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Abstract
Anticipatorial maps, which newely are detected, are visually percepted per-

sonal representations of true objects to prepare the path of intentional goaldirected

movemànt. The mapping process cuts the action-relevant external object qual-

ities from the environmental background to constitute the needed true objects

of reference within the organisation of the personal space. These virtual ob-

ject representations then become the references to anchor the path of intentional

movement and to bind the visual constancy in object perception. Thus either the

path or the object, motion or motion perception is dominating the consciousness'

th"r" investigations in motion and perception are related to the experimental

background of the personal symbol formation plocesses described by William

Stern, Heinz Werner and Ernst Cassirer.

KeyWOfdS: anticipatorial maps, behavioural cybernetics, personal space and

time, cortical maps, crossmodal transfer, symbol formation'

t Introduction: Anticipation and Teleology

There are certain dependencies in the actual understanding of goaldirected move-

ment (Vision for Reach and Grasp, 1997), visual robot arm guidance inclusive

(smagt, 1998). In actual behavioural cybernetics the model is that in grasp

and other goaldirected actions there is a looped feed-back - feed-forward process

in humans to respond and to access environmental information. The successful

grasp there serves as a rather mechanical model of goaldirected actions, where

in fact there is no "Archimedian point" to anchor the needed transformations,

nor there are the needed entities. This.traditional view will be matched against

a view in concern of neural correlations of consciousness a,nd certain implications
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in the formation of the quantum and relativity theories (v. Weizsâcker, 1969, 64.
166; Holton, 1981).

"Behavior, Purpose and Teleology" was the impressive title of an essay written
by Arturo Rosenblueth, Norbert Wiener and Julian Bigelow in 1943 to promote
such behaviorists study of natural euents as a change of an entity with respect to
its surroundings. Well advised by Rosenblueth, the primary model of teleological
purposeful behavior became the successful feed-back in reach and grasp, matched
against the pathological intention tremor of a patient: "If he is asked to cany
a glass of water from a table to his moath, howeaer, the hand, carrying the glass
will erecute u series of oscillatory motions of increasing amplitude as the glass
approaches his mouth, so that the water will spill and the purpose will not be
fulfilled. This test is typical of the disorderly motor performance of patients with
cerebellar d,isease. The analogy raith the behavior of a machine with andamped,
feed-back is so uiuid, that we aentare to suggest that the main fanction of the cere-
bellum. is the control of the feed,-back neruous mechanisms inuolued, in purposefitl
motor actiuity." (Rosenblueth,l943, 20)

This became the key to circular causality and feedback mechanisms in bio-
logical and social systems, not yet labeled as ocytrernetics". Many in the view
of man and machine communication and control has cha.nged since, but stitl the
hurnan intention tremor as a negative model of teleological motor activity of a
closed system towards static and dislocative goals is worth to look at. In the
grasp meet visual communication and motor activity control of a mechanical de.
vice. The mechanical side of the grasp had been from the beginning the model of
feed*back circularity. And when the physiologist Eduard Pflueger (182$1g10) in
1877 wrote ûrst about teleological mechanics, Felix Lincke (1840-1917) followed
in 1879 with the design of an appropriate mechanicalfeed-back mechanism. The
paper "Behavior, Purpose and Teleologyn still followed this technical view on
behalfofits behaviorist background, namely the concept ofnegative and positive
tropism in topotaxis by Jacques Loeb (185S1924). But this view has hidden
presumptions, which become visible by the paradoxes in the teleological paths.

1.1 Time, Space, Identity: the Paradoxes of the Turtle
and the Cake

The unsuccessful move of the hancl to carry a glass from a table to the mouth,
though the goal is static. in its logic has much in common with the race of
Achilles and the turtle, which in the paradox or zeno of Elea (James, 244\, nevet
would have been passed by' Achilles - because he always would reach a point,
the turtle just has left. Ancl thus the turtle would always have an adwntage in
her path. This paradox in the trvo paths is somehow present in the oscillatory
motions of increasing arnplitude of the path of the hand approaching its goal.
The mectratrical feed-back suggestion seems to clear with the oscillations also the

102



paradox irr the paths. But the increase in the oscillations still remains mysterious.

the more the oscillations of a thirsty patient during a meal would vanish (Cassirer,

1929, 316. 319). According to such pathological paradoxes. Kurt Goldstein and

Ernst Cassirer suggested, that the successful paths were just reflex actions, while

the oscillatory movemelts had misleading addresses in their path designs.

Any grasp has to bridge forward the personal space and time to the glass

on the table and then back to the self. And apparently a defect in the related

tralsformations perfourred the oscillations in the path. The observation of the

pathological cases then rrnveiled different anchors of transformation. The more

the movement followed preconcepted and body bound reflex actions. the less the

int,ended novements n'ere disturbed. But if patients paid attention to the path'

the nrovenrents oscillatecl. ln other cases the object perception broke up (Cassirer,

1929. 302. 320). Such broken objects a patient recorded. who could not realize

tlrat there was just onc ball in the garne: " A straight shot uith two balls was not

so bad. but tfu third ball confuseil rrre." (Cassirer. 1929, 320)

There were as nrany balls realized as players. Insted of motor oscillations

towarcls one object there n'as something like object oscillations. As many balls

there appeared as there were possessors of object coordinate dependencies. The

following broken object identitl.' has much to do with the paradox of the cake.

w-hich you can not have arrd eat. There the object coordinate dependencf is

switching between the cake to possess and the cake to eat (Wertheimer, 1912.

247. 255; Kleint. 1940. 70) This makes the two different cakes at one time. and

ruanv children, realizing the vanish of the cake to have, will cry.

O|viously' in successful goaldirected paths there is a stream of unbroken object

identifications in switching assignments, the first relating the person to the goal,

an<l then the relation of the goal back towards the person. The goal first has

to be distinguished from its environment as a set of bound qualities to give

identitl', and then this "true object" has to be related to the personal space.

Apparently, because there is no *Archimedian point" accessible to anchor and

guide the path to the goal by Cartesian coordinates, instead there have to be

series of transformations to procluce a stabile interrelation in the "true object"

and the .,true self". On top the path must be organised to reach the goal from

the initiate personal position of the movement.

L.2 Object Coordinate Dependency and Physical Quality

The constancy and identity of an object rn'ill not only include shape but also

shape dependent physical properties. We may detect the spatial location of a

hand relative to a table and it's relative position towards the goal. So far primary

environmental time and space transformations related to the body are involved.

But to become purposeful the qualities of the glass as a movable object must be

anticipated. And this anticipatory distinction has to allow a successfull move of

the physical qualities bound by the object. The physical properties of a glass



of water standing on the table change when we touch the glass. Then physical
relation of the stand to the table has to shift to a relation of tlre handle a.ud the
hand, to carry the glass with further water equilibrium - until again there is a
change from the hand to head coordinates to sip from the rim of the glass. So
the whole path incorporates environmental as well as body dependencies which
must be covered to bring the rim and the mouth together - all devoted to the
constant physical equilibrium of the glass filled with water. With the physical
viscosity of the water to drink a specific motor timeliness becomes involved.

L.3 Object Coordinate Dependency and Time

In the time-line of these balanced spatial transformations towards the meeting
point there are many time shifts to be covered by interpersorral coumunication.
The addressing word "glass" is as sound based as the quality of the hit of a ball.
and both is transmitted according to the speed ofsound (Guski" 1996, i90. 337).
But the visual identification of the material quality of the glass to handle and
drink from is as light based as the visual control of the liquidity of water, and
at least the movement of the hand to carry the gla.ss and the movement of the
lips to meet the rim have to be brought together on behalf of independent rnotor
activities.

A successful binding of srrch shifts in time and space a,ccor(ling to the involved
physical objective and personal properties must be l>rorrght together bv a kind
of body related meta transformation. By that nreta binding the variety of the
involved body rnovement and object -quilibrium related transformations appears
to the consciousness synchronised within the sarne space and time frame. And
obviously the related light. sound and movement control perfonns a cornnruni-
cation to detect from the geometrical object constraints in advance the physical
object qrra,lities t.o join all these transfcrrma,tions. Following. the related rnapping
processes prepare Lhe paths of nrovement, but the.v are not a.ctual part of the
consciottsness - though the personal object maps in these transfornrations ca,n
be made visible to the consciousness in accessing the bridging l)rocesses in the
transformations involved - which to show is the purpose of this essay.

2 Unification of Personal Space and Time

The last shift from the visual control of the hand to the head in its irrterrelation
with the visual field apparentlv is the rnain problem of the intention tremor. This
looks like a rather sirnple shift in coordinate dependencies, but here meet at the
end of the path in fact the transformations in object coustancy the transforma-
tions in body constancy - while thc visrral control and undc'rstarrding are bound
to the head (Fig. 1).

To the constant "true objects" in the steans of transformations Williaru Jarnes
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(1890, 285) had addressed his interest. The emerging quantum- and relat'ivitv

ih"o.i", shared this interest. Nils Bohr was in comrnuuication with Edgar Ru-

bin in copenhagerr (Rubin, 1936; Holton 1981). and Ernst cassirer. williailr

Stern and Heinz Werner in Hamburg designed new key experiments to under-

stand constancy as symbol formation (stern. 1936: steckner, 1993b): "Denn

eben jede derartige mittelbare Leistung ist im Gruntle s/efs eine symbolische I'cis-

tungi sie muss sich uon d,er Ge.genwart des uirklichen Objektes losreissen und

si"i in freier Vergegenwaertigung ein bloss getlachtes, dn itleelles Zi.el vor Auge n

stellen." (Cassirer, 1929, 320)

Neverùheless the mechanist view remainecl in opposition to the concept of

preconception: "James a,ppears to regard all ntental pre-ailjustntenl for pe rccirt'

ing an object as inuolving an anticipatory mental image; but this doctrine. seenrs

uitentablc. A Batsmsn attending to the c.ourse of the ball as it comes from tht

hand of the bowler iloes not usually construct an anticipatory picture of the course

it is going to take. If he iloes, his wicket, is in great danger." (Baldwin 1928, 2,

331 s.v. Preperception).

While the critic remained in the position of the observer, James had addressed

the action determinative references in the flow of information. (James, 288). If a

hit sounds weak (Guski, 337) and the ball is going to miss the wicket, the player

may watch the path in calm, but he has to catch the ball if the wicket is in danger.

So there is either a movement perception of the ball in distance. or a dornination

of the self to meet the physical qualities of the ball in a future position. Such

complementary relation either to the path or the compound of object qualities to

be giasped and the way such alternatives may be analysed and recorded attracted

thelnterest of the new key interest (Cassirer, 1929,322f .), while Max Wertheimer

investigated the spatial anchor in movement and motion perception (\ffertheimer.

1912, t55f.; Johansson, 1978). Likety a film may either record the path of the

ball or focus the moving ball to follow the move, while another camera may

record the player acting towards future positions to reach anticipated balls. In

this perspective there is no qualitative difference in static and dynamic relations'

The question is reduced to the organisation of the player's self reference to relate

any motion of the ball to the range of his active motion?

2.L Cerebellum and Cerebrum

Actually there is a consent to relate purposeful movements to the cortical maps as

p"rroo.i common reference of sensation and motion, which mainly are reproduced

no* f.om w.G. Penfield and E. Boldrey (1937) or from w.G. Penfred and T. Ras-

mussen (lgb0) (Fig. f ). But the interpretation of these cortical "homunculi" is

in question (Wiesendanger, 1996), though undoubtedly the order is somatotopic.

In recent robot design as common teference intermodal cortical maps are used.

The MIT cog project (cdp@ai.mit.edu) in this case recently follows the cortical
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Fig. 1: The symmetries of the cortical somatosensory and motor maps are
organised according to the twofold organisation of the personal spatial frames of

the body. The left-side maps are related to the right eye and the right hand.
The right field of vision is crossed-over to the left visual cortex. But the

cerebellum beneath controls the left side of the bodv.

maps of cats reduced to sets of arrays. But an array is not a map and the cortical
body maps have map qualities only to some extent (Clarke, 1973, 103-134).

Ernst Cassirer had arguments for a rather skeptical view of such localisatorial
attempts. He was aware of misleading pictorial qualities of the maps. Among
the skeptical studies mentioned was Kurt Goldstein's essay of 1910: uEinige

prinzipielle Bermerkungen zur Frage der Lokalisation psychischer vorgaenge im
Hirn", who had asked to realize the phenomenological or imagination related
aspects in the functionality of mental maps (Cassirer, 1929, 322. 2Sg).

such distinction of symbolic and motor processes implicitly the essay on *Be-

havior, Purpose and Teleology" had, suggesting motor activity to be the main
tunction of the cerebellum. This implicitly delimited the cerebrum related symbol
formation, even emphasised by the next article in the 1g4B journal by William
Seifriz on "Creative Imagination and Indeterminism" (Rosenblueth, 1943).

The cerebellum related motor restriction easily is overseen. Clearly purposeful
motor activity is related to the cerebellum, while tbe cortical maps are related to
the cerebrum, which makes much difference in real-world coordinates and their
transformations, though these circumstances, if ever, are found worth only curious
footnotes (Fig. 1): "Curiously, the 'crossing-ouer'behaaior 

ofthe cerebram d,oes
not apply to the cerebellum, so that the right-haï of the cerebellum largely controls
the right side of the. body and the left-half the Ieft sid.e of the bod,y." (Penrose,
1989. 380)
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Exa,ctly this is the cnrcial point. All the maps rela,ted to the cerebrrtm must

!e p[enornenological, because they have different spatial coordinates than the

movement control. We just have to bend the head to realize the head to move,

an{ not the view of the environment (Becker-Carus, 1981, 76). But if a camera

follows the bending head ancl the film is watched later full screen' we then may

fe.el our body move. These difierences unveil that there is not only a spatial

interrelation with a dependent switch in bod-v and environment relation. but also

there must be a spatial frame which anchors the transformations in the relation of

the body to gr<xrnd ancl vision. What we feel as left and right. up and down nust

he anchored in sttch a framework. This framework must anticipate t'he spatial

order of lnotor activitt' to become the common reference to coordinate vision and

boclv movernent,

2.2 Spatial Flames

llgrrnallv just a rnisleading subset of the spatotopic cortical maps in the different

Penfield-drawirrg styles is reproduced, and not all (Becker-Carus, 1981. 98). Both

the incomplet,eness a.nd t,he uncliscussed interpretation of these impressive pictures

are nrislea,ding. Among tnany others Roger Penrose published the left side 3d-

st"vle rnaps representing the right side of the body (Penrose, 1989' 367), but not

the e<piva.lent cortical right-sicle maps, rvhich represenl, the left side of the body.

When all the related somatosensory and n:otor maps are joined. they show the

spatial frame of nrind related to the anatomy of the body and purposeful motor

activity in the real world (F'ig. 1).

2.2.1 The Spatiotopic Logic of the Cortical Body Maps

It is significarrt. lhat in the centre of the cortical uraps the hands are located,

followed by the upside-dow'n but upright positioned head-maps of about the same

size. and equivalent in size to the body map. This way the hands are located

closest to the eyes. Here net the crossed over upside-down body maps and

the upright positioned head images. If we follow the logic of this order, the

somatosensory and motor actit'ity of the hands meets the visual percept,ion and

in this the hands are located in balance with the head and the body. This

distribution suggests a spatiotopic interrelation or even interchangeability in these

cortical sectors.
Though these orders in personal body space are not actual part of our con-

sciousness, the spatiotopic logic of the cortical body maps clearly is realized by

a introspective test - which prepares the design of an intentional conjoint mea-

surement, which will follow then. The experiment is very simple. We neecl no

surgery to detect these planes of the body to which the anatomists gave specific

narnes (Becker-Carus 1981, 20-21).
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We have to stand relaxed on the ground, and the only "instrument" we ne.ed
are our own hands to move along the body. While we do that we anchor our
concentration (Wertheimer, 1912, 253); in the position of the hands towards our
body, with the emphasis on the hand or the hands, ancl not on the body or
towards the ground, which each aspect would produce different results. These
nrovements make the invisible frames of personal space visible for the observer.

2.3 Personal Space Retated to the Visual Coordinate Flame

The following experiments give access to two Cartesia,n coordinate systems in
the spatial body organisation (Fig. 1). These give the spatial frame of the
transformations needed to perform the crossmodal mapping process to use visual
information for goaldirectecl motion.

2.3.1 The Head Coordinate Flame

Experiment l:
Accordirrg to the cortical maps, the left or the right flat hand is brought in
position parallel to the grourrd in front of the face. Nloving the hand up arrd
down we may ask our self: is the hand "up" or "dorvn"? While we clo that. a
kind of neutral plane should be felt, which is neither up nor down, dividing the
space, thorrgh related to the hea,cl, into the different regions, rvhich are addressed
by the words "up' (dorsal inferior) and "dorvn" (ventral inferior).

Perhaps we had closed the eyes to improve the concentration. The plane is
felt about in the height of the ears. [f we then regard the flat ha.nds in this
position, we can realize that this is e1,e level. and in corrcern of visiorr the related
horizontal plane.

Experiment 2:
\Àre move the left or the right hand or lrcth hands in front of the [a,ce, brrt this
time the flat palnr upright. Again there is a spatiotopic sensation. lrut this t, ime
the hand is felt either in the left side space or irr the right, side spat'e of the body.
again with a neutral plane between (sagittal plane).

This result fits the cortical somatosensory maps! shorving half the rrpright face.
But clearly the related ntotor maps represerrt the heacl fronr the side. Taking the
drawings not just as functional representati<ln of the personal bo<l;' $pace. rve
now rnay start a thircl experiment.

Experiment 3:
!\'e move the upright flat hands parallel to the body forrvard ancl backrvards
at either side of the head. We will feel yet another plane separat,ing the front
(anterior coronal) and the back of the body (posterior coronal).
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2.3.2 the BodY Coordinate Frame

These tree experiments with hand movements demonstrate a body perception

related to the head as dependent on the spatial Cartesian order of the vestibular

apparatus in inner ear, but showing, that the terms "up'and "down"', "left"

..,à ,,.ight, belong, parallel to the planes of the vestibular systeur, to a personal

spatial iru-.. ey lnis spatial frame the upside-dor,in arrd crossed-over visual field

is bound obviously by tra,nsformation to workl toordinates" while the ha"rrds as

detecting instruments give access to this personal spatial order. The relation of

these transformations to the personal space and the order of the cortical maps

helps to understand the way blind people can see bv substitutive systems bound

to the body (Becker-Carus, 1981' 305).

The detection of the spatial frame of this personal space may be extended

by further experiments. These extensions also are a precondition for the main

experiment to detect anticipatorial maps.

Experiment 4:

Now the sensation is switched from to the bocly. lVe should move ihe flat hands

as in experiment I from the plane above the eyes and beneath the cerebrum

downwards. If we move the hands down along the whole body side, again the

same up and down sensation, but now related to the entire bod-v is detected

about in the height of the diaphragm. This neutral plane is detected about in

this spatiotopic middle of the body (body segmental plane)'

Experiment 5:

Moling one hand in front of the body like in experiment 2, the crossing of the

verticai middle of the body gives the feeling of the hand located either on the left

(left lateral) or on the right (right lateral) side of a neutral vertical body plane

(sagittal plane).

Experiment 6:
If we move both the hands on either side of the body like in experiment 3. there

is a plane felt dividing the front and the back of the body (body coronal plane).

Experiment 7:
Moving both hands in front of the body like in experiment 5' but now simultane-

ously Àssing the plane dividing the right and the left side of the body will less

prod.uce the sensation of moving the hands to cross the plane, than the sensation

give of a body side switch in the lateral directions.

tho" experiments in the division of personal spatial framework should be per-

formed for difierent reasons. First it is important to adapt the kind of concen-

tration needed in this kind of introspective experiments (Wertheimer, 1912, 240)'

The body responses to the movements of the hands must be felt, because "up"

and "down' as a functionality of personal space is hardly described by words.

In this respect any spatial sensation is based on motor activity related to the

head coordinate related vision. Hence the dominant body orientation and the
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cross-over and upside-dowu in the visual cortex has to be transformed from head
based coordinates to body based coordinates - which results in many asymme-
tries in spatial movement. Therefore Ernst Mach (1s38-1916) in his nAnalysis

of sensationsn is distinguishing optical interest from motor interest while he
also is using the term nteleological" (Mu:h, 1918, 91f.).

3 The Self and the Environment

3.1 The Cockpit View of the Self

The cockpit-view of the self as the steersman of the personal space in the world is
reproduced by any cockpit environment. The spatial distribution an localization
of the instruments in the car or the plane is thus a distribution following the two
body maps and therefore the frame for teleological movements. Just beneath or
above the visual ûeld there are the cockpit-instruments to control location and
speed in self movement (for the investigation in the split of optical interest and
motor interest see Fig. 2 and Fig. 3). Accordingly the instruments are clearly
located according to the horizontal orientation of the personal space of vision
and action. But beneath the ventral plane there are especially for the sitting
steersmen the active motion controls. So not only the personal spatial sensation
and the environmental spatial frame, but also the overlapping of hand movement
and vision leads to the suggestion that there is a profound interrelation. And in
fact. on the basis of these transformations, related to the operators space, it is
even possible to read in advance from the turn of a street how far we may speed
up or speed down the vehicle.

The primary body related spatial outline of the operators space is a exten-
sional transformation of the general body map. If we sit in front of a table of
cornfortable height, the comfortableness is defined by the tables horizontal plane
related to the horizontal body plane, and any movement on and above the table
and beneath the table this way is related to the spatial cranial or caudal direc-
tions in the spatial body frame (Becker-carus, lg8l, 20), and any comfortable
hand and arm movement hence is comfortable within these two planes. These
spatial planes are preconditions of a glass to carry to the mouth: the table on
which a glass is located, and the position of a person's spatial planes towards the
errvironntent.

The operators environment and the personal space of the operator - the one
may be taken as the transformation of the other spatial frame, and we know to
handle this switch in transformatiou. Sitting in the train, the car and the boat
another vehicle, moving in the view of the window, leads either to the feeling of the
moving self or the moving object. And we may switch in this relation. We may
switch betn'een the sensation of personal movement and landscape movement
in a train, in the car and the lrcat - but if too many dimensions are involved
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Fig 2: The self as the observer of the self: "In a frame formed by the ridge of

my eyebrour. by m.y nose. and by mg moustache, appears a part ol my body, so

far as cisible, with its enuironment'" (Mach, 1918).

with the well known uncomfortable result. But if the body has a comfortable

self-confidential place we nra:y look at movies reproducing pictures from moving

cameras to feel our own spatial movement. This spatial tnovement of the camera

man is then realized as a moving self by transformations between the difierent

body frames.

3.2 Persoual Space Mapped to Environment

The detected doubled persona,l spatial frame is congruent to the anatomical sym-

metries (Becker-Carus 1981, 2t-2!). The two frarnes are related to visual environ-

ment control and spatial body' movement. But the space between the horizontal

head plane and the horizontal body plane has. as the division of cortical maps

in the body, the hand and arm. and the head related field may suggest a definite

functionality in relation the intentional hand and arm movement. Ernst Mach

has sketched 1870 in a famous drawing this spatial relation by a the cockpit-view

of the self as the steersman of the personal space (Fig. 2). Anything to take and

to carry with the ha,nds happens within this framework of body space - while

this space is under personal visual control. The head' the body, the acting hand

and the environment, all is set in relation to the personal space: ulf I observe an

element A within my field of vision, and investigate its connexion with another

element B within the same field, I step out of the domain of physics into that of

physiology or psychology..." (Mach 19i8, 15)
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Fig 3: Dislocated split of active personal space and vision in intentional
movement. The visual information in the spatial orientation of the camera is

transferred to the monitor. This serves as visual information to be transformed
to guide motion according to the spatial references of the self (Fig. 1).

3.3 The Split in the Body Ftames and the Environment

Historically, the moving steamboat moving and the moving pictures are to owe
to steersmen and inventors like Robert Fulton in realizing switching conscious-
ness transformations either related to body or environment coordinates. In that
time of the invention of the steamboat, the balloon and later the trairr, two main
orientations of moving observers became dominant, the one optic flow streaming
from the left to the right or inverse, and the other streaming top down or inverse.
And within this stream first the split of the body related spatial frame from the
visual field frame was realized and sketched on a boat moving dorvn the Rhine
in the view from a balloon. The body on the boat passing down the Rhine. and
the position of imagination were split and transformed to map the landscape and
guide the imagination of the drawing. With such a map of continuous 1ra,r'allel
projection then the journey on the Rhine switched from the mountain panorama
view of landscape to the bird's view (Steckner, 1993a). obviously there is a fun-
damental interrelation in motion and motion perception, though a.ctual research
focuses the optic flow of the resting observer (Arbib. lggl'r. ,!g5;.

Accordingly the dislocative spatial transformations of the resting person may
be studied. Like in motion and motion perception a split in the body orientation
and the visual field may be focused. This split is showu lrv Ernst Xlach (Fig. 2).
There the visual field is related to the left eye of the head. but the body seen
within this field has a different orientation.

rt2



A further moving visual field, even unlinked to the body focused the telep-

resence studies of K.U. Smith and W.M. Smith (1962). There the visual motor

information of the acting hand. taken by a camera in any position around in

space, was transmitted to a video screen in front of the acting person to control
their own motor activity. In this case the acting individual became also his own
observer of his somehow dislocative intentional movements. This are transfor-

mations according to the internal organisation of spatial reference (Fig. 1 and
Fig. 3). The intentional movement of persons in their double role as the acting

self and their own observer recorded no problems, but these arouse when there
was delay in the visual report. So obviously visual information serves not only

as spatial t'feed forward" information, but covers any slower processes in spatial

movement and action. This way the steersmen behind his wheel interrelates the
physical boat and the physical landscape within the frame of a given time and
space - where the delayed reaction of the machine in the water only can effect
in extrapolated future positions which are beyond the personal actual spatial
position and beyond personal actual time.

4 Certainty in Anticipatory Mapping Processes

Short distances might be seen as predictive or extrapolated from the body spatial
frames (Rosenblueth, 1943). But a steamboat reacts in really and long distance
predictions must include even invisible reefs, which are known in advance from
maps. There are alike spatial transformations which help to reach around many
corners an invisible goal in a town just by reading a map in advance. Such orierr-
tating localisatorial mapping processes, which pathological defects are classified
as topographical disorders (Beaumont et al. 1996, s.v. topographical disorders).
must be distinguished in their certainty, where somnambulistic localisational cer-
tainty is proverbal. There seems to be a map-based orientation predominant to
any optic flow. Alike the steersman can not estimate the path in advance from
the optic flow he gets from a scenery. He must be certain in the consequences
of his doing according to the interrelation of the physical properties of the boat
and the physics of the environmental space. All the relating efiects of his act-
ing must be seen as a kind of extension of his proper personal space and time.
The everyday life is full this personal certainty extended to the environment even
in the simplest cases. To carry something with success, we must be certain in
advance about the leading object qualities. To avoid failure we have to be cer-
tain if something is not too fast for us, or too high or too fa,r, or too hot, too
heav5 too big, too slipperS too sharp, too fragile or perhaps too expensive or
misfitting. Though we may suggest, that all this was learned by experience, still
the question is remaining, how the factiral qualitative certainty is established to
start the intentional movement at a certain spot at a certain rnoment. The ar-
gument of "experiencen does not meet the factual aspect of physical anticipation
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Fig. 4: Example "virtual physical bottle" (h : 19 cm; v : 1.04 l) )to measure
the physics of shape and its visual realisation. The "bottle' is a set of

numerical coordinates in the relational data base.

in purposeful movement anyhow - neither in reflex like motor response nor in the
needed object identity and the reacting personal coordinate dependency.

4.1 The Anticipation of Object Qualities
Though the intentional tremor was studied by drinking from a glass, for the fol-
Iowing experimental design, instead of beer glasses or goblets, the qualitative
content anticipation by shaped glass bottles was studied. Bottles have closed
surfaces. Their content can not be spilled. And there is some knowledge of bot-
tles in terms of generalised cylinders since the early speech bound AI suggestions
by Hollerbach (Hollerbach, 1976). Shape is the main quality of object cànstancy
related to the personal space. But shape in size also is the precondition of quali
tative and quantitative physical object properties. To get the physical propérties
related to shape properties and following permutation, a system had to be de.
signed to calculate contour based physical properties from virtual objects (Steck-
ner, 1995b) (Fig. a). The related techniques actually addresses single objects,
but in the given context the qualities of shaped objects must be controlled by
quantitative statistics of shape (Steckner 1992), which also is a wide field (Small,
1996). And to understand the intermediate function of shape related to'object
quantities and qualities on one side, and to the understanding of shape by vision
series of rnultivariate analyses had to be made in advance.

Then, to understand the physical shape in its relation to the visual field and
the personal space, the depe.dencies in the act to carry a shaped object were
addressed. The test was designed as a marketing test. In this envelop. the phys-
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Fig. 5: Result of the visual appearance related tothe composite bottle "G'.

The segment 2 which is addressed to the hand and the buy (Kauf) is dominant.

ical constraints of shape. which constitute the identity of the object. could be
included as lvell as names. econornic lalues and the estimation of physical prop-
erties to motivate the intentiou to carry the given object. Shape as a constraint
of physical properties. interrelates the fielcr of vision to the hand to carry. The
conjoint measurement analyses the objective constraints of shape to the percep-
tion of these physical properties. From a permute mix of sections composite
objects are formed. The stimulation by shape, related to its physical properties
was asked in a test of visual eraluation: Would you carry and buy this? And so
the shape based estimation could be related back to the physical facts.

The primary information came frorn a representative set of characteristic bot-
tle shapes, covering milk, water, beer, wine and champagne. These objects were
scalecl to equivalent l'olume. then cut by mouth, neck, body and foot. These re'
sulting parts were mixed and from the table of permutation a subset of composite
bottles was chosen. These composite bottles again were scaled to equivalent vol-
ume to represent the objects for the test (Fig. 5).

The result of the opinion-polling was merely astonishing. Tall composite
bottles the same wav were overestimated in their volume, as the square composite
bottles were underestimated. This error did best fit to what is seen in the market
in concern of high and low prices and difierent qualities. But there was one of
the composite bottles (G) just between the extremes with a high rate of carry
and buy interest (Fig. 5), which had a shape which also represented best the
objective shape and volume relation (Fig. 6). The overestimation of the tall and
the underestimation of the square bottles hardly may be understood as a function
of experience.

1,!

1
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Fig. 6: The composite shape "G" represents best estimatio' of physical
qualities. While the horizontal line represents the physical volume, the other

composite shapes were either underestimated in their volume like "8" b,v b0 %,
or overestimated like "F" b)' 160 %.

The conjoint measurement is a typical third party experiment. which just re.
gards the transformation in input and output. The consequence of the detectetl
relation of the objective properties and its arrticipating knowledge was the at-
tractiveness of G to be carried and bought. -{nd the visual dorninated estimation
was rnisleading in the shape of all bottles. except for the composite G - as if the
hand had directed to the facts- Could this successful i.reterrelation of ha.nd and
vision be a function of the related operating space in coordination with the visual
field? And how could a hand anticipate the physics of a bottle's shape?

4.2 Shape Anticipation in Purposeful Movement
To switch the position from the observers p<lsition towards the space of the ol>
served, we ûray take a position in the eye level of the observed. Ftorn this positiou
the operating space is in the 'isual field and the object detected bf its shape.
A film made from this calnera position shows clearl-v. that there are anticipating
goaldirected movements, unrealized by the person. While the person focuses the
goal, the ha.nd. entering the visual field, is twisting arountl in the direction of the
goal. Then the hand shapes to fit to the body of the bottle. The hand becornes
more and more related to the position of the head and the axis of focus while
moving fast directly towards the object to be carried. There is no hesitation as
ifthere were not only an anticipating knowledge of the bottles shape but also of
material and weight (Fig. 7).
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Fig. 7: According to internal references (see Figs. 1 and 8) the hand is shaping

the negative form of the bottle in advance to take it. This kind of

complementarity indicates clossmodal mapping processes to transfer visual

information to the grasping hand (see Fig. 8).

The film of such a personal movement suggests a visual based knowledge of

the physical properties to success. Even in respect to unknown objects there is

appa,rently sufficient visual information to prepare the shape of the entire hand

to fit the bottle standing on a table or even in a shelf, where the operating

space and the head related visual space overlap. Ahvays the shape of the hand

becomes the negative anticipatory map of the object to be carried, based only on

visual information. Or is former experience involved here? A different experiment

design may help to decide.

5 Anticipatorial Maps in Purposeful Movement:
the Red Bell Experiments

In this class of experiments first a red bell had been the object of observed in-
trospective experiments, to include the qualities of shape, material and related
sound and colour. The last qualities are omitted here, to address mainly an-
ticipation in shape and spatial orientation. Roger Penrose in this context had

addressed the interest to Kornhuber's 1979 experiment (Pernrose, 440), suggest-
ing a foreknowledge of the intention to flex finger. My interest was to get the
anticipatory map in this foreknowledge, constituting the path of the purposeful

movement.
In general there are diferent positions in environmental space to scan the

anticipatory movements. Among these there are positions where the observer

and the self become identical - as in the'view of Ernst Mach (Mach, 1918; Fig. 2)
and in the Smith experiments (Smith, 1962: Fig. 3). Visual tracking instruments
imitate this by fixed environmental positions. Some catch the eye movemenùs,
and related to the operating space, recent systems track hand gestures such as
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Fig. 8: From the perspective view of the visual field the true object is mapped
as a haptic sensation in correct size and orientation inside the palm

immedeately. The three slides show the twisted right hand of the observed. The
contour of the object map in the palm is outlined by the left hand. For the path

of this crossmodal transfer see Fig. 1.

the hand tracking system SIVIT (virtual touch screen). Alternatively the walls
of a room give the primary coordinates, and the body movements are tracked in
relation to these. This performed in 1983 the Critter Interaction in Videoplace
Installation by Myron Krueger. To some extent eyemovements and gestures give
access to sufficient information to extrapolate intentional activity. The rclated
personal paths and the goals are already designed. And there is no access to the
internal references to constitute these intentional paths. Fortunately there exist
alternate methods of experimental investigation (Mach, 106).

5.1 Anticipatorial Maps made visible

The circle of Cassirer, Stern and Werner had access to methods to observe the in-
terpersonal processes of object or symbol formation (Steckner 1993b). The films
recording such investigations and the related manuscripts were lost or destroyed
intentionally in the years after 1933. The "red bell" experiments are a redesign
of certain experimental aspects in the access of internal object references to or-
ganise intentional movement. According to the transformations involved, these
references may be understood a^s maps to guide the intentional movement. Four
experiments will give access to different aspects in the related maps. In general
in these investigations, the visual attention of the observed is bridged by touch
to stimulate the crossrnodal transfer.

5.1.1 Experiment A:

'Ihe person to be observed is sitting in front of a table. On the table, about
at arm length, a shaped stone of about 65 mm * 55 mm * 8 mm is positioned.
The person is asked just to look at this stone, while a camera on the shoulder
clearly records the time and the shortened shape realized in the perspective of
the visual field (Fig. 8). Both hands of the observed are in front of the body just
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cornfortable on the table. the palm flat. The observer is sitting at a side of the
table. He is pointing the stone with one hand, the other touching the back of
the hand on the table to stimulate the sensation of touch. The sensation of the

objective shape occurs in far less than a second on tlte palm on the table. The
palm of the relaxed hand still is invisible to the observed and the observer, but
if the person is asked to outline the sensation on the turned hand. clearly this
it is the real shape. not the shortened one . The video record of the experiment
then shows the shortened. incorrect shape in perspective and the corrected shape
outlined as on the palm.

The mapped haptic sensation of shape, as described by the observed, also
includes ma.terial qualities such as surface and somehow the weight. But is this

nap of the tme shape just follorving vision? Or is it a kind of productive fantasy
or nrere knowledge and memory? The next experiment may help to decide that.

5.1.2 Experiment B

The stone on the table is twisted towards the visual field of the observed. and
again the directed concentration is asked. After about a second the shape of the
stone occuls a.gain in the palm on the table. but the shape now also has twisted

in the palm" while also the whole hand has a tendency to twist slightly for a

better fit. This clearll' as an anticipatory body response covering the personal

visual space and the personal body space of the observed.
If this seconcl experiment is following immediately the first, still an afterimage

of the first position is felt. superposed by the new object map of different orien-

tation. Not only the map twisted according to the object position proves that

these maps are anticipatorSr because thel'follow the actual view. Also the overlay
of the new shape-corrected and trvisted map, felt simultaneously with the first,

clearly unveils actual information to be communicated and transformed, and not

at all knowledge or experience. Shape is dominating in the qualities mapped.
Therefore the mapping clearly is related to the personal processes forming object

identity and constancy.

5.1.3 Experiment C

The visual field (as shown in Fig. 3) is moved independently towards the personal

space of the observed person. Again the shape is mapped objectively on the palm

and the position of the hand is corrected according to the relative position of the
stone. This experiment in its variation is the precondition of remote anticipatory

mapping processes. This way the object formation clearly bridges time and space

from the location and orientation of the observed to the location and orientation
of the visual field.
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5.1.4 Experiment D

The object is moved within the visual field unreachable by hand. The stimulation
of the hand is bridged over the spatial distance. Again the true object is mapped
in the palm. This kind of investigation combined with the dislocation of the visual
field gives the possibility at hand to touch true things in unreachable places and
over long distances. Though not performed yet, it should be possible to touch
true things on a planet somewhere far in space. The visual information for the
personal visual field and the bridging just has to be synchronised. This could
perform be a new key in telepresence.

5.2 Shape, Space and Time

The anticipatory maps, though they occur in less than a second, rnay last for
hours. Like Contingent Perceptrral Afterefiects. sometiures the maps return after
two weeks. But these mapping processes are transfèrred across the modalities,
and in some cases the focused object may first produce an intensive smell and
then the true shape, the feeling of the specific object material qualities (Nlach.
6 ) .

Further experiments have shown that larger objects - which do not fit into
the palm - are mapped by those parts of their shaped surface the hand possibly
could take. like the neck of a bottle or the shoulder. This indicates that there
is a wider spatial frame of the mapping processes. And it is quite possible that
movements of larger scale. and perhaps even motion in landscape is based on this
kind of mapping processes (Mach, 93).

The true object shape is the dominant sensation in anticipatory nraps. Shape
in the sense of "Gestalt" seems to organise the mapping processes in anticipation.
There spatial qualities meet time. It is known that in purposeful movements the
fastest comrnunicative processes are bound to the slowest. Roger Penrose in
this respect addressed Libet's experiment (1989, 442). So there should be a time
related function in shape so far visual information prepares the most rapid bodil;,
response to the environment.

This time aspect in shape may be demonstrated by certain puzzles, where lines
have to connect given sets of ordinal numberc. There point f I is connected to
point f 2, and a further line joins the next item. This procedure is rather slow -
until someone is realizing the shape organising the given array of ordirral numbers.
Then immediately the shape organising the array is found. Any discursive process
takes time. summing up tl { t2 + t3 * ... But if the shape is detected, at once t
comes close to 0. It is suggested. that this kind ofobject shape detection bases on
generalised cylinder transformation (Guski, 1996, 195), but such an explanation
does not touch the time critical interrelation of the active personal space and the
environment.
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6 Feed-Back and Feed-Forward in Formation

In his papers related to the experimental approach to personal space and time

Heinz Werner, then in the US, tried to explain some of the results to the new

behaviourism dominated audience. Again, like Cassirer, he has some of the ar-

guments of Kurt Goldstein, but now to gain some plausibility for the spatial

relativity and switching realities in personal entities, who live in their personal

time and space boxes to coordinate the difierent streams of communication to

be able to act and fit their environments. Now Werne,r found himself in an new

environment with different spatial and timely adaptions and wrote in Brooklyn

his article on lMotion and motion perception: a study on vicarious functioning"

(Werner, !945), "to und,erstanil the paradoxic relat'ionship between motor actiuity

anil motion aàsion in terms of a ilynami,c theory of percepti'on " These experi-

ments followed the introspective observations in teleological behaviour by Ernst

Mach (1918, 152), who had found, "ilass bei festgehaltenem Auge d,ie ruhend,en

Objekte d.urch die blosse Beuegangsintention d,es Auges eine Verschiebung int

S ehraum erf ahren tnueEsen.t'

Any intended as well as the unsuccessful motor activity dislocates the goal

in perception (werner, 1945; 1964, 26). The detected intermediate anticipato-

riai mrps anchor the paths and the visual object' Obviously the disturbances

in goalàirected motor activity are transformed back to vision vice versa. The

misleading transformations then either result in motion disturbance or comple-

mentary dislocative eflects, the recorded pathologic cases of multiple object real-

ization inclusive. And because object dislocation and motion both are bound by

the fundamental mapping processes, the interrelatiou of the path and the estab-

lished goal will increase the intentional tremor, the closer the hand is approaching

the goal. To these fundamental anticipatory mapping processes the consciousness

has no direct access to, neither to correct the following path, nor to correct the

localisatorial efiects - or even to bring both to balance. The visual feed-back

in motion has not access to the suggested cartesian frame (Smagt, 1998, 75f.).

Instead, the aaticipatorial mapping processes both in the visual feed-back in mo-

tion and the motion feed-back in vision form a self-sufficient system according

to the personal space - which the observer may describe only to some extent by

Cartesian positions.

Obviously fundamental purpose of this map-based interrelation in vision and

motion is the unification of the broad variety of personal communicative streams

by a normalised space a,nd a normalised time, not only to design and optimise

goal directed personal acting in environment, but also to allow the interaction

àf different individuals, which as humans all act on behalf of the same kind of

transformations. The maps, made visible by the experiment, actually transform

environmental information to a communicative normalised space and time frame.

There the observer meets the individual persônal space of the other, realizing

these mapping processes to link vision and grasp. And apparently similar map
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ping processes are determinative factors in the bipolarity of motion and motion
perception (Werner, I 945).

The original definition of an anticipatory system is "... o system containing a
predictiae mod,el of itself and/or its enuironment, which allows it to change state
at an instant in accord with the model's prediction to a latter instant." (Rosen,
1985) But as shown, the actual space and ïime frame in consciousness is the result
of a stream of bridging processes from personal space and time to the environ-
ment and back. So apparently there should be a distinction in anticipatory maps
which address the common reference in time and space, and "virtualn anticipa-
torial maps in active personal space and time to bind the personal paths and
constituted goals. [t is a suggestion to call the first kind anticipatory maps,
but anticipatorial maps the maps in active personal processes (like "virtual",
o'localisatorialt' or "pictorialtt ).

7 Conclusion

" Thus my table-top is named, square, after but one of an infinite nu,rnber of retinal
sensations which it yield,s, the rest of them being sensations of two acute and, two
obtuse anglesl but I call the latter perspectiue uiews, and, the four right angles the
true form of the table, and. erect the attribute squareness into the table's essence,

for aesthetic reesons of my own.." (James, 285)
The investigated mapping proc.ess constitutes both the constancy of such a

true object and anchors the path to guide the grasp. A variety of experiments
has shown, that the reference of all intentional goaldirected movement is this
kind of true but virtual object representation within a twofold personal space
(Experiments 1- 3 and 4 - 7). This also is the key of complementary object and
path perception - a.nd of haptic telepresence (Fig. 5 and 6 and Experiments
A-D). Thus the investigations in perceptural thing-constancy by Egon Brunswik
(Teuber, 1978, 338) and the Sensory-Tonic Field Theory by Heinz Werner (Av-ant
& Helson, 1973, 427) and their followers just have different views of the same
mapping processes. The related transformations base on a crossmodal transfer
according to the spatiotopic organisation of the cortical maps and the organisation
of a manyfold personal space.
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