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ABSTRACT

Two models of consciousness are contrasted witlrdeip their treatment of subjective timing. Thenstard Cartesian
Theater model postulates a place in the brain whieal comes together": where the discriminatiamsll modalities
are somehow put into registration and "presentedsiibjective judgment. In particular, the CarteSiheater model
implies that the temporal properties of the contegdring events occurring within this privilegegmesentational
medium determine subjective order. The alternatdtiple Drafts model holds that whereas the bearents that
discriminate various perceptual contents are tisted in both space and time in the brain, and edsethe temporal
properties of these various events are determinatee of these temporal properties determine stigecrder, since
there is no single, constitutive "stream of congsiess” but rather a parallel stream of conflicing continuously
revised contents. Four puzzling phenomena thaitresplanation by the standard model are analymexresults
claimed by Libet, an apparent motion phenomenoalirg color change (Kolers and von Grunau), arel th
"cutaneous rabbit” (Geldard and Sherrick) an idaspf evenly spaced series of "hops” produced lmydwmore
widely spaced series of taps delivered to the SKie. unexamined assumptions that have always rhadgdrtesian
Theater model so attractive are exposed and disadarithe Multiple Drafts model provides a bettec@amt of the
puzzling phenomena, avoiding the scientific andapleysical extravagances of the Cartesian Theater.

I'm really not sure if others fail to perceive mafpone fraction of a second after my face ireees with
their horizon, a millionth of a second after theyvé cast their gaze on me, they already begin st wee
from their memory: forgotten before arriving at 8want, sad archangel of a remembrance. --Ariel
Dorfman,Mascarag 1988

When scientific advances contradict "common semgaitions, the familiar ideas often linger on, mast outliving
their usefulness but even confusing the scientibisse discoveries ought to have overthrown themskiédl diagnose
a ubiquitous error of thinking that arises fromtjsisch a misplaced allegiance to familiar imaged, ilustrate it with
examples drawn from recent work in psychology a@aroscience. While this is a "theoretical" papeis addressed
especially to those who think, mistakenly, thafthave no theories and no need for theories. Wik sthawv how
uncontroversial facts about the spatial and tempooperties of information-bearing events in thaib require us to
abandon a family of entrenched intuitions abou¢ 'stream of consciousness" and its relation totevascurring in th
brain.

In Part 1, we introduce two models of consciousniesstandard Cartesian Theater and our altematie Multiple
Drafts model, and briefly describe four phenomeh@mporal interpretation that raise problems far $standard
model. Two of these, drawn from the research oét,ibhave been extensively debated on methodologroahds, but
concealed in the controversy surrounding themlagartistaken assumptions we intend to expose. trepare
diagnose these intuitive but erroneous ideas, ahithie their power to create confusion in relativeimple contexts.
We demonstrate the superiority of the Multiple Dsahodel, by showing how it avoids the insolubleljpems faced
by versions of the Cartesian Theater model. In pante show how covert allegiance to the CarteSiaater model
has misled interpreters of Libet's phenomena, aod/ow the Multiple Drafts model avoids these csidns.

1. Two Models of Consciousn



1.1. Cartesian materialism: is there a "central ebger" in the brain?

Wherever there is a conscious mind, therepsiat of view A conscious mind is an observer, who takes in the
information that is available at a particular (rblyg continuous sequence of times and places imtineerse. A mind
is thus docus of subjectivitya thing it is like something to be (Farrell, 195agel, 1974). What it is like to be that
thing is partly determined by what is availabldtobserved or experienced along the trajectoputiir spaceime of
that moving point of view, which for most practigalrposes is just that:int. For instance, the startling dissociat
of the sound and appearance of distant fireworkggained by the different transmission speedsoahd and light,
arriving at the observe(at that point) at different times, even thougéytkeft the source simultaneously.

But if we ask where precisely in the brain thatpaf view is located, the simple assumptions thartk so well on
larger scales of space and time break down. lbve quite clear that there is no single point inbhnan where all
information funnels in, and this fact has somefifiam obvious consequences.

Light travels much faster than sound, as the filkg@xample reminds us, but it takes longer forhtan to process
visual stimuli than to process auditory stimuli. R8ppel (1985, 1988) has pointed out, thanks teethe
counterbalancing differences, the "horizon of stamgity" isabout10 meters: light and sound that leave the same
point about 10 meters from the observer's sensmergroduce neural responses that are "centraijahle” at the
same time. Can we make this figure more precis&?erlis a problem. The problem is not just measuheglistances
from the external event to the sense organs, drdinemission speeds in the various media, or allgor individual
differences. The more fundamental problem is dagigvhat to count as the "finish line" in the bratdppel obtained
his result by comparing behavioral measures: meaction times (button-pushing) to auditory and aistimuli. The
difference ranges between 30 and 40 msec, theititalees sound to travel approximately 10 metdrs {ime it takes
light to travel 10 meters is infinitesimally difiant from zero). P6ppel used a peripheral finisb-lexternal behavior--
but our natural intuition is that thexperienceof the light and sound happebstweerthe time the vibrations strike our
sense organs and the time we manage to push tioe boitsignal that experience. And it happens someegcentrally,
somewhere in the brain on the excited paths bettfeesense organ and muscles that move the fiigeems that if
we could say exactly where, we could infer exaathen the experience happened. And vice versa: dowdd say
exactly when it happened, we could infer wherénalirain conscious experience was located.

This picture of how conscious experience musinsihe brain is a natural extrapolation of the féaamidind undeniable
fact thatfor macroscopic time intervalsve can indeed order events into the categoriesyet observed" and "already
observed" by locating the observer and plottingniimtions of the vehicles of information relativetiat point. But
when we aspire to extend this method to explaimpireena involving very short time intervals, we anger alogical
difficulty: If the "point" of view of the observas spread over a rather large volume in the obsserbeain, the
observer's own subjective sense of sequence andtamaitymustbe determined by something other than a unique
"order of arrival" since order of arrival is incotafely defined until we specify the relevant destion. If A beats B to
one finish line but B beats A to another, whictuieBxes subjective sequence in consciousnessMjosky, 1985,
p.61) Which point or points of "central availahjlitvould "count” as a determiner ekperiencearder, and why?

Consider the time course of normal visual informagprocessing. Visual stimuli evoke trains of egdntthe cortex
that gradually yield content of greater and gregpecificity. At different times and different pks; various
"decisions"” or "judgments” are made: more literghigrts of the brain are caused to go into stasdifferentially
respond to different features, e.g., first meresbo$ stimulus, then shape, later color (in a défg pathway), motion,
and eventually object recognition. It is temptingstippose that there must be some place in the Wwiere "it all
comes together" in a multi-modal representatiodigplay that iglefinitive of the content of conscious experience i
least this sense: the temporal properties of teatsuhat occur in that particular locus of repnésigon determine the
temporal properties--of sequence, simultaneity, r@atitime onset, for instance--of the subjectiséam of
consciousness.” This is the error of thinking wema to expose. "Where does it all come togethEn®'answer, we
propose, is Nowhere. Some of the contentful s@istgbuted around in the brain soon die out, legwio traces.
Others do leave traces, on subsequent verbal sepiogixperience and memory, on "semantic readiraass$’bther
varieties of perceptual set, on emotional stateaberal proclivities, and so forth. Some of theffects--for instance,
influences on subsequent verbal reports--are at $ganptomatic of consciousness. But there is mopdace in the
brain through which all these causal trains mustspa order to deposit their contents "in consaiess".

The brain must be able to "bind" or "correlate” dooimpare” various separately discriminated costdmit the



processes that accomplish these unifications araghlves distributed, not gathered at some cefg@asion point, ar
as a result, the "point of view of the observerSpatially smeared. If brains computed at neasped of light, as
computers do, this spatial smear would be negkgiBUt given the relatively slow transmission anchputation
speeds of neurons, the spatial distribution of @sees creates significant temporal smear--rangsgie shall see, up
to several hundred millisecondsithin which range the normal common sense assemgtbout timing and arrival
the observer need to be replaced. For many tdskfiuman capacity to make conscious discriminawdmemporal
order drops to chance when the difference in assmt the order of 50msec (depending on stimuluslitions), but,
as we shall see, this variable threshold is thaltre§ complex interactions, not a basic limit ¢ve torain's capacity to
make the specialized order judgments requiredanrtterpretation and coordination of perceptual suador
phenomena. We need other principles to explaiménes in whichsubjective temporal ordes composed, especially
in cases in which the brain must cope with rapgls@&ces occurring at the limits of its powers afiperal resolution.
As usual, the performance of the brain when putusttain provides valuable clues about its gemarales of
operation.

Descartes, early to think seriously about what rhagipen inside the body of the observer, elabomatédea that is
superficially so natural and appealing that it pesmeated our thinking about consciousness evee sind permitted
us to defer considering the perplexities--until n@gscartes decided that the brdid have a center: the pineal gland,
which served as the gateway to the conscious ntimglthe only organ in the brain that is in thedtime, rather than
paired, with left and right versions. It lookedfdient, and since its function was then quite instle (and still is),
Descartes posited a role for it: in order for asparto be conscious of something, traffic fromdbases had to arrive
at this station, where it thereupon caused a spacteed magical--transaction to occur betweenpiison's material
brain and immaterial mind. When the conscious ntivesh decided on a course of bodily action, it semtessage back
"down" to the body via the pineal gland. The pinglahd, then, is like a theater, within which isglayed information
for perusal by the mind.

Descartes' vision of the pineal's role as the tuensf consciousness (we might call it the Cagadiottleneck) is
hopelessly wrong. The problems that face Descantiesactionistic dualism, with its systematicalthgexplicable traffic
between the realm of the material and the posuliisalm of the immaterial, were already well apated in

Descartes' own day, and centuries of reconsideraaee only hardened the verdict: the idea of thes®in the
Machine, as Ryle (1949) aptly pilloried it, is ansolution to the problems of mind. But while m&ksm of one sort

or another is now a received opinion approachiranimity Endnote 2 even the most sophisticated materialists today
often forget that once Descartes' ghostly cogitanss discarded, there is no longer a role for aredimed gateway, ¢
indeed for anyunctionalcenter to the brain. The brain itself is Headaerartthe place where the ultimate observer is,
but it is a mistake to believe that the brain hag@eeper headquarters, any inner sanctum artivehiah is the
necessary or sufficient condition for consciousezignce.

Let us call the idea of such a centered locuserbtiainCartesian materialismsince it is the view one arrives at when
one discards Descartes' dualism but fails to dista associated imagery of a central (but majeFtaater where "it
all comes together". Once made explicit, it is ologi that it is a bad idea, not only because, aateenof empirical
fact, nothing in the functional neuroanatomy of linain suggests such a general meeting placedmbacause
positing such a center would apparently be thé $iegp in an infinite regress of tgmwerful homunculi. If all the tas
Descartes assigned to the immaterial mind have taken over by a "conscioustlbsystem, its own activity will
either be systematically mysterious, or decompastecthe activity of further subsystems that betginluplicate the
tasks of the "norconscious” parts of the whole brain. Whether oramytone explicitly endorses Cartesian material
some ubiquitous assumptions of current theoriziegyppose this dubious view. We will show thatgbesuasive
imagery of the Cartesian Theater, in its matetialf®orm, keeps reasserting itself, in diverse gsjsand for a variety
ostensibly compelling reasons. Thinking in its tefisinot an innocuous shortcut; it is a bad h&mie of its most
seductive implications is the assumption that &rdison canalwaysbe drawn between "not yet observed" and
"already observed." But, as we have just arguesl distinctioncannotbe drawn once we descend to the scale that
places us within the boundaries of the spatio-teaipmlume in which the various discriminations aseomplished.
Inside this expanded "point of view" spatial anchp@ral distinctions lose the meanings they havadader contexts.

The crucial features of the Cartesian Theater moaelbest be seen by contrasting it with the adtéere we propose,
the Multiple Drafts model:

All perceptual operations, and indeed all operatiohthought and action, are accomplished by -track processes



interpretation and elaboration that occur over nedsl of milliseconds, during which time various iéidds,
incorporations, emendations, and overwritings aftent can occur, in various orders. Feature-detestor
discriminationsonly have to be made oncEhat is, once a localized, specialized "obseovéthas been made, the
information content thus fixed does not have ted@ somewhere else to tegliscriminated by some "master”
discriminator. In other words, it does not leac tiepresentatiorof the already discriminated feature for the biroéi
the audience in the Cartesian Theater. How a loe@ldiscrimination contributes to, and what affebas on, the
prevailing brain state (and thus awareness) cangehttom moment to moment, depending on what slgeing on in
the brain. Drafts of experience can be revisedgaeat rate, and no one is more correct than andiaeh reflects the
situation at the time it is generated (Kinsbouingyreparation). These spatially and temporallyrdisted content-
fixations are themselves precisely locatable imlspace and time, but their onsetsndbmark the onset of awareness
of their content. It is always an open questiontivbeany particular content thus discriminated evéntually appear
as an element in conscious experience. Thesehdittd content-discriminations yield, over the cewstime,
somethingather likea narrative stream or sequence, subject to caitediting by many processes distributed arounc
in the brain, and continuing indefinitely into theure (cf. Calvin's (1990) model of consciousn@s$scenario-
spinning”.) This stream of contents is only ratlilex a narrative because of its multiplicity; atygpoint in time there
are multiple "drafts" of narrative fragments ativas stages of "editing"” in various places in tham Probing this
stream at different intervals produces differefe@s, elicits different narrative accounts frora subject. If one
delays the probe too long (overnight, say) theltésapt to be no narrative left at all--or elsearative that has been
digested or "rationally reconstructed” to the pdinatt it has minimal integrity. If one probes "tearly”, one may
gather data on how early a particular discrimirmatgoachieved in the stream, but at the cost etigtsng the normal
progression of the stream. Most importantly, thdtMle Drafts model avoids the tempting mistakesopposing that
there must be a single narrative (the "final" anbjished" draft) that is canonical--that represénésactual stream of
consciousness of the subject, whether or not thererenter (or even the subject) can gain accei$s to

The main points at which this model disagrees #ithcompeting tacit model of the Cartesian Theates, be
summarized:

(1) Localized discriminations aret precursors of r@gresentation®f the discriminated content for consideratioraby
more central discriminator.

(2) The objective temporal properties of discrinbamg states may be determined, but theyndbdetermine temporal
properties of subjective experience.

(3) The "stream of consciousnesshat a single, definitive narrative. It is a paralleglesm of conflicting and
continuously revised contents, no one narrativeattirof which can be singled out as canonical--@asrtte version of
conscious experience.

The different implications of these two models Wil exhibited by considering several puzzling pinesga that seem
at first to indicate that the mind "plays tricksthvtime." (Other implications of the Multiple Draftodel are examin:
at length in Dennett, forthcoming.)

1.2. Some "temporal anomalies" of consciousness

Under various conditions people report experiemteghich the temporal ordering of the elementshigirt
consciousness, or the temporal relation of thos@ehts to concurrent activity in their brains, se¢onbe anomalous
or even paradoxical. Some theorists (Eccles, 101bét, 1982, 1985) have argued that these tempo@nalies are
proof of the existence of an immaterial mind tmaéracts with the brain in physically inexplicabdshion. Others
(Goodman, 1978, Libet, 1985b), while eschewing @mymitment to dualism, have offered interpretatiohthe
phenomena that seem to defy the accepted temmayaésce of cause and effect. Most recently, anotieerist,
(Penrose, 1989) has suggested that a materiaigtianation of these phenomena would require dugga in
fundamental physics. These radical views have bggmously criticized, but the criticisms have deeked the
possibility that the appearance of anomaly in tleeses is due to conceptual errors that are sdydaeghored in
everyday thinking that even many of the criticsénéallen into the same traps. We agree with Lilpet @thers that
these temporal anomalies are significant, but lhaldfferent opinion about what they signify.

We will focus on four examples, summarized belowoTdrawn from the work of Libet, have received thest



attention and provoked the most radical speculabahbecause technical criticisms of his experitmand their
interpretation raise doubts about the existendeephenomena he claims to have discovered, wéegiin with a
discussion of two simpler phenomena, whose existéas not been questioned but whose interpretetises the
same fundamental problems. We will use these singalges to illustrate the superiority of the Muéiprafts model
to the traditional Cartesian Theater model, and #gply the conclusions drawn in the more compdidatetting of the
controversies surrounding Libet's work. Our argutwait be that even if Libet's phenomena were nubwn to exist,
theory can readily account for the possibility bEpomena of this pseudo-anomalous sort, and eeglicpthem.

A. Color ph. (Kolers and von Griinau, 1976; See also Van daal$\énd Roelofs, 1930, Kolers, 1972, and the
discussion in Goodman, 1978) Many experiments kianeonstrated the existence of apparent motiomeophi
phenomenon. If two or more small spots separateaslbpuch as 4 degrees of visual angle are briefly dapid
succession, a single spot will seem to move. Hisficourse, the basis of our experience of matianotion pictures
and television. First studied systematically by Weimer (1912; for a historical account, see Kgql&g¥2, Sarris,
1989), phi has been subjected to many variatiam$ oae of the most striking is reported in Kolemsl &on Grinau,
1976. The philosopher Nelson Goodman had askeduleether the phi phenomenon would persist itwee
illuminated spots were different in color, andaf svhat would happen to the color of "the" spotiisnoved? Would
the illusion of motion disappear, to be replacedvioy separately flashing spots? Would the illusonpving" spot
gradually change from one color to another, traairigajectory around the color wheel? The answbhgn\Kolers and
von Grihau performed the experiments, was striking: tlo¢ spems to begin moving and then to change colopdy
in the middle of its illusory passageward the second location. Goodman wonders: "ai@we able . . .to fill in the
spot at the intervening place-times along a patiing from the first to the second flalséfore that second flash
occur®? "(1978, p.73) (The same question can of coursaibed about any phi, but the color-switch in ppabsage
vividly brings out the problem.) Unless there isggnition, the illusory content cannot be creaietil after some
identification of the second spot occurs in tharbrBut if this identification of the second spstalready "in consciot
experience" would it not be too late to interpdseitlusory color-switching-while-moving scene been the
conscious experience of spot 1 and the conscigquerexce of spot 2? How does the brain accomhishsteight-of-
hand? Van der Waals and Roelofs (1931) proposedtbantervening motion is produced retrospecyivblilt only
after the second flash occurs, and "projected badksvin time," (Goodman, 1978, p.74) a form of vgoreiminiscent
of Libet's "backwards referral in time." But whatesd it mean, that this experienced motion is "teyg backwards in
time"?

B. The cutaneous "rabb. (Geldard and Sherrick, 1972, see also Geldard,1Q@&ldard and Sherrick, 1983, 1986)
subject's arm rests cushioned on a table, and meethaquare-wave tappers are placed at two oe tloations along
the arm, up to a foot apart. A series of taps ytimm are delivered by the tappers, e.g., 5 at thst ¥ollowed by 2 nec¢
the elbow and then 3 more on the upper arm. Tredspdelivered with interstimulus intervals betw&8 and
200msec. So a train of taps might last less theatand, or as much as two or three seconds. Theistihg effect is
that the taps seem to the subjects to travel inlaegequence over equidistant points up the asfFalittle animal
were hopping along the arm. Ndww did the brain knowhat after the 5 taps on the wrist, there weragto be
some taps near the elbow? The experienced "depadfithe taps from the wrist begins with the settap, yet in
catch trials in which the later elbow taps are nelaivered, all five wrist taps are felt at theistin the expected
manner. The brain obviously cannot "know" abowdat the elbow until after it happens. Perhaps,ight
speculate, the brain delays the conscious experientl after all the taps have been "received" thieth, somewhere
upstream of the seat of consciousness (whateveis)heevisesthe data to fit a theory of motion, and sendsettiiéed
version on to consciousness. But would the brairays delay response to one tap in case more cdmef, how doe
it "know" when to delay?

C. "Referral backwards in timgLibet, 1965, 1981, 1982, 1985, Libet et al., 1,95k also Popper and Eccles, 1977,
Dennett, 1979, Churchland, 1981, 1981b, Hondeli®B4.) Since Penfield and Jasper (1954) it has keewn that
direct electrical stimulation of locations on tlwrgatosensory cortex can induce sensations on pomdsg parts of
the body. For instance, stimulation of a point foa left somatosensory cortex can produce the sengita brief

tingle in the subject's right hand. Libet compatiteeitime course of such cortically induced tingtesimilar sensatior
produced in the more usual way, by applying a lale€trical pulse to the hand itself. He argued Wiale in each
case it took considerable time (approximately 5@@ah to achieve "neuronal adequacy” (the stagéniahwveortical
processes culminate to yield a conscious experiehadingle), when the hand itself was stimulatbé, experience
was "automatically” "referred backwards in tim



Most strikingly, Libet reported instances in whizlsubject's leftortexwas stimulatedbeforehis lefthandwas
stimulated, which one would tend to think wouldegivse to two felt tingles: first right hand (caeslly induced) and
then left hand. In fact, however, the subjectiygorée was reversed: "first left, then right." Evenciases of
simultaneous stimulation, one might have thoudtd,|¢ft-hand tingle would be felt second, due alditional
distance (close to a meter) nerve impulses fronettidnand must travel to the brain.

Libet interprets his results as raising a seridwalenge to materialism: ". . . a dissociation kesw the timings of the
corresponding 'mental’ and 'physical’ events weakin to raise serious though not insurmountablieulifes for the
.. theory of psychoneural identity." (1979, p.d2®ccording to Eccles, this challenge cannot be met

This antedating procedure does not seem to becakpdi by any neurophysiological process. Presumalsya
strategy that has been learnt by the self-conseiond . . . the antedating sensory experiencdrigpatable to the
ability of the self-conscious mind to make sligitnporal adjustments, i.e., to play tricks with tirflopper and
Eccles, 1977, p.364.)

D. Subjective delay of consciousness of inte. (Libet 1985, 1987, 1989; see also the accompamammentaries)
In other experiments, Libet asked subjects to niagentaneous” decisions to flex one hand at thstwainile noting
the position of a revolving spot (the "second ham'a clock, in effect) at the precise time theyrfed the intention.
Subjects' reports of these subjective simultargeitiere then plotted against the timing of relevdecttrophysiological
events in their brains. Libet found evidence thase "conscious decisions" lagged between 350 @dwhgec behind
the onset of "readiness potentials” he was abledord from scalp electrodes, which, he claimsthameural events
that determine the voluntary actions performedceigcludes that "cerebral initiation of a spontarseeniuntary act
begins unconsciously” (1985, p.529). That one'scionisness might lag behind the brain processesdhérol one's
body seems to some an unsettling and even depygasispect, ruling out a real (as opposed to illyistexecutive
role” for "the conscious self". (See the discussiby many commentators in BBS, 1985, 1987, 1989 mPagels,
1988, p.233ff, and Calvin, 1990, p.80-81. But $eea view close to ours, Harnad, 1982)

In none of these cases would there be prima fagirce of any anomaly were we to forgo the opputyito record

the subjectsrerbal reportsof their experiences and subject them to semantdysis. No sounds appear to issue from
heads before lips move, nor do hands move beferbridin events that purportedly cause them, n@aveats occur in
the cortex in advance of the stimuli that are lielde their source. Viewed strictly as the inteanad external behavi

of a biologically-implemented control system fab@dy, the events observed and clocked in the axeerts

mentioned exhibit no apparent violations of eveyyaechanical causation--of the sort to which Gahi&ewtonian
physics provides the standard approximate modbetlsaid it first: "It is important to realize ththese subjective
referrals and corrections are apparently takingekt the level of themnental'sphere’; they are not apparent, as suc
the activities at neural levels.” (1982, p.241)

Put more neutrally (pending clarification of whabét means by the "mental 'sphere™), only throtighsubjects’
verbalizations about their subjective experiencews/d gain access to a perspective from which tloenaties can
appearEndnote 30nce their verbalizations (including communicatgton-pushes, etc., (Dennett, 1982) are
interpreted as a sequence of speech acts,citientyields a time serieshe subjective sequence of the stream of
consciousnes®©ne can then attempt to put this series intostesgion with another time serigbge objective sequence
of observed events in the environment and in theons systenit is the apparent failures of registration, hiodd
constant the assumption that causes precede ffegitse that constitute the supposed anomaliedH@y, 1982).

One could, then, "make the problems disappearirbglg refusing to take introspective reports sesiguBut while

some hearty behaviorists may comfortably cling®abstemious principle, "Eschew Content!" (Denri€&78), the
rest of us prefer to accept the challenge to mahksesof what Libet calls "a primary phenomenoldgaspect of our
human existence in relation to brain function" (398.534).

The reports by subjects about their different eigmees . . . were not theoretical constructs butieoal
observations. . . . The method of introspection imaye its limitations, but it can be used apprdplya
within the framework of natural science, and ilsolutely essential if one is trying to get some
experimental data on the mind-brain problem. (Liké87, p.785)

In each example an apparent dislocation in timeatiens thipprima facie plausible thesis that our conscic



perceptions are caused by events in our nervowisrsgsand our conscious acts, in turn, cause eveots nervous
systems that control our bodily acts. To first appeces, the anomalous phenomena show that thestamdard
causal links cannot be sustained unless we abamftmmdational--some would say a logically necegssairinciple:
causes precede their effecitisseems that in one case (subjective delay af@amess of intention), our conscious
intentionsoccur too lateto be the causes of their bodily expressions ptementations, and in the other cases,
perceptccur too earlyto have been caused by their stimuli, The vertigialternative, that something in the brain
(or "conscious self") can "play tricks with timey Bprojecting” mental events backwards in time, l@daequire us to
abandon the foundational principle that causesepi@their effects.

There is a widespread conviction that no such rgianary consequence follows from any of these phena, a
conviction we share. But some of the influentigluanents that have been offered in support of thisviction persist
in a commitment to the erroneous presuppositioasittade the phenomena appear anomalous in thelécs. These
presuppositions are all the more insidious becaliseugh in their overt, blatant forms they arendly disowned by
one and all, they creep unnoticed back into pldistorting analysis and blinding theooyHlders to other explanatior

2. The Models in Action: Diagnosing the TemptingpEs
2.1. The representation of temporal properties wgithe temporal properties of representations

The brain, as the control system responsible fiirspa body's real-time problems of interactiorthathe
environment, is under significant time pressurendist often arrange to modulate its output in lighits input within &
time window that leaves no slack for delays. Irt,fatany acts can only lmllistically initiated; there is no time for
feedback to adjust the control signals. Other tasksh as speech perception, would be beyond tysqgath limits of
the brain's machinery if they did not utilize ingmrs anticipatory strategies that feed on reduniéanno the input
(Libermann, 1970).

How, then, does the brain keep track of the tempofamation it manifestly needs? Consider thddaing problem:
since the toe-brain distance is much greater theip-brain distance, or the shoulder-brain dstaor the forehead-
brain distance, stimuli delivered simultaneouslyhatse different sites will arrive at Headquarterstaggered
succession, if travedpeed is constant along all paths. How (one mightbpted to ask) does the brain "ensure ce
simultaneity of representation for distally simak@us stimuli"? This encourages one to hypothesinge "delay
loop" mechanism that could store the early arriventd they could be put "in synch" with the latecers, but this is a
mistake. The brain should not solves problem, for an obvious engineering reason: iasgiers precious time by
committing the full range of operations to a "warase" schedule. Why should important signals fiteeforehead
(for instance) dawdle in the ante-room just becdlisee might someday be an occasion when concsigmels from
the toes need to be compared to (or "bound toththe

The brain sometimes uses "buffer memories" to cumsttie interface between its internal processestand
asynchronous outside world (Sperling, 1960, Nejsk#87, Newell, Rosenbloom and Laird, 1989), baetehare also
ways for the brain to utilize the temporal informatit needs without the delays required for impgsa master
synchrony. The basic design principle is well ilftaged in an example in which a comparable probhteoonfronted
and (largely) solved, though on a vastly diffeemhporal and spatial scale.

Consider the communication difficulties faced bg far-flung British Empire before the advent oficadnd telegraph,
as illustrated by the Battle of New Orleans. Oruday 8, 1815, fifteen days after the truce wasesiign Belgium,
over a thousand British soldiers were killed irstheedless battle. We can use this debacle tooseéhle system
worked. Suppose on day 1 the treaty is signed igi@®, with the news sent by land and sea to Anaeifliedia,

Africa. On day 15 the Battle is fought in New Orleaand news of the defeat is sent by land antbseéagland, India
etc. On day 20, too late, the news of the treaty tae order to surrender) arrives in New Orle@rsday 35, let's
suppose, the news of the defeat arrives in Caldotitethe news of the treaty doesn't arrive theitéd day 40 (via a
slow overland route). To the Commander in ChigCaicutta, the battle would "seem” to have beentibbgfore the
treaty was signed--were it not for the practicelating letters, which permits him to make the nsagscorrection.

These communicators solved their problems of comeating information about time by embedding reprnéagons
of the relevant time information in tlententof their signals, so that the arrival time of gignals themselves was
strictly irrelevan to the information they carried. A date writtertted head of a letter (or a dated postmark ot



envelope) gives the recipient information about whevas sent, information that survives any defagrrival.
Endnote 4This distinction between time represented (byptb&mark) and time of representing (the day theret
arrives) is an instance of a familiar distincticgtween content and vehicle, and while the detéilkis particular
solution is not available to the brain's commurucsi(because they don't "know the date" when teey sheir
messages), the general principle of the contentlleetistinction is relevant to information-procegsmodels of the
brain in ways that have not been well apprecigiedinote 5

In general, we must distinguish features of reprisgs from the features of representeds (Neume@®0b); someor
can shout "softly, on tiptoe" at the top of hisdanthere are gigantic pictures of microscopic cisjeand oil paintings
of artists making charcoal sketches. The top sesteha written description of a standing man nee&tddescribe his
head, nor the bottom sentence his feet. To supmbsewise is to confusedly superimpose two diffespaces: the
representing space and the represented spaceaifigeapplies to time. Consider tgoken phraséa bright, brief
flash of red light." The beginning dfis "a bright" and the end of it is "red light". d$e portions of that speech event
are not themselves representations of onsetsmmations of a brief red flash (Cf. Efron, 1967714). No informing
event in the nervous system can have zero dur@imnmore than it can have zero spatial extenti, Isas an onset
and termination separated by some amount of tierdpresentsan event in experience, then the event it reptesen
must itself have non-zero duration, an onset, all@jdand a termination. But there is no reasomuppsse that the
beginning of the representing represents the bagjrof the represente@&ndnote 6

Similarly, the representing by the brain of "A bef@" does not have to be accomplished by first:
a representing of A,

followed by:

a representing of B.

"B after A" is an example of a (spoken) vehiclet tiegoresents A as being before B, and the brairagaii itself of the
same freedom of temporal placement. What matterhé&brain is not necessarily when individual esgnting eventi
happen in various parts of the brain (as long ag bappen in time to control the things that nemdrolling!) but thei
temporal contentThat is, what matters is that the brain can prdde control events "under the assumption that A
happened before B" whether or not the informati@at A has happened enters the relevant systene dirétin and ge
recognized as such before or after the informatian B has happened. (Recall the Commander in Ghiealcutta:
first he is informed of the battle, and then himfermed of the truce, but since he can extraanfthis the information
that the truce came first, he can act accordin@ystems in various locations in the brain camyrinciple, avalil
themselves of similar information-processing, dmat ts why fixing the exact time of onset of sorapresenting
element in some place in the brain does not proaitlenporal landmark relative to which other eleteanthe
subjective sequen@an--or must--be placed.

How are temporal properties really inferred by ltih@n? Systems of "date stamps" or "postmarkstateheoretically
impossible (Glynn, 1990), but there is a cheaas foolproof but biologically more plausible way: what we might
call content-sensitive settling\ useful analogy would be the film studio where sound track is "synchronized" with
the film. The various segments of audio tape mathbynselves have lost all their temporal markershat there is no
simple, mechanical way of putting them into apistgtion with the images. But sliding them backl éorth relative
to the film and looking for convergences, will uBpawiftly home in on a "best fit." The slap ofdlslateboard at the
beginning of each take provides a double salieayguditory and a visual clap, to slide into syoalgt pulling the
rest of the tape and the frames into position@sstime time. But there are typically so many pahtautually salient
correspondence that this conventional salienclyeabeginning of each take is just a handy redunddbetting the
registration right depends on tbententof the film and the tape, but not on sophisticatedlysis of the content. An
editor who knew no Japanese would find synchrogiazidapanese soundtrack to a Japanese film difindltedious
but not impossible. Moreover, the temporal ordethefstages of the process of putting the piedes@gistration is
independent of the content of the product; theoedian organize scene three before organizing feemeand in
principle could even do the entire job running skgments "in reverse."

Quite "stupid" processes can do similar jigglingl @ettling in the brain. The computation of deptihandom-dot
stereograms (Julesz, 1971) is a spatial problerwlfiich we can readily envisage temporal analogifitise systen



receives stereo pairs of images, the globally agtim@gistration can be found without first havigsuibject each data
array to an elaborate process of feature extracfibare are enough lowest-level coincidences asay--the
individual dots in a random dot stereogram--toatieta solution. In principle, then, the brain calves some of its
problems of temporal inference by such a processyidg data not from left and right eyes, but fratmatever
information-sources are involved in a process maggitemporal judgments. (See Gallistel, 1990, ppp 53949, for a
discussion of the requirements for "spatiotempspalification".)

Two important points follow from this. First, sutgmporal inferences can be drawn (such temporatidigiations

can be made) by comparing the (low-lexaghtentof several data arrays, and this real time progessd not occur in
the temporal order that its product eventually espnts. Second, once such a temporal inferendeeleasdrawn,

which may bebeforehigh-level features have been extracted by othmrgsses, it does not have to be drawn again!
There does not have to béater representation in which the high-level features"aresented” in a real time sequence
for the benefit of a second sequence-judger. Ierotlords, having drawn inferences from these jugéns of
temporal information, the brain can go on to repnéshe results in any format that fits its neeats @esources--not
necessarily a format in which "time is used to espnt time".

There remains a nagging suspicion that wherealsrthe may take advantage of this representatiorabibom for othe
properties, it cannot do so for the property ofggeral sequence. Mellor explicitly enunciates trgsuanption, deemir
it too obvious to need support:

Suppose for example | see one eveptecede anothegf. | must first see and there*, my seeing oé being
somehow recollected in my seeingedf That is, my seeing @& affects my seeing @&*: this is what makes meightly
or wrongly--seee precedee* rather than the other way round. But se@pgecedee* means seeingfirst. So the
causal order of my perceptions of these eventfiximg the temporal order | perceive them to hdisess the temporal
order of the perceptions themselves. . . . thkisgifact . . . should be noticed, namely that pptions of temporal
order need temporally ordered perceptidws.other property or relation has to be thus embddn perceptions of it
[our italics]: perceptions of shape and colour,ggample, need not themselves be correspondinglyeshor colouret
(Mellor, 1981, p.8)

We believe this is false, but there is somethiggtrabout it. Since the fundamental function ofrespntation in the
brain is to control behavior in real time, the tgiof representings t® some degreessential to their task, in two
ways. First, the timing may, at the outset of apptual process, lvehat determines the conte@onsider how to
distinguish a spot moving from right to left fronsjpot moving from left to right on a motion pictwgereen. Thenly
difference between the two may be the temporalrarderhich two frames (or more) are projectedh brain
determines "first A, then B" the spot is seen asingin one direction; if the brain determines fiB, then A" the
spot is seen as moving in the opposite directidwis @iscrimination is, then, as a matter of lop@sed on the brain's
capacity to make a temporal order judgment of &#quaar level of resolution. Motion picture framase usually
exposed at the rate of 24 per second, and soshal\gystem can resolve order between stimulidbatir within abou
50msec. This means that the actual temporal piepet signals--their onset times, their velocrthe system, and
hence their arrival times--must be accurately adied until such a discrimination is made. But ortae made,
locally, by some circuit in the visual system (ewasperipherally as the ganglion cells of the rébbetina!--Barlow
and Levick, 1965), the content "from left to rigletin then be sent, in a temporally sloppy way, d@re in the brain
where this directional information might be puuse. In this way one can explain the otherwise lmgfact that at
interstimulus intervals at which people are unablperform above chance on temporal order judgmémy perform
flawlessly on other judgments which logically dall the same temporal acuity. Thus Efron (1973 nstbthat
subjects could easily distinguish sounds, flasimelsvébrations that differed only in the order inialintwo component
stimuli occurred at a fraction of the interstimuinogerval at which they can explicitly specify therder.

A second constraint on timing has already beendnoéeenthetically above: it does not matter in wdrder
representations occur so long as they occur in tine®ntribute to the control of the appropriatédeaor. The functio
of a representing may depend on meetidgadline which is a temporal property of the vehicle doihg
represenng. This is particularly evident in such time-pregsilienvironments as the imagined Strategic Defense
Initiative. The problem is not how to make compuggstems represent, accurately, missile launched)dw to
represent a missile launch accurately during tief bme while one can still do something abouiitnessage that a
missile was launched at 6:04:23.678 am EST mayratay represent the time of launch forever, aitiility may
utterly lapse at 6:05am EST. For any task of continen, there is temporal control windo within which the



temporal parameters of representings may in pri@dép moved around ad lib.

The deadlines that limit such windows are not fixaat rather depend on the task. If, rather théer@epting missiles,
you are writing your memoirs or answering questianthe Watergate hearings (Neisser, 1981), youeaover the
information you need about the sequence of evanteur life in order to control your actions in ast any order, and
you can take your time drawing inferences.

These two factors explain what is plausible in iiedl claim, without supporting the invited conclrsihat all
perceptions of temporal order must be accomplish@dsingle place by a process that obseseestima succession
of "perceptions” or other representations. Oncepreeptual processesthin an observer have begun to do their
work, providing the necessary discriminations, ¢higrno point in undoing their work in order to yide a job for a ye
more interior observer.

Causes must precede effects. This fundamentalipienensures that temporal control windows are dedrat both
ends: by the earliest time at which informationldaarrive in the system, and by the latest time/fath information
could contribute causally to control of a particldahavior. Moreover, the principle applies to thaltiple distributed
processes that achieve such control. Any partiqracess that requires information from some somuast indeed
wait for that information; it can't get there filigets there. This is what rules out "magical’pogcognitive
explanations of the color-switching phi phenomerfongxample. The contegteen spotannot be attributed to any
event, conscious or unconscious, until the ligbirfithe green spot has reached the eye and trigtfexetbrmal neural
activity in the visual system up to the level atietithe discrimination of green is accomplished rétwer, all content
reported or otherwise expressed in subsequent lmehmaust have been "present” (in the relevant pladke brain, bt
not necessarily in consciousness) in time to hawtributed causally to that behavior. For instaiifca subject in an
experimensays'dog" in response to a visual stimulus, we cankvi@ckwards from the behavior, which was clearly
controlled by a process that had the contlegt(unless the subject says "dog" to every stimwuspends the day
saying "dog dog dog . . ." etc.) And since it takaghe order of 100msec to execute a speech ioeot this sort, we
can be quite sure that the contdagwas present in (roughly) the language areas dbithi@ by 100msec before the
utterance. Working from the other end, we can dates the earliest time the conteltg could have been computed
or extracted by the visual system from the retinpit, and even, perhaps, follow its creation amasequent trajecto
through the visual system and into the languagasare

What would be truly anomalous (indeed a causeafmehtations and the gnashing of teeth) would teeitime that
elapsed between thiwgstimulus and the "dogiitterance were less than the time physically reguior this content
be established and moved through the system. Bsiticio anomalies have been uncovered. It is onlynweetry to
put the sequence of events thus detectable inbjleetove processing stream into registration whté subject's
subjective sequenass indicated by what the subject subsequently thegsve have any sign of anomaly at all.

2.2. Orwellian and Stalinesque Revisions: the itlnof a Distinction

Now let us see how the two different models, the€ssan Theater and Multiple Drafts, deal with pnesumec
anomalies, starting with the simpler and less owarsial phenomena. The Cartesian Theater modallptes a place
within the brain where what happens "counts"”; thait postulates that the features of events aoaywithin this
functionally definable boundary (whatever it is¢ @efinitive or constitutive features of consciexperience. (The
model applies to all features of subjective experge but we are concentrating on temporal feafufdss implies that
all revisions of content accomplished by the bran be located relative to this place, a deeplytine--but false--
implication that can be illustrated with a thougRperiment.

Suppose we tamper with your brain, inserting inryopemory a bogus woman wearing a hat where nongevgs at
the party on Sunday). If on Monday, when you rettad| party, you remember her, and can find no materesources
for so much as doubting the veracity of your memuny could all agree that you newkd experience her; that is, not
at the party on Sunda



Sunday Monday Tuesday

Figure 1. Post-experiential memory tampering.

(figure 1 about here)

Of course your subsequent experience of (bogus)leetion can be as vivid as may be, and on Tuesgagan
certainly agree that you have had vivid consciogeeaences of there being a a woman in a hat ghdhty, but the
first such experience, we would insist, was on Monday Sunday (though it doesn't seem this way to you).

We lack the power to insert bogus memories by reaugery, but sometimes our memories play trickegrso what
we cannot yet achieve surgically happens in thmlma its own. Sometimes we seem to remember, ewvetly,
experiences that never occurred. We might call pudt-experiential contaminations or revisions eihmory
Orwellian, recalling George Orwell's chilling vision of tMinistry of Truth in1984 which busily rewrote history and
thus denied access to the (real) past to all whawed.

Orwellian revision is one way to fool posterity. @ther is to stage show trials, carefully scriptegspntations of false
testimony and bogus confessions, complete with lsited evidence. We might call this pl8yalinesqueNotice that i
we are usually sure which mode of falsification hasn attempted on us, the Orwellian or the Stsdjune, this is just
happy accident. In arsuccessfutlisinformation campaign, were we to wonder whetheraccounts in the newspar.
were Orwellian accounts of trials that never hajgpest all, or true accounts of phony show triaét #ictually did
happen, we might be unable to tell the differeiicell the traces--newspapers, videotapes, personal mgmoi
inscriptions on gravestones, living witnesses-dtave been either obliterated or revised, we kdlle no way of
knowing which sort of fabrication happened: a festionfirst, culminating in a staged trial whose accurateohysive
now have before us, or rathafter a summary execution, history-fabrication covetipgthe deed: no trial of any sort
actuallytook place.

The distinction between reality and (subsequerggapance, and the distinction between OrwellianStatinesque
methods of producing misleading archives, work obfamatically in the everyday world, at macroscdpie scales.
One might well think these distinctions apply urigemnaticallyall the way in That is the habit of thought that
produces the cognitive illusion of Cartesian malesm. We can catch it in the act in a thought expent that differs



from the first one in nothing but time scale.

Last Week 9:00:00 9:01....

Figure 2. Orwellian revision.

(figure 2 about here)

Suppose a long-haired woman jogs by. About onergkaiter this, a subterranean memory of some earlier woraan-
short-haired woman with glasses--contaminates #@any of what you have just seen: when asked atmiater for
details of the woman you just saw, you report, esialy but erroneously, that she was wearing glagsess as in the
previous case, we are inclined to say that yowireai visual experience, as opposed to the memory of it sedaitels
wasnot of a woman with glasses. But due to the subsequentory-contaminations, it seems to you exactly as

the first moment you saw her, you were struck hydyeglasses. An Orwellian, post-experiential ievidias
happened: there was a fleeting instant, beforenga@ory contamination took place, whedin't seem to you she h
glasses. For that brief moment, tieality of your conscious experience was a long-haired avomithout eyeglasses,
but this historical fact has become inert; it Fefsho trace, thanks to the contamination of mentibag came one
second after you glimpsed her.

This understanding of what happened is jeopardizedgever, by an alternative account. Your subteaarearlier
memories of that short-haired woman with the glasseild just as easily have contaminated your éxpegon the
upward pathin the processing of information that occursdpto consciousness” so that you actubfijiucinatedthe
eyeglasses from the very beginning of your expege



Last Week

Figure 3. Stalinesque show trial.

(figure 3 about here)

In that case, your obsessive memory of the womémglasses would be playing a Stalinesque triclg@n creating a
"show trial" for you to experience, which you theecurately recall at later times, thanks to thema your memory
To naive intuition these two cases are as diffeasrtan be: told the first way (figure 2) you suffe hallucination at
the time the woman jogs by, but suffer subsequamhany-hallucinations: you have false memories afryactual
("real") experience. Told the second way (figurez@) hallucinate when she runs by, and then acelyre¢member
that hallucination (which "really did happen in sociousness”) thereafter. Surely these are digtiossibilities, no
matter how finely we divide up time?

No. Here the distinction between perceptual remsiand memory revisions that works so crisply éoscales is nc
guaranteed application. We have moved into theyf@gga in which the subject's point of view is sgdhtand
temporally smeared, and the quest@mvellian or Stalinesquefpost-experiential or pre-experiential) need hawe
answer. The boundary between perception and meriagynost boundaries between categories, is néepity
sharp, as has often been noted.

There is a time window that began when the longeldavoman jogged by, exciting your retinas, andeenahen you
expressed--to yourself or someone else--your eaéntinviction that she was wearing glasses. At sme during
this interval, the contentearing glassesvas spuriously added to the contlemg-haired womanWe may assume
(and might eventually confirm in detail) that thevas a brief time when the contéomg-haired womarad already
been discriminated in the brain tagforethe contentvearing glasselad been erroneously "bound” to it. Indeed, it
would be plausible to suppose that this discrimomadf a long-haired woman was what triggered tleenory of the
earlier woman with the glasses. What we would moivk however, is whether this spurious binding af®re or
after the fact--the presumed fact of "actual camssiexperience”. Were you first conscious of a{baged woman
without glasses and then conscious of a long-haw@ndan with glasses, a subsequent consciousnesh wiped out
the memory of the earlier experience, or was thg frest instant of conscious experience alreadyrspisly tinged
with eyeglasses? If Cartesian materialism were thige question would have to have an answer, éwge--and yol--



could not determine it retrospectively by any té€st: the content that "crossed the finish first'svesthedong-haired
womanor long-haired woman with glasse8ut what happens to this question if Cartesiatenalism is false (as just
about everyone agrees)? Can the distinction betweeexperiential and post-experiential contenisiens be
maintained?

An examination of the color phi phenomenon will stibat it cannot. On the first trial (i.e., withotnditioning),
subjectgeport seeing the color of the moving spot switch in rmaectory from red to green--a report sharpened by
Kolers' ingenious use of a pointer device whichjettls retrospectively-but-as-soon{asssible "superimposed” on t
trajectory of the illusory moving spot: such poinliecations had the content: "The spot changedrcabt about
here"(Kolers and von Griinau, 1976, p.330.) Recall Goad's (1978, p. 73) expression of the puzzle: "hoawve
able . . .to fill in the spot at the interveningg-times along a path running from the first }mgbcond flasbefore

that second flash occu?$

Consider, first, a Stalinesque mechanism: in tlants editing room, located before consciousnéssetis a delay, a
loop of slack like the "tape delay" used in broads&f "live" programs which gives the censorshie ¢ontrol room a
few seconds to bleep out obscenities before bratidgethe signalln the editing roomfirst frame A, of the red spot,
arrives, and then, when frame B, of the green spatjes, some interstitial frames (C and D) carieated and then
spliced into the film (in the order A,C,D,B) on iigy to projection in the theater of consciousnBgshe time the
"finished product” arrives at consciousness, gady has its illusory insertion.

o

(figure 4 about here)

Alternatively, there is the hypothesis of an Orvagllmechanism: shortly after the awareness ofiteedpotandthe
second spot (with no illusion of apparent motioaldt a revisionist historian of sorts, in the inta memory-library
receiving station, notices that the unvarnishetbhysof this incident doesn't make enough senségstnterprets” the
brute events, red-followed-by-green, by making uyaaative about the intervening passage, compligtemidcourse
color change, and installs this history, incorpiagatis glosses, frames C and D (in figure 4) hiamemory library fc
all future reference. Since he works fast, withinagtion of a second--the amount of time it tateefame (but not
utter) a verbal report of what you have experientle record you rely on, stored in the libraryntémory, is already
contaminated. Yosayandbelievethat you saw the illusory motion and color charigé,that is really a memory
hallucination, not an accurate recollection of yorginal awareness.

How could we see which of these hypotheses is cidrie might seem that we could rule out the Sealque

hypothesis quite simply, because of the delay mscmusness it postulates. In Kolers' and von Grigrexperiment,
there was a 200msec difference in onset betweerethand green spot, and siner hypothesithewhole experience
cannot be composed by the editing room until aftercontengreen spohas reached the editing room, consciousnes:
of the initial red spot will have to be delayeddiyeast that much. (If the editing room sent thetentred spotup to

the theater of consciousness immediately, befa@vimg frame B and then fabricating frames C andhe subject
would presumably experience a gap in the film, &ceable delay of around 200msec between A and C).

Suppose we ask subjects to press a button "asasopou experience a red spot.” We would find littleno difference
in response time to a red spot alone versus go@dalowed 200msec later by a green spot (in Witase the
subjects report color-switching apparent motiomjisTcould be because therala/aysa delay of at least 200msec in
consciousness, but aside from the biological imglality of such a squandering of time, there is évidence from
many quarters that responses under conscious tomliite slower than such responses as reflex blinkcur with
close to the minimum latencies that are physiqgadigsible; after subtracting the demonstrable traneds for
incoming and outgoing pulse trains, and the resppnsparation time, there is little time left ouef'central
processing” in which to hide a 200msec delay. 8ad¢lsponses had to have been initiated beforasberdination of
the second stimulus, the green spot. This woulthsaeerwhelmingly to favor the Orwellian, post-expetial
mechanism: as soon as the subpstomes consciows the red spot, he initiates a button-pr&gkile that button
press is formin, he becomes conscious of the green sfienboth these experiences are wiped from memory,
replaced in memory by the revisionist record ofriéx spot moving over and then turning green halfa@oss. He
readily and sincerely (but mistakenly) reports hgween the red spot moving towards the greenbg&iote changin



color.

If the subject were to insist that he really wassmious from the very beginning of the red spot imgand changing
color, the Orwellian theorist would firmly explaia him that he is wrong; his memory is playingks®n him; the fac
that he pressed the button when he did is condwsidence that he was conscious of the (statipmadyspot before
the green spot had even occurred. After all, lsructions were to press the butwhen he was consciousafed
spot. He must have been conscious of the red oot 200msec before he could have been consciausoiing
and turning green. If that is not how it seemsito, he is simply mistaken.

The defender of the Stalinesque (pre-experierditdynative is not defeated by this, however. Altyuae insists, the
subject responded to the red spetorehe was conscious of it! The directions to the saibfto respond to a red spot)
had somehow trickled down from consciousness mecetliting room, whiclinconsciouslynitiated the button-push
before sending the edited version (frames ACDBougonsciousness for "viewing". The subject's mgninars played
no tricks on him; he is reporting exactly what hesweonscious of, unless he insists that he pusiecutton after
consciously seeing the red spot; his "prematuré&bhtpush was unconsciously (or preconsciouslgpered (cf,.
Velmans, 1991).

Where the Stalinesque theory postulates a buttshipg reaction to annconscious detection of a red spot, the
Orwellian theory postulatescansciousexperience of a red spot that is immediately etdied from memory by its
sequel. So here is the rub: we have two differemdets of what happens in the phi phenomenon: osiisp®
Stalinesque "filling in" on the upward, pre-expatial path, and the other posits an Orwellian "mgnrevision” on
the downward, post-experiential path, dadh of them are consistent withhateverthe subject says or thinks or
remembers. Note that the inability to distinguisbse two possibilities does not just apply todbtside observerahc
might be supposed to lack some private data tolwthie subject had "privileged access". You, asbgestiin a phi
phenomenon experimempuld notdiscover anything in the experience from your dirst-person perspective that
would favor one theory over the other; the exp@gewould "feel the same" on either account. (Asnberstimulus
interval is lengthened, of course, subjects pasa Beeing apparent motion to seeing individuaistaty flashes.
There is an intermediate range of intervals whiseephenomenology is somewhat "paradoxical”: youlsespots as
two stationary flasherandas one thing moving. This sort of apparent moisareadily distinguishable from the
swifter, smoother sort of apparent motion of cingforinstance, but your capacity to mdhes discrimination is not
relevant to the dispute between the Orwellian &iedStalinesque theorist. They agree that you cde rigs
discrimination under the right conditions; whatytliksagree about is how to describe the casespafrapt motion the
you can'ttell from real motion--the cases in which you hgéiis-)perceivethe illusory motion. To put it loosely, in
these cases is your memory playing tricks with yagre just your eyes playing tricks with you? Yeaun't tell "from
the inside".)

We can see the same indistinguishability even role&ly when we see how the two different modelsdhathe well-
studied phenomenon afetacontrastfor a review, see Breitmeyer, 1984). If a stinsuisi flashed briefly on a screen
and then followed, after a brief inter-stimuluseintal, by a second "masking" stimulus, subjeeport seeing only the
second stimulus. (And if you put yourself in théjsat's place you will see for yourself; you wi# brepared to swear
that there was only one flash.) The standard dasmni of such phenomena is that the second stinadosehow
prevents conscious experie of the first stimulus (in other words, it somehaaylays the first stimulus on its way to
consciousness). But people can nevertheless do baitdr than chance if required to guess whetleetivere two
stimuli. This only shows once again that stimuh ¢eve their effects on us without our being camssiof them. This
standard line is, in effect, the Stalinesque moflehetacontrast: the first stimulus never getsl&y pn the stage of
consciousness; it has whatever effects it hasedytinconsciously. But we have just uncovered arsgcOrwellian
model of metacontrast: subjects are indeed consabthe first stimulus (which would "explain” theapacity to
guess correctly) but their memory of this consciexggerience is almost entirely obliterated by theosid stimulus
(which is why they deny having seen it, in spitdtdir tell-tale better-than-chance guessésjinote 7

Both the Orwellian and the Stalinesque versiorhef@artesian Theater model can deftly accourdifdhe data--not
just the data we already have, but the data wencagine getting in the future. They both accounttfe verba
reports: one theory says they are innocently mestathile the other says they are accurate repbesperienced
"mistakes”. (A similar verdict is suggested in toenmentaries of Holender, 1986; see especially i2886, Erdely
1986, Marcel, 1986, Merikle and Cheesman, 1986eyTdgree about just where in the brain the mistakertent
enters the causal pathways; they just disagreet aldmther that location is f-experiential or po-experiential. The



both account for the non-verbal effects: one shgg aire the result of unconsciously discriminateatents while the
other says they are the result of consciously misnated but forgotten contents. They agree ahaitywhere and how
in the brain these discriminations occur; they glisagree about whether to interpret those prosessbappening
inside or outside the charmed circle of consciosisnginally, they both account for the subjectiatadwhatever is
obtainable "from the first-person-perspective"-dese they agree about how it ought to "feel” tgestib: subjects
should be unable to tell the difference betweerbagstten experiences and immediately misrememizxeeriences.
So, in spite of first appearances, there is reaily a verbal difference between the two theoraésReingold and
Merikle, 1990). They tell exactly the same storgept for where they place a mythical Great Dival@oint in time
(and hence a place in space) whiase-grainedlocation is nothing that subjects can help thecatie, and whose
location is also neutral with regard to all otheaitires of their theories. This is a differencé thakes no difference.

Consider a contemporary analogy. With the advemiatl-processing and desktop publishing and elenmail, we
are losing the previously quite hard-edged disitimcbetween pre-publication editing, and post-pailon correction
of "errata". With multiple drafts in electronic culation, and with the author readily making remns in response to
comments received by electronic mail, calling ohthe drafts the canonical text--the text of "retothe one to cite
in one's own publicationdsecomes a somewhat arbitrary matter. Often maiteointended readers, the readers w|
reading of the text matters, read only an earlytditae "published"” version is archival and inéftt is important
effects we are looking for, then, most if not &k important effects of writing a text are now sfgr@ut over many
drafts, not postponed until after publication.ded to be otherwise; virtually all of a text's imjant effects happened
after appearance in a book or journal d@tause oits making such an appearance. All the factsrgrand now that
the various candidates for the "gate" of publicatan be seen no longer to be functionally impadyiéwe feel we
need the distinction at all, we will have to decabitrarily what is to count as publishing a téi}tere is no natural
summit or turning point in the path from draft tchive.

Similarly--and this is the fundamental implicatiohthe Multiple Drafts modeli# one wants to settle on some mom
of processing in the brain as the moment of comnstiess, this has to be arbitrary. One can alwagsv'd line" in the
stream of processing in the brain, but there arkinctional differences that could motivate declgrall prior stages
and revisions unconscious or preconscious adjustmand all subsequent emendations to the cordaenteyealed by
recollection) to be post-experiential memory-contation. The distinction lapses at close quarters.

Another implication of the Multiple Drafts modeh contrast to the Cartesian Theater, is that tiseme need--or
room--for the sort of "filling in" suggested by fnes C and D of figure 4. Discussing Kolers' expentmGoodman
notes that it

"seems to leave us a choice between a retrospecinatruction theory and a belief in clairvoyan¢E78, p.83) Whe
then is "retrospective construction"?

Whether perception of the first flash is thoughb&alelayed or preserved or remembefedr italics], | call this the
retrospective construction theory--the theory thatconstruction perceived as occurring betweewvtbelashes is
accomplished not earlier than the second.

It seems at first that Goodman does not choosedegtwa Stalinesque theory (perception of the fiastfis delayed)
and an Orwellian theory (the perception of the fissh is preserved or remembered), but his Orarellevisionist
does not merely adjust judgments;deastructsmaterial tdfill in the gaps:

each of the intervening places along a path betweetwo flashes is filled in . . . with one of tii@shed colors rather
than with successive intermediate colors. (p.85)

What Goodman overlooks is the possibility thathih@n doesn't actually have to go to the troubl&ibing in"
anything with "construction”, for no one is lookings the Multiple Drafts model makes explicit, orecdiscriminatior
has been made once, it does not have to be maote tigabrain just adjusts to the conclusion teatrawn, making
the new interpretation of the information availatdethe modulation of subsequent behavior. ReballCommander
in Chief in Calcutta; he just had jiedgethat the truce came before the battle; he didstt laave to mount some sort
pageant of "historical reconstruction™ to watchwinich he receives the letters in the "proper” arde

Similarly, when Goodman (1978) proposes that "tiervening motion is produced retrospectively, toonlly after the



second flash occurs and projected backwards in'tithis suggests ominously that a final film is raahd then run
through a magical projector whose beam somehowelgdackwards in time onto the mind's screen. Wdreihnot
this is just what Van der Waals and Roelofs (198@) in mind when they proposed "retrospective cangon," it is
presumably what led Kolers (1972, p.184) to rejleir hypothesis, insisting that all constructisrcarried out in "ree
time." Why, though, should the brain bother to ‘throe" the "intervening motion"? Why not just corduthat there
was intervening motion, and encode that "retrospettontent into the processing stream? This waeulfice for it to
seem to the subject that intervening motion haad lee@erienced.

Our Multiple Drafts model agrees with Goodman tiedtospectively the brain creates the contentj(tigment) that
there was intervening motion, and this contenthéntavailable to govern activity and leave its n@arknemory. But
our model claims that the brain does not bothenstwoicting” any representations that go to thelti®of "filling in"
the blanks. That would be a waste of time and [st®lkay?)aint The judgment islready in so the brain can get
with other tasksEndnote 8

Goodman's "projection backwards in time," like ltib&backwards referral in time," is an equivocatgse. It might
mean something modest and defensiblefarence to some past tinseincluded in the content. On this reading it
could be a claim like "This novel takes us backrcient Rome . . ," which almost no one would iotetin a
metaphysically extravagant way, as claiming thatrtbvel was some sort of time travel machine. Thike reading
that is consistent with Goodman's other views Kulers apparently took it to mean something metapayly radical:
that there was some actual projection of one thimgne time to another time. As we shall see, dineesequivocation
bedevils Libet's interpretation of his phenomena.

The model of the Cartesian Theater creates anddpuzzle questions that cannot be answered, abdoe our mode
these questions cannot meaningfully arise. Thisbeaseen by applying both models to other experisnigiat probe
the limits of the distinction between perception amemory. A normally sufficient, but not necessagndition for
having experienced something is subsequent vegpalt, and this is the anchoring case around wdlidhe puzzle
cases revolve. Suppose that although one's brairelggstered--that is, responded to--(some aspécts event,
something intervenes between that internal respande subsequent occasion for verbal reportetetivas no time
or opportunity for an initial overt response of aoyrt, and if the intervening events prevent latesrt responses
(verbal or otherwise) from incorporating referet@asome aspect(s) of the first event, this createszzle question:
were they never consciously perceived, or have lieey rapidly forgotten?

Consider the familiar span of apprehension. Mugtiglters are simultaneously briefly exposed. Sareadentified.
The rest were certainly seen. The subject indigtg were there, knows their number, and has theasspon that they
were clear-cut and distinct. Yet he cannot iderttigm. Has he failed "really” to perceive themhas he rapidly
"forgotten” them? Or consider an acoustic memogangpst, administered at a rapid rate, e.g., 4si@rsecond, such
that the subject perforce cannot respond till teuatic event is over. He identifies some, not ith¥et, subjectively
he heard all of them clearly and equally well. banot genuinely perceive, or did he forget, tt&t?%e

And if, under still more constricted circumstansesh as metacontrast, the subject even lacks mlicton that the
unrecallable itemwere thereshould we take this judgment as conclusive gredadsaying he did not experience
them, even if they prove to have left other coriténtaces on his subsequent behavior? If theeeGartesian Theater,
these questions demand answers, since what gethenheater, and when, is supposedly determiaaés if the
boundaries appear fuzzy due to human limitatiorgeoteption and memory.

Our Multiple Drafts model suggests a different pergive on these phenomena. When a lot happensharatime,
the brain may make simplifying assumptions (Foupsrting view, see Marcel, 1983). In metacontrist first
stimulus may be a disc and the second stimulusgathiat fits closely outside the space where the @as displayed.
The outer contour of a disc rapidly turns into it@er contour of a ring. The brain, initially infoed just that
something happened (something with a circular aontoa particular place), swiftly receives confation that there
was indeed a ring, with an inner and outer contdithout further supporting evidence that there walsc, the brain
arrives at the conservative conclusion that theas @nly a ring. Should we insist that the disc wgserienced becau
if the ring hadn't intervenethe disc would have been reported? Our model wfthe phenomenon is caused shows
that there is no motivated way of settling suchdeodisputes: information about the disc was hyigfla functional
position to contribute to a later report, but thtigte lapsed; there is no reason to insist thatsthte was inside the
charmed circle of consciousness until it got ovétem, or contrarily, to insist that it never quéehieved this stat



Nothing discernible to "inside" or "outside" obsery could distinguish these possibiliti

In color phi, the processes that calculate thasdw®nd spot is green and that there is motionegebcoughly
simultaneously (in different parts of the braimdaventually contribute to the process that catedithat the red spot
moved over and abruptly turned green on the wagt €bnclusion is achieved swiftly enough, in trendlrd case, to
overwhelm or replace any competing contents befag can contribute to the framing of a reporttl@osubject says-
-and believes--just what Kolers and von Grunau niepad that is what the subject was conscioudds the subject
alsoconscious a fraction of a second earlier of thdatary red spot? Ask him. If the interstimulugeival is made
somewhat longer, there will come a point wheresthigectdoesreport an experience of first a stationary red,sppen
a green spot, and thematiceably retrospectiveense that the red spot ("must have") moved awtchanged color.
This experience has--as the subject will tell yawuite different phenomenology. Apparent motioaxperienced
under such conditions, but it is obviously differ&éom ordinary motion, and from swifter varietiesapparent
motion. In what way is it different? In this wayet subject notices the difference! In this casés seem to him as if
he only later "realized" that there had been motut in cases in which this retrospective elemetdcking it is still
the case that the discrimination of motion-witherathange is achieved after the colors and locatibtiseospots wer
discriminated--and there is no later process dfrifj in" required.

In the cutaneous "rabbit,” the shift in space (gltre arm) is recorded over time by the brain. fitnaber of taps is
also recorded. Although in physical reality thestayere clustered at particular locations, the siiyiph assumption is
that they were distributed regularly across thesgane extent of the experience. The brain relaxesthis
parsimonious though mistaken interpretatabier the taps are registered, of course, and thisheasftect of wiping
out earlier (partial) interpretations of the tapst some side effects of those interpretations,(thg interpretation that
there were five taps, that there were more thant&ps, etc.) may live on.

Although different attributes are indeed extradigdlifferent neural facilities at different ratesd., location versus
shape versus color), and although if asked to respmthe presence of each one in isolation, weldvda so with
different latencies, we perceive events, not aesgigely analyzed trickle of perceptual elementstwibutes. As
Efron remarks:

There are no grounds for an a priori assumptionttiespecificity of our awareness of an objegb@fception, or an
aspect of that object, gradually increases or gifell@wing the moment of its onset from the legstafic experience
to some maximally specific experience. . . . Wend when first observing an object with centraion, fleetingly
experience the object as it would appear with thetmeripheral vision, then as it would appear \\ads peripheral
vision . . . .Similarly, when we shift our attemtirom one object of awareness to another, theme isxperience of
‘growing’ specificity of the new object of awaresiewe just perceive the new object.(1967, p.721)

Is there an "optimal time of probing"? On the plalesassumption that after a while such narratoegrade rather
steadily through both fading of details and setf*s® embellishment (what | ought to have saichatparty tends to
turn into what | did say at the party), one canifyprobing "as soon as possible" after the stusidequence of
interest. At the same time, one wants to avoidfetmg with the phenomenon by a premature probeceSperception
turns imperceptibly into memory, and "immediateenpretation turns imperceptibly into rational restiuction, there
is no single, all-contexts summit upon which tceedtrone's probes. Any probe may elicit a narrgtivenarrative
fragment), and any such elicited narrative deteesia "time line," a subjective sequence of evanta the point of
view of an observer. This time line may then be parad with other time lines, in particular with thigective
sequence of events occurring in the brain of thatover. For the reasons discussed, these twditiesemay not
superimpose themselves in orthogonal registralibere may be order differences that induce kinks.

El

(figure 5 about here)

There is nothing metaphysically extravagant orlenging about this failure of registration (SnydE388). It is no
more mysterious or contra-causal than the reatizatiat the individual scenes in movies are oftest sut of
sequence, or that when you read the sentencedtBiled at the party after Sally, but Jane camkegdhan either of
them." you learn of Bill's arrival before you leavhJane's earlier arrival. The space and timéeféepresenting is ot



frame of reference; the space and time of whatdpeesenting represents is another. But this mgsagdlly
innocuous fact does nevertheless ground a fundatraetaphysical category: when a portion of thelavoomes in
this way to compose a skein of narratives, thatigoof the world is an observer. That is whasifar there to be an
observer in the world, a something it is like sdmreg to be.

3. The Libet Controversies Re-examined
3.1. Libet's experiments allegedly showing "backisaeferral”

Libet's experiments with direct cortical stimulatibave provoked a great deal of discussion ancutgiean, in spite ¢
the fact that they involved very few subjects, wiesadlequately controlled, and have not been reelitéChurchland,
1981, 1981b). No doubt they have attracted thisualattention, in spite of their serious technflzaks, because,
according to Libet, they demonstrate "two remar&abmporal factors":

(1) There is a substantial delay before cerebral atiigi initiated by a sensory stimulus;hieve "neuronal adequacy”
for eliciting any resulting conscious sensory exase.

(2) After neuronal adequacy is achieved,ghbjective timingf the experiences (automatically) referred backwards
in time, utilizing a "timing signal" in the form of theitral response of cerebral cortex to the sensonyudts. (1981,
p182)

The "timing signal” is the primary evoked potentrathe cortex 10 to 20msec after peripheral statioh. Libet
suggests that the backwards referral is alwaysthi®'timing signal.

Libet's model is Stalinesque: various editing psses occur prior to the moment of "neuronal adeduat which
time a finished film is projected. How is it profjed? Here Libet's account vacillates between ameed view and a
moderate view (cf. Honderich, 1985):

(a) backwards projectionit is projected backwards in time to some Cartefi@ater where it actually runs in synch
with the primary evoked potentials. (The primarplesd potentials, as "timing signals”, serve ratikerthe slateboar
used in film-making, showing the projector exadtow far back in time to project the experience.)

(b) backwards referralit is projected in ordinary time, but it carriesgething like a postmark, reminding the viewer
that these events must be understood to have eccsomewhat earlier. (In this case the primary edglotentials
serve simply as dates, which mightreeresentean the Cartesian screen by a title "On the evb@Battle of
Waterloo" or "New York City, summer, 1942")

Libet's own term is "referral” and he defends itregninding us of the "long recognized and acceppddhomenon of
spatial referral, which might suggest the moderasgling. But since he also insists that this bacttsveeferral is
"remarkable” and a challenge to the theory of "hsyeural identity," he invites the extreme intetatien.Endnote 9
And this interpretation is further supported byassage at the close of Libet 1981.:

there is experimental evidence for the view thatdhbjective or mental "sphere" could indeed ifillspatial and
temporal gaps. How else, for example, could one tiee already mentioned enormous discrepdhayis known to
existbetween a subjective visual image and the cordigum of neuronal activities that gives rise to éx@erience of

the image? (p.196Bndnote 10

Let us consider the details. "Neuronal adequachjtiLibet estimates to require up to 500msec dica activity, is
determined by seeing how late, following initidhstlation, a direct cortical stimulation can inené with the
consciousness subsequently reported. Beyond tiiaatmterval, a direct cortical stimulus wouleé lbeported by the
subject to be aubsequengxperience. (Having arrived too late for incorpiara by the editing room into the "final
print" of the first stimulus experience, it woulgpear in the next installment.) Libet's data suggesemendously
variable editing window: "The conditioning corticgtimulus could be started more than 500msec faliguhe skin
pulse and still modify the skin sensation, althourghnost cases retroactive effects were not obgemth S-C
intervals greater than 200msec." (1981, p.185.¢tib careful to define neuronal adequacy in tesfhreffect on
subsequent unhurried verbal report: "the subjestasked to report, within a few seconds after #iwery of eact



pair of . . .stimuli" (1979, p.195), and he insidtat "The timing of a subjective experience muestistinguished from
that of a behavioral response (such as in reatitioe), which might be made before conscious awa®develops . .
(1979, p.193)

This proviso permits him to defend a rival intetpteon of Churchland's data. Churchland (1981 )naptied to discrec
Libet's claim about the long rise time to "neurcaddéquacy” for consciousness, by asking subje@sa Experiment to
say "go" as soon as they were conscious of a skiulsis like those used by Libet. She reported amesponse time
over 9 subjects of 358msec, which, she argued, stidknat the subjects must have achieved neuroeglagdy by the
200msec mark at the latest (allowing time for thedpction of a verbal response). Libet's replytaiSesque: a verb
reaction can be unconsciously initiated. "Thenmeathing magical or uniquely informative when thetaraesponse is
a vocalization of the word 'go’ instead of the magaal one of a finger tapping a button . . . Tihiétg to detect a
stimulus and to react to it purposefully, or begtmjogically influenced by it, without any reportalzonscious
awareness of the stimulus, is widely accepted.8119.187-8) And to the objection, "But what didugthland's
subjects think they were doing, if not saying, eguested, just when they were conscious of thaukisf2" Libet could
give the standard Stalinesque reply: they did iddaesntually become conscious of the stimulusplguhen, their
verbal report had already been initiatEddnote 11

For this reason Libet rejects reaction time studiesh as Churchland's as having "an uncertainityahd a primary
criterion of a subjective experience,” (1981, p)L8& favors letting the subject take his time: &Tkport is made
unhurriedly within a few seconds after each tiadlpwing the subject to introspectively examine énsdence.” (p.18¢
How, then, can he deal with the rival prospect thet leisurely pace gives the Orwellian revisiomsthe brain plenty
of time to replace theeridical memories of consciousness witlse memories?

Reporting after the trial of course requires thatcpsses of short-term memory and recallabilitperative, but this
presents no difficulty for subjects with no sigoént defects in these abilities. (p.188)

This begs the question against the Orwellian, vehrépared to explain a variety of effects as ¢selt ofnormal mis-
remembering or hallucinatory recall, in which aoprireal event in consciousness is obliteratedrapthced by
subsequent memories. (For related discussion#\lkeet, 1988, p.171-76; Bisiach, 1988, pp.110-123s Libet let
the stew cook too long, or has Churchland samplsisoon? If Libet wants to claimpaivilegedstatus for his choic
of probe time, he must be prepared to combat thatecarguments.

Libet comes close to pleadimglo contendere'Admittedly, a report of relative timing orderrozot, in itself, provide
an indicator of the 'absolute’ time (clock-time}lné experience: as suggested, there is no knowlmohéo achieve
such an indicator.” (1981, p.188), echoing hisiearemark that there seemed to be "no method bghadne could
determine the absolute timing of a subjective egpee.” 1979, p.193. What Libet misses, howeveaheaspossibility
that this is because there is no such moment afatlestime. (Cf. Harnad, unpublished, and 1987)

Churchland too falls prey to the failure to distiigh time represented from time of representindpeincriticisms
(1981, 1981b):

The two hypotheses differ essentially on just wtinenrespective sensatiowere felt[our italics]. (1981, p177)

Even if it be supposed that the sensations arfsorg the simultaneous skin and LM [medial lemni§@ensations are
felt at exactly the same tii [our italics], the delay in neuronal adequacydkin stimuli may well be an artifact of the
setup. (1981b, p494)

Suppose that all such artifacts were eliminated,saifi the sensations are "felt at exactly the same tim&t this
mean that there is a timeuch that stimulus 1 is felt tand stimulus 2 is felt at(the antimaterialist prospect) or on
that stimulus 1 and stimulus 2 are felt as (expeed as) simultaneous? Churchland doesn't discetin@gnference
that Libet's findings, if vindicated, would wreakvoc (as he claims) on materialism. Elsewhere, heweshe
correctly notes that "intriguing as temporal illuss are, there is no reason to suppose there istsmg preternatural
about them, and certainly there is nothing whidtidguishes them from spatial illusions or motithmsions as
uniquely bearing the benchmark of a non-physicigiio' (1981, p178) This could only be the caseerhporal
illusions were phenomena in whitme was misrepresenteifl the misrepresentingtake place at the "wrong" times,
something more revolutionary is afo



Where does this leave Libet's experiments withicalrstimulation? As an interesting but inconclesattempt to
establish something abdubw the brain represents temporal ordBrimary evoked potentials may somehow serve a:
specific reference-points for neural representatimiitime, although Libet has not shown this, aarChland's

technical criticisms make clear. Alternatively, thrain keeps its representations of time moredabile don't

represent seen objects as existing on the retinaather at various distances in the external dyavhy should the

brain not also represent events as happenim@nit makes the most "ecological" sense for themajopen? When we
are engaged in some act of manual dexterity, "fiqgéme" should be the standard; when we are gotidg an
orchestra, "ear time" might capture the registrati®rimary cortical time" might be the defaultrsdard (rather like
Greenwich Mean Time for the British Empire), a ragthowever, for further research.

The issue has been obscured by the fact that bogfopent and critic have failed to distinguish astetly between
time of representing and time represented. Théypast each other, with Libet adopting a Stalinesgpsition and
Churchland making the Orwellian countermoves, lapiparently in agreement that there is a fact ohthtter about
exactly when (in "absolute" time as Libet would gyt conscious experience happdfsdnote 12

3.2. Libet's claims about the "subjective delaytafsciousness of intention

The concept of the absolute timing of an experiea@xploited in Libet's later experiments with iscious
intentions," in which he seeks to determine thbgadute timing experimentally by letting the sulbgeevho alone hav
direct access (somehow) to their experiencesgetfetiming He asked subjects to look at a clock (a spagot |
circling on an oscilloscopeyhile they experience consciously intending, and to naakelgment about the position
the clock of the spot at the onset of intentiojudgment they can later, at their leisueport

Libet is clearer than most of his critics about itheortance of keeping content and vehicle distisiged: "One should
not confusevhatis reported by the subject witthenhe may become introspectively aware of what he is
reporting.” (Libet 85, p.559) He recognizes (p.560preover, that a judgment of simultaneity neetitself be
simultaneously arrived at or rendered; it mightunaover a long period of time (consider, for ins&, the minutes it
may take the stewards at the race track to devaidghen examine the photo-finish picture on whingy eventually
base their judgment of the winner or a dead heat).

Libet gathered data on two time series:

the objective series, which includes the timinghaf external clock and the salient neural evehesréadiness
potentials (RPs) and the electromyograms (EMGS).

the subjective series (as later reported), whictsisbs of mental imagery, memories of any pre-glagrand crucially
of a single benchmark datum for each trial: a siamdity judgment of the forrmy conscious intention (W) began
simultaneously with the clock spot in positian P

Libet seems to have wanted to approximate thevaasite gratuitdiscussed by the existentialists (e.g., Gide, 1948
Sartre, 1943), the purely motiveless--and hen@®me special sense "freehoice, and as several commentators
pointed out (Breitmeyer 1985, Bridgeman 1985, DAr&#85, Jung 1985, Latto 1985) such highly unusc@ébas
(which might be called acts of deliberate pseudwoaness) are hardly paradigms of "normal volundaig” (Libet
1987, p.784). But has he in any event isolatedrigtyaof conscious experiences, however charaadyithat can be
given absolute timing by such an experimental dgxsig

He claims that when conscious intentions to acie@t of his special sort) are put into registrativith the brain
events that actually initiate the acts, there isféget: consciousness of intention lags 300-50@nh&hind the relevant
brain events. This does look ominous to anyone citiexnto the principle that "our conscious decisibtontrol our
bodily motions. It looks as ilve are located in Cartesian theaters where we amgrshwith a half-second tape delay,
thereal decision-making that is going @sewhergsomewherave aren't). We are not quite "out of the loop" (asyth
say in the White House), but since our accessftormation is thus delayed, the most we can dotesvene with last-
moment "vetoes" or "triggers.” One who accepts piesure might put it this way:

Downstream from (unconscious) command headquattee no real initiative, am never in on the lbiof a project,
but do exercise a modicum of executive modulatiotine formulated policies streaming through my a#f



This picture is compelling but incoherent. For ¢imag, such a "veto" would itself have to be a "stinus decision”,
seems, and hence ought to require its own 300-560cerebral preparationmless one is assuming outright Carte
dualism. (See MacKay, 1985, who makes a relateatp@etting that problem aside, Libet's modebefore, is
Stalinesque, and the obvious Orwellian alternavaised by Jasper (1985), who notes that bolepm
automatisms and behaviors occurring under theteffesuch drugs as scopolamine show that "brairhaigisms
underlying awareness may occur without those whiake possible the recall of this awareness in meg@berward.'
Libet concedes that this "does present a probletnywhs not experimentally testable.” (p.56M)Inote 13

Given this concession, is the task of fixing theabtemicro-timing of consciousness ill-conceived? Neitherdtibor
his critics draw that conclusion. Libet, havingefaily distinguished content from vehicleAiatis represented from
whenit is represented--nonetheless tries to draw emfees from premises about what is representediduons
about the absolute timing of the representing imscmusness (Cf. Salter, 1989). Wasserman (19&5)tke problem:
"The time when the external objective spot occupigs/en clock position can be determined easily this is not the
desired result." But he then goes on to fall in@aetesian trap: "What is needed is the time oficence of the
internal brain-mind representation of the spot.”

"Thetime of occurrence” of the internal represent&i@tcurrence where? There is essentially continuous
representation of the spot (representing it tanbearious different positions) in various differgrarts of the brain,
starting at the retina and moving up through tiseia system. The brightness of the spot is repteden some places
and times, its location in others, and its motiostill others. As the external spot moves, alstheepresentations
change, in an asynchronous and spatially distrcbwiy. Where does "it all come together at an mista
consciousness"? Nowhere. Wasserman correctly poutthat the task of determining where the spat atssome
time in the subjective sequence is itself a volgntask, and initiating it presumably takes someeti This is difficult
not only because it is in competition with othencorrent projects (as stressed by Stamm, p.554albo because it
unnatural--a conscious judgment of temporality ebet that does not normally play a role in behagantrol, and
hence has no natural meaning in the sequence.rbbegs of interpretation that eventually fixesjtidgment of
subjective simultaneity is itself an artifact oétaxperimental situation, amtianges the taskherefore telling us
nothing of interest about the actual timing of natmepresentation vehicles anywhere in the brain.

Stamm likens the situation to Heisenbergian unc#yta'self-monitoring of an internal process irieges with that
process, so that its precise measurement is inpessijp.554)

This observation betrays a commitment to the mesiadlea thathere isan absolute time of intersection, "precise
measurement" of which, alas, is impossible for eigliergian reasons (see also Harnad, 1989). Thid oaly make
sense on the assumption that there is a partiptilaleged place where the intersection matters.

The all too natural vision that we must discarthesfollowing: somewhere deep in the brain an aitiation begins; it
starts out as an unconscious intention, and slovellges its way to the theater, picking up claritgd power as it goes,
and then, at an instanf,it bursts on stage, where a parade of visualsgesentations are marching past, having
made their way slowly from the retina, getting bkd with brightness and location as they moved.alltkence ot is
given the task of saying which spot-representatias "on stage" exactly when the conscious intentiade its bow.
Once identified, this spot's time of departure fribv@ retina can be calculated, as well as therdist#o the theater and
the transmission velocity. In that way we can datee the exact moment at which the conscious imerdccurred in
the Cartesian theater.

Some have thought that althouidpat vision is incoherent, that does not require ongite up the idea of absolute
timing of experiences. There is an alternative fpmi models for the onset of consciousness thaidathe
preposterousness of the Cartesian centered braiddi€t consciousness be a matter not of arrival@tint but rather
a matter of a representation exceeding some thikeshactivation over the whole cortex or largetpahereof? On
this model, an element of content becomes conseibssme time, not by entering some functionally defined and
anatomically located system, but by changing stgteé where it is: by acquiring some property oriaving the
intensity of one of its properties boosted aboveesariterial level.

The idea that content becomes conscious not byiegte subsystem, but by the brain's undergoingte shange of
one sort or another has much to recommend it ésge,Kinsbourne, 1988, Neumann, 1990, Crick andhK&990).
Moreover, the simultaneities and sequences of swar-shifts can presumably be measured by outside obise



providing, in principle, a unique and determinatgueence of contents attaining the special modetHuts still the
Cartesian theater if it is claimed that the reabgolute") timing of such mode-shifts is definitiesubjective
sequence. The imagery is different, but the impbee are the same. Conferring the special proghelymakes for
consciousness at an instant is only half the proptBscriminating that the property has been coeteat that time is
the other, and although scientific observers wisirtinstruments may be able to do this with mieomsd accuracy,
how is the brain to do this? We human beings doempadtgments of simultaneity and sequence of elesra&frur owr
experience, some of which we express, so at somé qpoints in our brains the corner must be édrfrom the
actual timing of representations to the represemtaif timing. This is a process that takes efforone way or another
(Gallistel, 1990), and wherever and whenever tlesgiminations are made, thereafter the tempaggrties of the
representations embodying those judgments areamstitutive of their content.

Suppose that a succession of widely spread adivatates, with different contents, sweeps ovectinex. The
actual, objectively measured simultaneities andiseges on this broad field are of no functionavahceunless they
can also be accurately detected by mechanismsibrtan What would makéhis sequence the stream of
consciousness if the brain could not discern tiggeece? What matters, once again, is not the teahpaperties of
the representings, but the temporal propergpsesentedsomething determined by how they are "taken" by
subsequent processes in the brain.

3.3. Grey Walter's experiment: a better demonsiratf the central contention of the Multiple Draftedel

It was noted above that Libet's experiment createdrtificial and difficult judgment task, whichbised the results of
the hoped-for significance. This can be broughtmate clearly by comparing it to a similar expemnby Grey
Walter (1963), with patients in whose motor cottexhad implanted electrodes. He wanted to tedtythethesis that
certain bursts of recorded activity were the inttra of intentional actions. So he arranged fohgqaatient to look at
slides from a carousel projector. The patient caualdance the carousel at will, by pressing theobubin the controlle
(Note the similarity to Libet's experiment: thissva "free" decision, timed only by an endogenosss in boredom, or
curiosity about the next slide, or distractionydratever.) Unbeknownst to the patient, howevergctirgroller button
was a dummy, not attached to the slide projectafl aiVhat actually advanced the slides was thelifisgpsignal frorr
the electrode implanted in the patient's motorecort

One might suppose that the patients would notit¢eimg out of the ordinary, but in fact they weraried by the
effect, because it seemed to them as if the slidegtor was anticipating their decisions. Theyorégd that just as
they were "about to" push the button, but befoey thad actually decided to do so, the projectorldvadvance the
slide--and they would find themselves pressingaingon with the worry that it was going to advatioe slide twice!
The effect was strong, according to Grey Waltastoant, but apparently he never performed the tidtéollow-up
experiment: introducing a variable delay elemergele how large a delay had to be incorporateditariggering in
order to eliminate the "precognitive carousel" efffe

An important difference between Grey Walter's aiizbt's design is that the judgment of temporal otidat leads to
surprise in Grey Walter's experiment is part obenmal task of behavior monitoring. In this regariilike the
temporal order judgments by which our brains dgatish moving left-to-right from moving right-to-kefrather than
"deliberate, conscious" order judgments. The birathis case has set itself to "expect” visual bzaxk on the
successful execution of its project of advancirgydarousel, and the feedback arrives earlier thpaated, triggering
an alarm. This could show us something importantiathe actual timing of content vehicles and th&iendant
processes in the brain, but it would not, conttarfirst appearances, show us something aboutaisotute timing of
the conscious decision to change the slide.”

Suppose, for instance, that an extension of Grejjdhgaexperiment showed that a delay as long 8m36c (as
implied by Libet) had to be incorporated into thgplementation of the act in order to eliminate gshbjective sense of
precognitive slide-switching. What such a delay oo fact show would be that expectations set yip blecision to
change the slide are tuned to expect visual feedB@@msec later, and to report back with alarm uotieer
conditions. The fact that the alarm eventually getisrpreted in the subjective sequence as a pgooepf misordered
events (change before button push) shows nothiogtalhenin real time the consciousness of the decisiqiréss
the button first occurred. The sense the subjegtsrted of not quite having had time to "veto" ithigated button pus
when they "saw the slide was already changing'nataral interpretation for the brain to settle(ementually) of the
various contents made available at various timesfiorporation into the narrative. Was this sesiseady there at tr



first moment of consciousness of intention (in vilhtase the effect requires a long delay to "showe'tiand is
Stalinesque) or was it a retrospective reinterpicetaof an otherwise confusirfgit accompli(in which case it is
Orwellian)? This question should no longer seemeimand an answer.

Conclusion

The Multiple Drafts model has many other implicagdor scientific theories of consciousness (Denid®91), but
our main conclusion in this paper is restrictetetoporal properties of experience: the represemtati sequence in
the stream of consciousness is a product of tha'biaterpretive processes, not a direct reflectbthe sequence of
events making up those processes. Indeed, as Blegniff has pointed out to us, what we are argfongn this
essay is a straightforward extension to experieftene of the common wisdom about experience atspthe
representation of space in the brain does not awag space-in-the-brain to represent space, anephesentation of
time in the brain does not always use time-in-trerb It may be objected that the arguments presemére are
powerless to overturn the still obvious truth that experiences of events occur in the very samer@s we
experience them to occur. If someone thinks thaght"One, two, three, four, five," his thinkingd@' occurs before
his thinking "two" and so forth. The example ddasstrate a thesis that is true in general, anddiogeed seem
unexceptioned so long as we restrict our atteribgrsychological phenomena of "ordinary," macroscdpration.
But the experiments we selected for discussiorcaneerned with events that were constricted by wallysnarrow
time-frames of a few hundred milliseconds. At #tsle, we have argued, the standard presumptiakddown.

It might be supposed, then, that we are dealing with special cases. These limiting cases mayastengly reveal
how the brain deals with informational overloadt, lmne might suggest, they are unrepresentativieedbrain's more
usual manner of functioning. The contrary is theegdnowever, as might be anticipated, in view eftifain's well-
known propensity for applying a limited number ekt manners of proceeding across a wide rangéuatisns. The
processes of editorial revision that are dramdicalvealed in the time-pressured cases contindefimtely as the
brain responds to the continued demands of cogrétia control. For instance, as time passes aftevant has
occurred, that event may be recalled to episodimang, but to an ever more limited extent. After sodays, an
occurrence that may have unrolled over minutesarerns remembered within as restricted a time frasithose we
have been discussing. Such memories present mabhdsmly blurry or depleted versions, but as irdéyrcoherent
simplified renderings of what are taken to be tlesnimportant elements. Temporal succession isdylgian early
victim of this reorganization of the event, sacefi in favor of (apparently) more useful informat{@s instanced in
the phi phenomenon).

We perceive--and remembgrerceptual events, not a successively analyzdddraf perceptual elements or attribu
locked into succession as if pinned into place oorainuous film. Different attributes of eventge andeed extracted
by different neural facilities at different raté¢s,g. location versus shape versus color) and pedsked to respond
to the presence of each one in isolation, wouldauwith different latencies, depending on whiclats, and on other
well-explored factors. The relative timing of inpytlays a necessary role in determining the inftionaor content in
experience, but it is not obligatorily tied to astage or point of time during central processingwt$éoon we can
respond to one in isolation, and how soon to thermptdoes not exactly indicate what will be thegenal relationship
of the two in percepts that incorporate them both.

There is nothing theoretically amiss with the gafahcquiring precise timing information on the nedrperations or

informational transactions in the brain (Wassermuath Kong, 1979). It is indeed crucial to developangood theory

of the brain's control functions to learn exactlyem and where various informational streams corejexen

"inferences" and "matches" and "bindings" occurt tBese temporal and spatial details do not tetlitectly about th:

contents of consciousness. The temporal sequer@sciousness, within the limits of whatever temporal control

window bounds our investigation, purely a mattethef content represented, not the timing of theesgmting.
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Endnotes

1. The original draft of this essay was written ivlihe authors were supported by the RockefellenBation as
Scholars in Residence at the Bellagio Study CeNkfi#ta, Serbelloni, Bellagio, Italy, April, 1990. Ware grateful to
Kathleen Akins, Peter Bieri, Edoardo Bisiach, Vdithi Calvin, Patricia Churchland, Robert Efron, Stepharnad,
Douglas Hofstadter, Tony Marcel, Odmar Neumann,Riesenberg, and David Rosenthal for comments osespuien



drafts.

2. A philosophical exception is Vendler (1972, 19840 attempts to salvage Cartesian dualism. A s@ieekceptior
is Eccles (E.g., Popper and Eccles, 1977).

3. What about the prospect of a solitary Robinsous@e scientist who performs all these experimentsilessly on
himself? Would the anomalies be apparent to thie lmbserver? What about reconstructing these ewpets with
non-language-using animals? Would we be inclinedterpret the results in the same way? Would wpisigied?
These are good questions, but their answers arploated, and we must reserve them for anothersiaca

4.Such a "postmark” can in principle be added toracke of content at any stage of its journey; ifraaterials arrivin
at a particular location come from the same plagdhe same route at the same speed, their "depdite"” from the
original destination can be retroactively stampedhem, by simply subtracting a constant from theiival time at
the way station. This is an engineering possibthigt is probably used by the brain for makingaerautomatic
adjustments for standard travel times.

5."The essence of much of the research that hasdagged out in the field of sensory coding cardistilled into a
single, especially important idea--any candidateccan represent any perceptual dimension; there meed for an
isomorphic relation between the neural and psychsiphl data. Space can represent time, time caesept space,
place can represent quality, and certainly, noalimeural functions can represent linear or noalipsychophysical
functions equally well." (Uttal, 1979) This is adely acknowledged idea, but, as we will show, stmeerists (mis-)
understand it by tacitly reintroducing the unneaegsisomorphism" in a dimly imagined subsequeans$tation or
“projection” in consciousness.

6.Cf. Pylyshyn, 1979: "No one . . . is disposedpeakiterally of such physical properties of a mental eventsas i
color, size, mass and so on . . .thoughdaspeak of them agpresentingor having the experiential content of) such
properties. For instance, no one would not propsay of a thought (or image) that it was largeeal, but only that it
was a thoughdboutsomething large or red (or that it was an imafggomething large or red) . . . It ought to strikeo
as curious, therefore, that we speak so freelp@dtration of a mental event.”

7. P. S. Churchland (1981, p172) notes a differémteeen "masking in the usual sense" and "blankirsiport term
memory," which perhaps is an allusion to thesepassibilities, but does not consider how one maistinguish
between them.

8. Consider the region of cortex, MT, which respotamotion (and apparent motion). Suppose thensthiaie activit
in MT is the brain's concluding that there was intervemnagion. There is no further question, on the Migtiprafts
model, of whether this is a pre-experiential ortpgogeriential conclusion. It would be a mistakess, in other
words, whether this activity in MT was a "reactiora conscious experience" (by the Orwellian hiatgras opposed
to a "decision to represent motion" (by the Stalqmes editor).

9. See also his dismissal of MacKay's suggestianrabre moderate reading (1981, p.195, 1985b, jp.568

10. Libet's final summation in 1981, on the othandh, was inconclusive: "My own view . . .has bdwat the temporal
discrepancy creates relative difficulties for idgntheory, but that these are not insurmountal{fe196) Presumably
they would be undeniably insurmountable on the acésprojectioninterpretation, and Libet later (1985b, p.569)
describes these difficulties in a way that seenmredaire the milder reading: "Although the delaylamtedating
hypothesis does not separate the actual time ahperience from its time of neuronal productidmaes eliminate
the necessity for simultaneity between skibjective timingf the experience and the actual clock-time of the
experience." Perhaps Eccles' enthusiastic suppoat fadical, dualistic interpretation of the fings has misdirected
the attention of Libet (and his critics) from thddrthesis he sometimes defends.

11. In an earlier paper, Libet conceded the pdsdgioif Orwellian processes and supposed there triagha significant
difference between unconscious mental events amstemis-but-ephemeral mental events: "There malybhgehn
immediate but ephemeral kind of experience of amess which is not retained for recall at conscleusls of
experience. If such experiences exist, however, tioatent would have direct significance only atelr unconscious
mental processes, although, like other uncons@gpsriences, they might play an indirect role ted@onsciou:



ones." (1965, p.78)

12. Harnad (1989) sees an insoluble problem of oreagent, but denies our contention that there if&abof the
matter: "introspection can only tells us when aerdgeemedo occur, or which of two evensgemedo occur first.
There is no independent way of confirming thatrded timing was indeed as it seemed. Incommendiiyaisi a
methodological problem, not a metaphysical one.Ha8mad asserts what we deny: that among theineialgs of
events in the brain is a "real timing" of eveimgonsciousness

13.In a later response to a similar suggestionaffrian and Kravitz (1987) Libet asks the rhetorigaéstion "Are we
to accept the primary evidence of the subjectdspective report (as | do), or are we going tisirthat the subject
had a conscious experience which he himself doeseport and would even deny having had?" (19884).This is
another expression of Libet's a priori prefererreafStalinesque positio



