

Chapter 4
Scientific Explanation and Causation

One reason for the philosophical difficulties over causation is that Hume, and 
subsequently Kant, conceived the causal nexus as, in its primary character, 
derived from the presupposed sequence of immediate presentations.  But if we 
interrogate experience, the exact converse is the case; the perceptive mode of 
immediate presentation affords information about the percepta in the more 
aboriginal mode of causal efficacy.

				Alfred North Whitehead, Process and Reality


	Science also exists as a cycle of meaning.  Science produces knowledge about the world 
that is related to procedures for observing phenomena, and then these phenomena are interpreted 
in terms of the knowledge that gave rise to them.  Moreover, scientists theorize about the hidden 
forces behind adumbrated regularities in phenomena; e.g., natural selection explains 
homologous physiological structures in biota, black holes explain perturbations in the passage of 
light through space, viruses explain certain kinds of disease, etc. 	But science is an unusual 
social institution in part because it is a consequence of a social movement which was directed 
away from organized religion, natural philosophy and other forms of received knowledge and 
toward the freedom of individual inquiry (Barbour 1986), a movement that really began among 
the pre-Socratic Greek philosophers.  Because science is a reaction to religious dogma and 
authoritative, but empirically ungrounded metaphysics, it came to place severe constraints upon 
the accrual and expression of knowledge.  And these constraints had the consequence of 
removing the scientific cycle of meaning from the domain of traditional cosmology, "matters of 
ultimate concern," and thus much of the meaning within the everyday life-world of people.
The Logical Positivist Account of Science
	In order to appreciate how this remarkable institution could become so divorced from 
everyday experience, let us take a closer look at how science has conceived of its own enterprise 
and compare this account with how science actually proceeds.  According to the classical logical positivist1     1  Logical positivism was an expression of metaphysical realism that held that objects 
exist in their own right and do not depend upon any interactional effects (including observation) 
for their attributes. account of science, scientists observe the world and build theories that explain what 
they observe.  These theories reveal the normally hidden and mysterious causes of phenomena 
and relations among phenomena.  Theories are constructed of both observational and theoretical 
languages and are supposed to be rationally and dispassionately evaluated in the crucible of the 
empirical world.  Detailed observations are made to establish facts about the world, sets of 
theoretical propositions are constructed in either mathematics or natural language that presume 
to explain those facts, and other propositions, called hypotheses, are deduced from the theories, 
and tested by way of more observations.  The hypotheses are either confirmed or disconfirmed.  
	If the hypotheses are disconfirmed, then they in turn falsify the theory from which they 
were deduced.  If the hypotheses are confirmed, then the observations are said to add support for 
the truth value of the theory.  By this thoroughly rational process, it is claimed, science weeds-out erroneous theories and develops new and more accurate ones.  Science is thus the process by 
which newer and more inclusive theories are developed that "reduce" and more powerfully 
explain older, weaker theories and their associated facts (see Suppe 1977, 1989:39-40).
Scientific Explanation and Culture
	Were human beings actually such rational automatons and able to automatically drop or 
transform their belief in their theories in response to anomalous evidence, then science would no 
doubt better conform to this ideological program.  That many scientists continue to believe that 
science proceeds in this way is evidenced by the inclusion of the perspective in many 
contemporary introductory psychology and physics textbooks.  But in this post-Kuhnian era, no 
one who is familiar with the history and philosophy of science holds this fictional account of 
science to be anything like an accurate picture of how science is actually carried out (see Suppe 1977, Feyerabend 1975, Lakatos 1970, Toulmin 1972, Giere 1984).2     2  Kuhn (1977) has argued that scientific disciplines function to regulate knowledge 
much as do cultures.   Other authorities believe that scientific theories evolve much like 
societies or biological species (Giere 1984, Campbell 1974, Toulmin 1972).  After all, scientists are 
human beings, and they are thus naturally, and largely unconsciously, culture-bearers (du Preez 
1991:179).  Theories may become socially favored and take on the status of belief, and because 
they are found to be useful or because they become affectively charged and evaluated within an 
institutional cycle of meaning, they are frequently the very devil to change or supplant.  Theories 
are influenced by the rest of knowledge in the scientist's cognized environment, and egos can 
become so thoroughly associated with theories and the procedures for verifying those theories 
that anomalies are disregarded or missed altogether.  Just as cosmological beliefs produce 
creodes in the individual cognized environment, so too do scientific theories.  Scientific theories, 
in other words, are involved in a cycle of meaning, and thus contribute to, and are influenced by 
their own cultural content.
	Realizing all of this, Paul Feyerabend (1975) has argued against the establishment of 
exclusive methodologies in scientific disciplines and has argued for the proliferation of 
competing theories.  He has done so in recognition of the inevitable narrowing effect that 
theories, methodologies and techniques exercise upon clear and unobstructed exploration of the 
world.  Methodologies derive their meaning from the theories that originally give rise to them 
and which they continue to serve.  Even individual scientific concepts change their meaning 
when removed from their original theoretical frames of reference and included in new 
theoretical frames of reference.  For example, the notion of "mass" means one thing in 
Newtonian mechanics and another thing in Einstein's theory of relativity.  Moreover, the concept 
of "adaptation" implies natural selection in neo-Darwinian theory, and does not in Piagetian 
genetic epistemology.  Because concepts and methodologies are largely incommensurable when 
compared across theories, Feyerabend suggests that the most productive state of affairs in 
science is to have as many theories as possible so as to maximize the methods of observation and thus optimally broaden the scope of inquiry. 
	Just like traditional cycles of meaning, theoretical paradigms always hide more than they 
explain.  Both are the product of the human brain that is essentially intentional in organization.  
Theories that are either relegated to the status of belief, or that become blended with a pre-scientific belief system have the effect of putting blinders on observers.  Medical researchers 
who believe that so-called Yuppie flu is caused by a viral infection may disattend psychogenic 
factors, while those holding that the malady is due to psychological stress may disattend 
virological factors.  There is always a cultural loading on scientific theories whether the 
individual scientist realizes the fact or not.  There is always an unintended influence of tacitly 
held, pre-scientific, culturally conditioned knowledge about the self and the world that seeps into 
scientific theory construction.  And nowhere is this more evident than in scientific models of 
causation.
Science and the Zone of Uncertainty
	I do not wish to imply that science is just another word for cosmology, or that it is just 
another system of belief among many in the world.  In many respects science is quite unique as 
an institutionalized system of inquiry.  What makes science progress, when it does progress, is a 
socially enhanced importance of evidence in producing and evaluating knowledge.  Science 
exhibits more ritualized reverence for the zone of uncertainty than do most of the planet's 
traditional epistemologies.  However, even with this institutionalization of the importance of 
direct, observational evidence, the tacit, unconscious, pre-scientific processes that produce the 
cognized environment and its systems of belief continue to operate in the scientific 
consciousness and may significantly obstruct the quest for truth.  
	So much has this been the case in the history of science that some rather more self-aware 
researchers and philosophers have come to consider the anomalies produced by theories to be far 
more valuable to the progress of science than the theories themselves (see e.g., Kuhn 1970, 
Pribram 1971).  It is difficult, of course, given the dynamics of the empirical ego, to socialize scientists not to believe their own theories.  For what we would be asking scientists to do is 
nothing less than to transcend their social and cultural natures, their inherent "effort after 
meaning."
	But really creative scientists (at least occasionally) transcend their sociocultural 
tendencies in this manner.  The operational environment is transcendental, and produces a 
continuous flow of potentially anomalous evidence inconsistent with any possible system of 
knowledge, any theoretical paradigm or belief system, whether or not such evidence is 
recognized as such or not.  Corpses may dance at their funerals.  Moreover, people commonly 
experience precognition and other parapsychological phenomena (Greeley 1975), quantum 
mechanical events do seem to exhibit causation at great distances in space and time (Jahn and 
Dunne 1987), and acupuncture does seem to work, whether or not current theories of 
neuroendocrinology can explain its efficacy.
	Individual scientists become fascinated by curious phenomena with potentially 
anomalous consequences -- phenomena like the residual arcs around Uranus, the turbulence of 
cloud formations, and the rising incidence of serial killers in North America.  Such phenomena 
may in time gain enormous importance for science precisely because they constitute prima facie 
evidence of the inadequacy of our beliefs about the nature of the operational environment.  
Evidence of anomaly may, of course, turn out to be apparent only; it turns out for example that 
Uranus' troublesome arcs are actually thicker and more visible portions of full rings, an 
astrophysical phenomenon we understand fairly well.  But the study of turbulence in clouds and 
other dynamic systems eventually led to the new field of chaos theory.  And unfortunately, 
nobody's theory of human psychology can yet persuasively account for serial killers.
CAUSATION
	An essential feature of most scientific theorizing is some model of causation -- that is, 
some view about the necessary interconnections among events in the world.  I will not consider 
the history of the various types of causal models in science and philosophy because Willis Harmon (1991) has already done so.  But it is critical to my argument to look into the attributes 
of models of causation and the role they play in scientific explanations and meaning.  Scientific 
explanations, like cosmological and mythical stories in traditional societies, usually answer why 
questions.3     3  I will beg the question of whether scientific explanations always answer why 
questions (see Suppe 1989:179-182).   And why questions are usually most satisfactorily answered by revealing causation.  
Indeed, for many scientists, to explain a phenomenon is synonymous with explicating the 
conditions that cause that phenomenon; that is, why y is best answered by explicating the various 
conditions (x) that produced y.  For example, an explanation of the existence of a mountain 
range or the geographical form of a continent may be in terms of the prehistorical movement of 
tectonic plates.  Or the explanation of a curious ritual found among a Melanesian tribe may be 
couched in terms of the function of that ritual in solving some social or psychological problem 
or another that would exist were that ritual not practised.  In the first example, the movement of 
tectonic plates (x) is considered the "cause" and the configuration of mountains and continents 
the "effect" (y).  In the second example, the need for the solution of some social or psychological 
problem is the "cause" (x) and the existence of the ritual is the "effect" (y).
Cause as Temporal Covariation Between Distinct Events
	There are two attributes of this classic description of causation That are particularly 
worth noting: (1) the "cause," x, and the "effect," y, are almost always conceived to be distinct 
events, and (2) x and y are conceived as occurring in time with the "cause" always preceeding 
the "effect."  The view of x and y as distinct events occurring at two points in time forms part of 
the natural attitude of science because it is the common sense view of causation held in 
Euroamerican culture (Jaspars, Hewstone and Fincham 1983:4).  This view is so engrained in 
our interpretation of events and in our attitudes about how things happen in the world that even 
our language forces us to distinguish between events that occurred in the past, events occurring 
now, and events that may occur in the future.  Reference to processes is lost in this delineation of temporal location, and thus ideas like that of "backward causation" are deemed absurd (Faye 
1989:9).  
	Of course, there are models of causation in science that are more complex than this 
simple lineal notion and that conceive of simultaneous reciprocal causation among different 
parts of a system (see e.g., Ackoff and Emery 1972, Blalock 1969, 1985).  We now know, for 
example, that most of the interconnections among the various parts of the brain are reciprocal 
and that two or more neural tissues may influence each other at the same time.  However, even 
this more complex view of causal reciprocity does not abrogate the natural attitude among 
Euroamerican thinkers that an effect occurring earlier in time than its cause is absurd.
Cause and Location
	There is a third attribute of the classic conception of causation worth noting: (3) the 
cause, x, and its effect, y, must either occur within the same location in space, or have a 
trajectory of interaction traceable within space.  The idea of "causation-at-a-distance" (or "non-local causation") is also conceived as being absurd, for, like "backwards causation," it runs 
counter to our materialistic natural attitude about the possible relations that may obtain among 
events in the world.  Willis Harmon (1991) has discussed this attribute at length in his report in 
this series (see also Jahn and Dunne 1987).  He offers two examples of phenomena that seem to 
contravene the natural attitude toward causation-at-a-distance: the experience of so-called "a-causal sychronicity" in psychology and various experimental results in quantum mechanics.  
	A scientific model in which this type of causation-at-a-distance is successfully included 
is to be found in David Bohm's (1980) theory of the implicate order.  Bohm suggests that the 
world of phenomena (the "explicate order") unfolds out of and enfolds back into a reality (the 
"implicate order") that is essentially whole, a-temporal, and admitting of causal relations outside 
of observable explicate order spacetime.4     4  It might be noted that Bohm's implicate order bears a marked resemblance to the 
Buddhist notion of Sunyata, or "Void," and that it resembles many of the characteristics of a 
cosmology as described above.
Cause and Teleology
	A fourth attribute of scientific causation is that teleological, or goal-directed causation in 
nature is often considered at best to be normatively suspect, and at worst to be blatantly 
"metaphysical" (see Suppe 1989:284-285).  The historical trend in science has been to separate 
models of causation from anything approaching a philosophy or theory of purpose.  Of course 
there have been exceptions to this trend.  For example, the inclusion of an "anthropic principle" 
in astrophysical theory suggests that the essential organization of the universe in its first 
moments of existence necessitated the eventual evolution of our kind of sentience (see e.g., Carr 
and Rees 1979, Barrow and Tipler 1986).  Also, recent reformulations of evolutionary theory 
away from neo-Darwinism often include a teleological conception of causation (see e.g., Lima-de-Faria 1988, van der Hammen 1988).  But generally speaking, unless a theory is able to 
stipulate the mechanism of causation, teleological conceptions of the causal relations among 
events are considered suspect.  They are suspect because they smack of divine plans and 
"Written in the Great Book" metaphysical and religious accounts of the universe to which 
institutional science is an epistemological reaction.
CAUSATION, THE LIFE-WORLD AND THE BRAIN
	Most scientific models of causation fall unwittingly into what Whitehead (1964) called 
the fallacy of misplaced concreteness.  They commit the error of reifying rational conceptions of 
causation upon a process that is essentially transcendental.  Real, operational causation should 
actually be considered as problematical.  A starting point in clarifying the problem of causation 
is perhaps to realize that the roots of our conception of causation are to be found in the structure 
of the life-world, and in the organization of the neurocognitive processes that mediate the life-world.  
	Counter to the classical view of David Hume (1960), who considered causation as only 
the rational imputation of necessity upon the world of perception, causation is demonstrably an 
attribute of the organization of perception (Whitehead 1947, 1964, Michotte 1963, Mandelbaum 1977, Jaspars, Hewstone and Fincham 1983), and is such from the earliest stages of childhood 
development (Piaget 1974).  In other words, causation is "already there" to perception prior to 
any rational reflection upon it.5     5  By "already there" I mean that it is given in perception after being "constituted;" 
i.e., as a consequence of the activity of the neurognostic structures mediating perception (see 
Ihde 1990:29 on this issue).    Causation is, as Whitehead (1947, 1978:175-177) rightly taught, 
an "aboriginal," or primitive aspect of the organization of perceptual awareness.6     6  Whitehead (1947, 1978:175-180) taught that consciousness exhibits two modes, the 
mode of presentational immediacy and the mode of causal efficacy.  He argued that Hume 
considered the world of perception as arising in only the former mode, to the wrongful exclusion 
of the latter mode.  If one turns to 
the exploration of ones own stream of consciousness, one may quickly ascertain that causation is 
an essential element in the construction of experience.
The Phenomenology of Causation
	Perhaps the most complete phenomenological account of causation in the Euroamerican 
philosophical literature is to be found in Part Two of Maurice Mandelbaum's book, The 
Anatomy of Historical Knowledge (1977:49-142).  In that work, Mandelbaum demonstrates that 
the apprehension of causation in the everyday life-world involves an inherent awareness of 
interrelations among elements and phases of a process, and not the rational attribution of a 
cause-effect covariation among distinct events.  These interrelations may occur simultaneously, 
as when the interaction between two opposing football players during the course of a "play" 
results in a "tackle" and the end of the "play."  The interaction between the players causes the 
tackle, but is simultaneous within a single process.  In actual experience, the interaction is the 
tackle which is the end of the play.  Or, the sense of causation may derive from adumbrating a 
pattern of regularity in a sequence of events -- this being a kind of intuitive leap from experience 
to recognized pattern.
	The interweaving of movements among otherwise distinct objects within a single process 
is what Michotte (1963:217) termed ampliation:
...ampliation of the movement is a process which consists in the dominant movement, 
that of the active object, appearing to extend itself on to the passive object, while 
remaining distinct from the change in position which the latter undergoes in its own 
right.
What we are aware of is both objects and their interrelated movements.  Moreover, because 
consciousness is essentially intentional, in some moments of consciousness it is the object 
awareness that is predominant and in other moments of consciousness it is the overall movement 
("kinematic integration" in Michotte's terms) that predominates.  In the latter case, it is the 
awareness of the covariation of the different phases and elements comprising a movement that is 
of essence.  
	Of course, upon reflection we may interpret the covariation of phases within a 
movement, or the adumbration of regularity in a sequence of phases, in an analytical way 
(Mackie 1974:230).  Abstract patterns of causal relations encountered concretely in perception 
may be projected upon experience in the absence of actual ampliation or adumbration -- a 
process Whitehead (1955:101-109) called "extensive abstraction.  We might say that x occurred 
and then y occurred as a consequence, or that every time x occurs, y also occurs.  But our 
perceptual system is neurognostically organized to perceive the entire movement as an 
integrated process -- to re-cognize the process as both a complex of interacting parts and a 
whole.  "Taking a sip of coffee" is not normally experienced as a series of distinct, causal events 
(although it can be rationally analyzed as such after the fact), but rather is an integrated whole 
which may involve phases of movement occurring simultaneously or over time.  The intent to 
have a sip which initiates the process occurs before the cup reaches the lips.  But the tipping of 
the cup at the lips and the sipping may occur simultaneously.
	The process of extensive abstraction may result in an over-simplification of the model of 
causation.  Where there are multiple types of causation in direct experience (Hart and Honore 
1959:17), perhaps a single pattern becomes abstracted and elevated to the status of a logical necessity.  Among other things, failure to recognize the roots of causation in experience may 
result in ignoring the precise contextual variables that must be considered in order for an 
explanation to successfully account for an actual event (see Scriven 1958 on this issue).
	The awareness of objects within an integrated process involving kinematic integration, 
ampliation and adumbrated significance of covariation and regularity is fundamental to adult 
human consciousness.  Piaget (1974) has suggested that this construction of the world of 
physical objects and relations develops slowly as a person adapts to the nature of things.  But do 
we first have to learn about causation from the world, or is it possible that causation is 
fundamental to the neural processes that mediate experience from the beginning?
Perceptual Causation in Perinatal Life
	We now have evidence that object awareness, as well as awareness of movement and 
interaction, are "already there" in the perception of the perinatal human being.  Most 
experimental evidence so far concerns the infant's visual processes.  The visual system of the 
infant, although it is the last to begin developing in the womb, is nonetheless fairly precocious at 
birth (Haith 1980).  The infant soon after birth is found to have a fully functioning pupillary 
response over a wide range of light intensities.  The infant can scan the visual field in moderate 
illumination and in the dark, will fixate upon objects of interest (particularly the edges of 
things), inspect them avidly, and follow their movements.  Objects are cognized by the detection 
of invariant features, including movement (Burnham 1987).  They have both foveal and 
peripheral vision, saccadic movements, and the internal visual pathways and cortical association 
areas requisite to learning.  Haith (1980: 119) suggests that "the newborn's visual activity can be 
understood in terms of a system that serves to keep visual cortical-firing rate at a high level."  In 
other words, the newborn is already prepared to explore its environment, and detect, explore and 
model objects and relations found there.  Some researchers go so far as to suggest that object 
perception develops early and that the infant at, or near birth is perceiving the world out of a 
single mechanism, an already mature "object concept" (Streri and Spelke 1988) from which it explores the surfaces and movements of objects in its environment.  
	Although their functioning seems primitive, the infant between birth and about four 
months of age is nonetheless equipped with the perceptual structures in place to apprehend 
substantial, physical objects, their unities, their boundaries, their constituent parts and their 
continuity during displacement (Spelke 1988a, 1988b, and in Mehler and Fox 1985).  Some 
researchers have suggested that perhaps by late intrauterine life, by birth, or certainly by four 
months of age the child is equipped with innate higher perceptual and cognitive structures that 
anticipate a three dimensional and temporal/causal world that becomes fulfilled and refined in 
actual perceptual experience as it arises in the sensory system (see Gibson 1969, Treiber and 
Wilcox 1980, Bower 1974, Bower and Wishart 1979, Meltzoff and Borton 1979, Antell and 
Keating 1983, Banks 1988, Spelke 1988b, Leslie 1988, Gottlieb 1976). 
Perceptual Causation, Time Consciousness and the Adult Brain
	It is well known in phenomenological circles (see e.g., Hayward 1984:29-31 and Contril's 
1960 edition of Adelbert Ames' writings) that the roots of time consciousness for mundane 
awareness is in the consolidation of past, present and future operations.  Edmund Husserl (1964: 
48ff; see also Landgrebe 1981: 59, Miller 1984: 85) saw the "primal impressional datum" of 
perception (the naive present) as being a synthesis of recently past acts of perception 
("retention"), of the streaming present ("now points") and of the anticipated future 
("protention").  Buddhist phenomenology is consonant with Husserl's view.  Contemplatives 
report a distinction between the real present (the kanapaccuppanna, or "momentary present") and 
the "now" of naive perception (the santatipaccuppanna, or "serial now"), the latter being the 
continuous concatenation of retention ("past," or atita), real present and protention ("future," or 
anagata).  
	Hidden to naive perception is the intermittency of the "now point" of perception.  The sensory field arises and dissolves in epochs7     7  Whitehead also saw the entire universe as a process of arising and passing away of 
creatively novel epochs (see Whitehead 1938, 1978).  "The data for any one pulsation of 
actuality consist of the full content of the antecedent universe as it exists in relevance to that 
pulsation" (1938:121).  However, I am not generalizing beyond the function of our nervous 
system.  The extent to which the epochal becoming of the stream of consciousness accurately 
reflects the acuality of the operational environment apart from conscious brains is an empirical 
question, and that question has thus far been inadequately answered. and is cognitively entrained with other functions to 
co-produce the naive present (i.e., the "primal datum" or "serial now") of the life-world.  Naive 
intentional and perceptual ordering -- including causal attribution due to ampliation -- are 
perpetually focused upon secondary and tertiary abstract relations, rather than upon the epochal 
march of the sensory field that is the "primordial fulfillment" of those relations.  Yet, sensory 
epochs are actual and are "already there" for the trained contemplative to apprehend.8     8  That Husserl realized the perceptual epoch ("now point") as essential in experience 
and not merely an idealist abstraction is clear from comments he made in The Phenomenology 
of Internal Time-Consciousness (1964: 48, 57, 60, 62) and recorded in Cairns (1976: 17).
	There exists an important literature in the neurosciences pertaining to sensory epochs and 
which relates to the neurognostic structures mediating the sense of causation in perception.  This 
research is ongoing and there remains a good deal of controversy on findings and interpretations 
in this field.  Nonetheless, this research is suggestive of the neurophysiological substrate of 
perceptual epochs and processual/causal relations across bundles of epochs.9     9  These epochs are variously termed "perceptual moments," "temporal frames," 
"excitability cycles," "central intermittency," and "perceptual frames" (see e.g. Varela et al. 
1981).    There is 
substantial evidence for some sort of central temporal processing mechanism based upon a 
minute perceptual unit within which temporal discriminations cannot be made (see Sanford 
1971, Harter 1967, Steriade and Deschenes 1985, Efron 1970 and Childers and Perry 1971 for 
relevant reviews).  Stimuli of different durations that are phase-locked to cortical rhythms and 
presented within an epoch will be perceived as simultaneous, whereas stimuli presented across 
epochs will be perceived as sequential, continual and processual (Varela et al. 1981), or in apparent motion (Ramachandran and Anstis 1986).  The duration of an epoch seems to average 
around 100 msec (1/10 of a second) and is equivalent to the wavelength of the EEG cortical 
alpha rhythm (Childers and Perry 1971).
	The arising and dissolving of the sensory field within a single epoch thus provide the 
spatial extension of phenomena without temporal process (the pure experience of Whitehead's  
"mode of simultaneity").  Temporal relations which participate in producing the experience of 
enduring objects and processes are mediated by neural entrainments established across multiple 
epochs (the pure experience of Whitehead's "mode of causal efficacy").  The function of the 
sensorial epoch may prove to be one of synchronizing parallel neural processes involved in 
constituting a unitive spatial experience.
Causation and Intentionality
	The more abstract interpretations of causation informing the life-world involve many of 
the very processes that mediate the intentionality of conscious experience (see Chapter 2).  In 
fact, the adult human brain is uniquely10     10  There is evidence that chimpanzees and other anthropoid apes are capable of 
rudimentary causal abstraction beyond relations given to perception (see e.g., Premack 1976).  If 
so, it seems likely that the emergence of the importance of our human-like "causal operator" 
occurred at some point after the divergence of the hominoids from the rest of the primate order. capable of abstracting causal relations from perceptual 
experience and thereby model relations among objects and events experientially distant in both 
space and time.11     11  Elsewhere we have called the evolution of this abstractive ability the "cognitive 
extension of prehension" (see Laughlin and d'Aquili 1974:76-99).      The ability to track causal processes over lengthy durations was clearly 
significant in the evolution of the hominid line and is probably due to the remarkable advance in 
the relative size and complexity of the prefrontal lobes of the cerebral cortex.12     12  The lateral, or "granular" prefrontal cortex has exhibited greater allometric 
development than most other areas of the hominid nervous system (Nauta 1971, Passingham 
1973).   
	The "causal operator," as my friend and co-author, Eugene d'Aquili (see d'Aquili and Mol 1990:142-146), likes to call it, is the complex entrainment of various parts of the cortex that 
mediates the continuity of long-term processes and temporal sequencing of neurocognitive 
operations.  There is considerable evidence that the "causal operator" in its most rational, 
conceptual, conscious guise is mediated by the reciprocal interaction between the left 
hemisphere prefrontal lobe and the inferior parietal lobule located in the left parietal cortex, an 
area that mediates the formation of concepts (Luria 1966, Pribram and Luria 1973, Mills and 
Rollman 1980, Swisher and Hirsch 1971, Fuster 1980, Stuss and Benson 1986).
	The role of the prefrontal lobes is paramount in mediating aggregate, long-term causal 
cognitions.  The prefrontal cortex is profusely interconnected with modal and multimodal 
sensory association cortex, the parts of the cortex that mediate perceptual experiences 
(Geschwind 1965).  It is interesting that the prefrontal lobes are the only place in the cortex that 
are interconnected with all sensory modalities and all multimodal association areas (Fuster 
1980:29, Stuss and Benson 1986:24).  It is also significant that little of this sensory input into the 
prefrontal lobes derives directly from primary sensory cortex, suggesting that the prefrontal areas 
are interested only in abstract patterns (Jones and Powell 1970).  The prefrontal lobes appear to 
be interested in patterns derived from the entire sensory field, but only after perceptual patterns 
have been substantially processed and abstracted.  The two prefrontal lobes are, of course, 
asymmetrical in their respective functions.  The left lobe appears to be interested in 
distinguishing the parts of a process, while the right lobe appreciates the whole of the process.
	Summarizing what is known about the intentional functions of the prefrontal lobes of the 
human cortex, its general function appears to be the integration of its own functions, as well as 
those of other areas of the cortex and subcortical tissues that are intended upon the object of 
consciousness.  Integration is both spatial and temporal.  It is the job of the prefrontal lobes to 
anticipate future events, focus attention, select among alternative objects of consciousness, 
entrain appropriate operations and actions, and monitor the effects of operations and actions in 
the operational environment.  The prefrontal cortex allows us to focus on a goal, organize our myriad faculties in pursuit of the goal, and to monitor the "fit" between actual sensory events and 
those anticipated.  In other words, it is the function of this area to form "plans" (Pribram 1971), 
and lengthy and complex causal sequences relative to intended objects.  This area also allows us 
to conceptually model processes and track causal relations the durations of which are beyond the 
capacity of the perceptual field.
CAUSATION AND MEANING
	We can now see that the central question being asked by this monograph -- why does 
science fail to produce meaning in the life-world of people -- cannot be answered by drawing a 
simple distinction between scientific causal explanation on the one hand and non-causal 
meaning in the life-world of people on the other hand.  This tactic will not work because, as we 
have seen, scientific models of causation are rooted, however unconsciously on the part of 
scientists, in the essential, neurognostic structure of the life-world.  The sense of causation is 
"already there" in the acts of perception, intuitive adumbration of perceptual regularities, 
intentional cognition and action.  Causation is already an essential ingredient in the cognition of 
"plans" and in the ampliation of motion.  Thus, causation is an inherent ingredient in the 
construction of meaning for all people, regardless of cultural background.  In a word, we operate 
upon (usually tacit) causal relations all the time in our everyday lives.  This being the case, then 
the central question addressed by this monograph must be modified before it can be answered.
