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The dynamics of creative processes offers a theoretical foundation for psychodynamics,
and practical methods for research and clinical practice. Psychological phenomena are
complex sequences of physical action (action = energy x time). The same simple pro-
cesses repeat at every level of organization: (0) spontaneous fluctuations; (1) temporal
flow; (2) oppositions (harmonic, conflictual and creative) but not equilibrium; (3) co-
creations of tridimensional structure, and of higher dimensional organization. Simpler
processes have priority, but complex organization acquires supremacy (as contrasted to
both biological reductionism and psychological autonomy). Operationalizing these
principles, the process method studies processes as time series, analyzes change in terms
of opposites (harmony/conflict, attraction/repulsion) using a coordinate plane, and mea-
sures organization by quantifying recurrences and entropy in multidimensional frame-
works. The process method is illustrated by longitudinal recordings of mood
(psychogeometry), of interpersonal relations (sociodynamic tests), and of heart rate pat-
terns associated with emotions. These studies reveal novelty-rich multidimensional pat-
terns (complexes), instead of the stable low-dimensional attractors of deterministic
dynamics, or the random distributions of probabilistic models. Conceptualizing psycholog-
ical processes as complex and creative physiological actions suggests a new approach to
clinical diagnosis and treatment.
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In this paper we present a general theory of creative processes as a founda-
tion for psychological science and clinical practice. Process theory integrates
dynamics and psychodynamics within the framework of the theory of flux
advanced by Heraclitus, the ancient Greek physiologist who introduced both
“psyche” and “logos” as scientific terms. For centuries overshadowed by
mechanics and by logic, the process paradigm re-emerged with nineteenth
century evolutionism and dialectics. In a Heraclitean spirit, James spoke of
the “stream of consciousness,” Freud developed psychodynamics based on
hydrodynamic and thermodynamic models, Jung highlighted the union of
opposites, and Moreno viewed life and therapy as a co-creation founded on
spontaneous change. More recently, the bridging of the body-mind gap by
biological psychiatry represents the most important philosophical discovery
of the century. The emerging sciences of processes (nonlinear dynamics, frac-
tal geometry, and far-from equilibrium thermodynamics) provide methods to
study complex psychological processes. Process theory formulates the process
approach as an equation (Kauffman and Sabelli, 1997) and as a set of
hypotheses. These principles provide the rudiments of a foundation for psy-
chology (Sabelli, 1989; Sabelli and Carlson—Sabelli, 1989, 1996a, 1996b), as
well as clinical formulations and psychotherapeutic techniques (Carlson—
Sabelli and Sabelli, 1984, 1992a, 1992¢; Carlson—Sabelli, Sabelli, and Hale,
1994; Carlson—Sabelli, Sabelli, Hein, and Javaid, 1990; Carlson—Sabelli,
Sabelli, Patel, and Holm, 1992; Raaz, Carlson—Sabelli, and Sabelli 1992:
Sabelli and Carlson—Sabelli, 1991; Sabelli, Carlson-Sabelli, and Javaid,
1990; Sabelli, Carlson—-Sabelli, and Messer, 1994). Here we stress method-
ological applications, because theory should be valued by its scientific pro-
ductivity. We ask your forgiveness for the density of the information
presented in an effort to unify a vast field. We hope that this summary of
progress up to date serves to whet your appetite, and provides guidance to
references often outside the psychological literature.

In psychology, as in other sciences, hypotheses and measurements start
with the definition of dimensions, beginning with time and energy. Reducing
complex psychological processes to their physical components is validated by
fruitful results as well as by scientific parsimony. However, standard physics
does not concern itself with communication and with organization, two fun-
damental features of biological and psychological processes. Instead of reduc-
ing psychology to physics, one may expand physics to include complex
processes. Information is defined and measured by communication theory
(Shannon and Weaver, 1949). Organization can be measured by nonlinear
dynamics.
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Psychological Processes are Physical Actions

Process Principle

Everything is a process, a sequence of directed actions, an energy flow.

Monism. Biological and mental processes are made of the same stuff, physi-
cal energy. Matter is made of energy; information requires an energetic or
material carrier. Psychological energy is epitomized by attention. Energy is
conserved (first law of thermodynamics), hence dualism cannot explain how
a non-physical soul could affect brain function. Dualism lingers not only in
religious spiritualism but also in the artificial distinction between biological
and psychological dysfunctions, and in the artificial split of economic moti-
vation, neglected by psychodynamics, from psychological motivation,
reduced to rational choice by standard economic theory, but fully acknowl-
edged in economic practice, such as advertising.

Action = energy x time. Change is never interrupted. Mechanical move-
ment does not require energetic input as demonstrated by inertia. Gasses
spontaneously expand, and so does the universe. Likewise the stream of con-
sciousness never stops. Psychological processes are flows of physical energy in
a complex brain. Energy is not only conserved but also flows constantly. The
flow of energy is action, defined in physics as energy multiplied by time
(Figure 1B). Physical quanta have the dimensions of action (Planck’s con-
stant). At all levels of organization, entities are actions; for example, “attr-
action,” “re-action,” action potentials, and “e-motions.” Energy is not an
independent dimension, because it never occurs except as change in time.
One must expand Freud’s concept of psychological energy (libido) to include
time and flow. Exalted psychological energy manifests as creative flow in
artists and scientists (Csikszentmihalyi, 1990).

Headlth as action, not equilibrium. High energy results in high spontaneity,
and high creativity, the hallmarks of psychological health. Yet the notion
that processes tend to static equilibrium dominates thermodynamics and psy-
chodynamics, as illustrated by the concepts of mental equilibrium and family
homeostasis that permeate psychoanalysis, behaviorism and family therapy.
Goldstein (1995) has convincingly argued for the need to expand psycholog-
ical theory beyond this equilibrium model. In fact biological equilibrium is
reached only with death, and physical equilibrium never exists. As theory is
action, the choice of creative process or of static models is a significant deci-
sion regarding personal and social health.

Quantity. Action is a quantity. There are units of action at every level of
organization (physical quanta, days, action potentials, action patterns, life
span), so processes can be measured in relevant action units.




308 [206]

Flux

B

Action

c

Waves
OF

OPPOSITES

D

LATTICE

SABELLI ET AL.

HELICOID or TWO COLORED LATTICE

AR s

Fahv >y
4 F .
Flux COLORS
LATTICE ORDER AND GROUP INVERSE
E Black = White ™
n
a Action Orange Violet .
r —AM““‘-'”» R+Y R\\B= A\
M Planck
Vohe
time

Yellow (Y) 'Blue (B8)

White

G ADDITION CREATES ASYMMETRIC
RATIO AND SPIRAL GROWTH
Wave of opposites

Frequency = change / time
= Information

c//;//(?"\\&

LNy
WSS >X]
. ~

~

H LOGISTIC DEVELOPMENT

Figure 1: Cosmic forms: (A) Flux, as in Brownian movement, white noise, and deterministic
chaos. (B) Asymmetric flow of energy. (C) Waves as alternation of opposites. (D) Lattice: hier-
archical structure created by sequences of asymmetric actions. (E) Two-colored lattice (heli-
coid), modeling both temporal order and the alternation of opposites. (F) Color lattice-group:
trifurcation. into three complementary classes creates a set of opposites (secondary colors). (G)
Spiral growth or convergence to point attractor, as modeled by the Fibonacci series. (H) Logistic
development, illustrating differentiation created by growth and opposition. The logistic equa-
tion x,,) = Rx_ (1 -x ) models growth by iteration (here 1000 iterations starting with x, = 0.001)
and feedback opposition (factor R). The results are plotted as a funcrion of R, and illustrate a
cascade of bifurcations (4, 8, 16 . . . ), chaos, and various periodicities {3, 5, 7 . . . ). Sarkovskii’s
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catastrophe, the simplest form of bifurcation, is depicted in Figure 3D.
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Conservation and ‘change. Processes conserve energy—matter, and change
form. Physical and personal identity is a continuity that includes both being
and becoming. Insofar as energy is conserved, attention and emotional
investment have the hydrodynamic properties postulated by Freud.
Attention is the “currency” of personal and interpersonal life. Yet, as organ-
isms exchange energy with the environment, psychological energy can
increase or decrease. In our view mania and depression are characterized by
the overall increase and decrease in psychological energy, which accounts for
the symptomatology (e.g., increased spontaneity, action, attention, opposi-
tion, bifurcation, chaos and creativity in mania [Sabelli et al., 1990]).

Asymmetry. Energy flows in one direction, time: this is the fundamental
postulate that process theory adds to mechanics. Pasteur postulated that
asymmetry is a universal feature of all processes, a view confirmed by physics
and biology (Clynes, 1969; Haldane, 1960) and applicable to psychological
processes and structures (Corballis and Beale, 1976; Sabelli, 1989).

Action is transitive: interaction causes change. We propose that the asym-
metry of action is the fundamental order that accounts for causality and evo-
lution. We view structural asymmetries as the imprint of the actions that
created them.

Methodology

The concept of action underlies action therapies (Carlson-Sabelli, Sabelli,
and Hale, 1994), and also guides scientific methodology. (1) Focus on
change, not on state or structure. Processes cannot be portrayed by single
observations, no matter how exact, objective, and reliable; time series gener-
ated by longitudinal recordings are required. (2) Identify units of action at
the relevant level of organization, and quantify the process in terms of their
frequency. (3) Study the various aspects of a process, rejecting disciplinary
barriers as distorting abstractions.

Experimental

Ilustrating these strategies, we obtain 24 hour electrocardiographic record-
ings, and measure the interval between cardiac contractions (units of action)
as an indicator of emotional behavior, and to study psychiatric illness (elec-
tropsychocardiography [Carlson—Sabelli et al., 1996; Carlson-Sabelli, Sabelli,
Zbilut et al. 1994; Sabelli et al., 1994; Sabelli, Carlson-Sabelli, Patel, Levy,
and Diez~Martin, 1995; Sabelli, Carlson—Sabelli, Patel, Zbilut et al., 1995;
Sabelli, Patel, Carlson—Sabelli, Sugerman, and Messer, 1995]). Compared to
random series with the same statistical variability (as can be created by shuf-
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Figure 2: Electropsychocardiography: Recurrence analysis of cardiac beat to beat intervals
recorded during sleep from a normal person (A) and a psychotic (B) patient. For comparison,
(C) recurrence plot of a chaotic series created with the logistic equation (%01 = Rx, (1~ x);
R =3.6; x, = 0.001). Top: recurrence plots of 480 intervals constructed with 50 embeddings.
Bottom: embedding plots of 3500 data points showing percent of recurrences {y axis) as a func-
tion of the number of embedding dimensions used to determine recurrences (x axis). Note the
different scale required for the chaotic pattern.

fling the data), ordered series, periodic or chaotic, have high recurrence rate.
Recurrence rate is lower for cardiac beat intervals, suggesting that psychobio-
logical organization creates novelty beyond that generated by chance.
Organization and ordering thus appear to be opposite departures from random-
ness. Both are patterns; thus sequences of consecutive recurrences, practically
absent in random data, are frequent in cardiac beat interval series and in peri-
odic or chaotic ordered series. The rate of consecutive recurrences are higher
in patients with schizophrenic or affective psychoses than in normals (Figure
2), indicating that illness implies more patterning, rather than disordering.

Chaos and Spontaneity in Psychological Processes
Process Principles

Organized processes contain, and are contained, in chaotic flux.

Universal flux. A flux of energy pervades space and matter. There is no
rest, no zero but everywhere there is flux, chance and uncertainty. There is
chaos at all levels of organization: uncertain quantum flux, molecular agita-
tion (heat), turbulence, noise, Brownian motion, deterministic chaotic
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attractors, Prigogine’s creative chemical chaos, biological variability, genetic
lottery, chance, and luck. Chaos means constant, complex and apparently
disorganized change without a clearly directed action (Figure 1A).
Deterministic chaos, a form of order with extreme sensitivity to initial condi-
tions, amplifies fluctuations, thereby reproducing disordering microscopic
flux at a macroscopic level.

Non zero hypothesis. Heat illustrates that flux may approach, but never
attains zero. There is no absolute 0° temperature (Nernst theorem, also
known as the third law of thermodynamics). There is no absolute vacuum;
space is full of energy (3°K background radiation), constantly creating pairs
of opposite particles. There is no absolute rest, no complete uncertainty, no
total disorder, no absolute zero. Existence and order do not oppose emptiness;
rather, they oppose disordered change, noise, chance, and heat. There always
is something, rather than nothing. Purported absences actually are dimin-
ished forms of their positive opposites. There is no absolute psychological or
ideological neutrality or objectivity. There is no emotional emptiness, ot
emotional rest. There always is an “emotional temperature,” a practical con-
cept as illustrated by the use of warm-up techniques in action therapies.
Psychological processes require moderate physical temperature (37°C), and
cognitive processes are fostered by moderate emotional temperatures.

Non-random flux. Chaotic flux is disordering, but unlikely to be disordered.
Highly complex processes may appear random. Random distributions are
useful foils to reveal order in apparently disordered data, but total random-
ness and absolute equilibrium are only ideals. Normal distributions are domi-
nated by one asymmetry, that is their central tendency. As discussed by West
in this issue, human processes often create highly asymmetric, long-tailed
Pareto—Zift distributions. Deterministic chaos is globally ordered. Chemical
chaos forms novel dissipative structures. Personal and interpersonal chaos
may contribute to create psychological structures, both normal (e.g., artistic
inspiration) and pathological (e.g., delusions and obsessions in psychoses
[Sabelli et al., 1990], multiple personality in dissociative disorders [Raaz et
al., 1992]). Order emerges out of chaos, in Nietzsche’s felicitous phrase.

Spontaneity

Chance fluctuations contain, originate, and modify ordered flow (cause).
Quantum flux has significant physical consequences; likewise luck is a major
factor in individual life — absolute psychological determinism blames the vic-
tims of circumstances. Conversely, ordered change creates disordered flux,
friction produces heat, deterministic equations generate chaotic number series,
and human will produces unpredictable and often chaotic consequences. Flux
not only produces unpredictability; more significantly, it spontaneously creates
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variability and novelty. Fluctuations and chance interactions may be random
and meaningless, but their consequences are determined, and can be mean-
ingful.

Method: Dynamic Statistics

(1) Measure variation as the carrier of information. Do not neglect varia-
tion as random! (2) Quantify the form of each distribution (not only the
extent of differences). Explore their asymmetry, rather than eliminating
“outliers,” or “normalizing” skewdness. ‘

Experimental

Average heart rate reflects both body and emotional temperature, and heart
rate variability is an indicator of emotional behavior. We thus monitor pulse
rate during psychotherapy to detect otherwise unexpressed emotional issues.

Psychological Processes as Information:
The Union and Bifurcation of Opposites

Process Principles

Every process contains opposites. Interactions generate change and infor-
mation, not equilibrium.

Universality and coexistence of opposites. Matter is constituted by positive
protons and negative electrons; most species have two sexes; synapses are
excitatory and inhibitory; opposing emotions and opposite ideas evoke each
other; danger and opportunity coexist. Persons often have opposing traits,
which become manifest in different contexts: recognizing this fact has psy-
chotherapeutic value (Levine and Leven, 1995). Opposites are distinct but
united: feminine and masculine, extroversion and introversion, harmony and
conflict, conscious and unconscious, intrapsychic and interpersonal, health
and illness, belonging and alienation, always coexist. This is Heraclitus’s
union of opposites, that Hegel adopted as the dialectic principle (contradic-
tion). Both traditional and mathematical logic identify rational thinking
with the mutual exclusion of opposites (principle of no contradiction), but
quantum mechanics demonstrates the coexistence of opposites (e.g., electron
as wave and particle). Spouses often have contradictory and mutually exclu-
sive perspectives; attention must be paid to both. Intense transferences
always are both positive and negative, albeit they may appear to be one or
the other, and are so named in psychoanalysis.
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Alternation. Opposites coexist, but separately, alternating in space and
time [Hegel-Engels’ law of negation of the negation (Engels, 1940)]. A wave
is an alternation of opposites (Figure 1C). Neither opposite has absolute pri-
macy, but each predominates in different respects, and at different times, in
alternating sequence. Processes rise and fall (period 2).

Information as opposition. Information is a communication between two
entities, “news of a difference” (Bateson, 1979) or of a repetition, we add.
Information is encoded in opposition: binary coding in computers, true and
false value in logic, action or resting potential in neurons. The separation of
opposites in processes (bifurcation) or in thought (distinction) creates infor-
mation.

Twoness. Opposition and information reveal the fundamental twoness
included in each unity. Action is interaction, change is exchange, informa-
tion is communication. Internal and external, intrapsychic and interper-
sonal, opposites are both distinguishable and inseparable (as contrasted to
the systems theory stress on boundaries).

Harmony and conflict. Opposed forces are always in part synergic and in
part antagonic. Darwin, Marx, and Freud viewed opposites as coexisting in
conflict, and their struggle as the motor of change. Conflict destroys more
than it creates; promoting competition and struggle usually is anti-therapeu-
tic. Systems theorists viewed complementary opposites as harmonic; applied
to human relations, this view may conceal oppression and abuse. Awareness
of the coexistence of harmony and conflict is useful in marital therapy.

Similarity, difference and symmetry. Opposites are fundamentally similar, and
fundamentally different. Women and men, children and adults, compatriots
and aliens, friends and foes, share generic features, and diverge in smaller
specific differences. Perceiving the similarities is psychotherapeutic, promot-
ing harmony, preventing splitting, and discrediting demonization. Changes
in quantity correlate with changes in quality as illustrated by changes in time
(age), size (village, town, city), or intensity (appetite and hunger). This is
the law of dialectics enunciated by Engels (1940), that he attributed to
Hegel. One aspect of opposition is a difference in some quantity. Thus mood
and energy are low in depression and high in mania. However mixed affec-
tive disorders include both mania and depression. Opposites can increase or
decrease independently, and thus have a complex relationship, not just
reciprocity; for instance, anger and fear often coexist. Opposing views cannot
be accommodated into a single perspective. Nonlinear dynamics allows one
to understand rationally and rigorously the coexistence of opposites by sepa-
rating them in two different dimensions (coordinate plane).

Bifurcation. An opposition represents a symmetry, but it consists of two
oppositely directed asymmetric actions. Thus opposition can generate at
most transient equilibrium; more often it generates cycles of alternating
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dominance, and bifurcations, that is to say, change and novelty. In mechan-
ics, opposites neutralize each other. In non-mechanical processes, opposites
such as anger and fear, male and female, intuition and judgment, co-create
complexity, not equilibrium. Equilibrium is forced by opposition; it is not the
natural endpoint of change. Darwinian evolutionism assumed that change
occurs in an incremental linear manner; this is portrayed in dynamics by
gradual bifurcations. Pointing to examples ranging from freezing points to
historical changes, Hegel-Engels postulated that there also are discontinuous
changes in quality (dialectic leaps). The most fundamental leaps are the ele-
mentary catastrophes (Thom, 1975), such as the fold in the transition from
one attractor to another (Figure 2D). Catastrophes offer a model for change
in motivation (Guastello, 1987), perception (Steward and Peregoy, 1983),
anorexia nervosa (Callahan and Sashin, 1987), bipolar mood (Sabelli et al.,
1990), and dissociation (Raaz et al., 1992). But also healthy creative pro-
cesses stem from the interaction of opposites. It is to create anew, not to
foster equilibrium, that one must seek a balance of opposites.

Psychological Oppositions

Opposite generations, sexes and classes dominate each other, albeit in a
different manner. For instance, woman power (female priority) precedes,
accompanies and succeeds male supremacy, as evidenced by the role of mother
as the first universe, the first love, and the first identification figure, and by
the longer life span of women compared to men (Sabelli, 1989; Sabelli and
Carlson-Sabelli, 1995). Understanding this bidirectional dominance has
psychotherapeutic implications, widely different from both patriarchalism
and feminism.

Love and self-love are coexisting opposites, strengthening each other, a view
proposed by Antonio Sabelli (as cited in H. Sabelli, 1989), and currently
popular. This view contrasts with Freud’s dialectics of primitive narcissism
opposing, and becoming, mature love, as well as with Kohut’s (1971) view of
love and self-love as two separate lines of development. The union of oppo-
sites implies that both love and self-love contribute to the development of
family affection, and of patriotism, and that they also are inseparable from
conflict. Mother is the first identification and authority figure introjected as
super-ego (female priority). Only later does the super-ego include the intro-
jection of conflict (Freud) and love for the father, and of non-conflictual
(Hartmann, 1958; Parsons, 1951) and conflictual socialization.

Freud portrayed conscious processes as logical, repressing opposite ideas
and feelings to a separate realm, the irrational unconscious, to which he con-
fined dialectic contradiction. However, according to the process view every
thought and feeling has both a conscious and an unconscious part.
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Conscious and unconscious contents are largely similar and synergistic:
beliefs and feelings, racism, sexism, and depressing cognitive structures
remain operative, often increased, when made conscious. We are rational,
and irrational, while awake and while asleep.

Jung recognized the coexistence of opposites (enantiodromia) in theory, but
in practice separated opposites such as extroversion and introversion as
mutually opposite tendencies. On the contrary, the intensity of self-directed
and other-directed action can increase together, indicating the need to use
psychological scales that allow one to detect such cases. Recognizing the
need to consider that opposites can coexist and increase together, Bem
(1974) developed a scale to measure androgeny (masculinity and feminin-
ity), and K. Wallston, B. Wallston, Smith, and Dobbins (1987) revised the
scoring of the Rotter Internal-External Locus of Control Scale to identify
persons strong in both.

Strengths and weaknesses are inseparable. Whereas Aristotle portrayed
tragedy as the contradiction between the hero’s virtue and tragic flaw, the
union of opposites implies drama: the protagonist’s strengths and desires are
also the tragic flaw. Alexander’s intensity creates his empire and accelerates
his death. Don Juan is killed because he is a great lover. Individual freedom
both promotes and destroys families and communities. Artistic creativity is
often associated with emotional lability (Andreasen, 1987), and economic
hardship. Excellence implies complexity and specialization, hence vulnera-
bility to trauma and change. Those who attempt more are more often
defeated and depressed than those who moderate their expectations and
efforts (Sennett and Cobb, 1973). Action increases both successes and fail-
ures, progress and decay; this same law applies to both physics and life. These
concepts open a new avenue for empathic interpretation of a patient’s suffer-
ing, and indicate restraint in suggesting behavioral changes.

Nonlinear Methodology

Dynamics provides methods to portray complex processes as trajectories in
multidimensional frameworks, such as plotting each datum against the next
one (return map) or against their difference (phase plane). However dynamics
does not provide criteria for the choice of axes, nor does it offer an interpreta-
tion for two-dimensional trajectories. Postulating that all processes evolve
through the interaction of opposites, process theory offers both method and
interpretation. (1) Find in each process its fundamental oppositions.
(2) Explore the similarity of opposites and the opposition of similars, the
synergy of antagonists, and the conflict of synergic actions. (3) Measure each
opposite separately, and their joint variations in a coordinate plane (Figure 3).
(4) Interpret return maps and phase plane trajectories as portraits of opposition.
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Figure 3: Plane of opposites: (A) and (B). Interpersonal diagrams: each person represents the
intensity of opposite feelings regarding each of his most important relations in three planes of
opposites. Dots are connected to indicate the intensity of the relations as measured by time
spent together. The empty circle denotes the person with whom most time is actually spent.
Note the difference between linear patterns (subject A) and bifurcating patterns (subject B) of
feelings of harmony and conflict, and how these patterns are not identical with approach and
avoidance behaviors. (C) The four quadrants of the plane of opposites, and their relation to the
sum and the difference of opposites. (D) Sociodynamic test: plotting the positive (P) and nega-
tive (N} opposite forces of attraction (x), repulsion (y) with the behavioral outcome choice (z),
generates a folded surface. It is modeled by the fold catastrophe, the simplest form of bifurca-
tion. High attraction coupled with low repulsion predicts a choice, while low attraction coupled
with high repulsion predicts a rejection; when both forces are low neutrality is predicted. When
both attraction and repulsion are high, a bifurcation occurs indicated by rapid switching
between choosing and rejecting when measured over time. Note the catastrophe’s bifurcating
and asymmetric parameters are functions of the sum and difference of opposites.

Experimental: The Plane of Opposites

The difference between consecutive cardiac beat intervals represents
acceleration, and thus depicts the opposing influences of accelerating sympa-
thetic excitement versus parasympathetic deceleration (Carlson-Sabelli et
al., 1995; Sabelli, Carlson-Sabelli, Patel, Zbilut et al., 1995).
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Recording pairs of opposites such as harmony and conflict, attraction and
repulsion (Figure 3) allows one to study empirically ambivalence, contradic-
tion and ambiguity. Their importance in psychological and social processes
has been widely recognized, but there have been no adequate methods to
measure them. Categories force the black-or-white thinking of two-valued
logic. Linear scales force us to conceive opposite drives or ideas as neutraliz-
ing each other. Both linear and categorical thinking conceal the role of
ambivalence and conflict in engendering, or preventing, change. Regression
analysis indicates that attraction and repulsion often are positively related
(Carlson—Sabelli et al., 1992; Carlson-Sabelli, Sabelli, and Hale, 1994).
Thus, to consider them as poles of a continuum is an etror in measurement.
In the context of both clinical psychodynamics and process theory, it is a
crucial distortion of the data. The four quadrants of the plane of opposites
(neutral, positive, negative and contradictory, Figure 3C) allow one to por-
tray all cases, and transitions from one to the other. The sociodynamic test
plots opposing motivations (attraction and repulsion, cost and benefit) for
making choices in a coordinate plane, and the order of choice and rejections
actually made on a third axis. When attraction (positive, P in Figure 3) and
repulsion (negative, N) are both high, the coexistence of intense opposites
(contradiction) manifests as ambivalence, intense irrational unilateral
choices, sudden changes from one extreme to the opposite. The data fit the
catastrophe model (the simplest bifurcation, Figure 3D). In this catastrophe
model, the bifurcating control parameter b is the energy provided by the
union of opposites: b = f (P + N) . The asymmetric factor a that provides
information regarding the outcome, is given by the difference between oppo-
sites, a = f (P — N). We speculate that this case may reflect a universal rela-
tion between energy, information and opposition (Sabelli and Carlson—
Sabelli, 1992). To quantify contradiction is meaningful, because it leads to
change; a person in contradiction is most vulnerable, more likely to break up
a significant relation, or to change jobs, residency, or beliefs, and is more sus-
ceptible to psychotherapeutic intervention.

Interpersonal profiles (Figure 3). Using the plane of opposites to study oppo-
site feelings and actions, Carlson—Sabelli and Sabelli (1992a, 1992¢) found
that 36% of young adults report three or more relationships in the contradic-
tory corner of their plots; the neutral quadrant was more empty than the
contradictory quadrant in all plots, indicating that coexisting opposite feelings
are more likely to create ambivalent bonds than neutrality. Further, only
33% of the persons indicated a desire for purely harmonic relations!
Repeated testing reveals patterns of interpersonal function. One may identify

. broad categories, such as harmonic, conflictual, linear, and bifurcating styles.
A linear person (Figure 3A) is attracted to, and approaches the person she
spends most time with, while a bifurcator (Figure 3B) places her most
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significant other in the center of two of the three planes. Bifurcating person-
alities, characterized by multiple contradictions and frequent break-ups, are
often observed in relatives of persons with bipolar (manic-depressive) illness
(Sabelli et al., 1990), suggesting a genetically-determined temperament. Also
artistic or scientific creativity, family conflicts, andfor sociceconomic insta-
bility can generate a history of repeated contradictions and bifurcations that
may be introjected as a bifurcating life style.

Morphological Dimensions: Co-creation of Structure and Organization
Process Principles

Processes create structures. Oppositions create tridimensional patterns and
material structures. Triadic interactions generate all orders of periodicity and
chaos. Complex interactions create novelty-generating processes of organiza-
tion.

Structure and matter. Generating complex forms of equilibrium, opposed
forces create relatively stable patterns and structures, including matter itself.
Even at the subatomic level, energy is associated with particle structure.

Co-creation. Processes spontaneously create patterns, but “self-organiza-
tion” always is an interaction. A co-creation results from the convergence of
actions of disparate origin, both synergic and antagonic, an articulation that
creates an opportunity. The interaction of light beams creates interference
patterns and holographic images. Fields of energy likewise create material
particles. Human communication creates culture and the mental constructs
that make the individual’s cognitive processes. The intercourse of sexes pro-
creates new individuals. The binding of oppositely charged particles creates
atoms. Intense opposite motivations (ambivalence) induce dramatic shifts in
behavior, create neurotic structures, and promote creative solutions.
Resistance slows down action, but it does not lead to equilibrium. Instead,
opposition creates pattern and novelty. Catastrophic folds occur when oppo-
site forces are both strong and of similar intensity. As illustrated by the
simple logistic equation (Figure 1H), oppositions that limit growth generate
cascades of bifurcations, and thereby create periodic and chaotic patterns,
that eventually become unbound toward infinity. Each bifurcation occurs at
a specific value of opposition (R in Figure 1H); changes in quantity create
changes in quality. Nonlinear interactions create higher dimensions. A tridi-
mensional catastrophe (Figure 3D) is created by the nonlinear competition
between opposite point attractors. As every process includes at least two
opposite components, every pattern has at least three dimensions.

Three. Space has three dimensions, indicating that matter involves the
equilibrium between at least three forces. Processes have three aspects,
energy, information, and matter. Information can be present, absent or false.
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Three quarks form a proton. Mother, father and child make the nuclear
family. Factor analyses indicate three dimensions of variation of normal per-
sonality (Cloninger, 1987). Processes create, conserve, and destroy struc-
tures. Not surprisingly, many models of processes are tripartite (e.g., Freud’s
id/egofsuper-ego). Torre (1995) has convincingly shown that problem solving
requires a triadic formulation. Three way splits (trifurcation) are creative:
three attractors create chaos; period 3 implies chaos; and the human eye tri-
furcates light waves into three primary colors.

Novel organization versus recurrent order. Ordering, such as periodic repeti-
tion generates recurrences, while disordering reduces them. Bifurcations
create novelty beyond the variations induced by disordering flux.
Psychobiological processes (such as cardiac beat intervals) have less recur-
rences than random, but a high percentage of them are consecutive, denot-
ing pattern. We thus propose to distinguish three types of processes:
disordering, ordering, and creative organization.

Diversification. Bifurcations create diversity. Individuals become unique, as
already evident in snow flakes. Novelty implies that psychological develop-
ment, as biological evolution and social history, is only partially determined;
diversification implies that development is a branching process, rather than a
linear sequence of stages. As evolution multiplies and diversifies biological
species, so individuals creatively differentiate their personalities, in healthy
and pathological ways; this is in contrast to the view of pathology as the
result of involution or of developmental arrest. Creative bifurcations, both
psychopathogenic and psychotherapeutic, offer an alternative model to the
deterministic views of many biological, psychoanalytic, behaviorist, and
dialectic theories.

Dimensiogenesis and simplification. Differentiation of a unity into opposites
adds a new quality or dimension. We conceive and measure complexity in
terms of dimensions. The evolution from simple to complex is a process of
dimensiogenesis. The creation of molecules, organisms, societies and psycho-
logical individuals implies informational and morphological dimensions
beyond those so far described by physics. These higher dimensions of biologi-
cal and psychological processes are as yet unidentified, but their number can
be estimated in psychobiological data with recurrence analysis. We thus
pursue the objective of defining psychological theory in terms of dimensions
without reducing it to mechanics.

Simple patterns of organization such as units, oppositions and triads reoc-
cur at complex levels of organization. In the logistic equation, repeated bifur-
cations create periodic and chaotic patterns: fractal complexity and periodic
simplicity alternate, and create each other (Figure 1H). In the same manner,
one observes in nature that increased complexity collapses into simpler forms

(Cohen and Steward, 1994).
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Modules, systems, classes. Creative processes are generic (Thomson’s “prin-
ciple of mass production”), producing only a limited number of types of enti-
ties at each level of organization (Mill’s “principle of the uniform structure of
nature”). Although individually unique, entities in the same class are
exchangeable in many interactions; hence we call them “modules”
(Carlson—Sabelli and Sabelli, 1992b; Sabelli, 1989; Sabelli and Carlson—
Sabelli, 1995). Different persons may replace one another regarding social
roles (parental, sexual, professional, etc.); persons often react to each other
as a function of their role, as dramatically illustrated in second marriages that
reproduce the problems that destroyed the first. Persons belong only tran-
siently to any given system. Family and personal “networks” are not systems
separated by boundaries, but overlapping nets of interaction centering in
each person. Each person, like a sun, has a material boundary, a wider ener-
getic field, and an even wider domain of communication. Replacing the con-
cept of “family system” has many psychotherapeutic implications
(Carlson-Sabelli and Sabelli, 1992¢; Sabelli, 1989; Sabelli and Carlson—
Sabelli, 1991); whereas the system theory concept of family homeostasis
implies that improvement of one member be compensated by the deteriora-
tion of another, the process notion of similarity of opposites implies the prob-
ability of parallel improvement.

Semantic structure. Some levels of organization are alphabetical: they con-
sist of a small number of types of units (e.g., chemical elements, DNA bases,
primary colors, emotions) that combine to construct a potentially infinite
number of entities (molecules, genes, colors, feelings) that constitute the
next higher level of organization (Pattee, 1973). Human languages exemplify
the infinite creativeness that can be so attained.

The semantics of conditioning in the alphabet of affects. Behavior is organized
in hard-wired processes including sleep, dreaming, emotions, and other
action patterns (Killeen, 1992). Affects are multiple, and enhance and
inhibit each other in complex ways. Affection is not aim-inhibited sexuality,
but a separate drive; sex and affection can be associated as in the love
between spouses, but they can also contradict each other, as illustrated by the
inhibition of sexuality among women and men raised together in a kibbutz.

Emotions are processes, not states, consisting of ordered sequences of
actions from trigger to consummation, but they may also be interrupted by
lack of external complementary response (frustration), or by the emergence
of a more powerful drive. Inhibited emotions might then relax toward rest,
or remain as unsatisfied drives in need of fulfillment. Just as Freud postulated
that behavior tended to discharge psychological energy and to restore equi-
librium, early ethologists portrayed behavioral pathways as linear sequences
of appetitive behaviors from a repeller (such as hunger) to an attractor (such
as satiety). This equilibrium model is misleading. First, many behavioral
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Figure 4: Psychogeometry: Daily ratings of depression, anxiety and anger (shown here for 35
consecutive days) display three types of trajectory: equilibrium (A), periodic (B), and chaotic
(C). Histograms represent the percent of normal petsons (N), depressed patients (D), and non-
depressed criminals presenting each of these types of trajectory.

pathways, such as sleep, feeding, and sex, are cyclic (appetite-consummation—
relaxation—appetite); only repellers such as pain, hunger or fear, initiate
pathways toward point attractors of relief, satiety and escape. Second, con-
summatory acts are positive reinforcers, while frustration reduces behavior,
even sustainedly (Seligman’s learned helplessness). Consummation creates
appetite, as illustrated by cascades of orgasms. Contrary to the notion of
cathartic discharge, emotions may actually be increased by their expression.
Third, there is a profound similarity between attractors and repellers: sensa-
tions and emotions such as bitter or sweet, heat and cold, anger and fear, may
be pleasurable at low intensities, and produce suffering at high intensities.
This is also illustrated by appetite, that is a pleasure we seek, and hunger,
that is a deprivation we avoid. A change in quantity produces a change in
quality. Fourth, positive and negative reinforcers, pleasure and pain, may
coexist. The mutual exclusion of opposite reinforcers postulated by condition-
ing theory fails to account for the pleasurable effect of righteous indignation,
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theatrical tragedy, horror literature, or sexual masochism. Finally, behavior is
not a self-propelling path toward an attractor, but it is co-created in interac-
tions. External stimuli can enhance appetite, as is the case with curiosity,
sex, and perhaps even violence. The market does not balance supply to
demand, but it also creates demand. Appetite and consummation are inter-
personal acts. Conditioning is a bidirectional relation. Emotions are inter-
personal, so we share responsibility for each other’s well-being, contrary to
popular psychotherapeutic lore.

Geometric Methodology

(1) Detect and quantify temporal patterns with methods applicable to
non-stationary processes. (2) Construct spaces of three or more dimensions
to study organization. (3) Identify alphabetical levels of organization.

Experimental

Psychogeometry illustrates the use of multidimensional phase spaces to
study psychological processes. Daily reports of positive and negative emo-
tions, as well as events, are obtained for extended periods of time (Carlson—
Sabelli et al., 1990; Sabelli et al., 1990; Sabelli, Carlson-Sabelli, Patel, Levy
et al., 1995). Also in this case, positive (energy, joy, sexual arousal, sleep) and
negative (anger, fear, depression) emotions are not inversely related. Further,
opposite patterns of negative emotion, such as anger, fear and depression, are
found to be positively correlated, rather than inversely related as predicted by
Cannon’s concept of fight or flight, and by Freud’s notion of anger as depres-
sion turned in. Trajectories of anger, fear and depression reveal three types of
pattern (Figure 4). (A) Equilibrium-seeking trajectories that return to emo-
tional rest after transient changes, found in 67% of non-depressed criminals,
and almost never in other populations. (B) Periodic-like patterns that were
confirmed by harmonic analysis of the data. Wavelengths varied from individ-
ual to individual. Surprisingly, periodicity was also noted in the report of pur-
portedly externally determined events! Periodic trajectories were found in
31% of normal persons, but rarely in depressed individuals. (C) Highly erratic
chaotic-like trajectories that fill the state space, found in 56% of normal per-
sons, and 87% of depressed persons. Ultradian mood variations also are
increased in depressed patients (Hall, Sing, and Romanoski, 1991).

In electropsychocardiographic studies, one can study tridimensional patterns
even while recording a single time series by comparing it with its time-
delayed copies. In this manner Redington and Reidbord (1992) observed pat-
terns of cardiac beat varjation associated with particular psychotherapeutic
stances. Higher dimensional patterns of organization can be revealed by
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embedding multiple time-delayed copies, using the recurrence technique
(Webber and Zbilut, 1994]. Patterns of recurrences are visually different in
psychotic and normal persons (Figure 2). Recurrences cluster in complexes,
that exhibit a limited number of forms, suggesting an alphabetical level of
organization. Complexes rise and fall in association with changes in behavior
and emotions, as recorded diary entries made by the experimental subjects
(Carlson-Sabelli et al., 1995; Carlson-Sabelli, Sabelli, Zbilut et al., 1994;
Sabelli, Carlson-Sabelli, Patel, Levy et al., 1995). These data suggest that
heart rate patterns reflect patterns of behavior (emotions, sleep, sex, etc.)
integrated in the central nervous system. Comparison with computer-gener-
ated curves demonstrates that the timing of cardiac contractions depends
more on behavioral patterns, than on intrinsic periodic or chaotic cycling.
These studies lead us to model complex processes as evolving multidimen-
sional patterns generated by interactions (complexes), in contrast to the
stable low-dimensional attractors, which are overt only in the absence of
interactions, postulated by deterministic dynamics. Simultaneous recordings
reveal how complexes arise from personal interactions. We apply this tech-
nique in marital therapy to provide insight into how an individual’s mood
change may trigger conflict, but this very possibility sometimes inhibits one
spouse from acquiescing to simultaneous recordings. By way of contrast,
family systems theory postulates that interactions have no “punctuation,” as
each spouse perceives her or his behavior as a response to that of the other.

Organization: Logos
Process Principle

Simple universal forms are the primary components of all processes, and
manifest themselves in psychological archetypes and mathematical structures.

Homology. Evolutionary history is imprinted into anatomical structure and
individual development. Thus information is conserved, in contrast to physi-
cal states that are independent from initial conditions. The metamorphosis
of amphibians and butterflies reproduce the evolutionary transitions from
sea to land to air. Arm, leg, fin, wing, illustrate the evolutionary concept of
homology, namely a common origin that yields common features. Homology
is not confined to biology: there also are profound homologies among physi-
cal and psychological processes (von Bertalanffy, 1968).

Mathematical structures as cosmic forms and psychological archetypes. The
most dramatic example of the homology between psychological and physical
processes is mathematics. Mathematics, a product of human thought, can say
much about the real world, even determining with surprising accuracy inter-
planetary travel. Through mathematics, the human mind must undoubtedly
tap into fundamental physical processes.
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Pythagoras postulated that the small integers represent cosmic forms. Jung
considered numbers as psychological archetypes (Robertson, 1989). Numbers
represent qualities, not only quantity and order, as it is evident for small
integers: 0 is the defining quality of void, and lack of order; 1 is contained in
uni-directionality (time), oneness (substance), and unity; 2 is in opposition,
and in information; 3 are the dimensions of space and structure. Consecutive
addition (1+1=2; 1+2=3 . ..) generates spiral growth, the Fibonacci series (1,
2, 3,5, 8, 13, etc.) [Figure 1G] that describes fundamental biological forms
(Cook, 1914/1979), and aesthetically pleasing asymmetric proportion.
Including ever present limits to growth generates the logistic equation (May,
1976), the study of which gave its name to chaos (Yorke and Li, 1975). As
the degree of opposition increases, the equation generates 1, 2, 4, 8, 16, etc.
outcomes, a cascade of bifurcations that leads to chaos, which is in turn
interrupted by simpler periods, odd and even, in a predetermined sequence in
which period three implies all other periodicities (Sarkovskii, 1964 as cited
in Devaney, 1989). As 3 and 5 are both Fibonaccian and Sarkovskiian num-
bers, it is intriguing that psychological tests reveal either three (Cloninger,
1987) or five (Costa, 1996) factors of personality.

Mathematical structures are both psychological archetypes and cosmic
forms. The correspondence is not surprising, because the human brain is the
best organ (insofar as we know) developed by the evolutionary processes of
adaptation and selection. Thus brain processes, such as perceptions and intu-
itions, should be expected to provide us with a reasonably appropriate, albeit
certainly not perfect, picture of the real world (Sabelli, 1989; Vandetverr,
1988). We do not perceive space as tridimensional because the labyrinth has
three orthogonal semicircular canals, but our ear is so constructed because
space has three dimensions. We perceive time as flowing because processes
are thermodynamically irreversible, and this fundamental asymmetry must be
added to the basic laws of physics. Vandervert (1988) views world, brain and
mind as homologous: brain, as the product of evolution, embodies its pat-
terns, thereby being pre-adapted to portray reality. Evolution encapsulated
the world as brain structure.

Heuristic homologies. Computer modeling has expanded the heuristic value
of analogy, but, as historically determined realities, homologies offer deeper
perspectives. In extending measurements of action, velocity or entropy to the
biological realm, process sciences make use of probable homologies to
develop a physics of life. Conversely, following Pasteur’s inference of cosmic
asymmetry from the asymmetry of bio-molecules, we can examine complex
processes to learn from them about the simpler cosmic forms (complexity
inference [Sabelli, 1989]).

We may thus learn about cosmic forms by examining human anatomy, with
its three spacial dimensions: the unidirectionality of action in its dorso—
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ventral asymmetry, opposition in its right-left (partial) symmetry, and hierar-
chy in its vertical dimension (Sabelli, 1989; Sabelli and Carlson-Sabelli,
1989). In fact asymmetry (Clynes, 1969; Corballis and Beale, 1976; Haldane,
1960), symmetry (Anderson and Stein, 1987), and hierarchy (Pattee, 1973) are
considered cosmic forms. We view them as a “cosmic gene” that co-exists in all
processes and at all levels of organization (Sabelli and Carlson—Sabelli, 1996a).
Similarly, consider the alphabet of sensations. Color (Figure 1F) illustrates
the creativity of trifurcations: the physical continuum of frequencies is
divided by the retinal receptors into three primary colors, and from this the
mind constructs an infinite multiplicity of colors, including black, its inverse
white, and secondary colors (the sum of two primaries generates the inverse
of the third primary; e.g., blue + yellow = green = complementary of red).
Colors thus have the properties of a group (inverses) and of a lattice (order,
Figure 1D), two fundamental mathematical structures (presumably, psycho-
logical archetypes and cosmic forms). We see the three-way split of light into
primary colors as the transition from physics to biology, and we propose that such
a trifurcation reveals the cosmic form of creative processes. In this light, we con-
sider Freud’s triadic model as more revealing than self-other dichotomic
schemes. The logical structure of color relations describes the types and
interactions of quarks. It also fits human ideas and feelings, so colors acquire
symbolic meanings (emotional, political, religious) and portray thinking
styles. Neurotics (Adler), depressives (Beck, Rush, and Shaw, 1979) and fun-
damentalists characteristically think in black and white. Learning to think
in gray is psychotherapeutic (Beck et al., 1979), but learning to think in
color, that is learning to see a third alternative which does not lie between
the other two, promotes creativeness (Sabelli and Carlson-Sabelli, 1996a).
Cosmic forms. Abstract forms such as asymmetry (Pasteur), spiralicity
(Fibonacci, Cook) and catastrophes (Thom, 1983) are embodied in physical
and in psychological processes. They are cosmic, meaning universal, ordet-
creating, and beautifying (as in cosmetic). Process theory postulates that
flux, action, opposition, and organization represent simple processes that
repeat in every respect (e.g., one as oneness, asymmetry, and unity), and at
every level of organization. Cosmic forms are physical processes (action,
opposition, bifurcation, cycling, chaos), not static and separate from matter
like Platonic ideas. Cosmic forms also manifest as void, action, information,
and matter. These forms are expressed numerically as 0, 1, 2, 3. These are the
dimensions of point, line, plane, and space. They correspond to randomness,
lattice asymmetry, group inverse, and topological bifurcation. Lattice, group
and topological theory are the three pillars of mathematics in the view of
Bourbaki and of Piaget, a fact that supports their characterization as cosmic
forms. These forms determine the basic psycho-social categories of genera-
tion (a temporal change), sex (an opposition), and class (a diversification).
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Topological embedding and fractal self-similarity. Cosmic forms coexist with
each other; for example, the asymmetry of action is also manifested in the
asymmetry of opposites, and in each of the three dimensions of space, such as
east-west rotation, north—south thermal bipolarity, and up-down in the
gravitational field of the earth. Cosmic forms are nested in each other.
Empty space, energy, information, and matter are inseparable components of
every object. Disordered chaos, unidirectional flow, oscillation between
opposites, and nucleation of tridimensional structures are coexisting and uni-
versal patterns, albeit one or another can predominate locally as an attractor.
As the same cosmic forms repeat at every level of organization, processes
have a fractal, self-similar structure.

Creative processes emerge from a determined development. Process theory pos-
tulates that cosmic forms generate evolution and are embodied in each pro-
cess. Action generates both growth and interactions that facilitate or oppose
growth. The logistic equation demonstrates how opposition to growth (nega-
tive feedback) generates bifurcations and chaos. The process equation a,,g =
a, + (g (sin a_)) includes both positive and negative feedback, a union of
opposites (Kauffman and Sabelli, 1997). As g increases, the patterns gener-
ated by iteration go through a series of phases: static, dyadic (bifurcation),
periodic, chaotic and biotic (patterns with dynamic features as observed in
psychophysiological recordings such as cardiac beat intervals). The equation
embodies the two postulates of process theory: (1) iteration and feedback
model the dynamic identity of processes (as contrasted to the notion of iden-
tity as permanence); the sine function models the cycling of opposites.
Significantly, the equation generates cosmic forms such as pi, Fibonacci and
Feigenbaum’s constants, and Sarkovskii’s cycles. Embryological development
(from one egg to 2, 4, 8, 16, etc. cells), with subsequent folding and differen-
tiation, illustrates how cascades of bifurcations can be creative. In the same
manner, other natural processes may emerge from the primary process of
opposition, diverging toward individual uniqueness. Cascades of bifurcations
provide a model for psychological development in which each new stage rep-
resents a differentiation into a new set of opposites, the interaction of which
contributes to all subsequent processes (Sabelli, 1989; Sabelli and
Carlson—Sabelli, 1989). This process model contrasts with the dialectic
model advanced by Erikson, according to which each stage of development
represents the resolution of a contradiction of opposites.

Consciousness. Cosmic forms are embedded in consciousness: (0) free asso-
ciations, (1) the stream of consciousness, (2) the coexistence and bifurcation
of opposites, (3) triadic organization. The coexistence of opposites manifests
itself in the double nature of consciousness, which always includes both the
self and the other, the mutual implication of contradictory ideas and feelings,
and the coexistence of consciousness and unconsciousness. The dichotomy of
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conscious and unconscious is complemented by a third, paraconsciousness, the
distortion of conscious and unconscious processes created by conflict, such as
black and white thinking, with idealization of the collective self, and demo-
nization of the other (Sabelli, 1989; Sabelli and Carlson—Sabelli, 1989).

Topological Methodology

(1) Compare data patterns with computer generated models for disordered
flux (random distributions), linear flow, cycles, chaos, cascades of bifurca-
tions. (2) Study organization in frameworks of increasing dimensions: one for
linear time, a plane for information, geometric space for structure, and
higher dimensional spaces to reveal higher forms.

Experimental

Recurrence plots of electrocardiograms show an abundance of lattice forms
(partial order, with bifurcations and unions, one origin and one end), and
striking similarities between short and long patterns, suggesting a fractal
structure, but one that differs from prototypic chaotic attractors in pattern
(Figure 2 top), dimensions (Figure 2, bottom), and low recurrence rate (nov-
elty). Constructing frameworks of 1 to 100 dimensions (Figure 2, bottom),
we found that the number of dimensions required to account deterministi-
cally for 50% of recurrences in the electrocardiogram of normal individuals is
Jower for psychotic persons (Carlson—Sabelli et al., 1996; Carlson—-Sabelli,
Sabelli, Zbilut et al., 1994), indicating the lesser complexity of psycho-physi-
ological patterns in these individuals. This fits clinical observations, as
obsessions, compulsions, stereotypes, and lack of adaptation represent a
reduced range of behavior. Psychiatric illness appears to simplify pattern and
increase order.

Psychological Organization is Created by the Production of Entropy

Process Principles

Entropy increases with both organization and destruction. Statistical mea-
sures of entropy quantify symmetry and diversity, not disorder and unifor-
mity.

Health and illness, evolution and decay. Life and death, evolution and extinc-
tion, awakening and falling asleep, illustrate that processes rise and fall; they
are not stationary, nor do they tend to equilibrium, disorder, or any other
stable attractor. Progress and decay overlap: neurons begin dying in infancy,
and a person may grow up as she or he grows old. Either construction or
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destruction may predominate, depending on multiple factors, including
human choices — thus psychological life includes moral decision.

Thermodynamics and psychodynamics. Psychodynamics originally developed
in the tension between evolutionary theory that describes progression from
simplicity to complexity, and the thermodynamics of closed systems, which
equates the increase in entropy with a tendency to rest and disorder. To
explain this contradiction between the emergence of life and thermodynam-
ics, both Schrédinger and Prigogine (Prigogine and Stengers, 1984) adduce
that the uptake of free energy and the exportation of heat and waste can
lower the internal entropy of open systems. Based on the thermodynamics of
his time, Freud postulated that psychological energy tends to equilibrium.
Borrowing the terminology of the physical sciences, health was equated with
equilibrium, and illness with disorder. This analogy is false (Bailey, 1994):
thermodynamics equates entropic equilibrium with disorder. Further, life and
mind are far from equilibrium processes, open to constant exchange of energy,
information and matter. Equilibrium is a rare condition, observed only tran-
siently under artificial laboratory conditions (Goldstein, 1995). This view of
entropy as disorder is a psychological interpretation: it does not necessarily
follow from its mathematical definition as the measurement of the unifor-
mity of the distribution of states in a histogram.

Undoubtedly friction reduces movement to heat, use produces wear and
tear, and life leads to death, but just as evidently heat and action produce
work, and life emerged from inorganic processes. According to the process
perspective, physical processes spontaneously create life and consciousness.
Energy, like time, always flows, and can be used profitably, or wasted. Open
processes tend not only to static equilibrium points, but also to periodic and
chaotic attractors; the equilibrium of opposite forces also creates structures.
We thus enlarge the concept of entropic equilibrium to include all forms of
symmetry of opposites, not only disorder and uniformity, but also organiza-
tion. Evolution unfolds an infinite attractor of ever-increasing complexity,
rather than decaying toward entropic equilibrium.

The creation of organization necessitates a greater flow of energy than
simpler mechanical or disordering processes. Energy flow accelerates with
evolution (Swenson, 1989). The free energy flow density in human brain
(150,000 ergs sec™ g™!) is much higher than that of any other system (e.g.; it
is 2 ergs sec™! g! for the sun) [Chaisson, 1987]. Thus, we propose that bio-
logical and psychological processes markedly increase entropy (Sabelli,
1989), at variance with the proposed association of biological processes with
a lowering of internal entropy.

Swenson (1989) proposed as a principle that entropy increases at the
fastest possible rate. As organized flows are faster and hence produce more
entropy, processes spontancously self-organize. In our view, the maximization
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of entropy is an enantiodromia that includes both progress and decay, order-
ing and disordering, creative individuation and pathological deviation.
Creativity can be fostered by an increase in energy consumption rather than
by a tendency to equilibrium. This idea fits the enhanced creativity of bipo-
lar personalities (Andreasen, 1987), and suggests stimulation, encourage-
ment and expectations as psychotherapeutic interventions.

Thermodynamic Method

(1) Measure the entropy of psychobiological processes in multidimensional
frameworks, by computing the entropy of time series and of recurrences of
pattern. (2) Compare the results with those obtained for simpler patterns to
evaluate empirically the meaning of entropy measures.

Experimental. Comparison of computer generated distributions (random,
periodic, chaotic) indicates that entropy measures the symmetry of the distri-
bution, and the diversity of the data; it does not measure disorder
(Carlson-Sabelli et al., 1996; Sabelli, Patel, et al., 1995). The entropy of
cecurrences correlates with temporal order and it is increased in psychotic
patients, indicating that illness, and hence decay, is associated with excessive
order rather than with disorder.

Organization: Priority of the Simple and Supremacy of the Complex
Process Principles

Evolution generates a hierarchy of complexity. Simple processes have
greater extension and duration. Complex processes organize the simple pro-
cesses that encode them.

Embedding and isomorphism of simple and complex processes. Information is
coded in physical action or matter. Thus, complex biological processes are
homologous to the simple physical processes that generate and surround
them. Simple processes are isomorphic to the complex processes they
embody. Psychological processes organize the simpler physical entities that
embody them, such as sequences of action potentials, which in turn are
embodied in the physical movement of ions. Within an organism, the lower
and the higher levels (molecular, biological, psychological) must thus have
cach other’s form. For instance, the timing of the heart portrays the behavior
of the organism. Complexity is not reducible: human life is a psychological
process, not merely a biological one.

Levels. Simpler processes contain (and are contained within) the more
complex processes they generate. Evolution creates hierarchies in levels of
organization (mathematical, physical, chemical, biological, social, psycholog-
ical), in brain structures (spinal, bulbar, mesencephalic, diencephalic, corti-
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cal), and in psychological functions (Maslow’s [1970] hierarchy of needs and
wants). Levels of complexity differ from hierarchies determined by the exten-
ston of systems (atom, molecule, cell, organism, planet, solar system); the sys-
tems perspective splits the physical level, cannot separate the biological and
the psychological levels, and places the social above the personal. As a total-
ity, society has greater energy and complexity than individuals {priority), but
each individual mind has greater energetic and informational density
(supremacy). Also, social processes have temporal priority over individual
psychological processes in evolution, in individual life, and in personal inter-
actions (we first see the social role, only later the individual person).

Priority and supremacy. Spinal cord and brain cortex, heart and brain, brain
and psyche, personal survival and altruistic sacrifice, sexuality and meaning,
illustrate the concept of priority of the simple and supremacy of the complex
(Sabelli, 1989; Sabelli and Carlson-Sabelli, 1989). In all processes the sim-
pler levels predominate globally because they have more energy, more exten-
sion, more duration, and temporal priority. The more complex processes
predominate locally, because they have greater density of energy flow and of
information. In contrast, materialism and idealism give absolute priority to
either matter or ideas. Postulating that social roles and social systems precede
individual differentiation contrasts with the systems’ bio—psycho—social
model, with significant consequences for the understanding of personality, life
history, and pathology. Illustrating biological priority, many affective disorders
require pharmacological treatment; demonstrating psychological supremacy,
emotions modify metabolism and contribute significantly to medical illness.
These concepts underlie the bio—socio~psychological approach to diagnosis and
treatment described elsewhere (Sabelli and Carlson-Sabelli, 1989, 1991).
Recognizing that emotions must be coded in synaptic transmitters and modu-
lators, has led to the search for a neurohormonal deficit in depression. There
is a reduction in the metabolism of phenylethylamine (PEA), a neurohor-
mone that increases psychological energy and libido, in sixty percent of
depressed patients (Sabelli and Javaid, 1995). PEA replacement controls
depression in sixty percent of patients (Sabelli, Fink, Fawcett, and Tom,
1996), suggesting that a common form of depression results from a metabolic
deficit just like diabetes. Depressing events such as divorce markedly modify
PEA metabolism. The treatment of depression thus requires both correction
of metabolic dysfunctions and psychotherapeutic intervention.

Priority of the objective and the supremacy of the subjective. Objective facts
and brain physiology predetermine psychological processes, but cultural and
psychological processes interpret perceptions. The therapist must seek the
objective truth, rather than be content with the patient’s “subjective truth,”
which may not be true at all. Yet subjective interpretation is unavoidable,
and must be attended to constantly. This concept applies not only clinically
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(Carlson-Sabelli and Sabelli, 1984) but also scientifically (Sabelli and
Carlson—Sabelli, 1996b).

Comprehensive Method: Mathematical Priority and Psychological Supremacy

Science needs mathematics: nonlinear dynamics may provide it for psy-
chodynamics. Yet the application of biocybernetics, systems, chaos and com-
plexity to psychological processes is a field populated by models, with a
paucity of data. This cannot be a healthy state of affairs. In our view, the lack
of data reflects the limitations of static models. Techniques appropriate to
demonstrate the presence of deterministic chaos in physical data fail to do so
in the case of biological and psychological processes (Rapp, 1995), not
because it is difficult to obtain reliable stationary data, but because processes,
whether physical or biological, are neither stationary nor isolated.
Adherence to static models may actually hinder the application of dynamics
to psychodynamics. Stable, deterministic, low dimensional, and mutually
exclusive attractors cannot model changing, creative, multidimensional, and
interacting psychological processes. Unconscious cultural and psychological
bias pervades scientific modeling: stress on stable attractors shows a conser-
vative bias in dynamics; emphasis on self-organization and on interaction-
free attractors evidences individualism; dialectic models show the
paraconsciousness of conflict; reversible time reeks of wishfulness; equating
entropy maximization with disordering discloses pessimism. Psychological
analysis can help us to overcome such bias, and can also offer positive contri-
butions. Following Pasteur’s intellectual leap, we take human creations as a
model for both physical and psychological processes. We thus propose that
simple cosmic forms are the creators rather than the attractors of evolution.

Process Theory of Psychology and Psychotherapy

As a discipline and as a practice, psychology must deal with biological,
social and personal processes. A comprehensive theory is required. Eclectic
combination of disparate theories and methods is not adequate, or even pos-
sible, given fundamental contradictions between conceptual frameworks.
Moreover, substantial modifications of current theories are required. Stress
on harmony or on struggle neglects, and even impedes, creative evolution.
The essential creative features of psychological processes are unaccounted
for, when not excluded, by the determinism that dominates biological psy-
chiatry, psychoanalysis, behaviorism, Marxism, and chaos theory; or they
remain unexplained as accident or contingency in Darwinian evolutionary
theoty. Determinism and probability, harmony and struggle, biological analy-
sis and individual subjectivity, each of these dichotomies must be included
together with a third alternative, co-creation, which is the opposite of the
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other two rather than their dialectic synthesis. The scientific formulation of
the concept of co-creation provides a method for scientific research, social
action, and clinical practice: attend to, and foster multiple mutual actions
between opposites at each level of organization, and between simple and
complex levels of organization in each process. In summary, process theory
represents a new world view that focuses on creative processes, provides a
mathematical formulation, and an empirical methodology, and integrates
biological and psychological interventions in clinical practice.
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