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Phase Transitions in Psychoemotional Development 
N . B i s c h o f 
Psychologisches Institut der Universität Zürich, Biologisch-mathematische Abteilung, 
Attenhoferstr. 9, CH-8032 Zürich, Switzerland 

Abstract. 1. Figure-ground distinction can be observed not only in perceptual (i.e., appa-
rently physical), but also in emotional (i.e., apparently psychical) phenomena. 2. Seif and 
Other are primarily emotional complexes. 3. Both of them can be experienced in a figure-
like, but also in an background-like ("medial") State. 4. The phases of psychoemotional 
development postulated by psychoanalysts can be reinterpreted as being Steps in a transition 
of Seif and Other from a medial into a figural State. 5. This succession has the propcrües of a 
synergetic process, with "autonomy claim", a construct introduced in the framework of the 
"Zürich model of social motivation", acüng as a control parameter. 

1. The Problem of Developmental Phases 
Düring the first half of our Century, psychologists used to conceive of child development in 
terms of more or less articulate phases. Typical for this approach was the doctrine of Sig
mund FREUD, who divided psychoemotional development into an "oral", an "anal", and a 
"genital" phase. A mysterious general drive energy, called "libido", was thought to float 
through the body and concentrate, in turns, first in the mouth region, then in the rectal zone, 
and finally in the genitals. Once having arrived at this ultimate destination, genital libido was 
believed to seek its first external object in the other-sexed parent. Jealousy and hatred would 
then be directed against the same-sexed parent, who, in turn, threatened to castrate his infan-
üle rival. That's why the "genital" phase was also labelled "oedipal". 

There were other, and less fanciful, phase doctrines in developmental psychology, to be 
sure. Nevertheless, under the influence of classical behaviorism, the idea of developmental 
phases got altogether into a bad reputation. Development was now regarded as a continuous 
flow, proceeding in infinitesimally small leaming Steps without any breaks or cuts. Phase 
doctrines were suspiciously reeking of maturaüon, and to believe in maturaüon was feit to be 
nativistic and Aristotelian. 

Psychoanalysts did not bother about this too much, mainly since they did not take notice 
of the goings on in academic psychology, anyway. Somehow they were well advised to do 
so, for thus their theory survived the behaviorisüc ice-age wiüiout unnecessary deformation. 

Meanwhile, synergetics has imparted new actuality to the concept of phase transitions. 
Message has not yet got around to developmental psychologists, let alone, psychoanalysts. 
But it is well conceivable that synergeücs could provide theorizing in these areas with new 
paradigms and help to better elaborate whatever is true in FREUD'S ideas - since, after all, these 
ideas seem to have some heuristic value in clinical casework. 

2. Some Considerations concerning the Phenomenology of Emotions 
The Contents of our immediate perceptual awareness, frequently summarized as the 
"phenomenal world", are not a mere facsimile of the Stimulus manifold, but rather a product 
Springer Scrics in Synergetics, Vol. 45 Synergetics of Cognition 
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of information processing activities going on in our perceptual System. Gestalt psychologists 
have contributed substantially to clarifying the principles and categories according to which 
our phenomenal world is generated. Among the most thoroughly investigated categories of 
this kind is the distinction of "figure" and "background", or rather, "figure" and "medium", as 
I shall prefer to say. Let us for a moment recapitulate the phenomenology of these perceptual 
categories. 

1. Figures, and they alone, have b o u n d a r i e s . Boundaries don't punch holes into the back
ground. Since it is the boundaries which determine shape and character, only figures possess 
an individual physiognomy. The medium remains amorphous, inconspicuous, unbounded, 
and unfathomable. 

2. The medium is i n v a r i a n t . It controls the zero level of adaptation. Conspicuous chan-
ges of the medium as a whole question for a moment its medial State since they, as it were, 
lift its incognito. Normally (like, e.g., in the case of gradually changing background Illumi
nation) they escape our attention since we quickly habituate to them. 

3. Notwithstanding its apparent neutraiity, the medium is highly inßuential. It strongly 
effects the appearance of the figures embedded in it. A Single candle hardly noticed in füll 
daylight turns bright and shining at dusk. Unlike the interacüon between figures, which falls 
under the category of apparent causality and is therefore perceived as arbitrary and fallible 
(like, e.g., a football missing the goal) the medial frame of reference acts like a fate inescap-
ably imposed on the figures according to an obscure law. 

All this is well known as far as the perception of p h y s i c a l objects is concerned. But, as 
again Gestalt theorists have emphasized [1], our perceptual world contains not only appa-
rently physical phenomena (like, say, the temperature in a given room), but also the so-called 
"tertiary qualities", i.e., apparently psychical or, more specifically, e m o t i o n a l phenomena 
(like a relaxed, or hostile, social "atmosphere" in that room). 

Figure-ground distinction, though having been studied in physical phenomena only, does 
apply to emotional phenomena as well. It relates roughly to the distinction made in German 
between "Stimmung" ("mood" or "atmosphere") and "Gefühl" ("feeling"). 

Moods and atmospheres are background emotions, i.e., media without a clearcut contour, 
impressions which shed a particular psychic coloring onto the whole phenomenal world. The 
woodcut of Edvard MÜNCH shown in Fig 1 a, called "the cry", may serve as an illustration. It 
reflects the State of an observer who is confronted with the anxiety and despair of the depicted 
person, the impression being so overwhelming that it irradiates and fills the whole ränge of 
the observer's phenomenal world. He gets engulfed by this omniprescnt m e d i u m of panic and 
Starts feeling anxious for himself. 

Quite different from such an effect of "emoüonal contagion" is the message conveyed by 
another example of MUNCH'S art work (Fig. 1 b), called "the day after". Here the other per
sona emotional State is perceived in a figural condiüon. We readily sense that blcnd of doom, 
exhaustion, triumph, and certitude of having passed over the point of no return. But all these 
feelings are kept confined to this other person lying on the bed over there; they remain being 
her business alone. Like in the case of emoüonal contagion, it is my, the observer's, brain in 
which this impression is generated. But still, I experience it as somebody eise's feeling, 
sharply distinet from the rest of the emotional coloring of my phenomenal world. This form 
of emoüonal transfer is known under the label of "empathy" [2]. 

In still another one of the same artist's lithographies (Fig. 2), carrying the title 
"jealousy", we are presented with an emotional f i g u r e - g r o u n d d i s t i n c t i o n : The feeling of 
jealousy is concentrated on and confined to the self-conscious Ego in the foreground, clearly 
set off against the medium of erotic heat emanaüng from the couple in the backscene. 

Both myself and another person may hence be present in my phenomenal world not only 
as a physical body, but also as an emotional complex. And both can be experienced as a fi
gure, or as a medium. When psychoanalysts make a distinction between "the Ego" and "the 
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Fig. 1. Emotional contagion vs. empathy: Graphic art by Edvard Münch, (a) "The cry". Lilhography. 
(b) 'The day after". Dry-point etching. 

Fig. 2. Emotional figure-ground distinction. Edvard Münch: "Jealousy". Lithography. 

Id", or when William JAMES [3] differentiätes between "Me" and "I", they refer basically to the 
figural and medial aggregate State of my own psychical Ego as a phenomenal reality. 

The same distinction applies to the appearance of the phenomenal You. We may experi-
ence another person as an individual partner, but he may also appear as a personally irrelevant 
agent of a boundless and anonymous social power. One may come across marriages in which 
one person floats in his partner like an embryo in its uterus, or which fail, since the partner 
for understandable reasons refuses to partieipate in this game. 

Psychotic persons suffering from a pathological weakness of Ego boundaries may ex-
press this engulfment by a parental medium quite directly in their graphic produets, like this 
Swiss Schizophrenie patient who portrayed William Teil and his son (Fig. 3). 
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Fig. 3. "Guillaume Teil". Series of four drawings by a Schizophrenie patient with persecution paranoia. 
From [4]. 

As indicated by the last example, it is particularly the parents who lend themselves to 
being perceived as emotional media. In infancy and earlier childhood, this is by no means a 
pathological phenomenon, as we shall see in a moment. First of all, however, we ought to 
concretize the implications of our terminology. When translated into the emotional realm, 
particularly into the emotional appearance of the parents, the three distinetions of figure and 
medium listed at the beginning of this paragraph have the following analogues. 

1. Parents in a medial State have no proper name, they are a n o n y m o u s , like Daddy, 
Mom, or God. Their existence is an absolute matter of course, without contingency, particu-
larity, and distance. They have no individual character, since this would imply their being in 
a way one-sided. They are just perfect. 

2. The parental medium is devoid of a personal biography; it is a h i s t o r i c . It has never 
been in the making, nor will it ever change. "I am who I am", says Jahwe. Old photographs 
showing that the parents were children themselves, that they had their youthful years in 
which they met and feil in love, may therefore have a disquieting effect on children who still 
require a parental medium. 

3. Whatever medial parents do is bound to be m e a n i n g f u l . They are omnipotent, omni-
present, and omniscient, and therefore do nothing inadvertently or at random. Their influence 
is silent and inescapable. 

The same three points apply also to the appearance of one's own Seif. 
1. As a medium, my Ego is u n c o n s c i o u s of i t s e l f it cannot be reflccted upon. It has, in 

the Chinese sense, no "face" to lose. What my mirror image bears witness to is always my 
figural Seif whereas, as a medium, I am the boundless Substrate and theater of my entire 
world. Psychologically, Adam and the Paradise are one and the same. 

2. The medial Seif is simply present. Its existence does not project itself into the future, 
nor does it carry responsibilities out of the past. Eternal life is among the Privileges of Para
dise. 

3. My medial Seif behaves out of intrinsic necessity, not according to plans and arbitrary 
volition. It acts according to the "primary process", as expressed in psychoanalytic terms. 
The experience of one's own free will is an equivalent to figural Ego boundaries. 

So much for this distinction. I have discussed it rather extensively, since the transition of 
"Seif and "Other" experience from a medial into a figural State plays an important role in 
psychoemotional development and may be a suitable basis for a reinterpretation of FREUD'S 
phase doctrine. 
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3. A reinterpretation of Freud's phase doctrine 
3.1 " O r a l " phase 

There are many indications that during the first year of life, in FREUD'S "oral phase", neither 
father nor mother nor the infant's own Seif are articulate emotional figures. All three are still 
ubiquitous media, merging into a virtually homogcneous atmosphere. 

Child psychoanalysts speak of this State as a "symbiosis" between infant and parents [51. 
Some go so far as to even deny the infant's ability to distinguish "physically" between his 
own body and the body of his mother. This is doubtful, however, since the infant could 
hardly survive such a gross perceptual illusion. The point at issue is not the physical appea
rance of mother and father, but rather the parental, caregiving a t m o s p h e r e which is not yet 
confined to the parents' bodies but exists as a kind of force field filling the whole phenomenal 
world whenever the parents are physically present. 

Likewise, the Seif s own body and his limbs are, p h y s i c a l l y , perceived as figures. But at 
the same time, the Seif is e m o t i o n a l l y omnipresent; the things encountered have a physio-
gnomy of belonging-to-myself, relating-to-me, existing-for-my-sake, I am the rationale of 
their presence. Like the Brahmans say: "Tat tvam asi" - all that lies out there is Yourself: 
whereever you turn, you encounter your own traces. This Ego atmosphere merges with the 
parental medium, and their totality fills the world to the horizon. 

3.2 " A n a l " phase 

Around the age of 18 months this idyllic scenario changes substantially. Now the Seif con-
denses to a figure. The infant is now capable of recognizing himself in the minor, whereas 
previously his mirror image had just appeared as a playmate [2]. The marginal contrast be
tween the newly emerged figural Ego and the surrounding social medium is frequently 
expressed by obstinaey and tantrums of negativism. World experience is now no longer sym-
biotic, however still egocentric. FREUD had called this age the "anal" phase, which is, in a 
way, symbolically correct since the sphincter's funetion is indeed to prevent uncontrolled 
passing of substance beyond the organism's boundaries. 

The birth of Ego as a figure is reflected in c h i l d r e n s d r a w i n g s . Originally, an infant's 
scribbling with pencil or crayon is a mere motor Performance. But after about 2 years of age 
the control of drawing activity is taken over by the intention to produce a permanent trace on 
the paper. And the first form thus created is, as a cross-cultural universal, a closed boundary 
or a circular concretion. 

Boundaries protect a figure from being engulfcd by the medium. At the same time, how
ever, they constrict and isolate the figure. In children's drawings, the closed circle is therefore 
usually complemented by a Corona of tentacles or antennae which, as it were, establish con-
tact with the environment (Fig. 4). Experts call this kind of figure the "sensitive globc" [6] 
and assume it to reflect the child's way of experiencing his own Seif - not so much his phy
sical body, but rather his emotional Seif, as w e may add in keeping with the speeifications 
introduced above. 

Sooner or later, the circle obtains a face, and the halo of tentacles differentiates into ex-
tremities. The form thus emerging is called "Kopffüßler" (cephalopode) in German, with 
reference to the arms and legs being normally attached directly to the head. In rare cases a 
trunk is already present, but if so, it forms just an appendix, without expelling the head from 
its centric position. In English, the same figure is called "tadpole", which alludes to its se-
cond important property, namely, to swim or hover in an indifferent equilibrium, without 
being subject to the pull of gravity. 
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Fig. 4. Earliest forms of seif representation. (a) "Sensitive globe": concretion with tentacles. (b) 
"Sensitive globe", circle with beginnig differentiation of face and feet. (c) "Sensitive globe", transition to 
"tadpole": Differentiation of arms, hairs(?), and even trunk. All three drawings by same Girl, aged 3; 2 
[years;months]. (d) "tadpole". Same girl, 3; 8. 
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3.3 " 0 e d i p a l " phase 

Aroiind the fifth year of life, the appearance of childrcn's drawings changes again. Two pro-
perties are characteristic of the graphic style now evolving (cf. Fig. 5 b): Firstly, the head has 
to yield its hitherto central position to a trunk. Secondly, the figure is now incorporated into 
a spatial frame of reference. The cephalopod has "landcd", as child psychologists use to say 
[6]. 

Of particular interest are the vertical bars at the right and left margin of Fig. 5b. From a 
comparative perspective, these lateral structures turn out to be quite typical. Frequently they 
are interpreted as being of semi-medial nature like, e.g., curtains or mountains (Fig. 6). 

The psychological meaning of the lateral structures is suggested by Fig. 7 b: They are 
the individualized residuals of the formerly homogeneous parental medium, which is now 
sensed to be torn asunder. 

Düring nondirective painting sessions offcrcd by special Studios as psychotherapeutic or 
relaxation programs, eider children, and even adults, readily regress to these early motives. 
Once they are capable of graphically expressing emotional qualitics in their drawings, child-

Fig. 5. (a) 'Tadpole", drawn with head still in central position, but beginning awareness of spatial frame 
of reference. Girl, 3;10 (by courtesy of Malatelier Verena Lunin, Zürich), (b) "Landed" human figure, 
with excentric head and clear spatial orientation. Girl 4;0. 

Fig. 6. Drawings with horizontal tripartition, spontaneously created in a free painting studio. (By court
esy of Malatelier Verena Lunin, Zürich), (a) Girl 4;8. (b) Girl 5;2. 
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a b 
Fig. 7. Psychological meaning of graphic tripartition: (a) hidden behind symbolic abstraction (Girl 4;9); 
(b) explicitly portrayed (Girl 4; 10). By courtesy of Malatelier Verena Lunin, Zürich. 

b d 
Fig. 8. Recapitulation of horizontally tripartite structure in children during "latency" period, with idyllic 
or ominous appeal. (a) Girl 7;5. (b) Girl 11;1. (c) Boy 10;3. (d) Boy 9;11. (By courtesy of Malatelier 
Verena Lunin, Zürich). 

ren endow tripartite pictures occasionally with an idyllic, but usually with an ominous, dis-
quieting atmosphere. The cleavage between the two lateral masses has to be bridged, and the 
bridging may be fragile and treacherous (Fig. 8). 

Sigmund FREUD has assigned "oedipal" incest wishes to the developmental age in which 
this type of drawings commence to crop up. The empirical evidence is, however, more in fa-
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vor of another Interpretation. Whereas in the first two stages the phenomenal world remained 
emotionally embedded in undivided parental omnipresence, now in the so-called "oedipal" 
phase the two componcnts of the parental medium segregate. With the discovery that the 
world has broken in two genders, and that even father and mother are substantially different in 
this respect, the parental medium loses its quality of being an unquestionable Warrant of 
security. 

It should be noted that the primal medium, though physically anchored in both parents, 
was basically m a t e r n a l in quality: Mom and dad may have exhibited different styles in hand-
ling the infant, but basically they were both busy "mothering" him or her. So, when the 
medium breaks, its female half remains what it used to be, namely, maternal. Due to the re-
duetion ineurred, hovever, it is no longer omnipotent. The blame can easily be put on the 
other half who now appears as an alien intruder. Especially girls should be inclined to look at 
it this way, trying to maintain the illusion of still living in an unimpaired matriarchal para-
dise, and to extrude father as an unwanted troublemaker. This loophole is not accessible for 
boys who, driven by identification with their father, are forced to follow him into his exile 
and therefore sense the decomposition of the medium much more dramatically. 
One of my doctoral students, Maria Teresa DIEZ, has investigated these processes more tho-
roughly [7]. She condueted individual experiments with 92 children of both sexes in an age 
ränge from 2;9 to 8;0. Their task was to play with a kind of dolls' house inhabited by teddy 
bears. The bears were made available in two sizes (adults and children) and also in two 
colors (brown and black). The Subjects were free to choose their dramatis personae, and to 
create the scenario. Usually, they played family scenes including one or both parental figures. 

After the play Session, the Experimenter inquired her Subjects as to which of the figures 
were particularly "dear" and "nice", and which ones were less likeable. Frequently the Sub
jects favored one or both parental figures. As Fig. 9 indicates there is in fact a Sharp break in 
parental preference around the age of four, i.e., at the time postulated by FREUD to be the on-

100% father _ ? i i i i 
preference I I I I 

23/4 3 3 / 4 4 3 / 4 5 3 / 4 6 3 / 4 8 
years 

Fig. 9. Ratio of preference for parental figures in individual "bear house" play sessions with 46 boys and 
46 girls. Abscissa: Subjects' age, grouped in one-year intervals (except in highest age group). Ordinate: 
Preference ratio of parents. Empty dots: Female Subjects. Black dots: Male Subjects. Large dots: Relative 
frequency of mother or father being named as "dearest" figure. Small dots: Relative infrequency of mother 
or father being impersonated by black figure or left out altogether. 

369 



sct of the "oedipal" phase. In the second age class, girls name exclusivcly their mother as 
being "dearest"; not a Single case of father preference was recorded, not cven in combination 
with mother. Boys of the same age, in contrast, prefer the paternal figure, albeit less exclusi-
vely so. 

According to FREUD'S classical theory just the opposite result would have been expccted. 
Psychoanalysts may entertain the suspicion that the children's conciously expressed preferen • 
ces were but compensatory. This interpretation seems doubtful, however, in the light of 
another effect shown by the curves with small dots. Here the r e j e c t i o n of a parent was used to 
compute a preference ratio, rejection being scored if the parent was impersonated by a black 
figure, or was omitted altogether. The effect is less drastic, but shows the same tendency as 
the manifest preference choices. 

4. Mythological para l le ls 
Occasionally, the tripartition of "oedipal" children's drawings is not horizontal, but vertical 
(Fig. 10), with the two fragments of the broken medium appearing in the guise of Hcaven and 
Earth. It is worth while considering that the same topic is also encountered as a recurrent 
motive in comparative mythology. 

Many myths deal with the origin of "the" world. Apart from some fundamentalists, 
however, nobody would still expect them to contribute to our knowledge about the making 
of the physical cosmos. Oddly enough, we continue to assign a deeper meaning to them. 
This puzzle can readily be solved if we realize that the truth of creation myths is not a cos-
mogonic, but an ontogenetic one: They may have been meant to explain the origin of phy
s i c a l nature; but they derive their intuitive plausibility from their being a reminiscence of 
developmental stages of the p h e n o m e n a l world in the consciousness of the maturing child. 

The "oral" fusion of all psychic media is mirrored in myth by the motive of a primal 
ocean filling the whole world. When time is ripe, out of this ocean a first figure emerges - an 
island, a plant sprout, or a golden egg layed by a bird on the water surface. The parallel to the 
first appearance of the "sensitive globe" in children's drawings of the "anal" phase is quite 
suggestive. 

Particularly conspieuous is the mythological equivalent of the "oedipal" phase: It is the 
widespread story of the Separation of Heaven and Earth (Fig. 11). Similarly, in one of the 

a b 
Fig. 10. Vertical tripartition. (a) Girl 4;5. (b) Boy 5;1 (from [61). 
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Fig. 11. Separation of heaven goddess Nut and earth god Geb by air god Shu in Egyptian mythology. 

two creation myths of the Bible, Elohim separates the "upper" and the "lower waters". Fre-
quently, the Separation follows an initial stage in which Heaven and Earth embrace each other 
in a primal coitus, or are connected by an umbilical cord, the rainbow (cf. also Fig. 8 a!), or 
a ladder. 

In her work with "oedipal" children Maria Teresa DIEZ has also addressed the question 
how her Subjects would respond to the mythological motif just mentioned. She presented 
them with two semi-elliptic plates painted as a blue sky with white clouds, or a grass mea-
dow with flowers, respectively, and watched the children spontaneously attach these figures, 
plus a little ladder, to a magnetic blackboard. 

The distance in which the two plates were arranged by the children is markedly age-de-
pendent, as shown in Fig. 12. In the youngest age group both sexes tend to bring heaven and 
earth into close contact. But already in the second age group the boys make an impressive 
spurt towards maximal distance. The girls seem to conserve the illusion of an unbroken 
paradise for a somewhat longer period. Only at the age of 6 they can no longer evade the ex
perience of medial segregation. 

Additional Information can be obtained from the way in which the Subjects sponta
neously handled the ladder. Some used it to expressively bridge the gap between heaven and 
earth; others employed it only for plucking apples or some other earthly purpose, or left it 
aside altogether. The thin curves in Fig. 13 show the percentage of bridging-the-gap Soluti
ons produced by the children of the respective age groups. They may serve as a measure of 
the uneasiness generated by the Separation. 

After this initial exposition, the Experimenter rearranged the plates in a Standard fashion 
with the ladder between heaven and earth, connecting both. Moreover, a set of little manlike 
figures were introduced under the name of "heaven people" (in blue) and "earth people" (in 
brown). The Subjects were then told the following story: 

O n c e u p o n a t i m e heaven a n d e a r t h w e r e s t i l l c o n n e c t e d by a l a d d e r . H e a v e n p e o p l e a n d 
e a r t h p e o p l e c o u l d c l i m b up a n d d o w n , v i s i t each o t h e r , dance t o g e t h e r a n d have a g o o d t i m e . 
B u t t h e n , one day, s o m e t h i n g happened. W h a t , do y o u t h i n k , has o c c u r r e d ? 

The stories thus elicited from the children could be grouped in three Clusters, which cor-
respond to the different shadings in Fig. 13. 

First, there were stories with an undramatic content: It happens "nothing", or "something 
good", or "it rains", or all people assemble in heaven, or on earth, or return where they came 
from. This category is denoted as h a r m o n y . 
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Fig. 12. Spontaneous arrangement of "heaven" and "earth" Symbols on a magnetic board by 92 children 
aged 2;9 to 8;0. Abscissa: same as in Fig. 9. Ordinate: Mean distance of the two plates arranged by 
children of respective age group. Symbols are scaled down proportionally, with the size of the ladder (30 
cm) on the left hand side as a basis of comparison. Ordinate scale: 5 cm. 

Another category includes all Solutions emphasizing a Separation of heaven and earth. Some 
Subjects pronounce this quite directly, others talk about the ladder collapsing due to a storm, 
or to a quarrel between earth and heaven people. Or: Heaven people fall down to earth where 
they must stay against their will and may even get killed - or, vice versa, earth people are 
suffocated in heaven, or they are caught in heaven, since suddenly the earth disappears. Or 
heaven people and earth people permanently change their residence. 

Responses which carried a sentiment of doom without, however, causally attributing it 
to heaven-earth polarization, were summarized under a third, intermediate category referred to 
as chaotic, not in the mathematical sense, to be sure. To this category belong, e.g.: Monsters 
devour earth people, or heaven people, or both. Or: Heaven and earth collapse. Or: Suddenly 
darkness closes in upon people preventing them from finding their way home, wherever they 
are. 

The data suggest that in the male sex the "oedipal uneasiness" does indeed set in by way 
of a phase transition, and more or less accurately at the age postulated by FREUD. In girls, 
however, the process is much more attenuated and reaches its climax only at an age which 
FREUD, probably quite erroneously, has labelled the "latency period". 

5. Psychoemotional development as a synergetic process 
Summarizing the indications thus far collected, we may Sta te that psychoemotional develop
ment in childhood seems in fact to proceed in a form which lends at least some intuitive ap-
peal to FREUD'S phase distinction. The psychoanalytic Interpretation of these phases, however, 
requires a basic revision (cf. Fig. 14). 
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Fig. 13 Summary of results of Heaven-Earth experiment. Abscissa: Same as in previous figure. Thin 
curves with round Symbols (ordinale scale on left hand side): Percentage of instances where ladder was 
used to bridge the gap between Heaven and Earth. Bold curves with Square Symbols (ordinate scale on 
right hand side): Heaven-Earth distance as shown in Fig. 12. Shading (ordinate scale on left hand side): 
Pecentage of "harmony", "chaos", and "Separation" story endings proposed by the Subjects. 

We propose to conceive of the "oral" phase as an age in which Ego quality and parental 
quality of the emotional atmosphere are still indistinguishable and strictly medial. In the 
"anal" phase the quality of Seif, according to this view, condenses to a figural Ego which 
occupies the center of importance, still embedded in, but set off against, the primal medium. 
Finally, in the "oedipal" phase, this medium is disintegrated and, as it were, lateralized. At 
the same time, the Ego loses its centric position and discovers himself, and others like him-
self, to be one-sided entities of only relative importance, governed by higher order frames of 
reference. 

Provided that this Interpretation is valid we can now address the question whether the 
phase sequence outlined qualifies as a synergetic process. To begin with, we need to identify a 
control parameter responsible for the transitions described. 

Again, a mythological finding can put us on the trace of a possible candidate for such a 
control parameter. There is a special class of myths which are structurally identical with hea-
ven-earth Separation stories, except that the motive of Separation itself is replaced by the quite 
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Fig. 14. Outline of proposed reinterpretation of Frcud's 
developmental phase doclrinc. Above: "Oral" Si
tuation. Middlc: "Anal" Situation. Dclow: "Oedipal" 
Situation. 

heaven-earth 
Separation 

primal 
scene 

unrest of 
growing 
central 
figure r i punishment progress 

Usurpation 
Fig. 15. Structural equivalence of Separation and Usurpation myths 
different theme of a U s u r p a t i o n , of the illegal attempt to appropriate a divine privilege (Fig. 
15). A classical example is the Jahwistic part of the Book of Genesis, the story of a father 
Jahwe who, in a primal scene with an equally preexisting mother Earth, begets the first Man, 
out of her mud and his spirit, then puts Adam into a paradise and vainly expects him to ap-
prove of himself being pampered and waiving forever the claim of autonomy and the compe-
tence to teil Good from Evil. 

Elsewhere [8,9] I have pointed out that typical changes of social motivation occuring in 
child and juvenile development can be aecounted for by a control mechanism which has been 
named the "Zürich model of social motivation" (cf. Fig. 16). Details can be found in the 
literature cited; suffice it here to say that the Zürich model is construeted around a central 
motivational construet, called a u t o n o m y c l a i m , which refers to a person's demand to extend 
his sphere of influence. This motivational State is hypothesized to go along with a desire to 
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Fig. 16. Zürich model of social motivation (reduced version). Right column: Social partner (P), being 
mirrored emotionally as a potential source of (1) security (as far as partner is familiär or behaves predic-
tably), (2) arousal (as far as partner is alien or behaves unpredictably), (3) prestige (as far as partner is 
rival), and (4) eroticism (as far as partner displays properties of other sex). Middle column: Subject's (S) 
motivational homeostasis in the four emotional dimensions named, depending both on deficit/excess of 
social input variable (1) to (4) and on four corresponding internal reference variables (viz., independency, 
enterprise, dominance wish and sexual libido). The latter are assumed to be corollaries of "autonomy 
claim", a motivational constmct denoting the wish to acquire and maintain unrestricted control over the 
ongoing events in the subject's life space. Autonomy claim is thought to (a) gradually increase due to 
maturational processes, (b) acclimatize, via accommodational feedback, to the prevailing social Situation 
which may require adaptive changes of the four reference variables. 

be social ly high-ranking, to be sexually successful, not to depend of the permanent presence 
of familiär caregivers, and to contact strangers. 

Autonomy c la im, as w e assume, is low in early infancy and increases steadily towards a 
m a x i m u m in early ado le scence , thus accounting for the juveni le 's insubordinance, his 
emigration from his family of origin, his growing social explorativity, and several other 
motivational changes occurring in child and juvenile development. 

It should be well understood that the Zürich model presupposes a c o n t i n u o u s , u n s p e c i f i c 
growth of autonomy claim. Nevertheless, if acting as a control parameter in a synergetic 
process , autonomy claim can be held responsible for phase transitions of the kind outlined at 
the beginning of this paragraph. 

In order to construct such a process by way of Computer Simulation, w e have to translate 
the emotional contents of "Seif, "Mother", and "Father" into the Simulation domain. This is 
done by representing them as three clouds graphically distinguished by different Symbols. The 
Symbols by themselves , to be sure, have no meaning; what counts is their density. 

The Simulation proper is based on three assumptions which are adapted from a similar 
model proposed by NAGASAWA [10] in a different problem context and mathematically in-
terpreted not strictly synergetically, but in terms of a SCHRÖDINGER equation approach. Accor
ding to these three assumptions w e postulate: 
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(1) A diffusion process among all particles. When left to themselves they spread over the 
whole world theater. Bounded figural feelings, that is, tend to dissolve into atmospheric 
moods. We readily fail to understand the present annoyance of a partner to be his very private 
affair, confined to within his phenomenal boundaries. All too quickly we tend to take it per
sonal, and let it grow into a paranoid impression of the "nobody loves me" kind. 

(2) A r e p u l s i o n tendency, rapidly decaying with distance, between unequal Symbols. 
Emotional confusion due to different qualities merging in one is thus assumed to have a cer-
tain, albeit weak, inclination to clarify spontaneously. 

(3) A uniform a t t r a c t i o n exerted upon all particles by the center of the modelling space. 
This assumption refers to the control parameter which, in psychological terms, is identified 
with a gradually increasing claim to incorporate the emotional Contents of the phenomenal 
world to within the Seif s own reach. Autonomy claim, that is, attempts to usurp control not 
alone over one's own Ego, but over the entire emotional realm, including the parental force 
field. Mythologically, the illusion of being entitled to exert power even over the protecting 
parental medium is depicted as the Original Sin. We introduce this control parameter by way 
of defining polar coordinates in the modelling space and interpreting the radius vector of a gi-
ven point in a Symbol cloud as a measure of the degree to which the corresponding emotional 
content is feit to be under the Seif s autonomous control. In the model domain, the wish to 
strengthen this control can then be interpreted as a uniform centripetal force field. 

At the beginning of the process (cf. Fig. 17 a), the centripetal force is assumed to be of 
negligible magnitude. This is the stage of the primal ocean, mythologically speaking, or, in 
psychoanalytical terms, of early infantile symbiosis. The three Symbol clouds still coexist in 
perfect mixture, provided the diffusion constant is sufficiently high as compared with the re-
pelling forces between different Symbols. 

In the course of lifetime, the control parameter is then assumed to gradually increase. As 
can be seen in Fig. 17 this leads to conspicuous changes in symbol distribution. As a first 
step, one of the three clouds occupies the center and forces the two other ones to form a dou
ble ring. The model enters into the "anal" phase, as it were. Mythologically, the first island 
emerges from the primal ocean. 

Which one of the three clouds makes it first to the center depends on the relative number 
of Symbols per cloud. In the present example the rhomboid Symbols outnumber the two 
other ones by a factor of ten to eight. This bias is already sufficiently strong to ascertain their 
centering priority. Strictly speaking, we thereby introduce a fourth assumption, which would 
psychologically correspond to the thesis that feeling oneself is slightly more intensive than 
feeling others. 

In the subsequent stagcs of the process the two parental principles get increasingly 
segregated and take, like two crescents, the Ego figure between themselves. The breaking 
central symmetry is supersedcd by an axial symmetry, like in children's paintings the tadpole 
yields to the typical tripartite structures. In the mythological parallels, Heaven and Earth are 
separated. The model enters its "oedipal" phase. 

Immediately following this tripartition the Ego is expelled from the center, or, 
mythologically speaking, from Paradise. He has coveted to engulf the whole world into his 
own ränge of power and is now punished by a loss of the hitherto warranted omnipotence il
lusion. In the field center, were the Seif s power would be unrestricted, now yawns a vacuum. 
The Seif painfully discovers that the parents are figures like himself, isolated entities with a 
personal destiny and private interests, rather than extended tools of his own desires. Even Ego 
himself is now realized to be partly heteronomous, since the other figures in his emotional 
space no longer allow him to return to the world's center. What occupies the center is, from 
now on, a black hole called Fate, an anonymous power that has all the protagonists in hand 
and is the true master of the World. 
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Fig. 17. Simulation of six subsequent stages of synergetic process described in text. Model specification: 
200 Ego particles (dark rhomboid Symbols), 160 particles of each parental quality (grey triangles or 
Squares, respectively). Diffusion: Brownian movement of random magnitude between 0 and 16 units of 
length per time step. Repulsion between particles of different quality: Hyperbolically decaying, with 
maximum (between coincident particles) of .07 units of length per time step. Attraction toward field 
center: Uniform magnitude, gradually increasing from zero by .03 units of length per time step. In the 
six stages shown in the figure, magnitude of centripetal force is 3, 6, 9, 12, 15, 18 units of length per 
time step, respectively. Field size: 300 x 300 units of length. Description of stages: (a) Symbiotic mix-
ture of all three qualities ("oral stage"), (b) Figural concentration of Ego in position of central impor
tance, surrounded by still unsegregated parental media ("anal stage"). (c) Beginning segregation of pa
rental media, (d) Climax of father-mother segregation ("oedipal stage"). (e) Beginning expulsion of Ego 
from centric position. (f) Decentered position of all three qualities. 

377 



6. Conclusion 
I am probably not mistaken in supposing that, to some readers at lcast, the previous ela-

borations may sound a trifte too fanciful to deserve being discussed in a scientific context. 
One may be Wi l l ing to concede that the idea of applying figure-ground distinction to the ex
perience of Seif and Other, unusual as it may sound to most psychologists, could possess 
some heuristic value in organizing a rather fuzzy area of phenomena. Also, the Computer Si
mulation presented is not particularly dcbatable in itself. The basic problem lies in the com-
b i n a t i o n of both ideas. Is it not simply premature to engage in a play of analogies, as long as 
empirical knowledge in the field concerned is administered solely by poets and psychoana
lysts? 

Moreover, the analogy proposed Covers only a few, albeit substantial, dimensions of the 
problem. The model predicts phase transitions of a gradually desintegrating mixture of mu-
tually repulsive components during waxing concentration. It does not, for instance, account 
for the development of b o u n d a r i e s around figures, nor does it allow for a coexistence of figu
ral and medial states of the same quality, and also the primarily maternal character of the 
symbiotic medium and the gender asymmetry resulting thereof is not taken into regard. All 
this, to be sure, could be accounted for, but then the model would lose its suggestive simpli-
city. 

It is exactly this simplicity, on the other hand, which may after all speak in favor of the 
ideas presented. If a model rests on only few, rather unspecific premises and is, nevertheless, 
robustly capable of producing a typical variety of nontrivial effects, it deserves attention. The 
process could well be general enough to emerge in very different areas of our experience, 
including such which nobody would, on first guess, associate with differential equations or 
Computer graphics. 

For the time being, it may be worth while to explore even mere potentialities of seif Or
ganization, just to make ourselves acquainted with the general typology of processes occur-
ring in this realm, and to sharpen our sensitivity for cross-connections whose hidden regula-
rity otherwise would have no Chance of catching our attention. 
References 
1 Metzger, Wolfgang: P s y c h o l o g i e (Steinkopff, Darmstadt 1954) 
2 Bischof-Köhler, Doris: S p i e g e l b i l d u n d E m p a t h i e . D i e Anfänge der s o z i a l e n K o g n i t i o n 

(Huber, Bern 1989) 
3 James, William: P s y c h o l o g y . The b r i e f e r c o u r s e (Harper & Row, New York 1961, Ist 

Edition 1892) 
4 Cocteau, Jean, Schmidt, Georg, Steck, Hans & Bader, Alfred: I n s a n i a p i n g e n s (CIBA AG, 

Basel 1961) 
5 Mahler, Margaret, Pine, Fred & Bergman, Anni: The P s y c h o l o g i c a l B i r t h of t h e H u m a n 

I n f a n t ; Symbiosis a n d I n d i v i d u a t i o n (Hutchinson, London 1975) 
6 Bachmann, Helen I.: M a l e n a l s Lebensspur. D i e E n t w i c k l u n g k r e a t i v e r b i l d l i c h e r D a r s t e l 

l u n g ; e i n V e r g l e i c h m i t den frühkindlichen Loslösungs- u n d I n d i v i d u a t i o n s p r o z e s s e n 
(Klett, Stuttgart 1985) 

7 Diez Hernandez, Maria Teresa: D i e i n n e r e n W e l t e n der K i n d e r i n der ödipalen Phase. E i n e 
e m p i r i s c h e U n t e r s u c h u n g (Unpublished Doctorai Dissertation, University of Zürich 1989) 

8 Bischof, Norbert: "A Systems approach toward the functional connections of attachment 
and fear.", Child Development 46, pp. 801-817 (1975) 

9 Bischof, Norbert: "Detachment: The breaking of bonds as a biocultural phenomenon." In 
P r o c e e d i n g s of t h e XXIInd I n t e r n a t i o n a l Congress of P s y c h o l o g y L e i p z i g G D R (1980) 

10 Nagasawa, Masao: "Segregation of a population in an environment.", Jour.Math.Biology 
9, pp. 213-235 

378 



Name Index 

AckJey.D.H. 171,178 
Adamczak,W. 111,124 
Adams, H.F. 209,212,214 
Adelson,E.H. 56,68,69 
Adrian, E.D. 96,113,124 
Aertsen, A. 111,124 
Aftanas.M. 214 
Ahmed, N. 248 
Ahumada, AJ.jr. 163,184 
Albrecht, D.G. 163,180 
Albright, T.D. 56,68 
Alberti,L.B. 337 
Alexander, S.T. 248 
Allesch, GJ.v. 338,350 
Alley,T.R. 331 
Altman.R. 123 
An der Heiden, U. 354,360 
Anderson, C.H. 226,232 
Anderson, GJ. 294 
Anderson, J.A. 3,15,23,29,31,36,50,54, 

58,61,62,65,66,68,69,163,166,178, 
181,205,213,350 

Andrews, B.W. 164,165,178 
Anstis.S.M. 208,214 
Anzola.D.P. 295 
Arbib,M.A. 211 
Arndt, M. 110,111,112,123 
Asanuma,C. 153,179 
Asatryan, D.G. 252,267 
Ashby.W.R. 153,176,178 
Atkinson, R.C. 183 
Attneave.F. 49,176,178,188,199 
Aubert,H. 237,248 

Bacall 235 
Bachmann, H. 378 
Baddeley,A.D. 51,266 
Bader, A. 378 
Badler, N. 267 
Baer,T. 268 
Bailey,W.J. 123 
Baird,B. 143 
Banzhaf,W. 31,350 
Barabsz,A.F. 214 
Barchas,J.D. 214 
Barlow.G.B. 183 
Barlow, H.B. 158,165,179,211 
Barreu T.W. 158,166,179,184 

Barron,R. 166,167,172,183 
Barsky.Y. 267 
Barüetl.F.C 43,45,52,422,426 
Basar, E. 30,110,111,123,124,211, 

213,214,266,360 
Basar-Eroglu, C. 111 
Basti, G. 96 
Bauer, R. 96,109,110,124,142 
Bear, MF. 96,97 
Beck,J. 182,199 
Beethoven, L.v. 153 
Bckesy.G.v. 148 
Bergen, J.R. 96 
Bergius,R. 50,51,212 
Bergson,H. 33,332,349 
Bergmann, A. 378 
Bergum.B.O. 213 
Bergum,J.E. 213 
Berman,A.L. 124 
Bernstein, N. 40,51,266,284,294, 

343,350 
Bertalanffy,L.v. 34,49 
Bertenthal, B. 267 
Bestehom,M. 30 
Bienenstock, E. 68,96,98 
Bischof, N. 50,361,378 
Bischof-Koehler.D. 378 
Bishop,G.H. 126,142,153 
Bishop, P.O. 221,230,247 
Black, M. 351 
Blumcnthal, A. 214 
Bogart, H. 235 
Bohm,D. 387,388,392,330 
Bolles.R.C. 295 
Boltzmann,L. 177 
Bootsma,R. 284,294 
Borelli 344 
Boring.E.G. 149,293 
Borsellino, A. 213 
Bott,K. 98 
Bourassa, CM. 213 
Bower,G.H. 
Bowers.P.G. 215 
Bracewell.R. 163,179 
Braddick,0. 227,232 
Bradshaw,G. 78 
Bransford,J. 51,267 
Bressler,S.L. 96 

Bridgeman,B. 158,184 
Brilloumin,L. 174,179 
Broadbent,D.E. 183 
Brooks, V. 199 
Brosch, M. 96,109,110,124,142 
BrousscO. 70,80 
Brown, J.F. 44,52 
Brügge, J.F. 63,68 
Bryan,W.L. 50 
Buchanan,J. 266,267 
Buehler,K. 51,355,360 
Bullier.J. 98 
Bunz,H. 10,12,30,51,252,266,294 
Burke,B. 111,124 
Burke,W.L. 330 
Burt,P. 225,231 
Burton,G. 294 
Butler, C. 29 
Butterworth, B. 426 
Caelli.T. 163,167,173,179,180,181, 

233,249,247,248 
Campbell, F.W. 158,179 
Cappone.MK. 214 
Carello, C. 267,269,292,293,294,330, 

331,350 
Carrin,A.B. 214 
Carterette,E.C. 183,247 
Caudill,M. 29 
Carlton, EM. 35,49,176,183 
Cattell,R.B. 213 
Cavanagh.P. 163,179 
Chagas, D. 184 
Chang.JJ. 227,230,232 
Cerlini,F. 213 
Cherry.C. 169,179 
Chomsky, N. 360 
Christina, R.W. 294 
Cläre, M.H. 126,142 
Clark, JB. 266,292 
Cocteau,J. 378 
Coffin,T.E. 209,214 
Cohen, A. 268 
Cohen, NJ. 80 
Cohen, R. 392 
Comrie,B. 426 
Cool,SJ. 180 
Cornsweet, T.N. 125 

427 



Cotterill.MJ. 111,123 
Cowan.W.D. 35,49 
Cowan,W.M. 230 
Crabus.H. 49,193,199 
Craft,J.L. 295 
Crawford,HJ. 215 
Creutzfeld,O.D. 201,211 
Crick,F.H.C. 96,153,179 
Crothers,J. 418,426 
Cutcomb.S. 214 
Cutting,J.E. 163,179 

Dahl.D. 426 
Damasio,A.R. 96,111,123 
Daniel, P.M. 248 
Dartnell,HJ.A. 148 
Daugman,J.G. 165,170,173,176,179, 

184 
Davies,P.W. 124 
Davis, PJ. 65,68 
DeGazman.G.C 267 
Delbmeck,T. 225,232 
DelColle,J.D. 266 
Dell,P.F. 394,404 
DeMarco, A. 213 
Denker, J.S. 29 
Descles.J.P. 426 
Dev.P. 183,224,231 
DeValois,KJC. 180,247 
DeValois, R.L. 162,163,166,180,184, 

247 
Dicke, P. 111,112,123 
DiezHernandez,M.T. 369,371,378 
Dirac,P.A.N. 167,180 
Ditzinger,T. 31,50,206,213 
Dixon.A. 331 
Dobson,V.G. 179,180 
Dodwell,P.C. 163,179,180,181,200 
Dolan,C. 80 
Dolby, R.M. 
Downs.R.M. 391 
Doyle, M.C. 414 
Dragoin,W.B. 295 
Driesch, H. 33 
Duerer.A. 337,338,339,341 
Duncker.K. 39,51 
Dyre,B.P. 294 

Ebeling.W. 31 
Eccles, J.C. 182,211,212,215,354,356, 

357,360 
Eckhom,R. 96,99,109,110,111,112, 

113,115,122,123,124,142 
Eckley D.H. 31 
Eckmiller, R. 29 
Edelman,G.M. 96,111,230 
Eeckman.F.H. 142 
Eggermont,J. 111,124 
Eibl-Eibesfeldt, I. 149 
Eigen, M. 49 
Eikemeier, H. 426 
Eikmeyer.HJ. 426 
Einstein, A. 175,298 

Eisner, N. 110,124 
Encke,W. 247 
Engel.A.K. 82,96,97,110,111,124, 
Epping.W. 110,111,124 
Epstein, W. 199 
Erke,H. 50,193,199 
Escher, M.C. 17,205 
Esso.C 229 
Evans, CR. 212 
Evans, R.H. 98 
Eysenck,HJ. 214 

Fallside, F. 63,68,69 
Feldman, A.G. 252,267 
Feldman,J.A. 350 
Fender,D. 231 
Fennema.CL. 56,68 
Feynman,RJ\ 165,167,180 
Field, DJ. 248 
FilImore,C 426 
Fioreniini, A. 164,182 
Fischer, B. 222,230 
Fisher, R. 265 
Fitch.H. 294 
Fitts,P.M. 295 
Flanagan, J.L. 164,180 
Flascher, O. 330 
Flechsig, P. 152,180 
Flohr.H. 30,110,123,124,211,266,360 
Fodor.J. 293,425 
Foerster.R. 237,248 
Foerstcr.H.v. 153,184 
Foglemann.F. 68 
Fomin,S.V. 267 
Forestall.P. 212 
Forster, K.I. 414 
Fourier, J. 165 
Fowler.CA. 267 
Francis, W.N. 414 
Franck,U.F. 52 
Fraucnfelder.lLH. 406,414 
Freeman,B. 97 
Freeman, WJ. 35,49,85,96,98,100,110, 

111,113,117,124,126,142,143,161, 
180,213 

French.A.S. 125 
Freud, S. 50,160,180,361,364,365,368, 

369,370,372,374 
Freund 302 
Friedman, M.P. 247 
Frisby.J.P. 225,231 
Fuchs,A. 31,267,350,384,385,391 

Gabor.D. 164,167,168,169,170,171, 
176,180 

Gaito.J. 183 
Galanter, E.H. 182 
Galle, W.E. 230 
Gallistel,CÄ.̂ 50 
Garcia, J. 295 
Garfield.L. 414 
Garner, W.R. 176,180,188,199 
Garrett,J.B. 215 

Garvin.B. 182 
Gaskill, J.D. 247 
Gassendi,P. 333,349 
Gatlin.L. 175,176,180 
Galtass, R. 184 
Gazzinaga,M.S. 392 
Gelb, DJ. 248 
Geldard, F. A. 157,180 
Geltand, I.M. 267 
Georgeson, M.A. 226,232 
Gerbino.W. 196,199 
Gevins.A.S. 96,142 
Geyer, M.A. 267 
Gheorghiu,V.A. 209,211,214,215 
Gibson, JJ. 267,269,274,284,290,292, 

293,305,311,331,334,335,338, 
344,350 

Gilbert, C D . 96,97 
Ginsberg, A. 163,173,180 
Giloi.W. 148 
Gizzi,M.S. 69 
Glezer.V.D. 158,163,180 
Gold,L.H. 267 
Goldmeier, E. 187,197,199 
Goldschneider.A. 166,180 
Goldstein, G.D. 110,124 
Gombrich,E.H. 212,351 
Gonzalez, F. 230 
Graeser, H. 212,213 
Graham, R. 30,266 
Graumann, CP. 51 
Gray.CM. 82,%,97,100,106,110,111, 

124,142 
Gray,J.A. 207,213 
Greenberg,J.H. 426 
Gregory, R.L. 199,247,351 
Greuel, J.N. 97 
Grillner, S. 268 
Grimson,W.E.L. 226,232 
Grosofsky.A. 331,350 
Gross, CG. 158,181,184 
Grossberg, S. 110,124,247,360 
Guettinger, W. 426 
Gurfinkel,267 

Haas.R. 31 
Hadamard,J. 65,68 
Haggard,P.N. 414 
Haken, H. 2,10,12,30,31,34,37,41,49,50, 

51,52,110,111,113,123,124,200,202, 
205,206,207,211,212,213,214,215, 
218,224,229,250,252,265,266,267, 
275,293,294,295,330,333,350,357, 
360,382,384,385,386,387,388,391, 
392,394,395,396,397,404,416,426 

Hamaekers 349 
Hameroff 173 
Hansen, D. 49 
Hansen, K. 123 
Hargens,J. 404 
Harris, C S . 170,184 
Harris, J.P. 214 
Harrison,T.D. 

428 



Harter, N. 50 
Harter, R. 148 
Hartley,R.V.L. 169,181 
Hatfield,G. 199 
Hauske.G. 49,123 
Haykin,S. 248 
Heamshaw,L.S. 147,148 
Heath,H.A. 215 
Hebb.D.O. 62,133,155,156,160,181 
Heisenberg, W. 170 
Heivly.C. 392 
Helmholtz,H.v. 158,164,166,181 
Hertz, H. 168 
Herzberger.B. 247 
Heuer, H. 50 
Hildreth,E.C. 56,68,235,238,248, 
Hill,W.E. 31 
Hilton.PJ. 212 
Hinrichs,J.V. 295 
Hinton.G.E. 31,50,54,68,79,80,166, 

171,174,177,178,181,213,350 
Hirsch, IJ. 148 
Hochberg, J. 188,199,349,351 
Hoeffding,H. 197,200 
Hoffman,W.C. 163,181,200 
Hofifmann,F. 214 
Holst, E.v. 37,50,258,268,295 
Holt,K.G. 266,267 
Hopfield,JJ. 171,174,176,177,181 
Hoenlinger, R. 31 
Hoeth,F. 215 
Hofmeister, K. 19 
Holt-Hansen,K. 50 
Horowitz,J.M. 142 
Horridge, G.A. 124 
Howes, D. 414 
Hoyos,C. Graf 50 
Hoyt,D.F. 50 
Hubel, D.H. 97,111,126,142,155,157, 

158,181,221,230 
Hubermann, B. 214 
Huebner.M. 173,179,248 
Hype,B. 182 
Iberall, A.S. 330 
Ilmberger, J. 149 
Ismail, M. 232 
IvanofT.V.A. 158,180 

Jacobi.G.T. 110,124 
Jaeger.N.I. 52 
James, W. 146,148,150,181,363,378 
Jeannerod,M. 267 
JekaJJ. 267 
Jen,P.H.S. 69 
Jenkins,H. 331 
Jiang.W. 267 
Jibu,M. 178 
John,E.R. 156,184 
Johannesma, P. 111,124 
Johansson, G. 267 
Johnston, RJ. 392 
Jones, E.C. 247 

Jones, E.G. 68,69 
Jones.R.S. 29,61,68,178,293 
Jordan, W. 96,109,110,124,142 
Julesz,B. 96,97,166,167,179,181,218, 

221,225,227,229,230,231,232,238, 
248 

Jung.R. 126,142,155,230 
Kalish,M. 293 
Kalmring, K. 114,123 
Kamm, CA. 61,68 
Kandel, E.R. 5,30 
Kanizsa,G. 48,49,186,199,208,214, 

350 
Karczmar, A.G. 182 
Kaszor,P. 213 
Kaufman,L. 98 
Kawamoto, A.H. 23,31,36,50,61,62,68, 

205,213,350 
Kawato,M. 267 
Kay,B.A. 267,304,331 
Kay.P. 419,426 
Keidel.R. 110 
Kelly, EL. 214 
Kelso, J.A.S. 10,12,30,37,39,51,249, 

252,254,263,266,267,268,292,293, 
294,331,420,426 

Kennedy, H. 98 
Kersten,D. 58,68 
Kienker,P.K. 50,213 
Kim,N.G. 269 
Kimble.D.P. 160,181,184 
Kimura.M. 98 
King,R. 214 
Kinsella-Shaw.J. 292,330,331 
Klein, F. 300,330 
Kleinschmidt, A. 97 
Klemme, M.E. 214 
Klintman,H. 213 
KliouN. 392 
Knight,D. 392 
KnighuT.A. 215 
Knill, D.C. 68 
Kobs,M. 48 
Koch.C. 182,248 
Koch,S. 50 
Koehler, W. 3,30,32,33,34,35,39,48, 

49,51,155,156,208,214,359 
Koelling,R.A. 295 
Koenderink, J J. 110,124,275,276,293 
Koenig.E. 193,199 
Koenig.P. 82,96,97,110,111,124,142 
Koerndle,H. 345,350 
Koffka.K. 333,350 
Kofman,E. 392 
Kohonen,T. 31,61,68,177,181,247, 

248,360 
Konorski,J. 211,295 
Kopfermann,H. 199 
Komhubcr.H.T. 142 
Kots,Y. 267 
Kral, P.A. 295 
Kramer, SJ. 267 
Krantz,D.H. 183 

Krause, F. 230 
Krech.D. 34,49 
Krinsky.V.I. 267 
KrizJ. 50,393,404 
Kroese.J.A. 232 
Kronauer.RJE. 163,164,165,181 
Krueger.J. 110,123 
Kruse, P. 3,30,32,36,49,50,51,52,199, 

201,210,212,214,215,360 
Kruse, W. 96,109,110,124,142 
Kubovy.M. 199,350 
Kucera.H. 414 
Kuepfmueller.K. 169,182 
Kueppers,B.O. 215 
Kufner.S.W. 152,157,181 
Kugler,P.N. 39,51,266,267,292,293, 

294,295,296,330,331,420,426 
Kulikowski,JJ. 247 
Kunzendorf, R.G. 214 

La Goumiere,J. de 337,350 
Landau 275 
Landauer.TJC. 61,65,68,69,409,410, 

414 
Landers, D. 294 
Larrain,J. 392 
Larsen,B. 215 
Lashley, K.S. 155,156,166,182 
Lassen, N.A. 215 
Latour, P.L. 148 
Leamer,D.E. 331 
Leary.M.R. 360 
Lee,D.N. 292,294,295 
Lee.J.R. 158,163,167,182 
Leeuwenberg, E. 188,199 
Leferink,J.110 
Legendy.C.R. 111 
Lehmann, C 425,426 
Lehmann, D. 130,142 
Lehmann, R.B. 214 
Leibniz,G. 333,350 
Leighton,R.B. 180 
Leith,E.N. 166,182 
Lennie,P. 162,183 
Lenz.W. 109 
Lettvin.J.Y. 155,238,248,349 
Lewin, K. 36,50 
Lewis, C 78 
Lewis, E.R. 125 
Lie,S. 300,330 
Lindblom,B. 426 
Lippmann, R.P. 62,69 
Liu, A.Y. 214 
Lloyd, R. 392 
Loeb.J. 166,182 
Loewel.S. 97 
Loewer,B. 80 
Logan.B. 225 
Logothetis, N. 148 
Long.J.B. 51,266 
Longuet-Higgins, H.C 293 
Lorenz, K. 419 
Lorenz, W. 10,30 

429 



Lorscheid, T. 19 
Luccio, R. 48,186,199,208,214,350 
Luce.R.C 183 
Luchins, A.S. 51 
Luhmann.HJ. 97,404 
Luhmann.N. 394,395 
Lund,J.S. 98,111,123 
Lüneburg, R. 350 
Lunin, V. 367,368 
Luppino,G. 295 
Luria,A.R. 152,182 
Mace,W.M. 293,295 
MacGregor.RJ. 125 
Mach,E. 235,248,336,350 
MacKay,D.M. 40,41,52,110,124,174, 

182 
MacNeillage,P. 426 
Madler, C. 148 
Maffei,L. 164,182,248 
Main,M. 78 
Manier, M. 378 
Mahowald,M.A. 225,232 
Malsburg, C.v.d. 29,84,96,97,98,111, 

123 
Mandelbrot, B.B. 330 
Mandell, AJ. 30,110,123,124,211,213, 

266,267,268,293,360 
Marcelja,SJ. 247 
Mark.L.S. 295,331 
Marko, H. 49,123 
Marr,D. 98,218,224,225,229,231,235, 

238,247,248,293 
Marslen-Wilson,W.D. 414 
Martin, R. 268 
Mason,J. 213 
Maturana.H.R. 155,177,181,349,394, 

395,404 
Maunsell,J.H.R. 56,69 
May,W.H. 426 
Mayhew,J.E.W. 225,231 
McClelland, J.L. 31,54,69,78,79,80, 

177,179,181,293,414 
McClosky,M. 80 
McCulloch, W.S. 3,28,29,113,123,153, 

155,182,333,349 
McDaniel.CK. 419,426 
McMillan.C. 79 
Mead,C. 232 
Mermelstein, P. 268 
Metzger,W. 34,40,48,49,51,199,203, 

212,359,378 
Michaels, CF. 291,292,295 
Miller, G.A. 150,175,177,182 
Miller, N.E. 50 
Millikan.J.A. 414 
Millward, R.B. 31 
Mingolla,E. 331 
Minsky.M. 333,350 
Mioche.L. 98 
Miron,M.S. 426 
Mishkin.M. 152,182 
Mitzdorf.U. 111,126,142 

Monsell.S. 414 
Morgan, MJ. 235,247,248 
Morgenbesser, S. 360 
Morris, M.W. 293 
Mountcasüe, V.B. 96,111,113,124,155 
Movshon,J.A. 56,57,68,69,164,182 
Mowforth.P. 225,231 
Moyer.R.S. 65,69 
Mozer, M. 78,80 
Münch, E. 362,363 
Munhall.K.G. 267 
Munk,M. 96,109,110,124,142 
Muth.P. 111,124 

Nachmias,J. 248 
Nagasawa.M. 375,378 
Nakayama.K. 98 
Naydin,V.L. 267 
Nebelytsyn,V.D. 207,213 
Neisser.U. 197,200,294 
Nelson,J.I. 109,110,122,224,231 
Nelson, J.W. 344,350 
Netter, P. 214 
Newsome,W.T. 56,69 
Newton, I. 298 
NichoIs,J.G. 152,181 
Nicki, R.M. 212 
Nicoletti.R. 295 
Nicolis,J.S. 213 
Nilsson,L.G. 293 
Nimmo-Smith, I. 350 
Niranjan,M. 63,69 
Noether.E. 300,330 
Nusbaum, H.C 414 
Nuwer.M. 166,167,172,183 
Nyquist,H. 169,182 

Oglc,K.N. 229 
Ohm.G.S. 164,166,182 
Oja,E. 177,181 
Orbach, J. 215 
Orbison,W.D. 198,200 
Orlovskii,G.N. 30 
Osgood, C 420,426 
OToole,A.J. 31,68 
Ozaki.H. 142 
Pabst,M. 110,111,123 
Packard, N.H. 331 
Pal, I. 142 
Palermo, D.S. 295 
Palm.G. 111,124 
Palmer, S.E 163,182 
Pandya,A.S. 254,267 
Pannini 339 
Papert,S. 333,350 
Paulus, M.P. 267 
Pavlekovic, B. 211 
Pavlov,I.P. 207,208,210,213,215 
Pearson.K.G. 295 
Peat,F.D. 330,331,392 
Peeters,G. 414 
Peitgen,H.O. 52 

Penengo.P. 213 
Pennington, K.S. 166,181 
Penrose, R. 327,331 
Percgoy.P.L. 50 
Perrone.A. 96 
Peters, A. 68,69,247 
Peütot-Cocorda,J. 426 
Pew,R.W 50 
Pfaff.S. 48,52 
Phillipson,O.T. 214 
Piaget,J. 50,354,357,358,359,360 
Piantanida,T.P. 231 
Pick,H. 292 
Pine,F. 378 
Piranesi,339,341,342 
Pittenger, J.B. 331 
Pitts,W.H. 3,28,29,123,153,155,182, 

349 
Poeppel,E. 144,148,149 
Poggio.T. 111,123,157,161,162,182, 

222,224,225,226,230,231,247 
Pollen,D.A. 158,163,164,165,167,170, 

178,182,183,247 
Pomerantz,J.R. 199,350 
Pollard, S.B. 225,231 
Popper, K. 354,355,356,357,360 
Portugali,J. 52,379,392 
Poston, T. 50,206,213 
Potterfield,W. 212 
Pratt,WX. 247 
Prazdny,K. 225,231,293 
Prechtl,H.F.R. 268 
Pribram,K.H. 35,49,150,153,154,155, 

158,163,166,167,171,172,175,176, 
177,180,182,183,184,214 

Prigogine.I. 177,183,214,313,330 
Pritchard, R.M. 212 
Proffitt,D.R. 267 

Quick, R.F. 247 

Radilova.J. 149 
Raeithel.A. 49 
Rakic.P. 111,123,156,183 
Ramachandran, V.S. 98,208,214,227,232 
Rao.K.R. 248 
Rapp.P. 2 
Rausch, E. 187,194,199 
Ray,G. 80 
Reale, R.A. 63,68 
Reddish,P.E. 294 
Redford,J.B. 295 
Reed,E.S. 293 
Reichardt,W. 110,111,113,123,247 
Reichel, F.C. 350 
Reitboeck, HJ. 96,99,109, HO, 111,112, 

122,123,124,142 
Remond, A. 96,142 
Ren,C. 214 
Requin,J. 51,266,268,426 
Rensing, L. 52 
Rentschier,!. 233,247,248 

430 



Reyher,J. 215 
Riani,M. 213 
Richards, W. 149 
Richter, P. 45,48,52 
Rieser, H. 
Rittenhouse, D. 212 
Ritz,S.A. 29,61,68,178 
Rizzolati,G. 295 
Robson,J.G. 158,163,167,179,183,2 
Rock, 1,150,159,183,199 
Rockland,K.S. 98 
Roeschke.J. 111 
Roessler.W. 123 
Roessner, H. 49 
Rogowitz, B.R. 232 
Roland, P.E. 215 
Ronner, S.E. 165,170,183,247 
Rose,D. 179,180 
Rosenbaum, D.A. 268 
Rosenblatt, F. 3,29,333,349 
Rosenblith,W.A. 52,148 
Rosenblum, LX). 295 
Rosenfeld, A. 182 
Rosenfeld, E. 54,68 
Rosenthal, R. 214 
Rossen, M.L. 54,61,69 
Rossini 339 
Rossignol.S. 268 
Roth,G. 49,360 
RovamoJ. 248 
Royce,J.R. 214 
Rubenstein, H. 414 
Rubin, E. 204 
Rubin, P. 267,268 
Ruhnau.E. 144 
Rumelhart,D.E. 31,54,69,79,80,177 

179,181,293,414 
Runeson,S. 331 

Saarinen, J. 248 
Sakitt,B. 165,183 
Salcman,M. 111 
Salin, P.A. 98 
Saltzman,E. 267,292 
Sander, F. 190,199,212 
Sands, M. 180 
Sanibrd, R.N. 215 
Samat,B. 331 
Savin,H.B. 414 
Schanze, T. 109 
Scheiter, W. 248 
Schepers, E.M. 211 
Schiepek,G. 366 
Schill, 144,148 
Schleidt,M. 149 
Schlenker,B.R. 360 
Schlosberg,H. 148 
Schmidt, G. 378 
Schmidt, R. 350 
Schmidt, R.C. 267,294,295 
Schmitt, F.O. 98,153,156,183 
Schneider, J. 84,97,110,111 

Schoener.G. 10,12,30,262,265,266, 
267,268,294 

Scholz, J.P. 39,51,266,268,294 
Schreuder.R. 414 
Schroedcr,J. 123 
Schuett.A. 111 
Schuhmacher, L.E. 213 
Schuster, H.G. 294 
Schwanz, E.L. 162,183 
Schwegler,H. 360 
Seeger, CM. 295 
Seeger, F. 49 
Sejnowski,T.J. 31,50,80,171,174,177, 

178,181,213 
Sereno,M.E. 54,55,68,69 
Severin, F.V. 30 
Shallice,T. 148 
Shannon, C E . 168,169,171,174,175, 

176,183 
Shapiro,B. 331 
Shapley.R. 162,183,247 
Shastri,L. 69 
Shaw,D. 330 
Shaw, R.E. 51,267,292,293,295,296, 

320,330,331,350 
Sheer,D.E. 180 
Sheehan,P.W. 215 
Shepard,R.N. 338,339,343,350 
Shepherd,G.M. 152,183 
Sherif.CW. 212 
Sherif,M. 209,212,214 
Shcrrick.CE.jr. 148 
Sherrington,CS. 154,268 
Sheikh,A.A. 214 
Shik,M.L. 30,267 
Shipp.S. 125 
Shlesinger, M.F. 266,267,268,293,331 
Short, P. 212 
Shye,S. 350 
Silverman,G.H. 98 
Silverman,M.S. 184 
SilvcrsteiiU.W. 29,61,68,178 
Simon, J.R. 295 
Singer, W. 40,49,51,82,96,97,98,100, 

106,110,111,123,124,142 
Singhall.S. 61,68 
Skarda.CA. 35,49,98,111,124,142, 

213 
Skinhoi.E. 215 
Smith, B.H. 183 
Smith, E.L. 180 
Smith, R.S. 295 
Smolensky.P. 3,70,79,80,233 
Solomon, H.Y. 294,350 
Solomon, R,L. 414 
Sommers, P.D. 331 
Spekreijse, H. 226,232 
Sperling, G. 224,231 
Spiegel, D. 214 
Spillmann, L. 247 
Spinelli,D.N. 158,171,183,184 
Spinoza, B.de 332,349 
Spoehr.K.T. 65,66,69 

Sprague.J.M. 181 
Stadler, M. 3,12,30,32,36,38,49,50,51, 

52,199,201,214,215,342,360, 
422,426 

Starr, A. 184 
Stea,D. 391 
Steck, H. 378 
Stein, P.S.G. 295 
Stein, R.B. 125,295 
Steinbach, T. 148 
Steinberg, S. 206 
S teinbuechel, N.v. 144,148 
Stellar, E. 181 
Stelmach,G.E. 51,266,268,331,426 
Siengers, I. 177,183 
Stent, G. 160,184 
Slemberg,S. 148 
Stetson,R.H. 267 
Stewart, I.N. 50,206,213 
Storer.T. 179 
Stork, D.G. 170,184 
Streeter.L. 409,410,414 
Struppler.A. 49,123 
Stryker,M.P. 142 
Studdcrt-Kennedy, M. 426 
Stukat,K.G. 215 
Suga.N. 69 
Suppes,D. 183,338,350 
Sussman,HJ. 426 
Suzuki, R. 267 
Symon.K.R. 330 
Szentagothai, J. 156,184 

Tanaka,K. 98 
Taylor, CR. 50 
Taylor, J.H. 158,163,167,182 
Teplov,B.N. 207 
Thatcher, R.W. 156,184 
Thetford, P.E. 214 
Thielmann, R. 111,124 
Todd.J.T. 253,267,274,293,294 
Thom, R. 330 
Thomae.H. 50 
Thomas, I. 98 
Thomas, U. 109,111,124 
Thompson, D.W. 321,331 
Thompson, I.D. 182 
Thompson, P. 219,229 
Thompson, W.B. 56,68 
Thorell, L.G. 163,180 
Tiberghien.G. 69 
Tolhurst,DJ. 182 
Tootell.R.B. 164,184 
Torre,V. 162,182 
Touretzky.D. 80 
Toyama,K. 98 
Trabucco.A. 213 
Treisman, A.M. 98 
Treisman.M. 414 
Treutwein,B. 247,248 
Tscherbach, T.A. 158,180 
Tsetsein, M.L. 267 

431 



Tuccio,M.T. 213 
Tuller.B. 258,263,266,267 
Turner, F. 149 
Turvey,M.T. 39,51,266,267,269,292, 

293,294,295,330,331,350,420,426 

Ulbricht, H. 31 
Ullman,S. 248,293 
Umilta,C. 295 
Urbantschitsch, V. 212 

Van de GrinuW.A. 110,124 
Van den Boogaard, H. 111,124 
Van den Enden, A. 226,232 
VanDijk.B.W. 110,124,126,142 
Van Doom, A J. 110,124,293 
Van Essen, D.C. 56,69,226,232,247 
Van Heerden, PJ. 166,184 
Van Rennings.S. 109 
Vardabasso.F. 199 
Varela,FJ. 177,184,394,395,404 
Viana di Prisco.G. 143 
Vierordt,K. 147,149 
Vinci, L. da 336,344 
Virsu,V. 248 
Viscuso,S.R. 54,65,66,67,69 
Vogt,S. 30,48,51 
Volkelt, H. 212 
Voth.A.C. 44,52 

Wade.M.G. 268 
Wagner, J.H. 109,110 
Wagner, H. 294 
Wagner, K. 78 

Waibel.A. 61,69 
Walker, E. 414 
Wallace,B. 215 
Wallace,S.A. 266,267 
Wann,J. 344,350 
Warburton, F.W. 213 
Warren, R. 330 
Warrcn.R.M. 212 
Warren, W.H. 285,293,295 
Watanabe.S. 247 
Waterman.S. 392 
Watkins,D.W. 98 
Watrous,R.L. 69 
Watson,A.B. 163,184 
Watt,RJ. 235,238,248 
Waxman,A.M. 293 
Weaver, W. 168,171,174,175,183 
Wehner,T. 38,51,214,215 
Weimer, W.B. 295 
Weisbuch, G. 68 
Weisstein, N. 170,184 
Werner, G. 123 
Werner, J.S. 247 
Wertheim, A. 330 
Wertheimer, M. 35,37,48,49,50,187, 

359 
Wertsch.J.V. 392 
Wever.R. 148 
Weyl.H. 300,330 
Whang.S. 295 
White, CT. 148 
Whiting.H.T.A. 266,268,293 
Whitteridge,WJ. 248 
Wiener, N. 148 
Wiesel, T.N. 97,111,126,142,155,157, 

158,181,221,230 

Wigner.E. 300,330 
Wilcoxin,H.C. 295 
Wildgen, W. 52,415,426 
Willi, J. 400,404 
Williams, D. 229 
Williams, RJ. 80 
Wills 146 
Willshaw 166 
Wilson, H.R. 170,184,248 
Wing.A.M. 350 
Winson 204 
Winter, D. 179 
Woodworth,R.S. 148 
Worden, F.G. 98 
Wunderlin.W. 30,266 
Wundt,W. 149 

Yamanishi,J. 263,267 
Yao, Y. 111,124,143 
Yasue.K. 178 
Yates,F.E. 293,295,330 
Yevick,M.L. 170,184 
Young, I.Z.387,392 
Yovits,M.C 110,124 

Zahler, R.S. 426 
Zanone,P. 262,268 
Zeeman, E.C 49,212,420,426 
Zeevi,Y.Y. 163,164,165,181,184 
Zeki.S. 125 
Zeltzer,D. 267 
Zimmer, A.C. 36,37,50,199,332,336, 

345,350,351 
Zimolong.B. 50 

432 



Subject Index 

Actuality, see Psychological reality 
Adaptation, 12,14,23,41,172,397,400 
Affordances, 290,291,305,311,344 
Aha-experience, 39 
Ambiguous figures, 17,19,23,25,147,196,204, 

208,209,226 
— Angels and Devils, 17 
— Eskimo/red Indian, 204 
— Maltese Cross, 36,204 
— Man's face/girl, 22,23,390 
— Necker cube, 17,36,62,147,334 
— Old woman/young woman, 19,21 
— Reversibility rate, 36,147,210 
— Reversion time, 20,23 
— Vase/face, 17,389 
— Woman or couple of lovers, 19 
Amodal completion, 191 
Animal-environment System, 270,273,276,292 
Aperture problem, 55,56,58,63 
Artificial intelligence, 3,224,226 
Assimilation, 14,189 
Associative memory, 7,12,25,28,358,382,385, 

389,391 
Associative network, 72 
Attention, 12,14,17,20,25,112,229,235,272,341 
— Selective, 82 
Attractor, 12,25,35,36,39,41,43,45,62,198,251, 

252,261,262,263,304,310 314,320,376,417, 
419 

— Chaotic, 135 
— Higher order, 318 
— Nonlocal, 328 
— Point-, 308 
— Strange, 324 
Auditory sytem, 35,63,109,145,146,164 
Autocatalysis, 43,311,313,315,316,317,319,397 
Autokinetic phenomenon, 203,208 
Autonomous Organization, see Self-organization 
Autonomy claim, 375,376 
Autopoiese, 394 
Awareness, 155,271,361 

Bartlett-scenario, 32,43,422 
Behavior, 10,32,35,41,249,250,251,265,269,355 
— Aesthetic, 204 
— Chaotic, 208 
— Environmental, 379 
— Exploratory, 204,279,282 
— Motor, 249,250,343,344,349 
Behaviorism, 3,32,298,361,382 
Bifurcation, 36,40,95,136,137,138,249,250,265, 

384,391,399,417 
Binocular fusion, 192,193,220,227 
Binocular rivalry, 209 
Biological Organization, 359 
Blind Spot, 188,189 
Boltzmann engine, 171 
Brain, 2,28,29,33,35,54,113,114,126,202,208,211, 

223,233,235,313 
— Complexity, 2,3 
Brain-mind-problem, 150,201,202,205,209,210, 

312,329 
Brain-state-in-a-box model, 3,61,62,66 

Camouflage, 220,223 
Catastrophes, 420,421 
— Cusp, 417,419,420 
— Elliptic umbilic, 417 
Catastrophe theory, 206,417,419,421 
Catastrophic interference, 71 
Cell assembly, 83,93,101,105,156 
Central nervous System, see Brain 
Chaos, chaotic dynamics, 5,35,126,129,138,186, 

207,282,303,310,320,329,334,372,416 
— Deterministic, 4,33,35,250 
Children's drawings, 365,366,367,368 
Chunking, 37,175,176 
Circular causality, 11,278 
Cognition, 2,3,7,10,11,32,35,36,41,112,148,152, 

191,197,199,202,357,359,415 
— Computational models, 70 
— Development, 416 
— Higher, 221 

433 



— Linguistic, 425 
— Social, 353 
Cognitive flexibility, 208 
Cognitive map, see Mental map 
Cognitive science, 67,354 
Cognitive System, 33,35,36,43,55,201,203,348,425 
Coherency, 40,84,92,94,101,106, 

see also Gestalt factors 
Cohomological problem, 322,324,325,326,327, 

328,329,330 
Collective variables, 249,250,251,262 
Collusion, 400,401 
Communication pattem, 393,394,395,396,397, 

398,399,401,403 
Competition, 399 
Complexity, 2,3,199,204,250,344,348 
Conflict, 36,401,402 
Connectionism, 3,28,70,71,171,172,206,271,332 
Connectivity, 36,55,60,83,108,119,131,153,154, 

164,166 
— Reciprocal, 152 
Consciousness, 29,32,332 
Conservative System, 298 
Constancy scaling, 348 
Control parameter, 4,6,8,10,249,250,252,265,286, 

373,375,376,395 
Cooperative processing, 95,113,116,127,136,146, 

157,160,172,218,224,225,226,250,356,415,419 
Coordinative structure, 39,85,255,359 
Cortex, 54,63,95 
Coupled oscillators, 95 
Craniofacial growth, 321,322,323,324 
Creativity, 208,210 
Critical slowing down, 9 
Cross scale interactions, 296,299,302,307,308,309, 

311,312,313,322,25,326,327 

Decision-making, 36 
Depression, 355 
Detour action, 39 
Developmental phases, 361,364,365 
— Anal, 361,365,373,374,376,377 
— Genital, 361 
— Latency period, 368,372 
— Oedipal, 361,367,368,370,372,373,374,376,377 
— Oral, 361,365,370,373,374,377 
Digital signal processing, 233 
Disorder, 175 
Dissipative System, processes, 177,283,299,308, 

311,312,313,320 
Distance metric, 328 

Drive-system, 420 
Dynamic Systems theory, 12,20,28,35,43,70,297, 

301,304,394,395 
Eco-system, 315 
Ego, 362,363,364,373,376,377 
Eigenvector, 8,12 
Einstein' s equivalence principle, 329 
Elan vital, 33 
Emergence of qualities, 3 
Emotion, 25,29,211,361,362,367,376,420 
Empathy, 362,363 
Entelechie, 33 
Entropy, 174,175,176 
Epistemic engine, 296,312,313,316,318,319,327 
Equilibrium point, 316,317,318,319,322 
Equipotential curves, 304 
Error, 59,62,63,65,66,78,151,172,219,281,324, 

326,327,329,330,396 
Euclidian space, 301,305,325,327 
Evolution, 2 
Expectancy, 208,210,211 

Failure, see Error 
Family as a System, 394, 398 
Feature detector, 32,83,84,93,99,131,133,136,155, 

158,159,234 
Fick's law, 315 
Field theory, 34,41,44,155,156,166,274,314 
Figural goodness, 187,188,197 
Figural Organization, 

see Figure-ground segregation, 
Scene segmentation, Gestalt factors 

Figure-ground segregation, 35,40,82,83,84,92,94, 
113,133,204,205,206,229,362,378,386 

Final equilibrium, 34 
Fluctuation, 8,9,10,12,23,33,35,39,43,95,154,205, 

207,208,222,249,250,251,253,259,270,282, 
286,288,345,398,399,400,402, 

— Critical, 9 
Fluid dynamics, 5 
Flux equilibrium, 34,424 
Force-field, 376 
Fourier analysis, 158,162,163,167,169,234,238,240 
Fractal, 324,326 
Frame of reference, 203 
Frequency-pulling, see Magnet-effect 
Functional fixation, 39 

Gabor's elementary function, 165,170,173,225 
Gabor Signals, 240,241,242,243 

434 



Gate change, 10,37 
General relativity theory, 326,329 
General Systems theory, 394,395 
Gerbino's figure, 196 
Gestalt, 219,226 
— Movement-, 420 
— Temporal, 258 
Gestalt factors, 198 
— Closure 196,228 
— Coherence in particular feature domains, 82 
— Coherence of motion, 83,228 
— Colinearity, continuity, 82,89,100,191,195,196 
— Objective set, 37 
— Similarity, 100 
— Simultaneity, 100 
— Spatial contiguity, proximity, 82,100,196 
— Texture segmentation, 228,229 
Gestalt quality, 33 
Gestalt theory, 3,11,32,33,34,35,44,46,155,186, 

188,208,219,220,226,227,228,359,362,422 
Goal-directed action, 12,25,258,298,313,315,343, 

347,358 
Grammaticalization, 423 
Gramm ar, 425 
Grimm's first law, 423 

Habituation, 23,155 
Hallucination, 35,208,209 
Handling of Swing, 40 
Harmonie analysis, 158,162,163, 

see also Fourier analysis 
Harmonie strueture, 186,336,371 
Hebb-synapse, 133 
Helmholtz equation, 325 
Higher nervous activity, 207 
Hologram, holography, 127,136,165,226,387 
Holomovie, 387,389,391 
Holonomic brain theory, 160,161,163,164,165, 

167,168,170,172,173, 175,176 
Holoscape, 169,172 
Homeostasis, 394 
Hyperneuron, 157 
Hypnosis, 209 
Hysteresis, 22,37,206,224,251,253,286,287 

Imagination, 203,209,210 
Impossible figures, 348 
— Penrose triangle, 349 
Infant babbling, 258 
Information, 168,169,170,171,174,175,176,227, 

249,250,258,273,275,280,282,298,300,312 

— Behavioral, 261 
— Extrinsic, 421 
— Intrinsic, 421 
— Semantic, 33 
Information compression, 2,251 
Information processing, 32,113,114,148,175,343, 

344,347,362 
Insect nest construetion, 313,315,316 
Insight, 39 
Instability, 36,133,201,202,203,207,208,210,211, 

265,298,303,316,402,421 
Intentional acts, dynamics, 147,211,258,259,261, 

282,311,313,314,315,320,321,322,324,325,327 
Interactionistic philosophy, 354 
Interference pattern model, 156,166 
Internal representation, 233,333,389 
Internal world, see Phenomenal world 

Language processing, 2,147,355,359,406,415, 
416,422,425 

Laser, 4,5,7,10 
Lateral inhibition, 172 
Learning, 24,26,27,28,37,54,55,60,70,71,73,74, 

133,156,171,177,208,261,262,263,264,291, 
345,356,382,387 

— Arithmetic, 65,66, 
— Associative, 136,255 
— Matrix, 12 
— Motor, 37,343 
— Selective, 160 
Least action principle, 167,173,175,177 
Left/right hemisphere, 147,148 
Lexical space, 408,411,414 
Liapunov-function, 176,304 
Lie group, 300,323,325,327 
Limit cycle, 309,310,425 
Local field potential response, 86,87,106,120 
Local vs. global factors, 197,198,324 
Locomotion, 275,276 
Logon, 170,171 
Lotka-Volterra-model, 396 

Machine model, 33 
Machine vision, 3,221,226,227,333 
Macroscopic/microscopic level, 2,3,7,8,10,25,33, 

34,70,164,166,202,210,250,270,272,273,275, 
284,286,292,307,309,310,397 

Magnet-effect, 37,224 
Mandelbrot set, 43 
Mania, 355 
Maturation, 361 

435 



Meaning, 115 
— Ambiguity, 204 
Mechanization in problem solving, 39 
Memory, 112,114,115,153,166,171,221,262,422 
— Associative, see Associative memory 
— Virtual, see Virtual memory 
Mental lexicon, 406 
Mental maps, 46,379,380,381,384,389 
Methodological considerations, 42,43,265,395, 

396,397 
Mind-body-problem, see Brain-mind-problem 
Minimum distance classifier, 239,240,242,243,244 
Minimum principle, 187,196,207 
Minkowski metric, 235 
Model neuron, 116,117,119,122 
Morphogenetic field, 417 
Motion after-effect, 41 
Motivation, 355 
Motor control, 332,415,422 
Motor-schema, 420 
Movement coordination, 250 
Movement programming, 37,259 
Multistability of perception and Cognition, 36,42, 

62,196,201,203,204,205,206,207,208,210, 
224,250,262,332,334, 
see also Ambiguous figures 

Multistable System, 6 
Multiunit activity, 86,87,120 

Neural Computer, 28 
Neural cooperativity, 95 
Neural network, 3,25,28,54,55,56,58,61,62,65,67, 

71,72,75,78,95,100,112,113,115,116,117,120, 
153,154,156,160,163,176,207,239,333,334 

Neural Systems, 151 
Neuron, 7,11,12,15,54,63,82,83,85,92,153,154,156 
— Coupled, 118 
— Cyclopean, 222 
— Feed forward, 134 
Newton's first law, 296,298,299,301,302,308,311, 

322,323,324,325 
Newton's second law, 296,298,299,301,302,308, 

311,312,313,320,322,323,324,325 
Newton's third law, 301 
Non-conservative System, see Dissipative System 
Non-linear Systems, 249 
Occam network, 170,172 
Opponent-cell theory, 419 
Optical flow, 276,286 
Order formation, 33,34,37,41,43,186,201,208, 

332,337 

Ordering principles, 276 
Order parameter, 8,9,10,11,13,14,17,39,41,202, 

210,211,249,250,251,255,258,265,270,275, 
286,382,383,384,388,389,395 

Orientation/direction specifity, 104 
Orientation preference, 89, 91,92 
Orientation Urning, 103 
Orthogonality, 194,196 
Oscillation, 17,20,21,36,39,40,85,86,88,89,92,94, 

99,100,102,103, 113,117,119,126,127,129,130, 
131,135,136,137,144,146,162,167,168,224,280, 
288,345,347,398,420 

Oscillatory synchronization, 105,106,108 

Parallel distributed processing, 160,166,311 
Parallel network, 54,55,158 
Parallel processing, 7,70,112,154,171,224 
Pattern formation, 11,249,250,251,265 
Pattern of exitation, 155 
Pattern recognition, 11,12,15,22,24,25,63,95,99, 

112,113,151,163,174,223,234,239,240,243, 
247,251,252,255,382,385 

Patterns of polarization, 156 
Perception, 37,126,150,151,154,186,203,218,271, 

272,332,415 
— Auditory, see Auditory System 
— Colour, 419 
— Cyclopean, 218,222,223 
— Motion, 56,227,229,280 
— Olfactory, 35,85,94,113,126,128 
— Orientation, 281 
— Shape, 281 
— Texture, 239 
— Visual, see Vision, Visual 
Perception and Action, 12,40,217,233,269,270, 

273,277,278,279,282,284,285,290,292, 
315,319,332,333,347,356,422 

Perceptron, see Machine vision 
Perceptual field, 44 
Perceptual grouping, see Gestalt factors 
Periodic movement, 12 
Pertubation, 172 
Phase relation, 256,258,260 
Phase transition, 35,37,39,40,101,126,203,249, 

250,251,252,253,257, 261,262,264,265,275, 
286,287,361,372,375 

— Non equilibrium, 10,37,202,249 
Phenomenal world, 29,361,369,370,376,386 
Phenomenology, 34,35,41,186,187,191,330,361 
Physicalism, 3 
Placebo-effect, 211 
Plateau, 37,60 

436 



Population dynamics, 397 
Potential field, 12,45,47,48,314 
Praegnanz, 187,188,191 
— Tendency towards, 33,44,187,188,196,197 
Preattentive visual process, 82,84,112,197 
Primal scetch, 235,238,247 
Problem solving, 271 
Psychoanalysis, 361,362,364,370,372,378,400 
Psycho-emotional development, 353,361,364,372 
Psycholinguistics, 406, 415 
Psychological reality, 146,211,342,343 
Psychology, 29,32,300,354,359 
— Clinical, 393, 395 
— Cognitive, 32,298 
— Developmental, 354,357 
— Ecological, 258,269,272,305,312,343 
Psychophysical isomorphism, 35 
Psychophysics, 114,151,152,163,167,170,221,223, 

224,225,233,234 
Psychosis, 363 
Psychosomatics, 36,201,211 
Psychotherapy, 36,367 
— Systemic approach, 393 

Qualitative change, 5,10,11,25,37 
Qualitative multiplication, 66 
Quantum field neural dynamics, 154,173 

Radical constructivism, 35,211 
Random-dot stereograms, 218,220,221,223,225, 

227 
Random ness, 175 
Rate of apparent change, see Reversibility rate 
Reaction time, 145 
Reality, 342,343,393 
Receptive field, 35,55,57,82,83,88,89,92,102,115, 

157,158,159,162, 163,164,165,167,170, 
171,234 

Recognition 
— Environmental, 379,384,386 
— Face, 14,220 
— Object, 112 
— Pattem, see Pattern recognition 
— Speech, 61,62 
— Word, 406,407,412 
Rectangularity, 194,195 
Recursion principle, 43 
Redundancy, 176 
Regularity, 186,191,198 
— Detection, 73 
Relative Urning, 262 

Relaxation time, 249 
Resonance, 158,159 
Restructuring, 39 
Reversible figures, see Ambiguous figures 
Rhythmic activity, 37,250,286,287,288,421,422 

Same scale interaction, 297,298,302,307,310,311, 
312 

Satiation, 39 
Scene segmentation, 82,83,93,197,229 
Schizophrenia, 208,363,364 
Schroedinger equation, 375 
Self-amplification, 202 
Self-assembly, 318 
Seif determining Operation, 153 
Self-distribution, 198 
Self-organization, 3,7,10,25,29,32,33,34,42,43,46, 

114,176,188,198, 201,202,205,210,211,249, 
250,265,270,286,312,313,316,320,325,332, 
333,344,357,358,359,378,387,388,394,395, 
415,416,418,422,423,425 

Self-reference, 395 
Self-similarity, 324,326 
Semantic fields, 419 
Semantics, 221,420,421,422 
Semantic Space, 420 
Sensation, 271 
Sensory-motor-action, 28,416 
Serial reproduction, 32,43,44,45,422 
Simultaneous contrast, 118,119,121,122,223 
Singularity, 187,188,190,191,194,197,198 
Size constancy, 338,342 
Slaving principle, 8,40,202,270,275,276,357,382, 

383,386,387,388,390,422 
Social behavior, 41 
Social order, 387,388 
Social tuning, 41 
Society, 386,387,388,389,391,403 
Sociolinguistics, 416 
Spatial frequency, 158,162,164 
Speech processing, 147,251,255 
Spring-coupled-magnetic-dipole model, 224 
Stability, 12,146,188,196,197,198,201,203,204, 

249,250,251,332,334,337,345,346,347,348, 
349,389,391 

— Far from equilibrium, 177 
Stabilized retinal images, 203 
Stable State, 35,36,37,43,152,206,207 
Stereopsis, 218,221,223,224,225,226,227,229 
Stimulus-response, 278,290,291 
Stroboscopic alternative movement, 209,210 
Suggestibility, Suggestion, 36,201,208,209,210 

437 



Superposition problem, 84,92 
Supersymmetry, 302,311 
Switching time, 249,259,261 
Symbiosis, 365,398,399 
Symmetrization, 199 
Symmetry, 186,187,188,205,296,297,298,299,300, 

301,303,304,306,308,309,321,322,326,336, 
337,423 

— Higher order, 311 
— Zero order, 305,309,310 
Symmetry breaking, 6,9,36,40,43,44,205,206,229, 

296,298,301,302,318,322,324,326,332, 
336,376,386,399,420 

Synaptic communication, 137 
Synaptic efficacy, 95 
Synchronization of neural firing, 86,87,88,89, 

90,92,94,95,99,100,101,103,104,108,113, 
114,115,116,122 

Synchrony, 94 
Synergetic Computer, 24,332 
Synergetics, 3,6,7,8,10,11,12,13,25,28,32,33,34, 

35,36,37,40,43,70, 101,113,126,196,201,202, 
205,207,208,209,210,245,249,250,261,265, 
270,272,275,284,288,292,312,354,355,357, 
360,361,372,373,376,377,382,384,394,395, 
396,401,403,416,419 

— Social, 379,382,387 
Systematic distortion, 379,386 

Temporal coincidence, 94 
Temporal gestalt, see Gestalt 
Temporal Integration, 146,147 
Temporal order, 146 
Temporal Organization, 144 
Tertiary qualities, 362 
Textlinguistics, 422 
Thermodynamic engine, 296,312,313,314 
Thermodynamics, 33,172,173,174,177,319 
Thompson's principle, 321 
Thinking, 28,39,202,203,208,209,210,211 
Thought processes, see Thinking 
Time of collision, 277,278,286 
Time scale relation, 249,250,262 

Top-down/bottom-up approach, 25,152,153, 
202,218,221,222,223,224,226,227, 
228,229,389 

Triangulation, 401 
Tri-dimensionality, 334,335,336 

Ultra stable Systems, 303 
Uncertainty relation, 170 
Understanding, 28 

Vector analysis, 44,302,304 
Vector field, 45,46,259 
Velocity field, 274 
Verhulst equation, 397 
Verner's law, 423 
Virtual memory, 70,73,74,75,77,78 
Virtual prototypes, 234,240,243,244,245,247 
Vision, 82,99,218,233 
— Early, 82,218,227,229,234 
— Spatial, 234,239,338,342 
— Tachistoscopic, 189 
Visual cortex, 82,95,99,101,119,126,127,129,131, 

138 
Visual illusions, 173,194,198,223,328,329,349 
— Craik-O'Brien-Cornsweet, 118,119,121,122 
— Hering, 195,348 
— Mueller-Lyer, 195 
— Poggendorff, 195 
— Ponzo, 348 
— Sander, 194,195 
— Zoellner, 195 
Visual representation, 233,234,237 
Visual System, 2,34,55,82,113,145,146,221, 

223,226,234,235,272 

Wandering point, 45 
Wolffs law, 320,321 
Word frequency effect, 407,411 

Zuerich model of social motivation, 374,375 

438 



Index of Contributors 

An der Heiden, U. 354 
Anderson, J.A. 54 
Arndt, M. 112 
Bischof, N. 361 
Brousse, O. 70 
Caelli, T. 233 
Carello, C. 269 
Dicke, P. 112 
Eckhorn, R. 99,112 
Engel, A.K. 82 
Frauenfelder, U.H. 406 
Freeman, W.J. 126 

Haken, H. 2 
Julesz, B. 218 
Kanizsa, G. 186 
Kelso, J.A.S. 249 
Kim, N.G. 269 
König, P. 82 
Kriz, J. 393 
Kruse, P. 32,201 
Kugler, P.N. 296 
Luccio, R. 186 
Pöppel, E. 144 
Portugali, J. 379 
Pribram, K.H. 150 

Rossen, M.L. 54 
Ruhnau, E. 144 

Schill, K. 144 
Sereno, M.E. 54 
Shaw, R.E. 296 
Singer, W. 82 
Smolensky, P. 70 
Stadler, M. 32,201 
v. Steinbüchel, N. 144 

Turvey, M.T. 269 

Viscuso, S.R. 54 

Wildgen, W. 415 

Gray, C M . 82 
Reitboeck, HJ. 99,112 
Rentschier, 1. 233 Zimmer, A.C. 332 


