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faculties of humans. They thought that otherwise the relief is temporary.
Depression and stress deteriorate the body system and reduce the system
of immunity. Therefore, Ayurveda gives emphasis on psychological sup-
port. Ancient physicians exhorted people to cultivate a positive attitude
towards life. Instead of seeing disease as a trouble, Ayurveda teaches
us that disease is the byproduct of our own past actions. In a way, the
sages believed that disease is the result of accumulated carryover of our
past, or the aftereffect from the unresolved karmam (actions) of our
ancestors.

Treatment is washing away of the grime of the past actions, that
is, sticking to our souls which cause the ‘dis-ease’ in the body. Prayer,
fasting, vigil, and recital of the divine names are purification rites for soul
and body. Yoga exercises with accent on pranayama also contribute to
improve the healing power of the body.

In Charaka Samhitha and Susruta Samhitha we find
declarations which are the crystallization of their accumulated experience
derived from observation and the application of logic. Even today Charaka
and Susruta are authorities, and their teachings have universal appeal.
The ever-increasing demand for herbal therapy and the Ayurvedic
treatments of  panchakarma is the proof of the validity and cogency of
Ayurveda today. Charaka, the father of physicians, says, “Health is the
supreme foundation of Dharma, wealth, enjoyment and salvation;
Diseases are the destroyers of health, of good in life, and even life itself.
Thus has arisen the great impediment to the progress of humanity.” This
statement is more pertinent today. Therefore it is high time that the
ever-relevant Ayurveda be propagated through nations and generations.

1. Dr. K. U. Chacko was Professor of Sanskrit and Indian Studies at Nirmala
College, Muvattupuzha, Kerala.
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Abstract: The universe as we have come to know it through contemporary
cosmology began very hot, very smooth and very simple, and gradually
evolved into a much, much cooler, extremely vast, lumpy and complex
system. This has occurred through the interactions, regularities and
constraints with which nature has been endowed, which we often refer
to as “the laws of nature.” Under their operation, at every level, more
fundamental objects have combined to form new, more complex systems
which manifest ever greater capacity for specialized behavior and
relationship. At the highest level, we have human self-consciousness,
understanding and intentionality, and other self-transcending behavior.
In what sense can such remarkable capacities and functions be reduced
to cosmology, physics and chemistry? Can the emergence of such novelty
be explained solely through the natural sciences, or is God’s direct
creative intervention required? If not, what role does God have in the
emergence of life, mind and spirit, and in the emergence of society and
culture which they trigger? Although, given all the regularities,
processes, and structures and relationships (the laws of nature) as they
actually function, emergent phenomena can be explained without God’s
direct intervention, they are not simply ontologically or causally
reducible to physics or to chemistry. God is continually working in and
through the laws of nature to continue God’s creative work.

Key Words: Emergence, Divine Action, Reductionism, Determinism, Fine-
tuned Universe, Anthropic Principle



The Emergence of Novelty in the Universe and Divine ActionWilliam R. Stoeger

December 2003Omega26 27

The Emergence of Novelty in the Cosmos

As we contemplate the wonderful richness and variety of our
world and our universe, we often ask, “Where did it all come from?”
How did the galaxies and stars, the planets and the earth, and all the
incredibly beautiful and intricately balanced life systems on the earth
develop? Where did we come from, and how is it that we are blessed
not only with life, but also with the ability to think, to understand, to plan,
to choose, to love? Those capacities have enabled us to form complex
societies, with rich traditions of art, literature, science and technology,
and very effective political, economic, cultural and technical institutions.
What has enabled such extraordinary features to emerge? We know
that there was a time when there were no human beings. Before that
there were many eons during which there was only very primitive life on
earth. Even earlier (4 billion years ago) there was no life at all.
Considering our universe, there was a much earlier time (13.5 billion
years ago) when there were no stars or galaxies - only a vast expanding,
cooling ball of a nearly smoothly distributed ionized mixture of hydrogen
and helium. No other elements had yet been manufactured. How have
we arrived at such an amazingly interesting and diverse environment
from such simple and lifeless beginnings? What answers do the natural
and the human sciences give? What answers do philosophy and theology
give? Is there some coherence or consonance between what both the
sciences and philosophy and theology reveal on these fundamental and
critical questions?

If we begin our reflections with what cosmology gives us, we
discover that about 14 billion years ago the universe emerged from some
very hot quantum state, and began to expand and to cool. The physics
and pre-history of that “initial” state are not yet reliably understood, and
its ultimate origin is almost certainly not discernable by cosmology or by
physics. For the first 300,000 years it was too hot for any galaxies or
stars to form. This very simple undifferentiated homogeneous system
simply continued to expand and to cool, until its temperature fell below
about 4000K.  At that point, the free electrons in cosmic plasma
recombined with the protons to form neutral atoms, and the matter
decoupled from the radiation, allowing the matter to begin to condense
into clumps, which would eventually form clusters of galaxies, galaxies

and stars.2 This was the first major step leading to emergence of com-
plexity in our universe.

Not only is the formation of stars and galaxies important for the
macrostructure of the cosmos, but it is also essential for the develop-
ment of its complex microstructure - its chemistry - which provides the
basis of living systems, and living, self-conscious systems like ourselves.
It is within stars, and in their eventual demise, that all the elements heavier
than helium were manufactured (apart from a very tiny bit of lithium).
Obviously, without these - without carbon, oxygen, nitrogen, iron, silicon
- we would not have any rocky planets like Earth, nor, more significantly,
any building blocks for constructing the marvelous array of molecules
we observe here on earth. Any complex system we can think of, and
certainly any living system, would be impossible.

Once the stars had enriched the intergalactic medium with the
heavier elements (heavier than helium), molecules became possible.
These are more complex structures in which atoms of different elements
combine in very specific ways to yield new substances having completely
different properties than those possessed by their components. Sodium,
for instance, is a volatile metal and chlorine is a poisonous gas. But
sodium chloride (common salt) is a compound which has very attractive
and important properties with which we are all familiar. These cannot
be reduced in any simple way to the properties of sodium and chlorine
separately. The emergent properties of salt are not explained by the
sodium and chlorine separately, but by the sodium and chlorine in a specific
chemical relationship. Salt is constituted by the relationship of the sodium
and chlorine ions in the salt crystal. This simple example illustrates an
essential aspect of the emergence of novel systems and properties in
the course of cosmic evolution.  The tremendous number of different
types of complex objects at one level (e.g., molecules), with a bewildering
variety of properties, are produced by combining in many different ways
a relatively small number of different kinds of more fundamental entities
( e.g., atoms). The novel emergent properties and functions of the
molecules stem from the highly differentiated constitutive relationships
of their component atoms. Because of this, each new whole is more
than the sum of its parts. The way in which the components interact and
interrelate in the molecule gives it distinctive characteristics, which are



The Emergence of Novelty in the Universe and Divine ActionWilliam R. Stoeger

December 2003Omega26 27

The Emergence of Novelty in the Cosmos

As we contemplate the wonderful richness and variety of our
world and our universe, we often ask, “Where did it all come from?”
How did the galaxies and stars, the planets and the earth, and all the
incredibly beautiful and intricately balanced life systems on the earth
develop? Where did we come from, and how is it that we are blessed
not only with life, but also with the ability to think, to understand, to plan,
to choose, to love? Those capacities have enabled us to form complex
societies, with rich traditions of art, literature, science and technology,
and very effective political, economic, cultural and technical institutions.
What has enabled such extraordinary features to emerge? We know
that there was a time when there were no human beings. Before that
there were many eons during which there was only very primitive life on
earth. Even earlier (4 billion years ago) there was no life at all.
Considering our universe, there was a much earlier time (13.5 billion
years ago) when there were no stars or galaxies - only a vast expanding,
cooling ball of a nearly smoothly distributed ionized mixture of hydrogen
and helium. No other elements had yet been manufactured. How have
we arrived at such an amazingly interesting and diverse environment
from such simple and lifeless beginnings? What answers do the natural
and the human sciences give? What answers do philosophy and theology
give? Is there some coherence or consonance between what both the
sciences and philosophy and theology reveal on these fundamental and
critical questions?

If we begin our reflections with what cosmology gives us, we
discover that about 14 billion years ago the universe emerged from some
very hot quantum state, and began to expand and to cool. The physics
and pre-history of that “initial” state are not yet reliably understood, and
its ultimate origin is almost certainly not discernable by cosmology or by
physics. For the first 300,000 years it was too hot for any galaxies or
stars to form. This very simple undifferentiated homogeneous system
simply continued to expand and to cool, until its temperature fell below
about 4000K.  At that point, the free electrons in cosmic plasma
recombined with the protons to form neutral atoms, and the matter
decoupled from the radiation, allowing the matter to begin to condense
into clumps, which would eventually form clusters of galaxies, galaxies

and stars.2 This was the first major step leading to emergence of com-
plexity in our universe.

Not only is the formation of stars and galaxies important for the
macrostructure of the cosmos, but it is also essential for the develop-
ment of its complex microstructure - its chemistry - which provides the
basis of living systems, and living, self-conscious systems like ourselves.
It is within stars, and in their eventual demise, that all the elements heavier
than helium were manufactured (apart from a very tiny bit of lithium).
Obviously, without these - without carbon, oxygen, nitrogen, iron, silicon
- we would not have any rocky planets like Earth, nor, more significantly,
any building blocks for constructing the marvelous array of molecules
we observe here on earth. Any complex system we can think of, and
certainly any living system, would be impossible.

Once the stars had enriched the intergalactic medium with the
heavier elements (heavier than helium), molecules became possible.
These are more complex structures in which atoms of different elements
combine in very specific ways to yield new substances having completely
different properties than those possessed by their components. Sodium,
for instance, is a volatile metal and chlorine is a poisonous gas. But
sodium chloride (common salt) is a compound which has very attractive
and important properties with which we are all familiar. These cannot
be reduced in any simple way to the properties of sodium and chlorine
separately. The emergent properties of salt are not explained by the
sodium and chlorine separately, but by the sodium and chlorine in a specific
chemical relationship. Salt is constituted by the relationship of the sodium
and chlorine ions in the salt crystal. This simple example illustrates an
essential aspect of the emergence of novel systems and properties in
the course of cosmic evolution.  The tremendous number of different
types of complex objects at one level (e.g., molecules), with a bewildering
variety of properties, are produced by combining in many different ways
a relatively small number of different kinds of more fundamental entities
( e.g., atoms). The novel emergent properties and functions of the
molecules stem from the highly differentiated constitutive relationships
of their component atoms. Because of this, each new whole is more
than the sum of its parts. The way in which the components interact and
interrelate in the molecule gives it distinctive characteristics, which are



The Emergence of Novelty in the Universe and Divine ActionWilliam R. Stoeger

December 2003Omega28 29

irreducible to a simple aggregation of its components.  At a more funda-
mental level, the same holds for the atoms themselves in relation to their
basic component particles - their protons, neutrons and electrons.

As one goes to higher and higher levels, the same general pattern
repeats, but with much more complexity and intricacy, and with consti-
tutive relationships which are not only internal, but also external, and not
only synchronic, but also diachronic – involving essential relationships
with the system’s environment and stretching over long periods of time
through detailed information determining the system’s behavior and func-
tioning with respect to its environment. Living systems are of this sort.
But more generally, we find the same basic deeply nested levels of
complexity, with the entities at each level combining in very specific and
diverse ways to constitute those at the next higher level, such that they
manifest completely new properties and behaviours (think of the com-
ponents of the living cell, and cell itself). This is the phenomenon of
emergence. And it occurs pervasively throughout the course of cosmic,
chemical and biological evolution. In fact, it is the general phenomenon
effected by evolutionary processes:  the emergence and the mainte-
nance of new structure, organisms, processes and interrelationships.

From the point of view of the contemporary natural sciences,
then, though there are innumerable unanswered questions about the
detailed processes that enable complexification from one level to the
next, most scientists and philosophers agree that the laws of nature
themselves as they really function, that is, the regularities, the processes
and interrelationships immanent in nature, are adequate to account for
the emergence of these new systems and entities at each level, including
those at which life and consciousness first appear. There is no need for
the addition of a new entity or force, nor for the direct intervention of
God. This is the formational and functional integrity – the relative
autonomy - of nature, of creation.3

But then, such a stance provokes a number of important theological
and philosophical questions. How then can we understand God’s creative
and redemptive relationship in the world? Is there any purpose in creation,
or is it all the result of the arbitrary interplay of blind laws of nature and
chance?  Can God still manifest and reveal God’s self in history? What
then are human beings? What is “the spiritual” and its relationship to

“the material”?  Are not we then saying that all things, including the
human, are reducible to, and determined by, the fundamental physical
entities and their interrelationships - to atoms and their interactions at
the most fundamental level? These are some of the issues we shall
explore further here.

But, first, we shall spend some time carefully defining and
categorizing various types of reductionism, determinism, and emergence.
And then, before tackling theological issues, we shall briefly review the
special fine-tuned character of our universe (“the anthropic principle”)
and the issue of purpose in the universe.

Reductionism and Determinism

If all in our world and in the universe is constituted by atoms and
complex nested layers of combinations of atoms, whose ways of
behaving, interacting and combining at the fundamental levels are
described and accounted for by the laws of physics and chemistry, and
at higher levels by biology and neurophysiology, then aren’t we reducing
everything to physics, and saying that all events and behaviours are
determined by the laws of physics? This is a very challenging question!
In order to answer it clearly and helpfully, we need to discuss what we
mean by “reductionism” or “reducibility” and by “determinism.” As we
shall see, there are different types of each of these concepts, and only
certain ones apply to very limited parts of our world.

Reducibility

Reducibility is a very slippery concept, and there are a number of
different understandings of it, which must be carefully distinguished.
Failure to do so leads to confusion and needless controversy. There are
the following kinds of reducibility, or reductionism:4

 methodological reducibility - the research strategy of breaking
things down (analyzing them) into their component parts in order
to understand how they function as wholes;

 logical or definitional reducibility - the capacity for the description
of one type of entity and its properties and behaviour to be de-
scribed perfectly in terms of another entity or entities;
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 ontological reducibility  1 - the properties of any complex or highly
organized entity can be completely accounted for by its compo-
nents and the relationships among them;

 ontological reducibility 2 - the properties of any complex or highly
organized entity can be completely accounted for by its components
and its internal and/or external constitutive relationships so that
no new metaphysical ingredients have to be added as one goes to
more complex, higher level entities;

 epistemological (theoretical) reducibility - the properties and
regularities (laws) pertaining to higher level systems can be
adequately theoretically reformulated in terms of the properties
and regularities of their component lower level components via
bridging rules;

 causal reducibility - the fundamental causes are those of the
lowest-level entities, and those at higher, more complex levels are
completely determined by those lowest-level fundamental causes.
The lower levels provide not just necessary but also sufficient
conditions for the higher-level causes.

There is no problem with methodological reducibility. It is simply
a general methodological approach in the sciences which is very effective
in helping us understand and model any phenomenon or system. It does
not presume in any way that the whole is merely the sum of its parts. In
fact, as is now widely recognized, synthetic or holistic methods are often
essential complements to this more traditional reductionistic strategy.
Logical or definitional reducibility does not necessarily imply other forms
of reducibility, but is closest to epistemological reducibility. It simply
indicates that there is an equivalence between two different descriptions
or definitions.

The final four categories of reducibility are the ones which lead to
all the controversy about whether neurophysiology, biology and chemistry
are reducible to physics, whether mind-states are reducible to brain-
states, whether the spiritual is ultimately reducible to the purely material,
with the consequent implications for theology and philosophy. Thus, we
need to discuss each of these somewhat more carefully. There is very
little agreement among philosophers and philosophers of science con-

cerning the precise definitions of these different kinds of reductionism,
and so what one author means by one of them may not correspond
exactly, or at all, with what another author means. Here I have used
definitions I believe are the most helpful in clarifying certain philosophical
issues later.

Ontological reducibility can be understood in two different ways.
The one that is more helpful applies to the case in which a complex
system, with properties and causal capabilities which are different from
those of its components, is completely determined - or can be in principle
completely understood (both the system itself and its distinctive properties
and capacities) - by its components themselves and the internal
relationships among them, whether or not we yet have enough knowledge
of those relationships or not.  Thus, ontological reducibility 1 does not
depend on the state of our scientific knowledge.

The second and more unwieldy kind of ontological reducibility,
which I shall call “ontological reducibility 2,” holds that there are no
other metaphysical components needed, such as a life force or an
immaterial soul, besides the fundamental entities at the lowest level, for
complex higher-level entities such as a living cell or a human being.
These fundamental ingredients along with all the effective constitutive
relationships, both internal and external, completely determine
everything about any given complex system. Normally, an entity’s or an
organism’s relationship to the primary or ultimate cause (God) is not
included in its constitutive relationships, when considering ontological
reducibility. This is because one is almost always concerned with moving
from a higher level of complexity to a lower level in considering a system’s
reducibility, and the action of the primary cause, if it is not simply
overlooked, is presumed to be uniform on both levels. But probably it
should not be.

It is clear that these are two very different concepts, particularly
because the first form of ontological reducibility only refers to internal
constitutive relationships, whereas the second form includes all external
constitutive relationships as well. That really, therefore, includes every
possible factor that strongly influences or determines the system, except
for some nonmaterial entity or principle, which is the only category which
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would make the system ontologically irreducible 2. Thus, it is obvious
that many things would be ontologically reducible 2 but not ontologically
reducible 1, because of the important contributions of external constitu-
tive relationships. Furthermore, anything that is ontologically irreducible
2 will certainly be ontologically irreducible 1. I have chosen to refer to
ontological reducibility 1 simply as “ontological reducibility,” setting
ontological reducibility 2 to one side, because it is really extremely difficult
to discern and ends up in near triviality. As long as one is able to eliminate
a nonmaterial constituent, everything is ontologically reducible. Thus it
becomes a very unhelpful concept.

Furthermore, as long as there is a network of significant external
constitutive relationships involved in what an organism or entity is, the
requirement for ontological reducibility 2, that there be no other basic
“metaphysical ingredients” than those at the lowest level, easily leads to
confusion and imprecision. What constitutes a “metaphysical ingredient”?
What is excluded and what is included in this designation? Cannot
important, constitutive relationships fall into this category? The extra
“metaphysical ingredient” that ontological reducibility 2 excludes is really
inaccessible to scientific investigation, that is, it is “immaterial.” It is
clear that extra basic entities which are discovered by science would
simply lead to modified theories and would therefore not undermine the
attribution of ontological reductionism 2 to a system or systems.  Finally,
it is important to recognize that neither ontological reducibility 1 nor
ontological reducibility 2 imply that only the lowest level entities are real.
This would be a more extreme position, which Murphy refers to as
“reductive materialism.”5 Thus, both forms of ontological reducibility
we have discussed allow for the objects and organisms at all levels of
complexity and organization to be real.

Causal reducibility privileges the most fundamental entities as
causes. If causal reducibility holds, then all causal influences at every
level can be completely accounted for by causes at the level of particles.
There are no fundamentally different types of causes at the higher levels.
Thus, there are no distinctive types of causality which emerge as reality
complexifies. All causes, including those involving self-conscious
intentionality and initiative, can be accounted for (reduced to) the causes
at the fundamental physical level. According to this view, mental causation
does not exist. Mental causation is just complicated biochemical neuronal

causation which in turn is just very complicated and coordinated physical
interactions.

Epistemological reducibility does not imply any of the other
reducibilities, except perhaps, in some cases, logical reducibility. Nor do
either of the ontological reducibilities, nor causal reducibility, imply
epistemological reducibility. This is because epistemological reducibility
depends very much on our scientific knowledge, and therefore upon the
state of our scientific theories, the level of scientific explanation we
have reached. Thus, it is possible that what was once epistemologically
irreducible is no longer so, because of advances in scientific research.
But it can also change the other way. Because of the incorrectness of a
given theory, what was epistemologically reducible may later become
epistemologically irreducible, relative to more accurate set of theories.

In what follows, we shall almost exclusively employ ontological
reducibility 1, which we shall merely refer to as ontological reducibility,
and causal reducibility.

Determinism and Reducibility

Reductionism and determinism are closely linked, and there is
good reason for that. This is particularly true if causal reductionism is
posited, even if it is not identified precisely as such. For then all the basic
causes are at the level of physics, and, if one holds that physical systems
are deterministic, then reality is deterministic since everything is, from
the causal point of view, purely physical. So a strong form of reducibility
makes a system more vulnerable to some form of determinism.

More recently, of course, there has been the discovery that physical
systems at their most fundamental levels are not deterministic, primarily
because of quantum phenomena. The equations of quantum theory
themselves are deterministic, but because of the puzzling phenomena
associated with measurement and with the Heisenberg uncertainty
principle, there is, according to the standard Copenhagen interpretation
of quantum mechanics, a fundamental amount of indeterminacy
introduced as physical reality makes its transition from the quantum realm
to the classical realm. We sometimes hear that the phenomenon of chaos
in many non-linear systems, which are pervasive in nature, shows that
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to discern and ends up in near triviality. As long as one is able to eliminate
a nonmaterial constituent, everything is ontologically reducible. Thus it
becomes a very unhelpful concept.
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requirement for ontological reducibility 2, that there be no other basic
“metaphysical ingredients” than those at the lowest level, easily leads to
confusion and imprecision. What constitutes a “metaphysical ingredient”?
What is excluded and what is included in this designation? Cannot
important, constitutive relationships fall into this category? The extra
“metaphysical ingredient” that ontological reducibility 2 excludes is really
inaccessible to scientific investigation, that is, it is “immaterial.” It is
clear that extra basic entities which are discovered by science would
simply lead to modified theories and would therefore not undermine the
attribution of ontological reductionism 2 to a system or systems.  Finally,
it is important to recognize that neither ontological reducibility 1 nor
ontological reducibility 2 imply that only the lowest level entities are real.
This would be a more extreme position, which Murphy refers to as
“reductive materialism.”5 Thus, both forms of ontological reducibility
we have discussed allow for the objects and organisms at all levels of
complexity and organization to be real.

Causal reducibility privileges the most fundamental entities as
causes. If causal reducibility holds, then all causal influences at every
level can be completely accounted for by causes at the level of particles.
There are no fundamentally different types of causes at the higher levels.
Thus, there are no distinctive types of causality which emerge as reality
complexifies. All causes, including those involving self-conscious
intentionality and initiative, can be accounted for (reduced to) the causes
at the fundamental physical level. According to this view, mental causation
does not exist. Mental causation is just complicated biochemical neuronal

causation which in turn is just very complicated and coordinated physical
interactions.

Epistemological reducibility does not imply any of the other
reducibilities, except perhaps, in some cases, logical reducibility. Nor do
either of the ontological reducibilities, nor causal reducibility, imply
epistemological reducibility. This is because epistemological reducibility
depends very much on our scientific knowledge, and therefore upon the
state of our scientific theories, the level of scientific explanation we
have reached. Thus, it is possible that what was once epistemologically
irreducible is no longer so, because of advances in scientific research.
But it can also change the other way. Because of the incorrectness of a
given theory, what was epistemologically reducible may later become
epistemologically irreducible, relative to more accurate set of theories.

In what follows, we shall almost exclusively employ ontological
reducibility 1, which we shall merely refer to as ontological reducibility,
and causal reducibility.

Determinism and Reducibility

Reductionism and determinism are closely linked, and there is
good reason for that. This is particularly true if causal reductionism is
posited, even if it is not identified precisely as such. For then all the basic
causes are at the level of physics, and, if one holds that physical systems
are deterministic, then reality is deterministic since everything is, from
the causal point of view, purely physical. So a strong form of reducibility
makes a system more vulnerable to some form of determinism.

More recently, of course, there has been the discovery that physical
systems at their most fundamental levels are not deterministic, primarily
because of quantum phenomena. The equations of quantum theory
themselves are deterministic, but because of the puzzling phenomena
associated with measurement and with the Heisenberg uncertainty
principle, there is, according to the standard Copenhagen interpretation
of quantum mechanics, a fundamental amount of indeterminacy
introduced as physical reality makes its transition from the quantum realm
to the classical realm. We sometimes hear that the phenomenon of chaos
in many non-linear systems, which are pervasive in nature, shows that
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even at the macroscopic level, there is no determinism. This is, strictly
speaking, incorrect. Chaotic systems, as they are defined and charac-
terized mathematically, are intrinsically unpredictable, due to the hyper-
sensitivity of the systems’ dynamics to their initial conditions. However,
they are deterministic: Given a precise set of initial conditions, the cha-
otic system’s trajectory in phase space is precisely determined. It is
unpredictable simply because one can never precisely discern or impose
the initial conditions, and very small changes in those determine com-
pletely different trajectories.

But what is determinism? As we have implied above, it is basi-
cally a mathematical concept. A system is deterministic if its state or
configuration at any time automatically leads to (determines) a single
definite state or configuration at some later time. That is, once we set
the state of the system at a certain time, the system will inevitably end
up in a definite state at any specified later time, if there is no other
outside influence impinging upon it. Or if we know the precise state of
system at one time, we can, if we know the equations governing the
system, tell what the precise state of the system will be at any later time.

Now, what is clear from this characterization of determinism is
that it is system-specific. That is, we can only apply the term to a definite
well-defined system, which must be isolated from other systems.
Furthermore, determinism is in most cases level-specific, that is, finding
out that systems on one level are deterministic (at the level of molecules,
say) does not imply either that the less complex systems on more
fundamental levels which constitute the system on the given level, or the
more complex systems on higher levels which are constituted by the
systems on the given level, are deterministic.  This will only be true if
causal reducibility holds in the latter case, and if the more fundamental
lower-level system is deterministic in its own right (it may not be!) in the
former case. Furthermore, as one can already see, it is very, very difficult,
if not impossible, to discern in practice whether a given real system is
deterministic or not.

When we consider the observable universe itself, as it really is
and not just how it has been theoretically modelled in a simple way,
discerning whether or not it is deterministic is fraught with difficulty.

Consider the case of most interest, the Earth and all its subsystems.
First and most fundamentally, there is the quantum substrate, which,
according to the most accepted interpretation, induces an irreducibly
indetermistic element into the macroscopic world. But, leaving this to
one side, we are also aware that there are innumerable levels of
complexity which are intertwined. If we look at any single-level subsystem
it is virtually impossible to isolate a system which we could then study to
find out whether or not it is deterministic. An idealized model of it might
be, such as a deterministic chaotic model, but that does not mean that
the actual system is. And how would we make that determination, that
the determinism of the model is also a characteristic of the real system?
Secondly, determinism on any level does not, as we have already seen,
in any way trickle up or down levels, unless it is already present on the
lower level, or unless causal reductionism holds. As we shall see shortly
this is highly uncertain and difficult to determine, at the very least. The
emergent properties of higher levels may, and probably often do, introduce
new irreducible causal elements into the equation, most notably the self-
conscious intentionality of human beings.

Emergence
The other side of reducibility is emergence. As we move to higher

levels of organization, we always discover new structures with new
properties and behaviours. Often “emergence” is understood and used
to signify the appearance of a new entity or phenomenon from more
basic entities or phenomena, when the new object or property cannot be
adequately explained or accounted for, cannot be reduced to the more
basic ones, depending, of course, on what sort of reducibility we mean.
According to this usage, whether something “emerges” or not depends
on our knowledge of the underlying entities and phenomena and their
possible interrelationships. I suggest that we slightly but significantly
modify our definition of “emergence” to avoid this dependence:
“Emergence” is the appearance of a new entity, structure, property or
phenomenon from more basic entities, structures, properties or
phenomena - whether or not its appearance can be understood and
accounted for, and whether or not it is causally or ontologically reducible
to underlying systems or entities. The behaviour of the whole is
qualitatively different from the sum of the behaviour of its parts.
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Key Aspects of Emergent Phenomena

We cannot go deeply into all fundamental aspects of emergence
in this paper. But we can focus on a few key features, and then briefly
describe the different categories of emergence which can be
distinguished. This will help us appreciate more fully why causal and
ontological reducibility are so rare in nature and the ways in which the
laws of nature themselves, as they act through developmental and
evolutionary processes, have enabled the formation of many different
levels of organizational complexity.

One of the common features of emergence is its reliance on
structures with different levels of order, with constitutive relationships
both on each level, and linking the levels with one another.6 At each level
there are structures and properties specific to that level, which have
necessary conditions in the levels below their level, and constraints
(boundary conditions and initial conditions) from levels above. But there
will typically also be essential same level relationships which are important
to what happens at that level. The higher levels cannot be understood or
even described simply in terms of lower level language and descriptions.
Thus, there are always bottom-up, same level and top-down causal factors
involved.7

A second key feature directly enabling emergence is that the
structures at each level of organization are modular, that is, constituted
by “combinations of semi-autonomous components with their own internal
state variables, each carrying out specific functions.”8 These semi-
autonomous functional components or modules occupy levels of
organization just below that of direct interest. In each module, typically,
many lower-level states of the sub-modules correspond to a single modular
state, since each modular semi-autonomous state is obtained by some
effective averaging over lower-level states of its components, thus
throwing away large amounts of lower-level information.9 Thus, what
goes on within the sub-modules is relatively hidden or isolated from the
higher-level organization functional states of the module itself. No part
of the system depends on the internal workings of any other part. This is
sometimes referred to as encapsulation.10 In the human body, for
instance, we have the various organs (heart, kidneys, etc.) as the higher-
level modules, with cells as the sub-modules within the organs. The cells

themselves, of course, are also constituted by their own sub-modules
(the nucleus, ribosomes, mitochondria, plasma membrane, cytoskeleton
microtubules and microfilaments, etc.), and so on to the lowest levels of
organization. As Ellis stresses, the success of such hierarchical structuring
is directly due to enlisting separate sub-modules to perform lower-level
processes, and then integrating these into higher-level structures whose
over-all functionality depends only indirectly on the internal process within
the sub-modules.11

Thirdly, and finally, there are the constitutive relationships
themselves. These are the complex of connections and interactions among
the components of an entity or organism, and with its environment and
its forbears, which endow it with a definite unity of structure and behaviour,
distinctive characteristics and a persistence and consistency of action.12

Depending on the levels of organization involved, these constitutive
relationships may be metaphysical, physical, chemical, biological, or social
in character. For a human being, for instance, they involve all of these
categories. Essentially, they are the foundation for the complex unity an
entity or organism manifests and for the functions it fulfils13 - that network
of relationships which all together unites the lowest-level material
constituents of a system into a unified functioning whole.

In pursuing this discussion, I have included the metaphysical
connections,  which within scientific investigations are usually left out,
or rather presumed. I include them here because they are the ones that
link the whole system, the basic components, and especially the other
constitutive relationships themselves, with the Ground of their being,
with the Creator. Though we do not adequately understand them, and
cannot adequately model them philosophically or theologically, they
determine the existence of all that is, and the underlying order which
supports and renders all other constitutive relationships effective. Those
metaphysical relationships are the answers to the basic questions:  Why
is there something rather than nothing? Why is there this type of order in
reality, rather than some other kind?14

Another aspect of emergence which is closely related to the three
key characteristics we have just explored is that it involves the selection,
preservation, transfer and generation of information - syntactic, semantic
and functional (pragmatic).15 Living systems select, store, replicate  and
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use vast amounts of information. This always involves pattern recognition
of some sort and feedback control loops. At the self-conscious level
abstraction, symbolic representation and the implementation of predictive
models are prevalent and crucial.16 We do not have time to develop
these ideas here, but it is important to mention them, as they will be
referred to below when we briefly discuss the different types of
emergence.  Finally, in this regard, it is helpful to point out that emergence
occurs in very different general categories of processes: cosmic evolution,
uninstructed prebiotic chemical evolution, instructed prebiotic chemical
evolution, biological evolution, biological development (e.g., fertilized egg
to adult organism), functional behavior of the individual, social and
technological evolution and development.17

Before discussing the various types of emergence, it is worth
pausing to reflect briefly on how what we have just emphasized about
key characteristics of emergence affects ontological and causal
reducibility of complex systems. What we can immediately see is that
the modular structure and encapsulation, along with the same-level and
top-down causal relationships, and the generation, selection and transfer
of information (especially semantic and pragmatic information) in many,
many cases - certainly with all living systems - really obstructs both
ontological and causal reducibility. The constitutive relationships that are
essential to the higher-level entities and organisms are simply not reducible
to anything we can identify at lower levels. As Steven Rose says, “the
key feature distinguishing a lower ‘level’ from those above it is that at
each level new interactions and relationships appear between the
component parts - relationships which cannot be inferred simply by taking
the system to pieces.”18

Kinds of Emergence

There are two general classifications of emergence which have
been recently proposed. Here we shall examine both of them briefly.
Terrence Deacon in a recent paper19 has identified three categories of
emergence, which are really distinguished by the character and complexity
of the relationships between the emergent level and its immediate lower
level components. Deacon’s first (and lowest) order of emergence is
characterized by distribution relationships among the microelements of

the lower level (for instance the molecules of a gas) determining statis-
tical dynamics which lead directly to emergent level collective proper-
ties (such as temperature and pressure of the gas). Another example
would be the emergence of surface tension in a liquid.

In Deacon’s scheme, second-order emergence involves “spatially
distributed re-entrant causality allow[ing] microstate variation to amplify
and influence macrostate development.”20 The macro-level (emergent
level) relationships constrain and bias the micro-level relationships, leading
to amplification of the selected microstates. The very helpful example
Deacon gives is the growth of a snow crystal.

Deacon’s third-order emergence, of which biological evolution is
the primary exemplar, adds the preservation of selected information
(memory) and therefore the distribution of causality between the levels
over time. Information from the environment is received at the emergent
level and used to select and amplify certain lower-level characteristics,
which in turn lead to adaptation with increasing divergence, complexity
and self-organization at the emergent level.21

George Ellis22 has suggested a somewhat different and very helpful
five-level (or five-order) categorization of emergent phenomena. He
speaks of levels of emergence, but here, so as to avoid confusion with
“levels of organization,” I shall continue speaking of orders of emergence.
Ellis’s first and lowest order of emergence includes all those cases where
bottom-up action leads to emergent level properties, but not to essentially
new emergent level structures. Examples would be, as with Deacon,
the properties of gases and liquids.23

In his second-order category Ellis includes all those situations in
which bottom-up action plus boundary conditions lead to emergent level
structures not directly implied by lower-level behavior nor by the boundary
conditions. Examples are convection patterns in fluids, stars and galaxies,
inorganic and organic molecules. At this level there is as yet no true
complexity, nor any “goal-seeking” behavior.24

The third-order emergent phenomena are distinguished by the fact
that bottom-up action occurs in highly structured systems, leading to the
existence of feedback control at various levels. This, in turn, leads to
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coordinated responses to the environment and top-down action of the
emergent structures on the lower-level components. Thus, we have co-
herent, non-reducible emergent-level action directed by implicit inbuilt
goals. Examples would be viruses and living cells. At this level there is
no individual learning.25

In the fourth order of emergence, we have for the first time such
individual learning. In addition to the bottom-up and top-down action
distinctive of the third-order emergence, we have here feedback control
systems directed by specific events in each individual’s history. The best
example here is learning in animals.26

What characterizes the fifth-order emergent phenomena is that
some of the operative goals are explicitly expressed in language and/or
determined by symbolic understanding or complex modelling of the
physical and social environment. Examples are human self-conscious
reflection, intentional action, and social and cultural systems, which are
marked by intersubjective consciously intended actions and projects.27

The Emergence of the Fine-Tuned Universe - The Anthropic
Principle

If we push the question of intelligibility to more and more
fundamental levels, at some point we discover that we are confronted
with answering the penultimate question, why the universe we inhabit is
as it is. This has spawned a plethora of somewhat speculative treatments
on the fringe of physics and cosmology, and in philosophy. We shall not
enter into a detailed discussion of these issues here, but simply provide a
few of the basic ideas relevant to the focus of this paper.

For the last 35 years or so, cosmologists and physicists have
realized that our universe appears to be fine-tuned for complexity and
life. Very small changes in any of the laws and constants of nature, in
the properties of the fundamental constituents of matter, or in the initial
conditions of the universe would so change our universe as to render the
emergence of complexity and life impossible. For instance, as has been
observed many times, if stars were unable to form, there would be no
chemistry to speak of, since we would have only hydrogen, helium and a

little bit of lithium to work with. That means there would be no complex
chemical systems and no life. It turns out to be very easy, theoretically
speaking, to change things so that no stars would form in our universe.
This observation of the apparent fine-tuning of the universe - or the idea
that the universe must be such as to admit the existence of complex
observers - is often referred to as “the anthropic principle.”28

In order to explain this fine-tuning in its strong form29 - that is,
how it is that the universe is fit for the emergence of life and complexity
from the beginning - two very different tacks have been taken. One is
simply to posit the existence of a Creator who chooses the values of the
fundamental constants, the properties of particles and the initial conditions
so that the emergence of complexity and life remains possible. This
obviously moves the issue outside the realm of scientific investigation.
So, a large number of cosmologists and physicists suggest, instead, that
our universe is only one of a large number of other universes, an ensemble
of universes which represents a broad range of possibilities, some of
which are biofriendly.30 If this is true, then no fine-tuning is really
necessary since a very large number of different universes were produced
primordially. There are a number of scientific and philosophical difficulties
with this proposal, including the fact that it does not provide an ultimate
reason for the existence of the ensemble in the first place.31 However, if
we were ever able to confirm in some indirect way (direct methods
seem out of the question) that our universe was produced by a process
that also produced a large number of other qualitatively different universes,
then this second, scientific, resolution would eliminate the need for specific
fine-tuning of our universe.32 As a matter of fact, there are a number of
scenarios, the most well-known of which is Andrei Linde’s “chaotic
inflation” proposal,33 which with refinements may eventually provide
such an explanation.34 Then we would have a physical cosmogonic
process by which our universe, fit for complexity and life, emerged out
of some primordial quantum cosmological configuration along with many
other universes. Obviously, as I have just emphasized, this would still
require some ultimate explanation - a Creator would still have to be
introduced for that.

Such a scientific cosmological version of the strong anthropic
principle, of course, does not provide any answer to the question of
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coordinated responses to the environment and top-down action of the
emergent structures on the lower-level components. Thus, we have co-
herent, non-reducible emergent-level action directed by implicit inbuilt
goals. Examples would be viruses and living cells. At this level there is
no individual learning.25

In the fourth order of emergence, we have for the first time such
individual learning. In addition to the bottom-up and top-down action
distinctive of the third-order emergence, we have here feedback control
systems directed by specific events in each individual’s history. The best
example here is learning in animals.26

What characterizes the fifth-order emergent phenomena is that
some of the operative goals are explicitly expressed in language and/or
determined by symbolic understanding or complex modelling of the
physical and social environment. Examples are human self-conscious
reflection, intentional action, and social and cultural systems, which are
marked by intersubjective consciously intended actions and projects.27

The Emergence of the Fine-Tuned Universe - The Anthropic
Principle

If we push the question of intelligibility to more and more
fundamental levels, at some point we discover that we are confronted
with answering the penultimate question, why the universe we inhabit is
as it is. This has spawned a plethora of somewhat speculative treatments
on the fringe of physics and cosmology, and in philosophy. We shall not
enter into a detailed discussion of these issues here, but simply provide a
few of the basic ideas relevant to the focus of this paper.

For the last 35 years or so, cosmologists and physicists have
realized that our universe appears to be fine-tuned for complexity and
life. Very small changes in any of the laws and constants of nature, in
the properties of the fundamental constituents of matter, or in the initial
conditions of the universe would so change our universe as to render the
emergence of complexity and life impossible. For instance, as has been
observed many times, if stars were unable to form, there would be no
chemistry to speak of, since we would have only hydrogen, helium and a

little bit of lithium to work with. That means there would be no complex
chemical systems and no life. It turns out to be very easy, theoretically
speaking, to change things so that no stars would form in our universe.
This observation of the apparent fine-tuning of the universe - or the idea
that the universe must be such as to admit the existence of complex
observers - is often referred to as “the anthropic principle.”28

In order to explain this fine-tuning in its strong form29 - that is,
how it is that the universe is fit for the emergence of life and complexity
from the beginning - two very different tacks have been taken. One is
simply to posit the existence of a Creator who chooses the values of the
fundamental constants, the properties of particles and the initial conditions
so that the emergence of complexity and life remains possible. This
obviously moves the issue outside the realm of scientific investigation.
So, a large number of cosmologists and physicists suggest, instead, that
our universe is only one of a large number of other universes, an ensemble
of universes which represents a broad range of possibilities, some of
which are biofriendly.30 If this is true, then no fine-tuning is really
necessary since a very large number of different universes were produced
primordially. There are a number of scientific and philosophical difficulties
with this proposal, including the fact that it does not provide an ultimate
reason for the existence of the ensemble in the first place.31 However, if
we were ever able to confirm in some indirect way (direct methods
seem out of the question) that our universe was produced by a process
that also produced a large number of other qualitatively different universes,
then this second, scientific, resolution would eliminate the need for specific
fine-tuning of our universe.32 As a matter of fact, there are a number of
scenarios, the most well-known of which is Andrei Linde’s “chaotic
inflation” proposal,33 which with refinements may eventually provide
such an explanation.34 Then we would have a physical cosmogonic
process by which our universe, fit for complexity and life, emerged out
of some primordial quantum cosmological configuration along with many
other universes. Obviously, as I have just emphasized, this would still
require some ultimate explanation - a Creator would still have to be
introduced for that.

Such a scientific cosmological version of the strong anthropic
principle, of course, does not provide any answer to the question of
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purpose in the universe, which is one of the key questions we posed at
the beginning of this paper. It is clear that no purely scientific investiga-
tion of the emergence of the universe from the primordial quantum con-
figuration, nor even detailed scientific explanations for the emergence
of novelty at any level, is capable of casting light on this issue. Purpose
requires an agent capable of acting effectively in a goal-directed, or
intentional, manner. Unless an investigation is capable of determining
this, or determining that what has occurred in the emergence and devel-
opment of the universe required such goal-directed, intentional action, it
will be blind to purpose and meaning. Thus, the issue of cosmic purpose
is really intimately linked to the ultimate questions, why there is some-
thing rather than nothing and why there is this cosmic order rather than
some other cosmic order. What is also clear is that no scientific investi-
gation is capable of demonstrating that there is no purpose in the uni-
verse or in nature. Cosmology, and science in general, can neither prove
nor disprove overarching purpose in the universe, or any part of the
universe.35

Reductionism, Emergence and Divine Creation

Now that we have discussed reducibility and emergence in con-
siderable detail, we are ready to explore some of the principal conse-
quences they have for the theology of creation and divine action. Cer-
tainly, it is clear that, if ontological and causal reducibility really held
throughout reality, the richness and novelty of emergent phenomena would
not be possible. Life, conscious and self-conscious (human) life, freely
acting organisms and divine revelation would not exist. But what are the
consequences of our discoveries about reducibility, determinism and
emergence for creation, philosophically and theologically understood?

More complete and adequate accounts of emergent phenomena
of all kinds, along with the precisions we have discussed regarding
reducibility, determinism and emergence, are deepening our understanding
of “the laws of nature,” the regularities, processes, structure and
relationships, especially those pertaining to self-organization, or auto-
poesis. The most important category among these, as we have been
emphasizing, are constitutive relationships, which may involve bottom-
up, horizontal (same-level), and/or top-down relationships, or causal

influences. As we consider the different orders of emergence we de-
scribed earlier, we can see that many of these causal influences are
radically new and irreducible to causal influences at lower levels of
organization. They emerge as matter becomes organized in more and
more complex ways. For instance, goals develop within systems which
are not in any way determined by what occurs at lower levels of organi-
zation.  Thus, apart from the quantum-based indeterminacy present at
the most fundamental level of reality, there are these emerging
indeteminacies as matter becomes more and more self-organized. Such
emergent complex causal relationships, in turn, are leading to a much
better, but not yet adequate, understanding of how the key transitions
between inanimate and animate, presentient and sentient, preconscious
and conscious entities and organisms occurred. Though we shall probably
never know exactly how these actually happened,36 it is becoming very
clear that the laws of nature at every level are capable of explaining
these emergent phenomena. The direct intervention of God, or of some
designer, is not needed. In fact, as has been emphasized often in
theological discussion, there are strong theological reasons for not doing
so, in particular, for not making God just another secondary cause (instead
of the primary cause) in the universe.37

Thus, as the natural sciences develop, with the help of philosophy,
revealing how new levels of complexity and function emerge in our
evolving universe, the formational and functional integrity of nature – its
relative autonomy - is reinforced. Along with that is the confirmation
that God as Creator does not act as a secondary cause within God’s
creation, but always as the primary cause - the ultimate source of being
and order. God, as Creator, endows nature from the beginning with
existence and with capacities and dynamisms to evolve the rich diversity
of remarkable structures and organisms which have emerged in the
course of cosmic history. Included with this endowment is relative
freedom and autonomy - the course of evolution was not rigidly
determined from the beginning, but the rich potentialities were there.
Some of them were actualized and others not. The processes of evolution
rely on the harnessing of chance within a larger framework of order and
regularity. In fact, what has happened in our universe is that each of the
one hundred billion star systems in our observable universe has become
a separate evolutionary experiment.  How many of them, or even whether
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some other cosmic order. What is also clear is that no scientific investi-
gation is capable of demonstrating that there is no purpose in the uni-
verse or in nature. Cosmology, and science in general, can neither prove
nor disprove overarching purpose in the universe, or any part of the
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consequences of our discoveries about reducibility, determinism and
emergence for creation, philosophically and theologically understood?
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of all kinds, along with the precisions we have discussed regarding
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relationships, especially those pertaining to self-organization, or auto-
poesis. The most important category among these, as we have been
emphasizing, are constitutive relationships, which may involve bottom-
up, horizontal (same-level), and/or top-down relationships, or causal
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scribed earlier, we can see that many of these causal influences are
radically new and irreducible to causal influences at lower levels of
organization. They emerge as matter becomes organized in more and
more complex ways. For instance, goals develop within systems which
are not in any way determined by what occurs at lower levels of organi-
zation.  Thus, apart from the quantum-based indeterminacy present at
the most fundamental level of reality, there are these emerging
indeteminacies as matter becomes more and more self-organized. Such
emergent complex causal relationships, in turn, are leading to a much
better, but not yet adequate, understanding of how the key transitions
between inanimate and animate, presentient and sentient, preconscious
and conscious entities and organisms occurred. Though we shall probably
never know exactly how these actually happened,36 it is becoming very
clear that the laws of nature at every level are capable of explaining
these emergent phenomena. The direct intervention of God, or of some
designer, is not needed. In fact, as has been emphasized often in
theological discussion, there are strong theological reasons for not doing
so, in particular, for not making God just another secondary cause (instead
of the primary cause) in the universe.37

Thus, as the natural sciences develop, with the help of philosophy,
revealing how new levels of complexity and function emerge in our
evolving universe, the formational and functional integrity of nature – its
relative autonomy - is reinforced. Along with that is the confirmation
that God as Creator does not act as a secondary cause within God’s
creation, but always as the primary cause - the ultimate source of being
and order. God, as Creator, endows nature from the beginning with
existence and with capacities and dynamisms to evolve the rich diversity
of remarkable structures and organisms which have emerged in the
course of cosmic history. Included with this endowment is relative
freedom and autonomy - the course of evolution was not rigidly
determined from the beginning, but the rich potentialities were there.
Some of them were actualized and others not. The processes of evolution
rely on the harnessing of chance within a larger framework of order and
regularity. In fact, what has happened in our universe is that each of the
one hundred billion star systems in our observable universe has become
a separate evolutionary experiment.  How many of them, or even whether
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or not any of them beside our own, have yielded life and self-conscious
social life, we shall probably never know.

What we have also discovered is that the advance of cosmology
and the natural sciences indirectly reinforce “creatio ex nihilo,” the utter
dependence of all creation on the Creator. They do this first, as we have
already seen, by indicating that God’s direct intervention in the evolutionary
process, as another secondary cause, is not needed. Secondly, at the
same time, they strongly reveal the radical contingency of all things and
all phenomena - everything depends on something else for its continuation
in existence. Thirdly, as we have also seen, because of this universal
radical contingency, nothing that cosmology or the natural sciences
investigates provides an ultimate explanation for existence, order, purpose
and meaning. When we come to the very beginnings of our universe, the
quest for further understanding and intelligibility continues. That quest
can only be satisfied by an ultimate source of being and order, by a
Creator. That takes us beyond cosmology and the natural sciences to
philosophy and theology.

But, at the same time, our reflections on reducibility and emergence
lead us to the increasing realization of God’s immanence – God’s active
presence - in all the regularities, processes and relationships in the universe,
even in the transience and fragility of all that emerges. God not only
creates the universe from nothing, but also holds it in existence at each
moment. And God not only holds it in existence at each moment, but is
also working and struggling as Creator through the laws of nature, and
the processes of cosmic, biological and social evolution - and individual
development - to coax it towards the realization of its destiny. The natural
sciences are not capable of discovering that destiny. For the theologies
of the various religions it has always been conceived as something like
communion with the divine. Certainly, this painful distance from our origin
and our destiny is indirectly supported by the incompleteness and even
futility which we discern in nature, when we limit our perspectives to
those of the sciences.

We might wonder how the immanence of God in creation is
connected to God’s transcendence. Divine transcendence not only means
that God is above and beyond all that exists and can be conceived, but

also that God’s presence and action know no restriction or barrier. From
this point of view, God’s transcendence enables God’s immanence in
creation. God as transcendent Creator is intimately present, available
and active in all that is. But, at the same time, God is endowing each
entity with its own dynamisms and its own autonomy to be what it is, and
to act according to its own potentialities. Thus, in a very real way, God is
also hidden in creation, and to some extent vulnerable within creation.
However, at the same time God is not some person or object we find
within creation. As is often repeated, God is more of a verb than a noun.
And the autonomy God has given to God’s creation on different levels
means that God, out of God’s love and respect for creation, has at all
levels surrendered some of God’s control over creation to the laws of
nature and to the initiative of semi-autonomous agents, some of them
with the capacity of understanding and free choice.

As we consider the higher reaches of emergent phenomena,
particularly consciousness, understanding and goal-directed action, we
encounter a key philosophical/theological issue - the relationship between
matter and “spirit,” brain and mind, body and “soul.” How are we to
understand these relationships?  We shall not enter into this discussion
here,38 but simply point out that in doing so, we really need to avoid any
type of substance dualism and to stress again the importance of
constitutive relationships, both internal and external, in realizing the
tremendous potentialities of matter. Elsewhere I have suggested that, at
least at the higher levels, it is this network of constitutive relationships,
including the metaphysical ones, that we should identify with “soul” or
“spirit.”39

Finally, a brief word about special divine action, God’s active
presence in history, in God’s personal relationship with individuals or
with believing groups of people. Although God apparently does not directly
intervene in the natural processes of evolution, but rather works in and
through the regularities, processes, relationships and structures of creation,
which God endows with existence and order, it seems to many that God
does, in some sense, intervene in a special way in nature in order to
answer prayer, effect the Incarnation and the Resurrection, etc. Is that
what happens, or is there some other way of understanding these events?
One way to deal with this question is to stress that the regularities,
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or not any of them beside our own, have yielded life and self-conscious
social life, we shall probably never know.

What we have also discovered is that the advance of cosmology
and the natural sciences indirectly reinforce “creatio ex nihilo,” the utter
dependence of all creation on the Creator. They do this first, as we have
already seen, by indicating that God’s direct intervention in the evolutionary
process, as another secondary cause, is not needed. Secondly, at the
same time, they strongly reveal the radical contingency of all things and
all phenomena - everything depends on something else for its continuation
in existence. Thirdly, as we have also seen, because of this universal
radical contingency, nothing that cosmology or the natural sciences
investigates provides an ultimate explanation for existence, order, purpose
and meaning. When we come to the very beginnings of our universe, the
quest for further understanding and intelligibility continues. That quest
can only be satisfied by an ultimate source of being and order, by a
Creator. That takes us beyond cosmology and the natural sciences to
philosophy and theology.

But, at the same time, our reflections on reducibility and emergence
lead us to the increasing realization of God’s immanence – God’s active
presence - in all the regularities, processes and relationships in the universe,
even in the transience and fragility of all that emerges. God not only
creates the universe from nothing, but also holds it in existence at each
moment. And God not only holds it in existence at each moment, but is
also working and struggling as Creator through the laws of nature, and
the processes of cosmic, biological and social evolution - and individual
development - to coax it towards the realization of its destiny. The natural
sciences are not capable of discovering that destiny. For the theologies
of the various religions it has always been conceived as something like
communion with the divine. Certainly, this painful distance from our origin
and our destiny is indirectly supported by the incompleteness and even
futility which we discern in nature, when we limit our perspectives to
those of the sciences.

We might wonder how the immanence of God in creation is
connected to God’s transcendence. Divine transcendence not only means
that God is above and beyond all that exists and can be conceived, but

also that God’s presence and action know no restriction or barrier. From
this point of view, God’s transcendence enables God’s immanence in
creation. God as transcendent Creator is intimately present, available
and active in all that is. But, at the same time, God is endowing each
entity with its own dynamisms and its own autonomy to be what it is, and
to act according to its own potentialities. Thus, in a very real way, God is
also hidden in creation, and to some extent vulnerable within creation.
However, at the same time God is not some person or object we find
within creation. As is often repeated, God is more of a verb than a noun.
And the autonomy God has given to God’s creation on different levels
means that God, out of God’s love and respect for creation, has at all
levels surrendered some of God’s control over creation to the laws of
nature and to the initiative of semi-autonomous agents, some of them
with the capacity of understanding and free choice.

As we consider the higher reaches of emergent phenomena,
particularly consciousness, understanding and goal-directed action, we
encounter a key philosophical/theological issue - the relationship between
matter and “spirit,” brain and mind, body and “soul.” How are we to
understand these relationships?  We shall not enter into this discussion
here,38 but simply point out that in doing so, we really need to avoid any
type of substance dualism and to stress again the importance of
constitutive relationships, both internal and external, in realizing the
tremendous potentialities of matter. Elsewhere I have suggested that, at
least at the higher levels, it is this network of constitutive relationships,
including the metaphysical ones, that we should identify with “soul” or
“spirit.”39

Finally, a brief word about special divine action, God’s active
presence in history, in God’s personal relationship with individuals or
with believing groups of people. Although God apparently does not directly
intervene in the natural processes of evolution, but rather works in and
through the regularities, processes, relationships and structures of creation,
which God endows with existence and order, it seems to many that God
does, in some sense, intervene in a special way in nature in order to
answer prayer, effect the Incarnation and the Resurrection, etc. Is that
what happens, or is there some other way of understanding these events?
One way to deal with this question is to stress that the regularities,
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processes structures and relationships that constitute the laws of nature
as they actually function in nature - and not simply as we imperfectly
understand and model them - include all the relationships that God has
with individuals and with believing communities. These relationships,
these “higher laws of nature” almost certainly subsume, modify and
marshal the “lower laws of nature,” of physics, chemistry and biology,
as top-down causality always does, in one way or another. Thus, according
to this view, any “violation” or “intervention” by God is only relative to
our limited understanding of the full laws of nature, which include God’s
personal relationships with self-conscious entities who are open to the
transcendent.40

Another important avenue to explore in attempting to answer this
question of special divine action is to see how we can conceive it as a
manifestation of God’s universal creative action more adequately and
more broadly conceived.41 The basic insight is to recognize that God’s
special actions within history (e.g., Incarnation, Resurrection, etc.) are
in virtue of God’s universal role as the Creator of history. As Tom Tracy
explicates,42 the key component is that “God’s creative action includes
the continuous ‘giving of being’ to the created world in its entirety,”
enabling each being and system of beings within creation to function and
develop according to its own capacities and dynamisms, including those
of conscious, freely deciding and acting persons and communities of
persons.43 It is through what material beings and systems of beings at all
levels accomplish through the operation of their God-given potentialities
that God continues to act creatively in the world - God acting in and
through secondary causes. Thus, ultimately, all that happens within the
created world can be considered an act of God.44

Thus, according to this approach, God’s special acts would be
those which are freely chosen and executed by persons and communities
in complete openness to the creative action of God in their lives, so that
God’s initiative is fully realized in them. What is crucial to recognize is
that God’s universal creative action is neither uniform nor indifferent to
particularity. It is, instead, richly differentiated - that is, differently
expressed in each entity, organism and person, endowing each with its
own individuality – and actively engaged with and supportive of the
emergent capacities - for example, personhood - at each level.  At this

point we can integrate the insight from our first approach, recognizing
that the creative action of God towards individuals and communities
invites them into a personal relationship with God’s self.45 (44)

Here we have sketched very briefly just a few of the theological
consequences of taking our scientific understanding of emergent phe-
nomena in the universe seriously, especially those influencing our articu-
lation of God’s universal creative action in nature and God’s special
action in history. There is much more to be explored, but these reflections
hopefully point to fruitful paths forward.
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The Theory of Chaos
Scientific Openness and Religious

Commitment
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Abstract: Although from the dawn of creation chaos has been dumped
in the limbo of the undesirables, recent developments in science, assisted
by the versatility and unprecedented computing power of the computer
technology, have brought to light many of its positive and creative
aspects. This paper discusses how this important turnaround came about,
what the different elements of contemporary chaos theory are, and how
it can help us to get a better understanding of our universe. In particular
it highlights the contributions of Henry Poincaré, Daniel Stein, Ilya
Progogine, etc. The social and religious implications of chaos theory
are also discussed.
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“Yea verily, I say unto you A man must have chaos yet within him
to birth a dancing star.”2

“To this day God is the name by which I designate all things which
cross my wilful path violently and recklessly, all things which upset my
subjective views, plans and intentions and change the course of life for
better or worse.”3

Order and disorder! Cosmos and chaos! Design and confusion!
Humans have often wondered at these polarities. Are they opposed to
each other? The emerging mathematical theory of chaos has something
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