
      From these two contentions, we can extrapolate three different levels of description:
         A pure description based on generalization and abstraction (differential equations);
         an indirect description based on probabilistic randomness of statistical descriptions;
         and an unobservable description which applies to a phenomenon that can not be visibly
         perceived. These three levels or types of descriptions clearly contradict Mach’s phenomenalistic
         conception, which entails only a difference in degree: between direct and indirect
         description. Mach would conceive Boltzmann’s reference to “pure description” and “unobservable
         description” derogatorily as mathematical excess or a metaphysical axiom.
      

      
       Boltzmann’s conception of unobservable description, nonetheless, suggests an insightful
         possibility for what later (with quantum mechanics) would become an indispensable
         consideration of the ways in which mathematical formulations or models (matrices)
         and observation (results via experiments) coincide. By the same token, in Husserlian
         perspective, pure description and unobservable description would be explained as either
         an “intentional object” in respect to “pure description” which lacks a phenomenal,
         “real object” and consists only of an “ideal object” or unobservable description which
         would be construed as noetic description: an intentional act (reference) as a transcendent
         object (sense). Another incompatibility between Boltzmann and Mach’s concepts of the
         role of description relates to Mach’s concept of “phenomenological physics.” As I
         have discussed before (2.1), Mach outlined the principal criteria for description:
         constancy and continuity. The question of the continuity of description implicates
         the concept of continuum. Boltzmann asserts that “an actual continuum must consist
         of an infinite number of parts; but an infinite number is indefinable.”[165]   
      

      
      Insofar as a continuum is a mathematical construct and hence infinitely divisible,
         continuity is psychological and perceptual in the phenomenological sense. Henceforth,
         one should not conflate the discreteness and divisibility of descriptions of a continuum
         with that of epistemologically grounded or phenomenological descriptions. Furthermore,
         against the putative role which Mach ascribes to constancy, Boltzmann criticizes Mach’s
         anti-atomism with what can be regarded as misplaced criteria of description which
         presuppose explanation. Boltzmann, in defense of his position, argues against the
         possible Machian objection to mechanical atomism and its “picture” or “description”
         “which could also be criticized on the grounds that it replaces the world of our sense
         perceptions by a world of imaginary objects, and that anyone could just as well replace
         this imaginary world by another one without changing the observable facts. I hope
         to prove in the following that the mechanical analogy between the facts on which the
         second law of thermodynamics is based, and the statistical laws of motion of gas molecules
         is also more than a superficial resemblance.”[166]  
      

      
      Boltzmann explains the philosophical significance or conditions of the “resemblance”
         between thermodynamical second law and statistical mechanics not as arbitrary or conventionalist
         but as intrinsic. Boltzmann’s understanding of such “resemblance” is underlined by
         a concept of representation not as a singular statement or description, but rather
         as a complex descriptive analysis which aims at providing “complete descriptions of
         phenomena.”[167]  
      

      
      Boltzmann compares the relation between letters to sounds, or notes to tones to that
         of the function of representations in atomistic theory whereby the theories are not
         simply descriptive of nature but relational to it through a system of coding that
         is more complex and oblique than direct descriptions of phenomena.[168]  
      

      
      Further support for Boltzmann’s methodological interventionist (I am using here Hacking’s
         notion of “intervening” and not in respect to “interventionism” and “anthropicism”
         which I will discuss later) and constructive approach to representation, vis à vis
         descriptive resemblances, is evident in his defense of statistical mechanical interpretation
         of the second law. 
      

      
      
         There is no question that for the calculation of natural processes the mere equations,
            without their foundation, are sufficient; likewise, empirically confirmed equations
            have a higher degree of certainty than the hypotheses used in deriving them. . . .
            A clear understanding is just as important for knowledge as the establishment of results
            by laws and formulas.[169]  
         

         
      

      Thus, the conceptual analysis of description in Boltzmann’s work is multifaceted.
         It goes beyond the charge that descriptive criteria stem from anti-atomistic and energetic
         critiques of statistical mechanics’ redescription of thermodynamics. Boltzmann rejects
         the phenomenalistic critique of description in the context of thermodynamics and statistical
         mechanics, even though he fully appreciates the complexity of reducing thermodynamics
         to statistical mechanics. Moreover, a theoretical reduction is not a guarantee of
         a shared descriptive context, as pointed out by Craig Callender.[170]  
      

      
      Interpreting Boltzmann’s Thermodynamical Descriptions

      
      From the outset, the problem of the status of description in relation to entropy appears
         to stem from the incompatibility of two distinct theoretical frameworks.
      

      
       On the one hand, thermodynamical descriptions imply time-asymmetry and on the other
         hand, statistical mechanical descriptions rely on time-symmetry. Within the current
         discourse regarding thermodynamical descriptions, such a problem evolved beyond Boltzmann’s
         programmatic scope and entailed the reduction of thermodynamics to statistical mechanics,
         as proposed by his H-theorem or as informed by his later positions. There are many
         approaches on how to resolve the problem and role of thermodynamical descriptions
         within a theoretically constitutive framework. Or should we abandon this altogether
         and redescribe its alternative context? The more conservative approach subscribes
         to Boltzmann’s late “cosmological hypothesis.” It pertains to the prevalence of entropy
         and time-asymmetric conditions as an anomaly or statistical exception within a larger
         time-symmetric universe at an equilibrium state. Even though the cosmological implications
         of such a hypothesis have changed since Boltzmann’s days, the underlying explanatory
         context has remained the same by invoking statistical descriptions and cosmological
         hypotheses which involve probabilistic reasoning. And unlike the H-theorem which can
         be said to be epistemologically “subjective” in terms of the probability which is
         implied, the “cosmological hypothesis” alternatives assume a distinction between an
         “objective” statistical randomness to the universe and a “subjective” component in
         determining the appropriate initial and boundary conditions.[171]   
      

      
      A second approach, more philosophical in tendency (Price) aims to clarify conceptual
         ambiguities and “dissolve” rather than “solve” (to use Wittgenstein’s metaphor) as
         much as possible the contradictions which arise between thermodynamical and statistical
         mechanical descriptions without resorting too hastily to novel reformulation. However,
         more radical and indeed constitutive approaches (Albert) attempt to reformulate the
         role of thermodynamical descriptions to obliterate the “subjective” component and
         re-describe, if not reduce, entropy within a foundational physical theory. The radical
         constitutive approaches are both praised and criticized for their ambitious undertakings
         (Price, Callender) and will be the focus of my discussion. Nonetheless, before moving
         to a more detailed analysis of the interpretations of thermodynamical descriptions,
         I will emphasize Uffink’s well-taken contention which reminds us that there is no
         clear and unequivocal stipulation of the second law of thermodynamics as implying
         that time’s arrow is associated with entropy. Such a contention can serve as a proverbial
         reminder that there is no need and perhaps better be no such need to suggest that
         by talking about thermodynamical descriptions (and the second law in particular) we
         implicate time-asymmetry as implied by entropy.[172]   
      

      
      Within the scientific and philosophical discourse, classical thermodynamics is commonly
         construed and proclaimed to be either based on phenomenological principles or a phenomenological
         theory. By that we should not presume either the relevance of Mach’s concept of “phenomenological
         physics” (as discussed previously) or Husserl’s concept of phenomenology. Moreover,
         as I briefly explained regarding Bunge’s contentions about “phenomenological theories,”
         the term phenomenological in relation to thermodynamics has a more specific significance
         than that implied by Bunge. Let me provide two accounts to exemplify my point. Callender,
         in “Taking Thermodynamics Too Seriously,” states that “Classical phenomenological
         thermodynamics is a truly remarkable science.” Additionally in “Thermodynamic Asymmetry
         in Time,”[173]   he proclaims that “thermodynamics is a ‘phenomenal’ science, in the sense that
         the variables of the science range over macroscopic parameters such as temperature
         and volume.”[174]  
      

      
      My contention is that both phenomenological attributes (role of observers and intervention)
         and Challenger’s statements on thermodynamics as both “phenomenological” and “phenomenal”
         imply phenomenal assumptions (observable conditions of phenomena). By pointing to
         Challenger’s invoking of classical thermodynamics as “phenomenological” and “phenomenal,”
         I do not refer to the distinction which the Mach-Husserl divide implies. Rather, I
         will attempt to follow the specific characteristics of the phenomenological/phenomenal
         differentiation within thermodynamics and to point out an implicit assumption, which
         does involve the more conceptually distinct divide as exemplified by Mach and Husserl.
      

      
       The phenomenological principles which Callender refers to can be construed as embedded
         in the assumption that “when we say that entropy always increases, or that entropy
         change is always non-negative, we presuppose a convention as to which is to count
         as the ‘positive’ direction on the temporal axis.” The conventional aspect implies
         that we determine the direction as positive, phenomenologically and as a defined theoretical
         component or construct. Thus, phenomenologically signifies in this context our involvement
         in actually using the theory. Such a role is tied to a choice (conventional) that
         we make in watching a film running forward or backward. In addition to phenomenal
         criteria involved in the determination of objects, we also rely on conventional preferences
         that are phenomenologically constituted—in Husserlian terms as well—by introducing
         intention into the theoretical descriptive content.[175]   
      

      
      A deeper phenomenological component in thermodynamics is built into the assertion
         of the “monotonous” increase of entropy. As Price puts it: “The time-asymmetry of
         thermodynamics is associated with the Second Law. According to this principle, non-equilibrium
         systems progress monotonically until equilibrium is reached.” The assertion that a
         thermodynamical system conforms to a monotonous behavior is thus introduced by preference.
         On the one hand, if convention marks an arbitrary aspect, preference (vis à vis monotony)
         discloses a “choice” factor, both of which involve strong phenomenological implications.[176]   On the other hand, the phenomenal implications of both thermodynamics and statistical
         mechanics involve the assumption that through observing thermodynamical asymmetrical
         processes we presume that the past’s entropy is always lower than the future’s. This
         presumption is neither phenomenally substantiated in causal terms nor ostensibly seen
         or observed. However, before further explaining the phenomenal implications of the
         second law, I would like to summarize Price’s diagnostic account of the two main interpretative
         approaches to thermodynamical time-asymmetry, which will assist in stressing the phenomenological/phenomenal
         distinction. Price distinguishes between two fundamentally distinct views:[177]  
      

      
      
         	
            
            An approach that posits asymmetric boundary conditions as the only source of observed
               asymmetry of thermodynamic phenomena; and:
            

            
         

         
         	
            An approach that also posits a second time-asymmetry, which can be seen as more general
               and is law-like.[178]  
            

            
         

         
      

      
      Price, furthermore, makes a distinction between “numerical asymmetry” and “practical
         irreversibility” as logically independent of each other. Price’s distinction is echoed
         in Penrose’s contention that “irreversibility seems to be a nearly practical matter.
         We cannot in practice unscramble an egg, though it is a perfectly allowable procedure
         according to the laws of mechanics. Does our concept of entropy depend upon what is
         practical and what is not?” According to Price, in as much as “practical” irreversibility
         is observed in processes, “numerical asymmetry” is connected to imbalance in nature.
         Price’s distinction is hence a further elaboration of Boltzmann’s late position or
         interpretation of the role of thermodynamical descriptions. He draws specific attention
         to the difference between asymmetry and irreversibility.[179]   
      

      
      The possibility of demonstrating “practical reversibility,” namely, phenomenally observed
         cases of reversible individual systems, seems to Price as “misallocating” the importance
         of thermodynamical asymmetrical phenomena. It is rather “numerical asymmetry” that
         interests Price, who contends that “our world shares a vast numerical imbalance of
         [time-oriented phenomena] for the kind of phenomena described by the Second Law. It
         is this numerical imbalance that is the primary puzzle, in my view, not the issue
         of the practical reversibility of individual systems.” Price’s critical position first
         identifies the “phenomenological” aspect within classical thermodynamics (direction
         and monotony), and then focuses attention not on the phenomenal and epistemological
         aspects of both thermodynamics and statistical mechanics as individual systems (equally
         practical and idealized), but rather on a more general concern in relation to boundary
         conditions. This connects to numerical imbalance and thus a more objective sense of
         physical probability.[180]   
      

      
      Let me restate the following distinctions, which I draw from Price’s critical account.
         In respect to classical thermodynamics, phenomenological implications (“principles”)
         involve us in deciding and choosing the system’s parameters (temporal axis’ direction,
         monotony) whereas phenomenal concerns in thermodynamics and statistical mechanics
         implicate observational facticity in accounting for asymmetry in “isolated” (practical)
         systems. Both of these phenomenological and phenomenal implications are based on our
         extrinsic knowledge (our epistemological bias) in coordinating a correspondence between
         a theoretical asymmetric description and the observed irreversibility. 
      

      
      Price’s distinguishing between thermodynamic one time-asymmetry and two-asymmetry
         approach shed lights on how we can construe the logic of a phenomenalistic interpretation
         of time-asymmetry. Insofar as the one-asymmetry interpretation (“a-causal particular”)
         rests on explaining the asymmetric boundary conditions of a past law entropy increase,
         the two-asymmetries interpretation (“causal general”) posits in addition a nomological
         asymmetry—a lawlike asymmetric tendency, which if combined, yield “observed asymmetry.”
         Accordingly, “observed asymmetry” can be construed as a phenomenalization of “numerical
         asymmetry” and as the conflation of asymmetry with irreversibility. Even if the phenomenalistic
         appeal of the two-asymmetries is resisted, there is another and more obtrusive phenomenological
         implication that emerges from the two-asymmetry interpretative perspective. This involves
         interventionism. Interventionism is based on the valid critique of the tendency to
         regard “systems as generally isolated.”[181]   
      

      
      Interventionism, though, has its share of problems, both epistemological and experimental.
         Epistemologically, introducing interventionism to statistical mechanics would imply
         “re-randomization” of the system’s ensembles, whereas experimentally a case such as
         the spin-echo experiment necessitates intervention since it “shows at least ‘apparent’
         continual randomization. The latter makes the evolution suitable for description in
         the usual statistical and mechanical way.”[182]  
      

      
      However, it is worth examining Price’s grounds for objection and his subsequent rejection
         of the two-asymmetry perspective involving interventionism. The one-asymmetry interpretation
         assumes only one source of asymmetry which relates, as I noted, to boundary conditions.
         The two-asymmetries inevitably lead to a reliance on external intervention. In the
         first case, such interpretation would be based on causal explanation. In the second
         case it would rest upon random factors and would adhere to Boltzmann’s late hypothesis.
         As Price argues:
      

      
      
         Interventionism thus turns up in both broad categories. On the one hand, the interventionist’s
            external influences comprise an identifiable cause, without which (according to the
            interventionist) entropy would not necessarily increase. On the other hand, it turns
            out to be crucial that these external influences are suitably random, uncorrelated
            with the internal motions of the systems on which they exert an influence.[183]  
         

         
      

      Price’s twofold argument against interventionism is based on the rejection of either
         the conflation of causal and probabilistic explanations, or the way which both “randomness”
         interpretation (as exemplified by Boltzmann’s H-theorem) and “causal” interventionism
         rely either in the former case on a phenomenal explanation to assert the phenomenological
         principle (i.e., of interventionism), namely, that observed processes would not have
         been the same had the monotonically increase of entropy not been ascertained by an
         external “random” factor. And in the latter case, a stronger causal intervention (e.g.,
         anthropic principle) is needed to explain irreversible observed phenomena.[184]  
      

      
      There are at least two kinds of interventionism which (see more on interventionism
         in chapter 4) can be discerned: causal and anthropic. These expose the two-asymmetries
         interpretation to much more taxing phenomenological implications than those I have
         mentioned previously. Incidentally, the fact that Price typifies Albert’s GRW proposal
         as belonging to the “causal” two-asymmetry approach is not uncontestable. Callender
         has suggested, that there is the tendency to take “thermodynamics too seriously,”
         namely, to come up with a foundational or constitutive theoretical explanation which
         would address general nomological asymmetry with a de facto asymmetries.[185]   
      

      
      Another corresponding aspect which can be extrapolated from Husserl’s phenomenological
         work, especially in Logical Investigations and Experience and Judgment in relation to Price’s analysis, is related to the extent to which a conflation between
         “natural” (i.e., causal) and “ideal” (i.e., probabilistic) laws would blur empirically
         (and phenomenally) observed data (identified as causes and effects) and logical inferences
         based on apodictic (indubitable certainty) and a priori (non-empirical) criteria.
         Thus, the phenomenal ambiguity that stems from time-asymmetric descriptions of microstates
         as opposed to time-asymmetric descriptions of the ensembles’ macrostates, is embedded
         equally in thermodynamics and its initial statistical mechanical redescription vis
         à vis Boltzmann’s H-theorem.[186]   It involves the role of external intervention.
      

      
      Price’s embrace of the one-asymmetry interpretation is informed by his argument that
         “assuming a deterministic dynamics, all it takes is for the initial microstate of
         the universe to be normal, in the sense of Boltzmann’s measure, in the space of possibilities
         compatible with the initial macrostate.” And consequently, Price relies on an epistemological
         analysis neutral in avoiding either phenomenal or foundational assertions. By embracing
         the epistemological explanation and not the “ontological” two-asymmetry interpretative
         approach to the way we may induce future microstates (high probability) from past
         macrostates (randomness), Price abstains from committing himself to either accepting
         “past-to future inference” or “future-to-past inference.” Furthermore, as Price contends:
         “Epistemological inference thus follows the explanatory arrow, and all is well because
         the past state of affairs—the assumed explanans—is an observable matter.”[187]  
      

      
      I am not concerned here with Price’s cosmological explanations, but rather his reliance
         on epistemological inference. It emphasizes the peculiar question of why past entropy
         decreases. Is this increase related to our degree of ignorance? It is an unresolved
         matter since the exact nature of the conditions, or contingencies that permeated asymmetry
         are undetermined without any assumption involving a nomological asymmetry. Thus, the
         two-symmetry perspective relies phenomenally on observed causal inferences which confirm
         the necessity of nomological asymmetry. Nonetheless, to construe the epistemological
         consequences of Price’s position, I will analyze the extent to which descriptions
         involve not only phenomenal reductions or phenomenological intervention, but also
         the very criteria of reducing various asymmetric descriptions on both microscopic
         and macroscopic levels.[188]   
      

      
      Entropy and Levels of Description

      
      The issue of reduction as implicated in thermodynamical descriptions has been raised
         by Sklar, Callender, and Ben-Menahem, all of whom point to various aspects of thermodynamical
         descriptions which cannot be reduced into a single account by overlooking differences
         in levels of descriptions. Callender stresses that “the main idea shared by many theories
         of reduction is that one theory reduces to another if we can in the reducing theory
         construct an analogue of the laws and concepts of the theory to be reduced.” However,
         attaining such an analogue requires fulfilling a phenomenal equivalence for the reduced
         theory’s observed phenomena, and redescribing some of its key constructs.[189]   As Callender argues:[190]

      
      
         We do not expect laws of the reduced theory to be laws of the reducing theory; nor
            do we think the concepts used by the former to always be applicable at the level of
            the latter. We instead expect the laws and concepts to emerge as complicated, approximate
            statements true under certain conditions.[191]  
         

         
      

      Thus, a possible theoretical—conceptual incongruence between the reduced and the reducing
         theories is to be expected. Furthermore, given that each descriptive level of a theory
         relies on a particular semantic web which tends to proliferate horizontally, a vertical
         reduction of facts from the reduced to the reducing theory is very unlikely, especially
         if causal inferences are involved. Sklar points out causal relations tend to posit
         past-future asymmetry.[192]   
      

      
      As examples of “naive” and “mistaken” views of reduction, Callender gives not only
         Boltzmann’s H-theorem, but also Prigogine’s project. Callender quotes from Prigogine
         and Stangers the following contention: “Irreversibility is either true on all levels
         or on none: it cannot emerge as if out of nothing, on going from one level to another.”
         Callender directs his criticism to Prigogine’s conception of descriptive reduction
         but also extends it: “The majority of mainstream foundations of statistical mechanics,
         up to and including the present day, is also guilty of one or more of the above mistakes.”
         By overlooking the descriptive incongruences between reduced and reducing theories
         we may end up, Callender argues, by taking thermodynamics too lightly (dismissing
         it as a “phenomenological theory”) or too seriously (attempting to ground it in a
         foundational theoretical framework). However, despite the similarity between Callender’s
         and Price’s positions, only the former emphasizes the descriptive gap between thermodynamical
         entropy and statistical mechanical entropy as a key problem:[193]  
      

      
      
         The thermodynamic entropy is understood as displaying monotonically increasing behavior;
            therefore, many argue, the statistical mechanical analogue of the entropy cannot be
            a function of the dynamical variables of an individual system.[194]  
         

         
      

      For Callender, “the assumed monotony of the entropy increase of a given system is
         not only exclusive to classical thermodynamics, but rather touches all dynamical systems,
         including statistical mechanical.” Thus, Callender is critical, among others of Sklar,
         who commits “the sin” of introducing re-randomization into a given system. Since monotony
         and randomness are two distinct and incompatible descriptive contexts which also involve
         different inferential assertions about “real individual systems,” one should not introduce
         one into the other.[195]  
      

      
      Another contention made by Callender in relation to descriptive reduction is that
         “the concept of equilibrium state is intimately connected with the observation time.”
         The underlying phenomenological requirement of “infinitely long observation time”
         in thermodynamics does not apply to statistical mechanical descriptions. And any prescribed
         monotony of future-entropy increase cannot apply to statistical mechanical descriptions,
         since one implication of the “recurrence theorem” (I previously referred to Poincaré-Zermelo
         paradox) is that microstates cannot “correspond to any macrostate that is unchanging.”[196]   Callender’s critical observation about reduction and more specifically reductionism
         is directed towards attempts to reduce thermodynamical descriptions of time-asymmetry
         to statistical, mechanical time-symmetric laws. Unlike Price, who decisively posits
         “direction” in classical thermodynamics as connected to the “convention” of deciding
         on the temporal-axis, Callender raises the issue of direction in conjunction with
         problems of reductionism.[197]  
      

      
      Partially bridging Price and Callender’s critical analyses of description, Ben-Menahem’s
         discussion of reduction introduces Davidson’s distinction between “causal” and “explanatory”
         contexts. Ben-Menahem has argued that there might be a way to distinguish between
         descriptions of direction (e.g., time’s arrow) by identifying the given context. Following
         Davidson, Ben-Menahem distinguishes between causal contexts as objective and necessary
         and explanatory contexts as contingent and hence “description-sensitive.” Ben-Menahem[198]   contends that
      

      
      
         we thus get a preliminary of the difference between questions about causality in a
            particular case, and questions about contingency, necessity, stability and probability,
            which, by their very nature, involve types of similar events. This difference is the
            root of description-dependence.[199]  
         

         
      

      For the case of thermodynamics and statistical mechanics’ respective levels of descriptions,
         Ben-Menahem argues that we would be better off labeling statistical mechanical descriptions
         as “sensitive” rather than subjective. The motivation behind such a suggestion is
         that thermodynamical description of “asymmetry in time is anchored in a fundamental
         tendency” and hence “objective,” whereas statistical mechanical descriptions are time-symmetrical
         and hence asymmetry results only “from the greater stability of some of the macrostates”
         and would appear “subjective,” namely, epistemologically based on our degree of ignorance.
         However, Ben-Menahem argues (and specifically by invoking Albert’s GRW hypothesis):[200]  
      

      
      
         While the probability distribution over microstates can be said to be epistemic, the
            latter are not probabilities of macrostates express the objective relative weights
            of macrostates in terms of the number of microstates they comprise.[201]  
         

         
      

      Through Price’s analysis we can extrapolate classical thermodynamical principles (direction
         and monotony) as well as phenomenal prerequisites of future-entropy increase as opposed
         to past-entropy decrease. Ben-Menahem’s discussion of determining descriptive criteria
         through identifying the right context enables her to account for different descriptive
         levels which are not explained in reductive terms. Thus, Ben-Menahem allows for retaining
         Callender’s views on reductionism without compromising Price’s position.[202]  
      

      
      As long as the issue of reduction remains the “elusive object of desire” (to use Sklar’s
         metaphorical expression) then various phenomenological and phenomenal ambiguities
         will prevail in different and incongruent levels of theoretical descriptions. Thus,
         any attempts that would conflate “causal” with “random” explanations (as Price argues),
         overlook descriptive incongruences (as Callender argues), or deny the role of identifying
         representations and analogies for context-sensitive descriptions (as Ben-Menahem argues)
         would conflate assertions on asymmetry with irreversibility, epistemological with
         foundational assertions, or make subjective and objective interpretations of description
         irreconcilable. The contention that levels of description—as implied by redescriptions
         of entropy—do not need to follow the divide between subjective/objective and can instead
         be tied to the differentiation (and identification) of a context, as Ben-Menahem suggests,
         enables the examination of entropy in not solely epistemological terms. Rather, both
         phenomenological and phenomenal implications can be re-examined without being crudely
         labeled epistemic.
      

      
      Furthermore, the distinction between nomological irreversibility and de-facto irreversibility
         appears rich in phenomenological and phenomenal implications and thus defies their
         categorization or demarcation as either thermodynamical or statistical mechanical
         asymmetry. Again, as Price points out, different conceptions of irreversibility (the
         two interpretative perspectives: the one-asymmetry view and the two-asymmetry view)
         are distinct and logically independent. In as much as “numerical asymmetry” cannot
         be conflated with “practical irreversibility,” different descriptive levels ultimately
         entail a similar phenomenological/phenomenal differentiation.
      

      
      I have analyzed here how descriptions, from phenomenal and phenomenological standpoints
         (Mach’s and Husserl’s, respectively) rely on an implicit or explicit conception of
         method or criteria of reduction. By examining Boltzmann’s purported view on description
         and its interpretations, the correlation between reduction and description was concretized
         in how thermodynamics relates to statistical mechanics. If we follow (along with Price
         and Callender) Ben-Menahem’s analysis of context, then Boltzmann’s views can be construed
         as entailing a distinction between “pure description” (differential equations based
         on general and abstract laws), “indirect description” (probability as a causal explanatory
         context, or hypothesis), and “unobservable description” as a description-sensitive
         context). Attempts to introduce descriptions of time-asymmetric processes to descriptions
         of our intuitive time-asymmetry (and vice versa) require a further analysis of the
         role of description in thermodynamics within the common critical analysis. (I will
         discuss Sklar’s position on such matters later.) Thus, whether thermodynamical time’s
         arrow can be explained by the cognitive manifestations of our time-consciousness or
         our psychological arrow will be one concern in chapter 3. There I will explain the
         distinction between phenomenal and phenomenological implications of time and ir/reversibility.
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      Chapter 3

      Time and Irreversibility

      
         
         
      

      
       In this chapter I will examine a variety of issues that further the analysis of Boltzmann’s
         concepts of thermodynamics and statistical mechanics. What has been their impact on
         understanding time and irreversibility?
      

      
       In the first historic-philosophical part I focused on the divide between phenomenology,
         phenomenalism in particular, and the analytic tradition in general. A terminological
         and conceptual explication of the phenomenological/phenomenal divide served as a basis
         for a more detailed comparative analysis of Mach and Husserl and subsequent interpretation
         of Boltzmann’s critique of phenomenalism and phenomenological physics. In the second
         chapter I presented Mach and Husserl’s respective conceptions of description which
         culminated with analyzing its role and its interpretation by Boltzmann. Here I will
         critically evaluate Mach and Husserl’s concepts of time and ir/reversibility with
         the intent of analyzing Boltzmann’s. In this upcoming chapter I will discuss Mach’s
         phenomenalism in respect to time and ir/reversibility and Husserl’s time-theory (i.e.,
         his “internal-time consciousness”). Chapters 4 and 5 will deal in more detail with
         phenomenalism, phenomenology, and issues of time and irreversibility. 
      

      
      Mach’s Concept of Time: A Case for Phenomenalism

      
       Mach’s all-embracing phenomenalism does not yield a simple conception of time consistent
         with the ontological, epistemological, and methodological aspects of his Thought-Economy positing sensations and elements as their relational descriptions. Rather, a more
         complex and multifaceted conception emerges which at first appears to ground time’s
         physical significance to the sensation of time. This later turns out not to be the
         case. However, before analyzing Mach’s rather convoluted concept of time, I would
         like to start by evaluating Blackmore’s interpretation of Mach’s time concept.[1]   
      

      
      Blackmore analyzes Mach’s conception of time through a three-fold interpretation of:

      
      
         	
            
            An “internal” physiological conception of the “immediately given” as an element, such
               as the sensation of sound.
            

            
         

         
         	
            An “intermediate” physical concept of various sensations of time as “economically”
               inter-related and organized.
            

            
         

         
         	
            An “external” metric concept which analyzes the scientific construct of time as based
               on convention and is a logical fiction, to use Russell’s terminology.
            

            
         

         
      

      
       Despite the fact that Blackmore’s threefold interpretation appears schematically
         applicable to Mach’s general conception it must be accepted with caution. There are
         two main reasons for accepting this interpretation carefully. First, the distinctions
         between physiological, physical, and metric considerations are often intertwined in
         Mach’s analysis and hence do not necessarily conform to a clear-cut delineation of
         internal, intermediate, and external purposes. Second, Mach’s overall concept of time
         is not entirely consistent when examined in given cases (i.e., his concept of Newtonian
         mechanics and absolute time versus that of thermodynamic time).[2]   
      

      
       Thus, Mach’s objections to Newtonian time assume time and space to be not descriptive
         (and relative to sensations) but abstract, metaphysical, and prescriptive. This yields
         conflicting accounts of what time is. Moreover, as we will see later, one finds views
         critical of Newtonian absolute time together with a naturalistic, and/or nativistic
         view of time’s intuition which is restricted to a three-dimensional manifold of space
         and time. Such conflicting accounts and conceptual ambiguities are of great interest
         to us. They are an excellent test case for examining Mach’s phenomenalistic position,
         which equally rejects a causal theory of time, one that does not rely on sensations
         of time. And in addition, these conflicting and ambiguous accounts of time preview
         Prigogine’s conception of time and its use of phenomenalistic assumptions on irreversibility.
         Another interesting aspect of Mach’s concept of time is connected to his conventionalist
         or instrumentalist interpretation of “entropy” as a metric conventional construct.
         His position on the irreversibility of time is nativistic and does not depend on entropy.[3]   
      

      
       In other words, Mach’s contentions on time, irreversibility, and entropy exemplify
         a peculiar mixture of phenomenalist, sensationalist, physicalist, positivist, phenomenological,
         and cognitive insights of critical value to our analysis. Mach’s account of “the sensation
         of time” in his Analysis of Sensations (1886), like Husserl’s analysis in his Phenomenology of Internal-Time Consciousness (1893–1917), relies on the sensation or experience of tones. They both expound on
         the experience and perception of musical tones in their respective analyses of time.
         For Mach the “sensation of time” focuses on a “descriptive” psycho-physiological account
         of sound; for Husserl “a temporal object” embodies both the sensory (hyletic) and
         intentional (noetic) dynamics of a given sound. Thus, Mach’s and Husserl’s shared
         reliance on music and tone sensation in their respective time-analyses is related
         to the fact that a tone embodies physical, physiological, and psychological implications
         and is thus empirically given as a singular manifold phenomenon. More specifically
         their shared preoccupation with tones can be traced to a common influence or at least
         eminent source: Helmholtz’ work, which both reckoned with.[4]   
      

      
      In The Analysis of Sensations, Mach gives the most explicit account of the sensation of time as a basis for any
         understanding of the concept. Mach’s contention is that “elapsed physiological time
         is subject to perspectival contraction, its single elements becoming less and less
         distinguishable.” This important insight I will expound on later in relation to Husserl’s
         time-theory and in terms of past-memory dissipation. Mach’s contention resonates with
         Husserl’s time-diagram and its developed retentional—protentional coordinates. The
         time diagram accounts for “perspectival” construction or modeling to explain the apperceptual
         adumbrative continuum (see below).[5]   
      

      
      Mach assumes a physiological, internal primacy to the sensation of time which precedes
         any cognitive process or experience. As Mach stresses: “If a special time-sensation
         exists, it goes without saying that the identity of two rhythms will be immediately
         recognized.” Physical-metric time, for Mach, is an analogue to the sensation of time
         but it can only be construed as idealization of such sensation.[6]    As Mach argues:
      

      
      
         the time of the physicist does not coincide with the system of time-sensations. When
            the physicist wishes to determine a period of time, [s]he applies, as . . . standards
            of measurement, identical processes or processes assumed to be identical, such as
            vibrations of a pendulum, the rotations of the earth, etc. The fact connected with
            the time-sensation is in this reaction, the number which is obtained, servers, in
            place of the time-sensation, to determine more exactly the subsequent movement of
            thought.[7]   
         

         
      

       In addition, Mach’s definition of physics is itself confined to a phenomenalistic
         and phenomenological purpose: to “translate” sensations to descriptions and in turn,
         to use scientific descriptions for organizing our flux of sensations. Thus, time posited
         from the primacy of sensations cannot be construed first as a metric construct which,
         in Newtonian science, is symmetric. Rather, as a metric analogue, time follows the
         structure of sensations. As such, Mach stresses:
      

      
      
         Time is not reversible. A warm body set in cool surroundings merely cools, and does
            not grow warm again. With larger, or later, time-sensations only smaller decreasing
            excesses of temperature are connected. A house in flames burns down but never builds
            itself up again. A plant does not decrease in size and creep into the earth, but grows
            out of it, increasing in size. The irreversibility of time reduces itself to the fact
            that the alterations in the values of physical quantities always take place in definite
            directions. Of the two analytical possibilities one only is actual. We do not need
            to see in this fact a metaphysical problem.[8]   
         

         
      

      Since Mach restricts the scope of physical-metric time to a descriptive role dependent
         on a given sensation, he thus reflects any autonomous treatment of metric-time. Analytical
         possibilities (time’s two directions) are hence intelligible only with reference to
         what is determined as an actual sensation. Such contention would curiously constitute
         Mach’s rejection of both Newtonian mechanical, “absolute” symmetric time as well as
         Boltzmann’s attempt to explain irreversibility by entropy. In Mach’s sense this metric,
         quantitative construct is not an actual sensation. 
      

      
       Mach’s position is consistent as long as we consider his rejection of the metaphysical
         treatment of time as a metric analogue. However, Mach’s interpretation of thermodynamics
         and statistical mechanics commits the inverse error of searching for a direct phenomenal
         and thus metaphysical correspondence between theory and sensations. Mach emphasizes
         the relational character of time sensation without supposing and promoting a relational
         theory of time, which would rely on an explanation of metric time as posited from
         causal order. Mach makes the following assertions in chapter 12, “The Sensation of
         Time,” in The Analysis of Sensations: “Time-sensation accompanies every other sensation, and can be wholly separated from
         none.”[9]   
      

      
       Thus, Mach shares with Husserl the reliance on internal sensation or internal time-consciousness
         as part of the constitutive modality for any knowledge, prior to any causal order.
         Time-based sensations in Mach’s view involve directionality which constitutes an irreversible
         physiological order or unfolding that are not reversible like ocular sensation such
         as mirror images that can be reversed without discounting their content. Furthermore,
         Mach contends the following:
      

      
      
         The temporal order is even more important than the spatial. Reversal of the temporal
            order is even more destructive of a process than is the reversal of an object in space
            by turning it upside down; reverse the temporal order, and an experience becomes something
            other than itself, something quite new.[10]   
         

         
      

       Assuming the difference between theoretical identification and epistemic analogues
         which as such rule out the primacy of sensation, Sklar stipulates the semblance between
         temporal and spatial relations and its relation to entropy and up and down in relation
         to gravity. Unlike Mach, Sklar proposes the analogy between theory (inferential knowledge)
         and intuitive perception (non-inferential knowledge) as key to explaining entropy
         in a similar way. Sklar asserts that the analogue itself (e.g., gravity, entropy)
         needs not be identified in or as sensation. Mach retreats to the ocular analogy once
         he contends that “if we conceive time as a sensation, it seems less strange that,
         in a series passing in the order A B C D E, any member, C, for instance, should call
         up to the memory only the members that follow it, and not those that precede. The
         memory-image of a building does not arise when the roof turns downwards.” And Mach
         retains his sensationalism, unlike Husserl who analyzes memory in relation to time,
         with an important distinction between time and temporal objects, and thus between
         memory and protention as distinct: “originary impressions” of temporal objects and
         “retentions.” Furthermore, in assuming a relational basis of sensation as an element
         and thus direct description of sensations, Mach differs also from Husserl (as we will
         see later). Husserl construes unidirectionality not for “preserving” the content of
         sensation, but rather for explaining the intentional act: its cognitive directedness
         is a requirement for intendedness and thus intentionality. The difference, as I will
         expound later, has far reaching consequences for Husserl’s abstention from any assertion
         about the causal relation between irreversibility and time.[11]    
      

      
        Despite the fact that Mach assumes the “sensation of time” as irreducibly given
         and that from which all physical and metric analogues are posited, he does not assume
         objective-physical time for any particular temporal sensation, such as musical tones.
         In other words, Mach’s phenomenalism is monistic and atemporal in assuming the elemental—atomic
         structure of sensation with no causal time theory. Mach’s position is that “only for
         small times . . . there is an immediate sensation of time. We judge and estimate longer
         times by remembering the processes that took place in them,—that is to say, by splitting
         them up into the smaller parts of which we had an immediate sensation.” For Mach,
         irreversible sensations are thus atemporal and only their memory-image content is
         temporally structured. Peculiar to Mach’s insistence on the irreversibility of time
         is unidirectional flow: the supposition on “direction” as posited not from any relational
         or causal, necessary conditions, but from “the principle of continuity.” Since descriptive
         reductions are discontinuous between theoretical frameworks, they necessitate additional
         explanation of the “reduced” with the “reducing” theory.[12]    Mach’s “principle of continuity,”[13] being explanatory and not simply descriptive, economically reduces physiological,
         physical, and metric constructs in a continuous way.[14]   
      

      
        Mach’s argument is that 

      
      
         If time-sensation is connected with the growth of organic consumption or with the
            equally continuous growth of the effort following upon attention, then we can understand
            why physiological time is not reversible, any more than physical time, but moves only
            in one direction. As long as we are in the waking state, consumption and labor of
            attention can only increase, not diminish. The two accompanying bars of music, which
            present a symmetry to the eye and to the understanding [i.e., mirror image], show
            nothing of the sort as regards the sensation of time. In the province of rhythm, and
            of time in general, there is no symmetry.[15]   
         

         
      

       In Mach’s view, physical time is necessarily based on in-between sensory parts or
         elements of physiological time, or the identification of rhythms within a sensation
         of time. Mach’s phenomenalism asserts sensations to be irreducibly and atemoporally
         given, and memories as temporal only in content but reducible to their “atomic,” elemental
         sensations. As such, Mach hypothesizes on “the capacity of the organ of consciousness
         to sense to serve as a bridge of connexion between all sensations and memories.” Mach’s
         notion of time as an “organ of consciousness” recalls Husserl’s cognitive, though
         less psycho-physiological contention which asserts the primacy of time over consciousness.
         And unlike Husserl’s distinction between perception and sensation vis à vis intentional
         constitution, Mach’s conception of physical time is necessarily based on the in-between
         sensory parts of physiological time, or the identification of rhythms within a sensation
         of time.[16]    Mach’s reference to William James’ work on time as a tentative step toward a conception
         of time sensation on a “material,” physiological basis overlooks James’ cognitive
         component, especially his conception of the “specious present” which I will return
         to in chapter 4.[17]    Mach’s contention in relation to James is thus selective and not a reiteration
         of the latter’s position.[18]   
      

      
       To grasp Mach’s concept of time and ultimately his embrace of time-asymmetry, we
         ought to address his critique of Newtonian mechanics. Mario Bunge lucidly analyzes
         Mach’s rejection of “absolute” space and time as a direct consequence of opposition
         to Newtonian mechanics and mechanical explanations in general: Mach’s opposition is
         more general and ideological than specifically grounded in Newton’s theories. Bunge’s
         analysis raises numerous concerns pertinent to understanding Mach’s conception of
         time. I will review some of these concerns in relation to Mach’s overall critique
         of absolute space and time and his critique of Boltzmann. Bunge argues that Mach’s
      

      
      
         Criticism of Newtonian mechanics was more a criticism of theoretical physics than
            a criticism of classical physics—so much so that [Mach] attempted to replace that
            theory by a single empirical statement and definition, and opposed every attempt to
            go beyond classical physics, in particular relativity and atomic theories.[19]   
         

         
      

      The underlying common denominator of such broad and comprehensive manifestations of
         theoretical physics was Mach’s phenomenalism. However, the question remained whether
         Mach’s phenomenalism could be sustained without observing its dogmatic anti-progressive
         position. His opposition to theoretical physics needs to be reassessed in relation
         to empiricism, physicalism, and the possibility of phenomenalism. We might press a
         more general question: should we construe Mach’s compounded position as bearing on
         phenomenalism in general or can any other phenomenalistic approach include Boltzmann’s
         later concept of entropy?
      

      
       Bunge doubts the possibility of sustaining, in even a modified way, a phenomenalist
         framework for theoretical physics which would not conflate the purpose of phenomenalism
         with theories. Bunge’s position is based on reappraising Mach’s phenomenalism as rooted
         in traditional empiricism. And although Bunge stresses the correctness of Mach’s critique
         of absolute space and time, he insists on “several important mistakes” which were
         not accidental but the result of Mach’s philosophical “sensism,” rooted in “the eighteenth
         century British empiricists Berkeley and Hume.” Bunge’s analysis of Mach’s conception
         of time as connected to a critique of absolute time overlooks other implications in
         Mach’s defiance of a causal theory of time. I would contest Bunge’s diagnosis and
         argue instead that Mach’s phenomenalism is less obvious than the empiricists’ interpretation
         of time in idealistic terms. Moreover, addressing Bunge’s analysis will allow me to
         explain later the value of Mach’s critique of absolute space and time in relation
         to thermodynamics and statistical mechanics.[20]    More specifically, Bunge asserts that Mach’s rejection of the Newtonian idea of
         absolute time (which “of itself, and from its own nature, flows equally without relation
         to anything external”) is related to Mach’s embrace of what is properly called the
         relational and, improperly, the causal theory of time:
      

      
      
         Mach rejects the Newtonian idea of absolute time which “of itself, and from its own
            nature, flows equally without relation to anything external.” . . . [Mach] adopts
            . . . what is properly called the relational and, improperly, the causal theory of
            time, which had been expounded by Plato, Aristotle, Lucertius, Leibniz, and others
            whom Mach does not name in this connection.[21]   
         

         
      

      Bunge’s point is well taken if we are to differentiate between relational and causal
         theories of time, and not construe “causal theory” of time as a misnomer. We may in
         a broader sense regard causal theories of time as a subset of relational theories.
         Reichenbach’s “causal definition of time-order” is based on the notion of “between”
         and is indeed a relational construct; in that sense, Reichenbach refers to a relational
         theory of time. However, once Reichenbach addresses irreversible and reversible processes
         in his analysis, the relational construct “between” is replaced by a positive or negative
         (+, -) qualification of a direction of time (i.e., t, -t) which in turn is determined
         in relation to observables. As such, causal theories of time are relational, but not
         all relational theories of time are necessarily causal.[22]   
      

      
       I have discussed this difference since I take Mach’s conception of time to be relational
         but not causal. Bunge contends: “according to the relational theory of time, time
         does not exist in and of itself but is something like the pace of events: there are
         changing things and time is an abstraction at which we arrive by means of the many
         changes of things.” And furthermore, the concept of absolute time, a time independent
         of change, is “an idle metaphysical conception.” Bunge contends that, “like a good
         empiricist, Mach arrives at this conclusion by examining the way time is measured
         rather than the way the time variable occurs in theoretical physics. (This was also
         the approach of Reichenbach’s Rise of Scientific Philosophy.)”[23]    
      

      
       Contrary to Bunge, I would argue that Mach’s relational conception of time is connected
         to his ontology (monistic phenomenalism) which, as I have pointed out, is based on
         his assumption that memories are reducible to sensations and thus to elements. Mach’s
         metric conception of time is based on a scientific epistemology which can be construed
         as operationalistic or based on conventionalism.
      

      
       Bunge’s more interesting observation concerns the extent to which Mach’s rejection
         of absolute time inspired if not paved the way for Einstein’s relativistic conception
         of time. As such, “determinations of time are merely abbreviated statements of the
         dependence of one event upon another, and nothing more.” In time measurements, one
         of the two processes being compared is “an arbitrarily chosen motion” that functions
         as a time standard or clock. Nevertheless, Bunge attributes to Mach’s operationalism
         the following claim: “Time, then, is relative; . . . local and even dispensable. Time
         sequences do not require a universal time: ‘for the universe there is no time.’” Such
         a claim clearly diverts a relativistic conception of time, like Reichenbach’s account
         of the “relativity of simultaneity,” into an idealistic supposition about the “reality
         of time.” For Bunge, “the idea that time is a relation between events rather than
         self-existent seems reasonable but is half-baked. Mach had in mind pairs of simultaneous
         events . . . true but insufficient . . . we need . . . a quantitative concept of duration
         if we are to have a physical theory in addition to the empirical recognition of equal
         durations.” And Bunge goes on to propose a “more sophisticated relational concept
         of time,” which he holds would have been rejected by Mach for not eliminating the
         relation between time’s events or phenomena and real numbers, and ignoring a clock
         or metric time. On the one hand, Bunge mistakenly considers Mach’s phenomenalism as
         based on causal relations and on the other hand, Bunge misconstrues Mach’s distinction
         between physical and metric conceptions of time, a distinction unquestionably ambiguous.
         And finally, Bunge argues that Mach, as an empiricist, was[24]    
      

      
      
         bound to mix the ontological concept of determination (as exemplified by causation)
            with the epistemological concept of determination (as exemplified by measurement and
            prediction). This confusion is at the root of the so-called Mach principle, according
            to which the motion and mass of every single body is determined (caused = produced)
            by remaining bodies in the universe.[25]   
         

         
      

      Furthermore, “if the Mach principle were true, the mass of the universe as a whole
         should be zero, for it interacts with nothing.” Bunge’s last contention poses no actual
         problem for Mach’s monistic phenomenalism which would regard the very talk on “interactions”
         as mere abstraction, not a reality to be accounted for by physical laws. Mach’s phenomenalism,
         thus, does not follow a conception of time through an empiricist causal idealization
         based on change and relation between phenomena. However, it shares with causal idealism
         the supposition that there is no dependent (i.e., sensation-free) definition of time.[26]   
      

      
       Mach has argued that “poetical myths regarding such ideas,—for example, that of Time,
         the producer and devourer of all things—do not concern us here. We need only remind
         the reader that even Newton speaks of an absolute time independent of all phenomena,
         and of an absolute space—views which even Kant did not shake off, and which are often
         seriously entertained today . . . determinations of time are merely abbreviated statements
         of the dependence of one event upon another, and nothing more.” Again, Mach’s phenomenalism
         is relational, but does not follow an empiricist causal conception of time as an idealization
         of change and relations between phenomena. Mach adamantly argues that the interdependence
         of events does not exclusively entail a metric conception of time (as Bunge contends),
         but also a psycho-physiological nucleus. Thus, Mach argues against the independence
         conception of objective time as resulted from assuming that chronometric and sensory
         perception of events are often interconnected with other sensations and events thus
         misleading some to assume time’s independence of its sensation.[27]   
      

      
       Consequently, Mach emphasizes that the aim of research is twofold:

      
      
         	
            
            To discover equations “which subsist between the elements of phenomena.”

            
         

         
         	
            To find the simplest way of describing that “the equations between the elements of
               phenomena express a universal, mathematically conceivable relation.” Hence, Mach does
               not stipulate a direct causal explanation as a necessary criterion which might implicate
               his relational theory of time in mechanical explanations.[28]   
            

            
         

         
      

      
      In Space and Geometry, Mach expounds his physio-physical analysis of time with some resemblance to Husserl’s
         early psychological interpretation of arithmetic. However, unlike Husserl’s interest
         in the cognitive (psychological) content of logic (see his Foundation of Arithmetic), Mach’s distinction between “metrical” and “physical” aspects of space and time
         subordinates the status of logic below an anthropologically evolutionary basis. This
         is a move that Husserl, as I have noted, critically acknowledges in Logical Investigations as problematic.
      

      
       The usefulness of the analogy between temporal and spatial relations is undeniable.
         However, problems arise when the analogy is taken too literally to imply a shared
         sensational basis (i.e., psycho-physiological): precisely what Mach’s analysis is
         about. In the “Analogies of Space and Time,” Mach notes: “between space and time doubtless
         the analogy is fully conceded, whether we use the word in its physiological or its
         physical sense. In both meanings of the term, space is triple, and time a simple,
         continuous manifold.” Mach, following a sensationalist view, argues for congruence
         in spatial and temporal relations of all physical events. And Mach stresses that both
         time and space can be considered as sensational manifolds and as such they “are made
         perceptible by the alteration of temporal and spatial qualities are characterized
         by other sensational qualities are characterized by other sensational qualities such
         as colors, tactual sensations, tones, etc.”[29]   
      

      
       Temporal determinations, like spatial ones, are anchored in sensations and not in
         “external” properties or attributes of either time or space. Unlike Husserl’s time-theory—entailing
         the ways in which “temporal objects” embody intentional acts that are directed or
         intended towards the “sensing of a tone”—Mach’s analysis is based on the primacy of
         sensation. This precedes any given determination, be it spatial or temporal, of an
         object or event.
      

      
       The outcome of Mach’s phenomenalist reductionism is the implicit equating of object
         with event which would not yield a relational manifold relativistic of an object as
         a state of affairs and event as a frame of reference but rather of a “sensational
         manifold.” Husserl would level the charge that Mach’s position overlooks the distinction
         between “temporal acts” and “temporal objects” and confuses the sense with the reference
         of a given “temporal object.” Mach’s phenomenalist reduction and his radical reliance
         on the immediately given leads him to oppose any expression of space and time based
         on “the law of causality.” He stresses that “We can eliminate time from every law
         of nature by putting in its place a phenomenon dependent on the earth’s angle of rotation.”[30]   
      

      
       Any measuring of time—based on pendulous or metronomic device—would not yield a “universal
         clock” but an instrument that economically orchestrates our sensations of phenomena
         as co-dependent but not causally linked. Mach contends that we may answer the question
         “what does time mean when we consider the universe?” that “this or that ‘is a function
         of time.’ The answer means that it depends on the position of the vibrating pendulum,
         the position of the rotating earth, and so on. Thus, ‘All positions are functions
         of time’ means, for the universe, that all positions depend upon one another.” As
         such, “space and time are not here conceived as independent entities, but as forms
         of the dependence of the phenomena on one another.” As a result, a relational but
         non-causal theory of time implies for Mach that “physics sets out to represent every
         phenomenon as a function of time. The motion of a pendulum serves as the measure of
         time.” Nonetheless, Mach is alarmed by the prospect that a metric determination of
         a temporal interval would always be more precise than a physiologically sensed time
         interval.[31]    
      

      
       In Knowledge and Error (1905), Mach’s last work, the question of time receives considerable attention in
         two chapters: chapter 23: “Physiological time in contrast with metrical time” and
         chapter 24: “Space and time physically considered.” There Mach gives his most elaborate
         account of phenomenalistic discrepancy, aiming to correlate the intermediate phenomenal
         (i.e., physiologic-physical) aspect of time to its phenomenological (i.e., intuition
         of time) internal aspect.
      

      
        In “Physiological time in contrast with metrical time,” Mach lays the foundations
         for a chronometric concept which differs from later development by Reichenbach and
         Grünbaum as based in Mach’s case on a physiological stratum. Thus, he arrives at a
         chronometric, relational concept of time as a direct consequence of his rejection
         of any assertion about external, absolute time. 
      

      
      For Mach, a chronometric conception of time is thus posited from sensations and not
         from a physical theory. As Mach argues, “we sense time and position in time as immediately
         as space and position in space. Without this temporal sensation there would be no
         chronometry, just as without spatial sensations there would be no geometry.” And ultimately,
         “we sense the rhythm of a process unhindered by its quality . . . [which is] . . .
         not only of mathematical and physical measure, but also a physiological object.”[32]    That Mach posits the sensation of time as a “physiological object” is by far the
         most perplexing, since as we will see, it suggests an explanation for the intuition
         of time as not distinct from a sensational object, and a nativistic approach, which
         would subvert Mach’s phenomenalism into holism. It is Mach’s view that “there are
         differences analogous to those between physiological space and metrical space. . .
         . Physical time runs now faster, now more slowly than physiological time; that is,
         not all processes of equal physical duration seem to be so to immediate observation.”[33]   
      

      
        Mach’s arguments account for the perceptual discrepancy between precise metric determination
         of time-intervals and the less precise physiological sensation of time-intervals (i.e.,
         in-between sensory elements). Again, Mach stresses that chronometric time and its
         temporal points or units are much more emphatically defined than temporal intuition
         which is fluid and blurred.[34]   
      

      
       However, Mach does not side here with intuitive theories of time such as Bergson’s
         or James’ that relegate time-intuition as irreducible experience or sensation of duration,
         memory, or the “specious present.” Rather, Mach curiously insists on its congruence
         with metric time, even though with a different degree of precision. Such a perceptual
         flaw (i.e., imprecise sensation) in fact perplexes Mach, and his concern is evident
         in emphasizing the difference between temporal intuition as expressed in phantasy
         and temporal objects as calculated in physics where units are dividing the temporal
         continuum into smaller time units whereas in our intuitive perception interruption
         or segmentation marks a point of attention or its remission.[35]   
      

      
      Furthermore, Mach’s contention is that today we can hardly doubt that temporal, like
         spatial, intuition is conditioned by our inherited bodily organization. We should
         labor in vain to rid ourselves of these intuitions, but in thus adopting the innate
         theory we are not asserting that at the moment of birth they are completely developed
         into full clarity; nor do we renounce the account of how they are linked with the
         biological need or how the latter influences their phylogenetica and ontogenetic development.[36]   
      

      
       Mach insists that [. . . despite all that. . .] “spatial and temporal intuitions
         are connected with geometrical and chronometric concepts. The intuitions are necessary
         but not sufficient for the concepts; to form metrical concepts we need complementary
         experience on the mutual spatial behavior of bodies and on the temporal behavior of
         physical processes.” Such an evolutionary understanding of “metrical concepts” relies
         on a concept of “intuition” not nativistic or Kantian in its given form, but rather
         evolutionary in character. Following Spencer, Mach argues for a biological understanding
         of the intuition of time, which is synonymous in Mach’s views with the sensation of
         time and as such “the sensation and idea of time develop in the course of adaptation
         to temporal and spatial environment.” However, the evolutionary explanation does not
         explain the cognitive implications of “time-consciousness.” And unlike Husserl’s time-theory,
         which relies on a distinct analysis of “time-consciousness,” Mach’s evasive account
         of “time-consciousness” stems from the possible implications of a non-sensationalistic
         account of time as mentally experienced. As a result, he confines the cognitive (phenomenological)
         aspect of time-consciousness to time-sensation and argues that “a temporal course
         of mental elements, whether sensations or ideas, does not as such include consciousness
         of such course.” Furthermore, Mach identifies in consciousness the finitude of temporal
         unfolding through which new emerging sensations or “temporal objects” (if to use Husserl’s
         term) emerge and mark the continuum of “fugitive memories of the immediate past and
         still more faded ones of the remoter past.”[37]   
      

      
       Mach struggles on the one hand with the reductive account of “time-consciousness”
         to “time-sensation,” and on the other hand with acknowledging a reliance of time-sensation
         on a numerical, chronometric conception of time which conflicts with the primacy of
         the sensation of time. The impossibility of giving a relational account of time on
         a phenomenal basis without relying on causal explanation is inescapable. Relational
         theories of time may very well be non-causal (e.g., counterfactuals) but as such they
         can never rely on different observation as a condition for understanding the time-order.
         Mach argues that organizing things or events into a numerical order we will still
         fall short of grasping the experience of time as in music. The intuition of temporal
         experience is a vivid and live sensation that is never reducible to metric relations.[38]   
      

      
       Curiously, Mach gives an example of unsynchronized shock-waves with a consideration
         of the physiological process of response and stimulation: it relates to understanding
         the physiological limits of phenomenalistic physics which in many ways Prigogine’s
         conception of time-asymmetry abides and his embrace of irreversibility as linked to
         time.
      

      
       Moreover, what concerns Mach is how to explain the physiological aspect of temporal
         sensation with its phenomenal correlate without positing how space-time chronometry
         is analyzed. Mach muses: “How, then, must we take the temporal variation of the part
         that depends on the organ’s activity, so as best to meet the facts of observation?”
         And to such musing, he adds a modified nativistic-evolutionary concept of chronometry
         physiologically and physically grounded. It is not clear to what extent Mach regards
         this concept as representational at least in a mild Kantian sense. Can a correspondence
         between physiological and physical apprehensions be established? Furthermore, Mach
         would most probably reject the attempt to describe his concept as representational.
         This is one of the challenging and problematic aspects of Mach’s concept of time,
         and it becomes all the more evident in his account of duration, which conflates the
         cognitive modality with the mathematical model. Accordingly, Mach argues that an organism’s
         somatic and physiological movements offer an excellent measure of duration and time,
         such as a heartbeat or walking, and an effective way to estimate temporal change and
         relapse. For that reason, Mach traces the origin of chronometry to the organism’s
         body its functions.[39]   
      

      
       Mach’s argument against the prevalence of actual and perfect “periodic processes”
         precedes his embrace of time-asymmetry. Otherwise, on the basis of Mach’s rejection
         of absolute time and his embrace of a chronometric conception of time, there would
         be no reason to assume any preferable direction to time. It is thus neither Mach’s
         phenomenalism nor his anti-mechanical and anti-atomistic views that explain his position
         on time-asymmetry. Rather, it is his insistence on providing a non-causal, though
         relational, conception of time based on phenomenalist grounds that shows Mach to assume
         a necessary connection between irreversible processes and time-asymmetry. 
      

      
       Thus, Mach’s phenomenalist-evolutionary consideration of the state of “dynamic equilibrium
         between consumption and restitution” bears important implications for understanding
         Prigogine’s position. That is Mach advocates the same ontological phenomenalism which
         blends evolutionary theory with the intuition of time. (See chapter 5 in relation
         to Prigogine’s notion of the “many levels of description.”) Nonetheless, the “intuition
         of time” in both Mach’s and Prigogine’s respective conceptions of time-asymmetry remain
         conceptually vague and at most anti-scientific in its antagonism to physical-metric
         time. In Mach’s case, though, emphasizing the difference between physiological and
         physical conceptions of time downplays such antagonism. As such, the physiological
         (and thus phenomenological) aspects of time-perception involving attention, memory,
         and minute differentiation are not, in Mach’s understanding, congruent with physical
         time (and its phenomenalistic sensation). Mach conceives such “fluctuations” or discrepancies
         between physiological and physical time-experience as approximating each other in
         a way that minimizes the difference between perception (i.e., memory) and sensation
         (i.e., temporal periodicity or interval).[40]   Otherwise our memories would take up as much time as the experiences themselves
         took in the first place, and there would be no time left for new experiences.
      

      
       Furthermore, Mach construes chronometry as having an “economic” evolutionary purpose
         by defining physical processes of otherwise imprecise physiological sensations of
         time. Mach’s view of chronometric concepts as transferable and shared is important
         for establishing the relation between the sensation of time (with its phenomenological
         perceptual-mnemonic aspect) and the concept of physical time. This distinction is
         important to Mach’s understanding of chronometric notions as based on an imprecise
         phenomenological (intuition of time) and phenomenal (sensation of time), and also
         on precise physical time which is conceptually constructed as a correlate of the two.[41]   
      

      
       In “Space and time physically considered,” Mach further elaborates his analysis of
         scientific descriptions of time. However, “time and space” as the concepts of physiological
         (phenomenal and phenomenological aspects) and physical time and space are considered
         by Mach to be “systems of sensations of orientation that determine the release of
         sensations proper and of biologically appropriate reactions of adaptation.” And furthermore,
         for physics, such sensations rely on
      

      
      
         special dependencies of physical elements on each other. This comes out in the fact
            that numerical measures of time and space occur in all equations of physics, and that
            chronometric and geometrical concepts are gained by the comparison respectively of
            physical processes and of physical bodies with each other.[42]   
         

         
      

       Bunge’s accusation that Mach’s conception of time belongs to the tradition of idealism
         is applicable only in so far as Mach’s position shares with McTaggart an underlying
         “idealistic” strain of positivism in denying the objective “reality” of time. In Mach’s
         case it’s an illusion to conceive of time as absolute (in the Newtonian sense as a
         universal clock, since it is an abstraction of phenomenal relations). Time, then,
         must be related to the sensation of time which then splits into an “intuition” and
         a “concept,” the intuition being the (adaptive) physiological propensity and the concept
         (chronometric) being a geometrical manifestation of the physical correlate. In McTaggart’s
         case, time is intrinsically paradoxical because of the A and B series (A-series being
         prior and based on before and after categories, and B-series as based on now and dates).
         This process is logically and linguistically, as in the case of tense-philosophy,
         paradoxical.[43]    
      

      
      Thus, insofar as McTaggart’s argument against the reality of time is based on incompatible
         causal implications (paradox) between the A-series and the B-series as grounded in
         language and tense analysis, Mach’s rejection of the reality of absolute objective
         time is based on the incongruence between physical time (relational) and chronometric
         time (correlative). He ultimately spells out the sensation of time to be not of “relational
         content” as time but as occurring in time. Mach’s concern with temporal unidirectionality
         is thus biologically motivated (i.e., an imprecise though effective and evolving “organ
         of time”) and epistemologically and ontogenetically accommodating a continuous concept
         of time. Such a monistic stipulation in regards to temporal continuity is the crux
         of Mach’s critique of Boltzmann whose conception of “entropy” and rejection of any
         physical (theoretical) account of time was unacceptable.
      

      
      Mach’s Critique of Boltzmann’s Conception of Entropy, Time, and Irreversibility

      
       Given the complexity of Mach’s views on time, it is not surprising to find that the
         intertwined physiological, physical, and metrical conceptions of time play an equal
         role when he criticizes Boltzmann’s concept of entropy. To Mach, metrical notions,
         unlike intermediate physical constructs, are inapplicable to any given state of affairs
         in the world. Mach in “On the Conservation of Energy” gives the reason for that. He
         argues that “the expressions energy of the world and entropy of the world are slightly
         permeated with scholasticism. Energy and Entropy are metrical notions. What meaning
         can there be in applying these notions to a case in which they are not applicable,
         in which their values are not determinable?”[44]   
      

      
       Mach discerns and points out the problem of classical thermodynamics by implicitly
         relying on time parametrically and yet giving its measure via entropy. He stipulates
         that “if we could really determine the entropy of the world it would represent a true,
         absolute measure of time. In this way is best seen the utter tautology of a statement
         that the entropy of the world increases with the time. Time, and the fact that certain
         changes take place only in a definite sense, are one and the same thing.”[45]   
      

      
       Thus, if a relational definition of time based on change were introduced into the
         context of classical thermodynamics without attempting to reduce it to statistical
         mechanics, then the phenomenal reiteration of change and a “change in, or of time”
         would yield the same sense. However, for Mach, thermodynamic time, as implied from
         the metrical concept of entropy, is not only tautological and circular but also above
         all phenomenally unintelligible.[46]    
      

      
      Mach provides an example or a thought-experiment of a “fictitious example of a process
         in which space is eliminated by the fact that we consider only bodies that are completely
         identical as to spatial relations. Imagine three equal masses of infinite internal
         thermal conductivity and equal specific heat are proposed.”[47]    Mach’s intention is to argue for either the inter-dependence between the different
         temperatures (which is “a matter of convention”) for determining that “temperature
         decreases exponentially with t” or to demonstrate that understanding thermodynamical
         processes must be derived from “temporal dependence.”[48]   
      

      
       The consequence of such temperature inter-dependency and temporal dependence is that
         “the differences [of temperatures] can only diminish, not increase; the course of
         time is unidirectional.” Insofar as Mach conceives differences and change to be equivalent
         if not synonymous terms, then the relation between them as following the distinction
         between qualia and quanta does not hold. Indeed, once the qualitative and quantitative
         aspects are removed so are all concerns are about “metrical” (and hence quantitative)
         values. As such, the unidirectionality of time has to do with the introduction of
         change in process (e.g., temperature) together with a difference in time. Furthermore,
         any metrical difference in turn approximates a change which occurs in a given process
         and so Mach contends even though some physical processes appear to be reversible if
         we carefully look at their oscillations we will certainly discern that they contain
         “irreversible components.”[49] 
      

      
       Another crucial component in Mach’s critique of temporal unidirectionality as implied
         by entropy is separate from his embrace of time-asymmetry. It is tied to his general
         “phenomenological” critique of Newtonian mechanics. Mach would allow a mechanical
         conception of space and time as long as space and time are construed (and confined)
         locally as metrical-parochial constructs and not as global absolute concepts. Henceforth,
         Mach’s contention that “for Newton space and time are something hyper-physical, not
         immediately accessible or at least not precisely determinable independent arch-variables
         that rule the whole world which runs according to them. . . In this view the world
         becomes an organism or . . . a machine.”[50]    
      

      
       Such a contention paves the way to a physiologically based analysis of time, not
         as an objectified universal entity, but as embodied in the sensations of time. In
         contrast to a mechanical or metaphysical (“organic”) notion of time, Mach proposes
         that anisotropy should be located not in the very organs which constitute it and as
         such our own bodies bear witness to the undergoing physical processes which establish
         and inform us about the nexus of the physical and the physiological as marked by a
         “common anisotropy.”[51]   
      

      
       Such a proposition recalls renditions of macroscopic time as inherently anisotropic.
         Hence, it suggests an indispensable, phenomenological component to time. To Mach “Our
         intuitions of space and time form the most important foundations of our sensory view
         of the world and as such cannot be eliminated.” And here, the phenomenalistic criterion
         (of limiting “time” to observable differences and changes in sensations) is inverted
         and turned into a phenomenological prerequisite for our sensory view of the world.
         Such inversion, as we will see for attempts to naturalize phenomenology is an important
         by-product of phenomenalistic epistemologies of time. These epistemologies assume
         anisotropy as ontologically necessary for consciousness.[52]    
      

      
       However, as noted, precise metrical and chronometrical temporal concepts are evolutionary
         (phylogenetically) critical to our physiologically grounded temporal concepts. Thus,
         Mach found himself in a conflict entailing the notion of continuum. Mach does not
         distinguish between a continuum as a mathematical-numerical construct and dis/continuity
         as a perceptual cognitive construct, but considers both apparent (phenomenological)
         implications of change (and differences). Thus, Mach asserts the validity of temporal
         divisibility and discontinuity in science only as long as it represents physiologically
         space and time in a manner that corresponds and “agrees with experience.”[53]   
      

      
       Unlike the phenomenalistic desideratum of Mach’s principle of continuity, temporal
         continuity is neither preferable nor prior to any physical (intermediate) scientific
         construction of our interdependent experiences. Thus, from a phenomenalistic vantage
         point, sensations are elemental and discrete and as such require neither a necessary
         flow—an objective absolute time—which incidentally will be the focus of phenomenological
         reformulation for Husserl—nor duration, since the intuition of time is physiologically
         imprecise. Rather, for Mach only a unidirectional, anisotropic time, to account for
         the elements’ reciprocal relations. Mach’s critique of Boltzmann’s concept of time
         vis à vis entropy and statistical mechanics is twofold.[54]    On the one hand, Mach argues against understanding the mechanical consequences
         of the concept of heat. On the other hand, he designates any mechanical principle
         of “entropy” as metrical, not phenomenal. As Mach argues the very differentiation
         found in mechanical concept of entropy between ordered and disordered motions that
         correspond to increase or decrease in entropy is forced and artificial and do not
         correspond to how we perceive entropy. Siding with F. Wald, Mach asserts that entropy
         is not merely the outcome of the atomism (“molecular hypothesis”).[55]   
      

      
       Insofar as the deeper roots of entropy are to be found in the sensation of heat itself,
         entropy as a metrical analogue is harmless. An extensive analysis of the nomological
         nature of time as implied by entropy would be an overbearing commitment for Mach.
         Mach attests to his
      

      
      
         aversion to hypothetico-fictive physics. Thus I have developed my own particular opinion
            about Boltzmann’s probability investigations concerning the second law as based on
            the kinetic theory of gases. If Boltzmann discovered that it was very probable that
            processes act according to the second law and very improbable that they don’t, then
            I cannot accept that it has been proved that nature behaves according to this law.[56]   
         

         
      

      The consequences of temporal-determination from probabilistic law would imply for
         Mach an acausal explanation and that would violate a relational phenomenal assertion.
         Mach is willing to accommodate probability (or differential equations) as long as
         they do not subsist as an explanation or law and remain operative. Boltzmann’s statistical
         mechanical reduction of thermodynamical macrostate to compounded microstates (an ensemble)
         would yield for Mach counter-phenomenal implications: either unobservable microstates,
         or ensembles as direct phenomenal descriptions.[57]   
      

      
      Hence, Mach stresses that he 

      
      
         cannot agree with Boltzmann’s view concerning the slight use of the volume element.
            . . . The volume elements with their falls of temperature, behave exactly like finitely
            extended bodies under similar circumstances; but I have this advantage that I can
            build up, out of such small volume elements, in any case however complicated, with
            whatever exactness I desire. I cannot understand therefore, why every differential
            equation must necessarily be based upon atomistic views.[58]   
         

         
      

      It is precisely Mach’s confusion between phenomenal and epistemological implications
         stemming from Boltzmann’s ergodic hypothesis that weakens Mach’s critique of ergodicity.
         In contemporary accounts, “ergodicity” stands as “equivalent to metrically undecompressable”
         ensembles. Ergodicity implies “that a dynamical system has a phase space which does
         not possess any non-zero measure subsets invariant in motion. In other words, the
         set of points which cannot be joined by a trajectory has zero measure.” Some writers
         have argued that Boltzmann provided an early account of ensembles (regardless of whether
         he did so before Gibbs) which resolve the rapport between internal-molecular “degrees
         of freedom” and the canonical ensembles at large. Thus, ergodic-ensemble approaches
         can be redescribed as the difference, provided by Gibbs, between a “microcanonical
         ensemble” and “canonical ensembles.” Furthermore, the correlation between the macroscopic
         and microscopic descriptions of the system is based on epistemologically probable
         conditions, not phenomenally ostensible conditions as Mach would have it. As Sklar
         points out:[59]    
      

      
      
         The initial macroscopic preparation restricts our attention to a limited region of
            this phase space. We impose a probability distribution over the set of microstates
            compatible with this initial constraint. Then we look to see how such an initial “ensemble”
            evolves as each point of it follows the trajectory determined by the dynamical equations.[60]   
         

         
      

      Sklar gives a concise account of Gibbs’ ensembles and stresses that ultimately the
         discrepancy between degrees of freedom and dynamical systems is resolved only by replacing
         quantum mechanics with classical dynamics. Cercignani emphasizes that “a statistical
         ensemble (in Gibbs’ terminology) is called monode by Boltzmann.” For Mach, Boltzmann’s
         extrapolation of time-asymmetry from the most probable ensemble state would conflict
         with the initial degrees of freedom of the microstates. It would hence be intolerable,
         in Mach’s view, to accept a limit or boundary for such “degrees of freedom” since
         it would introduce a phenomenal consideration (boundary and measure as physiologically
         sensed) to metrical construction, an analogue. Moreover, such a theoretical construct
         would obstruct the principle of continuity for description.[61]   
      

      
       In classical thermodynamics and its reduction to statistical mechanics, probability
         introduces epistemic implications (degree of freedom, degrees of ignorance). Such
         implications are distinct from phenomenal and phenomenological implications, as discussed
         in chapter 2. From Mach’s perspective, epistemological, phenomenal, and phenomenological
         implications are equivalent if they are construed in relational descriptions or sensations.
         And as such, Mach is willing to accept epistemological positation about “probable
         states” under the condition that they are grounded physiologically as sensations.
         That would render the epistemic constructs as useful descriptive means. Mach did not
         succumb, as evident from his account in Principles of the Theory of Heat, to energeticist interpretation of the first and second laws of thermodynamics. More
         specifically, Mach viewed heat as a peculiar case related to “its lack of inertia;
         that is to say, that by the differences of temperature velocities of equilibrium are
         determined, not accelerations of equilibrium. The case is similar with differences
         of potential, if these differences are small enough or the damping great enough. We
         might also say that electrical energy is transformed by resistance into heat, but
         thermal energy again into heat.”[62]    
      

      
       Mach’s phenomenal critique of Boltzmann may be based on misconstruing the epistemological-theoretical
         implications stemming from reducing thermodynamical entropy to statistical mechanics.
         However, his phenomenal insistence on temporal anisotropy further complicates matters.
         It would be appropriate to conclude this section with Mach’s own acknowledgment of
         the ambiguity in his concept of time. Mach reiterates that irreversible processes
         are not contingent on the validity of thermodynamics and that “death of heat” or the
         “entropy of the universe” cannot be explained by mechanical probability and atomic
         distribution since that assumption would entail that time itself is reversible and
         will thus contradict the unidirectionality of time as inherent to both velocity and
         acceleration of bodies.[63]   
      

      
        Most of Mach’s criticisms are deflected from the thermodynamical-statistical mechanical
         context to his preoccupation with a phenomenalistic analysis of either mechanical
         or statistical determinations of entropy (as “idealistic” or “metrical”). He then
         insists on the “intuition of time” as implying temporal anisotropy. Nonetheless, as
         I noted before, Mach’s ambiguities have rich implications for more contemporary interpretations
         of entropy which conflate the epistemological, phenomenal, and phenomenological. 
      

      
      Husserl’s Intentionality and 
 Internal-Time Consciousness
      

      
      Husserl’s phenomenology of internal-time consciousness attempts to explain time through
         an analysis of intentionality. More specifically, Husserl refers in his first lecture
         to St. Augustine’s reflection on time and contextualizes it to his own phenomenological
         project. As Husserl[64]    states:
      

      
      
         Naturally, we all know what time is: it is the most familiar thing of all. But as
            soon as we attempt to give an account of time-consciousness, to put objective time
            and subjective time-consciousness into the proper relationship and to reach an understanding
            of how temporal objectivity—and therefore any individual objectivity whatever—can
            become constituted in the subjective consciousness of time, we get entangled in the
            most peculiar difficulties, contradictions, and confusions.[65]   
         

         
      

      By introducing the distinction between objective time and subjective time-consciousness,
         Husserl is not motivated by metaphysical concerns over the nature of time. Nor does
         Husserl conflate objective with objectivity, which he simply takes to be an element
         of objective reality in the constitution of a temporal object. As De Warren observes:
         “The force of Husserl’s suspension of objective time is aptly summarized with the
         remark that ‘there is no now, past or future in objective time’ (Hua X, 189 [195]).
         What Husserl means is exemplified by considering the function of clocks. Our common
         as well as scientific understanding of objective time is mirrored in the service of
         clocks in terms of which time is represented as a linear succession of fixed ‘now-points’
         marching stepwise in ordered regularity.”[66]   
      

      
      The objectivity of chronometric time is connected to objects of measurement such as
         a clock or a metronome which are categorically different form temporal objectivity
         as extrapolated from subjective temporalization on the one hand and temporal objects
         on the other, both of which are not assumed without a transcendental ego. And as De
         Warren argues Husserl’s “suspension of objective time can also be examined from another
         vantage-point as the suspension of time’s master metaphor. The metaphor of time as
         a ‘flow’ or ‘stream’ captures a deep-seated intuition that time is an embracing container
         or form in which events happen irreversibly.”[67]   
      

      
      Rather as early as 1900 with the publication of Logical Investigations and his conception of descriptive phenomenology as well as writings which followed
         to propose transcendental phenomenology, Husserl retained metaphysical neutrality.
         Such metaphysical neutrality attests to his conspicuous disinterest in metaphysics
         in pursuit of phenomenology. Zahavi argues that really the complexity of Husserl’s
         phenomenological undertaking should be viewed as inclusive to descriptive, neutral,
         and metaphysical methods at once. Later I will discuss the epistemological status
         of Husserl’s work in relation to attempts to naturalize phenomenology, which are challenged
         by Husserl’s on-going phenomenological research. Despite Husserl’s critiques in Logical Investigations of subjective idealism, psychologism, empiricism, relativism, and objective idealism
         such as Platonism, logicism, and Neo-Kantianism, he remained indifferent to their
         metaphysical content. Occasionally (as we will see in the case of interpreting Descartes
         and Hume) he instrumentalized a component of a metaphysical doctrine as a methodological
         tool.[68]    Thus, in pursuing a rigorous descriptive method (in Logical Investigations) and later for phenomenological reduction (in Ideas), Husserl contextualized various metaphysical ideas.
      

      
      More specifically, phenomenology’s position on subjective and/or objective distinctions
         is reformulated through Husserl’s introduction of such metaphysical turned methodological
         tools. His phenomenological descriptions progress from either Machian or Brentanian
         approaches through bracketing discursive givens without assuming their propositional
         qua metaphysical content. Such a descriptive neutrality, attained through discursive
         bracketing, is enabled by the suspension (epochē) of any naturalistic talk or claim,
         thus preparing the grounds for a phenomenological reduction (Ideas, Crisis) as a descriptive account of any intentional constitution which involves “transcendental
         reduction” (from Ideas on). Transcendental reduction, as we will see later, does not imply a Kantian or
         other metaphysical idealism. Rather, it is a methodological idealism aiming to encompass
         all descriptive content: hyletic (sensile) and noetic (intentional).
      

      
       One should not construe Husserl’s time-theory as simply engaging in the conceptual
         differentiation between objective and subjective time. Such an assumption would misplace
         the conceptual and methodological constructs of Husserl’s time-theory. Husserl’s time-theory
         (early and from later C, B, and E manuscripts) does not depart from any metaphysical
         assertion about subjective-internal-time in contrast to objective-external-time, since
         Husserl conceives as sensory, linguistic, and cognitive posits which should be bracketed
         and suspended phenomenologically. However, as noted previously, Husserl’s phenomenology
         encompasses the conceptual divide of objective/subjective because it helps analyze
         the intentional constitution: noeses—acts of intentional (cognitive) content and noemata—objects
         of intentional (cognitive) content. Together they constitute the description of intentionality
         as a transcendent or reflective object, and the subject matter of “transcendental
         phenomenology” (Ideas). Husserl’s later articulation of double-intentionality in relation to imagination
         relies on the genesis of subjectivity as fundamental to the understanding of time.
      

      
      As De Warren points out, “a central issue that emerges in our discussion of Husserl’s
         phenomenological analysis of time-consciousness is the ‘impossible puzzle’ of how
         absolute time-consciousness is both constituted and (self-) constituting. . . . If
         we follow Husserl in placing an emphasis on the retention dimension, absolute time-consciousness,
         as a continuous self-differentiation or flow, differentiates itself in a two-fold
         manner along the lines of the double intentionality of retentional consciousness:
         as a differentiation from itself in terms of transcendence of constituted time-objects.”[69]    
      

      
       In order to construe the “puzzle” of immanence and transcendence as exemplified in
         the double intentionality of retentional consciousness we can imagine ourselves riding
         a train in a constant speed where cinematically all the scenic views seen from the
         window of our seat is perceived in motion and as “passing” which relegates perception
         of such views as accelerated retentions without any fixed “originary” perception whilst
         our experience of being and riding the train is also registered as a continuous temporal
         retention regardless to the passing of the temporal objects (i.e., the changing scenic
         views). The self-temporalization of the retentional consciousness of the train ride
         itself is thus an expression of a transcendental ego whereas the active perceiving
         of “temporal objects” out of the train window both reflect the immanental fulcrum
         of the experience and grounds the transcendental aspects of consciousness in immanence.
         Another formulation of Husserl’s time-theory can be given by focusing only on the
         “static” analysis of the double-intentionality of temporal objects that can be addressed
         by following a twofold question: How can we explain time if time is defined by intentional
         constitution (i.e., hyletic and noetic content, noeses and noemata) and intentionality
         (i.e., consciousness) is constituted by time? Such circularity is at the core of Husserl’s
         time-theory and can be construed as a phenomenological (intentional) reformulation
         of Augustine’s perplexity over time experienced and time explained. Both experience
         (of both hyletic and noetic content) and explication (that requires consciousness)
         are equally constituted by temporal relations and are required to explain time; Husserl
         posits internal-time-consciousness as implicating both assertions as irreducible and
         reciprocal: time to consciousness and consciousness to time.
      

      
       Before discussing Husserl’s time-theory and internal-time consciousness, I will discuss
         intentionality as the background or context. Intentionality includes experimental
         psychology, gestalt theory, and cognitive science and is a pivotal concept for any
         critical discourse on cognition. As a result, there is a common tendency to confuse
         phenomenology, which assumes intentionality, with cognitivism in general. This tendency
         reconciles phenomenal and phenomenological differences as cognitive descriptive levels
         of various data classified as “hyletic descriptions,” “noetic descriptions” (Ideas), or physical, physiological, linguistic, and cognitive categories. Nevertheless,
         we should not conflate phenomenology and cognitivism in general. Some cognitive projects
         (e.g., Varela’s, Petitot’s, as discussed later)[70] attempt to retain a version of phenomenology through a holistic cognitive approach
         so as not to upset the transcendental or anti-naturalistic strain of Husserl’s phenomenology.[71]   
      

      
        Husserl asserts his anti-naturalism (Logical Investigations, Ideas, Crisis) as a suspension of any common sense acceptance of physicalistic or mentalistic assumptions
         through a phenomenological reduction. Such a suspension should not be conceived as
         a denial or affirmation of either realism or anti-realism, but rather as an abstention
         from a metaphysical position to proceed with a phenomenological explication of experience
         and its objects. In this respect both experience and object, as the content of phenomenological
         reduction, are regarded as descriptively neutral or suspended. For Husserl, an object
         is an inclusive concept, standing for anything that can be predicated. Thus, experience
         is as inclusive as any frame of reference to a given state of affairs. Husserl distinguishes
         between two categories of objects in Logical Investigations: real objects, which are perceptually experienced and ideal objects, which are categorically
         comprehended or intuited. Both real and ideal objects are intentionally constituted
         as products of our cognitive dynamics. 
      

      
       However, such constitution by means of objects’ noetic directedness (hence intentionality)
         is not based on the divide between particular and universal, or contingency and necessity,
         but rather assumes complex “forms of predication, conjugation or synthesizing” which
         are analyzable reductively. Consequently, the intentional analysis of objects does
         not reduce them to real or ideal but instead explains them in terms of noetic-noematic
         constitution: as acts and objects of intention. Nonetheless, since time equally involves
         and determines intentional “temporal object” and is constructed by intentionality,
         the procedure of phenomenological reduction in either/or noetic/noematic terms is
         inadequate and inapplicable to time as such. Husserl is thus required to provide an
         account of “time-consciousness” to explain “the constitution of the ‘actually present’
         objects as such.”[72]    
      

      
       The role of “time-consciousness” for phenomenology as an inseparable twofold nexus
         cannot be overestimated. Husserl stresses in Ideas that phenomenological time is a pre-requisite for attaining not only the content
         of experience as an “active and discrete synthesis” but also for enabling “the continuous
         synthesis” of “time itself.” But how can the circular definition of time vis à vis
         intentionality be avoided?[73]    And more specifically, how will the phenomenological reduction of (immanent) temporal
         objects not infinitely regress in relation to the (transcendent) temporal constitution
         of consciousness itself as a “continuous synthesis”?
      

      
      While laboring on his time-theory, Husserl elaborates various explanatory models,
         and finally concludes that, “the process that constitutes the immanent object of the
         first level would not only have to be itself generally a constituted process, which
         is itself a ‘perceived,’ an ‘internally conscious’ process, but it would have to be
         such that it is in itself conscious of itself, without requiring new processes. It
         would have to be a constituting process for itself: a primal process whose being would
         be consciousness and consciousness of itself and its temporality.” Thus, by distinguishing
         between the two levels of temporal constitution, the first objective and the other
         primary as its own object, Husserl attempts to avoid infinite constitutive regress
         of consciousness to time and time-consciousness. Moreover, to explain the interdependence
         of consciousness and time, Husserl differentiates (as we will see in the next two
         sections) between “temporal object” and an “objective absolute time flow.”[74]    Evidently, as seen from this last citation, Husserl struggled to come to terms
         with such a twofold constitution. 
      

      
      Husserl repeatedly reformulated the concept of immanent temporal objects and transcendent
         temporal acts in the constitution of absolute time flow. What seems undeniable is
         that Husserl’s reformulating of Augustine in intentional terms has provided a considerable
         discursive context for phenomenological and cognitive analyses of intentionality and
         time. In the next section I will briefly sketch Husserl’s time-theory and his concept
         of internal-time consciousness as represented in his so-called time-diagram. My main
         purpose is to elucidate relevance and possible application to the analysis of time
         and irreversibility embedded in phenomenal and phenomenological approaches and implicated
         in thermodynamic and statistical mechanic concepts of time-asymmetry.[75]   
      

      
      Husserl’s Time-diagram

      
       Husserl’s analysis of “time-consciousness” differs from any logical, linguistic,
         or psychological analyses by avoiding any assumption about the existence of time as
         based on causal relations, linguistic predication, or mentalistic primacy. As Husserl
         states in an early analysis of time-consciousness:[76]   
      

      
      
         The temporal form is neither a temporal content itself nor a complex of new contents
            that somehow attach themselves to the temporal content.[77]   
         

         
      

      Temporality is thus “the formal condition of possibility for the constitution of any
         object.”[78]    As I noted earlier, Husserl like Mach turns to musical melody or tune as an exemplary
         case of experiencing time. However, unlike Mach, for Husserl temporal objects are
         not to be understood as cases of simple or complex sensations but require analyzing
         sensation (in terms of perception, and impressions) as well as intentionality (in
         terms of directedness and intendedness). What makes Husserl’s analysis ingenious is
         that, on the one hand, he does not suppose (like Brentano) a representational content
         or categorical immanence to a “temporal object” for acknowledging its conscious-content.
         On the other hand, Husserl explains such temporally conscious-content not in terms
         of modes of temporal appearance and predication (memories, or past, present, future)
         but in terms of the cognitive enactment of “primal impressions,” “retentions,” and
         “protentions” as modes of temporal apprehensions. Moreover, Husserl construes a temporal
         object as involving what he calls double intentionality, which I will discuss later.[79]   
      

      
      To explain the workings of the modes of temporal apprehensions, Husserl provides a
         “time-diagram.”[80]    Husserl, as Mensch points out, modified his initial time diagram which was based
         on Brentano’s diagram. The “time-diagram”[81]    is a model of two-dimensional temporal coordinates that can be seen as equivalent
         to three-dimensional visual-perspectival coordinates. It should be regarded as representational
         manifold only. Insofar as three-dimensional perspective does not prevail in spatial
         reality, but rather exemplifies space (i.e., metric) in relation to perception (i.e.,
         vision and depth), so Husserl’s time-diagram is not about the perception (i.e., impressions)
         of temporal phenomena or time itself, but rather their structured objective relation.
         In that sense, the “time-diagram” represents temporal objects and hence objective
         time in respect to intentionality and consciousness.
      

      
      
         Husserl’s Time-Diagram.

         

      

      Imagine a musical tune that starts at point t0 and will end at t4. Its present perception
         is at t3 and is regarded by Husserl as the moment of original or primary perception.[82]   
      

      
       Consider t0, t1, t2, t3 (c), and t4 as impressions where t0 would be the primal impression
         and t3 (c) the original impression of the present “now.” 
      

      
      t3 is the originary impression is related to the points A1, A2, A3, through the projected
         impressions of t0, t1, and t2. The original or primary impression (t3) is situated
         as the “now point” of the temporal horizon and is defined by a series of retentions
         and a protention.  Retentions are the intention, which is informed by our consciousness
         of the receding musical tune (a “temporal object”). A protention, on the other hand,
         is the sense of anticipation of what is about to be heard. The retention of the tune
         is thus exemplified by t0-> A1, t1-> A2, and t2 -> A3 as the “running—off” or “sinking
         off” continuum of the tune, and so t0, t1, and t2 are running-off (receding) from
         the present-moment to past-moments. The phenomenon of the “running-off” and “sinking
         off” continuum indicates for Husserl the fading of past-impressions as they leave
         behind a “comet tail” (t3 -A3, t3 -A2, t3 -A3).[83]   
      

      
       Yet the passing off of perceptions, namely, the decrease of the vividness of impressions,
         is not to be confused with the running off of retentions, namely, the fading consciousness
         of the intentional phenomena. Rather, Husserl distinguishes the perceptual continuity
         (i.e., of impressions) from the retentional adumbrative continuum. The physical dissipation
         of sound as waves is thus differentiated from the lasting resonance in our perception,
         and hence cognition. The former involves measured (metric) time, the latter an experience
         of temporal continuity.
      

      
       The (X) coordinates are the horizon (in Husserl’s terms), or the continuum of the
         present original time phase. Along the (X) continuum we can trace not only past original
         time phases, but also the protention of a forthcoming time phase. Husserl analyzes
         the cognitive ability in perceiving the coming protention in correlation to the length
         (metrically represented) of the retentional continuum itself. For example, if one
         walks in late to a concert and starts listening to a musical tune at a later point
         than the rest of the audience in the hall, then one’s retentional continuum is shorter
         and less informed. As a result, the latecomer’s protentional sense (i.e., cognitive
         capacity to identify or “catch up” with the music) will be less clear and effective
         than that of the rest of the audience.[84]    The (A) coordinate is the vertical alignment of the phase continuum intersecting
         at t3 and can be construed as encapsulating the retentional continuum (A1, A2, and
         A3) and the protention A4. What Husserl designates as the (M) axis is the direction
         of the “sinking into” time and can be viewed as the “running off” of primary or originary
         impressions. In other words, as the “temporal object” (musical tune) unfolds, it recedes
         from its past impressions into its recollection, or memory. Here, it is important
         to differentiate between retention and protention on the one hand and recollection
         and anticipation on the other. The “temporal object” as it is experienced consists
         of a continuum of phenomenally chasing objects (sounds) which merge one with the other.
         Thus, segments t0–t1, t1–t2, and c2–t3 are three “temporal objects” which continuously
         “sink” into past phases. Husserl’s time-diagram is a topological model of the adumbrative
         continuum, composed of retentions or protentions, each a triangulated topos that continuously
         recedes or runs off. Retentions and protentions do not constitute the temporal objects
         themselves, namely, phenomenal impressions such as musical tunes. Instead they provide
         the representation of the temporal continuum by which consciousness is continuously
         present. Time, for Husserl, is neither a naturalistically assumed flow of events nor
         is it a mechanical chronometric measuring apparatus. Rather, it both assumes and presupposes
         temporalization as involving both temporal objects and self-temporalization of an
         ego. As Mensch reminds us in regards to Husserl:[85]    
      

      
      
         The self-temporalization of this living present—i.e., of this primal (or “absolute”)
            ego—occurs through the generation of retentions and protentions of its original impressional
            appearing, which is that of a timeless welling up of impressions.[86]   
         

         
      

      And according to Husserl, such “a concrete subjective temporalization is without beginning
         or end.”[87]    This “genetic” aspect of the active synthesis of time, namely, the subjective
         temporalization of “now-points,” is complementary to a “static” aspect of how temporal
         objects are constituted in turn as a content of consciousness such as the case of
         listening to music or moving around an object.
      

      
       For Husserl, the static constitution assumes temporal objects as distinct from other
         intentional objects because they are not solely constituted (as noemata or senses)
         by their intentional act. For the most part, unless experienced as recollections,
         temporal objects are experienced without conscious involvement, or directedness of
         intention. Insofar as an intentional object (“the blue house”) is constituted by its
         noetic (act as directing and referring to something, or a content) and noematic construct
         (the object content or sense), its phenomenal determination happens at once or in
         one stroke (to use Husserl’s expression). A temporal object is perceived as a primary
         or originary impression (t0) and then through its retentions (A1, A2, and A3) and
         the protention (A4) is continuously sinking and emerging. Furthermore, “the retention
         and protention are not past or future in respect to the primal impression, but ‘simultaneous’
         with it” and as a result, the “now-phase of the object has a horizon, but it is not
         made up of the retention and the protention, but of the past and future phases of
         the object.” Retentions and protentions are thus not simply intentional objects or
         intentional acts but something, which enables the cognition of intentional objects
         and acts. This something is defined by Husserl as the “absolute streaming of inner-time-consciousness”
         and is to be understood as parallel to the subjective time of phenomenal impressions.[88]    
      

      
       Thus, to disentangle the circularity of consciousness and intentionality in respect
         to time, Husserl distinguishes between a perceptual subjective time (of temporal dis/continuity
         or what Husserl calls the “continuity of the running-off modes”) and an “absolute
         inner time continuum.” But if such a distinction implies that there are two kinds
         of intentionality, one directed through the act towards a given object and another
         which is continuous (“like a river that flows”) for consciousness to occur, then temporal
         intentionality, unlike common objective intentionality, is twofold. This peculiarity
         is referred by Husserl as double-intentionality and is explicable in cognitive terms
         as occurring in memory and recollection. As I have noted before, recollection and
         anticipation are related though distinct from retention and protention. Unlike retention
         and protention, recollection and anticipation constitute an intentional act.[89]   
      

      
       Let us consider recollection. The double intentional act of recollecting implies
         first its memory-content as a perceptual experience (impression) and then its reproduced
         content (though imagination or phantasy). Moreover, the two intentional levels might
         very well be reciprocally projected and interjected on the “temporal object.” For
         example, while listening to a musical tune, at some moment-phase I recall (perhaps
         even voluntarily) a previous past moment-phase. Though, my recollection is equally
         affected by the present moment-impression (by projection) and my present moment-impression
         is modified (by interjection) by the memory (subjective) of this past moment-impression.
         Husserl defines such “double intentionality” of a recollection as a self-revealing
         “retroactive effect, necessary and a priori.” Furthermore, Husserl argues “the retroactive
         power extends back along the chain, for the intention arrived at a certain location
         in time in relation to the now. Thus it is not as if we had a mere chain of ‘associated’
         intentions, one bringing to mind another . . . rather we have one intention that in
         itself is an intention aimed at the series of possible fulfillments.”[90]   
      

      
      Unlike Mach who rejects any talk or positation of “objective time,” Husserl introduces
         objective time distinct from temporal objects. In fact, Husserl’s positation of “objective
         time” is not a Newtonian absolute time, but rather is permeated by the need to explain
         the retentional (perspectival) structure of internal time-consciousness with its double-intentionality.
      

      
       As Zahavi stresses: 

      
      
         The fact that the tone [a musical tune] is located in a temporal order with a certain
            unchangeable structure that can be recalled again and again and identified in recollection
            is, for Husserl, the first step toward the constitution of objective time, toward
            the constitution of the [metric] “time of the clock.”[91]   
         

         
      

      Through this peculiar “structural unchangeability,” Husserl’s time-theory accepts
         metric-physical time into its phenomenological conception. And unlike Mach’s conception
         of time and other phenomenological theories (e.g., James, Bergson), Husserl’s does
         not rely on the phenomenal irreducibility of continuous change alone and instead,
         temporal objects as they “sink back” shift their place in time and equally is retained
         within a particular moment in time. Thus, the primary memory of temporal objects is
         continuously “being pushed back” and at the same time retained as the present now.
         This, for Husserl, constitutes the “ever-new objective time-point, while the past
         temporal moment remains what it is.”[92]   
      

      
       Hence, for Husserl the objectivity of time is twofold: “intentionality” as a given
         “temporal object” and “intentionality” as objectively present or active “time-consciousness”
         itself. For Husserl, the question remains the following: “How, in the face of the
         phenomenon of constant change of time-consciousness, does consciousness of objective
         time and, above all, of identical temporal positions, come about?” To which his answer
         is that the constitution of the objectivity of temporal objects is attained through
         the “objectivation” through time-consciousness as change and permanence are preserved
         in the same way that a temporal object occurs in time and designates a particular
         time.[93]   
      

      
       In other words, identifying the temporal position and the temporal position of the
         object’s identity are correlated but distinct. What makes such correlation happen
         is the “role of reproduction in the constitution of the one objective time.” Reproduction,
         as implied by recollective (intentional) acts, linearly resorts to the horizontal
         positioning of retention and protention (the (X) coordinate). Thus, now is neither
         a “point-like” (McTaggart) nor a “moving present” (James), but rather an abstraction
         of modes in which the horizontal and vertical axes converge as the relative stability
         between a temporal position (objective dis/continuity) and a position in time (objective
         continuum). As Husserl argues in this lengthy and complex passage, the “present now”
         constitutes a discrete temporal position while being potentially comprised of may
         temporal objects, or what Husserl calls “objectivities” that together “flow off” and
         constitute the objectivity of time as it is manifested both in its “apriori essence”
         of an ongoing continuity with emerging novel temporal positions.[94]   
      

      
       There are far reaching implications to Husserl’s phenomenology of “internal-time-consciousness,”
         some of which do not concern us here. One is the fact that it is “because of . . .
         retention that consciousness can be made into an object. . . . In other words, reflection,
         can only take place if a temporal horizon has been established.” Another implication
         is that Husserl’s theory “might be seen as an analysis of the structure of the pre-reflective
         self-manifestation of our acts and experiences.” Husserl’s time-theory implies stratified
         relations between the two objective levels of time and a subjective one as well. These
         levels involve subjective-temporalization as a condition that enables the perception
         of temporal objects (with their specific content) to unfold on two horizons; a genetic
         and a static, both of which determine objective time as extrapolated and perhaps triangulated
         from their convergence. Thus, objective time is not presupposed (as in Kant) but rather
         made evident through the way in which active and passive syntheses interlace, in temporalization.
         In the next section I will further discuss Husserl’s concepts of time, irreversibility,
         and internal-time-consciousness.[95]    
      

      
      Time, Irreversibility, and “Internal-Time-Consciousness”

      
       In post-Brentanian and Husserlian phenomenological accounts, time is inseparable,
         though distinguishable, from “intentionality” and thus consciousness. Although Husserl
         departed from Brentano’s theory of “originary associations,” he argued for the difference
         between “impressions” as “temporal objects” and “memory” as related to the retentional
         continuum.[96]   
      

      
       What Husserl conceived as an originary or primary impression (t0 in the diagram)
         is in fact an instantaneous perception impressed on our consciousness. The hyletic
         content of such perception exceedingly degrades and fades away and thus allows a novel
         impression at a now-phase to occur. Such perceptual-temporal diminution is different
         from the apperceptual retentional “modes of running-off phenomena.” Perceptions as
         such are unintelligible events which are not time-based or occur in time. In other
         words, such perceptions are neither phenomenally descriptive in Mach’s sense, nor
         measurable in objective quantitative terms.[97]   
      

      
       According to Husserl, what is left of the “intuition of time” of such perceptions
         is their impressed mnemonic data. The outcome of Husserl’s differentiation between
         perceptions and impressions is that time consequently is not considered in a strictly
         raw, phenomenal sense, like Mach’s immediately given datum.[98]   
      

      
       Even though perceptions can be chronometrically measured or localized, they do not
         inform us about time or on their own do not constitute a temporal length. Furthermore,
         Husserl does not analyze time-consciousness in relation to direct—perception of immediately
         givens and hence does not account for what he regards as phenomenal antinomies and
         ambiguities in talking about the “sensation of time” as occurring in the now—point
         or in the past—point.[99]    
      

      
       Since the need to explain now in perceptual or linguistic terms is obliterated, Husserl
         provides an acausal explication of the now by analyzing the cognitive dynamics of
         the adumbrative (apperceptual) continuum and the “double-intentionality” involving
         time-consciousness. Later, in chapter 5, I will explain the significance of such an
         acausal phenomenological conception of time-consciousness. It provides an equivalent
         account for what Sklar names “intuitive time asymmetries” (see chapters 3 and 5) and
         naturalizes Husserl’s phenomenology of “internal-time consciousness” (chapter 5).
      

      
       And again, Husserl’s distinction between perception and impression (with its ‘‘double-intentionality”)
         allows the following explanation: “‘Irreversibility’ is first and outmost conceivable
         in terms of an asymmetric processes; within which we can identify a thing’s duration
         or change.” Husserl’s contention is that it is through “the continuity of change”
         that “we ‘confirm’ identity.” And such “dependency of changes indifferent to things”
         is based on causality.[100]    
      

      
      Identity is retained not by the object’s content (a musical tune that keeps changing
         is still the same, or an apple turning from green to red is still the same apple),
         but its “continuous change.” And yet, Husserl observes, phenomena such as thunderstorms
         or a shooting stars are complex though unitary processes that endure in objects and
         as such invoke objective time as evidenced by their persistence as temporal objects
         despite their internal changes and assuming their totality as events.[101]   
      

      
      What makes perception an irreversible (cognitive) process is its determination: no
         more changes will take place in its content. Therefore, perception involves irreversibility—as
         a determined asymmetric process—and can be explained causally by resorting to an objective
         time in Husserl’s sense, as perception is construed within a “composite object.” For
         example, the perception of a high note within a musical tune is one “change” that
         occurs among other changes (other notes) in the continuum of a given musical piece:
         the “metric” object comprised of musical notations.[102]   
      

      
      In addition, any instantaneous perception as such involves a determined hyletic datum
         turned impression which can be reproduced again and again (the same high note can
         be replayed). However, since perceptions do not directly relate to their conscious-content
         (i.e., noematic content) their impressed hyletic (sensile) content does not retain
         causal order. Nor does the absence of the original causal order affect their cognitive
         determination as acts (i.e., noesis).[103]   
      

      
        Mach is forced against his will one might say to regress to a nativistic view of
         irreversibility which contradicts his phenomenalism as conceived in terms of neutral
         monism. But Husserl’s time-theory evades the predicament of coupling irreversibility
         and causation as connected to perceptual determination and time-consciousness. Instead,
         Husserl’s explication of time and direction is made in terms of change, continuity,
         and discontinuity and their relation to “intentionality” and consciousness.
      

      
       Husserl’s conception of time does not follow either a reduction to “experienced time”
         (either as sensation in the phenomenalistic sense or duration, or intuition in Bergson’s
         phenomenological sense) or to “objective time” as an illusion or logical fiction (McTaggart’s
         refutation of time). Instead, Husserl’s phenomenology undertakes a radical approach
         in explaining “time-consciousness” through “levels of objectivity.” There are three
         levels which Husserl outlines:[104]   
      

      
      
         	
            
            Absolute time-consciousness as “the flow of consciousness” is a form of persistent
               continuity. Husserl distinguishes this from the impressional-retentional-protentional
               modes: “There is no duration in the original flow.”[105]   
            

            
         

         
         	
            “The pre-empirical time” endures and changes (the tone as “content of consciousness”).
               Such pre-empirical time is objective but by no means a “temporal object.” Rather it
               is a form of immanence.[106]    
            

            
         

         
         	
            “The levels of empirical being, of the being of empirical experience, what is given
               and thought in empirical experience, the being that we call real actuality. The real,
               becoming constituted in the general,” to which “the temporal forms of consciousness”
               are given, as impressed, retained, or portended.[107]   
            

            
         

         
      

      
       “Temporal objects” involve all three “levels of objectivity” not as result of a direct
         positation of “perceptions” and “irreversible processes,” but rather as constituted
         by what Husserl regards as the “double-intentionality” of time-consciousness. The
         latter allows the experience of “immanent temporal objects” to evolve from hyletic,
         “pre-perceptual” data to “impressed” objects of perception. In Husserl’s concept such
         “immanence” is crucial. In Husserl’s analysis the immanence of temporal objects, such
         as the tone-content of a sound, presents itself or unfolds in positioning the past
         in relation the future or protentions lying ahead. And such potential protention is
         equally retained and annulled as “appearance” once replaced by a new one.[108]   
      

      
      The Radicality of Husserl’s Time-Theory in Relation to Other Phenomenologies

      
      
         Naturally, we all know what time is: it is the most familiar thing of all. But as
            soon as we attempt to give an account of time-consciousness, to put objective time
            and subjective time-consciousness into the proper relationship and to reach an understanding
            of how temporal objectivity—and therefore any individual objectivity whatever—can
            become constituted in the subjective consciousness of time, we get entangled in the
            most peculiar difficulties, contradictions, and confusions.[109]   
         

         
      

      Fully acknowledging the position of Husserl’s time-theory in relation to other phenomenological
         conceptions is critical to re-evaluating “intuitive time-asymmetries” for understanding
         irreversibility’s role in cognition and for understanding Husserl’s concept of “time-consciousness”
         as irreducible to either irreversibility of processes or time-asymmetries. These two
         implications of Husserl’s theory, namely, that it is acausal and is not based on the
         reiteration of irreversibility and asymmetry, are central in chapter 4. Thus, an examination
         of Husserl’s “phenomenology of internal-time-consciousness” in contrast to other phenomenologies
         is needed to remove common misconceptions and misguided assumptions about the relation
         between cognition, phenomenology, or intuition of time. These have been propagated
         not only by Prigogine (5) but by many writers with far less vested interest in phenomenological
         concepts or constructs.[110]   
      

      
       Many writers, phenomenologists and analytic alike, presume that explications of temporal
         consciousness in cognitive or phenomenological terms imply the ontological status
         of “Becoming.” Becoming is associated with unidirectionality (time’s arrow), duration
         (time’s flow), and the irreversibility and asymmetry of processes and time in general.[111]    
      

      
       Husserl’s time-consciousness defies such assumptions as simply stated. Rather, implications
         stemming from our epistemological asymmetry (the fact that we know less about the
         future than the past) are unnecessarily mixed with talk on “the physical status of
         ‘Becoming.’ The conflation of epistemological and phenomenological implications is
         present in discussions of the role of description in thermodynamics and statistical
         mechanics as well. There is indeed no need to invoke cognitive metaphors (transience)
         in accounting for epistemological implications stemming from linguistic predication
         of time. It should be stressed that supposing that all phenomenological theories of
         time fall under the same spell of the “specious present,” “becoming” and “duration”
         will result in conflating different phenomenological conceptions. Therefore, I will
         point out some key misconceptions in equating Husserl’s time-theory to that of Bergson’s
         and James’. Miller especially proposed similarity between Stern, James, Whitehead,
         and Grünbaum[112]    in their rejection of Husserl’s (and Brentano’s) “principle of simultaneous awareness”
         on “the grounds that it involves the postulation of instantaneous states of awareness.”[113]    These philosophers insist, Miller argues, “that the states of awareness are atomic
         or discrete and have a minimum duration based on the span of our ‘specious present.’”[114]   
      

      
       Thus, the “succession of nows” which Grünbaum raises in discussing time is not a
         succession of punctual nows, but rather discrete specious nows, the duration of which
         is “a durational threshold governing our awareness of the actual occurrence of events.”
         Underlying this position is a phenomenalistic strain, which can be traced back to
         Mach’s preoccupation with psycho-physiological and physical-metric time and its underlying
         “atomic” conception of sensations as discrete and irreducible elements of measurable
         finite duration (even though by approximation). In Husserlian terms, such a position
         would not only undermine the temporal constitution in terms of “double-intentionally”
         (being aware of time as time-consciousness and being aware of a temporal object) but
         also misplace the mathematical measure of duration or length (vis à vis continuum)
         with the posit “now” which is not real (perceptual) or ideal (categorical, mathematical).[115]    Instead it is an outcome (abstraction) of the cognitive time-process itself through
         the adumbrative apperceptual modes. (See the accounts in the previous two sections.)
      

      
       Husserl’s departure from Augustine, as I noted before, can be seen as recognition
         of the rift between “the experience of time” and an “explication of time” in terms
         of the “double-intentionality” of temporal cognition. Such recognition profoundly
         influenced Husserl’s advance beyond Brentano’s (and Meinong’s) representational theories
         of time and his critique of Stern and other psychologistic reductions. In section
         #6 titled “Criticism,” Husserl makes a clear distinction between “temporal predicates”
         (“now,” “past”) and their relation to psychological and phenomenological predicates
         (“duration,” “succession,” “changes”), and how “duration, succession, changes appear.”
         Insofar as Husserl shares the common use of metaphors, like the “river of time” and
         “stream of consciousness” or “flow of time” with both James and Bergson, this use
         is innocuous and the outcome of his own admitted difficulty in “putting (time) into
         words.”[116]    Hence, for Husserl, linguistic constructs, such as now and present are not irreducible
         concepts of experience, but only extrapolations that need to be identified as phenomenological
         data.[117]   
      

      
      Positing such a construct phenomenologically by fetching a congruent relation between
         language and sensations in the phenomenalistic sense would amount to a “phenomenological
         language” in Wittgenstein’s derogatory sense. Rather, Husserl’s time-theory re-describes
         linguistic and perceptual predicates through a conception of time-consciousness, namely,
         cognitively. This cognitive explication is best exemplified in reference to tones
         or music. Husserl provides a concise example of such “phenomenological data” by giving
         an account of the “double-intentionality of the flows of consciousness.”[118]    
      

      
       In Grünbaum’s case the interpretation of the specious now is critical to his position
         on the “mind-dependence of Becoming.” It should be separated from his general conception
         of time and irreversibility. As Grünbaum[119]    argues, we are “able to characterize a process as irreversible and time as anisotropic
         without any explicit or tacit reliance on the transient now or on tenses of past,
         present, and future.” Furthermore, Grünbaum objects to the metaphorical misinterpretation
         of the “arrow of time” (as a mathematical sign) as the transient “now” of “Becoming.”[120]    Grünbaum’s objection is well taken, though, as Miller justly argues, Grünbaum
         presumes the relation between “Becoming” and mind in a non-metaphysical sense. Thus,
         he implies that the mental experience of the specious now is intertwined with the
         intelligibility of “temporal anisotropy.” As I will later argue in relation to Prigogine’s
         conception of the “physics of becoming” (see chapter 6), the re-description (in Husserl’s
         sense) of intuitive time-asymmetries in terms of time-consciousness is needed for
         the process of becoming to be resolved in relation to physical time-asymmetries. It
         is at the core of a common phenomenalistic misconception of physical time.[121]   
      

      
       The radical strain in Husserl’s phenomenology of internal-time-consciousness is precisely
         what makes it different. It avoids the phenomenal fallacy of the moving now as a conflation
         of linguistic and perceptual predicates. Other physicalist accounts of time-asymmetries
         follow similar assertions on anisotropy as a condition for time-consciousness. In
         some cases physical conceptions of becoming are more restrained (Reichenbach, Horwich)
         in presuming the psychological neutrality of time’s arrow, and thus conflate epistemological
         asymmetry with phenomenological and psychological time-consciousness. The conflation
         between phenomenological explications of time-consciousness (or “Becoming” in the
         non-Husserlian phenomenological versions) with epistemological asymmetries is rooted,
         as I have argued before, in the phenomenalistic heritage.[122]    
      

      
       Horwich, for example, (based on Miller’s account of Husserl’s time-theory) modifies
         and adapts Husserl’s “time-diagram” to discuss “our sense of passage” (in reference
         to Grünbaum and Smart) in a way that undermines Husserl’s own critique of either mental
         or physical accounts of time. It seems that whether Husserl’s time-theory can be redescribed
         by a physical account exceeds the dispute over the legitimacy of redescribing Husserl’s
         noeses-noemata in terms of Frege’s theory of meaning and vice versa (see chapter 1).
         This dispute spills over, so to speak, into the logical and linguistic implications
         of redescribing Husserl’s concept of time-consciousness. The problem, hence, is not
         whether such redescriptions are plausible and at what price, but rather for what purpose.
         In the context of Husserl’s intentional-cognitive addendum to Frege’s logico-linguistic
         theory of meaning, the purpose is clear in scope. But in the context of Husserl’s
         time-theory, the problem lies elsewhere: in the indifference of physicalist accounts
         not to phenomenology and Husserl’s time-theory in particular but to the cognitive
         issues involved in general. One obvious outcome of such indifference is, as I noted,
         the conflation of epistemological, phenomenal, and phenomenological implications of
         time.[123]   
      

      
       Moreover, since most cognitive approaches (see chapter 5) do not subscribe to mental
         or physical reductions, but instead focus on the choice between computational versus
         dynamic models for time-consciousness. There is no reason to abort phenomenological
         or cognitive account of time, such as Husserl’s that does not rely on becoming. And
         insofar as Husserl’s phenomenology of internal-time-consciousness cannot be correctly
         construed as a time-theory of “Becoming” (in Bergson’s sense), it cannot be construed
         as a time-theory of “Being” (say in Heidegger’s sense) either.[124]   
      

      
       Before moving to a reconsideration of thermodynamics and statistical mechanics in
         Husserlian terms, I would like to note another key aspect of Husserl’s late phenomenology
         which relates to his time-theory and which I will return to in chapter 5. In the years
         1917–1921, Husserl developed a new concept of his over-all phenomenological method:
         “static phenomenology” (both Logical Investigations and Ideas fall under this category of works). It focuses on the intentional constitution of
         given objects (hence static) or the relation between acts and objects in the cognitive
         dynamics of meaning-production. Static phenomenology deals with either “passive synthesis”
         or “active perception” of the noeses-noemata relations. It is “static” not in terms
         of assuming a non-dynamical character to cognition, but rather in its assumption about
         the cognitive modes themselves, not their acts/objects. On the other hand, “genetic
         phenomenology” involves both the historical and temporal context of such objects.
         Husserl came to realize that even the objectivity implied from “absolute time-consciousness”
         (see previous sections of this chapter) is itself subordinated to a more general epistemological
         context. There are two main implications to the genetic standpoint with respect to
         Husserl’s time-theory. The first is that although objective time is not subjected
         to a causal temporal change, the constitution of time-consciousness is context-dependent
         in the holistic sense or intersubjectively.[125]    
      

      
       In other words, we do not modify our underlying epistemic conceptual scheme while
         conceiving or perceiving, or while engaging in any given intentional constitution.
         However, the underlying or determining factors of any conceptual scheme can be the
         object or subject matter of change or phenomenological reflection. Zahavi puts it
         succinctly:
      

      
      
         Certain types of experience (pre-linguistic experiences, for example) condition later
            and more complex types of experience (scientific extrapolations, for instance), and
            the exact task of a genetic phenomenology is to explore the origin and formation of
            these different forms of intentionality. (It should be noted, though, that Husserl
            is concerned with the essential structures that such a formation is subordinated to.
            He is not interested in the investigation of any factual [onto- or phylogenetic] genesis.)[126]   
         

         
      

      The second implication of Husserl’s concept of genetic phenomenology, as distinct
         from static phenomenology, relates to the “history” (or sedimentation) of noemata.
         Temporal objects can be constituted of either primary (as pre-empirical or pre-phenomenal
         acts of directedness) or secondary (as empirically intended objects) modes.[127]   
      

      
       On the one hand, time-analysis includes the secondary (empirical) given object, such
         as a particular musical tune; and on the other hand, it relies on the time that constitutes
         such noema (intentional object) as an object without reference but the “absolute stream”
         itself. In other words, absolute time-consciousness is a frame of reference rather
         than something (an object, be it real or ideal in Husserl’s sense) we can refer to.
         Its sense, thus, is not referential or internalist (essentialist) but the outcome
         of the permutations that our conceptual scheme (which includes notions such as time,
         space, and gravity) undergoes.[128]   
      

      
       With his genetic concept of phenomenology, Husserl critically invokes Hume’s philosophy
         as he does with Descartes in turning doubt or epochē into a methodological device,
         not a metaphysical position. By methodologically re-describing Hume, Husserl underlines
         the conjectural and hypothetical grounds (presuppositions) of objective concepts (absolute-time-consciousness),
         thus arguing that “the clarification of relations between presumption and conjecture
         (or actual possibility and probability) has the grounding of statements about the
         future by means of actual experience, especially for a very well-known kind of inferences
         from past to future: the causal.” Furthermore, Husserl raises the indeterminacy of
         universal claims in asking “by what right do we in general assume that any relation
         of experience holds universally, that this or that law of nature subsists or, even,
         the law of laws: the proposition that all being and everything that comes to pass
         are encompassed in one unique system of laws which embraces the whole of nature and
         the totality of time?” Husserl goes on to formulate a general hypothesis based on
         the principle of probabilities and empirical testing. (I will return to this issue
         in chapter 4 with respect to cognitive models for intentionality and time-consciousness.)[129]    
      

      
       However, Husserl considers even the genetic assumption tenuous and thus raises the
         question whether “we have the right to objectively assert probability?” Insofar as
         genetic phenomenology defines objects as predicates of historic-epistemological context
         and not solely through intentional constitution of pre-phenomenal perception, it allows
         explication of “absolute-time-consciousness” as a hypothetical construct. But how
         does this understanding of objects evade the predicament of either historicism or
         relativism? Husserl answers through the critical (methodological) re-introduction
         into phenomenology of Hume’s so-called problem of induction (indeterminacy and probability).
         By re-introducing indeterminacy and probability into his phenomenological analysis
         of experience and judgment, Husserl explores re-assessing naturalistic assertions
         (of and about experience) in relation to naturalized extensional judgments (scientific
         knowledge).[130]   I will return to this issue in chapter 4.[131]    
      

      
       Phenomenological Reconstruction of 
Boltzmann’s Conception of Time-Asymmetry
      

      
       In this section I will examine two aspects of phenomenological interest in regards
         to Boltzmann’s time-theory. The first concerns the relation between physical asymmetry
         of time and intuitive asymmetry of time, and the second involves Boltzmann’s weak
         interventionism. However, I will discuss how such phenomenological reconstruction
         is possible in relation to Husserl’s time-theory. In the previous section I examined
         Husserl’s theory of “internal-time-consciousness” as an acausal time-theory that does
         not presuppose congruence between linguistic and phenomenal predication of “temporal
         objects” and time. But how does Husserl explain the flow of cognitive processes (i.e.,
         the apperceptual adumbrative continuum) and the persistent change of time-consciousness?
      

      
      Husserl’s Time-Theory Re-considered in Relation to Thermodynamics and Statistical
         Mechanics
      

      
       Mach, as we have seen, resorts to a nativistic supposition to justify the anisotropy
         of time. Husserl’s phenomenological explication, on the other hand, relies on a relational
         though acausal explication of direction as either a metric-mathematical continuum
         or in relation to perception and dis/continuity. Direction, thus, is construed in
         terms of the intentional constitution of temporal objects, directional by means of
         the cognitive directedness (and thus noetic intendedness) towards an object. It is
         not temporally anisotropic in its apperceptual modes of such impressed, retentive,
         or protentive “temporal objects.” Furthermore, “time-consciousness” is unidirectional
         in its noetic-temporal constitution but not irrecoverable or irreversible in its perceptual
         modes. Such peculiarity is made clear if and when we consider Husserl’s preoccupation
         with giving intentional-temporal accounts for fantasy and imagination, through which
         recollection reenacts the temporal object(s). If indeed, there would be an “innate”
         (built-in) time-anisotropic bias in cognition (as Mach would have it), recollective
         acts and enactments would be either non-existent or secondary illusions. As I stated
         earlier, this is precisely the shortcoming of the representational theories of time
         (e.g., Brentano’s, Meinong’s) which conflate memory with time.
      

      
       Given the underlying “double-intentionality” active in the intentional-temporal constitution,
         Husserl obliterates the representationalist differentiation between the ontological
         primacy of originary or primary impressions and recollections as secondary re-productions.
         In fact, primal impressions of temporal objects cannot be construed without relating
         to the adumbrative continuum: their retentions and protentions. Husserl, thus, distinguishes
         between transverse intentionality (the M coordinate in Husserl’s time-diagram) and
         horizontal intentionality (the x coordinate) as constituting isotropic directions.
         Time’s direction is constituted by consciousness of the vertical continuity of persistent
         changes or the A coordinate. In other words, temporal apperception necessitates only
         direction, whereas temporal perception of an object is merely unidirectional. Thus,
         while direction is necessary for time-consciousness, unidirectionality is contingent
         upon the perceptual enactment of a given temporal object. For example, if we recall
         last Saturday’s meal, or if we imagine next Saturday’s meal, it makes no difference
         to an objective direction of time, even though in an apperceptual adumbrative sense,
         the recalling and imagining move in opposite directions.[132]   
      

      
       Nevertheless, as I noted before, Husserl’s contention is that the objective level
         of absolute-time-flow assumes the persistent continuity of changes within time-consciousness,
         without a real or ideal reference. The constitution of absolute time flow as an objective
         time, is hence, a transcendent object that lacks reference to anything but itself.
         It ultimately may be analyzed genetically through genetic phenomenology. Thus, we
         can examine only the epistemological presuppositions underlying the experience and
         judgment (natural and scientific alike) of objective time under the premises of a
         historic-temporal context. Furthermore, such context is never fixed and is referentially
         undetermined. And such epistemological indeterminacy (of our conceptual scheme) enables
         Husserl to posit the role of probability in establishing the relative stability or
         grounding of universals such as time, space, gravity, and so forth.
      

      
      For thermodynamics, the historic-temporal context for determining time, irreversibility
         and entropy is highly sedimented, to use Husserl’s trope. Joss Uffink gives an insightful
         and exhaustive account of such sedimented context, raising some key problems regarding
         the way(s) in which we speak and think thermodynamical concepts.[133]   
      

      
       I would like to stress some of the issues raised by Uffink pertinent to my analysis.
         If we follow Uffink’s suggestion regarding the distinction between time’s (a)symmetry
         and (ir)reversibility as leading to a more fundamental distinction between its “(ir)reversibility”
         and “(ir)recoverability of processes,” we ought to conclude the following:
      

      
      (1) The concept of irreversibility lends itself to phenomenal claims; applying irreversibility
         to observed processes would result in phenomenological theory. “Such phenomenological
         theory, as in the case of classical thermodynamics,” Uffink contends, “can be described
         as the study of phenomena involved in the production of work by means of heat; or
         more abstractly, of the interplay of thermal and mechanical energy transformations.
         The theory is characterized by a purely empirical (often called phenomenological)
         approach. It avoids speculative assumptions about the microscopic constitution of
         dynamics of the considered systems. Instead, a physical system is regarded as a ‘black
         box’ and one starts from a number of fundamental laws, i.e., generally formulated
         empirical principles that deny the possibility of certain conceivable phenomena, in
         particular various kinds of perpetual motion.” Even though such theory is unassuming
         in regards to microscopic constitution of heat production and is phenomenologically
         instituted, it (classical thermodynamics) does not describe empirical phenomena, or
         real objects in Husserl’s sense.[134]   
      

      
       Hence, posits, or objects of classical thermodynamics are neither constituted by
         hyletic—raw data, namely, phenomenally observed states of affairs, but rather by posits
         or objects as noetic content: by reference to the intended theory, which is a “black
         box.” Our mental act of ascribing the proper frame of reference and then describing
         an appropriate “ideal object,” constitutes the theory as a black box. For example,
         the “frame of reference” for the system will preclude “various kinds of perpetual
         motion.”[135]   
      

      
      (2) Even though, (ir)reversibility and (ir)recoverability are correlated, they remain
         distinct in the fulfillment-criteria raised by a physical theory, such as, whether
         a process is irreversible. Furthermore, recoverability can demonstrate, for example,
         time-symmetry though it does not necessarily imply the reversibility of processes
         in time-symmetric laws. On the other hand, reversibility does necessarily imply recoverability
         of the processes.
      

      
       Thus, the conceptual difference between (ir)reversibility and (ir)recoverability
         could be explained in terms of Husserl’s distinction between “real” and “ideal” objects
         which abide to “natural” or “pure logical” laws (see my discussion in chapter 2).
         In particular, the notion of irreversibility is categormatic and involves abstraction
         and is hence “ideal,” since irreversibility can be fully qualified (or fulfilled)
         if and only if a given state of affairs is precisely reenacted in all possible worlds.
         Recoverability is identified within a localized frame of reference that stipulates
         a given phenomenon’s (“real”) ability to more or less go back to its past condition.
         In Husserlian analysis, “ideal” and “real” objects are not reciprocally reducible
         because they constitute (and fulfill) different noetic content: different intentional
         acts (i.e., noeses).[136]   
      

      
      (3) Thermodynamical systems (unlike open mechanical ones) are defined as closed systems
         by means of interactions, either epistemologically (we must infer the character of
         the “initial” or “boundary” conditions to gauge the level of entropy), or phenomenologically
         (we must assume via idealization its being closed). These are in fact two built-in
         interventions in thermodynamical systems.[137]   
      

      
      Again, in Husserlian terms, the first epistemic assertion and the second phenomenological
         assertion can be re-described through double-intentionality in the constitution of
         temporal objects. The epistemic arrow of time is conventional and arbitrary insofar
         as it necessitates direction, even though we determine by choice its time-axis. The
         phenomenological arrow of time is constituted as a “temporal object” by means of a
         noetic-noematic nexus: the intentional act (noesis) of deciding (intentionally) the
         likelihood of the microstates in accordance with our directedness towards (extensionally)
         an intentional object that resembles its described or ascribed perceptual (hyletic)
         content. Thus, insofar as the epistemic arrow of time is only noetically constituted
         by our intervention, the phenomenological arrow of time contains a double-intentional
         construction. This lends it a sense of being real, namely, as empirically and phenomenally
         observed data. But such realness in regards to the hyletic content of the phenomenological
         arrow of time is only apparent. Viewed through such a Husserlian perspective, the
         two levels of intervention (epistemological and phenomenological) differ not only
         in degree but also in intentional constitution, and hence significance.
      

      
      As I have argued before in chapter 2, the problems rising from attempts to reduce
         thermodynamics’ arrow of time to statistical mechanics are not simply based on a discrepancy
         between a theory that posits time asymmetry and another that is time-symmetric. In
         addition, nor could such problems be resolved by conceptually re-describing irreversibility
         in relation to interpreting time’s arrow as either nomological or de-facto time-asymmetry
         and by assuming that a reduction is possible as long as we discern different levels
         of description. We cannot just hope that the distinction between practical and numerical
         irreversibility will obliterate the problem of phenomenal criteria. Even if we do
         not hold a phenomenalistic approach to irreversibility—as based on direct observation—we
         cannot conceptually explain its phenomenological implications by either equating or
         distinguishing between irreversibility (in terms of processes) and anisotropy (in
         terms of time). This indeterminacy, in Husserl’s terms, means that using only the
         two “objective levels” of apperceptual direction and perceptual unidirectionality,
         we cannot account for time’s flow or objective time. Husserl posits that in addition
         we must consider the third objective level: the flow of absolute-time-consciousness.[138]   
      

      
       From the phenomenological standpoint, irreversibility is only determined by what
         Husserl regards as a principle of probability in our basic “inferences.”[139]    The phenomenological indeterminacy which Husserl suggests in his “genetic” account
         is applicable to the concept of irreversibility. As Uffink points out, the latter
         concept requires definition. The contention that only through a conceptual redescription
         of irreversibility can we provide a satisfactory explanation of entropy prompted great
         interest in attempts to explain (and formulate) time-asymmetry without relying on
         the conceptual vagueness of irreversibility and its unresolved interpretative relation
         to entropy.[140]    
      

      
      (4) A thermodynamical system, through Boltzmann’s statistical mechanical ergodic interpretation,
         involves a large number of particles posited not phenomenally but probabilistically.
         Thus, the system’s macrostate can be described by microstates (see chapter 2).
      

      
      Two types of probability are involved in such reductive redescription of entropy in
         terms of the macrostate comprised by microstates: (a) a probability-assertion in relation
         to the macrostate, and (b) a probabilistic calculation (or computation) of the microstates.
         These two types can be re-described in Husserl’s terms as follows:
      

      
      (a) Noetic ideality: A syncategormatic object that involves a theoretical explanation
         of what Husserl calls “eidetic description” or an analysis of the formal aspects of
         a transcendent object’
      

      
      (b) Ideal noema: A categormatic object such as a mathematical number, equation etc.,
         which involves pure logical laws. Through a phenomenological analysis, ideal noema
         (e.g., a mathematical object) may be the object of noetic ideality (of transcendental
         reduction) but not the other way around. Moreover, ideal noema (b) an object undergoing
         an explication as an eidetic description does not subordinate its logical laws but
         only a syntactical (syncategormatic) aspect of their logic.[141]    
      

      
      (5) The distinction between the twofold intervention (epistemological and phenomenological)
         involved in thermodynamics on the one hand, and the differentiation between two types
         of probabilities (subjective and objective) on the other, does not remove the claim
         that empirically macroscopic phenomena (including the universe itself) manifest an
         anisotropic tendency.[142]   
      

      
       The significance of Sklar’s contention concerns not only the issue of reductionism,
         but also calls into question the criteria of phenomenal equivalence, or substitutivity.
         In other words, the term irreversibility processes (IP) can generally apply to variants
         that do not share the same phenomenal criteria for determining the occurrence of anisotropy,
         or even irrecoverable change. Husserl, following Brentano, develops the concept of
         “perceptual boundaries” in relation to “temporal objects” and which is relevant here.
         For example, as an object can undergo a chromatic change (e.g., an apple), so a “temporal
         object” (e.g., a musical tune) changes its impressional input. However, according
         to Husserl, the adumbration of such impressional input (e.g., changing notes in a
         musical tune) constitutes a series of temporal objects within the overall macro-object
         (e.g., the tune as one musical composition). Thus, two issues are involved in such
         a case. Insofar as the temporal object (as a set), like a musical tune, is comprised
         of adumbrated “temporal objects” (sub-sets), these subsets do not follow discretely
         one after the other. Instead they fade-in and out, or to use Husserl’s terms: each
         subset (musical note) retentionally “runs-off” into a preceding subset, or protentionally
         “slips-into” a forthcoming subset. As such, Husserl construes the cognitive manifestation
         of perceptual adumbration as an overlapping or interfering boundaries-transition,
         by which the temporal object is constituted as changing.[143]    
      

      
       Following Husserl’s analysis, the ability to discern temporal change (boundaries-transition)
         is contingent on an intentional act (noetic direction) which directs our attention
         to “what ever” is to be discerned. Thus, phenomenal criteria for irreversibility may
         very well change, depending on our (noetic) frame of reference, or how we identify
         the process itself. Taken a step farther, the same process can yield two different
         descriptions of irreversibility based on two distinct phenomenal criteria. A trivial
         but effective example is the case of videotape that can be played forwards or backwards.
         On the one hand, by one phenomenal criterion the video can be conceived as isotropic
         in that the same cinematic sequence is reversible and recoverable. On the other hand,
         by another phenomenal criterion—determined by similitude to the filmed processes—there
         will be only one correct (forward) way to perceive the video.
      

      
       Another phenomenological concern involves the relation between the set (the macro-“temporal
         object”) and its subsets (the adumbration of a series of “temporal objects” within).
         There is no reason to reject the possibility that within a given macroscopic process
         there will be subsets of microscopic processes, which may manifest either isotropic
         or anisotropic direction. A subset within a musical composition can be nothing but
         a frequency of sound waves, which is repeated without change.[144]   
      

      
       Husserl addresses this issue by arguing that

      
      
         if we direct our regard to the tone-perceiving in the actually present now, we find
            a continuity of temporal adumbrations of the tone terminating in a border-phase that
            does not merely adumbrate the now of the tone but apprehends it absolutely, itself.
            And if the actually present now-point then moves forward, a new tone-now is apprehended
            absolutely; and what was just given in this way is represented by an adumbration.
            But the whole continuity of earlier adumbrations is in turn subjected once again to
            adumbrations. The total real content belonging to the now of the perception along
            with all of the adumbrations really contained in it “sinks into the past”; and thus
            each phase, each adumbration, is adumbrated anew, and so on.[145]   
         

         
      

      (6) Uffink’s argument follows:

      
      
         We call a theory or law time-symmetric if the class of processes that it allows is
            time-symmetric. This does not mean that all allowed processes have a palindronic form
            like the harmonic oscillator, but rather that a censor, charged with the task of banning
            all films containing scenes which violate the law, issues a verdict which is the same
            for either direction of playing the film.[146]   
         

         
      

      Insofar as within a theory, we tolerate phenomenal variation of processes (due to
         diverse criteria), we cannot tolerate, as Uffink’s argument goes, phenomenal variations
         in predictions (e.g., time-asymmetric processes) that “would violate the theoretical
         law.” Nonetheless, predication based on phenomenal criteria is undetermined, in the
         sense that Nelson Goodman would have it with his case for “projectiles” sorted by
         degrees of intensity or amplitude (i.e., as “strong” and “weak”). To redescribe the
         problem of time-asymmetry without relying on phenomenal criteria, I will consider
         nomological and de-facto time-asymmetry in the Husserlian perspective. I discussed
         before (chapter 2), Price’s analysis of thermodynamics and statistical mechanics in
         regards to time-asymmetry through outlining four main arguments or positions (A, B,
         C, D) for interpreting time-asymmetry.[147]   
      

      
      Price distinguishes between “position A” and “position B” in the following way. Position
         A posits that an asymmetric boundary condition is the sole time-asymmetry source of
         observed asymmetry in thermodynamical phenomena, and thus assumes only one time-asymmetry
         (de-facto). Position B displays a commitment to a second time-asymmetry, which is
         a law-like generalization (nomological), and thus assumes two time-asymmetries (de-facto
         and nomological). In addition, there are two other positions (C and D), which Price
         outlines. Position C implicates external interventionist assertions and position D
         is an internal approach to asymmetric dynamics. Price argues: “On the one hand, the
         interventionist’s external influences comprise an identifiable cause, without which
         (according to the interventionist) entropy would not necessarily increase. On the
         other, it turns out to be crucial that these external influences are suitably random,
         uncorrelated with the internal motions of the systems on which they exert an influence.”
         According to Price, interventionism (“Position C”) is entangled with causal and probabilistic
         assertions: an external causal intervention and an internal random interaction (or
         intervention?). Price objects to such causal-probabilistic (or external-internal)
         conflation, which, in Husserl’s terms is explained through the distinction between
         “natural laws” and “ideal laws” (Logical Investigations).[148]   
      

      
      Insofar as natural laws explain phenomena extensionally, ideal laws intentionally
         refer to phenomena and such intentional referencing is based on generalization posited
         from “pure logical” inferences (e.g., probabilistic). Thus, for Husserl causal assertions
         about phenomena are always embedded in hypothetical validity and hence in empirical
         judgments. The validity of ideal laws is absolute and based on the formal condition
         of knowledge (as mentioned before, “evidence” in relation to “intuition”).[149]    
      

      
       Husserl contends: 

      
      
         Logical laws have first been confused with the judgments, in the sense of acts of
            judgment, in which we may know them: the laws, as “contents of judgment” have been
            confused with the judgments themselves. The latter are real events, having causes
            and effects. . . . If, however, the law is confused with the judgment or knowledge
            of the law, the ideal and the real, the law appears as a governing power in our train
            of thought. With understandable ease a second confusion is added to the first: we
            confuse a law as a term in causation with a law as the rule of causation.[150]   
         

         
      

      As such, Husserl’s distinctions between material and formal content of judgments (and
         of the intentional object (noema) and act (noesis)) are crucial for separating causal
         explanations from causal laws. This precisely amounts to Price’s critique that “position
         C” (interventionism) conflates external and internal causal explanations. Accordingly,
         an external-causal explanation that would “seek a dynamical factor responsible for
         the general tendency of entropy to increase” is formal and law-like. An internal-causal
         explanation (initial randomness) has the material content of causal judgments. Insofar
         as position A stipulates only a de-facto time-asymmetry related to boundary condition—unrelated
         to either internal initial condition or any dynamic factor—it can be redescribed in
         Husserl’s terms as two opposing suppositions. The first supposition suggests, through
         the boundary condition explanation, that perturbations in the early state of the universe
         which are (and were) time-symmetric resulted in “numerical imbalance.” Such imbalance
         can be described in terms of the level of entropy and is responsible for the de-facto
         time-asymmetry. The second supposition is that for the de-facto time-asymmetry and
         “observed asymmetry of thermodynamic phenomenon” there is no explanatory relation.[151]   
      

      
       Thus, the difference between a de-facto and nomological time-asymmetry should not
         be construed as that between a causal and necessary explanation, since we must distinguish,
         as Husserl reminds us, between the causal content and causal law. In respect to de-facto
         and nomological explanations, which consist of causal content only, both follow an
         internal distinction between “natural laws” and “logical laws” in Husserl’s sense.
         In the case of position A (Price’s position) the boundary condition fulfills a logical
         solution (or a necessary condition) for a causal problem (of numerical imbalance and
         why the past and not the future decreases in entropy). In contrast, “observed asymmetry
         of thermodynamic phenomena” or anisotropic processes should be causally and, hence,
         phenomenally explained as a “natural law.” On the other hand, in the case of position
         B—a nomological time-asymmetry is construed as a necessary condition (“logical law”)
         for a de-facto time-asymmetry. It is thus a localized (“natural law”) empirical, causal
         manifestation of the nomological, law-like, universal symmetry.
      

      
       In conclusion, we might suggest the following: Position A would assume a de-facto
         time-asymmetry to a boundary condition. Since we do not extensionally perceive our
         assertion regarding boundary condition, it must be extrapolated from “logical laws,”
         or what constitutes the noetic content of their logical form. Position B would take
         the phenomenal primacy of observed time-asymmetric processes to be greater than that
         of time-asymmetry. As such, since a de-facto time-asymmetry consists of hyletic (raw)
         content, noetic descriptions would constitute the intentional object as equated with
         anisotropic processes. Hence, the second, nomological time-asymmetry is extrapolated
         from a phenomenal substratum (hyletic descriptive content). And finally, Position
         C conflates phenomenological and phenomenal approaches, or in other words, displaces
         the phenomenological reduction of de-facto time-asymmetry to initial condition or
         dynamic factor explanations.
      

      
      Phenomenological Implications in Assessing the Relation between Physical Time-Asymmetry
         and Intuitive Asymmetry of Time
      

      
       What is the precise significance of the notion of intuition when it is assumed in
         discussions concerning the relation between the experience, or perception of time-order
         (past, present, future, before, and after—the “A” and “B” series) and physical time-order
         (as constituted by physical laws)?
      

      
       Sklar had argued that “if we try to split the time of physics from the time of perception
         in a radical way we will lose entirely our grip on the possibility of a theoretically
         realist account of the world.” However, attempting to avoid a slide into instrumentalism
         cannot be avoided by simply providing entropy-relations as law-like or the equivalent
         of a physical law that corresponds to our perceptual time-order. Sklar invokes Boltzmann’s
         comparative analogy between spatial and temporal relations, in the following way:
         “It is this comparison case that provides Boltzmann with his famous claims to the
         effect that in regions of the universe in which entropic increase is in opposite time
         directions, if such regions exist, it will be the case that the future directions
         of time will be opposite directions of time.” Furthermore, Boltzmann claims that “just
         as there is no downward direction in regions of space where there is no net gravitational
         force, there will be no past and no future direction of time in regions of the universe,
         if there are any, that are at equilibrium and that consequently show no parallel,
         statistical entropy increase of isolated systems.”[152]    
      

      
       In Gas Theory, Boltzmann argues that time’s direction is indistinguishable and in as much as “down”
         and “up” are relational constructs of space so are temporal designation of “past,”
         “present,” and “future” are to time without assuming a unidirectional change to the
         universe as a whole, but rather to particular regions.[153]   
      

      
      Nonetheless, Sklar recognizes that it would simply be too naive to stretch the spatial
         analogy of up and down vis à vis gravity for explaining our non-inferential notions
         of right and left to time, in terms of entropy. In other words, we should not assume
         that entropy could explain (like gravity in the spatial case) our intuition of time—order.
         Sklar’s double recognition, that we cannot follow instrumentalism and yet the physical-experiential
         analogy of entropy cannot be sustained, raises some questions concerning notions of
         perception, or experience of time-order, and more specifically an “intuitive asymmetry
         of time.”[154]    
      

      
      There are two key assumptions underlying Sklar’s position: 

      
      
         	
            
            “There are features that we seem to want to attribute both to the realm of the immediately
               perceived and the realm of the theoretically inferred.”[155]   
            

            
         

         
         	
            “One standard way to avoid . . . [the] collapse into mere representationalism” [i.e.,
               instrumentalism] “is to argue that what the theory demands is that appropriate causal
               relations hold between the theoretical entities and their features and observable
               things and their features.”[156]   
            

            
         

         
      

      
       Thus, despite Sklar’s rather unenthusiastic admission of the difficulty in extending
         the spatial analogy to temporal-order, he presses for finding a common denominator
         or shared “features” as pointed out in (1). In addition, in proposition (2), Sklar
         underlines the important correspondence between “theoretical entities” and “observable
         things,” namely, of coordinating theoretical inferences and observation by common
         “causal relations.” However, when it comes to the issue of time-order, the assumption
         that “causal relations” can explain the relation between theory and experience is
         highly problematic. The reason for such added difficulty is that explanations of time-order
         themselves involve assertions about causal relations. For that reason, invoking causal
         explanation of a given time-order is entangled with providing a conceptual basis that
         does not assume “phenomenal criteria” for the theory or presupposes a “relational
         (causal) time theory.”[157]   
      

      
       Indeed, Mach perceptively identified the double-role of time in classical thermodynamics
         (see my discussion of his critical exchange with Boltzmann in chapter 2). Classical
         thermodynamics finds itself in this predicament by relying on time-order (experiential
         or phenomenological) as well as on assertions about time-theory (entropy). However,
         before returning to what appears an innocuous claim for “intuitive time-asymmetry”
         (1), I will further explain Sklar’s conclusions which implicate both Mach’s and Boltzmann’s
         positions. The purpose for doing so is to examine the extent to which phenomenalistic
         (and positivistic or empiric-positivistic) assertions regarding the intuitive asymmetry
         of time are at work here.
      

      
       Sklar suggests that “since the late middle part of the nineteenth century there have
         been recurrent claims to the effect that all the intuitively asymmetric features of
         temporality are ‘reducible to’ or ‘grounded in’ the asymmetry of physical systems
         in the world that is captured by the Second Law of Thermodynamics. Mach as far as
         I know, first makes the suggestion. It is taken up by Boltzmann and used by him in
         his final attempt to show the statistical mechanical reduction of thermodynamics devoid
         of paradox.” Sklar is not suggesting that Mach’s attempt bears any semblance in its
         content (theoretical explanation) to Boltzmann’s. But Sklar does suggest that both
         Mach and Boltzmann attempted an explanation of intuitive time-order that reduced it
         to physical time-order. Obviously, Mach and Boltzmann’s explanatory reductions, or
         grounding, differ.[158]    
      

      
       Boltzmann’s attempts to reduce thermodynamical description of entropy to statistical
         mechanics necessitated an explanatory reduction, or a theoretical grounding of intuition,
         whereas Mach’s motivation was to attain “phenomenological physics.” Nevertheless,
         Sklar insists that Mach and Boltzmann share a common notion of “intuition of asymmetry
         of time.” This emphasis risks overlooking Mach’s adherence to phenomenalism in contrast
         to Boltzmann’s defiance of phenomenal criteria in his reductive explanation (see chapter
         2). Mach’s grounding is based on phenomenalistic assumptions about the sensation of
         time as innately anisotropic (chapter 2). He describes entropy through an instrumentalistic
         theoretical explanation which does not violate our immediate and direct sensations.
         Thus, Mach argues that “the conception of entropy as a characteristic of state analogous
         to temperature appears at first sight strange, because of the roundabout definition
         of entropy which we have had to give by the equation dS = dQ/T. But if anyone had
         no sensation of temperature, [s]he might come into the position of defining temperature
         by T =dQ/dS, analogously to a velocity, or by dT = dp/L, analogously to entropy, where
         L =povoa/v would be dependent on the constants of the air-thermometer used.”[159]   
      

      
       The sensation of time, much like that of heat, establishes for Mach the primacy of
         intuition in its empirical—phenomenalistic form as sense perception over that of any
         theoretical inferences. As Mach contends, “the principle of energy consists in a special
         form of viewing facts, but its domain of application is not unlimited.” Accordingly,
         the sense of entropy has primarily to do with a causal-explanatory reduction to sensations
         and not the other way around: entropy explains why we have sensations of heat and
         time the way we do. But a more radical divergence between Mach’s phenomenalistic reductionism
         and Boltzmann’s twofold form concerns the concept of time itself. Thus, on the one
         hand, Boltzmann pursues a theoretical reduction (or redescription) of thermodynamics
         as statistical mechanics, and on the other hand, a hypothetical explanatory reduction
         (or grounding) of entropy. And such an explanatory grounding focuses on the reasons
         for why we do not have an increase of entropy in the past direction. Mach’s conception
         of time is based on a relational-causal time-theory in a deterministic sense, since
         sensations of time (as much as of heat) are not statistically determined in degree,
         but rather are irreducible elements. Boltzmann’s time-theory, by contrast, is based
         on a relational-causal explanation through statistical determinations; namely, causation
         is not assumed by direct raw perception (or sensations as such), but through probabilistic
         determination.[160]    
      

      
       Given such radical divergence in their respective conceptions of causation as an
         explanatory context, Mach argues that:
      

      
      
         there are special physical experiences which lie outside the scope of the theorem
            of Carnot and Clausius and from which results the difference in the behavior of heat
            and the other kinds of energy. It is also clear that a complete identity of the laws
            of the transformation of all energies into one another would not correspond to our
            picture of the world. If these laws were identical, to every transformation an inverse
            transformation would have to belong, and all physical states which once existed would
            have to be again capable of existence. Then indeed time itself would be reversible,
            or rather the idea of time would never have risen.[161]   
         

         
      

      
      What is significant in Mach’s contention is not that it overlooks Boltzmann’s probabilistic
         interpretation via statistical mechanics, but rather that it implies a fundamental
         difference in assuming the intuition of time.
      

      
       Hence, Boltzmann’s idea of physical time-asymmetry as “island(s)” in a predominantly
         time-symmetric universe does not invoke the intuition of time-asymmetry at all, but
         rather attempts to explain why we observe time-asymmetric processes. Insofar as perception
         is concerned, it may very well suggest the possibility for an “anthropic” interpretation
         but is a necessary condition for observation. Boltzmann argues that if we can consider
         the universe as comprised mechanically of a huge number of atoms, which originated
         from a relatively organized and simple initial conditions to a highly complex system,
         than we would have to reject the phenomenological interpretation of thermodynamics
         as based on observation.[162]  
      

      
      Thus, Boltzmann’s distinction between the interpretation of statistical mechanics,
         with its relation to observed facts and phenomenological thermodynamics with its implicit
         reliance on sensations, is based on a preference for a given scientific methodology
         and a philosophical standpoint that differentiates time-asymmetric processes as based
         on observation (observed facts). It is theoretically posited in contrast with time-asymmetric
         processes as perceptually experienced and as indivisible (in Mach’s atomic and elemental
         sense). Hence it rules out explaining macrostates in terms of microstates, which are
         ostensively unobservable through direct perception.[163]   
      

      
       Let us return to Sklar’s presupposition regarding the notion of intuition as implicit
         in understanding our intuitive asymmetry of time. It raises two issues. The first
         issue is that time—intuition must be non-inferential knowledge (immediately given)
         and the second is that time-intuition is causally grounded (epistemic). Sklar restrains
         the first point in order not to follow Mackie’s (and others) assertions on the primacy
         of time-perception in constituting time-order. Thus, Sklar argues that: “The idea
         is that we have direct epistemic access to the relation of temporal succession, and
         that consequently, any reductive account of the nature of the relation must be ruled
         out.” Furthermore, the “entropic theorist” does not make claims based on phenomenalistic
         and behavioristic reduction of the theory to “material objects” or “mental states.”
         Nonetheless, to retain the non-inferential basis of time-intuition, Sklar follows
         the example of the “intuitive distinction between right-handed and left-handed objects.”
         As a result, Sklar’s proposition asserts the epistemological-cognitive differentiation
         between right and left as innate and non-aquisitional knowledge. This assertion can
         be contested.[164]    
      

      
       Thus, the desired explanatory analogy between up and down (in terms of gravity) and
         right and left (in terms of non-inferential perception) should be contested. But a
         more question-begging issue is Sklar’s presupposition that time-intuition, such as
         our memories of past events, our inability to affect the past, and so forth, is causally
         grounded. In assuming that causal determinations of past events define our “intuition
         of time,” Sklar follows the positivistic strain of philosophers such as Reichenbach
         and Horwich whom conflate epistemological and phenomenological, or cognitive factors
         in relation to the so-called intuition of time. Causal determinations are to be taken
         seriously as far as our knowledge of time is concerned. However, epistemic asymmetry
         (that we know more about the past than the future, that we do not have memories of
         the future, etc.) is only one facet of our intuition of time. One may possibly have
         a false conception of past future order, or have a delusional reversed time-order
         and still have “time-intuition.”[165]    
      

      
       Thus, phenomenologically speaking, time-intuition is not experienced directly through
         linguistic (epistemic) and perceptual (sensory) predications, but instead by being
         intentionally constituted, and through what Husserl, in his post-Augustinian sense,
         calls the “double-intentionality of time consciousness” (see below). The notion that
         our time-intuition simply amounts to our epistemic manifestations vis à vis language
         falls short of encompassing “time-consciousness” in Husserlian terms. Nonetheless,
         rather than rejecting Sklar’s desideratum for a correlative explanation of physical
         time-order and intuitive time-order, I contest the assumption that we can merely construe
         time-intuition either by the immediately givens (perception) or by causal explanation
         (language). The distinction between epistemology and phenomenology in relation to
         aspects of time-intuition is critical to our ability to understand Boltzmann’s position,
         which includes phenomenal, epistemological, and phenomenological aspects.[166]    
      

      
       If we return to the context of thermodynamics and statistical mechanics, remember
         that epistemological implications entail the (im)probability of observation of time-(a)symmetric
         processes. These implications concern Boltzmann’s move beyond the scope of his H-Theorem
         in response to Loschmidt’s and Zermelo’s paradoxes. Phenomenal implications involve
         perception and its relation to issues of (in)divisibility. These implications stem
         from statistical mechanics as connected to discrete perception (indivisible) in relation
         to the physical continuum and Boltzmann’s rejection of anti-atomists and energists
         alike (Mach, Ostwald). Phenomenological implications involve the constitutive role
         of intentionality. Such intentional implications can be identified in Boltzmann’s
         weak interventionism or invocation of a weak anthropic principle. Although epistemological
         and phenomenal implications do not constrain (if properly construed) time-asymmetric
         processes to the intuition of time-asymmetry, phenomenological implications do suggest
         such correspondence. I will examine such possible correspondence in chapter 4.[167]   
      

      
      Phenomenological Explication of Boltzmann’s “Weak Interventionism”

      
      In this section I will elaborate mostly on Sklar and Price’s contentions in relation
         to Boltzmann’s interventionism. My basic argument here is that Boltzmann’s weak interventionism
         and/or weak anthropic principle can be explained by epistemological and phenomenological
         implications stemming from Boltzmann’s concept of time-asymmetry as long as we construe
         such implications non-teleologically. In other words, a teleological principle would
         bind together observation and perception and violate Boltzmann’s conception. A teleological
         principle thus would entail that observation in respect to the physical theory, and
         perception in an intuitive-cognitive sense, are not two discrete descriptive levels
         but rather stem from the same ontological or metaphysical condition. Thus, on the
         one hand, a teleological re-description would turn Boltzmann’s “weak interventionism”
         as a hypothetical-explanatory context into a pre-requisite for the theory itself—a
         metaphysical supposition.[168]   
      

      
       On the other hand, approaching Boltzmann’s position without supposing it to be teleological
         would call into question the cognitive basis for understanding perception and observation,
         a question that will be discussed in chapter 4. Moreover, it would challenge the very
         notion of the intuition of time-asymmetry as Boltzmann construes it in relation to
         physical time-asymmetries, that is, as only one “region” within a vast universe. In
         Gas Theory, Boltzmann argues that the observability of certain states within “individual worlds”
         may be excluded since the physical conditions are extremely rare as based on very
         low numerical probability.[169] 
      

      
       Boltzmann then posits a correlation between probability and observation which removes
         observation from its direct and immediate relation to perception. And furthermore,
         Boltzmann postulates in regards to perception or time-intuition that “in the entire
         universe, the aggregate of all individual worlds, there will however in fact occur
         processes going in the opposite direction. But the beings who observe such processes
         will simply reckon time as proceeding from the less probable to the more probable
         states, and it will never be discovered whether they reckon time differently from
         us, since they are separated from us by eons of time and spatial distances 10 by power10
         by power10 times the distance of Sirius-and moreover their language has no relation
         to ours.” Such a contention is at the core of Boltzmann’s acausal time-theory (as
         Price justly argues) and introduces the hypothetical notion of time’s direction as
         perceptually undetermined unless examined in a comparative way. In other words, we
         must overcome the barriers of time, space, and culture and study the perception of
         time in two probabilistically contrary “regions” (worlds) within the universe. Boltzmann’s
         relativism and indeterminism in regard to perception is hence differentiated from
         the probabilistic explanation for the observable state of affairs of physical time-asymmetry.
         Such differentiation makes his weak interventionism and/or weak anthropicism a hypothetical
         (explanatory) proposition, rather than a teleological supposition.[170]   
      

      
       Boltzmann’s hypothesis explains why we happen to live in a less probable—non-equilibrium—region
         with time-asymmetric processes and not within the more probable and ubiquitous equilibrium-regions
         of the universe. Boltzmann’s explanation “involves a “selection by the observer argument”
         which “is now often called, unfortunately, an application of the ‘weak anthropic principle.’”[171]    Sklar’s dislike of identifying Boltzmann’s explanatory hypothesis with a weak
         “anthropic principle” rests on the fact that the probabilistic explanation is the
         causal basis for Boltzmann’s hypothesis and a teleological cause of some sort of “intervention”
         is an underlying cause.[172]    Thus, Sklar argues that “the statistical-causal explanation of the regions of
         non-equilibrium existing, and, hence for the possibility of observers like us existing,
         is the distinction over initial conditions of the sort proposed in standard equilibrium
         statistical mechanics combined with the vastness of the system that leads to high
         probability for regions of great size to obtain entropies far below maximal values
         for extended periods of time.” What constitutes a “statistical-causal explanation,”
         in contrast to Boltzmann’s hypothesis concerning the selective role of the observer
         is the identification of initial condition in equilibrium systems. However, such a
         “statistical-causal explanation” invokes interventionism that varies in degrees of
         assumption regarding the selective role of observation.[173]   
      

      
       Price, as I noted before, proposes an explanatory hypothesis based on boundary condition,
         which would imply only one de-facto time-asymmetry. By so assuming the centrality
         of initial condition as a statistical-causal explanation, we would be implicated in
         either “external” or “internal” interventionism. On the one hand, standard equilibrium
         systems imply external interventionism. On the other hand, non-equilibrium systems
         imply internal interventionism based on initial randomness as the only source of the
         second, nomological, time-asymmetry. Thus, we may propose the distinction between
         an anthropic principle and interventionism as follows: Insofar as the anthropic principle
         would not vary in degree but only in kind of teleological assumptions, interventionism
         would vary in degree by implying either an internal and strong, or external and weak
         interventionism. Given that Boltzmann’s H-Theorem would imply an internal interventionism
         and his later hypothesis an external interventionism, to what extent can any supposition
         concerning the “intuition of time-asymmetry” be tied to either?[174]   
      

      
       To the weak-external case, we may attribute two arguments, both of which are raised
         by Sklar. The first involves sentience and the second concerns unidirectional observation.
         In relation to the first argument, Sklar proposes that[175]   
      

      
      
         we happen to be sentient creatures in a fluctuational region that is of a kind less
            common than many fluctuational regions able to sustain sentience but of higher entropy
            and smaller extent than our region has. But our region is of a kind that is more common
            than other even more extended and lower entropy fluctuational regions. Our actual
            existence has by this argument been placed in a statistical pattern that is compatible
            with the alleged actual probabilities of situations in the world.[176]   
         

         
      

       Thus, the congruence between an evolutionary statistical state and a cosmological
         statistical distribution of regions allows sentience. But what does sentience entail?
         Do “sentient beings,” as Sklar contends, discern direction or the outcome of unidirectionality?
         Insofar as we take “sentience” as the ability to sense and perceive, then, as Boltzmann’s
         posited, the answer would be negative, since “perception” itself does not take part
         in determining direction, but rather “observation” based on probability. Therefore,
         for grounding the intuition of time-asymmetry vis à vis the determination of direction,
         or unidirectionality and as related to comparative perceptions between two “individuals
         worlds” which move in opposite directions, we would have to assume cognizance and
         not only sentience.[177]    Cognizance, unlike sentience, would stipulate a cognitive evolutionary necessity
         prior to cosmological or physical laws. It would thus lead to an anthropic assertion:
         a teleological principle which belies the constitutive laws of physics.
      

      
       To the second argument, which concerns unidirectional observation, Sklar contends
         that Boltzmann says “that our very notion . . . [that] direction of time is the future
         direction is grounded in entropic phenomena.” Such an argument does not explain the
         intuitive basis of time’s unidirectionality but merely why we happen to perceive time-asymmetric
         phenomena in an observable world, which is statistically determined. Thus, the phenomenological,
         cognitive component needed for explaining the intuitive basis of time is lacking when
         we resort to epistemological implications stemming from probability. Sklar, as I have
         pointed out, acknowledges the difficulty in pressing Boltzmann’s proposal that right
         and left in relation to gravity (up and down) is analogous to past and future in relation
         to entropy. However, if the two arguments for cognizance and sentience are combined
         together, then Boltzmann’s anthropic argument, as Sklar contends, can plausibly explain
         the grounding of temporal anisotropy in entropy. It thus provides an answer, “Why
         is it that in the universe as we find it, with its radical variance in entropy from
         one end to the other, we find the high-entropy end in the future?”[178]    
      

      
       Sklar objects to a phenomenalistic interpretation of entropy in connection with intuitive
         asymmetries of time arguing that, “the phenomenalist argues that all assertions about
         material things reduce to assertions about the immediate contents of awareness. But
         such an account of reduction will not do to convince us that the phenomenon of temporal
         asymmetry reduce entropic phenomena.” However, Sklar does return, though inconclusively,
         to the possibility for a non-inferential grasp of past-future relations through reformulating
         entropy. Accordingly, Sklar explores “the question of whether our intuitive notion
         of the asymmetry of time can itself be founded upon the entropic asymmetry” and more
         specifically “whether an explanatory account of the origin of all of our intuitive
         temporally asymmetric concepts can be found in the facts about the asymmetry of entropic
         increase is a real one. It is that question that must be answered in order to judge
         the correctness of the final Boltzmann thesis. I have argued that although that final
         thesis is intelligible and far from rejectable as absurd on its face, it is also far
         from being established.”[179]    
      

      
       Using the causal-statistical explanation for grounding our intuition of time-asymmetry
         in entropy raises two separate questions:
      

      
      
         
            
            	
               What do we mean by grounding? Sklar himself acknowledges that grounding does not imply
                  a reductive account but rather a plausible causal explanation.[180]   
               

               
            

            
            	
               How can the non-inferential assertions regarding time-order (i.e., past-future time
                  direction) be supported without imposing causal asymmetry on entropy?
               

               
            

            
         

         
      

       These two questions are related and underlined by the issue of causation. One apparent
         difficulty in relying on a causal explanation for the “intuition of time-asymmetry”
         or “time-consciousness” (in Husserl’s terms), is that causation cannot explain why
         in our example the mechanical aspect of projection cannot be induced from the film
         itself. In other words, the film apparatus as the underlying mechanism cannot be induced
         from the content appearing (i.e., filmed) in the film. Furthermore, Sklar argues that
         “defenders of the entropic thesis sometimes begin with proposal that one consider
         watching a film of a physical process. How can one tell if the film is being run in
         the proper direction—that is, with earlier projected images being the images of either
         earlier events—and not in the improper, reversed direction that is, with the initial
         images being of the final events? . . . But if there are entropic features of the
         processes involved, then one can easily tell if the film is being run in the proper
         direction. The film of a diver being projected out of the water and onto the diving
         board by the spontaneous confluence of small dispersed agitations of the water in
         the pool is one of those processes declared so improbable as to be ruled out of court
         by the usual Second Law considerations.”[181]   
      

      
      However, Sklar’s conclusion that the diver’s “being projected out of the water and
         onto the diving board” indicates the film’s direction based on the improbability of
         such a process conflicts with the implicit phenomenal assumption that “such and such”
         is empirically unobserved. Thus, our phenomenal criteria (as I discussed in chapter
         2) have nothing to do here with a causal explanation. For example, one can film a
         movie by constructing its events in reverse and then through editing reverse its direction
         again so that the film conveys a future direction without affecting the projecting
         apparatus itself. Such a contention can be stated in terms of the relation and difference
         between explaining time-direction and a causal-probabilistic explanation. Time-direction
         can be either backward or forward, but causal explanation can be probabilistically
         determined in terms of retrodiction or prediction. Furthermore, insofar as causation
         involves time-direction as an outcome of at least an epistemological asymmetry, than,
         backward would imply retrodiction and forward would imply prediction. But as we can
         attest from the experience in which a played-back film is projected, our ability to
         discern its reversal unfolding is not based on predication, but rather retrodiction.
         This holds at least in the weak sense of retrodiction as relying on a judgment based
         on previous perception, or what Husserl would call the adumbrated continuum of retention.[182]   
      

      
       From such a phenomenological vantage point we need no phenomenal criteria since the
         adumbrative continuum itself consists of a “context” or a frame of reference for perception.
         Retention is the equivalent of the retrodiction and protention of prediction. Thus,
         the longer the retentional continuum, the more we can describe, or guess, a future
         protention. By contrast, the “running-off mode of phenomena,” or fading of past retentions
         in favor of novel ones, accounts for an apperceptual asymmetry between retentions
         and protentions in two respects. While the number or quantity of retentions is bigger
         than that of the protentive, yet-to-come primal impression, implies an epistemological
         quantitative asymmetry (that we know/remember more retentions than protentions). Another
         epistemological asymmetry is qualitatively in favor of protention, since the time-interval
         between a primal impression and a coming protention is shorter than that of a primal
         impression with respect to the last impression, now retention. In other words, our
         sense of the next-primal impression is sharper since it is submerged into a now-primal
         impression, which has a shorter “boundary-transition” temporal span.[183]   
      

      
       An acausal explanation, in Husserl’s terms, of the film’s reversal problem would
         describe the epistemological notion of retrodiction by the phenomenological notion
         of protention. It would account for a perceptual unidirectionality in terms of internal-time-consciousness,
         but would not be irreversible in terms of the time-intuition. However, an acausal
         theory of time-consciousness does not presume congruence in predicating linguistic
         time-order and phenomenal time-order. It faces the difficulty of explaining the primal
         impression of temporal objects in reference to the linguistic predication before and
         after, as rooted in our non-referential intuition of time-asymmetry. As I have mentioned
         in chapter 3, Husserl attempts to solve such a problem by distinguishing between primal
         impression and now. He stresses the interdependence between consciousness and time:
         the double-intentionality of time-consciousness. Therefore, the adumbrative continuum
         of “primal impressions,” “retentions,” and “protentions” is not analogous to the “past-now,”
         “present-now,” and “future now” (the “A-series”), but rather to a linguistic predication
         of “later” and “before” (the “B-series” with its chronometric or notational dates)
         in relation to the perceptual content of “recollection” and “anticipation.” What determines
         the time-order of primal impressions is not the now as a specious present (the A-series
         with its “past-nows,” “present-nows,” and “future nows”), but rather its relation
         to the hyletic content of “perceptions,” “recollections,” and “anticipations” as actively
         constituted and not passively intuited. The idea that the cognitive constitution of
         time-order is a dynamic process which involves double-intentionality of consciousness
         thus fundamentally differs from the idea of intuition as an access to passive percepts
         stored in a “buffer.”[184]   
      

      
       The notion of intuitive time-asymmetries is based on a misconception of now (the
         specious present) as a perceptually or cognitively irreducible category. It is not
         an abstraction from the continuum of adumbration, which in Husserl’s terms, retains
         a persistent change and continuity. Therefore, a substitution of “time-intuition”
         for “time-consciousness” is important in acknowledging the active or dynamic character
         of our cognitive time-order, which is not merely intuited but rather constituted through
         an on-going process (persistent change) of temporal acts and objects in our consciousness.
         If so, Sklar’s interpretation of Boltzmann’s hypothesis, with the up and down analogy
         to past and future, should assert non-referentaility in relation to consciousness,
         not intuition. This correct assertion would have to involve an anthropic component
         (cognizance) and hence override Boltzmann’s (and Sklar’s) distaste for teleological
         suppositions.
      

      
       Nonetheless, Sklar’s interpretation is not the only way of construing Boltzmann’s
         hypothesis. Price, for example, argues that Boltzmann’s “ingenious suggestion explains
         the apparent asymmetry of thermodynamics in terms of a cosmological hypothesis which
         is symmetric on the larger scale. Moreover, it clearly embodies the idea that the
         direction of time is not an objective matter, by an appearance, a product of our own
         orientation in time. In both respects Boltzmann’s suggestion is a great advance not
         only on previous work, but also on that of most of his successors.” As such, Price
         finds Boltzmann’s cosmological hypothesis a support for the position that holds only
         the boundary condition as the source of de-facto asymmetric processes within a larger
         symmetric universe.[185]    
      

      
       Insofar as the intuition of time-asymmetry should be redescribed in terms of time-consciousness
         to properly understand the cognitive constitution of time-order, it cannot be simply
         related to physical time-asymmetry without implying interventionism. Moreover, Price’s
         interpretation of Boltzmann’s hypothesis differs from Sklar’s in conceiving the probabilistic
         explanation. His version involves not only quantitative implications in terms of the
         law of probability for finding an asymmetric world like ours in a vastly symmetric
         universe, but also qualitative terms: the argument that we should have been able to
         see some evidence of universes like our own. Price argues that the anthropic approach
         or principle as extrapolated from Boltzmann’s hypothesis assumes that “the reason
         that the universe looks so unusual to us is simply that we can only exist in very
         unusual bits of it. We depend on the entropy gradient, and could not have evolved
         or survive in a region in thermodynamic equilibrium. Perhaps this explains why we
         find ourselves in a region of the universe exhibiting such a gradient.”[186]   
      

      
      However, Price’s objection to such an approach follows the argument that “it is no
         use relying on other merely possible worlds, since that would leave us without an
         explanation for why ours turned out to be the actual world. (If it hadn’t turned out
         this way, we wouldn’t have been around to think about it, but this doesn’t explain
         why it did turn out this way). So the anthropic solution is exceedingly costly in
         ontological terms—that is, in terms of what it requires that there be in the world.
         In effect, it requires that there be vastly more ‘out there’ than we are ordinarily
         aware of—even long-range astronomers!” Price’s remark that according “to Penrose’s
         estimate, only 1 in 1,010,123 of the universe will have the right sort of big bang”
         alludes to the qualitative implications of Boltzmann’s hypothesis: that the chances
         of finding sentience or cognizance are so improbable as to render the anthropic assumption
         impossible.[187]    
      

      
       Analyses of interventionism in terms of environmental context or human interaction
         that suggest more than the trivial interventionist claim about the “idealization”
         of any system still provide no satisfactory explanation as to what would qualify the
         intuition of time-asymmetry—or time-consciousness—in terms of entropy within the framework
         of statistical, mechanical redescriptions or other constitutive attempts. Philosophical
         arguments in favor of interventionism (as both Price and Albert suggest), inevitably
         introduce epistemological and phenomenological aspects to the reduction of thermodynamical
         descriptions of time-asymmetric processes. Then local contexts (individual systems)
         merge into a larger constitutive theoretical framework, an undesirable outcome.[188]   
      

      
      In that respect, attempts to explain intuitive-time-asymmetry as causally and non-inferentially
         connected with a possible redescription of entropy remain inconclusive. Sklar contends
         that weak external interventionism, involving randomization of “the evolution of the
         ensemble,” is problematic: “even where it is true that the system is continuously
         randomized, it is not clear that the reference to the irreducible interaction with
         the outside world can really handle the problem of explaining temporal asymmetry.”
         One of the issues that needs further analysis is whether Boltzmann’s “weak interventionism”
         relates only to observation in respect to probabilistic determination and hence only
         epistemologically. Or does it also assume the phenomenal conditions of perception
         through an anthropic supposition? These issues involving the phenomenological relations
         between observation and perception will be addressed in the next chapter.[189]   
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      Chapter 4

      The “Opening-The-Drawer Experiment” (Schubladenexperiment)

      
         
         
         Boltzmann’s Phenomenological Dimension

         
      

      
      A less acknowledged aspect of Boltzmann’s work is related to his pre-occupation with
         phenomenological issues, mostly as the result of his contact and exchange with Franz
         Brentano. His ongoing attempts to avoid the predicament of Mach’s phenomenalism on
         the one hand and instrumentalism on the other hand also shaped this aspect. In fact,
         Boltzmann shared with Brentano a keen interest in criticizing Mach’s phenomenalism
         over perception, direct and indirect sensations, observation, continuum and dis/continuity,
         space and time. My main contention here is that not only Boltzmann’s interventionism
         but also his conception of time are implicated in phenomenological issues central
         to his exchange with Brentano and his philosophical notes at a late stage in his life.[1]  
      

      
       As I have discussed earlier, Sklar’s critical attempt at providing an account of
         “intuitive time-asymmetry” based on Boltzmann’s hypothesis remains inconclusive. I
         have also stressed the distinction between perception and observation pertinent to
         Boltzmann’s position regarding time-asymmetric processes. I argue that analyses of
         Boltzmann’s position expressed in epistemological and/or phenomenal terms do not fully
         explain his conception of time. However, I have left the “phenomenological dimension”
         (to use Hintikka’s expression) of Boltzmann’s position unexplored. Now I will introduce
         and discuss the specific context of Boltzmann’s interest in such issues and whether
         they shed light on Boltzmann’s weak interventionism and concept of time-asymmetry
         in particular. In this chapter, I will first introduce the so-called “Opening-the-Drawer
         Experiment” (Schubladenexperiment), and then discuss key issues that emerge from the
         topic, involving perception and observation in relation to a phenomenological analysis
         of cognition. Last, I will explain the issues from an extended Husserlian perspective
         to re-examine Boltzmann’s interventionism and concept of time and irreversibility.[2]  
      

      
      A Phenomenological Interpretation

      
      In a letter by Boltzmann to Brentano after visiting him in Florence he questions the
         prospect of success of the “drawer-pulling-experiment” (Schubladenexperiment) as connected
         to the probability of the theory and the experimental results. “I believe that I am
         still justified in doubting,” writes Boltzmann, “whether the theory that this is not
         only the best . . . nor am I ignoring the question whether the collapse of the Campanile
         [in Venice] constituted an exception, or is compatible [with your interpretation of
         the experimental results of the drawer-pulling experiment].”[3]   
      

      
      This mention of the Schubladenexperiment (in a letter to Brentano) is among a handful
         of references—mostly in notes—made by Boltzmann. In order to reconstruct and describe
         the Schubladenexperiment I will discuss three main sources. Suffice it to mention
         that, unlike Blackmore’s account, Albertazzi’s and Cattaruzza’s analyses follow a
         renewed interest in the cognitive-empirical roots of Brentano’s and Husserl’s phenomenologies,
         with an emphasis on Gestalt theory, experimental psychology, and Husserlian phenomenology.
         Their interest is more in line with my analysis. Blackmore recounts that “the Opening-the-Drawer
         Experiment” is “mentioned by Ludwig Boltzmann both in his letters to Brentano and
         in his lecture notes, and he clearly placed great importance on it, but we do not
         really know what it was or what it was supposed to signify or prove. Nevertheless,
         we will assume that it was at least initially an example chosen by Brentano either
         in his lost letters to Boltzmann or during the latter’s visit to Italy to help persuade
         Boltzmann that there really was an external physical world. If we put an object in
         the drawer and close it so that we cannot see the object, then the question arises?
         Has the object really disappeared? Then we open the drawer, see the object again,
         and conclude that the object is real and probably continued to exist even when we
         could not see it. . . . But Boltzmann seems to have drawn the inference at the time
         that an experiment merely supported his pragmatic theory of truth: ‘if one doubts
         an object is in the drawer, then open it.’[4]   But one can or perhaps should maintain that he still must have been taking a realistic
         world view for granted during this demonstration of ‘pragmatic Truth.’”[5]  
      

      
      However, instead of assuming the relevance of realism as the main concern emerging
         from the Schubladenexperiment, as Blackmore does, I will examine it in relation to
         Boltzmann’s phenomenological reflections and insights and apply it to his time-conception.
         The Schubladenexperiment brings to mind “Schrödinger’s cat” or as Cattaruzza suggests:
         
      

      
      
         The Gordian knot of the Schubladenexperiment would thus be cut by rigorous experimental
            control. However, it is difficult to avoid the idea that, in the light of another,
            more sophisticated theory—quantum mechanics, for example, this experimental control
            (weighing) may not be feasible, or it may not yield unequivocal results.[6]  
         

         
      

      Above all, the Schubladenexperiment, as Cattaruzza argues “lends itself to interpretation
         according to the canons of a phenomenological approach, both experimental and descriptive.”
         Perception and perceptual issues are implicated in both approaches. Another implication
         of the Schubladenexperiment of concern to a phenomenological perspective is the notion
         that “there is an interval during which the stimulation of a sense organ is interrupted;
         the interval may be filled. This tendency towards ‘conservation’ or minimal change
         is evidenced at the phenomenal level by the fact that a temporarily invisible object
         does not cease to be experienced as existent.”[7]  
      

      
      In Husserlian terms, as I have discussed earlier, the retentional continuum is uninterrupted
         despite the adumbration of the “running-off phenomena” (past “primal impressions”)
         as discrete and discontinuous. Cattaruzza’s exposition of the Schubladenexperiment
         follows a descriptive-phenomenological analysis of both Brentano and Husserl’s methods.
         Accordingly, “the phenomenological-descriptive account requires the scientist—in particular
         in analysis of perceptive experience—to recodify perceptive information on the basis
         of the phenomenal world. This is work that gives rise to new empirical discoveries,
         thereby demonstrating the baselessness of theories which, for all their traditional
         legitimacy, are erroneous.” Obviously, Boltzmann’s interest in the Schubladenexperiment
         does not imply any systematic interest on his part in phenomenology, either Brentanian
         or Husserlian. However, it is worth noting that only within Husserlian phenomenology
         is the constitution of an object construed in relation to its intentional act (noesis)
         not the intentional object (noema). This differs from representational theories of
         object-cognition by thinkers like Brentano and Meinong (see chapter 3).[8]  
      

      
      A substantial consideration in using a Husserlian view of “intentionality” is reflected
         in Boltzmann’s reservations about Brentano’s interpretation of the Schubladenexperiment.
         As we will see later, Boltzmann did not find Brentano’s position entirely convincing
         in its representationalist’s “parallel” between intentionality and reality. Cattaruzza
         justly raises the question whether “description of the acts in which consciousness
         is constituted [is] simpler or more complex than traditional philosophical practice?”[9]  
      

      
      As we have seen in chapter 1, traditional analytic approaches, as Hintikka argues,
         tend to keep the linguistic and logical analyses of meaning (e.g., Frege, Wittgenstein)
         distinct from a phenomenal (e.g., Mach) and phenomenological one (e.g., Husserl).
         Thus, interpretations of Husserl’s phenomenology along Frege’s lines or Mach’s phenomenalism
         (e.g., Sommer’s) are bound to be controversial. As opposed to the logico-linguistic
         or phenomenal analyses, which are based on determining the non/fixity and in/stability
         of meaning or perception, Husserl’s approach addresses the relation between degrees
         of phenomenal stability and logico-linguistic fixity through the intentional-cognitive
         constitution of noesis-noema (see chapter 2).[10]  
      

      
      Boltzmann’s understanding of the rapport between linguistic constituents (his “philosophy
         of language” as Blackmore terms it) and phenomenal components (his critique of both
         Mach’s ontological and epistemological phenomenalism) in a physical theory (statistical
         mechanical redescription of entropy) is embedded in an undogmatic (non metaphysical
         or teleological) and constructive concept of realism.[11]  
      

      
      Therefore, the “constructive” aspect lends itself to a sympathetic phenomenological
         analysis. By introducing Husserl’s time-theory, I hope to invigorate the interpretative
         analysis of the Schubladenexperiment. Accordingly, perception is not atomistically
         and reductively timeless, like Mach’s elements, but rather a continuous process of
         noematic adumbration. Cattaruzza proposes a perceptual analysis of the “drawer” in
         these terms; insofar as an actual perception of the “drawer” involves only one of
         its facets (the front view of the drawer), the other “sides” (the sides of the inside)
         remain unseen. Yet our consciousness of this “drawer” as a spatial object is constituted
         by its primal impression (or actual momentary perception) and the adumbration of the
         drawer’s other retained facets. 
      

      
      Thus, Cattaruzza concludes, the perceptual consciousness amounts to a “co-awareness”
         of the drawer’s “other adumbration or non-visible sides.” This analysis is confirmed
         by Husserl: “I say co-awareness because also the non-visible sides are in some way
         given to consciousness, ‘co-intentioned’ in that they are co-present.” And furthermore,
         Husserl argues that “if I have seen the back and then returned to the front, then
         the perceived object has received, for me, a determination of meaning which, even
         if in empty manner, correlates with what was previously seen and which remains as
         something that has been attributed to the object.” From this Husserlian perspective,
         perception no longer stands for immediate given data, but rather comes closer to observation
         as a complex, conceptual sedimentation of perceptual continuity and probable determination.
         Following Husserl, Cattaruzza analyzes perception as comprised of two aspects: “1.
         the kinematic domain as an intentionally constituted system, and 2. the coordination
         between sensible manifestation and consciousness which generates a domain of further
         reciprocally ordered possibilities.” This twofold perception is what Husserl calls
         the “double-intentionality” of the “flow of consciousness” which enables the identity
         of an object (perceptual or categorical) to be sustained through change and continuity,
         adding and modifying its determination without over-riding its identity. Identity
         remains continuously the same (“persistent change and continuity”).[12]   
      

      
      Perception turns out to be more complex than the immediacy of the visible or the sensible
         as the immediately given. And as Husserl argues: “In this way, whatever of the object
         that was already manifested is partly lost when proceeding beyond the givenness of
         manifestation, the visible becomes once again invisible. And yet it is not lost.”
         Such adumbration as an accumulative perceptual process has been labeled a “microscopic
         psychology” of perception. Such constitutive relations between the micro-perceptual
         changes (adumbrations) of an object and its macroscopic continuous identity are analogous
         to the relations between microstates and a macro state in the context of Boltzmann’s
         “cosmological” statistical mechanical hypothesis. Unlike Brentano, Husserl conceives
         the determination of “temporal objects” (either real or irreal) as forming one continuum
         composed of micro-perceptual adumbration of an object. However, for Brentano “a continuum
         is a whole,” as Kortooms reminds us, “that is formed by infinitesimal differences.
         . . . which implies that the difference between reality and irreality must also be
         infinitesimally small.” For Husserl the perceptual (real) dis/continuity and the apperceptual
         continuum (of both real and irreal objects) are distinct and cannot yield the infinitesimal
         regress of perception into its adumbration. In Husserl’s terms, the perceptual hyletic
         content is undetermined and the intentional determination (via adumbration) is open-ended
         and on going. They can be construed as probabilistic inferences on two distinct levels.[13]   
      

      
      On one level, change, as occurring in intentional (temporal) constitution, is incorporated
         as doubt and doubting as such leads to either objective amplification or depletion
         in quantitative statistical terms. As Cattaruzza[14]   suggests: 
      

      
      
         When doubts arise, the perception fragments. Still preserved, however, is the unity
            of its temporal moment in which every adumbration opens protensionally towards the
            future and re-tensionally towards the past.[15]  
         

         
      

      On a different level, probability plays a critical role in the “consciousness of doubt
         and possibility.” What Husserl considers a “presumptive possibility” is a degree of
         arbitrariness which depends “on the total perceptual situation, the inclination to
         believe.”[16]   That in turn is based on probability. These two levels of probabilistic inferences
         (even though not axiomatic) in respect to perception—in the complex sense of being
         intentionally constituted—defy the very notion of non-inferential (intuitive) knowledge
         (Sklar’s suggestion). Instead they suggest that a cognitive distinction between perception
         (micro) and observation (macro) should be understood as differences in degree of probability,
         moving from the microstates or levels to the determination of a macrostate as an adumbrated
         “temporal object.”[17]  
      

      
      The Schubladenexperiment removed for Boltzmann the phenomenalistic anti-atomistic
         objection since it undercut the false supposition that physical permanence is synonymous
         with phenomenal permanence and vice versa. Cattaruzza succinctly points out that
      

      
      
         the problem is understanding where the problem lies. In effect, one could also argue
            that there is no problem. . . . That if the objects in the drawer re-appear when I
            open it again, it is because they have remained precisely the same physical objects.
            However commonsensical this reply may appear, it reveals a total misunderstanding
            of the problem. Physical permanence, in fact, is not a guarantee of phenomenal permanence.
            One can even show that physical permanence is a not necessary condition for a perception
            of phenomenal identity to be forthcoming.[18]  
         

         
      

      The difference between physical and phenomenal permanence is evident in phenomena
         referred to as Prägnanz, which involves perceptual completion. Perceptual completion
         (the Kanizsa triangle) involves cognitive determination of shapes, such as ovals and
         triangles, without relying on complete and continuous perception. Although such phenomena
         involve illusory effects, they cannot be dismissed as phenomenally constituted with
         no connection to a physical (geometrical) nexus.[19]  
      

      
      Experiments in computational imaging give greater support for a probabilistic (quantitative)
         aspect of perception because they indicate a critical time-span in identifying an
         image in relation to its possible identity (see Varela’s analysis in chapter 5). Despite
         the fact that the visually incomplete image (e.g., Prägnanz) does not involve temporal
         adumbration, one can easily imagine an animated film version which would extend physical-phenomenal
         determination in respect to a “temporal object” as well. Another significant implication
         of the Schubladenexperiment involves causation vis à vis phenomenal and epistemological
         criteria. Thus, the Schubladenexperiment is critical to causal-order on both theoretical
         and perceptual levels of time-asymmetries. Cattaruzza notes:
      

      
      
         Michotte’s investigation of the phenomenal existence of the causal nexuses among perceptive
            events [shows] that it is false to argue that the perception of causality is determined,
            for example, by the physical contact between two billiard balls where one knocks into
            the other.[20]  
         

         
      

      Phenomenal criteria do not necessarily pinpoint what amounts to causation or a causal—order.
         However, phenomenal discernibility cannot guarantee a discernible causal—order; in
         other cases it may very well project or superimpose a causal-order on otherwise unrelated
         visual occurrences. A causal relationship or order can be “directly experienced also
         in the case in which two figures projected onto a screen move in a certain way: and
         precisely when one figure starts to move at the same moment when the other reaches
         it. The fact that from a physical point of view the two movements are independent
         has no influence on the perception of the casual relationship.” The phenomenal criteria
         or discernibility of causal orders in either case demonstrate that underlying the
         constitution of what we judge to be reality are often indeterminate relations between
         perception and observation on the one hand, and continuity and permanence on the other
         hand. Albertazzi calls these two “features of reality” and which include: A. presence
         and absence, and B. identity and change. Furthermore, the reality of invisible objects,
         as emerging from the Schubladenexperiment, seems to be perceived by Boltzmann as a
         plausible answer to the way(s) in which probability can be related to and incorporated
         with perceptual, phenomenal, observational, and theoretical considerations. The phenomenological
         aspects of the Schubladenexperiment clearly repudiate the energeticists and anti-atomists
         (e.g., Ostwald and Mach) who were preoccupied with phenomenally descriptive continuity
         and the equivalence between theoretical and perceptual objects.[21]  
      

      
      Thus, the distinction between phenomenal and physical permanence is an important one
         for Boltzmann’s understanding of connection between thermodynamical descriptions and
         reality: one form of permanence does not necessarily condition the other. Through
         such a distinction, the physical reality of atoms (as Boltzmann understood it) is
         not made evident in an extensional-phenomenal sense, but rather involves observation
         in a conceptual and experimentally complex system based on theoretical inferences.
         The reality of atoms is unintelligible in terms of phenomenal visibility and invisibility.
         Therefore, distinguishing the reality of atoms is not based on an opposition between
         theoretical constructs (which are fictitious) and real phenomenal elements, as Mach
         would have it, but instead on the determination of physical as opposed to phenomenal
         permanence.[22]   
      

      
      For Boltzmann the relevance of the Schubladenexperiment, in terms of physically determining
         objects in both thermodynamics and statistical mechanics, is that ultimately physical
         permanence can only be explained in probabilistic terms. This would suggest not only
         a negation of anti-atomistic, phenomenalistic claims for a phenomenally discernible
         causal order, but also that the reduction between time and causal relations is statistically
         grounded.[23]  
      

      
      The Schubladenexperiment shows the relation between temporal and causal order to be
         phenomenally undetermined. As I will argue in the next section, Boltzmann does not
         rescue from the Schubladenexperiment Brentano’s conception of “reism.” Brentano asserted
         that realism, or the objectivity of real objects, should be presumed categorically
         regardless of the feasibility and adequacy of phenomenal criteria. Instead, Boltzmann
         berated Brentano’s position as “naive and dogmatic realism” and attempted to apply
         the lessons of the Schubladenexperiment to his concept of time vis à vis probability.[24]  
      

      
      A Physical Continuum

      
      The Schubladenexperiment poses for Boltzmann an important concern regarding the phenomenal
         discontinuity of space and time. Boltzmann raises the question: “Why must phenomenal
         space and phenomenal time be continuous? If two phenomena have different qualities
         spatially as well as temporally they cannot blend. On the other hand two different
         colors do blend.”[25] 
      

      
      Given that our grasp of the Schubladenexperiment is based on conjecture rather than
         a detailed account given by either Boltzmann or Brentano, it would be better not to
         speculate on its exact parameters and characteristics. However, it would be safe to
         speculate that such parameters were indeed discussed by Boltzmann with Brentano. Instead,
         I will discuss “The-Opening-The-Drawer Experiment” in relation to Boltzmann’s related
         thoughts and some observations made by Brentano.[26]  
      

      
      In lecture notes on “Philosophy” as “The construction of a worldview,” Boltzmann mentioned
         the Schubladenexperiment a few times. Once he wrote that “success is the only criterion
         of truth, opening of the drawer-experiment [Boltzmann].” Another time he noted: “Merely
         a-posteriori [knowing] through the experiment of opening of the drawer.” The first
         contention is construed by Cattaruzza to be Boltzmann’s overtly Darwinian interpretation,
         a view which surpasses its epistemological and phenomenological implications. Unlike
         Cattaruzza, I would argue that the two contentions are related and need to be construed
         within the double context of what Boltzmann refers to as Brentano’s[27]   “completely naive world view” and his own critique of Mach’s phenomenalism. Thus,
         the first explication would be the critique Boltzmann raises against Brentano’s “naive”
         realism and the second a critique of Mach’s phenomenalism. In “On the Second Law of
         Thermodynamics,” Boltzmann argues that[28]   “we infer the existence of things only from impressions they make on our senses”
         and that “it is thus one of the fairest triumphs of science if we succeed in inferring
         the existence of a large group of things that mostly escape our sense perception.”[29]  
      

      
      Boltzmann’s position here is clear: we can discern a respect for phenomenalism that
         would not override realism, and the latter is construed to be corroborated by both
         hypothesis and experiment. On the one hand, Boltzmann is critical of Brentano’s “naive
         realism” in assuming that, “we are to recognize what and how something is, by deductions
         only.” On the other hand, Boltzmann is equally critical of Mach’s “monopsychism.”
         According to Boltzmann, Mach’s “monopsychism” can be construed as entailing that “things
         in themselves are images; there are only psychic phenomena. The world is a conglomerate
         of perceptions, memories, pain, desire, perceptions of willing.” Thus, the notion
         of “success” as the “only criterion of truth” needs to be understood as asserting
         the necessary reciprocity between deduction (i.e., hypothesis) and phenomena (i.e.,
         experiment). Two significant aspects critically define Boltzmann’s position in respect
         to two pivotal issues: time and observation. Deduction involves the underlying mathematical
         conception of continuum and thus time, whereas observation implicates sensations and
         perception with issues of probability and direction. I will first explain Boltzmann’s
         critique of Mach’s phenomenalism and its consequences for the conception of observation
         vis à vis probability and direction.[30]   
      

      
      Boltzmann rejects the notion of direct knowledge in favor of an underlying mechanism.
         What Boltzmann implies by mechanism is that the reciprocal relation between perception
         and deduction constitutes (we might add-phenomenological) evidence. And it is the
         Schubladenexperiment that provides the context for determining evidence as physical
         content and logical form. Boltzmann stresses that “perceptions and also psychic facts
         are immediately given to us and absolutely certain.” This would amount to what Husserl
         conceives as the “hyletic content” which is not to be doubted. Its “realness” (reele)
         is the very content of perception regardless of the epistemological form of such content
         (e.g., whether it is an illusion or an impression with an actual noema). However,
         Boltzmann adds that such perceptions “also vary with time and we can only decide by
         the experiment of opening-the-drawer whether we have correctly (pragmatically and
         coherently) characterized them . . . they must be compatible with each other.”[31]   
      

      
       Boltzmann’s additional assertion that perceptions “vary with time” supports Husserl’s
         concept of “intentional object” and specifically the “temporal object” with its ongoing
         adumbration (see chapter 3). Moreover, Boltzmann’s mentioning of the Schubladenexperiment
         as the only way to pragmatically and coherently determine perceptions supports the
         conjecture that experiment involves a phenomenological determination of facts as evidence.
         The resemblance between Boltzmann’s “phenomenological insight” and Husserl’s phenomenology
         is striking. This is especially so if we keep in mind Husserl’s insistence (unlike
         Brentano’s and Frege’s conceptions of fantasy, irreal or unreal objects) on accounting
         for non-existing objects within the intentional constitution of the relations between
         “act” and “object” (i.e., noetic and noematic constituents).[32]  
      

      
      To fully appreciate the extent to which Boltzmann’s position resonates with Husserl’s
         we should note the following contention by Boltzmann: “One might think that at least
         we can characterize something as existing, [but] we cannot distinguish things existing
         and not existing. Psychic facts readily harmonize, but it would be best if we don’t
         just introduce them by means of language (spoken language, thought language, and mixed
         language).” Thus, for Boltzmann, the Schubladenexperiment exemplifies that physical
         and phenomenal permanence are incongruent on physical and phenomenal levels:[33]  
      

      
      (1) Observing a given object (e.g., a glove in a drawer; an atom or an electromagnetic
         field) cannot be presumed as evident simply by deduction. That would amount to a “naive”
         worldview neither informed by experiment (as complexes, or bundles of facts, sensations,
         etc.) nor conforming to the “phenomenological” aspect of a “physical law” as a “psychic
         fact” (without regarding them as transitive).
      

      
      (2) Determining percepts is neither direct nor immediately given; rather it involves
         complex, linguistic, and cognitive “mechanism” (in Boltzmann’s terms) that produces
         or posits sensations as intertwined with their mechanical position and not as Machian
         separate and discrete elements.
      

      
      Considering percepts as intentional objects, in Husserl’s sense, rules out the possibility
         of regarding percepts (qua perception) as sensations (i.e., subjective) or as ideas
         (i.e., objective). Percepts as hyletic-noetic content are cognitively co-dependent.
         Along the same lines, Boltzmann argues: “It is not true to say that we can merely
         know the qualities of things and not the things themselves, or that we can merely
         know psychic facts and not their external causes. Really direct knowing does not exist
         at all. We can characterize one as well as the other.”[34]   
      

      
       The contention through the Schubladenexperiment that physical and phenomenal permanence
         are distinct and that only through repeated experiments are we able to establish evidence
         (pragmatically and coherently) suggests that Boltzmann’s concept of time follows these
         consequences. In other words, on the one hand, we cannot simply assume that “physical
         time” is objectively there or that it is deduced or that it is a “logical fiction”
         (to use Russell’s notion), since such interpretations would imply instrumentalism
         and a defiance of constructive realism. On the other hand, one cannot assume that
         time is either pure sensation (since no perception, or percepts, are immediately given
         and directly experienced, but rather “intentionally constituted” in Husserlian terms)
         or that it amounts to non-inferential knowledge or intuition, since any knowing involves
         a complex system of inferences and predications, even though the kind of inferential
         and probabilistic mechanism involved in perception is different from scientific, logical
         inferences. Furthermore, and perhaps more significantly, physical and phenomenal time
         are distinct and incongruent and cannot “explain” or substantiate the other. To understand
         the significance of this last contention, we need to account for Boltzmann’s distinction
         between continuum and continuity. I will do so by explicating Boltzmann’s distinction
         in relation to the analysis of continuum by Husserl and Brentano.[35]  
      

      
      Physical Continuum and Phenomenal Dis/Continuity

      
       In the “Opening-The-Drawer Experiment” the distinction between the phenomenal and
         physical permanence of an object is based on phenomenal permanence as connected to
         perceptual dis/continuity and physical permanence as extrapolated from the concept
         of a continuum. However, Boltzmann and Brentano differ in their respective analyses
         of continuity and continuum. Such differences boil down to a fundamental divergence
         in their interpretations of the Schubladenexperiment. Boltzmann’s contention is that
         “continuums cannot create continuity.” This assertion directly criticizes Brentano’s
         position on the relation between phenomenal and physical determinations and its related
         conception of “time-consciousness.” [36]   
      

      
      Boltzmann argues that in so far as “continuity cannot be caused by a continuum” the
         mind, as an all embracing consciousness cannot be contingent on the act of thinking
         itself. Following the contentions of Franz Brentano’s descriptive psychology, Boltzmann
         argues for the objectivity of minds and numbers as distinct from their perception.[37]  
      

      
       What stems from Boltzmann’s reflections is that a physical continuum cannot in itself
         determine phenomenal dis/continuity, an important implication for the realities of
         atoms and time. As a mathematico-reductive construct, a physical continuum is infinitely
         divisible and need not be phenomenally reiterated or causally (inductively) related
         to continuity. Thus, Boltzmann’s assertion that “continuums cannot create continuity”
         implies that physical time cannot generate phenomenal time; in other words, that physical
         continuum is deduced mathematically whereas phenomenal dis/continuity is a “psychic”
         aspect of perceiving temporal objects. In the physical sense one cannot conceive space
         and time without the mathematico-logical construct of a continuum; or as Boltzmann
         affirms: “There must be a continuum. Space and time are continuous.” And moreover,
         “continua must exist . . . if the phenomenon of extension did not exist, everything
         would collapse into a point.” This last contention in respect to “continua” explicitly
         criticizes Brentano’s position. It recognizes the phenomenal impossibility of an actual
         perception of a continuum (mathematical) but nevertheless, asserts the indispensability
         of a mathematical magnitude. As Brentano contends:[38]  
      

      
      
         That no sensation (and thus of course also no reproduction of the same) would manifest
            a true continuum, whether taken singly or linked together, is especially emphasized
            by Poincaré. The illusion that it does, he holds, disappears immediately when one
            considers that no one has ever executed to infinity a division into parts. One easily
            sees that, on the contrary, there are already certain large numbers that one would
            never reach through such division. But without continuity there is no true spatial
            magnitude. Therefore a space is never present in our intuition.[39]  
         

         
      

      It is crucial to comprehend Brentano’s position as partly siding with the school of
         intuitionism (Brouwer for example) and differing both from Mach’s phenomenalism and
         Boltzmann’s distinction between continuum and dis/continuity. On the one hand, Brentano’s
         criticism is that Mach “merely alights on aspects of psychology and concentrates on
         what he terms physical mathematical meaning.” On the other hand, Brentano acknowledges
         that Mach “is equally right in his views that the concept of the continuum in its
         particular spatial, temporal, or in any otherwise structured condition can be comprehended
         abstractly—in my view this is just as possible as it is for the number concept, and
         a certain duration of time must correspond exactly so some space interval—[however,
         Mach] is wrong when he asserts that there could be applied any reasonable doubt of
         the so-called even nature of space.”[40]  
      

      
       Brentano’s critique of Mach’s phenomenalism is focused on Mach’s elements as defining
         phenomenal continuity. Brentano levels charges against Boltzmann’s position as being
         “marked by contradiction.” 
      

      
      
         One could therefore believe oneself able to accept without contradiction the idea
            that we are completely lacking in any true presentation of space, and that, like the
            true presentation of God or indeed of very large numbers, it is replaced by certain
            surrogate presentation. . . . Among [those] who conceive the concept of space as marked
            by contradiction-and that is not a few; consider, of later, Renouvier and his school
            in France, and for example Boltzmann among the German physicists [that] what is contradictory
            could not exist in reality so also not in an intuitive and unified presentation.[41]  
         

         
      

      Note that in the critical-philosophical triangulation between Mach, Brentano, and
         Boltzmann, each defines his position in opposition to the others. Nonetheless, it
         is the critical divergence between Brentano and Boltzmann that is of interest to us
         for the Schubladenexperiment which makes the difference between physical and phenomenal
         aspects as central. That definition would not withstand Mach’s phenomenalism. Unlike
         Boltzmann, Brentano asserts that continuum and continuity are co-dependent, and consequently
         rejects a concept of time which is not perceptually continuous. This phenomenological
         insistence on time’s perceptual continuity as dependent on continuum’s perception
         distinguishes him from Boltzmann and, as we will see, Husserl. Brentano argues:[42]  
      

      
      
         Just as a point, whether it is to be spatial or temporal, cannot be set apart for
            itself because it is a mere boundary, so also perceiving cannot possibly exist for
            itself in a single isolated point in time so as to be reduced to a temporally punctual
            perceiving. . . . Everything else that is temporal exists only in a point without
            existing isolated in this point-in virtue of the connection in infinitesimal transition
            with what is past and future.[43]  
         

         
      

      The categorical conflation of continuity with continuum vis à vis perception (and
         intuition) collapses phenomenal and physical categories. In Husserl’s account (Logical Investigations), that would confuse a “real object” embedded in perception that intentionally constitutes
         phenomenal dis/continuity with an “ideal object” which is constituted by the category
         of a continuum. Furthermore, as I have noted in chapter 3, the notion of boundary
         and boundary—transition, specifically within the context of “temporal objects,” is
         given the apperceptual mechanism of the adumbrative continuum (impressions, retentions,
         and protentions). This is distinct from the “objective” and “absolute flow of objective
         time” with its analogue of a mathematically infinite divisible continuum.[44]  
      

      
       Thus, through Husserl’s time-theory, the Schubladenexperiment posits the impossibility
         of describing phenomenal permanence as perceptual time or in terms of “absolute flow
         of objective time” which is an “ideal”—mathematical continuum. However, apperceptual
         time (the adumbrative continuum) explains how an object is both perceptually continuous
         and cognitively (noetically) the same. It consists of one and the same continuum which
         Husserl invokes through the metaphor of “persistent change” (see chapter 3). In other
         words, a temporal object such as a musical tune is continuously perceived as changing
         through the playing of new notes (“primal impressions”). Yet it is still retained
         as the “same” composition by its noetic-noematic constitution as a “continuum.”[45]  
      

      
       For Brentano, the challenge that the Schubladenexperiment poses is that of reconciling
         phenomenal continuity (“inner perception”) with a physical continuum (“outer perception”).
         In other words, of reconciling change and constancy. However, Brentano does not resolve
         this problem in his account of space, time, and continuum. Rather he argues that “the
         assumption that inner perception, like outer perception, would have a proteraesthesis
         too, of which perception of something as being present would only be the concluding
         boundary, is however subject to great difficulties. In such an inner proteraesthesis
         an earlier perceiving would have to appear to us as earlier, but as directed to something
         as if it were present.”[46]  
      

      
       Brentano’s position exemplifies the extent to which he has difficulty in reconciling
         (within his phenomenal conception) the mathematical implications of divisibility and
         the infinity of a continuum without subscribing to Mach’s phenomenalism. This became
         a considerable preoccupation for Brentano in his Über Machs. In a way, Brentano’s
         phenomenological position in respect to the continuum—continuity gap, with its “intuitionist”
         stance, shares with Mach’s phenomenalism a distrust in “theoretical-physics” or in
         physical concepts which rely on a mathematico-deductive rather than a phenomenal base.
         For Boltzmann, on the other hand, the logical necessity of an infinitely divisible
         continuum neither negates nor affirms phenomenal continuity or discontinuity. And
         the way to correlate the two is grounded (but not reduced by either) in a causal explanation
         of probability. Boltzmann’s critique of Brentano’s position concerns the incongruence
         between continuum and dis/continuity and the analysis of phenomenal continuity itself.
         Boltzmann, as I have noted, reiterates that “continua do not exist” yet he does not
         regard phenomenal continua to be a priori necessities but instead contingent on judgments.
         “Experience does not teach necessity,”[47]   contends Boltzmann, and furthermore “experience does not give truth or strict universality
         to judgments.”[48]  
      

      
       Thus, for Boltzmann, “The-Opening-Drawer Experiment” presents a relational indeterminacy
         between judgment that can only be decided pragmatically by repeated experiments (e.g.,
         the “opening of the drawer”) and conceptual-objective compatibility or coherence:
         corroboration of the results (e.g., the adumbrated data). So long as experience is
         phenomenally grounded and judgments can differ in being inductive or deductive, experience
         can never yield a necessary truth. Otherwise, in Husserl’s terms, judgments intentionally
         constitute an ideal object relying on the noetic content (of the cognitive act and
         its reference) and on the noematic content (of the intentional object and its sense)
         only as a transcendent object (a transfinite set). In the case of a real object, its
         intentional constitution happens in fullness and not only by its noetic form and noematic
         transcendent content, but rather by its immanent noematic. That includes the actual
         perceptual hyletic content, even as I can feel my fingers, or digits, as I type this
         statement.[49]  
      

      
       It is quite remarkable to see how close Boltzmann’s criticism of Brentano’s position
         is to Husserl’s phenomenological contentions on time. Boltzmann critically states
         that “Brentano says: it is naturally given to the characteristic of being a red surface
         that it is continuous; that a point cannot be red, and therefore that there is also
         a finite number of points.” And in a letter to Brentano, Boltzmann argues against
         Brentano’s support of the position that there are some “synthetic judgments, which
         do not stem from experience but can be understood from the concepts themselves.”[50]   
      

      
      Boltzmann’s critique of Brentano’s interpretation of the Schubladenexperiment entailing
         phenomenal continuity is analogous to Husserl’s (in his early lectures on time) for
         assuming the twofold constitution of predicating an object as being red on a perceptual
         basis and linguistic basis. It resonates with Wittgenstein’s critique of “phenomenological
         language” as assuming a false translational congruence between perception and language.
         (See my earlier discussion of Hintikka and Hacking’s analysis of Wittgenstein’s critique
         of “phenomenological language” in chapter 1.)
      

      
       Boltzmann’s critical assessment of the Schubladenexperiment in respect to Brentano’s
         interpretative position on phenomenal continuity can be further elaborated by introducing
         Husserl’s distinction between perception and sensation. Husserl explains subjective
         and objective attribution of knowledge not in terms of Brentano’s “inner” and “outer”
         perception, but rather as the sensation of a given “temporal object” and the perception
         of “something temporal.” Furthermore, Husserl objects to Brentano’s phenomenology
         of time for committing the mistake of not differentiating between temporal perception
         and temporal fantasy. This error is ultimately connected to the fact that “Brentano
         does not distinguish between act and content, or, respectively, between act, content
         of apprehension, and apprehended object.”[51]   
      

      
       The sensation of red as related to a “temporal object” (a sunset) is distinct from
         the temporal sensation of its adumbration (the sunset as a uni-directional, or anisotropic
         process). As Boltzmann pointed out in his letter to Brentano, the former involves
         an intentional nexus of perceptual and linguistic predications, whereas the latter
         is not only hyletic or linguistic in content (as “phenomenological language” would
         grant it), but also supposes, in Husserl’s terms, an apperceptual temporal continuum
         and therefore an objective or ideal continuum. Thus, the relation between the sensation
         and process should not be relegated to phenomenal or intuitive, atomic-discreteness
         which would contradict or violate Brentano’s concept of boundaries and divisibility
         of a mathematical continuum. However, a proper analysis of the Schubladenexperiment
         would yield no contradiction between physical divisibility (of the temporal continuum)
         and phenomenal indivisibility (the discreteness of a percept such as redness in relation
         to a sunset) since continua can be either hyletic, linguistic, or both. Temporal perception
         is different however. And since the Schubladenexperiment involves temporal perception,
         the phenomenal dis/continuity of the objective perception (e.g., red) is distinct
         from though subordinated to the perception of the temporal object and not vice versa.
         This analysis of continua will be further explained in below.
      

      
       As I have stressed previously, the Schubladenexperiment provides Boltzmann a viable
         analysis of phenomenal continuity in relation to a physical-mathematical continuum,
         in a way that resolves the apparent contradictions of in/divisible perception and
         in/divisible time. Moreover, the contentions rose in regard to perception and time
         vis à vis the distinction between continuum and continuity facilitate for Boltzmann
         a radical conception of time based on probability. I will discuss it in the next section.
         
      

      
      The Schubladenexperiment: Time and Probability

      
       In this section I will consider Boltzmann’s time-theory in light of the distinction
         between continuum and continuity and then in terms of causality and probability. Then
         I will discuss Boltzmann’s analysis of the Schubladenexperiment through a Husserlian
         perspective.
      

      
      Boltzmann’s assertion that “continuity cannot be caused by a continuum” is, as I have
         argued, posited from the mathematical conception of a continuum: a line comprised
         of an infinitely large number of points. At the same time, the Schubladenexperiment
         highlights that repeated experiments result in a pragmatically and coherently more
         probable determination. Unlike the a priori determination of a mathematical continuum,
         empirical experimentation is a posteriori and can thus provide a causal-probabilistic
         explanation. Nonetheless, Boltzmann’s underlying argument is that “knowledge through
         causal law” is distinct from knowledge “through experience.” And as pointed out by
         Chisholm, Boltzmann adopts from “Brentano’s position that the existence of the external
         physical world has ‘infinitely greater probability’[52]   than other familiar alternatives (but without accepting Franz Brentano’s rather
         unusual definition of existence and truth.” Chisholm’s insight is also confirmed by
         Brentano’s letter to Mach, where he recounts his conversations with Boltzmann which
         “turned to the principle of probability theory or the problem whether or how one could
         with relative certainty determine the fact of true continuity (even if only on a phenomenal
         level).” Yet for Boltzmann, like Husserl, truth is not a matter of “relative certainty”
         but of necessary condition. Thus, Boltzmann argues: “That 2+2=4 and is not 5 are necessities,
         because the effect must always follow the cause. It is infinitely probable that there
         is also a necessity with respect to time. Perhaps better: that a+b=b+a is a necessity.”
         However, when it comes to determination by judgments, through experience and phenomenal
         criteria, Boltzmann holds in regard to the twofold possibility that (1) “The succession
         of events is accidental,” and (2) “that cause and effect have taken place.” According
         to Boltzmann, one should maintain that prior to any actual experience both possibilities
         are “equally probable” in which case the endless repetition of the experiment would
         rule the infinite probability of the state of affairs.[53]   
      

      
       The explanatory role that such causal-probabilistic argument plays in the Schubladenexperiment’s
         repeated empirical testing is crucial. This role is not to be conflated with a mathematical
         probability. Thus, as Boltzmann contends: “One seeks probability from a priori probability,”
         where “known causal laws or classification necessarily yield only what is subjective.
         What is simultaneous or subsequent to an event cannot be its cause.” In Boltzmann’s
         analysis, the mathematical a priori probability is what determines the direction of
         time; a posteriori probability determines the (relative) causal explanation for why
         the past seems to decrease and not increase in entropy in relation to the future.
         Such analysis is confirmed by several contentions made by Boltzmann under the heading
         “My Theory of Time.” There Boltzmann lists three propositions that can be construed
         as explicating his analysis of physical time.[54]  
      

      
      
         	
            
            “The number of points of time can be made so great that the probability becomes great
               that a very improbable condition can occur in the whole world.” This proposition entails
               Boltzmann’s concept of a continuum in connection with probability.[55]  
            

            
         

         
         	
            “Natural law must be so expressed that every condition can be determined by two of
               the foregoing.” Such understanding requires a natural law to be construed in terms
               of mathematical-deductive calculation of probability as well as its explanatory context
               based on probable causation.[56]  
            

            
         

         
         	
            “This force law must differ at different times, depending upon the different senses
               in which it is understood at different times.”[57]  
            

            
         

         
      

      
       This last contention underlines the role of Boltzmann’s weak interventionism (which
         I have discussed previously in relation to Sklar and Price) in assuming that a correct
         interpretation (and hence application) of the second law requires evaluating the context
         comprising the most probable picture or scenario (e.g., boundary condition or macrostate)
         in respect to the probabilistic measurement/calculation of a system (its initial condition
         and microstates).
      

      
       For Boltzmann, the change from t1 to t2 along a temporal continuum is not to say
         that t1 is related to t2 the way the past is to the present. Boltzmann distinguishes
         between time as quality of a process (what Husserl would consider a “temporal object”)
         and time as a continuum that is a priori and related to identity. Husserl would regard
         the latter as “objective absolute time flow” indifferent to the changes in perception
         of any “temporal objects” (processes) or their apperceptual adumbrative continuum.
         Thus, Boltzmann stresses: “past and future are two qualities.” And “space and time
         are continuous.” Boltzmann argues, “I deny that the spatial and the temporal are qualities.”
         Furthermore, Boltzmann asserts that “concepts cannot be further explained.” As such,
         time and space, as categorical concepts and hence immutable and indifferent to a specific
         “temporal object” (i.e., process or events), have a limit or boundary.[58]   
      

      
       However, past and future are the way in which “temporal objects” are individuated,
         or as Boltzmann puts it: “Individuation cannot be destroyed.” This is a key difference
         between Boltzmann and Brentano who induces individuation (of objects’ past, present,
         and future-time) from conceptual categories (space and time as based on identity).
         And so, Boltzmann, like Husserl, contends that “Brentano thinks that Being A and B
         must have qualities, because otherwise they could not be distinguished. If only one
         Being can investigate the quality, then such would constitute a science. . . . Past
         and future are special qualities of existence.”[59]   Thus, conceptual determinations of a priori categories (which are based on identity)
         are distinct from the existence and the induction of objects, or processes.[60]  
      

      
       A time-continuum has nothing to do with individuation of objective qualities (past,
         present, etc.) of a process but only with a direction. Boltzmann contends: “Backwards
         and forwards in time are different; in a way only forward.” This somewhat enigmatic
         fragmentary note should be construed as implying that direction is categorically forwards
         only insofar as we determine the pointing of the arrow. Time’s arrow, as such, is
         always forward; it is rather our individuation of existing processes (“temporal objects”)
         that determine the continuous direction of the arrow as towards the past or the future.
         In a sense, Boltzmann’s distinction between continuum and identity on the one hand,
         and continuity and individuation on the other, helps to explain the “up and down”
         analogy, which Sklar attempts to elaborate.[61]  
      

      
       Brentano does not share with Boltzmann this distinction, a distinction which can
         be further substantiated, as I have argued, by Husserl’s phenomenological work. It
         is of no surprise that in a letter to Anton Marty, Brentano writes the following in
         relation to Mach: “Concerning the issue of time, I see that he [Mach] is guilty of
         the same confusion of sequence of time with the course of events in time which is
         so ludicrous in Boltzmann. If entropy would ever reverse, Mach also thinks that time
         would go backward.” Boltzmann’s answer would have been twofold:[62]  
      

      
      
         	
            
            In regard to criticisms against his H-Theorem as addressed by his hypothesis and a
               causal explanation of probability.[63]  
            

            
         

         
         	
            As for the reversal of entropy, even though extremely improbable, within an individual
               system this would not imply the reversal of time itself. In other words, de facto
               reversibility of an asymmetric-time process does not necessitate a nomological interpretation
               of time-asymmetry.
            

            
         

         
      

      
       In a letter to Brentano tinted with humor, Boltzmann implicitly addresses the issue
         that stems from the Schubladenexperiment by distinguishing the mathematical continuum
         from phenomenal continuity. 
      

      
      Boltzmann is concerned with the determining the sense of phenomenal continuity. And
         the issue that stems from the Schubladenexperiment by distinguishing the mathematical
         continuum from the phenomenal continuity or discontinuity. In other words, a de facto
         reversibility of an asymmetry in Loschmidt’s position implies that opposition between
         the infinitely divisible number of atoms and the fact that a body comprised of such
         atoms remains the same under different time phases. Accordingly, in order to reconcile
         such conceptual discrepancy, Boltzmann suggests that in the same way that colors’
         physical source is distinct from colors’ perception on the retina, or as in the case
         of two separate notes played simultaneously on the piano, we rely on a unifying construct
         (theoretical) that is never simply reducible to perception. In Boltzmann’s view, similar
         to Wittgenstein, the way in which we learn to distinguish “red” from “not red” or
         “bird” from “not bird” is as connected to language and speech and not grounded in
         direct perception and such linguistic matrix can account for scientific pictures or
         models as theoretical constructions that mitigate the experiential and the theoretical
         with the probable.[64] 
      

      
       In his letters to and notes on Brentano, Boltzmann’s repeated reference to the phenomenal
         predication of red in what he calls “experience” demonstrates his considerable effort
         to explain phenomenal change and indeterminacy not only in perceptual and sensile
         terms but also in relation to individuation. And as I have noted before, Boltzmann
         asserts that “the judgment of “pure red can be the same as not red. This certainly
         does not come from experience in the same sense that one looks at a red object and
         is persuaded that it cannot be the same as what is not red.”[65]   
      

      
      An Husserlian Analysis of Boltzmann’s interpretation of the Schubladenexperiment

      
      Boltzmann argument that “I perceive differently a sound that just passed than one
         in the present: that is the basis of time” marks an important connection to Husserl’s
         conception of the phenomenology of internal time.[66]  
      

      
      Boltzmann’s critical interpretation of the Schubladenexperiment can be explained in
         Husserlian terms. Those terms support Boltzmann’s distinction between continuum (as
         a mathematical, or a physical construct) and continuity (as phenomenally posited);
         his twofold interpretation of probability as an explanation a priori mathematical
         and causal; and his fundamental acausal theory of time on the one hand and the direction
         of time in respect to processes (or “temporal objects”) on the other. Both Boltzmann
         and Husserl arrive at their distinctive time-theories from repeated rebuttals to Brentano’s
         theory of space, time, and continuum and his phenomenology of time, as well as Mach’s
         phenomenalism. Brentano provided—through his aptitude for empirical and physical sciences
         as well as his investigations into descriptive experimental phenomenology—valuable
         articulation of physical and phenomenal implications about time. Although Boltzmann
         and Husserl differ in their goals and methods they extrapolated similar critical insights
         from Brentano’s work which contributed to their own theorizing on time.
      

      
       To substantiate Boltzmann’s time-theory—as positing the relations between direction and probability and the explanatory context of irreversibility as grounded within the concept of
         continuum and individuation—I will explain Husserl’s concept of continuum, and its relation to Boltzmann’s interpretation of the Schubladenexperiment. Husserl’s
         concept of mathematical continuum is informed by the work of mathematicians such as
         Bolzano, Weiestrass, Cantor, and Weyl. Indeed Weyl, who was greatly influenced by
         Husserl’s phenomenology in his Das Kontinuum, says the following:[67]  
      

      
      
         The conceptual world of mathematics is so foreign to what the intuitive continuum
            presents to us that the demand for coincidence between the two must be dismissed as
            absurd. Nevertheless, those abstract schemata which supply us with mathematics must
            also underline the exact science of domains of objects in which continua play a role.[68]  
         

         
      

      Husserl’s continuum, which relies on mathematics and logic, was critical to his time-theory
         and general formal ontology. His insight into ontological problems within mathematics
         both cautioned and informed Husserl’s understanding of mathematical objects. Moreover,
         Husserl’s understanding of mathematical continuum played a double role in the way
         in which continuum is construed within his formal ontology as a pre-phenomenal flux.[69]   Hence, in Husserl’s formal ontology, a continuum is pivotal to the phenomenology
         of perception and that of internal-time-consciousness. Herman Weyl’s Das Kontinuum (1918a) provides a mathematical conceptualization of continuum in accordance to Husserl’s
         phenomenology. More specifically, Weyl’s concept of continuum integrates logic with
         an interest in intuition. “Our intuition about the continuum,” writes Longo in relation
         to Weyl, “is built from common or stable elements, from invariants that emerge from
         a plurality of acts of experience: the perception of time, of movement, of a lined
         extended, of a trace of a pencil, and so on.”[70]  
      

      
       Nevertheless, through his acute interest in Husserl’s transcendental phenomenology,
         Weyl engages with issues concerning “mathematical objects” without relying, as in
         his early work, on mathematical intuitionism. Husserl’s conception of continuum is
         applied, as I have noted, to facilitate his formal ontology and especially to address
         perceptions, objects, and substitutivity, without resorting to the psychologism in
         Foundations of Arithmetic. In addition, Husserl’s preoccupation with Cantor’s “continuum problem” has to do
         with developing a formal (ontological) foundation for phenomenology. Brentano’s ontology,
         with its Aristotelian metaphysical categories and predications, is often regarded
         as “reism,” ontology not hospitable to axiomatization, set theory, and non-Euclidean
         geometries. By contrast, Husserl’s is. Following Aristotelian and Kantian traditions
         of mathematics and logic, Brentano posits “intentionality” which parallels his ontological
         categories, thus retaining a mind-body dualism that comes into play in the Schubladenexperiment.
         In the Schubladenexperiment, Brentano attempts to demonstrate physical constancy as
         the cause for phenomenal presence which then induces continuity from continuum.[71]   
      

      
       But after Logical Investigations (1900), Husserl gradually moved to a more programmatic attempt to explain categorical
         “ideality” or eidetic forms of logic, a move which has been labeled transcendental.
         Despite its suggestiveness, the “ideality” of Husserl’s transcendental phenomenology
         (which concerns the reduction of objects to eidetic forms through transcendental reduction)
         is not idealistic in the traditional Berkeleyian or Kantian sense (of subjective or
         objective idealism, respectively). Husserl does not assume eidetic forms either as
         “ideas” in Berkeley’s sense or “schemata” in Kant’s. Rather, he moves from earlier
         psychologism and the “descriptive phenomenology” of the Logical Investigations, which still retained “metaphysical neutrality” to rigorously analyzing the foundations
         of mathematics and logic as a basis for his ontology.[72]   This ontology deals with mathematical objects such as sets as not phenomenally
         reducible.
      

      
       The Schubladenexperiment, from a Brentanian perspective, exemplifies the difficulty
         in accounting for “non-existing” objects which may retain a modality de re in their
         noetic cognitive act. Imagine, for example, the opened drawer (in the Schubladenexperiment)
         with no object found. Brentano’s position would declare that result as at least tentatively
         or relatively proving the non-existence of the object. Husserl’s approach (similar
         to that of Boltzmann’s conception of atoms) would grant the object as unseen or invisible
         (through the method of epochē which suspends the object) before declaring it existing
         or non-existing. Its intentional content would imply its existence as an outcome of
         noetic-noematic constitution. As result, once the drawer is opened, the object would
         be construed as absent or present rather than non/existing and therefore would invite
         further experimental trials to determine its ontological status. The outcome of such
         an approach is twofold: (1) The repeated trials will establish statistically the im/probability
         of the object and the greater that number the greater the degree of certitude. Certitude
         is not evidence for its ontological truth, as Brentano would instead contend.[73]  
      

      
       (2) There is no non-inferential or inferential (deductive) evidence that can establish
         a causal relation between opening of the drawer and dis/appearance, or any other form
         of intervention that can be described in terms of cause and effect. Thus, for Husserl,
         the mathematical continuum as a categorical object (in its eidetic form) provides
         us with an adequate solution to the infinite divisibility of a continuum (as it stems
         from Dededkind’s Cut). Instead, a series of points or parts, or elements comprise
         the continuum (Cantor’s transfinite set).
      

      
       The mathematical continuum is hence not extensionally comprised of actual points,
         but defined according to a law. In a similar way, Wittgenstein concedes that “the
         intersection point of two lines is not the common element of two classes of points,
         but the intersection of two laws.” Again, in addressing Husserl’s influence on Weyl,
         Longo argues that Weyl’s conception of the continuum as continuous and “non-compositional”
         and not as made by parts or points to which it may be reduced is anchored in Husserl’s
         distinction between “pre-phenomenal life-experiences, which are constituent experiences,”
         as opposed to time and space as constituted objects. Husserl’s time-theory follows
         a three-fold distinction of the “objective levels of time” (see chapter 3). This can
         be supplemented by three categories of continuity which rely on the “mathematical
         continuum.” Husserl distinguishes between three aspects involving continuity and time:
      

      
      
         	
            
            Temporal continuity understood as the continuum of time-points (of time-points as
               points of time).
            

            
         

         
         	
            The continuity in time, understood as the unity of the time-content unity as continuous
               unity and as “real unity.” The temporal contents “continuously” fill the extent of
               time; and while they do this, the identity of something real connects the identity
               of what extends throughout the temporal duration to that which is unitary, which changes
               or endures without changing in this time (abides in constancy or change).
            

            
         

         
         	
            The continuum of a “continuous” change. The time-continuum is filled by a continuum
               of “continuously” self-differentiating moments in which the ultimate differences of
               a species are individuated. The continuous change of a color: The differences in color
               vary steadily, and the differentiation of the color-moments “coincides” with the differentiation
               of time.[74]  
            

            
         

         
      

      
      Following Husserl, Weyl conceives “phenomenological time” to be “a duration without
         points, made out of parts that link together, that are superimposed on each other,
         because “this is now, but meanwhile now is no more.” To understand what Husserl signifies
         as a continuum of “pre-phenomenal life experiences,” one needs to be reminded that
         “the time-continuum,” for Husserl, “is not ‘something real.’ Time, as time, is nothing
         that endures or changes [it is rather an ‘ideal object’ such as a mathematical continuum];[75]   a series of temporal differences is not again in time and includes nothing identical
         that extends throughout the series (the universal, ‘time,’ is something different).”
         The time-continuum is an ideal object like any other categorical object (be it mathematical
         or another abstracted construct). But temporal objects are real in the sense in which
         they are perceptually determined. Husserl asserts all processes and objects that unfold
         in time are “real” and such assertion is extended to aspect in temporal objects that
         “continuously” change and yet retain its identity as such. As Husserl suggest, “The
         identical is the real” and as such the “real” undergoes changes while retaining its
         identity as a given temporal object which may be initially designated as t0 and then
         t1, t3, and so forth and still retain its determination.[76]  
      

      
       Nevertheless, time is a categorical-logical object (as a time-continuum) that happens
         to be experienced pre-phenomenally as the undistinguished “absolute time consciousness,”
         or “objective time.” Time, as such, is equally intuitive and logical on two levels,
         to which Weyl is attentive. The first level is the structural (or eidetic) semblance
         between the logical continuum (with its infinite divisibility and discrete magnitude)
         and temporal continuum (with its persistent change and continuity, though with a finite
         duration). The second level means that to construe an ideal object (e.g., logical)
         which we signify as continuum, we must rely on intuition. In Husserlian terms, this
         would be a pre-requisite for the evidence and thus a possibility for an irreducible
         constitution of its noetic-noematic content. The second level appears to constitute
         what Husserl calls “continuum” (as an ideal mathematical object) and the “temporal
         continuum of a continuous change.” We could call it the continuum of continuities
         without implying any reducible or causal relation between them. Despite the intuitive
         substratum of understanding the continuum mathematically, pre-phenomenal space and
         internal-time consciousness or “the flux of phenomenological data” relies “upon the
         originary intuition of the continuum.”[77]   
      

      
       Longo (1999), Hintikka (1995), and Føllesdal (1999) discuss Husserl’s notion of pre-phenomenal
         flux as analogous to Quine’s conception: the “flux of sensations.” Hintikka argues
         the following:[78]  
      

      
      
         For the mature Husserl, unlike Russell, the self-given is not structured categorially
            into particulars, their properties, their interrelations, etc. For instance, what
            is given in visual perception is not an articulated structure of visual objects but
            something like (in Quine’s phrase) “a two-dimensional continuum of colors and shades.”
            Only one’s articulating and “informing” noesis turns it into perceptions of objects
            (of different logical types), that is to say, into perceptions of the kinds of objects
            we can call noemata. Moreover, since one cannot turn one’s intentional attention to
            anything without turning it into an object (of a noema), one cannot ever capture hyletic
            data in their pure unedited form. They can enter into our consciousness only as ingredients
            of already articulated acts, for instance, as contributing to the filling of a noema.[79]  
         

         
      

      Føllesdal emphasizes in Husserl’s “determinable X” the following resemblance to Quine’s
         position: “there is a connection between a schematization of time and space, and individuation
         of objects. A similar kind of connection is found in Husserl. There is a certain kind
         of package here of notions that comes together. We cannot have some part of it and
         not other parts. Space, time, the objects are all involved in the way we structure
         reality.”[80]  
      

      
       Pre-phenomenal temporality or flux in Husserl’s sense is a continuum made up of indeterminate
         possible perceptions (objectifications, individuations) and of determinate actual
         perception (the hyletic content of noemata or intentional objects). Such a pre-phenomenal
         continuum manifests the same divisibility and unity of the mathematical one. Husserl
         concedes that “in every perception of things we find therefore a pre-phenomenal whole,
         which, in the sense of pre-phenomenal temporality, is again divisible into perceptions.
         Perception can be fragmented into perceptions. The perception of a thing, although
         an unbroken unity, is a continuous unity of pieces of perception, phases of perception,
         which themselves have the character of perceptions and thereby contain in themselves
         all the moments we have distinguished in perception.”[81]   
      

      
       The Schubladenexperiment constitutes a pre-phenomenal continuum, since it relies
         on perceptual determinations of the objects as present or absent, as much as it relies
         on apperceptual retentions of the object in terms of identity and change, or as determined
         qualia (its parts’ adumbration) or its undetermined qualia (future adumbration). In
         the Schubladenexperiment, only the retentional mode is continuous. Protention re-occurs
         only when enacted by repetition and probability (which we phenomenally experience
         as anticipation) once we have completed the experimental trial (opening the drawer)
         and primal impressions (direct and actual perception) are suspended. The duration
         of the actual opening of the drawer constitutes an intervention, or time-interval,
         with an irreducible temporal duration.[82]   
      

      
       If indeed, the intervention is timeless in its durability, then the phenomenal and
         physical constancy could be perceived simultaneously. And yet each opening (intervention)
         that cuts the pre-phenomenal continuum (of adumbration) does not result in a point
         of intersection between two continua as a common temporal continuum. Instead the opening
         introduces a discontinuity or rupturing (in Husserl’s terms) of our own phenomenal
         continuity: our ability to follow the object’s determination either as continua or
         qualia. Such a predicament recalls Wittgenstein’s suggestion that “the intersection
         point of two lines is not the common element of two classes of points, but the intersection
         of two laws.”[83]  
      

      
       Husserl’s assertion of the irreducibility and lack of causal relations between the
         pre-phenomenal continuum of adumbration and the phenomenal continuity of temporal
         objects exemplifies the same difficulty. It attempts to account for “physical time-asymmetry”
         in relation to “intuitive time-asymmetry.” Boltzmann interpreted the Schubladenexperiment
         in accordance with a mathematic-physical concept of a temporal continuum infinitely
         divisible. Thus it implies direction (as a vector) which is probabilistically determined,
         for there are no “actual ‘t’ points” to compute or count that correspond to actual
         moments or nows. It does not rely on the temporal continuity which introduces continua
         and qualia (past, now) of temporal objects.[84]  
      

      
       Furthermore, Boltzmann’s defiance of Brentano’s position is consistent with his so-called
         weak interventionism. Any admission of Brentano’s position or its consequences must
         account for the opening as an intervention within the experiment and thus the system,
         implying a “strong interventionism” or strong “anthropic principle.” It is, therefore
         highly plausible to assume that Boltzmann benefited from the Schubladenexperiment.
         It clarified the extent to which intervention should not violate the probabilistic
         inferences (laws) or explain direction in terms of phenomenal continuity.[85]  
      

      
       The extrapolation of two kinds of irreversibility, which as Price has noted are logically
         independent, include a “practical irreversibility” as phenomenally observed in individual
         systems (anisotropic processes) and a “numerical irreversibility” as connected to
         the imbalance in nature (increase in entropy). They are redescribed by the Schubladenexperiment
         as effectively distinct through the difference between physical and phenomenal permanence
         and its subsequent interpolations. In that practical irreversibility is related to
         phenomenal dis/continuity, it involves perception and observation as reciprocally
         irreducible. In other words, the Schubladenexperiment exemplifies the problem of assuming
         perception and observation to be equally reducible to sensations or the immediately
         given, raw data, of experience. As I have argued, a Husserlian explication of Boltzmann’s
         critique of Brentano’s position yields the cognitive (phenomenological) complexity
         of the intentional constitution of “real” (perceptual) objects and of “ideal” (categorical)
         objects. Both are crucial to analyzing continuity.
      

      
       Moreover, both perceptual and categorical objects involve a cognitive-temporal structuring
         (as an internal-time-consciousness in Husserl’s terms): the adumbration of the object
         in the drawer is a temporal object as well. Hence, the object’s apperceptual temporal
         adumbration involves its absent phases (or “past impressions”) as part of the retentional
         continuum. It also deliberates a relation between the object with its intentional
         content and qualities (its noematic qualia) and the object as a temporal act (its
         noetic continua). Analyzed accordingly, practical irreversibility is itself subject
         to repeated testing and causal explanations, and thus cannot be seen as law-like,
         or nomological. Numerical irreversibility, on the other hand, relates to the concept
         of a mathematical-physical continuum that is deductively (inferentially) determined.
         The two levels of implied probability are therefore a practical and empirical one,
         and a numerical and deductive. Combining these two levels amounts to Boltzmann’s cosmological
         hypothesis.[86]  
      

      
       One of the arresting conclusions that can be drawn from the Schubladenexperiment
         in relation to analyzing phenomenal di/continuity is that perception (with its bundles
         of hyletic and noetic complexes) has a pre-phenomenal indeterminate aspect. This ultimately,
         as both Husserl and Quine would have it, remains inconclusive. As in Husserl’s “determinable
         x” (see chapter 1), the determination of noetic-noematic content is perpetually re-assessed
         to attain a pragmatic and coherent continuum. Like Quine’s “indeterminacy of translation”
         (“translation” must be construed as “radical translation” of sense data to intentional
         objects and qualia), Husserl’s “determinable x” suggests a probabilistic mechanism
         to cognition. Husserl’s notion of transcendental reduction (in Ideas) is based on a methodological suspension of judgment or determination in favor of
         prolonged analysis. Similarly, the pre-phenomenal continuum or flux of experience
         in Quine’s terms can be construed in terms of equilibrium and relative entropy. This
         facilitates the speed and effectiveness of perception.[87]  
      

      
      Notes

      
      
         
            1. My discussion is primarily based on Blackmore (1995a; 1995b); Albertazzi (1997; 1999);
                  Cattaruzza (1998); Fasol-Boltzmann (1990); Brentano (1988).
               

            

         

         
            2. Blackmore, (1995a; 1995b); Albertazzi (1997) and (1999); Cattaruzza (1998).

            

         

         
            3. Correspondence of Boltzmann as found in Blackmore (1995a), p. 152.

            

         

         
            4. These include Blackmore’s reference and edited compilation of a selection of Boltzmann’s
                  lecture notes, working notes (Blackmore 1995a; 1995b), as well as Boltzmann’s compilation
                  in Fasol-Boltzmann’s book (1990) and finally the analyses proposed both by Cattaruzza
                  and Albertazzi in The Brentano Puzzle (1998).
               

            

         

         
            5. Blackmore (1995a), pp. 152–53.

            

         

         
            6. Cattaruzza (1998), p. 171. Boltzmann’s influence on Schrödinger is well established
                  (letters and writings). However, it seems unlikely that Schrödinger read Boltzmann’s
                  references to the Schubladenexperiment since they were not yet published.
               

            

         

         
            7. Cattaruzza (1998), p. 171.

            

         

         
            8. Cattaruzza (1998), p. 173. Cattaruzza’s methodological line is close to Husserl’s
                  analysis in his Logical Investigations and less to his later works. Nevertheless, her account shares more with Husserl’s
                  analysis of intentionality, than Brentano’s. Such alliance is evident from Cattaruzza’s
                  citation from Kanizsa’s Fenomenologia sperimentale della visione, Angeli, Milano. (1984, pp.10–11): “despite the widely-held view to the contrary,
                  experimental phenomenology does not restrict itself to mere description or classification
                  of phenomena, although an accurate and bias-free description is a necessary point
                  of departure. [phenomenology] pursues a more ambitious goal: to discover and analyze
                  necessary causal connections among visual phenomena, identify the conditions that
                  determine, encourage or hinder leaving the phenomenal domain. . . . This is not a
                  second-best option due to the slowness with which neurophysical research advances;
                  it is a knowledge obtained by this means is just ‘scientific’ as knowledge obtained
                  in any other domain of reality with methods appropriate to it.”
               

            

         

         
            9. Cattaruzza (1998), p. 173.

            

         

         
            10. An example of an elaboration of such approach is Kripke’s post-Fregean analysis of
                  “rigid and non-rigid” designation. See Kripke’s Naming and Necessity (1980).
               

            

         

         
            11. On Boltzmann’s “constructive realism” see chapter 2 and E.N. Hiebert’s “Boltzmann’s
                  Conception of Theory Construction” in (1981) Probabilistic Thinking, ed. Hintikka.
               

            

         

         
            12. Cattaruzza (1998), pp. 173–74. Husserl (1991), p. 308. Furthermore, as Husserl’s contention
                  follows: unity as opposed to multiplicity here signifies this identity to be grasped in the perception of the individual, an identity that we designate
                  quite universally as . . . continuous temporal multiplicity of the phases of the thing.
                  . . . This continuity can also be heeded, meant, and in this sense apprehended. It is a unity in a sense
                  different from the thing; it is the unity of the continuity of phases. . . . Even
                  such a complex is something identical and unitary in time, collectively a “thing.”
                  Husserl (1991), pp. 280–81.
               

            

         

         
            13. Cattaruzza (1998), p. 174. Such “double-intentionality” in the perceptual praxis is
                  later developed by Merleau-Ponty’s conception of “Chiasm.” See Merleau-Ponty’s The Visible and the Invisible. (1968) See Albertazzi (1996; 1999), and Blackmore (1995b), p. 141. Kortooms (2002),
                  p. 33. See chapter 5 in relation to pre-phenomenal flux. Also Husserl (1973): Experience and Judgment, pp. 95–96; 392–94.
               

            

         

         
            14. This is Husserl’s Cartesian redescription of doubt as epochē.

            

         

         
            15. Cattaruzza (1998), p. 174.

            

         

         
            16. Husserl’s redescription of skepticism is related to his overall conception of genetic
                  conception and pre-phenomenal knowledge; see chapter 5.
               

            

         

         
            17. Husserl (1948), pp. 95–96.

            

         

         
            18. Cattaruzza cites Petter’s suggestion that: “cases of permanence are not only those
                  in which an object remains the same during the whole time that it is perceived by
                  us, or is recognized as the same object when it is represented to us after an interval
                  of time, but also those in which its sudden appearance . . . arouse the impression
                  of neither a ‘birth’ nor of an ‘annulment.’ . . . An analogous relationship is established
                  when corresponding to its disappearance is the impression that it continues to exist
                  and is simply ‘hidden.’” From “Lo studio sperimentale della identita` fenomenica`,”
                  in Rivista di Psicologia, vol.51. 1957. pp. 21–40. Cattaruzza (1998), p. 175.
               

            

         

         
            19. See Luccio’s “On Prägnanz” in Albertazzi (1999) and Thomson, Noe and Pessoa, “Perceptual
                  Completion” in Petitot, J., Varela, F.J., Pachoud, B. and Roy, J. (1999). Albertazzi
                  (1999). The analysis of visual perception in relation to the naturalization of “time-consciousness”
                  will be discussed in chapter 4. Albertazzi (1999).
               

            

         

         
            20. Cattaruzza (1998), p. 175.

            

         

         
            21. Cattaruzza (1998), p. 175.

            

         

         
            22. I am not asserting here a quantum mechanical conception of atom, but merely stress
                  Boltzmann’s defiance of the phenomenal equivalence of physical objects, qua sensations. In this context, I am using the notion of permanence, loosely as the cognitive equivalent of identity.
               

            

         

         
            23. Given that experimental data on the reality of atoms was attained shortly after Boltzmann’s
                  suicide. As accounted by Cercignani (1998).
               

            

         

         
            24. Blackmore (1995a), p. 164.

            

         

         
            25. “Warum müssen der phänomenale Raum und die phänomenale Zeit continuierlich sein? Wenn
                  zwei Phänomene raumlich verschiedene Qualität haben ebenso zeitlich, können sie nicht
                  verschwimmen; dagegen verschwimmen zwei verschiedene Farben.” This quotation is from
                  Fasol-Boltzmann (1990), p. 283.
               

            

         

         
            26. The notion of a “thought-experiment” (Gedenkenexperiment) as promoted by Mach (e.g.,
                  Knowledge and Error) was criticized (as I have mentioned previously) by Brentano in
                  his critique of Mach’s book, see Brentano (1988a), and before Brentano by Husserl
                  in Logical Investigations. Thus, it will most certainly suggest that the Schubladenexperiment cannot be construed
                  as a “thought-experiment” in Mach’s sense.
               

            

         

         
            27. Blackmore (1995a), pp. 164–65. Cattaruzza in Poli (1998), p. 172.

            

         

         
            28. Blackmore (1995a), p. 164.

            

         

         
            29. Boltzmann (1974), p. 16.

            

         

         
            30. Boltzmann (1974), p. 17.

            

         

         
            31. Boltzmann muses on the prospect of cognition and “what does it really mean to know?
                  Can one know directly? Is that merely mechanism? . . . as a child, I thought I directly
                  so things. Now I know it is mechanism.” Blackmore (1995a), p. 164. See Husserl (1931).

            

         

         
            32. Brentano’s position seemed to Husserl anchored in Aristotelian conception of cognition
                  as categoric, whereas Frege’s disagreement with Husserl and Husserl’s divergence stem
                  from a fundamental difference between the noetic-noematic relations and the sense-reference relations analogy. (See my discussion in chapter 1 for the controversy around Føllesdal’s
                  interpretation of Husserl-Frege and Ortiz Hill critique of Føllesdal.) In as much,
                  the “act” is never reducible to mere referential (linguistic) predication and the
                  “object” is never determined in its hyletic or noetic sense, but rather continuously undergoes modification in regards to both the internal
                  coherence and pragmatic facticity. Husserl his position in most works after his Logical Investigations, Ideas, Cartesian Meditations, and Crisis.
               

            

         

         
            33. Blackmore (1995a), pp. 164–65.

            

         

         
            34. In Husserl’s Ideas (1931), such co-dependency of hyele and noesis will evolve into the concept of embodiment. For Husserl’s later cognitive redescriptions of the subject/object divide see also
                  Dreyfus’ The Embodied Mind (1982). Blackmore (1995a), p. 165.
               

            

         

         
            35. Both Husserl and Boltzmann construe permanence in relation to identity and not in Aristotelian terms. Boltzmann stresses, for example, that “Mills [permanent]
                  possibility has to be adopted because otherwise it would be impossible to formulate
                  laws for that which actually exists. My different fundamental questions concerning
                  the world as temporal can actually be imagined as spatial as well, if no point of
                  the one has a distance from one point of the other.” The original German reads as
                  follows: “Mills possibility mus angenommen werden, sonst ist es nicht möglich, Gestze
                  zu dem, was wirklich existiert, zu formulieren. Man könnte sich meine zeitlich verschiedenenWeltgragen
                  im Grund genommen auch im Raum neveneinander denken, wenn kein Punkt der einen eine
                  Entffernung von einem Punkt der anderen hätte.” Husserl’s critique of Mill is found
                  in his Logical Investigations (2001). Quotation from Fasol-Boltzmann (1990), p. 284.
               

            

         

         
            36. Blackmore (1995a), p. 173. Brentano’s Philosophical Investigations: On Space, Time and Continuum (1988a), and also his Über Ernst Machs “Erkenntniss und Irrtum (1988b).
               

            

         

         
            37. Blackmore (1995a), p. 169, 174.

            

         

         
            38. Blackmore (1995a), p. 173.

            

         

         
            39. Brentano (1988a), p. 145.

            

         

         
            40. Brentano writes that “Mach beruhrt nur flüchtig das Psychologische und wendet sich
                  zu dem, was er physik [alishc-] mathemat [tische]-Bedeutung nennt.” Brentano (1988b),
                  p. 138. “Ich glaube, das er ebenso recht hat, wenn er der Ansicht ist, das der Begriff
                  des Kontinuums von der besonderen örtlichen, zeitlichen oder sonstwie beschaffenen
                  Natur desselben abstrakt gefast werden könne (meines Erachtens ist dies ebenso möglich
                  wie bei dem Zahlbegriff, und eine gewisse Zeitlänge mus irgend einer Raumlänge genau
                  entsprechen), als er Unrecht hat, wenn er meint, das an der sogenannten ebenen Natur
                  unseres Raums irgendwie vernüngtig gezweifelt werden könne.” Brentano (1988b), p.
                  140.
               

            

         

         
            41. Brentano writes that “although Ernst Mach deems himself to be a special sort of nativist,
                  I do not in fact see as belonging to the nativistic persuasion. [Mach] speaks of ‘sensations
                  of space’; but what he calls ‘physiological space’ does not correspond to the true
                  concept of space for the latter requires continuity in three dimensions where Mach
                  says so his physiological space that it is not continuous but is rather compounded
                  out of a finite number of qualities. . . . Thus the Machian physical space, too, is
                  lacking in continuity, so that it does not correspond to the presentation that is
                  to be connected with the word ‘space’ as this is employed by geometry.” Brentano (1988a),
                  p. 144.
               

            

         

         
            42. This is amply evident from their mutual correspondence; see Blackmore (1992), Blackmore:
                  1995a; 1995b. Brentano’s ambivalence in respect to Mach’s position on the physical
                  continuum of time is evident in the following contention that “Mach holds forth that
                  time and space are in their physical dependencies of physical elements. (Is he implying
                  that they are merely relative, that each was given a temporal and spatial value only
                  in relation to each other?) It appears that Mach had wanted to say more; he seems
                  to think that temporal and spatial differences have to be taken into account when
                  establishing the laws of change.” Brentano (1988b), p. 149 The German original reads
                  as follows: “Mach sagt, Zeit und Raum sind in physikalischer Beziehung besondere Abhängigkeiten
                  der physikalischen Elemente vonveinander. (Soll das heisen, sie seien blos relativ,
                  es komme jedem eine zeitliche oder räumliche Bestimmung nur in bezug auf anderes zu?)
                  Mach scheint mehr sagen zu wollen: er scheint zu meinen, das zeitliche und räumliche
                  Differenzen bei Bestimmung der Gesetze der Veränderung zu berucksichtigen sind.”
               

            

         

         
            43. Brentano (1988a), p. 93.

            

         

         
            44. Føllesdal (1994) and others discuss Husserl’s friendship with Georg Cantor, and his
                  familiarity with the “Continuum problem” and Ortiz Hill (1994).
               

            

         

         
            45. Husserl (1991), p. 375.

            

         

         
            46. Brentano (1988a), pp. 90–91.

            

         

         
            47. Unlike Brentano, Husserl’s mathematical background, his familiarity with Bolzano’s
                  works (such as Paradoxes of the Infinite [1950]) and his friendship with Cantor allowed him a better appreciation of set-theory,
                  topology and logico-mathematical formulations of “continuum,” see my previous references
                  to Ortiz Hill (1994); Føllesdal (1994). See Mach’s critique of “theoretical physics”
                  and Brentano’s critique of “real physical space” in Blackmore (1995b), p. 177.
               

            

         

         
            48. Blackmore (1995b), p. 174.

            

         

         
            49. Husserl (1970b); (1931).

            

         

         
            50. Husserl’s considerations of the example of “a piece of chalk” resonate with Boltzmann’s
                  Schubladenexperiment. Husserl’s contention is as follows: “Let us look at a piece of chalk. We close and
                  open our eyes. We then have two perceptions. We nonetheless say that we see the same
                  chalk twice. Here we have contents separated in time; we even see, phenomenologically,
                  a separation or division in time. But there is no division as far as the object is
                  concerned: it is the same. In the object there is duration; in the phenomenon, alteration.
                  Thus we can also sense, subjectively, a temporal succession where, objectively, we
                  must confirm coexistence. The experienced content is ‘objectivated,’ and at that point
                  the object is constituted in the mode of apprehension from the material of the experienced
                  contents. But the object is not merely the sum or combination of these ‘contents,’
                  which do not enter into it at all. The object is more than content and in a certain
                  sense other than it. The objectivity belongs to ‘empirical experience,’ specifically,
                  to the unity of empirical experience, to the nexus of nature governed by empirical
                  laws. It we express this phenomenologically: the objectivity is precisely not constituted
                  in the ‘primary’ contents but in the apprehension-characters and in the laws belonging
                  to the essence of these characters. To grasp this fully and to render it clearly intelligible
                  is precisely the task of the phenomenology of knowledge.” Husserl (1991), p. 8. Blackmore
                  (1995a), p. 174.
               

            

         

         
            51. Blackmore (1995a), p. 174. Husserl (1991), p. 17.

            

         

         
            52. Blackmore (1995a), p. 169.

            

         

         
            53. Blackmore (1972), p. 367. Chisholm as quoted in Blackmore (1995b), p. 160; Blackmore
                  (1995b), p. 214; Blackmore (1995b), p. 163. This contention resonates with a similar
                  insight in the case of quantum mechanical collapse; see Albert (1992).
               

            

         

         
            54. Blackmore (1995a), p. 169.

            

         

         
            55. Blackmore (1995a), p. 165.

            

         

         
            56. Blackmore (1995a), p. 165.

            

         

         
            57. Blackmore (1995a), p. 163.

            

         

         
            58. Blackmore (1995a), p. 173; Blackmore (1995a), p. 166.

            

         

         
            59. Blackmore (1995a), p. 166. In his critique of Brentano’s lack of distinction between
                  perception and fantasy which results in the same problem of objective time in contrast to objective temporalization,
                  or “temporal objects.” Husserl (1991).
               

            

         

         
            60. Boltzmann resonates with Husserl by arguing that: “Ich nehme einen eben vergangen
                  to . . . die Zeit.” in Fasol-Botzmann (1990), p. 283.
               

            

         

         
            61. Blackmore (1995b), p. 166.

            

         

         
            62. Blackmore (1995b), pp. 179–80.

            

         

         
            63. Boltzmann’s responses to Loschmidt’s and Zermelo’s as translated in Brush’s Kinetic Theory (1966).
               

            

         

         
            64. Blackmore (1995a), p. 125. Contrary to Boltzmann, Brentano shared a similar concern
                  with Mach when it comes to interpreting entropy, however critical he was in assessing
                  Mach’s phenomenalistic interpretation. He argued: “Mach means to consider [entropy]
                  a law that things which react on each other always do it in such a manner that each
                  one becomes more like the other; thereby the differences continue to diminish, so
                  that in the end there would be an entirely uniform condition, in harmony with the
                  law of entropy. However, I doubt that he [Mach] takes conscious note of this consequence.”
                  Brentano (1988a), p. 150.
               

            

         

         
            65. Blackmore (1995a), p. 123. I take Boltzmann’s use of the word “experience” to refer
                  to the phenomenal talking (reference) of “experience” as connected to individuation.
                  This relates to Husserl’s understanding in terms of formal ontology. See Husserl’s
                  Formal and Transcendental Logic (1969).
               

            

         

         
            66. Fasol-Boltzmann (1990), p. 283. Boltzmann’s original statement in German follows:
                  “Ich nehme einen even vergangen Ton andres als einen gengenwärtigen wahr; darauf beruht
                  die Zeit.”
               

            

         

         
            67. On “explanatory context” see my discussion of Ben-Menahem’s “Description and Direction”
                  in chapter 2. See Dagfinn Føllesdal’s “Gödel and Husserl” (1999), p. 390.
               

            

         

         
            68. Longo in Petitot (1999), p. 401.

            

         

         
            69. Richard Tieszen informs us that “it is important that Husserl is advocating a descriptive
                  method for clarification of the meaning of mathematical concepts. A good deal of philosophical
                  methodology, especially in the analytic tradition of philosophy, is concerned with
                  of offering arguments for the truth of various assertions. The is clearly a problem
                  in trying to apply this methodology to elucidate primitive terms and to justify axioms
                  of mathematical theories . . . As an alternative, Husserl’s philosophy suggests that
                  it is possible to understand the meaning of some mathematical assertions not only
                  through argument by also through careful, detailed description of a concept, like
                  the iterative concept of set. . . . Husserl thus gives us a way to solve the Platonists’
                  problem while avoiding the problems of nominalism and fictionalism.” Richard Tieszen
                  in Smith and Woodruff Smith (1995), The Cambridge Companion to Husserl, pp. 458–59.
               

            

         

         
            70. See both Føllesdal and Longo’s accounts in Petitot (1999) and Husserl’s Thing and Space (1997); Longo in Petitot (1999), p. 402.
               

            

         

         
            71. Longo in Petitot (1999), p. 402.

            

         

         
            72. Zahavi’s (2002). See my previous reference to Husserl’s “metaphysical neutrality.”

            

         

         
            73. See my previous discussion on the disagreement between Boltzmann and Brentano on “truth”
                  as a priori.
               

            

         

         
            74. Husserl (1991), pp. 251–54.

            

         

         
            75. Longo makes a cross-reference here to Augustine’s Confessions (1996) as well. Longo in Petitot (1999), p. 402.
               

            

         

         
            76. Husserl (1991), p. 252.

            

         

         
            77. Husserl (1991), p. 297. Longo in Petitot (1999), p. 401. The employment of the notion
                  of “intuition” in relation to a mathematical continuum is another highlight of the
                  difference between Bergson’s phenomenology of time as duration. Bergson’s anti-mathematical
                  “intuition” contrasts with the Husserlian conception.
               

            

         

         
            78. Husserl expounds on the notion of “pre-phenomenal flux” in Thing and Space (1997); Ideas (1931), and Phenomenology of Internal-Time-Consciousness (1991).
               

            

         

         
            79. Hintikka’s “The Phenomenological Dimension,” p. 98, in Smith and Woodruff Smith (1995).

            

         

         
            80. Føllesdal’s account in Petitot (1999), pp. 391–92. Husserl discusses this issue in
                  the first two chapters of Ideas (1931), p. 337 -and on.
               

            

         

         
            81. Indeterminate possible perceptions are regarded by Husserl as the “horizon of possible
                  points” and actual determinate perceptions as the “external horizon.” Longo in Petitot
                  (1999), pp. 404–405. Husserl Thing and Space (1991), p. 52.
               

            

         

         
            82. This is how I take Boltzmann’s following contentions that: “Past and future are two
                  qualities,” but that “I deny that the spatial and temporal are qualities” to refer
                  to what Husserl considers a pre-phenomenal continuum which implies phenomenological (intentional) constructs such as “past” and “future” as distinct from possible phenomenal (perceptual) temporal objects. In Ideas (1931), Husserl would regard such suspension (epochē) of pure hyletic content as an abstention not only of judgment but also of the determination of eidetic content itself.
               

            

         

         
            83. Longo in Petitot (1999), p. 404. Continua would be indicative of its exact duration or time-order. Qualia would be indicative of some of its objective properties, or attributes, whether distinguishable
                  from the object or indistinguishable.
               

            

         

         
            84. Husserl’s assertion of the irreducibility and lack of causal relations between the
                  pre-phenomenal continuum of adumbration and the phenomenal continuity of temporal
                  objects implies apperceptual and objective levels of time as discussed in chapter 3.
               

            

         

         
            85. See my discussion of different types of interventionism later.

            

         

         
            86. Husserl informs us that such a differential relation is critical: “The primal sensation
                  with which the now of the tone becomes constituted cannot be the now-red itself. The
                  modification of the primal sensation red into retentional reproduction shows that.
                  Only intentionality can be modified into intentionality.” Husserl (1991), p. 394.
               

            

         

         
            87. See Quine’s From A Logical Point of View (1980).
               

            

         

      

   
      Chapter 5

      Attempts at Naturalizing 
Husserl’s Phenomenology of 
Time-Consciousness
      

      
         
         
      

      
       In this chapter, I will raise two distinct though related concerns. The first questions
         whether it is possible to naturalize phenomenology by using models for “intentionality,”
         such as the probabilistic one through a computational approach, without violating
         or compromising phenomenology’s rigorous attempt to describe intentional objects (perceptual
         or categorical). Furthermore, I address the question whether Husserl’s phenomenology,
         especially his late concept of intentionality vis à vis “genetic phenomenology,” can
         be sustained without resorting to a physicalistic reduction of intentionality that
         would deplete the critical descriptive role of phenomenology “as this continuous going
         back and forth between reflective and natural attitudes.” The second concern is more
         diagnostic in inclination. Given that the conflation between phenomenalistic and phenomenological
         positions still prevails, how should Prigogine’s physics of becoming be taken? I will
         analyze the uses, misuses, and abuses of phenomenology within Prigogine’s scientific
         project to redescribe physics’ constitutive laws in terms of the fundamental irreversibility
         of processes and time.[1]  
      

      
      Can Phenomenology be naturalized? 
And what does that mean?
      

      
      The following section will raise two key questions that can be phrased as follows:

      
      
         	
            
             Can a naturalized phenomenology account for internal-time consciousness and amount
               to a re-description of intuitive-time asymmetries within physics?
            

            
         

         
         	
             Supposing that such phenomenological redescription (naturalization) is obtainable,
               would it affect a palpable foundational approach to the physics of time? Would redescribing
               intuitive-time asymmetries in terms of a naturalized internal-time consciousness better
               explain physical time-asymmetries?
            

            
         

         
      

      
      The first question has two parts. On the one hand, it presses on the very possibility
         of naturalizing phenomenology as a descriptive “eidetic” method of intentionality.
         Can it be done without compromising the phenomenological task? On the other hand,
         the question raises the very issue of a naturalized phenomenological account of time-consciousness.
         Is it feasible? What do we mean by naturalizing? Is it a physical grounding in the
         broad sense? Or overt reductionism?
      

      
      This twofold question concerning naturalization of time-consciousness raises key issues
         about Husserl’s late concepts of “genetic phenomenology” and “intersubjectivity.”
         What are the consequences of both attempts to naturalize phenomenology and time in
         particular?[2]  
      

      
      Will the sedimented explication of genetic phenomenology, unlike static phenomenology
         which brackets (via phenomenological reduction) physical time theories as historically
         constituted on the objective level, withstand naturalization? An a-temporal implication
         is familiar to us in history and the philosophy of science, were “genetic” aspects
         (or historico-epistemic constructs from Kuhn and Lakatos to Foucault) are introduced.
         Furthermore, would such an inclusive physics regress back into a hermeneutic scientific
         methodology (Mach, Duhem) as opposed to an unnarrated experimental methodology?
      

      
      Would phenomenology be able to sustain its transcendental reduction? Would naturalization
         ultimately challenge phenomenology’s metaphysically neutral role of “going back and
         forth between a reflective and natural attitude”?[3]  
      

      
      Would Husserl’s phenomenological purpose of criticizing natural attitudes (including
         scientific ones and not only folk beliefs) as commonsensical be abandoned?
      

      
      Attempts at naturalizing phenomenology have been persistent since phenomenology’s
         early inception: consider Mach’s Knowledge and Error, Brentano’s Psychology from an Empirical Standpoint, or Husserl’s Logical Investigations. Husserl’s predecessors and teachers (Mach, Brentano, and Stumpf) retained an experimental
         and empirical tendency in their work that very much influenced him and helped define
         Husserl’s objection to phenomenalism and psychologism in Mach’s sense or Brentano’s
         sense. Post-Husserlian attempts at naturalizing phenomenology have taken a different
         route, although occasionally they refer back to a line of continuity between Brentano
         and Husserl.[4]   
      

      
      I will not attempt to deal with the imposing question of whether phenomenology can
         be naturalized in general, since my main focus lies in examining the prospect of naturalizing
         internal-time-consciousness and its use as a substitute for intuitive-time-asymmetry.
         I will still address some key issues involving the naturalization of phenomenology
         which concern the question of time and irreversibility. Following the publication
         of Naturalizing Phenomenology the debate over the validity, consistency, and sense of such task gravitated a lot
         attention. Zahavi, is one of the critics who suggested a non-radical understanding
         of naturalization. Zahavi’s position on naturalization of phenomenology is threefold:[5] 
      

      
      
         	
            
            Husserl’s adverse position on naturalism as relying on an epistemology or metaphysics
               of science is not to be conflated with the empirical facts themselves which in turn
               can be incorporated eidetically into phenomenology but are not to be confused with
               the transcendental dimension of phenomenology which is constitutive of subjectivity
               and vice versa. Husserl’s distinction between transcendental phenomenology and phenomenological
               psychology as a regional phenomenology disallows the dis-suspension of the natural
               attitude as opposed to the naturalistic one.
            

            
         

         
         	
            Moderately accepting a rapport or a reciprocity that is not based on mutual reduction
               of phenomenology to science or science to phenomenology since that disederatum will
               be a category mistake, but rather, to follow “a back and forth” non-reductive analysis
               on both transcendental and genetic (normative) horizons.
            

            
         

         
         	
            Following Merleau-Ponty, the embodiment of mind suggests equally a charge against
               the assumed naturalistic position on nature, viz., naturalism itself should be redefined
               and perhaps even the very notion of exhaustibility and reductionism within science.
            

            
         

         
      

      
       

      In respect to Husserl’s conception time and temporality and the possibility of naturalization
         the objections can be seen on 4 different levels both in respect to time and temporality.
      

      
      In respect to time, i.e., objective time, there is following Husserl a fundamental
         difference between mathematical continuum and phenomenal/perceptual dis/continuity—it
         is in the objective nature of time that its mathematical definition as a continuum
         is categorically distinct from phenomenal flow of enumeration and adumbration. The
         second objection is connected to the inability to define objective time without a
         genetic and/or transcendental dimension that will rely on extra mathematical parameters
         and thus will preclude a logical or mathematical reduction of the concept of time
         to either measurement or duration, this is evident in the phenomenon of “instant”
         that is conceptually immeasurable.
      

      
      In respect to temporality we can point to two interconnected obstacles in naturalizing
         temporality. The first: the inherent subjectivity of temporality to consciousness
         and intentionality, and to a so called first person perspective and the second (or
         fourth) objection to naturalizing temporality is that it involved an epochal hence
         genetic dimension that cannot be grounded since it’s changing much in the way that
         Foucault regarded the notion of the episteme.[6] 
      

      
       Admittedly, this topic is vast and complex and crosses diverse disciplines, such
         as Gestalt psychology, cognitive psychology and science, phenomenology of perception,
         and neurobiology. Nonetheless, if we construe the naturalization of phenomenology
         to stand for all attempts to redescribe the phenomenological methods of eidetic reduction
         in terms of inclusive though rigorous epistemologies and methodologies in mathematical
         and physical sciences, then such attempts must differ in claims and degrees. In other
         words, we cannot draw on a common denominator between all of them as to their application,
         namely, the purposes and the degrees of their intent.
      

      
      Furthermore, questions concerning the applicability of naturalized phenomenology differ
         in some key regards from the prospects of a naturalized epistemology. Is phenomenology,
         as opposed to epistemology, necessarily positioned “outside” science (as Husserl’s
         quest for a rigorous eidetic science vis à vis transcendental phenomenology would
         imply)?[7]   Is it not continuous with science like Quine’s?
      

      
      The distinction between the naturalization of epistemology and phenomenology raises
         another issue, which I discussed in the first chapter in respect to phenomenalism.
         For some, like Sommer and Petitot, the prospect of naturalized phenomenology can be
         attained. Redescribing phenomenology in phenomenalistic terms would amount to its
         naturalization, since phenomenalism—as a possible scientific epistemology—is more
         continuous with reductionism and physicalism than phenomenology is. But as I pointed
         out in the first chapter discussion of phenomenalistic attempts to re-describe phenomenology,
         once the differentiation between phenomenalism and phenomenology is acknowledged,
         even within a “biased” interpretation such as Kleinpeter’s in support of Mach’s phenomenalism,
         the explanatory gap between the two approaches increases.
      

      
      Hintikka and Føllesdal reside at the center of such a gap by emphasizing Husserl’s
         uncompromised concept of intentionality” and its irreducibility to either linguistic
         (e.g., Frege or Kripke), perceptual (e.g., Mach or Stumpf), or cognitive (e.g., Brentano)
         grounds. Others like Woodruff-Smith analyzed Husserl’s Logical Investigations in terms of the Copenhagen interpretation, since the “Logical Investigations is a ‘superposition’[8]   of seven interdependent theories which tends to collapse into one of seven discrete
         and seemingly independent ‘eigen’ theories as each is observed separately.”[9]  
      

      
      To orthodox phenomenologists (e.g., Mohanty, Zahavi), the very idea of naturalization
         is self-contradictory much in the way Husserl regarded the utterance “perceived past”
         to be an oxymoron. Seen from a radical phenomenological perspective, naturalization
         is thus characterized by conflating the cognitive process of an experienced object
         with its physical state of affairs. Phenomenology’s claim to analyze such an object
         is attainable only through analyzing the noetic-noematic constitution of its perception
         and hence rules out talk of a “perceived x” being displaced from its phenomenological
         bracketing and for the purpose of its physicalistic reduction. Even though Hintikka
         and Føllesdal do not belong to the orthodoxy of phenomenological interpretation, I
         reckon that they would not approve an approach that would “translate” the phenomenological
         reduction of an object and position it anew in relation to the “object” in phenomenalistic,
         or physicalist terms. Such a move would inevitably deplete the dynamics of its intentional
         constitution.[10]  
      

      
      Another problematic aspect of naturalizing phenomenology can be discerned in regards
         to the subject matter of such attempts. As I will soon demonstrate, attempts at naturalizing
         Husserl’s phenomenology depart from different “areas” or “stages” of Husserl’s phenomenology.
         Petitot (1999) relies on Thing and Space, Pachoud (1999) on Ideas, and others like Varela (1999) on The Phenomenology of Internal Time Consciousness. Albertazzi and Barry Smith work in relation to Logical Investigations. Note that Husserl’s phenomenological work, throughout its various stages, can be
         conceived as an on-going modification and as Zahavi and Føllesdal have argued, cannot
         be axiomatized.[11]   
      

      
      I regard the issue of naturalization of phenomenology as connected to the historico-epistemological
         distinction between phenomenalistic/phenomenological descriptions of intuitive-time-asymmetry.
         The phenomenalistic (and commonly physicalistic approaches) assume intuitive-time-asymmetry
         as grounded biologically, where Husserl’s phenomenological position asserts that the
         account of internal-time-consciousness cannot be naturalized. Phenomenologically,
         either as temporal objects or as self-temporalization the Husserlian approach assumes
         a transcendental dimension that can never be reduced to either chronometric or measured
         time since temporality is connected to the genesis of subjectivity, namely, to a first
         person perspective.
      

      
      Furthermore, the two concerns, as mentioned, relate to “genetic phenomenology” and
         “transcendental reduction.” I will focus on attempts of phenomenologists and cognitivists
         alike to naturalize phenomenology; such attempts are perhaps part of a larger, persistent
         debate within cognitive science. This debate in its early phase was identified as
         between those who sided with the representational model of “intentionality” and those
         who advocate a computational model. More recent debate is centered within cognitive
         discussions, as the divide between the computational approach and dynamical approaches.[12]  
      

      
      Woodruff Smith observes the following: 

      
      
         The lesson for philosophy of mind, from phenomenology to cognitive science, is that
            “naturalism” looks dramatically different when we look to such a phenomenological
            ontology, wherein mind cannot be “naturalized” by reducing consciousness or intentionality
            to a causal or computational process. Yet only through such ontology can we ever hope
            to understand the phenomena of consciousness and intentionality and their role in
            the natural order of things.[13]  
         

         
      

      Husserl critically reflects on questions of naturalization by distinguishing the “natural
         attitude” and the “naturalistic attitude” or naturalism. My contention is that Husserl’s
         distinction between these two attitudes, rather than being instrumental to naturalization,
         in fact critiques naturalization, I will explain this contention in the next two sections.[14]  
      

      
      The Challenge and Limits to Naturalization

      
      The distinction between static and genetic phenomenology has been mentioned in chapter
         3. However, in this section I will explain it in relation to Husserl’s critique of
         naturalism, which involves the distinction between static and genetic phenomenology
         as emerging from his work between the years 1917–21 and which is amply evident from
         a variety of his writings. Husserl’s distinction concerns time-consciousness in ways
         that prevent its reduction to a noetic-noematic constitution. More specifically, it
         involves a differentiation between the intentional aspects of time-consciousness,
         which are cognitively and linguistically related to “signification,” the noetic-noematic
         constitution of an object’s meaning and the perceptual aspects of time-consciousness,
         which are pre-phenomenal and related to kinesthetic and associative syntheses.[15]  
      

      
      Through his genetic conception, Husserl’s realization is as follows: “Being adumbrated
         or exhibited in sense-data is totally different from significative interpretation.”
         The adumbration of sense data is genetically analyzed whereas the “significative interpretation”
         is made clear by static analysis. Static analysis is guided by the unity of the supposed
         object. It starts from the unclear condition of giveness and follows the reference
         made by them as intentional modifications. . . . Genetical intentional analysis, on
         the other hand, is directed to the whole nexus in which each particular consciousness
         stands, along with its intentional object as intentional. Immediately the problem
         becomes extended to include the other intentional references, those belonging to the
         situation in which, for example, the subject exercising the judicative activity is
         standing, and to include, therefore, the immanent unity of the temporality of the
         life that has its “history” therein. In such a fashion every single process of consciousness
         occurring temporally has its own “history” or its temporal genesis.[16]   
      

      
      Insofar as the static analysis of time was threefold and assumes the constitution
         of time by objective, apperceptual, and perceptual modes, the genetic analysis assumes
         a historical (“sedimented”) “temporal genesis.” Yet such a temporal genesis is also
         the substratum for a pre-phenomenal “experience” (undetermined as perception and as
         the flux of sense data) of time. As Husserl contends: “the original form of consciousness,
         ‘experience’ in the broadest sense . . . has not only a static but also a genetic
         priority to its intentional variants. Genetically too the original manner of giveness
         is . . . the primitive one.”[17]   
      

      
      In other words, what Husserl argues is that the historic-epistemic conception of time
         within our “epistemic web” (if to use Quine’s expression), is also exemplified on
         the most inarticulate level of our “flux of experience.” And such a provocative assertion,
         which is neither phenomenalistic nor Humian, is manifested in Husserl’s analysis of
         “determinations” of “indeterminate objects.” How can we apprehend objects (qua sense-data)
         prior to intending them (noetically-noematically)?[18]  
      

      
      In a case of “empty anticipation,” Husserl argues, we may lack constitutive adumbration
         of an object, but still grasp its institutive sense from one partial glance. Some
         writers, as we will see later, like Petitot, or Pachoud, have relegated such a genetic
         aspect to Husserl’s analysis of syntheses (of either kinesthetic or associative kinds)
         of perception and thus reducible to algorithms. As such, the two implications of Husserl’s
         distinction between static and genetic phenomenology pose a challenge to the task
         of its naturalization. The first concerns the adumbration in contrast to significative
         determination of perception; and the second concerns the relation between pre-phenomenal
         kinesthesia, associate syntheses, and genetic phenomenology.[19]   
      

      
      Nevertheless, the historic-epistemic (“inter-subjective”) level or counterpart to
         the pre-phenomenal experience cannot be reduced to pre-phenomenal perception of sense
         data. There is an intransitive relation between the two levels: our “epistemic web”
         determines what Husserl calls our “natural attitude” to the passively given, and as
         such we are behavioristically (a posteriori) conditioned to assume identities, or
         follow determinations on a pre-intentional level. However, the pre-intentional level
         does not affect or change our “epistemic web” but rather augments our perceptual substratum
         before intending, cognitive processes, and the intentional constitution of “meaning.”[20]  
      

      
      Such a genetic undertaking in Husserl’s later phenomenology comes full circle with
         his critical embrace of what in the Logical Investigations he had renounced as an anthropological attitude implicit in Mach’s Thought-Economy (see chapter 1). As Husserl argues in Logical Investigations, 
      

      
      
         The field of mind is a sub-field of biology, and accordingly has room, not merely
            for abstract psychological research aimed, like physical research, at elementary laws,
            but also for concrete, psychological investigations, and, in particular, for teleological
            ones. The latter make up mental anthropology as the necessary counterpart of physical
            anthropology; they deal with [human beings] in the living human community, as well
            as in the wider community of all life on earth.[21]  
         

         
      

      Husserl’s “genetic phenomenology” can be construed as a revisitation of this early
         critique of Mach’s Thought-Economy, but it also introduces an intersubjective constitution of “intentionality” which
         parallels pre-phenomenal perception. The genetic perception “makes possible a consideration
         of objects that have themselves never yet been given in consciousness, and a consciousness
         of objects as living determinations that they were never given as having—but precisely
         on the basis of the givenness of similar objects, or similar determinations, in similar
         situations. These are facts pertaining to the intentional essence of empeiria and
         the ‘association’ constituting it, but they are not empirical fact.”[22]  
      

      
      The genetic perspective amounts on its historic-epistemic level to the ways in which
         we incorporate scientific theories (among other convictions in our “web of beliefs”)
         into our world-view, or what Husserl calls the “natural attitude.” This natural attitude
         is reflected in what Husserl names the “Horizon of the real” or “the universal horizon,
         of real, actually existing objects, each of which we are conscious of only through
         the alterations of our relative conceptions [Auffassungen] of it, of its manners of
         appearing, its modes of validity, even when we are conscious of it in particularly
         as something simply being there.”[23]  
      

      
      And again to invoke Quine’s terminology, the “ontological relativity” of the “horizon”
         of the actual and the possible “givens” is complementary in its institutive poles:
         scientific theories, belief systems, etc., and pre-phenomenal perception, pre-intentional
         flux, etc.[24]  
      

      
      The institutive genetic pole is infinite insofar as it entails “an ongoing process
         of correction throughout possible transitional worlds” as well as filling, in the
         pre-phenomenal perception, the absent “probable” adumbration of sense data determination.
         In contrast to the institutive pole, the significative and intentionally determined
         constitutive pole is finite and hence conveys a “naturalistic attitude.”[25]  
      

      
      Thus, the “natural attitude” and “naturalistic” attitude are two diverging viewpoints
         on the “given.” The institutive, natural attitude, relates to “passive givens” (either
         as a theoretically deduced construct such as gravity or as a pre-phenomenal kinesthetic
         sensation (hyletic content) of one’s body being pulled down). The constitutive “naturalistic”
         attitude is based on the dynamics of intentional objects as they are actively determined
         (or constituted noetically and noematically by identification via their transcendental
         reduction).
      

      
      Thus, genetic phenomenology defies a fixed and immutable grounding of “givens.” Instead
         it is ontologically open and relative in its analysis of the “passive givens,” or
         pre-phenomenal flux. Genetic phenomenology is the analysis of how our “natural attitude”
         toward the found or given, including intentionality itself, evolves and gets modified
         epistemologically and biologically. Ultimately, the prospect of introducing a genetic,
         non-naturalistic, approach towards “intentionality,” in addition to the constitutive
         one, poses considerable difficulty for cognitive models of intentionality. The latter
         are invested in a constitutive, not institutive, dynamics of consciousness. And as
         the naturalization of intentionality, through a computational or dynamic approach
         to cognition, is attainable, it must assume “intentionality” as constitutively determined.
         To use Husserl’s terms, it cannot tolerate the “infinite horizon of the actual and
         the possible givens.”[26]  
      

      
      I will return later to the genetic vantagepoint and its relation to time-consciousness
         in discussing some attempts (especially those by Varela and Petitot) to overcome this
         difficulty in naturalizing the genetic aspect of phenomenology. For now, I will progress
         to the second difficulty posed by attempts to naturalize intentionality and which
         involves the notion of transcendental reduction.
      

      
      Transcendental Reduction (epochē) as a Limit to 
Reduction and Naturalization 
      

      
      One of the most misunderstood topics in Husserl’s phenomenology is connected to the
         notions of phenomenological reduction and epochē. The most common mistake is to regard
         epochē as either a semantic or syntactical procedure in suspending the sense and its
         referent. Epochē is the fundamental methodological device of Husserl’s transcendental
         reduction.[27]  
      

      
      Above all it entails the suspension of judgment, signified by a bracketing or abstention
         from determining the sense of a given object. As such, epochē exemplifies an abstentive,
         “neutralizing” strategy in coming to analyze the noetic-noematic constitution of objects.
         Thus, a phenomenological reduction is the suspension of reference and bracketing of
         sense of an object (be it “ideal” or “real”) given to us in the natural attitude.
         This in turn renders phenomenological reduction, in contrast to the natural attitude,
         a “transcendental attitude.”[28]  
      

      
      The significance of the transcendental attitude in Husserl’s phenomenology (from Ideas, or 1913 on) is embedded in the methodological procedure of epochē and has no similarities
         to idealistic philosophy.[29]  
      

      
      Because the institutive aspects of the twofold genetic perspective entail a natural
         attitude as historic-epistemic and pre-phenomenal levels of the flux of sense data,
         this attitude is suspended and bracketed once we begin a phenomenological reduction.
      

      
      And in addition, epochē implies an abstention from epistemological (or teleological),
         psychological (or egological) and transcendental (or universal or divine) judgments
         or suppositions regarding the scrutinized state of affairs of a given object. Husserl
         is careful that such abstention is not to be regarded as philosophically motivated
         in terms of skepticism or relativism. Husserl informs us that “through the method
         of bracketing . . . I do not then deny this ‘world’ [and] I do not doubt that it is
         there . . . I may accept it only after I have placed it in the bracket. This means:
         only in the modified consciousness of the judgment as it appears in deconnexion, and
         not as it figures within the science as its proposition, a proposition which claims
         to be valid and whose validity I recognize and make use of.”[30]  
      

      
      The “transcendental attitude” and its methodological exercise succumb to the end-purpose
         of attaining an eidetic reduction of “essences,” namely, analysis of the intentional
         constitution of an objects’ meaning vis à vis noeses and noema as given or found in
         the “natural attitude.”[31]  
      

      
      Conceived as such, what Husserl calls a “transcendental attitude” can be construed
         as a meta-critique of “intentionality” and its re-description in terms of cognitive
         dynamics. 
      

      
      The problem for any attempt at naturalizing phenomenology from the meta-critical standpoint
         of epochē is that somehow the “phenomenological reduction” needs to be “reduced” to
         either a propositional (and thus algorithmic) content or a syntactical (and thus mechanical)
         apparatus. This reduction would violate the phenomenological contention in regards
         to the suspension of the “natural attitude” and over-ride the phenomenological critique
         of reducing “experience” (of institutive-genetic and constitutive-static “intentionality”)
         into sense data (the immediately given) or else its abstraction through redescription
         in mentalistic terms.
      

      
      Botero in “The Immediately Given as Ground and Background,” acknowledges the problem
         of naturalizing the “transcendental attitude” by admitting that
      

      
      
         radical epochē operated on the life-world is what uncovers those conditions of possibility.
            In this sense, naturalizing them would mean to naturalize the very a priori conditions
            of possibility of every possible experience. . . . Naturalization here should have
            a specific sense. It should correspond to the radial character of the realized epochē.
            I mean: the transcendental a priori life-world is not the matter, but the horizon,
            and thus to describe it requires radical reflection; a naturalized description, as
            a theoretically oriented task, would not render the specificity of the grasp achieved
            by radical reflection but at most what I will call . . . some set of “rules of operation”
            for dealing with those a priori structures . . . [such as] . . . historicity, causality,
            intersubjectivity, spatiotemporality, passive associative synthesis . . . [of any
            experience of the world as] . . . Thus, these structures cannot be fixed as general
            fixed patterns, but can be used as rules for performing naturalized descriptions of
            experience.[32]  
         

         
      

      In other words, Botero concedes that naturalizing epochē is conceivable only within
         the radicality of what in genetic phenomenology regards as a horizon (context) rather
         than matter (content). However, redescribing epochē vis à vis naturalization as the
         “rules for description”[33]   or what Botero calls “descriptive criteria” which can in turn be regarded as underlying
         the structure for a “change of sign” is itself a limited interpretation of the “transcendental
         attitude.” It is a meta-linguistic or semantic procedure.[34]  
      

      
      The problem that remains unanswered by claims for naturalization involves a given
         phenomenological reduction with its subsequent eidetic description. Not only the “transcendental
         attitude” (involving a “transcendental ego”) with its various determinations or “judicative
         evidence . . . should be carried on within the frame of phenomenology,” as Husserl
         argues, “but also that this whole criticism leads back to an ultimate criticism: a
         criticism of evidence that phenomenology at the first, and still naive, level carries
         on [and] implies: The intrinsically first criticism of cognition, the one in which
         all others are rooted, is transcendental self-criticism on the par of phenomenological
         cognition itself.”[35]  
      

      
      As such, epochē cannot be used as a “limit” or “criterion” (either semiotic or meta-linguistic)
         for phenomenology’s “transcendental attitude.” Instead it in itself is the limit for
         “phenomenological reduction” and thus remains inexhaustible. This is so for whenever
         we attain a “phenomenological reduction” (understanding of the forms or eidetic relations
         of an intentional constitution), such a reduction in itself undergoes a further suspension
         and bracketing as a self-critique. Perhaps, as suggested by Føllesdal, Husserl might
         have shared with Gödel the view of the untenability of axiomatization and instead
         would have favored a “reflective equilibrium” that relies on “systematization as a
         way to clarify concepts.”[36]  
      

      
      Viewed accordingly, epochē as a methodological procedure can be further systematized
         and delineated but not axiomatized as a “limit.” I grant that my contentions regarding
         the prospect of naturalizing phenomenology pose a stumbling block for attempts to
         re-describe “genetic” phenomenology. But I will move on to examine specific efforts
         to naturalize the phenomenology of “internal-time-consciousness” and redescribe it
         in terms of “intuitive-time-asymmetry.”
      

      
      Can the Phenomenology of Internal-Time-Consciousness be Naturalized?

      
      Various contemporary redescriptions of Husserl’s phenomenology of internal-time-consciousness
         in cognitive science use earlier interpretations of Husserl’s time-theory which undertook
         its naturalization. Those attempts remained only partial redescriptions and I will
         not address them, even though they set a tendency for future efforts. Rather, I will
         discuss various analyses which raise a wide spectrum of questions in connection with
         Husserl’s time-theory and which all involve its naturalization. Can a naturalized
         phenomenological account of intentionality and internal-time-consciousness in particular,
         involving a “probabilistic” (non-inferential causal) constitution, be treated by computational
         models without undermining or even repudiating the phenomenological desideratum to
         “describe” intentional objects without the circularity of describing temporal objects?
         Which comes first? Or to put this question in Fodor’s terms: can the computational
         aspects be reconciled with the representational aspects of intentional content without
         overriding the differences between the levels of intentional constitution (i.e., perceptual
         and temporal objects), or what Husserl refers to as the double-intentionality of time-consciousness?[37]   
      

      
      More specifically I will examine two contemporary takes on the naturalization of “internal-time-consciousness”
         which then diverge in at least two interpretative analyses. These cognitive takes
         are the computational and the dynamical approaches. Most such attempts to naturalize
         the phenomenology follow the dynamic approach. However, I will critically evaluate
         them within the general context of cognitive science. Can they redescribe and replace
         “intuitive-time-asymmetry” with “internal-time-consciousness?” (see below).
      

      
      Whether the phenomenology of “internal-time-consciousness” can be naturalized depends
         on the twofold definition of “internal-time-consciousness” as both the cognitive dynamics
         (and intentional constitution) of time on the one hand, and of time as a condition
         or pre-requisite for cognition, on the other. This apparent circularity is exemplified
         by Husserl’s threefold model of time-theory and (as I have noted) is modified by his
         later genetic phenomenology.
      

      
      Attempts to naturalize time-consciousness require an explanation of “intentionality”
         as well as a corresponding model. Any model needs to be worked out in ways which will
         demonstrate: (1) how “intentionality” works from cognitive, linguistic, and neurobiological
         bases; and (2) how “time-consciousness” can be explained by the model without supposing
         other conditions not entailed by it.
      

      
      Moreover, the early divide between representational and computational models (e.g.,
         Fodor versus Dennett) in approaching intentionality has been replaced by the divide
         between the computational and dynamic approaches (Van Gelder). Each approach levels
         the charge against the other of being “representational.” For example, Van Gelder
         defines the computational approach, which he regards still as the mainstream or orthodox
         approach in cognitive science, as assuming “cognitive systems to be computers, in
         quite a strict and literal sense of machines that manipulate internal symbols in a
         way that is specified, at some level, by algorithms. Computers in this sense are exemplified
         by Turing machines. Cognition, according to this approach, is the internal transformation
         of structure of symbolic representations.” The reason why the computational approach
         is accordingly regarded as “representational” has to do with “a structural feature
         that all computational models share: the buffer. This is a kind of temporary warehouse
         in which the auditory information is stored in symbolic form as it comes in preparation
         for the recognition algorithms to do their work.”[38]  
      

      
      From a phenomenological perspective, time-consciousness can be approached by a computational
         model only when we consider a Meinongian account of time as experienced representationally
         first and then symbolically. Or we can consider a Brentanian account of time which
         also entails a “representational object” that acts as a cognitive simulacrum in “time-consciousness.”
         Husserl’s critique of both Meinong’s and Brentano’s accounts positions him close to
         a dynamic conception of time-consciousness. This defines “temporal objects” and “objective
         absolute-time-flow” in connection with the “double-intentionality” of the cognitive
         constitution of time. In other words, both consciousness itself and the perception
         of temporal objects are dynamically co-dependent.[39]  
      

      
      There is no explicit structural relation between Husserl’s concept of time-consciousness
         as the dynamic constitution of both consciousness itself and “temporal objects.” Yet
         there is a suggestion for phenomenological cognitivists like Van Gelder, Varela, and
         Petitot that it is a matching candidate for a dynamic approach to cognitive modeling.
         Hence, the cognitive dynamic approach uses the model of dynamic systems to account
         for time-consciousness, based on the understanding that “a dynamical system is a set
         of qualities evolving independently over time.” Such a “qualitative” analogy equates
         the dynamic modeling of neural systems with that of the brain, cognition, and “time-consciousness”
         in particular.[40]  
      

      
      An obvious incongruence between Husserl’s dynamic approach to “time-consciousness”
         and the cognitive dynamic approach is the latter’s emphasis on quantitative values
         and differentia. In contrast, Husserl’s system is based on qualitative differentiation
         prior to quantitative factors. For example, an adumbration of a temporal object is
         first explained in terms of the apperceptual continuum: of impressions, retentions,
         and protentions and only then can it be related to the perceptual explication of “primal
         impressions” (“now-objects”) as the series (quantity) of “sides” or “profiles” of
         adumbrated percepts. This interpretative gap between Husserl and cognitivists in relation
         to the dynamics of time-consciousness results in two main approaches to Husserl’s
         time-theory, which I will discuss, respectively. 
      

      
      The first, dynamic approach interprets Husserl’s time-theory as “perceptual modeling”
         (e.g., Varela, Van Gelder, as well as Albertazzi and other post-Gestalt theorists)
         of time-consciousness, namely, relying on the primacy of perception, especially ocular
         and ocularmotor perception in analyzing quantitative changes in the intentional constitution
         of time. This approach relies primarily on Husserl’s Phenomenology of Internal-Time-Consciousness as its theoretical basis, or ground.
      

      
      The second dynamic approach interprets Husserl’s time-theory from a “pre-phenomenal”
         perspective that involves motion and its perception (kinesthesia) as the most “primitive”
         or inarticulate substratum of “intentionality,” or what enables it. This approach
         relies on Husserl’s Thing and Space and to a lesser extent on Formal and Transcendental Logic to re-assess the quantitative parameters for time-consciousness.[41]  
      

      
      Before examining these two approaches to the dynamic modeling of “intentionality”
         and “time-consciousness,” I should clarify a crucial aspect to analyzing these respective
         interpretations. Since such attempts at naturalization are, to an extent, deviant
         from Husserl’s phenomenology as I have pointed out in previous sections, my point
         is neither to scrutinize their methodological inconsistencies in relation to Husserl’s
         time-theory, nor to retrieve a methodological congruence between the two. Rather,
         what seems important is to analyze these interpretations by their application to intentionality.
         I hold such epistemological neutrality as advantageous to a metaphysical preference
         or an epistemological bias in interpreting Husserl’s time-theory. In other words,
         one acid test for these attempts at naturalization is the extent to which a given
         interpretation of Husserl’s time-theory can be sustained with metaphysical neutrality
         and without introducing new teleological, psychological, or mechanical suppositions.
         There are two types of metaphysical neutrality which particularly concern us in relation
         to naturalization. The first is in respect to “intentionality” and “time-consciousness,”
         and the second is in terms of modeling or whether the choice of a model is a matter
         of difference or indifference in explicating and demonstrating intentionality.[42]  
      

      
      The dynamic approach which favors perception over motion (Varela, Van Gelder) views
         Husserl’s “time-diagram” (see above) as one step from re-describing “time-consciousness”
         in terms of state-space and trajectories of a dynamic system. The idea of adopting
         a non-linear dynamical system for intentionality was expressed as early as the late
         ’60s, invoking Prigogine’s preference for non-linear dynamics to model complex biological
         systems. One aspect of Husserl’s time-theory which appeals to the dynamic approach
         is found in Husserl’s analysis of notions like “succession” and “simultaneity” in
         terms of temporal syntheses or constitutional dynamics, rather than in a priori and
         fixed parameters of time-consciousness.[43]   
      

      
      Dynamical Approaches to Naturalizing 
Husserl’s Internal-Time-Consciousness
      

      
      It is understandable why Van Gelder construes dynamic models to “exhibit exactly the
         kind of simultaneous unfolding that phenomenological observation suggests. The state
         of the system is always changing, and from the onset of the very first sound, the
         system is evolving in a direction that reflects both the auditory patterns itself
         and the system’s familiarity with that pattern. In other words, the system begins
         responding to the pattern as the pattern that it is from the moment it begins.”[44]  
      

      
      However, Van Gelder’s approach is “un-neutral” in respect to its account of “intentionality”
         (and “time-consciousness”) since it overlooks Husserl’s concept of continuum, and
         “objective-absolute-time-flow,” as well as the static genetic perspective. Van Gelder’s
         approach assumes that modeling should entail only a dynamic approach to “time-consciousness,”
         But bear in mind that Husserl’s distinction between static and dynamic phenomenology
         does not alter its dynamic concept of cognition, intentionality, and time-consciousness.
         Hence it is compatible with a cognitive dynamic approach.[45]  
      

      
      A problem with such un-neutrality on the part of Van Gelder’s interpretation in regards
         to both “intentionality” and its “modeling” is the absence of criteria for substituting
         “awareness” systemically, without assuming it as extra-systemic. Admittedly, Van Gelder
         stresses the following: “The actual time-course of my experience—how it happens in
         time— is not so obviously something that is conscious or subconscious in the normal
         sense. In any case, presumably the phenomenological conclusion can be tested by psychological
         (‘third person’) experiments that shed light on the actual temporal frame of experience
         and can indicate whether our sense of awareness of a temporal object as it unfolds
         in an illusion or not.”[46]  
      

      
      To Van Gelder, one way out of explaining the awareness of time is supposing the apperceptual
         continuum of impressions, retentions, and protentions as genetically encoded. The
         result of such a biogenetic stipulation is that any understanding of time-awareness
         would have to be construed in terms of genetics or heredity. However, such an explanation,
         being teleological in principle, violates the neutrality of Husserl’s conception and
         makes Van Gelder’s approach Kantian because it redescribes Husserl’s time-theory as
         based on innate-schematization of its dynamic-synthetic factors.[47]  
      

      
      Van Gelder’s Kantian take on Husserl’s neutral position—with its abstention in regards
         to the causal and phenomenal grounds for the past-future distinction—is incompatible
         with Husserl’s time-theory. Van Gelder states the following: “How is the future built
         in? Well, note that a dynamical system, by its nature, continues on a trajectory from
         any point. This is true even when there is no external influence.”[48]   As we will see in this chapter, Van Gelder’s dynamic approach to time-consciousness
         with its assumption of a built-in adumbrative continuum comes very close to Prigogine’s
         concept of internal time.
      

      
      To fully appreciate the consequences of such an interpretation, one should imagine,
         and quite literally, Husserl’s “time-diagram” superimposed on a coarse-grain chart
         of a dynamic system. Its trajectories would indicate the phase-transitions of each
         impressional, retentional, or protentional state represented as a point, or attractor.
         Imagine a reconstruction explicating Van Gelder’s superimposed model of the “continuum
         of adumbration” with the dynamic points (present, past, and future nows) and trajectories
         (the dynamic unfolding or direction). In Van Gelder’s model, and similarly as in Varela’s,
         each point of the phase-space corresponds to an adumbrated retention, impression or
         protention of a “temporal object.” Nevertheless, we should note that, in Van Gelder’s
         superimposed model, unlike the original “time-diagram,” there is no way to indicate
         the retentional phase-space of each “temporal object” in respect to its vertical (A)-coordinate
         or diagonal (M)-coordinates.
      

      
      Thus, we relate to the horizontal coordinate (the “X” in Husserl’s diagram) as a superposition
         (non-linear) of the system’s trajectories. In other words, Van Gelder’s modeling vis
         à vis a dynamic system traces only the successive and simultaneous orders—sequences
         of “impressional” state phase (tn) adumbrated as past—“originary impression” (t0)
         and following adumbration (t1, t2, t3. . .) into a future impression as protention.
      

      
      The vertical (A)-coordinate, which in Husserl’s diagram indicates the retentional
         and protentional adumbration as occurring on the same continuum, is distinguished
         in relation to the horizontal (X)-coordinate as the impressional continuum and to
         the (M)-coordinate which indicates the “running-off” or “sinking-off” of “primary
         impressions.” The discrepancy between Husserl’s time-diagram with its three distinctive
         coordinates and its superimposed version on a dynamic system of state-space and trajectories
         alludes to the following problems. 
      

      
      
         	
            
            There is no way to account for coordinates (X) and (M) in Van Gelder’s adaptation,
               and as a result all points (phase-states) are treated as plotted on the (A)-coordinate.
               They are either impressional, retentional, or protentional adumbration of phase-space
               states of a given “temporal object.”
            

            
         

         
         	
            Without coordinate- (X) there is no way to indicate the current direction of the system.
               Only its phase-space is numerically indicated.
            

            
         

         
         	
            The introduction of trajectories which account for the system’s evolutions without
               coordinate- (M) basically treats Husserl’s adumbrative continuum (apperceptual) as
               a phenomenal and perceptual unfolding or dis/continuity.
            

            
         

         
      

      
      Subsequently, Van Gelder considers such a superimposed, adumbrative system as entailing
         the following: “Protention is the location of the current state of the system in the
         space of possible states, though this time what is relevant about the current state
         is the way in which, given the system’s intrinsic dynamics, the location shapes the
         future behavior of the system.” And furthermore, Van Gelder stresses that “a dynamical
         interpretation of retention identifies it with an aspect of the current state of the
         system, rather than any past or future aspect of the system.”[49]   
      

      
      Early objections to computational models (e.g., Fodor’s, Dreyfus’) were directed at
         mechanism in general and a computing machine as an inadequate model for the Mind or
         “intentionality.” But in Van Gelder’s approach, the system replaces the machine in
         transposing the “time-consciousness” (which involves awareness as a constituent of
         the adumbrative apperceptual continuum) to a dynamical system. It overlooks the crucial
         differences between time-consciousness and temporal object or, put differently, between
         the awareness of time and the perception of something in time.
      

      
      In Van Gelder’s dynamical system there is no way to account for such a “double-intentionality.”
         Thus, Van Gelder’s interpretation is wrong in overlooking such an important distinction
         in constituting time-consciousness, and in treating the “retentional” continuum as
         perceptual on a phenomenal level as a direct sensation and not as a correlative of
         the awareness of relations between two distinct perceptions; time itself and “temporal
         objects.” Thus, it is not surprising that Van Gelder concludes that “there is no clear
         way to make sense of retention as somehow perceptual in any substantial sense, and
         especially not perpetual with regard to something that no longer exists. The verdict
         must surely be that Husserl was mistaken in attempting to describe retention on a
         perceptual model.”[50]  
      

      
      A Neuro-Phenomenology of “Time-Consciousness”

      
      Accounts such as Van Gelder’s take license in transcribing Husserl’s phenomenological
         analysis onto the case of dynamical systems, a practice evident also in Prigogine’s
         work. They rely on something more than preferring a non-linear system to that of a
         machine. A possible pitfall in this metaphorical preference is misconstruing Husserl’s
         apperceptual adumbrative continuum as a non-linear perceptual system. Such misinterpretation
         of Husserl’s time-theory amounts to a phenomenalization of Husserl’s phenomenology
         of internal-time-consciousness. 
      

      
      In other words, they undo Husserl’s critique of phenomenalism and contradict his implicit
         and explicit strictures in both linguistic redescriptions (tense-philosophy, or the
         conflation of the “A-series” with the “B-series”) and representational transcendentalism
         (of Brentano’s and Meinong’s concepts of time-consciousness without differentiation
         between act and object, impression and fantasy, etc.). Van Gelder wrongly presumes
         that Husserl’s concept of retention and protention is based on a perceptual ground
         and as result, that past and future are perceptual modes as well. But Varela, whose
         attempt at naturalizing phenomenology is proposed by neurophenomenology, rigorously
         redescribes the phenomenology of internal-time-consciousness with a dynamical approach.
         Varela’s work as a bioneurologist, analogous to Prigogine’s role as a chemist, is
         not at issue here. I am concerned, rather, with the way the naturalizing of phenomenology
         is attained, and hence with the extent that such naturalization is feasible, in respect
         to phenomenology of “time-consciousness” and a naturalized re-description of intuitive-time-asymmetry.[51]   
      

      
      One key issue which remains unsubstantiated in both Varela’s and Prigogine’s approaches
         involves the assumption that a dynamical approach to time (via neural networks in
         Varela’s case and “dissipative structures” in Prigogine’s case) implies temporal irreversibility.
         Varela’s interpretation, like that of Van Gelder’s, is un-neutral in relation to “intentionality”
         since it posits irreversibility as a condition and construes modeling to incorporate
         non-mechanical irreversibility, in contrast to computational models which are mechanical
         and reversible. As such, like Prigogine, Varela opposes the implications of physical
         time-symmetry stemming from mechanical models. Varela notes that like Newtonian physics
         where time is assumed as reversible, homologous and symmetrical so are modern physics
         and computational sciences such as Turing machine assumes time only as a sequence
         stream.[52]  
      

      
      And again, like Prigogine (and Bergson before him), Varela argues against the metric
         conception of time, and instead proposes a notion of the present as a “complex texture”
         of experience. Nonetheless, unlike Van Gelder, Varela does recognize the threefold
         structure of “time-consciousness” and does not limit himself to studying the adumbrative
         continuum by itself. As I have stated before, Varela’s analysis is based on an interpretation
         of Husserl’s time-theory from the vantagepoint of the primacy of perception and considers
         duration as a manifestation of “the experience of visual multistability.” Following
         a long line of Gestalt theorists, (including philosophers such as Wittgenstein who
         analyzes the Necker cube and the “duck-rabbit” phenomena), Varela invokes the Necker
         Cube (see diagram on the next page) as a case which exemplifies “incompressible duration”
         between its three possible discrete states. Varela suggests that either in the case
         of Necker cube phenomena or a person’s identification in daily life the “multistable
         visual perception” are distinct from passively temporal objects perception such as
         music or cinema.[53]  
      

      
      
         Varela’s Necker Cube.

         

      

      What intrigues Varela about such multistable perceptions, as opposed to temporal objects
         such as a musical tune, is that they seem analogous and hence suggest reduction of
         “time-consciousness” into neurodynamic terms. One objection to such a move in prioritizing
         multistable visual perception is that it conflates the distinction between perceptual
         dis/continuity of duration with the apperceptual continuum of time as infinitely divisible.
         It therefore overlooks Husserl’s warning to avoid the oxymoronic notion of a “perceived
         past.” Yet, what appeals in Varela’s experimental approach (unlike Van Gelder’s) is
         that it supports a dynamic neural system and incorporates experimental data of “incompressible”
         time-spans of durations of a perceived image within specific time quanta.[54]   
      

      
      Re-assembling the various incompressible time quanta in response to a Necker Cube
         image, Varela ascertains the three fundamental oscillations as analogous to the different
         modes of Husserl’s “internal-time-consciousness.” Aware of the difficulty in pressing
         such an analogy, Varela contends the following: “Component processes already have
         a short duration, on the order of 33–100 msec; how can such experimental psychological
         and neurobiological results be understood at the level of a fully constituted, normal
         cognitive operation?”[55]   
      

      
      Varela’s response is that through integrating or rather physically reducing the threefold
         structure of “time-consciousness” into “neural ensembles” or a “CA” (cell assembly),
         we can account for “time-consciousness.” In Husserl’s terms, the cell assemblies are
         “bundles” or “complexes” of sensory flux which constitute a pre-phenomenal continuum.
         Varela’s connectionist concept of the brain as engaged in “vast and geographically
         separated regions” is augmented by the notion of neural systems as non-linear networks
         (with multiple vectors and possible directions, or trajectories) which correspond
         to Husserl’s threefold concept of “time-consciousness.”[56]   
      

      
      It should be stressed again that Varela’s preference for dynamic neural networks,
         even though seemingly congruent with Husserl’s threefold time-theory, is not implied
         by Husserl’s concept as the necessary condition for constituting any objective level
         of time. Thus, there is no reason why an algorithmic model should not be implicated,
         say, to compute the possible (available) number of adumbrated “impressions” or “retentions”
         for a visual completion. Given that more or less the same “visual cases” are experimentally
         modeled by the computational approach. The preference for a neural network based solely
         on a dynamic system is hence metaphoric or aesthetic. Varela acknowledges that to
         redescribe and hence naturalize Husserl’s time-theory as neurophenomenological, we
         need to substantiate three working hypotheses:[57]   
      

      
      
         Hypothesis 1: For every cognitive act, there is a singular, specific cell assembly
            that underlines its emergence and operation.[58]  
         

         
         Hypothesis 2: A specific CA is selected through the fact, transient phase-locking
            of activated neurons belonging to sub-threshold, competing CAs.[59]  
         

         
         Hypothesis 3: The integration-relaxation processes at the 1 scale are strict correlates
            of present-time-consciousness.[60]  
         

         
      

      Only hypothesis 3 implicates the phenomenological dimension in a way not entirely
         self-explanatory since Husserl’s notion of “absolute-time-consciousness” (as an “objective
         continuum”) is by no means equivalent to what Varela calls a “present-time-consciousness.”
         Nonetheless, Varela asserts that “distinctions between ongoing integration in moments
         of nowness, and how their integration gives rise to broader temporal horizons in remembrance
         and imagination, which are at the core of the Husserlian analysis of intimate time.”
         Varela follows with an analysis of Husserl’s concept of the present as a “temporal
         fringe” within the adumbrative continuum of retentions and protentions, citing from
         Husserl that the “present here signifies no mere now-point but an extended objectivity
         which modified phenomenally has its now, its before and after.” And yet Varela’s analysis
         of Husserl’s constitutive account of time (with its now, before and after not as part
         of its apperceptual continuum, but rather perceptual continuity) together with Husserl’s
         “genetic” institutive account of time is a complementary twofold of historic-epistemic
         and pre-phenomenal flux.[61]  
      

      
      Consequently, Varela attributes to Husserl James’ notion of the specious present through
         which “the slippage from the now to the just-past is not the same as immediate memory
         retrieval or presentification. To the appearance of the just-now one correlates two
         modes of understanding and examination . . . (1) remembrance or evocative memory and
         (2) mental imagery and fantasy.” Varela cites experimental evidence that supports
         Husserl’s distinction between “impressional perceptual events” and re-collective “perceptual
         events.” But Varela’s identification of the adumbrative continuum as the underlying
         dynamic for the perception of the present (as exemplified in diagram) is inaccurate
         as far as Husserl’s account is considered.[62]   
      

      
      
         Varela’s Diagram.

         

      

      From a Husserlian perspective, the adumbrative continuum (as apperceptual) is constituted
         through the relational dynamics between “objective-absolute-time-flow” (one’s being
         aware of time) and the perceptual dis/continuity of time (one’s being conscious of
         “temporal objects” when they are perceived as “originary” or “primary impressions”).
         The present or future is never directly perceived but is rather derivative of or “extrapolated”
         from the “double-intentionality” of “time-consciousness” (the awareness of time and the consciousness of temporal objects).
      

      
      Thus, in Husserl’s sense, a retention or protention of a temporal object amounts neither
         to direction nor to a trajectory within consciousness (or its corresponding neural network). Rather, retention is
         itself attained by the “open horizon” of “originary impressions” (the (X)-coordinate)
         as it intersects with the “closing horizon” of the “running-off” of impressions which
         turn into retained impressions or retentions (the (M)-coordinate). In this way, the
         actual continuum of adumbration (the (A)-coordinate) on its own is not part of the
         dynamic constitution of “time-consciousness.” This is why Husserl eventually came
         up with the concept of the “genetic” perspective which is de facto a sedimented or
         stratified “look” (or analysis) at the historical continuum of all possible adumbrations.
         It is a reflective act that is not perceptual unless we relate to the slowly changing
         pre-phenomenal constructs such as gravity or time in our conceptual scheme exemplifying
         the “natural attitude.” Incidentally, Varela’s invoking of and agreement with Merleau-Ponty’s
         early critical discussion of Husserl’s “time-diagram” in Merleau-Ponty’s Phenomenology of Perception indicates Varela’s misconception of Husserl’s adumbrative continuum.[63]  
      

      
       I will now consider Varela’s scientific modeling of neural networks in terms of non-linear
         dynamic systems. This discussion, ultimately, will be pertinent for the diagnostic
         conclusion of an analysis of Prigogine’s “Physics of Becoming.”
      

      
      Naturalizing “Time-Consciousness” in Terms of Non-Linear Dynamics

      
      Varela’s first hypothesis of “Cell-assemblies” is explained by his neurophenomenological
         approach, but the other two remain undemonstrated. To substantiate the second and
         third hypotheses, Varela expand on his concept of the neural network model by applying
         non-linearity and self-organization as paradigmatic to dynamic, non-equilibrium systems.
         The non-linear dynamics of phenomena is then applied to “large arrays of neural groups
         that because of their intrinsic cellular proprieties, qualify as complex non-linear
         oscillators.”[64]   
      

      
      Notions such as self-organization and dissipative structures (proposed by Prigogine;
         see chapter 5) are employed by Varela to explain the phenomenological “slippage” of
         now. Again, it is worth emphasizing that the choice of what is metaphorically suggested
         by the “slippage” of now as the dynamics of time-consciousness (or “Becoming” to use
         Prigogine’s preferred term) in relation to non-linear dynamics of complex systems
         has a teleological basis, not physical. Accordingly, Varela’s hypothesis 2 is accounted
         for by the “oscillators [which] enter into synchrony” and identified by the state
         phase of the system. The system has not only direction (vectors, oscillators, or attractors)
         but intention as well, since Varela identifies the act (noesis) as the system’s “global-local
         interdependence.”[65]  
      

      
      To illustrate Varela’s proposal in his second hypothesis, let us imagine a flock of
         birds which changes its group formations while at flight through an array of geometrical
         patterns like circular or triangular among other relaxation time-quanta where chaos
         emerges or shuffling occurs. The birds thus demonstrate a synchronicity between the
         local (the individual bird) and the global (the flock’s formation) and express the
         co-dependent rapport between the system’s local and global oscillators. Furthermore,
         for Varela, the system’s “initial condition” stands for the system’s “intention” whereas
         the “component level” stands for the aggregate direction of the system. Varela argues
         that such co-dependent synchrony is the proof for hypothesis 3 since “each emergence
         bifurcates from the previous ones, given its initial and boundary conditions. Each
         emergence is still present in its successor.”[66]  
      

      
      Focusing on systems which are far-from equilibrium or in quasi-equilibrium, Varela
         interprets the system’s trajectories in biological systems (the brain’s “time-consciousness”)
         as defying mechanical notions of stability. Such an interpretation, at least implicitly,
         amounts to a critique of, say, Boltzmann’s probabilistic hypothesis in relation to
         the differences between biological and inanimate systems, a contrast based on the
         negetropic behavior of oscillators. And unlike Van Gelder, whose dynamic approach
         to modeling is based on a connectionist model to neural networks in which the attractors
         are discrete and do not oscillate between local and global phase-space states, Varela
         proposes dynamic oscillators (non-linear trajectories) as a more compatible model
         for “time-consciousness.” By supporting the proposal of dynamic oscillators, Varela
         is able to argue that in the context of dynamical systems one can address spontaneous
         flows of unstable regions which also account for “ongoing sequences of transient visits
         in a complex pattern of motion, modulated only external coupling.”[67]  
      

      
      What follows is Varela’s elaborate analysis of the “neurodynamics of time” in terms
         of the dynamical instability of a system of co-joined oscillators. This is demonstrated
         by focusing on visually multi-stable phenomena such as the Necker Cube. Valera’s conclusion
         is that “the different perceptual discriminations ‘pull’ this local dynamic toward
         a distinctly unstable periodicity.”[68]  
      

      
      What presuppositions are involved in Varela’s interpretation of “time-consciousness”
         through visually multistable phenomena like the Necker Cube? Despite his comprehensive
         study of Husserl’s time-theory, Varela’s reliance on perceptual analogies to intentionality
         and time-consciousness limits his analysis of Husserl’s “double-intentionality” to
         phenomenal parameters like stability, symmetry, and visual permutations. Furthermore,
         interpreting the retentional-protentional modes as trajectories of “time-consciousness”
         leads Varela to the following observation: “In Husserl’s published texts, protention
         is not extensively analyzed, and I have the impression that he implicitly assumes
         a certain symmetry with retention, as if the same structure of invariance for the
         past could be flipped toward the future. But protention intends the new prior to an
         impression and can only be a prefiguration.” Varela’s attempt at redescribing the
         relations of retention/protention as asymmetric, unlike Husserl’s “neutral” explication,
         is problematic. It relies on introducing causal asymmetry (between prediction and
         retrodiction in respect to protention and retention) as substantiated by phenomenal
         (and hence perceptual) responses to multi-stable objects like the Necker Cube.[69]   
      

      
      Husserl, unmistakably relies on the example of tonal perception as a paradigm for
         his concept of the perceptual dynamics of a “temporal object” since the tonal continuum
         is indistinguishable from the phenomenal-tonal direction on the one hand, and on the
         other the consciousness from awareness of the music’s direction of unfolding (or being
         played). For example, listening to Bach’s “Art of the Fugue” in some sections with
         their mirror-image reversals, one has no “apparent” phenomenal criteria to determine
         direction locally and globally. Such tonal inverses demonstrate the difficulty of
         applying and fixing “double-intentionality” onto one perceptual level.
      

      
      This is not the case for multi-stable phenomena, which too easily provide the discrete
         retentional/protentional modes within “time-consciousness’ double-intentionality.”
         In other words, we are quite capable of discerning the adumbrated wire-cube with its
         various and discrete local retentions and have an awareness of its global “trajectory”
         as the same wire cube, i.e., Necker Cube. Thus, unlike visual phenomena, tonal perception,
         as Husserl recognized, is far more accurate in conveying the complex dynamics of “time-consciousness”
         with its “double-intentionality,” even thought the delineation of “boundaries” is
         less obvious and stable, and the “running-off” or “sinking-off” of modes of by-gone
         “impressions” is not easily localized in relation to the global trajectory of, say,
         the musical tune (as a “system”). Instead it is localized in relation to the kinematic
         orientation of one’s body; see the important role of motion in Husserl’s analysis
         in the next section.
      

      
      Varela’s insists that “there are at least two main sources of evidence to conclude
         that protention is generically not symmetrical to retention” by means of predictability
         and the adumbrative continuum asymmetry. This assertion is inconsistent with Husserl’s
         “neutral” time-theory. One might very well recall Husserl’s example of a musical concert
         to which a person is “walking in” late after the concert has already started. In such
         a case, the audience in the concert hall will have a greater capability of anticipating
         the music’s unfolding (presuming that it is not a familiar tune) since the audience
         has a greater protentive continuum. The person lacking the protentive sense of “where
         the music is going” will “perceive” the music as a series of “primal impressions.”
         That latecomer will have to “retain” more sounds before their “protentive” future
         unfolding. In other words, “protention” here would have no actual manifestation as
         content (noematic) of the “temporal object” (music). It would be manifested only as
         a projective act: which in turn can be explained not only in probabilistic terms of
         “guessing” possible noematic “boundaries,” but also in terms of projecting a dynamic
         symmetrical positioning (via projection) of past-protentions to now-protentions. Cognitively,
         the retentive and protentive possibilities are equally critical in “stabilizing” the
         perceptual “boundaries” and “identity” of a “temporal object.”[70]  
      

      
      Furthermore, since the adumbrative continuum is apperceptual and involves not only
         memory in a representational sense but also a noetic intendedness which ultimately
         relies on critical discernability (through probable determination), it would be cognitively
         counter-productive to have a recollective and projective on-going process re-assessing
         the probable determination as based on a bias (or fixity) or past and future determination,
         since it would be a sorting-act that would slow-down the perceptual determination
         through stabilization. This contention is evident in Husserl’s distinction between
         “primal” or “originary impressions” (which Varela acknowledges) and recollection or
         phantasy of such “impressions,” which necessitate protention with its capacity to
         fill and fulfill or refill “empty constitution” without relying on “causal perception.”[71]  
      

      
      One would incline to side with a computational modeling, at least in respect to the
         possibility of “empty constitution” of a “temporal object” which involves protention
         as much as retention in maximizing the number of possible (and hence probable) adumbrated
         phases. However, Varela’s insistence on dynamical modeling, and his unequivocal rejection
         of computational modeling even in part, results in a non-neutral interpretation of
         Husserl’s time-theory as non-mechanical and dynamic. Consequently, Varela’s conflation
         of “causal perception” with the “apperceptual continuum” (of the adumbrated retentions
         and possible protentions) is inconsistent with Husserl’s distinction between perception
         and its intentional constitution. The relation between the retentive and the protentive
         as constituted by the apperceptual continuum can be construed as the relation between
         actual and counterfactual “impressions”; though such “impressions” are neutral and
         may very well be “empty” as recollections or phantasies and not necessarily as factually
         filled with the hyletic content of perception of actual objects (or “originary impressions”).[72]  
      

      
      Ultimately, Varela’s dynamical approach combines neurobiology, non-linear dynamics,
         and phenomenology (static and genetic) into a neurophenomenological model of “time-consciousness.”
         The consequences of such attempt to naturalize phenomenology are not carried on separate
         grounds, but rather as components within the neurophenomenogical model. To some extent,
         it is to Varela’s advantage, since incogruences and partial redescriptions of Husserl’s
         time-theory do not invalidate Varela’s project as a whole.
      

      
      Moreover, unlike Prigogine, Varela pursues the phenomenological metaphor of flow (Becoming,
         or “the slippage of now”) not as a single vantagepoint for determining the nature
         of time. Nevertheless, like Prigogine, Varela conceives “trajectories” in state-space
         to be analogous to the direction of time and thus overlooks the conceptual and formal
         distinction between a physical time-order and phenomenally grounded time-order. “Trajectories”
         in state-space are not of time but rather define the time-evolution for a given process;
         and therefore, time is not continuous, but instead defines a continuous process. The
         conflation of physical and phenomenal perspectives vis à vis “trajectories as time’s
         direction”[73]   is the hallmark of the phenomenaligization to physical time. Such implementation
         of phenomenological time not only run contrary to the conception of physical time
         (i.e., as a continuum and not as dis/continuity, see chapter 4) but above all to the
         contentions of Husserl’s own phenomenological analysis of the threefold structure
         of “objective time” with its irreducible “double-intentionality.”
      

      
      The Dynamical Approach As Based on Kinesthetic Models

      
      Varela and Van Gelder rely on the visual perceptual model for cognitively re-describing
         Husserl’s time-theory. Others like Petitot (1991; 1995; 1999), Pachoud (1995; 1999)
         and Petit (1997; 1999), base their models on the primacy of motion in Husserl’s time-consciousness.
         The explication of issues like kinesthesia and ocular motoric perception, which involve
         motion and its embodiment in the perception of space and time, was developed by Husserl
         in Thing and Space (1907) and not his time lectures from 1893–1917, compiled as The Phenomenology of Internal-Time-Consciousness. Thus, an interpretative gap exists in assuming the primacy of motion over that of
         visual perception. Some analyses which involve temporal constitution (the adumbrative
         continuum) appear in Thing and Space in a manner which suggests that considering motion in pre-phenomenal terms is more
         “primitive” than awareness of either objective time or consciousness of temporal objects.[74]   
      

      
      Hence, in support of the emphasis on naturalization of time-consciousness, the kinesthetic
         model seems to promote two implications:
      

      
      (1) That Husserl’s late turn to “genetic phenomenology,” with its explication of both
         “sedimented” historic-epistemic constituents and “pre-phenomenal flux,” is compatible
         with the primacy of motion as anticipated and articulated in Thing and Space. 
      

      
      (2) That a kinesthetic model for “time-consciousness” possibly encompasses perceptual
         analyses (such as visually multistable phenomena) as a sub-set of its main thrust:
         explaining the primacy of perceiving motion.
      

      
      In addition, I would emphasize that the kinesthetic dynamical approach is more “neutral”
         in relation to modeling (computational and dynamic) and in relation to “intentionality”
         which involves movement as embodied motion and as a condition, rather than a description
         like the Necker Cube’s “intentionality.” Petitot’s working assumption encompasses
         Husserl’s internal-time-consciousness within a threefold consideration, which can
         be outlined as follows:
      

      
      
         	
            
            Husserl’s explication of the “dependence between spatial extension and sensible qualities.”

            
         

         
         	
            “The links between geometry, vision and kinesthesia,” which includes the perceptual
               model as a sub-set.
            

            
         

         
         	
            The “adumbrative perception as described in Ideas I” and as it relates to Thing and Space.[75]  
            

            
         

         
      

      
      Husserl’s Ideas (1913) and Thing and Space (1907) define an epistemologically wider approach to “time-consciousness” than that
         articulated in his Phenomenology of Internal-Time-Consciousness. They are more “narrowed down” in respect to scientific theories and physicalist
         accounts of space and perception. Petitot’s strategy, as a result, is more focused
         in respect to the actual prospect of phenomenology’s naturalization and is summarized
         by him in four main points about natural science. These four points comprise Petitot’s
         reductive strategy and include:
      

      
      
         	
            
            A phenomenalistic reduction of “intentionality.” 

            
         

         
         	
            Instrumentalist reduction and redescription of “phenomenological descriptions” in
               quantitative terms.
            

            
         

         
         	
            Physicalist reduction of mathematical (and geometric) eidetic forms (in Husserl’s
               “transcendental” sense) into an identifiable and corresponding physical state of affairs.
            

            
         

         
         	
            A mechanical reduction of the “conceptual basis” of “intentionality” (vis à vis algorithms)
               to a computational operation.[76]  
            

            
         

         
      

      
      Petitot’s model is hence “neutral” in respect to “intentionality” and modeling of
         either dynamical or computational approaches. As a result, his concept of a “morphological
         eidetics for a phenomenology of perception” can be construed as a comprehensive re-description
         and naturalization of at least four distinct levels of reduction. Furthermore, unlike
         Varela, Petitot sustains Husserl’s concept of a threefold time-theory in his re-descriptive
         attempt as three distinct levels of description. Petitot outlines these descriptive
         levels in terms of noematic constituents in the following way:
      

      
      “1. The noematic appearance: the object as it is intuitively and immediately given
         (by direct acquaintance) in the constituting multiplicity of its adumbrations (Abschattungen).
         It is not itself an intentional meaning but a presentation, a display (Darstellung)
         of the object. Its ideality is morphological. 2. The noematic meaning: a syntactically
         structured categorical content associated with judgment. Its ideality is logical.
         3. The noema as object=X: of a constitutive rule, identity pole, or synthetic unity
         of appearances. Its ideality is transcendental.”[77]  
      

      
      Petitot’s account of the noematic relation to noetic synthesis is entirely consistent
         with Husserl’s account. As Petitot contends: “the four main terms of the noetico-noematic
         correlation: adumbrations.” He goes on, “insofar as it is impossible to reduce the
         appearance of any object to one adumbration alone . . . there always exists a co-giveness
         of an infinite number of adumbrations of one and the same object. In that sense, the
         appearing always goes beyond what is intuitively given. It necessarily implies some
         reference to other, counterfactual possibilities of display.” Petitot’s explication,
         in a way, augments Cattaruzza’s analysis of the Schubladenexperiment (see chapter
         4) in distinguishing three ways of perceiving qualia and its occurrence within temporal
         objects.[78]  
      

      
      The first contention, which is supported by Husserl in Thing and Space, is that qualia and position are codependent; an object’s hyletic qualities are contingent
         on its spatial locomotion more than the other way around. The second contention has
         to do with the discernability of the object’s boundaries and stability through “qualitative
         discontinuities.” And the third contention regarding the adumbrative mode is, as Husserl
         argues in Ideas, connected to perception but not in the same way as we think of hyletic perceptual
         content (“the yellow flower”).[79]   
      

      
      Petitot is able to extrapolate an asymmetric relation from qualia and qualitative
         discontinuities and not particularly from Husserl’s time-theory, but as expounded
         by Husserl in Thing and Space. Accordingly, Husserl argues that “the privilege of the spatially distinctive mark
         is that its continuity corresponds to the continuity of qualities: different qualities
         (visual, tactile), lacking connections in themselves, receive from it their unity.”
         And moreover, Husserl argues that “Places don’t receive their order from colors, but,
         on the contrary, colors from places.” As such, the dependency of an object’s qualia,
         including the case of “temporal objects,” is unilateral and asymmetric. This is the
         only strong case for an asymmetric feature in the phenomenological analysis of intentionality.
         However, it does not proceed from temporal synthesis, but rather from a qualitative
         synthesis, which precedes objective temporal adumbrations.[80]   
      

      
      Husserl’s proposition in Thing and Space and in Ideas in regards to “time-consciousness” can be defined as relating to two phenomenological
         analyses: static and genetic. These two analytic perspectives can be explained in
         terms of the genetic level, which first posits space prior to objects. Then, the object’s
         adumbrated profiles are synthesized either kinesthetically (in terms of left and right,
         over and under, back, sides or front), or by synthesizing the object’s associative
         qualities (e.g., similarity and contrast, identity and change). Thus, the kinesthetic
         and the associative syntheses amount to the temporal synthesis of the object: not
         only by adumbration but also by its dis/continuity in respect to succession and simultaneity.[81]  
      

      
      The genetic explication is unassuming in respect to the intentional constitution of
         objects. The static level (as evident from Husserl’s Thing and Space, Ideas, but not from his Phenomenology of Internal-Time-Consciousness), assumes motion as a condition for intentionality. More specifically, movement as
         the embodiment of motion enacts intentionality—one is “aware” of being alive by sheer
         kinesthesia, and without necessarily moving (directing) or thinking (intending) on
         an objective level. “Intentionality” in its “ur-morphe,” is thus composed of pre-phenomenal
         flux of hyletic content or “indeterminate noema.” In its constitutive dynamics, “intentionality”
         is enacted either as a direction, or as a noetic “vector” (intentional act) or intendedness
         as noematic “movement” (intentional object).[82]  
      

      
      Petitot’s attempt at a naturalized model for time-consciousness is thus proposed and
         based not in terms of Husserl’s time-theory. As such it remains “neutral.” “Morphological
         essences,” as Petitot argues, “belong to the regional ontology of perception—which
         Husserl calls ‘material’ and to formal ontology.” Husserl’s material ontology is synthetic
         and not analytic in character; the success of its naturalization is not contingent
         on the formal (or/ and transcendental) aspects such as “phenomenological reduction”
         and the “genetic” analysis. Instead it involves empirical and experimental evidence.
         In other words, Petitot is right in assessing the prospect of naturalization with
         respect to the institutive syntheses of space, time, and qualia and not as implied
         by the constitutive aspects of “time-consciousness” with its threefold “objective
         levels” and “double-intentionality.” Furthermore, Husserl’s mathematico-geometrical
         use of Riemann’s two-dimensional manifold in accounting for the structure of a kinesthetic
         system of perception allows him to address perceptual-visual adumbrations of objects
         within the supposition of an “oculomotor body.” This body is continuous with “a homogeneous
         Riemann space of two dimensions.” Accordingly, the Riemann space itself “has no limits
         on the “Right and Left; it is a closed space.”[83]   
      

      
      
         Husserl's Reimann’s Manifold.

         

      

      
         	
            
            The body axis-base which “remains motionless and fixed.”

            
         

         
         	
            Head with rotations to Right and Left as “reversal of images” and its attached “oculomotor
               visual space . . . [which] . . . receives a new index with every position of the head.”
               
            

            
         

         
         	
            The two-dimensional Riemann manifold as “motionless;” however it intersects with either
               the head’s eyes (-a, +a), or with the oculomotor body (0-a-0, 0+a+0).
            

            
         

         
      

      
      (Based on Husserl’s proposal from Thing and Space, p. 266–230)
      

      
      Once we include the movements of the body, the Right and Left are posited (or “ideated”
         in Husserl’s terminology) from the correlative movement between two rotations: the
         body’s and the space’s. For his “morphological eidetic model,” Petitot elaborates
         on “the ‘intuitive’ space underlying a Riemannian manifold [which] is a smooth manifold.”
         The concept of “fibration” in Petitot’s redescription of the Riemman manifold is of
         crucial importance. Fibration can be understood as the gradual tilling of pixels which
         topologically are individually and locally differentiated from their adjacent pixels
         and yet comprise a “field” or profile of such a manifold as a unified continuum of
         gradations. Petitot uses a computer-generated, three-dimensional object with a complex
         pixelized texture that is both distinct at the individual level of a single pixel
         and yet continuous within the rendition of the object at large. On the one hand, each
         profile of the rotated object is equivalent to its potential adumbration, and on the
         other, each pixel is an additional adumbrated sub-set.[84]   
      

      
      For Petitot, “Morphological schematism allows us to mathematize all eidetic components
         of the phenomenological description” which exemplifies the “quantitative” apperceptual
         continuum of profiles (i.e., possible adumbrations) which amounts to an object together
         with the “qualitative” perceptual discontinuities of “smaller” adumbrated sub-sets
         (e.g., chromatic or tactile changes) of the same object. Thus, an important achievement
         attained by Petitot’s modeling is connected with his account of phenomenal dis/continuity.
         It has no conflation with the adumbrative continuum.[85]  
      

      
      Petitot provides a re-descriptive account of the institutive pre-phenomenal dynamics
         of an object in space and time in kinesthetic terms. But the problem that still remains
         untreated concerns the naturalization of Husserl’s adumbrative apperceptual continuum.
         The adumbration of “objects” as temporal profiles (of impressions, retentions, and
         protentions) is irreducible to the perceptual components of “intentional objects”
         with their noetic-noematic content. Thus, Petitot’s account is limited to an analysis
         of adumbration as constitutive of both perceptual and conceptual determinations of
         intentional objects. However, the question as to how we redescribe the “double-intentionality”
         involved in time-consciousness remains unresolved. Petitot redescribes the internal-time
         coding of the geometry of vision more than internal-time-consciousness.[86]   
      

      
      Like Petitot, Pachoud (1999) and Petit (1999) each provide a naturalized interpretative
         account of Husserl’s investigations of motion and movement. Pachoud bases his attempt
         at naturalizing Husserl’s phenomenology of perception and hence temporal objects on
         a teleological basis. He assumes movement “the paradigmatic experience for intentionality.”[87]   Despite the fact that Pachoud’s assertion is embedded in Husserl’s contentions
         in Thing and Space, Husserl is careful not to bundle all kinds of perception under “intentionality.”
         Pre-phenomenal perception, for example, is at the hyletic substrata of intentionality
         and not constituted by it. Pachoud asserts a paradigmatic role to movement which hence
         subordinates motion as an intentionally constituted category of perception.[88]  
      

      
      A different approach is proposed by Petit, who provides a neurobiological redescription
         of movement in the Husserlian constitutive sense of “intentionality.” Thus, he stands
         in opposition to Varela’s attempt on the one hand and on the other, like Petitot and
         Pachoud, Petit’s redescriptive account relies mostly on Husserl’s Thing and Space, so central to phenomenology. Petit stresses that “phenomenologists should not need
         to be reminded that this program of naturalization presupposes an intentional and
         phenomenological psychology, not a behaviorist psychology, still less that of cognitivists
         who mistakenly suppose that they have moved beyond behaviorism. More particularly,
         it demands biology capable of surmounting the obstacles represented by the objectivism
         and mechanism of the ‘model-builders,’ all of which takes us in the direction of that
         hermeneutical anthropology of the life-world of human communities which has been sketched
         out in Husserl’s manuscripts since the 1930s.”[89]  
      

      
      Petit’s words of comfort to phenomenologists do not resolve the divide between the
         computational and the dynamical approaches, nor do they remove the difficulties in
         describing which of Husserl’s respective conceptions in time-theory is more susceptible
         to naturalization into a bioneurology. As I have stressed previously, even within
         the scope of Husserl’s genetic perspective with its two poles of historic-epistemic
         sedimented structure and its pre-phenomenal flux, there can be no single descriptive
         level accountable for both the poles. Insofar as pre-phenomenal adumbrations, with
         their “ur-morphe” (as Petitot’s convincingly proposes), are possible for systematic
         redescription in terms of either neural or computational networks, or both, then a
         radical naturalization or reduction, of the historic-epistemic pole seems implausible.
         The task of naturalizing Husserl’s time-theory in a comprehensive and complete way
         and which will exhaust both the genetic institutive and static constitutive dynamics
         of “time-consciousness” remains at least inconclusive and at most impractical.
      

      
      In addition, although for the most part, the dynamic approach seems preferred by the
         majority of cognitive phenomenologists, there is no unequivocal evidence for supporting
         such a conviction. It seems that ultimately, we ought to go back to early evaluations
         of “intentionality” from a cognitive perspective (Dreyfus, Fodor, and Dennett) and
         address anew the representational/computational debate in a novel discursive context
         which does not relegate computational models to representationalism and dynamical
         models to “intentionality.” Instead we need a decisive analysis of Husserl’s time-theory
         in relation to its representational and dynamic constituents, and without prioritizing
         one over the other. 
      

      
      Put differently, current re-descriptions of Husserl’s time-theory fall short in their
         attempted naturalization because they suppress either the representational constituents
         of the genetic perspective or the dynamic constituents of the static perspective.
      

      
      Insofar as the naturalization of “time-consciousness” can provide a more rigorous
         redescription for “intuitive-time-asymmetry,” it can be done primarily through Petitot’s,
         Pachoud’s, and Petit’s reliance on kinesthetic modeling as a ground-approach. Nonetheless,
         a more systematic analysis will be necessary, especially in respect to Husserl’s proposed
         Riemann’s oculomotor manifold and the elaboration of a rotational body and space which
         involves notions of Right and Left, and Up and Down. Such analysis is required to
         elaborate on the proposal by Boltzmann-Sklar for a gravity-entropy analogy involving
         the relation between non-referential and referential assertions. They will make objective
         claims about the past and future the same way we make about right and left. Otherwise,
         the gravity-entropy analogy will not provide a model for temporal determinations and
         talk of “intuitive-time-asymmetry” will stay vague and imprecise.
      

      
      The second task of naturalization is to attain a better explanation for physical time-asymmetry
         through redescribing internal-time-consciousness in terms of a dynamic approach (Varela,
         Van Gelder). Its effectiveness depends on the way in which experimental data can be
         organized for substantiating such redescriptions. To provide a partial answer by introducing,
         as Varela does, the bioneurological dynamics of cell-assemblies in terms of complex
         and non-linear organization which manifests irreversibility beyond a phenomenal level,
         we need a comprehensive account of perception. This account must feature causal terms
         and have a relation to time-order. A phenomenal-causal account of perception will
         not necessarily explain how processes which appear anisotropic or irreversible do
         not individuate time, as Boltzmann warned. Instead it will constitute the system’s
         time-evolution or change as irrecoverable. 
      

      
      Moreover, to avoid the conflation between phenomenal and physical irreversibility,
         which is exemplified in the problem of phenomenal dis/continuity and physical continuum
         in the Schubladenexperiment, we need a better grasp of the difference in and correlation
         between perceptual and causal assertions on both referential and non-referential levels.
         The adumbrative continuum partially addresses this issue without relying on causal
         explanation and without deploying an explanation of physical processes. As such, it
         is insufficient on its own.
      

      
      In this chapter I have focused on the questions that motivate us to redescribe “intuitive-time-asymmetry”
         with “internal-time-consciousness,” and in turn to naturalize “time-consciousness”
         in a way effective and sufficient for determining the relation between physical time-asymmetry
         and phenomenal and phenomenological suppositions. And yet two questions remain open-ended,
         and can be diagnosed in relation to scientific attempts. They incorporate phenomenal
         and/phenomenological suppositions rather than solutions. 
      

      
      The first question concerns the possibility of perceiving causality in phenomenological
         terms as “continuous” (if not reducible) to implications stemming from physical theories
         (inferential) like probabilistic determinations a la` Boltzmann, or quantum ones that
         involve “subjective” or/and “objective” probability.[90]  
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