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Big, Indeed Epic, History

hile this is not specifically a theme

issue, all the articles in this issue

address how to read aspects of what
is sometimes called “Big History.” In my last
editorial, I noted that there are two trillion gal-
axies in our universe. Considering such and Big
History, rather dramatically raises the question
of why there is something, rather than nothing.
It seems to me that every material thing has a
cause. We see no popping into existence, no
spontaneous generation. Consistent with that, it
appears as well that the material universe had a
beginning. We call it the Big Bang. We can mea-
sure its wave effects still propagating. We can see
it unfolding as we look back further and further
in time by catching light that has been traveling
since that beginning. If the cause of the material
universe were material, that cause would need
a cause, and we would have an infinite regres-
sion (a problem in itself) that ignores entropy.
It seems that there must have been a cause: one
that was not material, that has always been,
and that was incredibly powerful. The material
universe cannot explain its own existence. Some-
thing else, immensely powerful, is out there.

It seems to me as well from looking at the
material universe, that the something else is
purposeful, smart, and generous. The material
universe is expanding at precisely the rate of
speed required for us to exist. If the expansion
were a billionth faster, stars and planets would
never coalesce. If the expansion were a billionth
slower, gravity would pull everything together
to a big and final crunch with no stars or planets.
The material universe is expanding at precisely
the right rate to make personal life possible.
That looks purposeful, smart, and generous.
Paul Davies, Arizona State University astro-
physicist, in Super Force: The Search for a Grand
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Unified Theory of Nature (New York: Simon and
Schuster, 1984), put it this way:

The laws which enable the universe to come
into being spontaneously, seem themselves
to be the product of exceedingly ingenious
design. If physics is the product of design, the
universe must have a purpose, and the evi-
dence of modern physics suggests strongly to
me that the purpose includes us. (p. 243)

How generous for the source to choose to make
a space for new beings who could live, and
themselves choose how to shape their lives. A
place where new conscious beings might come
to know the creator, but would not have to. The
most central reality is present, but intentionally
and sufficiently hidden, such that knowledge of
and relationship with that reality can be a free
response to its invitation.

There is evidence and reason enough, without
being overwhelming. One might survive for sev-
enty, eighty years, without acknowledging any
source or purpose to this surprising universe.
Yet I marvel at the long list of constants in phys-
ics, in addition to expansion rate, remarkable for
how essential and precise they are to support life.
Walter L Bradley enumerates examples in “The
Fine Tuning of the Universe,” in this journal,
vol. 70, no. 3 (2018): 147-60, https://www.asa3
.org/ASA /PSCF/2018/PSCF9-18Bradley.pdf.

So if the physical universe we can observe indi-
cates that there is something not-material which
is powerful enough to create the material; that
is purposeful, smart, and generous enough
to make it happen in a way that supports the
development of conscious life; it might be
expected that such a creator would have an
interest in the resulting conscious life.


https://doi.org/10.56315/PSCF3-24Peterson
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.org/ASA/PSCF/2018/PSCF9-18Bradley.pdf
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.org/ASA/PSCF/2018/PSCF9-18Bradley.pdf
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If that were to happen in regard to Earth, where
would be the best location to reach the sentient
life on that planet? Maybe centrally, where
Asia, Europe, and Africa meet, and therefore
not favoring any one ethnic group or region. If
we look more closely at that area, there was a
people group that claimed that the creator was
speaking to them and that the creator promised
to come to Earth as a male child who would be
himself the almighty God (Isa. 9:6), born specifi-
cally in an obscure little village called Bethlehem
(Micah 5:2), a descendant of their King David
(2 Sam. 7), yet be associated with a despised
region called Galilee (Isa. 9:1-2).

There is one who more than fulfilled these mark-
ers. His life transformed his followers (N.T.
Wright, The Resurrection of the Son of God [Minne-
apolis, MN: Fortress Press, 2003]). Acts 4:13 puts
it this way (in my translation): “Seeing these
uneducated, common people act and talk this
way, they were astonished and could tell that
these people had been with Jesus.”

Not only individuals, but communities and
whole societies were changed; not yet perfected,
but set on a better course that we should not
take for granted. Tom Holland traces some of
these points of transformation in Dominion: How
the Christian Revolution Remade the World (Basic
Books, 2019). Now 2.5 billion people claim to
follow Jesus of Nazareth, Jesus the Christ, as
part of the world’s largest, and still growing,
global movement. In our current year, we find
more Anglicans in church each Sunday morning
in Nigeria, than in England. Brazil has 166 mil-
lion Christians as the largest Catholic country
in the world, alongside 43 million Brazilian
Protestants. In the last one hundred years,
South Korea has gone from about one percent
Christian, to now actively 25% Christian ...

This is Big, Indeed Epic, History.

James C. Peterson
Editor-in-Chief
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The Irreducible Novelty of
Chemistry in Natural History e

McFarland

Benjamin |. McFarland

The central metaphor of nature as a watch has colored the debate about natural theology
since Paley and Darwin. However, a chemical interpretation of natural history will
differ because chemical systems do not work like watches. Here, a natural history of
chemical constraints proposed by R.].P. Williams is interpreted through Joseph
Earley’s two modes of “chemical becoming” with classical realism and the philosophy of
emergence. This interpretation shifts attention from a system’s irreducible complexity
to its irreducible novelty, focusing on its novel existence and its transcendental truth,
goodness, and beauty. A view of natural history in which irreducible novelty evolves
through chemistry has several advantages: it accommodates continuous change (giving
direction to a gradual mechanism of evolution) and irreversible change (providing an
important yet limited role for chance rather than denying its existence or overemphasizing
its power). A chemical perspective perceives the inherent “makeability” and manifest
order of the universe.

Keywords: natural history, natural theology, science and faith, emergent evolution, biochemistry,
antecedent order, chance

Questioning the Watchmaker functional biological structures ranging
Darwin described his intellectual journey =~ from bivalve shells to complex eyes.
with a sort of conversion narrative. Once, ~ Both Darwin and Paley assumed that the
Darwin was delighted by William Paley’s ~ universe is like a watch and that God is
argument that nature was complex like a ~ fundamentally a watchmaker. They dis-
watch, and therefore, nature required a agreed only on whether this God is blind.
maker as does a watch. But in his auto-

biography, Darwin wrote, Darwin and his followers have imported

most of Paley’s theological assumptions.

The old argument of design in nature, According to Michael Hanby:
as given by Paley, which formerly

seemed to me so conclusive, fails,
now that the law of natural selec-
tion has been discovered. We can
no longer argue that, for instance,
the beautiful hinge of a bivalve shell
must have been made by an intelli-
gent being, like the hinge of a door
by man.!

Paley’s conflation of nature and arti-
fice “sets the agenda” for Darwinian
biology, supplying the latter’s de-
fining problem, its view of the
organism, the concept of creation
which it seeks to overcome, and the
“God” it refuses to believe in. ... Dar-
win brings Paley’s natural theology

and his conflation of nature and art
Darwin found a mechanism of variation to their logical conclusions.?

and natural selection that could make

Benjamin J. McFarland (PhD, University of Washington) teaches and

This article was written in response to an researches immunoprotein biochemistry at Seattle Pacific University. He
invitation essay written for PSCF by Stephen writes monthly about science and faith for the Christian Scholar’s Review
Contakes, who has also guided the peer- Blog, and Oxford University Press published his book, A World from
review evaluation and development. Dust: How the Periodic Table Shaped Life (2016).
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Hanby offers an alternative to these nineteenth-
century theological analogies of nature as a watch
by looking to the classical realism of Augustine and
Aquinas, focusing on being and essence rather than
mechanism, asking “what is life?” rather than “how
did life come to be?” Hanby writes,

There can only be mechanism because there
are first things, beings, which are irreducible to
mechanism, and no mechanical description of,
say, a bird in flight, ever suffices as a complete
account of how a bird flies.?

The mechanism itself may be reduced to its parts and
its history, but that does not completely account for
the existence of that mechanism, which still displays
an emergent, irreducible novelty. The mechanism
of natural selection may, or may not, be sufficient
to account for the many novelties of life, but when
Paley, Darwin, and their followers ask only that
question, they neglect others more fundamental:
what life is, and what it means.

The theories of intelligent design and “irreducible
complexity” argue that known evolutionary mecha-
nisms are insufficient to account for the most complex
biological structures, such as the flagella, or periods
of evolutionary change, such as the Cambrian explo-
sion.* These arguments tend to focus on the most
complex phenomena, which inherently require com-
plex mechanisms and detailed arguments, so that the
dialogue becomes a sort of “numbers game” with
dueling probabilities and parameters, an exercise in
which the novelty and purpose of the change itself is
decentered.’

We can reframe the dialogue by asking instead,
“What is irreducible about these new things?” which
can include their complexity, but also other aspects.
To use Paley’s metaphor, if we ask only how the
watch was made, we neglect the question of what the
watch is for in the first place, or what it is doing in a
grassy field. If nature is more than an intricate watch,
then God is more than a distant watchmaker.

Theologies from before the invention of the watch,
communicating ancient and medieval views of God,
can refresh our twenty-first-century understand-
ing of creation. In many of these older views, God is
not seen as a hands-on artisan who makes the world
like a watch. According to theologian Katherine
Sonderegger:

The act of creation is in truth not like an artist
who realizes her concept or plan in a painting,
emerging in dazzling color from bare canvas
and board. Though Christians are surely right to
speak of Personal Agency in the doctrine of cre-
ation, we are warned against assimilating such
Agency to the artistry and design of creatures.
Scripture’s silence on this analogy is eloquent
... its preoccupation in the opening chapters of
Genesis is goodness, moral reality, not material
objects as such.®

In ancient and classical creation theology,
novelty is a more fundamental category than com-
plexity. In scripture, God’s creativity is literally a
“new creation” (2 Cor. 5:17; Gal. 6:15) or presented in
conjunction with the idea of things beginning, when
all was new (Mark 10:6; 13:19). Colossians 1:15-20
is a psalm of praise to the irreducible novelty of the
incarnation and resurrection of Jesus, firstborn of
creation. History culminates in God creating a new
heaven and a new earth in continuity and disconti-
nuity with the old (Isa. 65:17; Rev. 21:1). God is not
creating all things complex, but has created things as
good and is creating all things new (Rev. 21:5). When
Genesis 1 repeatedly calls creation “good,” the text
is asking us many questions, not first and foremost
“how did God make this?” but rather, “what does
God mean when he calls all this ‘good?” As Jesus
said, “No one is good but God” (Mark 10:18), so we
look to God’s unchanging nature to define goodness.
Classical theologies discussed these matters in terms
of transcendentals such as truth, beauty, and good-
ness, in which created things can participate.

At the end of an essay about the relationship of sci-
ence to the theology of creation, Hanby defines
“irreducible novelty” in terms of these transcenden-
tals, not in terms of complexity:

Creation, in other words, is the condition of pos-
sibility for anything being genuinely new, and
this irreducible novelty is visible in, and indeed
is, the irreducible goodness, beauty, and truth
of every concrete act of existence. This power of
making new, as Paul says in Romans, is already
visible in and as the world, had we only the eyes
to see and the ears to hear it, and yet since we
cannot help but see and hear it, we are “without
excuse.”’

In this definition, irreducible novelty is a theological
gift to be received with wonder, not a quantitative
measure or gap in understanding. What is irreducible

Perspectives on Science and Christian Faith
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is the unique way in which the created system par-
ticipates in goodness, beauty, and truth.

The metaphor of nature as a watch has limited our
discussion of creation to mere complexity and brack-
eted out its goodness and beauty. As a chemist who
makes proteins (not watches), I nevertheless see in
nature many chemicals bright and beautiful, which
are irreducibly novel even if reducibly complex.
In A World from Dust: How the Periodic Table Shaped
Life, I described how chemicals in natural history
have dissolved, mixed, melted, and precipitated
throughout the narrative of evolution.® Here I give a
theological interpretation to that story by identifying
its moments of irreducible novelty, looking at cre-
ation not as a watch in a field of grass but as chemical
structures and systems, on a planet in a field of stars.’

Chemical Perspectives on Emergence

and Irreducible Novelty

In A System of Logic, one of the first texts defining
emergence of novelty,'’ John Stuart Mill described
emergent behavior as coming from chemistry, not
watch-like mechanics. He explains that, in chemistry,
two substances combine to make a third

with properties entirely different Unlike
mechanics, chemistry is not a deductive but an
experimental science ... Once the new property
has emerged, however, it presents itself as an
entirely independent value, even though it has
been discovered to be the complex result of the
combination of simpler parts.!!

Mill's new properties exhibit irreducible novelty
despite their reducible complexity.

Later, the philosopher Chauncey Wright, a friend
of both Darwin and Charles S. Peirce, “was able to
transfer the idea of emergent novelty from the static
conceptual framework of associationism to the much
more dynamic Darwinian evolutionary thought.”*?
Both Wright and Peirce were pragmatist philoso-
phers who emphasized thinking about novel effects
(“last things, fruits, consequences, facts” in William
James’s words) rather than the origins of those
effects.

Wright discussed the biological emergence of the
novel effects of flight and consciousness. Of these,
the emergence of flight is more obviously related
to chemical causation. The gradual variation and

Volume 76, Number 1, March 2024

selection of limb structures resulting in a wing is
like the variation and selection of biochemical struc-
tures within the wing. Once a wing evolves, the new
flying creature can inhabit an expanded space, allow-
ing greater chances for survival. Evolution of novel
chemical structures and reactions likewise allows the
organism to survive in more places and under more
conditions.

The pragmatists’” emphasis on future effects requires
teleological, goal-driven “final causation” that is not
obviously compatible with the undirected, “efficient
causation” of Darwinian natural selection. Peirce
addressed this conflict by proposing that “final
causes are basically habits ... not static ‘entities,””*
and according to Menno Hulswit, they complement
efficient causes “inasmuch as each act of causation
has both an efficient and a teleological component.”*
Each act of causation incorporates “an aspect of
irreducible novelty, which coincides with objective
chance” and which is also irreversible. Emergence of
new forms of self-organization, including new chem-
ical structures, reactions, and processes in natural
history, “may be seen as a teleological or quasi-teleo-
logical concept in the Peircean sense.”’

Some prominent chemists agree: “Irreversible pro-
cesses are the source of order”'® in nature, according
to Ilya Prigogine, who won the 1977 Nobel Prize
in Chemistry, writing with Isabelle Stengers. They
give examples such as the physical-chemical “tran-
sition from laminar flow to turbulence [which] is a
process of self-organization,”"” clock reactions, and
a biochemical “catalytic loop.””™ Order emerges
from chance, as when “a random fluctuation in the
external flux, often termed ‘noise,” far from being a
nuisance, produces new types of behavior ... [includ-
ing] more complex reaction schemes.”” Prigogine
and Stengers approvingly cite Peirce’s statement that
“Force is in the long run dissipative; chance is in the
long run concentrative”? as a source of novel chemi-
cal forms of self-organization.

Self-organization is also a major theme of Jacob
Klapwijk’s philosophical definition of emergent evo-
lution across “five ontological or explanatory levels:
the physical, the chemical, the biotic, the mental,
and the social level.”* Klapwijk relates the earlier of
these levels to the later:

Then we may discover in the baffling world of
minerals and microbes, of plants and animals,
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a pathway of meaning: a development that may
be considered meaningful because it is not de-
void of ends and purposes and appears to be a
precursor to the human search for meaning.”?

The chemist John Satherley applies Klapwijk’s defi-
nition of emergent evolution especially at the first
two of the five levels of natural history. Satherley
describes the inner structural layers of the earth, the
unusual boiling point of water, and the self-organiz-
ing lipid bilayers as
vital ingredients that make this planet a habitat
for living creatures ... The evolution of the inani-
mate things of the universe must be considered
alongside of, and integrally connected with, any
type of biological evolutionary hypothesis.®

If something like Klapwijk’s “pathway of meaning”
can be discovered in geochemical and biochemical
structures and processes, this path implies a common
goal and therefore a unity.* This chemical perspec-
tive on natural history breaks down dualisms and
unites concepts. Peirce insisted on continuity of all
things over dualism, so that “all phenomena are of
one character ... present[ing] that mixture of freedom
and constraint, which allows them to be, nay, makes
them to be teleological, or purposive.”? Rather than
extending purposelessness “upward” from the phys-
ical and chemical levels to the biotic, mental, and
social levels, we can interpret the world in such a
way that we perceive purposefulness “downward”
when we find the natural laws, habits, and tenden-
cies toward particular ends at the so-called “lower”
levels. Our unity with nature can elevate its purpose,
rather than reducing our purpose.

We can also extend our search for transcendentals
downwards, asking the question “how does this new
physical, chemical, or biological thing manifest and
participate in the true, beautiful, and good?” rather
than merely “how could this complexity have come
about?”? A focus on irreducible novelty unites effi-
cient, formal, and final cause; chance and constraint;
chemistry, physics, and biology; and even natural
being and becoming.?”

There is no necessary conflict between appreciating
something’s irreducible novelty and reducing its
complexity into understandable steps of develop-
ment or evolution. A created thing can be caused by
other, secondary, agents, but all of them remain cre-
ated by God as the primary Agent. Understanding

the components or causes of a novel object or system,
or the mechanism that created novelty, in no way
diminishes its irreducible novelty. However it came
about, the genuinely new thing still makes the world
better, truer, and more beautiful, even after its path
into the world is traced. The human task is to experi-
ence, understand, and describe it, and the chemist’s
task is to do all this at the elemental and molecular
level.

R.J.P. Williams and the Recognition of
Chemotypes

Both Paley and Darwin began with a moment of rec-
ognition at the level of the organism, with Darwin
especially focusing his thought on the evolution of
species, which are groups of organisms. Eventually
this led to a problem: how exactly should a species
be defined? For Thomas Pfau, this “species problem”
comes from assumptions made prior to scientific
investigation, involving how to perceive the “form”
of the species:

Darwin had struggled to articulate what exactly
he meant by “species,” since at every step of his
far-flung empirical research the reality of species
appeared to have been already presupposed. ...
[S]cientific cognition [remains] haunted by the
ontological commitments associated above all
with classical Aristotelian-Thomist realism and
its origins in Plato’s doctrine of ideas.”

Recognizing a species or “kind” of animal is not
as simple as recognizing a watch in a field, yet it is
essential to understanding how species transmute.
Irreducible novelty, with its emphasis on the Platonic
transcendentals of the true, beautiful, and good,
grounds the scientific act of classification by suppos-
ing that the mind’s ability to recognize the form of
the species and its fitness to its environment (which
is part of the goodness of creation) reflects truth, not
accidents.”

Hanby argues that recognition of form played
an implicit but unacknowledged role in Richard
Dawkins’s characterization of genes as “survival
machines” driving evolution. When Dawkins states
that a “DNA molecule could theoretically live on
in the form of copies of itself for a hundred million
years,” he “performs the covert work of granting to
DNA an ‘essence,” denied to organisms themselves,
transcending its particular material instances.”*®® By
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vitalizing the “form” of replicating DNA, Dawkins
endorses a kind of formal causation, which Peirce
says also imports final causation and goal-directed
behavior.

A focus on classical realism and transcendentals,
rather than on complexity, accounts for Darwin’s and
Dawkins’s moments of recognition. These ancient
and medieval traditions say we can recognize species
and genes because

If we reflect on our grasp of any being, we per-
ceive that we grasp it, and so each being is true
(verum), intelligible, capable of being cognitively
grasped. We also grasp that it is good (bonum),
valuable or worthwhile, capable of being desired
or loved, at least at an end for acts of knowing.
At this point, we reach the experience of divine
beauty.?!

Robert Joseph Paton Williams was a renowned
chemist who classified living organisms by chem-
istry, rather than by biological homology.*> His
“chemotypes” are groups of species based on chemi-
cal processes of their cells, which he defined as
“controlled energized chemistry essentially in physi-
cally confined and organized flow systems.”

In The Chemistry of Evolution, Williams and Jodo José
Rodiles Fratsto da Silva state,

The complexity of flow systems does not allow
us to treat each and every observed case, spe-
cies, individually, but we can describe in general
terms the classes of species, “chemotypes,” and
their evolution which, as we shall explain, are
systematic, causative, and not random in their
relationships.

In particular, three “thermodynamic characteristics
of chemotypes ... have evolved systematically and
inevitably following the equally inevitable changes
of the environment.”® These chemical definitions
give Williams a different view of evolution:

Evolution may be blind in its diversification of
similar organisms (species) but it expands with-
in a directed time cone of physical and chemical
opportunity in an ecosystem, increasing and im-
proving the retention and use of elements and
energy.*

The adverbs “systematically” and “inevitably” are not
often found in descriptions of Darwinian evolution
but come directly from Williams’s chemical perspec-
tive and classification of species into chemotypes.
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Williams himself speaks without reference to tran-
scendence, but others interpret his work in this light.
Notably, Alister McGrath cites Williams’s work as
a narrative that “resonates with the core themes of
the Christian vision of reality”® in The Open Secret:
A New Vision for Natural Theology, of which part
of the renewal is “discerning the transcendent in
nature”® in terms of “abduction to the best explana-
tion” (McGrath quoting Peirce’s common phrase).”
McGrath could cite Williams as an example of “nat-
ural theology’s capacity to make sense of things”*
because Williams did not argue for irreducible com-
plexity, but rather gave examples of a good and even
beautiful chemistry sequence leading to complex life,
which McGrath could interpret in the transcendental
framework of irreducible novelty.

At a crucial point in The Chemistry of Evolution,
Williams and Fratsto da Silva followed a Peircean
path of abductive reasoning by juxtaposing the
shapes (forms) of two graphs and linking levels
together. In this book, figure 4.3 (p. 135) shows the
concentrations of the free metallome and the cap-
tion states, “Note how closely the sequence follows
the inverse of the Irving-Williams binding constant
sequence,” which is shown in figure 2.8 (p. 67).
Formal recognition of the similarities between the
two graphs led the authors to state, “Note how we
have linked biochemical and geochemical features
together.”* In addition, they made accurate predic-
tions: the chemical sequence predicted by Williams
and Fratsto da Silva was later supported by genetic
analysis.*> This led the authors to propose that both
biological and geological evolution followed a chem-
ical sequence “systematically and inevitably”; their
proposal is a statement of final causation and goal-
directed behavior. More than efficient cause is at
play here!

Joseph Earley’s Two Modes of

Chemical Becoming

What exactly is novelty to a chemist? Joseph E.
Earley, a philosopher of chemistry, described two
distinct ways in which new things come to be in
chemistry, in an essay titled “Modes of Chemical
Becoming.”* Earley’s examples of the generation of
new chemical structures and systems can be con-
sidered “irreducible” in their goodness, truth, and
beauty, and therefore in their novelty.
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First Earley described how scientists determined the
structure of a molecule of argon dichloride. This mol-
ecule does not form naturally, but small quantities
can be made fleetingly in a laboratory, with a life-
time around 10?s. Scientists observed the spectrum
predicted by theory for a molecule of argon dichlo-
ride in a particular shape. Earley writes, “Not only
can we say that a new chemical entity has come into
existence, but we can also tell what the shape of that
entity is!”*

Earley’s exclamation point shows his excitement
at this new thing. The argon and chlorine existed
before, but the arrangement of the components is
novel. (This is similar to Mill’s associative concep-
tion of novelty.) This molecule has a particular shape
and lifetime. If it relates to other molecules in useful
ways, we can say it has gained a particular function.
Even if it does not, it still truly exists. As for whether
itis beautiful and good, Earley thinks it is. Irreducible
novelty can be thought of as the exclamation point
we put on our observations of the surprising new
things we observe.*

Earley’s second example is that of a new, dynamic
chemical system. In a continuously stirred tank reac-
tor, chemicals are put in and out at different rates,
often producing chaotic readings on the sensors that
monitor the reactions. Sometimes the rates of input
and output can be changed carefully to simplify
the chaotic readings into a simple oscillation. (This
is similar to Wright's evolutionary conception of
novelty.) This gradual simplification produces a well-
defined and stable system that cannot be ascribed to
any single component. Out of chaos, from a location
that cannot be precisely predicted in advance, comes
predictable recurrence, distributed throughout the
system. Earley wrote,

The networks of chemical changes that give rise
to this kind of organization can be regarded
as composed of several parts—several sets of
processes, each of which partially controls the
others. When these diverse parts of a reaction-
network achieve a kind of balance, harmonious
oscillation results, and the system as a whole
serves as a center of agency.

In Klapwijk’s terms, an intelligible, dynamic form
would self-organize and affect other levels of
existence, including the mental perception of the sys-
tem’s observers.’

These novel coherent centers of agency have com-
plexity that can be reduced to components and
understood using the rules and laws of chemistry.
However, the precise atomic location and moment
of self-organization is driven by chance, so it is
irreducible in Prigogine’s and Peirce’s terminology.
When the molecule or system is broken or decom-
posed, so is its present elegance, harmony, and
agency, and its irreducible novelty is lost.

The Antecedent Order of

Natural History

Earley’s definitions of “chemical becoming” can be
expanded to chemistry in other contexts. We are
people in the act of becoming, alive in a universe that
isitself in the act of becoming. When new things occur
in nature as part of this becoming, brought about by
atoms reacting, they can be understood through the
discipline of chemistry. The arc of natural history can
be told as a story of chemical becoming, composed of
a sequence of chemical reactions from the Big Bang
to the present day.

In another essay, Earley argued that chemistry
should itself be taught with this narrative arc, which
he called (somewhat grandly) the “Evolutionary
Epic”:
Logically, perhaps one should start with the
vacuum—an excitable medium. New classes
of entities—quarks, atoms, molecules, stars, or-
ganisms, societies—could then be introduced
as arising in evolutionary (historical, in Collin-
gwood’s sense) transitions from prior entities.*

All true elements of the triumvirate of irreducible
novelty are found in Earley’s argument for this “new
philosophical basis” of teaching chemistry: certainly
the story contains truth, and he also states that it is
“good preparation for professional work” and moti-
vates students with the “beauties of nature.”#

But the classical realist tradition would add that
Earley’s scientific story, however epic, is insufficient
in itself, because it is founded on a pre-existent order,
or Logos. Hanby writes:

Nature is more than simply whatever hap-
pens and is irreducible to a dynamic historical
process, however “creative.” It will have to
apprehend and articulate an “all-at-once” unity
and completeness in things that precedes their
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temporal development and the realization of
historical possibilities and thus an antecedent
order, that is true and good prior to our activity
upon it, a givenness that precedes our activity
as its condition of possibility. All this, in turn,
will require the rediscovery of a truth that is
irreducible to function, that is more than mere
possibility, a truth that is not of our own making
though we may be its midwife.®

This “antecedent order” is summed up for chemists
by the periodic table of the elements, which repre-
sents the limits and laws of our discipline. Universal
physical laws led to a universal periodic table of rela-
tionships among the elements that hold true for the
stars, for the earth’s core, for evolution, for natural
history, and for our human flesh.

Hanby suggests that scientists should assess the
beauty of nature as a gift to be appreciated, not
a puzzle to solve. He wrote, “Were biologists to
approach their subjects as one approaches a paint-
ing, it would no doubt transform the very meaning
of science, restoring it to theoria in the traditional
sense.”® Chemists can approach natural subjects as
one approaches a painting as well.

The beauty of nature revealed by chemistry includes
the order of the periodic table’s rows and columns.
All matter on this planet has been ordered into
fewer than one hundred natural elements at the
atomic level, themselves ordered by the chemical
patterns captured by the periodic table of the ele-
ments. As those atoms reacted over billions of years,
more-reactive chemicals reacted before less-reactive
chemicals, and more-stable compounds persisted
longer than less-stable compounds. Chemistry allows
us to understand why natural geochemical or bio-
chemical events happened in a certain order, and it
can place those events in the context of the central
symbol of chemistry: the periodic table.>

Irreducible Novelty in
A World from Dust

The editor of a group of essays responding to
Klapwijk’s Purpose in the Living World? wrote, “Why
should the task of critically immersing oneself in
evolutionary thought and thinking it through, step
by step, not be received as a divinely mandated
creaturely task with its own integrity coram Deo?”>
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Under this same mandate, we can think through
Williams’s view of the chemical constraints of natu-
ral history, step by step, in terms of Earley’s two
modes of becoming, looking for the moments of irre-
ducible novelty.>

In 2016, I wrote an overview of natural history based
on Williams’s chemical sequence, titled A World from
Dust: How the Periodic Table Shaped Life.>> A theology
of creation is implicit in this book, as it is in every
natural history, although I translated theological
into philosophical terms for a general audience, as is
customary for popular science books. Here I attempt
to bring new things out from the old, by revealing
the original theology that motivated the writing of
the book and delineating the events where some-
thing irreducibly novel came about, step by step. The
major events in this chemical narrative of natural his-
tory are acts of order, goodness, and beauty, which
made genuinely new systems or structures, each
demonstrating irreducible novelty even in the pres-
ence of reducible complexity.

1. Stellar Nucleogenesis

In the beginning, the periodic table was (mostly)
void.* The Big Bang, the premier event of irreducible
novelty, was an event of physics rather than chemis-
try. The initial expansion of the universe produced
hydrogen and helium, with only traces of heavier
elements. The force of gravity gathered hydrogen
and helium into stars so massive that atoms in the
center were crushed together. This overcame atomic
repulsion so that nuclei joined and fused into new
elements. This process drove forward to bigger
nuclei with larger atomic numbers, which are more
stable (with iron the most stable). Even today, more
than ten billion years later, the lighter elements
predominate in the universe, and the heavier an
element is, in general, the harder it is to find.” The
new, heavier elements provided new structures and
reactions, like carbon’s four bonds, oxygen’s power-
ful electronegativity, and metals” unusually shaped
electronic orbitals, all of which can serve as recog-
nizable chemical forms and centers of agency. The
existence of each new element allowed new chemi-
cal movements of electrons and new structural forms
of molecules, so that each is irreducibly novel. These
new atomic structures are like Earley’s example of
the new structure of argon dichloride, applied at the
atomic, rather than at the molecular, level.



Article

The Irreducible Novelty of Chemistry in Natural History

2. From Atoms to Molecules and Liquids

As heavier elements formed, they were spread across
the universe by supernovae; then some were col-
lected again into objects smaller and more dense
than stars: planets.® This was the birth of geology.
One consequence of electronic energy levels estab-
lished by the periodic table’s trends was that metals
lost electrons while non-metals gained them. Bonds
formed, allowing the binary combination of metals
with abundant oxygen, and then with less-abundant
sulfur; then more complex chemical combinations
followed. Solid rocks formed from these, rocks that
included much of the oxygen available due to its
potential to form strong bonds. Meanwhile, oxygen
and hydrogen formed water that, with its combi-
nation of small atoms and strong hydrogen bonds,
formed a liquid phase.”” Most places in the universe
were either too cold or too hot for large liquid oceans
to form, but the earth was located in the right place
on the phase diagram of pressure versus tempera-
ture, close to water’s triple point.®® The liquid phase
and water cycle provided by oceans is essential
to chemistry because it allows molecules to move
while in constant contact, facilitating the formation
of complex assemblies more easily than could occur
in solid or gas (or plasma) phases. It is no accident
that the continuously stirred tank reactor in Earley’s
second example is in the liquid phase. A liquid
phase allowed irreducibly novel systems, similar to
Earley’s reactor, to form in nature.

3. Mineral Evolution

At some point, life began to multiply and evolve. But
the first kind of “evolution” facilitated by the liquid
phases on and inside young Earth may have been
mineral. After planetary accretion 4.5 billion years
ago, mere hundreds of different minerals existed
on the earth—today there are more than four thou-
sand.®! Robert Hazen and colleagues list ten stages of
mineral evolution, including igneous rock formation,
granite formation, and plate tectonics driven by the
liquid phase of the earth’s mantle allowing minerals
to mix, flow, and (in their term) evolve. This is evolu-
tion in a chemical, rather than a biological, sense of
the word. The authors wrote,

Mineral evolution is not analogous to biological
evolution through Darwinian natural selection
... Minimization of Gibbs free energy simply
leads to nucleation and growth of quartz, but not
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olivine. The driving force for mineral evolution,
rather, is the evolving diversity of prebiotic and
biologically mediated temperature-pressure-
composition environments.®

The generation of mineral diversity is another
example of irreducible novelty. Most of these new
minerals contain novel crystalline structures that
may be unique to our planet, each with new chemical
properties, perhaps even serving as templates for
the origin of life.®® Each new mineral serves as an
example of irreducible novelty, extending to the new
colors of gems hidden in the depths to be revealed to
human miners billions of years later.

4. From Solubility to Three Biochemical Roles
Chemical cycles of dissolution and precipitation
connected the crust to the ocean. Both dissolving
and precipitating are chemical actions described by
chemical equilibrium constants and kinetic rate con-
stants, themselves set by the strength of bonds and
stabilities of chemicals in the solid phase versus dis-
solved in water, themselves rooted in the trends of
the periodic table. These chemical solubilities affect
biology and determine the biochemical roles each
chemical can adopt:*

1. Concentrations below nanomolar (gold, tin, and
lead) = not abundant enough to be used;

2. Concentrations below micromolar (manganese,
iron, and zinc) = trace amounts for biochemical
catalysis;

3. Concentrations below millimolar (carbon,
nitrogen, and oxygen) = build novel covalent
structures;® and

4. Concentrations above millimolar (sodium,
potassium, and chloride ions) = adjust osmotic
and electrochemical ionic balance.

In each of these categories, life selected some ele-
ments with the proper solubility but, for chemical
reasons, not others: for example, the lighter element
may have been selected because it was more abun-
dant. Williams wrote extensively about these
biogeochemical rules and selections, making pre-
dictions of the chemical sequence over time from
classifications such as these four chemical catego-
ries.®® Williams predicted that redox-sensitive ions
would change categories according to their redox
potentials as the earth oxidized over billions of years,
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and later we observed these trends in new genomic
analyses around the turn of the century.®” Each of the
three active biochemical roles (catalysis/metabolism,
structure, and ionic balance) can be considered an
instance of irreducible novelty, in which each ele-
ment fulfills a new role for life in a particular way
specific to that element’s chemistry.

The novel structures made by life from carbon, nitro-
gen, oxygen, etc., are similar to Earley’s novel argon
dichloride structure, while the novel dynamic pro-
cesses of dynamic catalysis, metabolism, and ionic
balance are similar to Earley’s dynamic flow reactor
example. The dynamic stability of the flow reactor
is similar to biological homeostasis. Both the novel
structures and the novel systems work together to
produce the living organism, or they are produced by
the living organism in its process of living. Each new
chemotype is an example of irreducible novelty.%®

5. Photosynthesis

Another category of novelty came about when life
harnessed light for making and maintaining chemi-
cal structures and systems. Like mineral evolution,
biological evolution can also make colored mol-
ecules that interact with the visible wavelengths
of light from the sun, absorbing solar energy from
far beyond the earth. This energy would often dis-
sipate, heating the environment, but over time, life
directed some of that energy productively, moving
electrons to form new bonds in photosynthesis. At
first, sunlight helped move less-stable, more-mobile
electrons from iron ions and hydrogen sulfide, but
a combination of manganese and calcium in a rock-
like crystalline structure eventually cracked the
toughest molecule open, prying electrons off stable,
but abundant, water molecules.® Thus sunlight was
made into new bonds among carbon atoms, building
up sugars that the living microbe stored until their
energy was needed. The chemical reaction of water-
oxidizing photosynthesis produced a byproduct that
at first was more dangerous than useful: diatomic O,,
which is oxygen gas. But as photosynthetic organ-
isms multiplied, this gas would cover the world and
lead to new things never seen before on this planet.
The sugars, as fuel for rapidly reproducing life, were
the firstfruits of the irreducible novelty of photosyn-
thesis, but in a billion years or so, the oxygen that
was rejected became the cornerstone of animal life.
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6. The First Great Oxidation Event and the
Ordered Sequence of Prehistorical Metals

The chemical composition of the atmosphere changed
as life carried out photosynthesis and produced oxy-
gen. Oxygen in the atmospheric gas phase increased
and came into contact with the liquid ocean and solid
land, reacting with the entire surface of the planet.
A bit more than two billion years ago, this atmo-
spheric change created new banded-iron formations
in oceans across the globe as iron (II) oxidized to iron
(III) and immediately precipitated due to iron (III)’s
low solubility.”” This new solid material was just the
most obvious consequence of the shifting of the plan-
etary redox potential toward increased oxidation.
A more oxidized atmosphere shifts redox-sensitive
metals to a higher oxidation state, making some
metal ions more soluble and some less, and therefore
shifting the metals that could fulfill the biochemi-
cal roles of metabolism and catalysis. Binding sites
for metals such as nickel and cobalt were removed
from genomes, while those for metals such as molyb-
denum and copper appeared more.”! Metabolisms
shifted from using reduced molecules such as hydro-
gen sulfide and ammonia to sulfate and nitrate.
Combined, these trends mean that biochemistry
itself developed new reactions, new structures, and
new biological species (or, better yet, Williams’s new
“chemotypes”), each an example of irreducible nov-
elty that can be traced back to the chemical properties
of oxygen.

7. The Second Great Oxidation Event and
the Cambrian Explosion

The most important chemical novelty happened later,
when enough oxygen accumulated in the atmosphere
that it could be reliably used as a reactant rather than
a product for biochemical re-actions.”? Oxygen levels
rose as geological processes such as glaciation eroded
the planet’s surface, leaving behind a global geologi-
cal gap called the “Great Unconformity.” Chemically,
the eroded rocks dissolved in the oceans, increasing
calcium, molybdenum, and phosphate levels, all of
which are important ingredients for life.”® In fact, cal-
cium and phosphorus are two of the three dual-role
elements (in terms of the four roles listed in sec-
tion 4),”* which can support multiple kinds of novel
reactions at once.

Then, around 600 million years ago, new life forms
appeared relatively suddenly in the fossil record, in
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an event called the “Cambrian explosion.” The dra-
matic numbers and forms of these Cambrian fossils
have sparked debate about whether this event is
irreducibly complex.” Yet the “Great Unconformity”
shows that geology was changing dramatically
before the Cambrian explosion, which would have
provided crucial chemicals used by life. In addi-
tion, the rate of speciation is estimated to be about
5-10 times faster than normal —a significant increase
that is still continuous with typical, if accelerated,
mechanisms of evolutionary chance.” If chemistry
did cause the Cambrian explosion, irreducible nov-
elty is supported and enhanced for those who find
a beauty in chemistry and in the connections it can
make across disciplines. If chemistry’s role was less
important, then the irreducible novelty would be
attributed to the other source.

8. The Ordered Sequence of Historical Metals
The order provided by chemistry extended to human
history, because the sequence in which metals could
be mined from the earth and used by civilizations
was ordered by the chemical parameter of redox
potential. Gold has a high, positive redox potential,
meaning that it accepts electrons readily and can be
easily reduced to a neutral state, so it is commonly
found in the neutral, metallic state in the earth. Silver
and copper also have high positive redox potentials,
meaning they could be mined and used for coin-
age by early humans. The other metals known to
the ancients (mercury, lead, and tin) likewise have
positive or near-neutral redox potentials, but nickel,
cobalt, chromium, zinc, and aluminum have more
negative potentials, meaning they bind oxygen and
other elements more tightly (i.e., are oxidized) so are
not found naturally in the metallic state.”” For these
metals, civilizations must discover more powerful
chemical methods such as electrochemistry to reduce
the metals to a neutral state. We spend huge amounts
of energy to do this to make aluminum’s irreducible
novelty.

Once the irreducible novelty of chromium in the
form of chromate was unlocked by chemistry, it
was combined with lead in a laboratory to make a
bright yellow, insoluble pigment named chrome yel-
low. The beautiful brightness of chrome yellow is
an irreducibly novel color. It was a favorite of nine-
teenth-century artists such as Vincent van Gogh, and
it allowed him to create his paintings of sunflowers,
which are themselves artistic examples of irreducible
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novelty. Even if we can analyze Van Gogh’s chrome
yellow and determine which laboratory it came from
and exactly how it was made, it remains a unique
and beautiful part of creation, no less irreducibly
novel for our understanding of its mechanism of ori-
gin.”® In fact, our participation in its mechanism of
origin and increased understanding of it may allow
us to appreciate its beauty and novelty that much
more.

Implications for Meaning,
“Makeability,” and Chance

The visual motif of A World from Dust is an arrow.
Arrows are predominant in most of the figures ref-
erenced in this article, and time or redox potential
(which increased with time) is commonly on the
x-axis of graphs. In these figures, chemistry ordered
the arrows, but the arrows point beyond chemistry.

Klapwijk wrote, “The deepest mystery of evolution
is not the emergence of new realities; it is time.””
A watch tells time, but its mechanism is solid and
cyclical: a watch never grows or evolves. A chemical
system that unfolds over time, and a geobiochemical
system that evolves, is integrated more deeply with
time. The irreversible changes of increasing entropy
cannot be turned back, as Prigogine noted, so that
the physical world experiences directional change,
like the mental world of experience rather than the
cyclical, mechanical change of a watch.

The question is whether these arrows of becoming,
both within and without, are truly aligned with each
other, and whether together they point toward some-
thing specific, which would be some final cause such
as Peirce posited. C. Stephen Evans makes a case that
sequences of becoming, which can include Williams's
chemical sequence, are signs pointing to God’s activ-
ity as Creator: “God has instituted the signs so as to
make it possible for people to become aware of his
reality. And there is a “hard-wired” natural tendency
to ‘read’ the sign in this way, to see it as pointing to
God.”® Yet these signs can always be discounted or
denied. Irreducible novelty is not irresistible.

If there is more than efficient cause, then think-
ing about formal and final causes reveals the truth
about the world. As David Bentley Hart wrote,
“[Goal-directed behavior] is an intrinsic rational
determination in a complex system, not ... intrin-
sically imposed by some detached designing
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intelligence.”® If so, truth is integral to the system
and these arrows point to

an ultimate reality where existence and perfect
intelligibility are convertible with one another
because both subsist in a single unrestricted
act of spiritual intelligence. This, in theological
terms, is one of the paths of the mind’s journey
into God.®

Hart, Pfau, Peirce, McGrath, Hanby, and others, com-
ing from their own philosophical perspectives, align
and point to the conclusion that the mind, through
the sciences, reveals truth because God made it to do
so. The scientific goal-directed behavior and emer-
gence described by Williams, Earley, and Prigogine
seem to me to point in the same direction. These irre-
ducible novelties are truly good and beautiful.

If chemistry brought these about in nature, then we
can repeat and isolate those chemical reactions in the
laboratory for our own purposes, using them to make
new things for our own purposes: knowing through
making.®** When our artificial laboratories and work-
shops first copied, then expanded, the chemical
structures and systems that could be made, we pro-
duced irreducible novelty. The novel chrome yellow
pigment led to Van Gogh’s novel Sunflowers. Even an
artist as great as Van Gogh depended on others and
on nature itself, so that his creative achievement was
an act of co-creation within the larger gift of Creation.

Learning about these overlapping and integrated
processes demonstrates the “makeability” of knowl-
edge itself. The act of retracing the events, chemical
and otherwise, that led to the creation of Sunflowers
is itself an act of comprehending irreducible novelty.
Unlike irreducible complexity, one can trace this
path without reducing the novelty of Van Gogh’s
creation.

A chemist’s work is as important as that of a watch-
maker, and both types of makers operate underneath
the transcendent act of original and ongoing creation
that is from God alone. Klapwijk wrote, “To create
out of nothing is one thing. To cause something to
originate out of existing material is another.”% But
these acts of subcreation, within their limits, can
clearly be good, beautiful, and truly novel. Hanby
wrote, “The advent of meaning in the world and the
realization of these various possibilities are surely ex
nihilo events; they mark the appearance of genuine
novelties, irreducible to their antecedents.”®
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Theologian John Milbank writes that this “make-
ability” of the universe is so important that it can be
elevated to the status of a new transcendental!®® One
need not go that far to emphasize it as important,
and to correlate it with acts within the discipline of
chemistry could also align with Milbank’s transcen-
dental “makeability.” Given chemistry’s emphasis
on synthesizing and making new structures, “make-
ability” seems particularly apt.

A chemist who makes a new tool for separating
phases or molecules is like Nicholas of Cusa’s tool-
making spoonmaker, whom Milbank cites in his
writing on the theological significance of making and
therefore of “makeability.” Nicholas of Cusa wrote
that the spoon is formed and named by the spoon-
maker, and yet is a reflection of divine creativity,
because “all human arts are ‘images’ of the Infinite
Divine Art.”® But the spoonmaker insists he is no
mere mimic: “So my artistry involves the perfecting,
rather than the imitating, of created visible forms,
and in this respect it is more similar to the Infinite
Art.”88

According to Milbank, Nicholas “regards ‘makeabil-
ity” as the criterion for theoretical understanding,
thereby reversing, as we also saw, the inherited
assumption that the only criterion for the possibil-
ity of making something was previously to have
understood it with theoretical adequacy.”® This
combinatorial, empirical approach is common in
chemistry, and is also an effective way to teach, as
when students in a multi-institutional effort mix
chemicals, each student trying a different combi-
nation, to test for catalytic efficiency in the “Solar
Army” effort.”® These chemists do not know how
effective their combination of chemicals will be until
they run the experiment; they know by making.

In the book Making Good, Trevor Hart seeks “to
reckon with the nature of God’s creative action vis-
a-vis the world ... in his capacity as ‘Maker of the
heavens and earth.””?' Hart describes “God’s deter-
mination ‘to create creators’”*? using the analogy of
the artist as creator, showing that artistry at both
the divine and human levels leads to “the establish-
ment of a world in which God and the creature dwell
together “at one’” in peace and mutual enjoyment.”*
In Hart’s account, creative acts in the past reveal that
God is near: “Faith in God as Creator also discerns
God’s dynamic presence in history’s midst, ‘opening
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it up for the possible and the new in unexpected and
unforeseeable ways.””**

As every chemist knows, making new molecules
or systems is difficult, and experiments are not
always (or often) successful.”> Chance may favor the
prepared mind, but it is always at work in the lab.
Any view of nature that emphasizes “makeability”
must also accommodate a significant role for chance
events. The chemical perspective has been shown to
do this, in Prigogine’s and Peirce’s emphasis on irre-
versible events (which are driven by chance) being
a source of irreducible novelty. In this, they align
with medieval thinkers like Boethius and Dante, and
recent thinkers published in this journal,” who also
found a place for chance or fortune in their philoso-
phies. This is in contrast to proponents of irreducible
complexity, who insist that nature happened “Not
by Chance.”””

Williams, speaking from the perspective of chem-
istry, incorporates chance mutations as causative
agents in his chemical sequence to explain how
destructive chemicals can produce a sequence of
responses from an organism: first protective, then
opportunistic:

The suggested principle to explain “directed”
evolution is then that mutation is not random
over the whole genome but that its intensity is
related to the harmful effect of a new environ-
mental energy source or any new damaging
substance. Several such substances were re-
leased in turn in time due to the oxygen increase
in the atmosphere and so new chemotypes of
organisms evolved in a sequence as new groups
of genotypes were better able to handle the dam-
aging environment.”®

Klapwijk also finds a place for chance in his view of
emergent evolution:

Random events have unchained orderings that
are anything but random. Contingency catalyzes
functionality and purpose; it has elicited, again
and again, higher and more complex levels of
meaning. Thus believing people have good rea-
son to say that God called the physical nature
into being and that He, at the same time, incor-
porated all higher levels of ordering into His
creation as potentials from the beginning. Thus
they are also justified in saying that humans are,
at the same time, a product of evolution and cre-
ated according to God’s image.”
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If irreducible novelty has a place for meaning, for
making, and for chance, it also has a place for us.
Klapwijk remarks on the way nature seems to have
anticipated life:

Can we say: Evolution takes advantage of
emergence? No matter how incomprehensible
this may be, it appears at times—1I express my-
self carefully —that the process of becoming
on Earth, despite its capricious and unpredict-
able course, did indeed anticipate the biological
forms that were forth-coming.'®

The Periodic Table of the Elements was an anteced-
ent, rational structure imprinted in the laws of nature
at the beginning of time, and it provided every thing
life needed (with emphasis on the word “thing”). It
established chemical rules and trends that unfolded
through an interplay of necessity and chance. Most
of these unfolding events were continuous with
what went before and can be understood by analogy
to things we can make ourselves, but we are far from
understanding it all.

All events do not occur by clockwork necessity, but
neither do all occur by unformed and unguided
chance. I understand the events creating chemotypes
as emphasizing predictable necessity, while, on the
other hand, those creating species as emphasizing
unpredictable chance. However we understand this
interplay, we can copy these events and make new
things with this confidence: God made us, from the
world, to understand and participate in the world
through our disciplinary foci, including through
chemistry.
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religion and science.

hat bearing do religious beliefs
have on the development of
chemical theories and prac-

tice? Does Wilhelm Ostwald’s proposal
of a chemical energeticism reflect in some
way his positivistic outlook and his even-
tual elaboration of an atheistic monism?
Does the “phasen-leer” (phase theory) as
promoted by H. W. B. Roozeboom display
his Dutch Reformed background? Was
Linus Pauling’s development of structural
chemistry related at all to his western
American devil-may-care attitude toward
religion and his support of liberal causes?
Does Charles Coulson’s framework for
quantum chemistry reflect his English
Methodism? Posing the question in this
way: how religion influences cognitive
beliefs and affects practices in modern sci-
ence such as late nineteenth-century and
mid-twentieth-century chemistry makes
us, as moderns, feel uncomfortable.
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Martin Rudwick, a historian of science,
once perceptively commented,

. the strength of the historian’s
empathy for religious beliefs often
seems to be directly proportional to
the space of time that separates him
from them, fading away as one ap-
proaches the present day.!

However, over the past four decades
or more, historians of science have paid
increasing attention to religion and reli-
gious beliefs. These beliefs have even
been allowed to play a role as one among
many factors affecting the development
of science.?

A historian may more easily detect
the influence of religious beliefs when
investigating a powerful and influen-
tial individual. One can then hopefully
find the person (actor) reflected in their
scientific work. One must look to the

This article was written in response to an
invitation essay written for PSCF by Stephen
Contakes, who has also guided the peer-
review evaluation and development.
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problems the scientist chooses to work on, the kind
of mathematical argument that they bring to bear,
the experimental evidence they marshal and the
conceptual experiments they devise, to what they
take as basic and what subsidiary, to what they find
easy or evident and what they find difficult and
in need of discussion, to what they perceive as the
range and scope of the theory, both with respect to
the subject proper and to its impingement on other
areas. In short, such studies need to be sensitive to
various traditions in which each individual finds
their place—either by spirited reaction or quiet
acceptance.

These questions will be further explored using two
historical examples: the chemical practice of the
German Nobel prize-winning chemist Wilhelm
Ostwald (1853-1932) and the work of Charles Alfred
Coulson (1910-1974), an English-Methodist quantum
chemist and Rouse Ball Professor of Mathematics at
Oxford University. More specifically, this article will

(1) examine Ostwald’s program for an “allgemeine
Chemie” (general chemistry) and Coulson’s pro-
gram for quantum chemistry,

(2) explore the deeper implications/basic beliefs at
stake in these developments, and

(3) suggest why the “received” interpretation of the
relationship of science and religion may be in-
adequate for an analysis of their work.

My aim will be to understand the scientists in action:
their effort to religiously shape chemical knowledge.
I do not aim to provide an historically detailed
account of their subsequent cultural engagement and
influence. Rather, I wish to pay attention to their con-
tribution in a specific area of chemical science.

Wilhelm Ostwald and Energetics
(Energetik)

Until recently, little attention has been paid to the
daring assumptions and consequences of Wilhelm
Ostwald’s program of energetics (Energetik).? Ostwald,
a German physical chemist, who was awarded the
Nobel Prize in Chemistry in 1909 for his “works on
catalysis as well as for fundamental investigations
of chemical equilibrium and reaction velocities,”*
was one of the most celebrated German scientists
at the turn of the twentieth century. As a student
in Dorpat (University of Tartu) and professor at the
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Riga Polytechnikum, he did extensive studies in
chemical affinity (Verwantdschaftslehre). Of note were
two lengthy series: “Studien zur chemischen Dynamik”
(1884-1888) and “Elektrochemischen Studien” (1884-
1888). He had also written a two-volume Lehrbuch der
allgemeinen Chemie (1885/1887). In 1887, he founded
(and co-edited with J. H. van't Hoff) the first physi-
cal chemistry journal, Zeitschrift fiir physikalische
Chemie, Stochiometrie und Verwantdschaftslehre. Clearly,
Ostwald was a man of considerable talent: a skill-
ful experimenter, an adept organizer, an excellent
teacher, and a persuasive expositor.

In 1887, Ostwald was appointed to the only German
university chair in physical chemistry in Leipzig.
In his inaugural address, Ostwald drew a paral-
lel between the Law of Mass Action “which rests
on the persistence of matter, and chemical affin-
ity laws, which rest on the persistence of chemical
energy.”>But, Ostwald was determined to go beyond
simple parallel comparisons. He insisted that chem-
istry required extensive reform. It lacked the simple
and general laws of mechanics that Heinrich Hertz
claimed characterized much of physics.® Ostwald
wanted to develop a general chemistry (an “allgemeine
Chemie”), which would undergird all the subspecial-
ties of chemistry. His aim was to be constructive, to
reconstruct and reformulate the principles of chem-
istry along more general and intuitive lines. He
considered a good chemical theory to be one that
satisfied two requirements: (1) it should consist of
functional relations among measurable quantities;
and (2) it must provide a main or general law from
which special laws referring to particular systems
could be derived.” Chemistry should be cleansed of
as many hypotheses as possible.®

Ostwald proposed a research program called
Energetik (energetics) which drew its inspiration from
the success of thermodynamics in describing the
principal relationships in physical chemistry without
resorting to atomic and molecular models. Ostwald
held that the ills of late nineteenth-century phys-
ics and chemistry could be addressed by the simple
expedient of discarding the model—and indeed
all models—and reducing physics and chemistry
to an account of the conservation and transforma-
tion of energy. The unification of chemistry and the
establishment of an “allgemeine Chemie” could not
depend on mechanics as the integrating and foun-
dational theory, but rather requires generalized
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thermodynamics (or energetics) which appeals to
observables and empirical data such as temperature,
pressure, active mass (concentration), etc. Ostwald
longed to give expression to his energetic vision so
vividly described in his “conversion experience” in
1890:

In the earliest morning hour I walked from
my hotel to the zoological garden [Tiergarten],
where I experienced in the sunshine of a mar-
velous spring morning a true Pentecost, an
outpouring of the spirit over me ... Everything
regarded me with new unaccustomed eyes, and
I felt as if I were experiencing all of these blisses
and splendors for the first time ... The thought
process required for the general formation of
the energetic conception of the world then took
place without any effort—indeed, with positive
feelings of bliss. All things looked at me as if
I had just been placed in Eden, in accordance
with the Biblical account of creation, and was
now giving each thing its true name.’

This description, forty years after the event, could
easily be an embellished account, particularly with
all its biblical imagery. But this account, embellished
or not, does indicate how serious Ostwald was in
being an apostle of energy and how zealous he was
in propagating his gospel of energy. The ontological
key to understanding reality was at hand. Energy
had received its “true name.”*

Ostwald’s focus on energy as the explanatory princi-
ple and final constituent of reality developed through
various phases during 1887-1905: sequentially (1) a
challenge to physical atomism (kinetic molecular
theory), (2) a particular interpretation of thermody-
namics and method of energy analysis, (3) a search
for an alternative to chemical atomic theory, and
finally (4) the formulation of “eine Chemie ohne Stoffe”
(a chemistry without matter/substances).!

Initially, in Oswald’s self-described period of
“Unbewusste [unconscious| Energetik” (1887-1892),
energy and matter had ontological parity. But soon
thereafter (1893-1902), energy gained priority and
supremacy —conceptually, methodologically, and
ontologically. Matter, he argued, “is nothing but
a complex of energy factors.”!? Energy has a right
(besides space, time, and an intensity or capac-
ity factor of energy) to be the central concept, since
everything that happens is in the final instance noth-
ing but a change of energy.”
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It would take me too far afield to describe all the
details of this energy doctrine. In brief, Ostwald for-
mulated two laws of energetics: (1) “Die Gesamtmenge
[total quantity] der Energie ist konstant,” and
(2) “Zwei Gebilde, die einzelnen mit einem dritten in
Energiegleichgewicht sind, sind auch einander gleich”
(Two systems that are in energy equilibrium with
a third are also equal to each other—one of several
formulations Ostwald used).! The first law was a
restatement of the law of energy conservation. The
second law of energetics attempted to answer the
question as to when a transformation would occur.

One suggested solution incorporated the concept of
intensity. Each form of energy —heat, chemical, elec-
trical, volume, etc. —was assigned an intensity. If the
intensities of a particular form of energy are equal in
two different regions, no energy transfer will occur
between these regions. If, on the other hand, the
intensities are unequal, a state of non-equilibrium
prevails, and thus the energy will flow from a region
of higher intensity to a region of lower intensity until
equilibrium is once again established. In addition
to the intensity factor (i), Ostwald also assigned a
capacity factor (c) to each energy form. The product
of these two factors represents a given quantity of
energy: E = ci. Ostwald identified five “Arten [kinds]
der Energie”: (1) mechanical energy, (2) heat, (3) elec-
trical and magnetic energy, (4) chemical and internal
energy, and (5) radiant energy. Ten paired combina-
tions are possible, three of which Ostwald claimed
were particularly important for chemical energetics:
thermochemistry, electrochemistry, and photochem-
istry. The total energy of a system [Gebilde] is equal to
the arithmetic sum of the individual energies.’® Each
system contains (or is) a definite amount of energy of
one form or another.

The most penetrating criticisms of Ostwald’s ener-
getic interpretation and derivation of thermodynamic
relationships came from Ludwig Boltzmann and
Max Planck. Ostwald had kept them apprised of his
approach well before the fateful 1895 Liibeck meet-
ing of the Gesellschaft Deutscher Naturforscher und
Arzte. At the meeting, the confreres debated the ener-
getics program at length. On the last day, Ostwald
delivered his famous lecture, “Die Uberwindung des
wissenschaftlichen Materialismus” (“The Conquest of
Scientific Materialism”),'® proclaiming atoms to be
nothing but “graven images” and atomic models to
be, at best, heuristic devices.
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The job of science is to determine the relation-
ships between aspects of reality, in the form of
demonstrable and quantifiable parameters, so
that when some of the parameters are known
the others can be calculated. This goal cannot be
achieved by setting up a hypothetical picture of
the world but only by demonstrating the rela-
tionship between quantifiable parameters.'”

After Liibeck, the leading physicists of the day (such
as Ludwig Boltzmann and Max Planck) were quick
to publish their concerns.!® Their criticism can be
summarized as follows: (1) energetics displays a
poor, if not deplorable, mathematical development
of arguments; (2) energetics as defended by Ostwald,
(and Georg Helm) argues to extant thermodynamic
relationships rather than providing their foundation;
(3) energetics has no adequate concept of irrevers-
ibility (most irreversible processes were subsumed
under radiant energy); and (4) energetics employs an
ad hoc construal of volume energy (Volume Energy =
Volume [capacity] x Pressure [intensity]). For exam-
ple, the critics charged that the energeticists juggled
mathematical formulae to “derive” results known in
advance or employed formulae which made no sense
when describing irreversible processes.

But Ostwald did not stop promoting energetics in
chemistry, even after support for physical Energetik
waned after Liibeck. He advanced studies directed
toward finding an alternative to chemical atomic
theory, and eventually “eine Chemie ohne Stoffe” (a
chemistry without matter/substances).” Even when
Ostwald “recanted” in 1905, admitting the existence
of atoms based on the X-ray investigations in 1896 by
W.C. Rontgen, he could still comment, “Energetics
is not affected by these developments because, since
it is the more general concept, it is not affected by
whether atoms exist or not.”%

After a year as an exchange professor at Harvard,
Ostwald resigned his Leipzig chair in physical chem-
istry in 1906 and retired to his retreat, Landhaus
Energie, in Grossbothen. He actively began to em-
ploy a much broader range of arguments: not only
scientific and methodological, but also philosophical,
and most centrally, religious. This latter characteris-
tic is manifest in Ostwald’s commitment to an energy
principle of cosmic proportions. To understand this
development of “cultural” energetics, some histori-
cal background is needed. Ostwald did not follow
a humanistic curriculum in his gymnasium (high
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school) and University of Tartu education, but once
he moved to Leipzig he began to participate in inter-
disciplinary dialogue with fellow academics. In the
mid-1890s, he joined the Leipziger Positivisten-
Kranzchen, a small group of positivists such as the
historian Karl Lamprecht, the geographer Friedrich
Ratzel, the psychologist Wilhelm Wundt, and the
economist Karl Biicher.” As Matthias Neuber has
argued,

What these scholars had in common was the
conviction that it should be possible to establish
a unified field of natural and cultural sciences
in the sense of some sort of Gesamtwissenschaft
[a unified science].??

They rejected any form of Cartesian dualism in favor
of a monistic conception of reality. Ostwald’s applica-
tion of energetics to cultural phenomena, particularly
after his experience at the Liibeck meeting, entailed a
monism (an ontology of energy), a naturalism, and in
historical terms, an appeal to Auguste Comte’s law
of three stages of historical development: theological,
to metaphysical, to positive (scientific). Energetics, as
a positive science and an all-embracing worldview,
philosophy, or secular religion would, in his view,
ultimately replace Christianity.

Already foreshadowed in his 1902 Vorlesungen
tiber Naturphilosophie [Philosophy of Nature Lectures],
Ostwald minced no words about the universal scope
of his energetics: it would be an energetics com-
plete with a theory of happiness, an encyclopedia
of the sciences, a theory of spirituality, an energetic
understanding of consciousness, an argument for
Esperanto, supplemented by numerous monistic
Sunday sermons, many of which exhorted listen-
ers to conserve energy.* In 1911, Ostwald assumed
leadership of the Monist League, founded by the
biologist Ernst Haeckel in 1906. Ostwald, to his
mind, had fulfilled his vision so vividly described in
his conversion experience in 1890 to pure energetics:
he considered to have given energy its true name.

Ostwald and Religious Belief
“[O]ne must come to the conclusion that
energy —and only energy —is real.”*

If one holds that religion is a way of life that people
always engage in with their full existence (while
faith is only one of a number of fundamental modes
of being religious), a different way of understanding
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the relationship of science and religion may follow.
As Robert Sweetman proposes in his holist account
of the relationship of religion and scholarship: “...
it acknowledges that socio-cultural endeavor can
be religious; indeed, it denies that socio-cultural
endeavor can ever be irreligious.”? Then the question
becomes, what religion or religions does Ostwald’s
scientific activity and practice bear witness to?

That question can be addressed in two different,
but related, ways: an analysis of Ostwald’s religious
belief in his formulation of energy theory, and a cri-
tique of his reductionism in chemistry. First, Ostwald
claims far more than that his energy doctrine is
only a hypothesis, open to testing and potential
verification. For Ostwald, “... one must come to the
conclusion that energy —and only energy—is real.
This is because energy is the only thing that must be
part of every act and affects both the acted-upon as
well as the actor.”? This belief also funded his later
monistic understanding of the mind/body problem:

... the problem of the relationship between mind
and body, which scientific materialism had left
unsolved, ... lost in the light of energetics its
unapproachable character since both mind and
body were subsumed in the higher-level concept
of energy and hence the two must be intimately
bound up with each other.?

This energy doctrine also undergirds Ostwald’s
reductive view of chemistry. The strength of
Ostwald’s energeticist account in chemistry, energy
as a singular quantitative measure of physical inter-
action, is simultaneously its major weakness. The
abstract mathematical description of energy and
its various exchanges required the isolation, either
theoretically or experimentally, of a physical sys-
tem and a conscious purging of its typical properties
and structure.” This neglect, or explicit reduction,
that is, of subsuming typical properties as instan-
tiations of a general energy law, ran counter to
the major thrust of nineteenth-century chemistry,
namely organic chemistry with its structural and
stereochemical assumptions,® and later in the early
twentieth century: valence theory, chemical bonding,
and structure-reactivity relationships. For Ostwald,
physical entities and their interactions are projected
to be quantitatively measurable energy factors.

But in what sense is this view of energy a religious
belief? In his book Knowing with the Heart: Religious
Experience and Belief in God, Roy Clouser advances the
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idea that a belief is a religious belief when “it is (1) a
belief in something as divine or (2) a belief about
how to stand in proper relation to the divine, where
(3) something is believed to be divine provided it is
held to be unconditionally nondependent.”* This
third sense entails replacing God with a nondepen-
dent reality on which all else depends, that is, as
scripture proclaims, “to call anything a god or an
idol if it in any way replaces God”*? Granted this
understanding, Clouser concludes a materialist has a
religious belief. Ostwald’s core belief in energy cer-
tainly functions in a comparable manner.

In the end, Ostwald’s energy considerations, both in
theory and practice, served as a religion, as a substi-
tute source of meaning and revelation. His “graven
images” may not have been atoms, but rather they
became energy and its many manifestations. Energy
was something within creation which everything
else depended on for its existence. St. Paul’s confes-
sion of creation frames the context for any discussion
of these matters:

For in him all things were created in heaven and
on earth, visible and invisible, whether thrones
or dominions or principalities or authorities; all
things were created through him and for him.
He is before all things, and in him all things hold
together. (Colossians 1:16-17, N1V)

By 1893, Ostwald regarded energy as a self-exis-
tent substance; he accords it divine status, and it
is therefore a core religious belief whether this is
acknowledged or not. As he stated: “... there is noth-
ing more ‘real,” that is more effective than energy.
And, indeed, in this sense it could be defined as the
only thing that is ‘real” in the physical world.”*

Charles A. Coulson as Student,
Quantum Chemist, and

Religion-Science Spokesperson

Charles A. Coulson (1910-1974) was an early par-
ticipant in the English school of quantum chemistry
who, after World War II, was also one of the lead-
ing English spokespersons for understanding science
and religion.** During Coulson’s lifetime, quantum
chemistry went through a revolutionary process
of development. Coulson played a significant role
in bringing quantum approaches—in particular,
the molecular orbital interpretation of the chemi-
cal bond—to the broader chemical community. But
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academic research in quantum chemistry is only one
component of Coulson’s work. Crucial to under-
standing Coulson’s career was his missionary zeal in
promoting an understanding of the chemical bond
that wed the pictorial representation of bonds—so
dear to structural chemists —to the increasingly com-
plex mathematical descriptions of the chemical bond,
while simultaneously advancing a view of the rela-
tionship of science and religion which placed the
person as historical actor at the center of responsible
engagement.

Recent scholarship has done little to examine how
these two leading interests of Coulson were related.®
As J.W. Linnett noted in a brief 1975 memorial notice
in Chemistry in Britain,

Many scientists thought of Coulson as a “double
person” —a theoretical chemist and a man of
the church; and they thought of these two as
two immiscible and separate persons. This was
not so, because, had it been, then his life would
have been a dishonest one, and would have
been totally incompatible with all the rest of our
experiences.*

That Coulson’s life displayed a unity of belief and
action was displayed in a variety of ways. First,
Coulson’s belief in a personal religious experience,
the role of a group’s fellowship in confirming that
experience, and a call to holiness affected Coulson’s
approach to his scientific coworkers, his research
group and their activities, and his general promo-
tion of science to a wider public. Secondly, when
Coulson employed and presented his optimistic style
of attacking scientific problems in quantum chem-
istry, replete with approximations and models, he
displayed a concern for others, particularly chemists,
who often displayed a prejudice against the utility
of quantum mechanics. Thirdly, his emphasis on the
wholeness or unity of personal experience shaped
his view of the science/religion connection.

Coulson as Student:
“I came up ... a mystic,
I went down a missionary.”?’

Coulson’s style and approach in quantum chemistry,
as well as in his view of life, involves the theme of
giving and receiving which first arose from his stu-
dent experiences. During the Easter term of 1930,
his second year at Cambridge, Coulson received
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an invitation to attend group meetings organized
by W. Harold Beales, minister of Wesley Methodist
Church. Beales encouraged Cambridge student
groups, of roughly ten students, to explore how best
to communicate the Christian faith. He presented
feeling, knowing, choosing (personal choice), doing,
and belonging as essential marks of a Christian’s
experience.®® The impact of this small intimate group
on Coulson was indeed life changing. After a group
retreat held in June 1930, he wrote:

I learnt from the value of corporate action. You
all remember Beales” description of the anthro-
pological view of the group idea. It impressed
me most marvelously ... I began to see that
Christianity for me must be something broader
than my own self ... I began to see that religion
was something that got beyond you and God,
it included everybody ... I came up this term a
mystic—I went down a missionary.*

Coulson wished to “come down” from himself to the
“world of others.”#In fact, soon afterward, Coulson
became a Methodist lay preacher who often did the
circuit with other group members on weekends at
churches and chapels in the vicinity of Cambridge.
His sermons and letters from this initial period in his
life display a Wesleyan-Methodist concern with holi-
ness (perfection), a need for fellowship, and a desire
for social action. A call for social action was not so
much driven by a sense of duty, but rather seen as
a way of developing spirituality.

One would surmise there must have been a ten-
sion between Coulson’s academic interests and his
interest in social action. A glimpse of how Coulson
resolved this tension is revealing;:

I was reading mathematics myself, and puzzled
to know to what extent I should allow my love
for the subject to dominate my future life. The
two chief competing possibilities were repre-
sented in my mind by two people. One was a
most distinguished mathematician [G. Hardy],
with a worldwide reputation: he was a symbol
of the life so wholly devoted to academic study
that it merited the epitaph: “this man decided
to know and not to live.” The other was Alex
Wood [Quaker physicist at Emmanuel College,
Cambridge], symbol for me then, as now, of
the life of a man whose service to God lies not
only through his learning, but no less through
his social conscience, his power among people,
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his simple Christian affection. If, in the end, my
puzzle was solved, it was because this second
man was so attractive that I felt I wanted to be
a bit like him.#!

Coulson as Quantum Chemist and
Group Leader:
“Feet on the solid earth ...
head ... in the clouds.”*?

In her book, From Chemical Philosophy to Theoretical
Chemistry, Mary Jo Nye traces the tenuous relation
between the disciplines of chemistry and physics and
the eventual rise of quantum chemistry.* She argues
that chemistry, over the nineteenth century, became a
distinct and separate discipline from physics. But by
century’s end, a convergence took place that resulted
in the creation of a new subdiscipline— physical
chemistry, and by 1933, the creation of another—
chemical physics. Discipline boundary demarcation
inevitably led to debates about where the boundar-
ies should be drawn, which proper methodology to
invoke, what ontological commitments were proper
to make, and what the character of theory should
be like.

Quantum chemistry (1927-1940s) arose as a sub-
discipline emerging from the introduction and
employment of wave mechanics (from physics) to
solve classical chemical valence problems. As this
occurred, certain national styles developed. Often
the German and American approaches to quantum
chemistry have been pitted against each other.*
Friedrich Hund, Walter Heitler, and Fritz London
represent the German griindlich approach, replete
with mathematical sophistication, concerted efforts
to reduce chemistry to physics, and deep, even pes-
simistic, philosophical concerns about the nature of
causality, wave-particle duality, visualizability, etc.,
but a step or two removed from the practicing exper-
imental chemist.

Linus Pauling, Robert Mulliken, John Slater, and
John Van Vleck represent the so-called American
approach, more pragmatic and optimistic, more
pictorial in its representation of molecules, cozy
with the operationalism of the American physicist
Percy W. Bridgman (Bridgman considered the mean-
ing of a concept dependent on a set of operations or
a method of measurement). For the Americans, espe-
cially the chemist Linus Pauling, the formulation of

24

a rule-governed methodology replete with predic-
tive power was considered far superior to any deep
understanding of the physics of the chemical bond.

In contrast to either of these approaches, the English
school of which Coulson was a leading figure
consisted of applied mathematicians who wished
“to enlarge the domain of applied mathematics so
as to include quantum chemistry.”* The qualita-
tive work of Nevil Sidgwick (1927) on the concept
of valency was followed in the 1930s by the more
mathematically sophisticated approaches of John
Lennard-Jones, Douglas Hartree, and Coulson. As
Lennard-Jones’s student from 1932-1936, Coulson
wrote the first quantum chemistry thesis in the
UK. It dealt with molecular-orbital theory. Rather
than viewing molecules as aggregates of individual
atoms, each linked to its nearest neighbor by bonds
formed by electrons localized between two atomic
nuclei, molecular orbital theory considers molecules
as atomic nuclei with binding electrons. These elec-
trons spread throughout the whole molecule in
orbitals.

Coulson’s stated wish of living for others is seen in
how he presented quantum chemistry and its results
to others. As an applied mathematician, Coulson was
interested in making sure that his conceptual, math-
ematical, and pictorial expressions were translatable
and understandable to the chemist. The true applied
mathematician is someone with “his feet on solid
earth, but his head must be in the clouds.”* He stated
as much in his famous 1952 textbook Valence:

Contrary to what is sometimes supposed, the
theoretical chemist is not a mathematician,
thinking mathematically, but a chemist thinking
chemically. That is why almost everything in
this book should be understandable to a chem-
ist with no mathematical attainment ... Almost
everything necessary can be put in pictorial
terms.*

Accuracy was not the strength of the new quantum
mechanics. Its strength lay in the understanding
it gave of chemical processes. At times, chemistry
appeared to be solving the applied mathematicians’
problems rather than the other way around. Valence
presented the molecular-orbital approach to bond-
ing, which it favored, as well as the valence-bond
theory. Its pages are replete with pictorial diagrams
of molecular orbitals.*®
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Several elements in Coulson’s approach to quan-
tum chemistry reflected his stated wish of living for
others:

1. Non-reductive emphasis: Coulson would not render
his descriptions of molecules in pure mathemati-
cal terms. Rather he stressed the role and bridge
function of applied mathematics. Although hold-
ing a chair in mathematics (and in theoretical
chemistry during 1972-1974), he was determined
to respect the given patterns and structures of
creation, even when described mathematically,
in terms that others, particularly chemists, could
understand.

2. Personal element: Coulson was keen on recog-
nizing and emphasizing the personal element
involved in science. What are our models? For
Coulson, they are all “products of our imagina-
tion” that are displayed and described by applied
mathematics. He employed strategies which high-
lighted visual representation and metaphors in
his effort to advance mathematics in a formerly
non-mathematical science —chemistry. Coulson
was fearful that computational chemistry, which
employed computers for its sophisticated calcula-
tions would both minimize and mask the personal
element involved.

3. Fairness in presentation: While promoting his own
molecular-orbital approach in an early 1941 pub-
lication, Coulson strove to be fair in representing
other approaches:

[W]e meet two different main avenues of
approximation, known as the molecular
orbital and electron-pair [valence bond]
methods respectively. We confine our-
selves here to the former of these ... not
because it is the better (neither is sat-
isfactory, and the existence of the two
complementary approximations is an in-
dication of our partial failure to solve the
problem).#

Although quantum chemists continued to

discuss the relative merits and disadvan-
tages of the valence bond and molecular
orbital theory, mostly with the aim of
choosing one of the two, Coulson argued
for their complementarity and their math-
ematical equivalence when each method
is adequately extended.*
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When Linus Pauling first reviewed Valence, he
was hostile to Coulson’s treatment even though
the book presented Pauling’s valence bond
theory, but only after first discussing molecu-
lar orbital theory. Coulson went out of his way
to mollify Pauling. After an exchange of letters
between the two, an amicable understanding
was reached. In the second edition of Valence
(1962), Coulson, in fact, incorporated a number of
Pauling’s comments.*

In a 1950 BBC radio broadcast, “I Speak for Myself,”
Coulson reflected on his life’s experiences: “To re-
ceive, and not to give, that would be to deny the
common humanity that we all share. This is why,
for me, it is such a high privilege to carry scientific
research a stage further.”® For Coulson, this theme
of giving and receiving marked his life’s path. He
thought it applied even more intensely to interper-
sonal relationships for it reflects the sacrificial giving
of Christ who says: “If man shall try to save his life,
he shall lose it. But if he loses his life for my sake,
he shall find it” (Matthew 10:39).

Coulson’s style of leading a research group demon-
strates his desire to live for others. He was determined
to create a sense of fellowship in his research group
and department. Coulson held Tuesday morning cof-
fee parties and also organized outings and picnics, all
designed to entertain his students as well as the con-
stant stream of foreign scientists who attended his
lectures. He stayed connected with past students for
years, “mainly by organizing reunion parties which
he called ‘centenaries” where several generations of
students met to celebrate the publication of each new
lot of a hundred pages by him and his associates.”>

Another way that Coulson “lived for others” was
through his summer schools in theoretical chem-
istry held in Oxford from 1955-1972. They became
famous and a powerful influence in the worldwide
dissemination of current scientific ideas and the fur-
ther development of theoretical chemistry. In fact,
Coulson insisted that one-half of the participants be
from the Third World.»

Coulson on Science-Religion:
“On the Mountain”

When delivering his 1951 Tilden Lecture, “The
Contributions of Wave Mechanics to Chemistry,”
Coulson concluded his lecture with these words:
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You must surely have been struck by the way
in which, all along, modern wave mechanics has
taken up ideas of the past and refurbished them.
How astonishingly fruitful have been those
semi-formulated concepts of the classical chem-
ists: and how necessary, in a sense, it has been
for wave mechanics to give flesh and blood to
the spirit which it has inherited ... At every turn
we have seen how wave mechanics has taken
their work and has added to it the quality of a
deeper understanding. That of course is always
how science proceeds, building the past into the
present and enriching it thereby.*

At first reading, it strikes one as a wonderful, liter-
ate summary of the development of wave mechanics
in chemistry from 1926 to 1951. And yet, if we look
more closely at the statement, particularly at the
phrase, “give flesh and blood to the spirit which
[wave mechanics] has inherited,” a whole new vista
is open to our view. Another horizon of experience
and interpretation funds this description. Does it re-
flect Coulson’s reading or narrative of nature? In this
case, does it describe a Christian incarnational view?
nature not read as organism, as magical, as mecha-
nism, as an economy, or as an entangled bank, but as
God'’s incarnational involvement with the earth. For
Coulson, the scientific investigation of nature was
considered to be a religious activity.”

When Coulson examined the relation of science and
religion, he introduced an analogy of a mountain,
Ben Nevis, as a basis for extending and clarifying
his arguments. The artist, the poet, the historian—
they each have their own perspective. Each person
attempts to describe his encounter with the moun-
tain in terms that make sense. To say, “Ben Nevis
is a grassy slope,” or to say, “Ben Nevis is a rocky
mountain,” may seem at variance, but it is equiva-
lent to saying: “An electron is a wave and a particle.”
Which model or description you prefer depends on
the problem you wish to solve. In a telling statement,
illuminating the primacy of experience, Coulson
remarked: “There is no conflict, nor can there be,
since both descriptions start from the same basic
origin—our experiences —and experience can never
contradict itself.”>8

Science and religion, for Coulson, may exhibit com-
plementary views and features of reality. But what
does this imply for the position of Christianity? Is it
just one among a variety of viewpoints, each equally
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valid, each equally true? Here Coulson admitted the
analogy of the mountain broke down and displayed
its limitations. Much of religion, taken as theology,
he argues, can be considered as a view correspond-
ing to art or science.” But, Coulson maintained, there
are other elements of religion that cannot be thought
of at all as “views.”®® He identified a non-discur-
sive element that he was convinced could never be
explained or adequately described, similar to Pascal’s
phrase: “The heart has her reasons, of which reason
by itself knows nothing.” As Coulson expressed it:

To accept Nature as, in some senses, given: to
receive the gift, and behave in a creaturely fash-
ion towards it; to believe that it carries with it
meaning and significance; and to seek, in re-
flection, what that meaning is— this surely is to
act religiously. But in that event, religion is not
merely one view of the mountain. It is some at-
titude which colors all the separate views, and
gives them a depth which otherwise they would
lack, more or less as a yellow filter reveals a pat-
tern of clouds in a sky that without it appears
pure blue.®*

What then did Coulson mean by religion? For him,
“Religion is the total response of man to all his en-
vironment.”®> The word total is crucial for Coulson’s
understanding of religion. By it, he meant to convey
the whole person: thoughts, emotions, and human
relationships. Similarly, the term environment in-
cludes everything, echoing the words of St. Paul, “all
things in heaven and on earth.” Coulson’s favorite
text was “The earth is the Lord’s and all that is in it,
the world, and all who live in it” (Psalm 24:1, NIV).
The basic theme of his last sermon gave expression
to this: God not only directs the play of our lives. He
also built the theater in which they take place.®® Let
me conclude with a quotation by Coulson which,
I think, captures his spirit and vision:

Not until the power conferred by our knowledge
has been recognized as God’s gift, enabling his
children to grow up into fully developed men
and women; not until man’s new independence
is seen to be but the liberty of the children of
God; not until man’s patient observation of the
world around has led him on to awe and then
to worship; not until our science has shown us
with what rich luster the heavens declare the
glory of God, and the firmament shows His
handiwork; not until then can human faith be
as it was meant to be, nor human life fulfil its
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proper destiny. Nor shall we see how all things
are summed up in Christ, both things on earth
and things in Heaven; and our hearts be so as-
tonished at the splendor of God’s creation that
they grasp eternity in a moment of time, and are
lost in wonder, love and praise.*

Concluding Reflections

What can we learn from this brief excursion into the
life and work of two widely diverging chemists?
One, that the view of the complementarity of science
and religion, though enriching our purview, will not
capture all the constitutive relationships between
science and religion. In fact, it often does not take
seriously enough the depth dimension of religion,
its defining nature as to what it means to be human.
We may “engage” science as active participants in
its investigative regimen or as casual observers and
commentators of its grand theories, but religion is not
something we “engage.” As Christians, we may par-
ticipate in religious practices and worship services,
but life lived before the face of God is religion for
everyone. We need to assume a stance which allows
us to get beyond viewing a person as a Christian and
as a scientist. Only then will we do justice to a per-
son such as Charles Coulson who desired to live as
a Christian scientist.

This brief historical analysis also raises a more inter-
esting question: must religion involve a form of
theism? If we insist on this definition, we will miss
the religious dynamic in thinkers like Ostwald. For
the atheist Ostwald, at least, we can see a concerted
effort to eradicate traditional religion by a substi-
tute scientific religion, an Ersatzreligion as he himself
called it. Religion, for him, is not irrelevant. It does
not function as a factor or merely provide a context.
It is the very ground for scientific practice and life in
its totality with presuppositions that have a religious
character.

Both scientists concentrated on existing features and
modes of reality: for Ostwald, physical interaction
was fundamentally energy exchange; for Coulson,
molecular models, imaginatively generated by sci-
entists, were best described in applied mathematical
language, not hidden in pure mathematical terms.
For Ostwald, reality was equivalent or reduced to
energy and its manifestations. He desired to remake
a monistic energetic world. For Coulson, the reality
of the givenness of God’s incarnational involvement
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with creation ruled, even while designing intricate
mathematical descriptions.

Each responded in their own way to creational rev-
elation. Each translated that revelation in ways that
were markedly different. For Ostwald, science rules
as a secular religion giving meaning and purpose to
life; for Coulson, science is a form of worship, a reli-
gious activity deeply empowered by personal acts of
giving and receiving.
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Biblical Longevities
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The Hebrew Bible is often read that men once lived nearly a thousand years. Then,
after a cataclysm in the form of a flood, their life spans followed an exponential decline
to contemporary values, but no explanation for this decline was offered. Recently, it
has been suggested that the decline can be attributed to marriage of the descendants
of Noah to a population of short-lived survivors of the flood. This journal has pre-
viously published a paper that arqued that the numbers expressing these longevities
have the properties of real numbers and none of the properties of artificial or made-up
numbers, and that the reasons for doubting the biblical numbers do not survive close
examination. Moreover, recent work argues that humans may ultimately have biblical
longevities. The present article shows that the intermarriage explanation for the decay

of longevities is plausible.
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he Hebrew Bible, accessible as the
I Old Testament of the Christian
Bible, reports that, early in his-
tory, men consistently lived an average
of 912 years. Then the Bible reports that
a cataclysm in the form of a flood killed
everyone except for a single family con-
sisting of a man (Noah), his wife, their
three sons, and the sons” wives. After that,
the life spans of those reported by the
Bible decayed exponentially down to an
asymptote of 71.7 years,! close to contem-
porary values. These longevities might be
hard to accept, but a paper published in
this journal argued that the numbers rep-
resenting them have the properties of real
data and none of the properties of made-
up or artificial numbers.? The same paper
continued that the reasons for doubting
the truth of these longevities do not hold
up to close examination.
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Mathematical Properties

The paper cited above starts by pointing
out that natural data and manufactured
numbers have different properties. The
most important property of natural data
is that they follow Benford’s law,* a prop-
erty that has been accepted in court to
distinguish between real and falsified
data.* Benford’s law states:

Pd = log,(1 + 1/d), where Pd is the
probability that the first digit of any
number in a set of naturally occur-
ring numbers is d.

For example, if we take the longevities
cited in the Bible as a set of naturally
occurring numbers, the probability that
the first digit in any one of those numbers
is 4 is log,y(1 +1/4) = log;,(1.25) ~ 0.0969.5

The paper cited above shows that the
biblical longevities follow Benford’s law,
but that they deviate from a uniform
distribution,® and that they also deviate
from the distribution of numbers offered
by humans asked to produce random
numbers.”
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Natural data also represent systematic processes per-
turbed by random error, these perturbations tend
to be mutually independent, and the distribution of
the perturbations tends to be Gaussian. As reported
by Makous, the biblical longevities have these prop-
erties of natural data.® One cannot say that these
properties are inconsistent with all forms of fictional
data, but they do strengthen the idea that the bibli-
cal longevities represent real instead of fabricated
numbers.

Reasons to Doubt the Biblical
Longevities

A principal reason for doubting such longevities is
that they transcend our own experience: the longest
documented human life span is 122 years and 164
days.” However, what limits life spans today need
not always have done so. To take an example that
illustrates the fact that a change of environmental
conditions can dramatically affect the rate of aging,
60% of the cosmic rays that bathe the earth and
damage our DNA arise from the afterglow of the
monogem supernova, the effects of which reached
Earth 86,000 years ago.® This particular event of
course explains neither the magnitude nor the time
course of the change in human longevities, but it is
presented here to show that conditions that affect
longevity can change.

Another reason for questioning the biblical longevi-
ties is that there is no archeological evidence for
them. However, archeologists estimate biological
age, not chronological age. The biblical life spans
could have occurred only if they were associated
with a retarded rate of aging.

Finally, there seems to be a dearth of reliable records
of such longevities outside the Bible. However, the
records that go back far enough in time actually do
agree with the biblical longevities: the Roman his-
torian, Josephus cited eleven specific authors to
support the statement that, “All who have written
antiquities ... relate that the ancients lived a thou-
sand years.”"" These sources are widely regarded
as unreliable, but the principal reason that they are
regarded as unreliable is that they seem implausible,
which of course begs the question.

It is also relevant here that recent work supports the
idea that humans might live to the advanced ages
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described in the Bible, though the emphasis of that
work is on the future instead of the past.’?

Explanations That Do Not Work
Explaining both the magnitude and the time course
of the decay of longevities has been a challenge.
Carol Hill attempted to resolve the problems posed
by the long patriarchal longevities by denying their
quantitative meaning. According to Hill,

The key to understanding the numbers in Gen-
esis is that, in the Mesopotamian world view,
numbers could have both real (numerical) and
sacred (numerical or symbolic) meaning. The
Mesopotamians used a sexagesimal (base 60)
system of numbers, and the patriarchal ages in
Genesis revolved around the sacred numbers 60
and 7.

Makous explains some of the problems posed by this
approach.*

John Walton went more deeply into the differences
between the Mesopotamian number systems and that
in Genesis.”® To reconcile the two lists of patriarchs,
Walton made three changes: (1) he omitted some
members from the biblical list to bring the number
of patriarchs in the Genesis list into coincidence with
that of the Mesopotamian list; (2) he ignored the clear
statement in Genesis that the biblical longevities
overlapped and instead treated them as though they
were sequential, as the Mesopotamian list is; and
(3) he translated the Mesopotamian longevities from
a putative base 6 notation into the decimal system
used in Genesis. Instead of comparing the result-
ing individual longevities in the two lists, he simply
compared the total longevities of the two lists. When
he did this, he found that the sums of the two lists
of longevities were close (6695 versus 6700). Though
they were not equal, he nevertheless treated them as
though they were.

So, truncating one list to bring the length of the two
lists into agreement, treating the list of overlapping
longevities as though they were successive, and
accounting for the putative differences in the base
number led to two lists with nearly the same but
slightly different sums. This led Walton to conjecture
that the two lists have a common tradition. Readers
may agree with me that such is not warranted by the
evidence.
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Taking a different approach, Fazale Rana and Hugh
Ross have examined six variables that are known to
extend life.’® However, if all six variables work in
humans as well as they work in the animal experi-
ments, and if the effects are linearly additive, they
collectively account for only 40% of the observed
extension in longevities.

The Intermarriage Hypothesis

No acceptable explanation of the decline in life spans
had been offered until Richard Fischer suggested
that those who survived the flood can be separated
into two populations:'” (1) the descendants of Noah,
who had slow aging and long life spans, like animals
that exhibit negligible senescence;'® and (2) a different
population that were separate from Adam’s descen-
dants, who had more rapid aging and much shorter
life spans. The purpose of the present note is to test
the plausibility of this intermarriage explanation.

In the inheritance of polygenetic traits, such as lon-
gevity, it is equally likely that the traits of the mother
and of the father will be inherited, so that the child of
a long-lived parent and a short-lived parent will, on

Names Generation Theory Data
Shem 1 720.9250000 600.0
Arphaxad 2 396.3125000 438.0
Sahal & 396.3125000 433.0
Eber 4 396.3125000 464.0
Peleg 5 234.0062500 239.0
Reu 6 234.0062500 239.0
Serug 7 234.0062500 230.0
Nahor 8 152.8531250 148.0
Terah 9 152.8531250 205.0
Abram 10 152.8531250 175.0
Isaac 11 152.8531250 180.0
Jacob 12 152.8531250 147.0
Levi & Joseph 13 112.2765625 123.5
Kohath 14 112.2765625 133.0
Amram 15 112.2765625 137.0
Aaron & Moses 16 112.2765625 121.5

Table 1. Longevities of the Descendants of Noah

“Theory” is the longevity arrived at within the text; “Data” is the
longevity reported in the Bible. The longevities listed for Levi and
Joseph and for Aaron and Moses are the means of each of the two.

32

average, have equal numbers of genes for long life
and for short life, and the expected longevity of the
child is the mean of those of the two parents. This
can be seen in any of the many recommendations for
computing the expected height of a child from the
heights of its parents.

Let us first consider the possibility that all Noah's
descendants (the Bible treats only the longevities
of males) married women who were not Noah's
descendants. The Bible lists the life spans of 18 males
distributed over 16 successive generations after the
flood (see table 1). These are represented by the black
symbols in figure 1 while the predictions based on
wives not being descendants of Noah are repre-
sented by the white symbols. It is obvious that this
theory does not fit the data. To fit, what is needed
are generations with long life spans, to retard the
decrease in life expectancies.

Perhaps some of Noah's descendants had moth-
ers who were the progeny of Noah's other sons. For
example, Noah’'s wife, the mother of his children,
could have decreased the children’s life expectancies
if her own mother were not a descendant of Adam.
That is, she was at least half a descendant of Adam,
for Noah married the daughter of his cousin, who
would have been Adam’s descendant; but she might
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Figure 1. Longevities of Successive Generations after Noah’s
Generation: Mothers All Short-Lived. The black symbols
represent the live spans reported in the Bible, and the white
symbols represent the life expectancies based on the assumption
that all males married short-lived women spared by the flood. The
abscissae are the generation number minus the number of Noah’s
generation. Levi and Joseph were brothers, and so the life span of
generation 13 is the mean of their lifetimes, 137 and 110 years, or
123.5 years; and Aaron and Moses also were brothers, and so the
life span of generation 16 is the mean of their lifetimes, 120 and
123 years, or 121.5 years.
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have had a mother who was not a descendant of
Adam, which would make her own life expectancy
equal to the mean of her father’s long-expected
longevity and her mother’s short-expected longev-
ity: (912 + 71.7) /2 = 491.85 years. Then the expected
longevity of Noah’s son, Shem, would have been the
mean of Noah's life span' and that of his mother:
(950 + 491.85)/2 = 720.925 years.

Let us assume that Shem also married a woman
from the short-lived population. This corresponds
to the statement in Jubilees that she had a name
that was not of Adam’s tribe (Sédéqétélébab).?’ So
the expected longevity of Shem’s son, Arphaxad,”
would have been the mean of Shem’s expected lon-
gevity and the expected longevity of this short-lived
wife: (720.925 +71.7)/2 =396.3125 years. It would
take about three more non-Adamic mothers to bring
the expected longevity down to near 121.5 years, the
life span at the end of this series of consecutive life
spans.

The question, then, is where, in this sequence, those
three short-lived mothers are most likely to have
occurred. They would most likely be in the gen-
erations immediately preceding those in which the
decreases in life spans are greatest. That would be
generations 4, 7, and 12. The other generations would
have mothers who are descendants of Noah's other
sons, whose expected longevities are equal to those
of Noah's descendants of the same generation. These
theoretical longevities are plotted as white circles in
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Figure 2. Longevities of Successive Generations after Noah’s

Generation: Mothers of Mixed Ancestry. The black symbals

represent the life spans of successive generations after Noah,

and the circles represent the theoretic values obtained by the

assumptions in the text. “Generation” is as in figure 1.
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figure 2, and the reported life spans are represented
by the black symbols.

These assumptions of course may err in several ways.
For example, I assume that all descendants that are
part of a given generation have the same expected
longevities, and I assume that all the males—other
than those of generations 4, 7, and 12 —marry females
of their own generation.

Nevertheless, these assumptions do account for
92% of the variance in this set of life spans. This
does not prove the assumptions on which this find-
ing is based, but this finding does show that these
assumptions are among those that are possible. The
importance of this statement is enhanced by the
fact that they are the only assumptions that have
been offered, to date, that do account for the data.
Then this suggests that the decline in longevities of
Adam’s descendants following the flood could well
be due to their occasional marriage with short-lived
women left by the flood, as suggested by Fischer. It
also somewhat strengthens one’s confidence in the
truth of the biblical longevities.
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“Big History” is a mode of thought that seeks to integrate findings of the natural sci-
ences, social sciences, and history into a coherent overarching story of the universe and
of humanity. The humanity-related elements in Big History will necessarily include
the emergence of “religion,” including Evolutionary Accounts of Religion (EAR). Here
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volution is fundamentally a matter
E of biology, yet the concept of evo-

lution is often applied analogously
to other fields, including to the study of
social phenomena such as religion. The
notion that religious beliefs and practices
(including those of Christianity) are out-
comes of natural neural processes has
been with us for some time through the
discipline known as the cognitive science
of religion (CSR). A rich and diverse lit-
erature has emerged in this field over the
past quarter century—indeed, the field
has become sufficiently mature that some

Volume 76, Number 1, March 2024

even speak today of a “standard model”
of CSR.! In more recent times, greater
attention has been paid to the evolu-
tionary processes behind CSR through
a discipline known as the evolutionary
psychology of religion (EPsR). Yet, the
study of the human phenomena that are
often collected within the label “religion”
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Church of St Mark & St Peter, Montreal, QC. He is author of Freedom
All the Way Up: God and the Meaning of Life in a Scientific Age
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includes much more than just the relevant neural
processes; it also includes practices of worship and
ritual, of community formation, of leadership, and
so forth. Whenever any of these phenomena, neu-
ral or behavioral, are studied from an evolutionary
perspective—and such study has been increasing in
recent years—these contribute to a wider category
still: evolutionary accounts of religion (EAR).

Into this discussion come these two contributions:
one by Robin Dunbar, emeritus professor of evolu-
tionary psychology at the University of Oxford, and
another by E. Fuller Torrey, associate director of
research at the Stanley Medical Research Institute,
Maryland. Both works are concerned to better under-
stand the neural evolution of religious beliefs and
behaviors. Dunbar’s work is more thematic, address-
ing the evolutionary origins of such elements of
religion as transcendence, trance states, ritual, sha-
manic religion, doctrinal religion, group sizes, and
group division. In contrast, Torrey provides a more
historically layered account of how such features
neurologically evolved over the past couple of mil-
lion years.

Dunbar is known as a key figure in the develop-
ment of the “social brain” hypothesis —the idea that
the Homo sapiens neocortex has grown to its current
size, disproportionately large compared to other
mammals, in order to handle the complexities of
group relationships. His volume arises both from
his many years of scholarship and from a three-year
Templeton-funded project which he led. Torrey’s
work is older, published in 2017, yet it remains the
most substantial work to date, describing how reli-
gious belief emerged through specific evolutionary
stages over the past several million years.? Neither
author is interested in simply surveying the state
of the field in the evolutionary origins of religion—
although both do provide a chapter overviewing
different approaches in the field today. Rather, both
authors seek to make an original contribution from
their decades of scholarly expertise. Dunbar’s vol-
ume is very accessible to nonspecialist audiences.
Much of Torrey’s book is also accessible, but his peri-
odic detailed discussions of neural evolution require
effort for nonspecialists. Both volumes are research
laden, engagingly written, and well argued (even
if one ends up disagreeing with a particular argu-
ment). Both present a constant flow of interesting
material from the human sciences, most of which this
review will be unable to mention, simply for lack of
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space. In short, although both have their respective
deficiencies, and neither work should be taken as a
general introduction to CSR,* I happily recommend
both books to readers interested in the field.

For my purposes here, the value in reviewing these
two works together is the helpful ways in which they
potentially advance theological discussion in rela-
tion to CSR and EPsR. Regardless of their particular
differences, Dunbar and Torrey together provide
excellent representations of the evolutionary process,
thereby prompting the sorts of theological issues
I wish to address here. By placing this discussion
within a Big History framework (as I will below),
we gain additional conceptual resources in support
of the coherence and explanatory power of Christian
faith in our intellectual climate today.

Dunbar’s Argument

I begin with Dunbar. His first three chapters describe
what constitutes “religion,” how to study reli-
gion, and why religion is beneficial to humanity. In
chapter 1, he discusses current debates around the
difficulty, even fallacy, of defining “religion,” yet
nonetheless he proposes his own “minimalist” defi-
nition of religion:

... belief in some kind of transcendent world
(that might or might not coincide with our
physically observable world) inhabited by spirit
beings or forces (that may or may not take an
interest in and influence the physical world in
which we live). (p. xvii)

Dunbar surveys various approaches to studying the
origin of religion, including CSR and its interest in
such neural features as theory of mind (ToM) and
HADD (“hypersensitive agency detection device”).
Nonetheless, while CSR “provides convincing expla-
nations as to how human cognition underpins many
aspects of religiosity ... it overlooks ... the core fab-
ric of religion—in particular, ritual and the role of
religion in creating communities” (p. 15). In effect,
Dunbar’s argument is that religion exists principally
to facilitate community-cohesion because of the evo-
lutionary and survival benefits that come with group
living.

Chapter 2 identifies the origin of religion in what
Dunbear calls “a feeling of divine transcendence from
time to time” —or, as he prefers to call this feeling,
“the mystical stance.” The mystical stance is “the
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motor of religiosity” (p. 48) and manifests itself in
two stages: initially, as shamanic/immersive religion
(“immersive” meaning ecstatic states, trances, and
the like) among nomadic and pastoralist peoples;
then, evolving from these, as doctrinal/institutional
religions which eventually emerge within larger
sedentary societies —although shamanic/immersive
religion remains operative within doctrinal/institu-
tional religion. Later chapters will have more to say
about both of these.

Chapter 3 surveys “why believing might be good
for you.” Dunbar disagrees with those who argue
that religion is an evolutionary spandrel or is evolu-
tionarily maladaptive. “It seems to me that nothing
which is so costly in time, emotion, and money as
religion can possibly be entirely maladaptive or func-
tionless” (p. 49). He identifies two individual-level
benefits: “religion provides a unifying framework for
the world ... it allows us to make sense of our world in
a way that enables us to function effectively because
[religion provides resources by which] we can con-
trol [the world’s] more erratic behavior” —such as by
charms (protection from evil forces) and divination
(future-telling) (p. 50; italics added); and religion also
provides health benefits, providing cures for illness,
including psychological illness (here Dunbar points
to modern research showing the psychological bene-
fits of religious belonging and practice). Dunbar says
these individual benefits “are likely to have a direct
effect on individual evolutionary fitness” (p. 55).

Religion also provides several societal-level benefits,
which share the costs of survival and reproduction:
“to benefit from the whole-is-greater-than-the-sum-
of-its-parts effect that group living provides” (p. 55).
Dunbar contends that this is the level at which we
find the primary function or benefit of religion—
community bonding or cohesion (he uses both terms).
“[TThe benefits of cooperation ... [are] the reason
why religion became necessary: enforcing social
rectitude may help to preserve the fabric of society
for the other benefits that society confers” (p. 61).
Consequently, the other (individual-level) benefits
of religion “are secondary benefits once religion is in

place” (p. 73).

Why the need for such cohesion or bonding? Because
group living does not come easily to humans —“we
are not naturally pro-social.” Consequently, we need
behavioral patterns that reinforce cooperation and
protect us from cheaters and free-riders “lest crime
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and delinquency burst the fragile bonds that hold
communities together” (p. 57). In effect, “The key
to group living is cohesion” (p. 70), and religious
practices, such as joining together in worship and
the accompanying rituals, enhance social bonding
and pro-sociality, even toward strangers. Research
shows that “being actively religious increases peo-
ple’s willingness to behave altruistically ... [and that]
religiousness [does] seem to act as a guarantee of
trustworthiness” (p. 59); these qualities are impor-
tant for group cohesion.

The remaining chapters develop this thesis, that reli-
gion emerged for communal cohesion. Chapters 4-6
examine the evolutionary emergence of religion
from psycho-neurological perspectives, while chap-
ters 7-10 discuss the evolution of religion from
social-historical perspectives. The latter four chap-
ters provide different angles on the previous three
chapters, as opposed to completely new topics; thus
the chapters are thematically interwoven.

Chapter 4 considers the communities in which reli-
gious practices occur—churches, synagogues, and
the like. Two questions arise here: the size of reli-
gious communities, and why they so-frequently
fragment. Dunbar invokes research that indicates
mammalian group size is limited by species” brain
size. Correlations across species are considered, and
the Homo sapiens brain size, which has evolved over
millions of years for hunter-gatherer societies, pre-
dicts optimal human social network size to be about
150 to 175. This is why 150 to 175 also turns out to be
the optimal size for religious communities.

Chapter 5 continues to discuss the brain, specifically
to link three of his topics from previous chapters—
brain size, group size, and the role of ritual. Monkeys,
our primate cousins, can have groups of only about
50 before dividing, so how is it that humans can build
groups in the 150 range before group size becomes
too great to maintain cohesion? The answer lies in
the evolution of neural bonding processes. For mon-
keys, their primary bonding method is grooming.
The touch of their fingers as they groom each other
triggers endorphins, which have two neurochemical
roles: reinforcing the immune system, and creat-
ing bonded relationships. But the tactile closeness
of monkey grooming is too intimate as a bonding
mechanism for 150 or more humans in a group; so,
in the process of evolving larger brains for managing
the complexities of group relationships (the “social
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brain”), part of this evolutionary process has been to
develop endorphin-releasing mechanisms without
the tactile intimacy of grooming.

Humans have developed a range of such behaviors
(“grooming-at-a-distance”), including laughter, sing-
ing, dancing, emotional storytelling, feasting, and,
most recently of all these, religion (religious rituals
and religious story telling). However, Dunbar later
notes that of these various grooming-at-a-distance
behaviors, religious behaviors “seem to scale up [the
bonded-group size] in a way that few of our other
bonding behaviors seem capable of doing” (p. 261).
Ritual has a particularly intense endorphin-releasing,
and thus bonding, effect: an effect beyond even what
these other behaviors provide, an effect equivalent
to an intense romantic relationship. Thus, religions
often use language of romantic or even erotic love
to describe their encounters with the transcendent/
spiritual realm.

Then Dunbar asks why it is that only humans
have developed religion. His answer is that only
humans have developed the capacity for “mental-
izing” or “theory of mind” (ToM)—the ability to
attribute intentionality (beliefs), distinct from one’s
own intentionality or beliefs, to the minds of others.
Theorists describe modern Homo sapiens as capable
of at least five orders (or “intentionality levels”)
of ToM. In first order ToM, the mind is capable of
thinking “I believe such-and-such.” In second order,
“I believe you believe such-and-such.” In third order,
“I believe that you believe that So-and-so (a third per-
son) believes such-and-such.” And so forth, through
levels four and five. Mentalizing serves the emer-
gence of religion because religion is contingent on
the ability to attribute intentionality to an unseen
being (God, gods, angels, etc.) as well as to the beliefs
of others (thus sharing beliefs, including religious
beliefs, to form religious community).

Dunbar cites two situations in which diminished
mentalizing (ToM) capacity produces people who
are “less religious.” One situation is that of autis-
tic adults, who are “barely 10 per cent as likely to
believe in God as neurotypical adults” (p. 121). The
other is men vis-a-vis women on religious inclina-
tions: “Men’s lower mentalizing skills compared to
women significantly predicted [men’s] lower likeli-
hood of believing in God ... males were half as likely
as women to believe in a personal God” (pp. 122,
123).
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Chapter 6 explores ritual in more depth, with more
attention to how participating in religious practices
activates the endorphin system and thus enhances
bonding with other participants. This discussion
includes the neuroscience of “synchrony,” in which
participating in religious activities that involve
group synchronous behavior (such as ritual, dancing,
recitation in unison, chant, and the like) increases
endorphin output, and thereby increases collective
cooperation and cohesion. Other religious effects,
such as out-of-body experiences and moments of
intense meaningfulness, are also neurochemical
effects, though related to serotonin rather than to
endorphins.

Also essential to the emergence of religion has been
the evolution of human-like speech mechanisms
about 500,000 BP (years before the present), along
with fourth-order intentionality in ToM (mentalizing)
to enable beliefs about a spiritual realm; however,
fifth-order intentionality is required for shared com-
munal beliefs and would only have appeared with
the appearance of modern humans about 200,000
years ago. “In other words, only modern humans
could be meaningfully religious” (p. 170), because
only modern humans have sufficient capability for
language and fifth-order mentalizing.

Dunbar’s remaining four chapters describe the
social-historical evolution of religious neural states
and social/ritual practices. He identifies four phases
in this evolution, each of which “represents succes-
sive solutions to the stresses that arise as population
sizes increase ... solutions to the problem of social
cohesion as community sizes became progressively
larger over historical time” (pp. 260-61).

The first two phases he discusses in chapter 7 under
the rubric of religion “Prehistory,” the age of hunter-
gatherers. Indirect evidence in the archeological
record, such as trance-like cave art and psychoactive
drugs (causing mystical trance-like experiences),
indicates potential animist and shamanic religious
practices before recorded history. On Dunbar’s
account, this first phase of religion conceived of a
spirit world (though not of gods) and experienced
trances and synchrony. In the second phase, still
with hunter-gatherers, spirit beings become associ-
ated with illness, and thus arose the emergence of
special healers, diviners, and shamans. Religion at
this stage had little or nothing to do with morality.
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Chapter 8 moves us from the Paleolithic hunter-
gatherer age to the Neolithic period when farming
and settlements appeared, about 12,000 BP. Living in
groups and settlements larger than hunter-gatherer
clans brought new challenges to group cohesion,
including higher rates of intra-group homicide.
Dunbar calls this the “Neolithic crisis”—how to
inhibit internal stress, conflict, and violence within
communities that shifted from nomadic life to sed-
entary habitation with hundreds, or eventually
thousands, of residents.

Communities developed various strategies to solve
this growth crisis, ensuring social cohesion within
increasing populations, such as becoming socially
stratified, shifting from democratic to hierarchical
leadership, and transitioning to the third phase of
religion, “characterized by local gods, more formal-
ized rituals, ritual specialists (priests), and ritual
spaces (temples)” (p. 257). In this phase, gods are
typically many in number, although largely capri-
cious or punitive rather than benevolent, and often
require propitiation through ritual animal sacrifice.
In this phase, rituals, including animal sacrifice, are
particularly related to stratification, and the research
is “very clear: animal sacrifice emerged before strati-
fication. In effect, [the social cohesion provided by]
sacrifice and its rituals ... provides the gateway for
increasing social complexity (and hence population
size)” (p. 195; italics in original). Along the way,
human sacrifice also emerged, although after strati-
fication developed. Leaders justified human sacrifice
as propitiating the angry gods, but its real purpose
within the emergent social stratifications was to use
fear to keep elites in power.

About 4,000 years ago, with the emergence of very
large settlements and early cities, the fourth phase
of religion began to emerge, with greater ritual com-
plexity, priestly hierarchies, formal religious spaces
or buildings, a theologically justified moral system,
and a centralized bureaucracy to oversee both right
doctrine and right behavior —all of which are absent
from hunter-gatherer societies but all of which very
rapidly appeared in urban settings during the course
of the Neolithic Age (p. 188).

The emergence of moralizing high gods (MHGs)
comes at a later stage within this fourth phase, during
the so-called Axial Age, a period of about 600 years
(800 BC-200 BC) when major religions emerge for
the first time: Confucianism, Hinduism, Buddhism,
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Zoroastrianism, and Judaism (with Christianity and
Islam emerging later from Judaism). Unlike capri-
cious ordinary gods or high gods (who are mostly
uninterested in human affairs), MHGs take an active
interest in human behavior in order to “act as an all-
seeing policeman in the sky ... who punishes those
who step out of line” (p. 58). That is, MHGs are “mor-
alizing” in the sense that they “monitor what humans
are up to and [monitor] religiously justified injunc-
tions (such as the Ten Commandments)” (p. 193). In
short, “organized religion seems to have been part of
the machinery used to keep the lid on fractiousness
so as to allow larger communities to exist ... It is to
ensure community cohesion for mutual protection
that [moralizing] High Gods are necessary” (p. 194).

Nonetheless, Dunbar contends that cohesion is
more effectively served by bottom-up means (such
as ritual) than by top-down enforcement by MHGs;
thus, MHGs should be seen as supplementing the
role of bottom-up ritual in the job of collective bond-
ing (p. 69). Regardless, overall “there is a natural
progression from informal religions in small-scale
societies to formal religions in large-scale societ-
ies as a way of managing the stresses involved [in
maintaining cohesion within large-scale societies]”
(pp- 190-91).

Chapters 9 and 10 continue to discuss dogmatic
religion. Chapter 9 is concerned with charismatic
leadership, the psychology of why people follow cult
leaders, and why “most established religions” spawn
cults “with puzzling ease” (p. 215). Chapter 10
addresses the observation that, despite the cohesion-
strengthening capacity of doctrinal religion, doctrinal
religion has, ironically, also produced much divi-
sion and violence in history. “Deep down, religion is
largely an emotional, not intellectual, phenomenon”
(p. 244), and so large-scale religion taps into “the
crowd effects of mass psychology [which] very easily
escalate into religious conflict ... However beneficial
religion has been at the personal level, its ability to
arouse crowd violence against members of other reli-
gions has been far beyond any secular philosophy’s
capacity to do so” (p. 265).

In conclusion, religion, underpinned by the mysti-
cal stance, has been important for human bonding in
two ways: (1) “it triggers the neurobiological basis of
social bonding, thereby creating a sense of commit-
ment that no abstract ideological belief seems able to
do”; and (2) “the religious dimension seems to scale
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up in a way that few of our other bonding behav-
iors seem capable of doing” (p. 261). Along the way,
religion provides other secondary benefits, such as
improved psychological and physical health out-
comes, yet can also cause division at large scales. “In
short, it is difficult to see any convincing evidence for
anything that will replace religion in human affairs.
Religion is a deeply human trait ... for better or for
worse, it is likely to remain with us” (p. 268).

Torrey’s Proposal

Now we turn to Torrey. As we will see, the two both
complement and disagree with each other in impor-
tant ways.

Torrey’s volume is divided into two Parts. Part 1
(“The Making of the Gods”) describes five prelimi-
nary cognitive stages hominins went through to
reach the point of believing in gods. Torrey goes
into detail describing the possible evolutionary neu-
rological developments that made each of the five
stages possible; however, for reasons of space, I will
not describe these neurological developments here;
I will only describe Torrey’s account of the cognitive
capacities and behavioral practices made possible by
these underlying neurological developments. Torrey
does argue that there is no single god part of the
brain, “but there is a network that controls thoughts
about gods and religious beliefs” (p. 9). This, Torrey
calls “the network of the numinous,” which is, in
effect, his equivalent to Dunbar’s “mystical stance.”

The first stage on the way to human belief in gods
Torrey calls “A Smarter Self.” This refers to a period
about two million years ago when Homo habilis
emerged, with a significant increase in brain size
and intelligence over predecessor hominins, in effect
serving as “the starting gun for the human race”

(p- 37).

The second stage Torrey calls “An Aware Self.” This
came about 1.8 mya with the emergence of Homo
erectus, whose brain was considerably larger than
previous hominins, including habilis. Erectus was the
first to control and use fire, and the first to migrate
and adapt to new climates and conditions, indicat-
ing increased levels of intelligence and cooperation
over predecessors. Notably, erectus also developed a
sense of self —the ability to “know that I exist” and to
be the object of one’s own attention, thus “An Aware
Self.”
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Torrey’s third stage, “An Empathic Self,” comes
about 200,000 years ago with archaic Homo sapiens
(Neandertals and others), who developed the capac-
ity for early forms of speech, and, as seen through
paleo-archeological remains, exhibited empathic
caring behavior toward others. Crucially, “Based
on their caring behavior, it seems probable that ...
archaic Homo sapiens had developed a theory of
mind” (p. 60). With archaic Homo sapiens emerges at
least first-level ToM intentionality, in which “I think
you are thinking such-and-such.” Caring indicates
first-level intentionality because it indicates the
ability of one person to put themselves into the emo-
tional (suffering) mind of another.

Beyond empathy, though, Torrey contends (as does
Dunbar) that ToM is also a necessary precondition
for belief in gods. “Creating gods and attributing to
them theory of mind leads to several possible bene-
fits” (p. 65), such as explaining the unknown features
of life. Examples he gives include lightning (as the
gods showing anger) and disease (indicating retri-
bution from the gods). ToM is also necessary for
later developments, such as attributing intentions
about human punishment to the gods. Nonetheless,
although first-level ToM emerged during this archaic
Homo sapiens phase, it is unlikely that gods were con-
ceived of at this stage, for religious belief still requires
the remaining developmental stages to emerge.

Which brings us to the fourth stage, the emergence
of early Homo sapiens about 100,000 years ago. This
stage Torrey calls “An Introspective Self,” reflect-
ing the ability of a person at this stage “to objectify
himself, to stand apart from himself, as it were, to
consider the kind of being he is ... and to reflect on
their own thoughts” (p. 76). This was made possible
through the emergence of second-order intentional-
ity —the ToM ability to think about what the other is
thinking about me. This new neural capacity for intro-
spection led to a cascade of developments, including
significant development in language, the ability to
talk about oneself and one’s own thoughts, and the
emergence of self-adornment (which reflects think-
ing about what others think about me). This stage
also produced more-advanced technology, the dead
began to be buried, and clothing began to emerge in
the form of fitted animal skins. “A new kind of hom-
inin had clearly emerged” (p. 74).

Down the road, second-order ToM would have
important implications for religion by providing an
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ability “to think about the fact that the gods may be
thinking about us, and [about] what the gods may
be thinking [about us], and [about] what we think
about what the gods are thinking about us” (p. 82).
Nonetheless, even with second-order intentionality
early Homo sapiens did not yet hold god beliefs—
additional necessary developments were still needed.

These first four stages all took place in Africa. Then
about 60,000 BP modern Homo sapiens left Africa,
spreading relatively rapidly around the globe. Not
long after, about 40,000 BP, Torrey’s fifth stage
emerged: “A Temporal Self.” In this stage, cave
art and material representation appears, techno-
logical innovation begins to gather speed, and
autobiographical memory emerged —”an ability to
project ourselves backward and forward in time”
(p. 3), enabling both life-story composition from the
past, and prediction and planning for the future.

Crucially for our purposes, with autobiographical
memory, modern Homo sapiens became the first hom-
inins to become aware of their own future death, and
thus two particular experiences were now reflected
on by the temporal self: dreams and death. Torrey
notes various examples of this new concern with
death: the “Epic of Gilgamesh,” humanity’s earliest
recorded story, which was about seeking the mean-
ing of death; the paintings at Catalhoytik, Turkey,
from around 9000 BP, that indicated death as a
major theme with such images as “vultures with vast
wings, their hooked and feathered beaks pecking at
headless human bodies” (p. 152); and evidence at the
British Paleolithic site at Avesbury, indicating that
in the Avesbury community “death and the dead
obsessed the living” (p. 189).

This fear of death became closely tied to dreams.
People would at times experience dreams in which
human souls would come to visit the dreamer, or the
dreamer’s soul would leave their body to go else-
where. Such dreams fostered hope in the face of the
fear of death so that from dreams “an idea slowly
took hold that human spirits continue to live after the
human body dies” (p. 119).* As this idea took hold
in modern Homo sapiens, they also developed death
practices such as interring grave items with bodies
“so that those items will be available for use by the
deceased in an afterlife” (p. 125). Notably, though,
at this point the afterlife is not a place of judgment
(everyone automatically goes there), and there are
not yet any gods.
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The emergence of autobiographical mind® 40,000
years ago had another crucial effect. For the first time,
it prompted humans to start asking “meaning” ques-
tions, such as “Where did I come from?,” “Why am
I here?,” and “What will happen to me after I die?”
In effect, with autobiographical mind come “entirely
new ideas ... infinity, eternity, the meaning of life”
(p- 112). With autobiographical mind also emerges
another critical human feature —storytelling. This is
the source of humanity’s deep propensity to make
sense of anything and everything through stories,
such as stories about creation, about transcendent or
supernatural beings (gods, goddesses, ancestor-spir-
its, angels, etc.), individual life stories, and eternal
life stories.

We arrive then at Part 2, roughly 12,000 years ago
during the late Paleolithic and early Neolithic peri-
ods, in which the gods finally emerge —in two stages.
The first stage here (or the sixth stage from the time
of Homo habilis) is the emergence of “a Spiritual Self,”
in which people began to worship (not just vener-
ate) ancestors, believing that such worship could
invoke beneficial responses from the ancestors being
worshipped.

Ancestor worship may well have begun with hunter-
gatherers, but it was facilitated further by the move
to the Neolithic age of farming and the rise of set-
tlements. When on the move, hunter-gatherers left
their deceased where they died (whether buried
or not), but as people settled, they began to consis-
tently bury their dead, often inside their homes. As
a result, in the Neolithic period “a concern for the
deceased and one’s ancestors was becoming more
prominent” (p. 148). Consequently, between 10,000
and 7000 BP, we finally see the arrival of the gods,
for some ancestors came to be seen as particularly
powerful in their ability to assist the living, and these
particularly important ancestors “crossed an invis-
ible line and conceptually began to be regarded as
gods” (p. 3). Torrey notes this idea is hardly new
with him; he cites the Greek philosopher Euhemeros,
who, 2,300 years ago, said that “gods were originally
human rulers who were gradually deified by their
subjects” (p. 156).

There is, as with each of Torrey’s proposed stages,
a neurological substrate to these developments. He
comments that 20,000 or 30,000 years ago, “there was
not yet a sufficient number of connections between
the prefrontal cortex and other brain areas [for such
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beliefs to form]. But by 11,000 years ago, these con-
nections had developed, allowing for not only the
cultivation of plants but the cultivation of the spiri-
tual self as well” (p. 163).°

Some deified ancestors would become family or
household gods. Others, though, would gain wider
influence, becoming a local god. A particularly good
farmer, or warrior, or leader, when they were alive,
would come to be particularly associated with these
capacities for their after-life contribution to their liv-
ing descendants, and over time they were elevated
to the status of a local or community god. Torrey
observes that as groups of hunter-gatherers came
together and settled in growing communities, “it
would have been necessary to establish a hierarchy
among the competing spirits” (p. 158). In effect, he
says, as one moves up the continuum, one acquires
more supernatural powers.

Ancestor worship was, however, not the only route
to the emergence of gods, for Torrey also identifies
a second route: “the worship of powers of fertility
and yield, of the powers in nature ensuring human
survival” (p. 167). Thus, nature gods arose, control-
ling the powers of nature, such as gods of the sun,
the moon, water, wind, fertility, and the like. These
gods not only explained observations in nature (such
as the cycles of the seasons), but were also appealed
to for positive influence in the lives of people, par-
ticularly to mitigate the harmful effects of nature. Yet
the gods included a further function:

More effectively than animal spirits or ances-
tor spirits, the gods provided answers for ...
philosophical questions ... Why does the moon
change shape? Why do the stars move? ... Why
am [ here? And especially, what will happen to
me after | die? The presence of the gods has been
enormously comforting as we have continued to
dutifully cross the stage of life. (p. 195)

This brings us to Torrey’s seventh and final stage in
this journey of humanity’s religious evolution. (To
be clear, this is also the second stage of his Part 2.)
This is the stage in which the High Gods appear, the
gods of today’s major religions. He calls this stage
“ A Theistic Self,” which arises in the period between
6500 and 5000 BP. By 6500 BP, when the first written
records appear, gods had already become numerous
and high gods had also come along. As popula-
tions grew, cities, states, empires, and civilizations
emerged, each with increasing complexity. Higher
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gods, with power over subordinate gods, emerged
independently in regions as diverse as southwest
Asia, China, and Peru. Torrey notes the correla-
tion between “the size of a population and the type
of gods that exist in that population”: for instance,
“between the size of societies (number of levels of
political authority beyond the local community) and
the existence of ‘moralizing gods” (gods who tell
the people what they should and should not do)”
(p. 158). Thus, “from the very beginning [of emerg-
ing cities and states], the higher gods were associated
with large populations” (p. 166).

Along the way, “the gods acquired political, judicial,
and social responsibilities such as enforcing laws
and providing shelter for orphan children” (p. 175).
Conversely, at the same time, the emergence of local
rulers, kings, and emperors led to some of these
usurping some of the powers of the gods. In effect,
just as some deceased ancestors had become divin-
ized as gods, now some living human rulers became
divinized likewise, taking on for themselves or con-
ferred by the people, degrees of divine status and
authority.

Then comes the final emergent piece of the theistic
self stage: the Axial Age (so named by philosopher
Karl Jaspers in that this period represented an “axis
in history”). This 600-year period, beginning about
2,800 years ago, saw the remarkable flourishing of
new and diverse religious ideas. At the beginning of
the agricultural revolution there were an estimated
five million Homo sapiens. By the Axial Age, this
number had grown to between 200 and 300 million.
Torrey comments,

The original gods of natural forces, life, and
death, that had been adequate 3000 years before,
were no longer adequate for empires spanning
millions of people in multiple ethnic groups. Just
as governance had to be systematized to cover
the new world order, so too did the gods and
religions, since they are an integral part of such
governance ... Thus was born the “Axial Age.”
(pp. 197-98)

The Axial Age “was thus the culmination of a
remarkable period in the evolution of Homo sapiens.
In a mere 4000 years, the first [high] gods and civili-
zations emerged, spread rapidly, and were followed
by the formation of all the world’s major religions”
(p. 201).7
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One of the innovations of this period was mono-
theism —allegiance to a single high god, with no
other co-reigning high gods and no secondary gods.
This idea first emerges pre-Axial, around 1350 BCE
(or 3350 BP) with the Egyptian Pharaoh Akhenaten
who officially replaced the Egyptian pantheon of
gods with one god —the sun god Ra, renamed Aten.
This proved, however, very unpopular, and subse-
quent pharaohs re-established the old gods. The next
recorded monotheism arises in the Axial Age, with
Zoroaster (aka Zarathustra), who lived sometime
in the early Axial Age. Zoroaster, living in Babylon
(roughly today’s Iran), took a local god, Mazda, from
among the Babylonian gods, renamed him Ahura
Mazda, and elevated him to the status of the only god
(the other gods being reduced to spiritual beings).?
Monotheism subsequently also emerged in the
Axial period through the Hebrews and their Jewish
descendants, though most other religions remained
polytheistic. Torrey believes the emergence of high
gods is an inevitable outcome of “Spiritual Self,” but
he does not comment in this regard on monotheism.
It appears that for Torrey monotheism emerges sim-
ply as a variation of the “high god” concept.

Torrey concludes the book by asking whether gods
are adaptively advantageous products of evolution,
or just vestigial by-products of a primate mind. He
argues for the latter: that gods are a by-product of
our acquisition of autobiographical memory, and
that religions followed the emergence of gods as pop-
ulations increased and societies became organized.
Moreover, “The history of Homo sapiens is littered
with god contests ... Such contests become espe-
cially dangerous when combined with apocalyptic
beliefs about the end of the world as being glorious”
(p- 221). Nonetheless, Torrey also contends,

[HJumans need gods ... [T]he human need for
gods is an integral part of the brain networks
that make us uniquely human ... neither gods
nor religions are likely to simply disappear any-
time soon, even if they are no longer needed ...
Thus gods and their religions will probably con-
tinue to be born and die. (p. 221)

Comparison

It will be helpful now to draw some key comparisons
between our two authors before moving to the theo-
logical issues they raise.
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Dunbar and Torrey share two fundamental assump-
tions: an evolutionary account of the origins of
religious beliefs and practices; and a materialist
worldview —that, whether gods or God exist or not,
neither gods nor God had anything to do with this
evolutionary process. We will return to both these
issues below.

Dunbar is thematically broader. Torrey focuses
specifically on belief in gods, whereas Dunbar also
discusses the evolution of religious practices, from
ritual to prayer to leadership. Torrey provides a
deeper dive on the neural evolution of god beliefs
through each emergent Self stage over the past two
million years, whereas Dunbar’s descriptions of neu-
ral evolution feels a bit more ad hoc, but therefore
thematically broader, as relevant to whatever reli-
gious topic he may be discussing —whether of belief
or behavior. Both approaches bring a great deal of
engaging research to their discussions.

As part of their shared evolutionary perspective,
both authors agree that theory of mind and mul-
tiple levels of mentalizing had a central role in the
emergence of religious belief. They don’t necessar-
ily agree on the number of levels of ToM, nor on the
historical periods at which each level of mentalizing
occurred, but this is no strike against either of them
as our evidence for this will likely always be indirect:
the thought processes of those who died in pre-his-
tory are not retained in their cranial fossils, and only
circumstantial evidence of humanity’s neurological
development will ever be available to us.

Crucially, though, they disagree on the ultimate
origins of religion. Dunbar offers a “social cohe-
sion” account, undergirded neurologically by “the
mystical stance,” which arises from three potential
sources: agency detection (e.g., HADD); mentalizing
(ToM); and schizotypal thinking (arising from men-
tal health issues, such as hearing voices with strange
messages attributed to God). The first two of these
three are well known in the CSR literature, the third
(schizotypal thinking) is infrequently mentioned.
Regardless, their ultimate evolutionary function is to
produce social cohesion.

In contrast, Torrey offers his “response to dreams
and death” account, undergirded neurologically by
“the autobiographical mind.” Dunbar’s neurologi-
cal description of “the mystical stance,” including its
attention to shamanism, trances, ritual, and medita-
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tion, is significantly more developed than Torrey’s
few comments on “the network of the numinous,” yet
Torrey’s neurological focus on the autobiographical
mind and its concern with “dreams and death” is to
my mind persuasive, and not addressed by Dunbar.

Unsurprisingly, then, our two authors also disagree
on the evolutionary value of religion. Dunbar belongs,
with others such as David Sloan Wilson and Ara
Norenzayan, to the “adaptive” school. Specifically,
for Dunbar religion is adaptive to environmental
threats because religion triggers neurobiological pro-
cesses for social bonding, and for scaling up cohesion
more effectively than other human bonding behav-
iors. By contrast, Torrey belongs, along with others
such as Pascal Boyer, to the “spandrel” school —that
religion is accidental, originating as a non-adaptive
by-product of evolution (namely of the evolution-
ary emergence of autobiographical memory). Torrey
gives the impression that nonreligious people will
just have to grudgingly put up with the continuing
reality of religions.

Theological Issues

Readers will likely have a range of theological ques-
tions in response to the evolutionary proposals of
Dunbar and Torrey. Christians familiar with CSR
literature over the past 25 years are already familiar
with ToM and agency-detection themes, and theo-
logical questions arising from these features of the
brain have been addressed by Christian thinkers
for some time.’ Indeed, Christians have found CSR
theologically helpful, supporting ancient Christian
beliefs about innate human belief in God, such as
Romans 1:19, Augustine’s restless heart, Calvin’s sen-
sus divinitatis, Pascal’s “infinite abyss that can only be
filled by God,” or, more recently, Plantinga’s “prop-
erly basic belief.”1

Nonetheless, Christian CSR discussions have paid
less attention to the implications of how our “reli-
gious capacities” have evolutionarily emerged, and
this diachronic perspective, as described by Dunbar,
Torrey, and others™ prompts additional sorts of theo-
logical questions.'> Conversely, theology also raises
challenges for EAR (and thus for EPsR and CSR).
The questions that both sources of thought, EAR and
theology, raise for each other are far too numerous
to address in a single article. Therefore I will focus
the remainder of this review on a particular question,
namely, Why would God produce a neural system
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that produces such a plurality of transcendent-being
concepts? This seems intuitively counterproductive
to enabling humanity to identify and relate to the
true God. In other words, why is “natural theology”
(natural knowledge of God) so imprecise? I will seek
to address this question through an intellectual proj-
ect I will call “trinitarian Big History,” along the way
integrating human evolutionary history with some
philosophical categories proposed by the Christian
philosopher C. Stephen Evans.

My Presuppositions

I am bringing assumptions to this discussion. One
is that all truth is God’s truth, and so wherever
the methodologies of science reveal truth, then in
God’s mind, and thus in our theology, these truths
must somehow integrate with Christian belief. (This
provides the epistemological basis for my theistic
account of Big History below.) In addition, I also
hold to the ancient notion that God has provided two
books of revelation—scripture and creation—and
these are to mutually interpret each other. Thus, if at
times it feels difficult to fit Christian faith with find-
ings of the sciences (natural or social), I see this as
no different from the sorts of challenges that arise
within science itself, such as the difficulty of recon-
ciling general relativity and quantum physics: these
appear to contradict each other at points and yet
both are considered valid by physicists today, even
though physicists are still trying to figure out how
they fit together (the term “quantum gravity” is still
a label without any consensus content).

When it comes to Christian faith and evolution,
I'have reached two positions: that the beliefs of ortho-
dox trinitarian Christian faith are true; and that a
macro-evolutionary account of biological evolution,
including the so-called extended synthesis, is the
most true account of biology currently available to
us. To my thinking, these combine into the claim that
God has created evolution as the process by which to
bring about beings who bear the image of God and
who are capable of agape-love relations with God and
with others. I am further convinced that humanity is
both the good creation of God and yet also corrupted
(Gen. 6:12), and, as a result, humanity stands in need
of God’s redemption and transformation by the work
of Christ (Phil. 2:9-11). Holding all these affirmations
together means, in part, that it is consistent with
orthodox Christian faith to suggest that God could
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have designed an evolutionary process by which to
bring about the emergence of cognitive capacities for
“religion,” in which the human/God relationship is
located and practiced.

Consequently, I find persuasive the general picture
Dunbar and Torrey provide of emergent religious
capacities through evolutionary stages. This certainly
does not mean either of them gets everything right,"
but it does mean I would concur with their general
principle that our “religious capacities” are complex
(involving, for example, desires for transcendence,
agency-detection, ToM, moral principles, attitudes
of worship, ritual behaviors, and the like), and that
these various capacities did not all appear at the
same de novo moment in history but rather they accu-
mulated in evolutionary stages (such as described
particularly by Torrey) over millions of years, or even
tens of thousands of years, depending on the particu-
lar neural feature. With these comments in place, we
can turn now to Big History as the context for our
evaluation of Torrey, Dunbar, and EAR/EPsR.

Trinitarian Big History

“Big History” is the term used to describe “a new
disciplinary field of scholarship that studies the past
at all possible scales. Its approach is historical, but it
links disciplines from cosmology to geology to evo-
lutionary biology and human history.”* While the
Big History project has produced a number of popu-
lar best sellers," it also has its critics, who argue, for
instance, that some Big History authors fail to meet
scholarly standards of historical methodology, such
as by making claims that are overly confident in
their speculative historical reconstructions, or exces-
sive in their sweep. There is also the long-standing
post-modernist criticism of “grand narratives,” that
they are written by elites and thus risk marginalizing
those without a voice to tell their part of the story.

I would contend that these are good reasons to be
alert to risks in the project, but not reasons to avoid
the project. Indeed, the Bible itself may be under-
stood as an ancient version of Big History! In contrast
to the Bible, though, the standard Big History litera-
ture today is written from a materialist (atheistic)
interpretation. For Christians, though, who consider
the supposed “objectivity” or “neutrality” of mate-
rialism to be fallacious, to engage in a trinitarian
account of Big History —one that accounts for both
scripture and our fields of knowledge today —could
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be an important intellectual project for our times. But
what would trinitarian Big History look like?

I have provided just such an account, at least by
implication, in my “agape/many-routes” (AMR)
account of God’s design of the universe. (An ear-
lier version has been previously published in this
journal as the “agape/probability account” of God’s
design.)' Here it will be helpful if I give the core pro-
posal of the AMR account, providing a trinitarian
telos for creation, and thereby a framework for theis-
tic Big History:

The trinitarian God of agape-love created the
universe(s) to provide the space and condi-
tions for the emergence of habitable bio-niches
(planets, moons) on which imago-bearing agape-
capable beings could emerge with high
probability over sufficient time (billions of
years), through many potential evolutionary
routes—all this in order for such beings to live
in agape-love relations with God and with each
other, and to live out their imago-bearing voca-
tion. Earth is one such emergent bio-niche, and
Homo sapiens are an instance of such emergent
imago-bearing, agape-capable beings.!”

The full account in the original article includes
addressing how such features of the universe as
massively large numbers, self-organizing emer-
gent complexity, stochasticity (randomness and
probability), evolutionary convergence, and the sta-
tistical possibility of life elsewhere in the universe
are not merely interesting features of the universe.
Rather, such features are essential elements of God’s
design contained within the initial conditions of the
universe, the unfolding of which, over billions of
years, would bring about, through many potential
evolutionary pathways, the eventual emergence of
imago-bearing agape-capable beings.!®

Thus, the AMR proposal provides an account of the
divine telos behind creation, as well as an account of
how the statistical features and physics of the uni-
verse serve to achieve that telos. It also removes any
God-of-the-gaps charges because all the physics and
information needed for this system to successfully
unfold is front-loaded in the Big Bang (or earlier)—
there are no gaps in the process that God needs to
conveniently fill in along the way (though there are
certainly gaps in our knowledge of the whole pro-
cess). Yet the AMR account provides more than this.
In effect, it also provides a framework within which
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the findings of Big History through methodological
naturalism can be integrated into a theistic, rather
than naturalistic, account of Big History. In other
words, the AMR account enables the integration of
any truth from any scholarly discipline—includ-
ing the formal sciences (mathematics and statistics),
natural sciences (physics, cosmology, chemistry,
geology, biology, zoology), social sciences (sociology,
psychology, and anthropology, including paleo and
evolutionary subdisciplines), and human history —
into the divine story of creation, from God’s launch
of the universe (the Big Bang) until the emergence of
imago-bearing, agape-capable beings anywhere in the
universe, including Homo sapiens on planet Earth.

Trinitarian Big History will include, however, one
more critical feature—God’s action of choosing to
break into time and space by becoming incarnate.
Whether God does this on all planets where agape-
capable beings emerge (if such beings do emerge
elsewhere in the universe) we can only speculate."
However, we do know that God has done this, at the
very least, on our planet Earth, through Emmanuel,
God with us in Homo sapiens form at a particular
place and time in Jesus of Nazareth, in order to dem-
onstrate to agape-capable-but-sinful beings on Earth
what constitutes God’s agape-love, to teach humanity
the two great love imperatives (“Love the Lord your
God with all your heart, mind, soul, and strength,”
and “Love each other as I have loved you”), to
achieve atonement, and to change the world through
resurrection.

An important effect of theistic Big History is to
change how we interpret evolution—not in terms of
how evolution works but in its purpose. Materialism
argues that evolution serves only two purposes, or
“functions”: survival and reproduction. In contrast,
the AMR account argues that since there is divine
purpose in creation, and thus in evolution, survival
and reproduction are subsidiary purposes (or sup-
portive purposes) to God’s ultimate purpose for
evolution—that agape-capable beings would flourish
in their agape-relationality and in their imago-bearing
vocation.’ A telos of flourishing in all agape and imago
dimensions is a vastly richer account of the purpose
of evolutionary processes than the ultimately nihilist
survive-and-reproduce reductionism of materialist
accounts, including those of Dunbar and Torrey.

Moreover, our agape and imago capabilities are not
the whole of our relationship with God, for this
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relationship also includes practices— practices of
private and public worship and ritual, of commu-
nity life, of moral behavior, and so forth. Yet here
an important observation arises: that capacities for
such practices do not arise just with Christian faith,
but that they are found throughout all humanity.
To understand the emergence of humanity’s agape
and imago capacities and practices, it is helpful to
attend to the emergence of humanity’s disposition to
“religion” more broadly. The human sciences, par-
ticularly anthropology, psychology, and sociology,
demonstrate in their respective ways how deeply
inherent to human nature are our religious dispo-
sitions. So, theistic Big History will need to include
an account of the emergence of “religion” at large in
human history. Here then I will address two ques-
tions within theistic Big History: the evolutionary
function of religion (including EAR/CSR); and the
question of why God would create a system that pro-
duces such wide religious plurality as we see within
humanity, including plurality of transcendence
beliefs —that is, why God would create a system
which so ambiguously points us to God.

The Evolutionary Origins of Religion

There is heated academic debate about the evolution-
ary function of religion; that is, whether religion is
fundamentally an adaptation (benefiting our ability
to survive and reproduce), a spandrel (a neutral side-
effect of other evolutionary adaptations, as dancing
is a neutral side-effect of having legs), an exapta-
tion (a spandrel that becomes adaptively useful, as
dancing well can attract a mate), or a maladaptive
liability. As we have seen, Dunbar takes an adaptive
position, while Torrey takes a spandrel position.

The problem with such discussions, however, is that
they assume that “religion” has an essence, and so
they discuss the evolutionary function of religion
in relation to that essence. Yet many religion schol-
ars today argue that “religion” has no essence.”
Rather, “religion” is merely a catch-all term, simply
a convenient way to refer to a wide range of related
phenomena, whether these be beliefs, intuitions, dis-
positions, and/or practices. But drill down not too
far below the surface and disagreement arises very
quickly on what human phenomena actually belong
to “religion.” It is no wonder that no two definitions
are the same, and yet essentialism easily becomes a
default assumption. Indeed, we see the difficulty of
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avoiding essentialist thinking in Dunbar, who begins
his book by identifying current debates around the
fallacy of defining “religion” with some sort of uni-
versal definition, yet nonetheless goes on to propose
his own “minimalist” definition: this then functions
as an essentialist definition for the remainder of his
work.

I concur with the non-essentialists, that “religion” is
too diverse and amorphous a concept to possess any
essence—it is a term of convenience, not precision.
This subtle distinction becomes important when it
comes to the question of the evolutionary function
of “religion.” Scholars who argue that “religion” is
either an adaptation, maladaptation, spandrel, or
exaptation are making the essentialist error. Torrey
prompts us to attend to humanity’s evolutionary
stages, helping us recognize that the sorts of human
features (beliefs and practices) that scholars include
under the rubric “religion” have arisen at varying
periods over very long periods of time. This implies
that each of the emergent features associated with
“religion” need not have emerged for the same evo-
lutionary function. That is, a feature that emerged a
million years ago, and a feature that emerged 100,000
years ago, and a feature that emerged 10,000 years
ago need not all have arisen for the same evolution-
ary function. Consequently, the many sorts of beliefs,
intuitions, dispositions, and practices that get col-
lected together under the term “religion” may have
differing origins. Some may have been adaptive at
their origin, others may have been maladaptive,
still others may have emerged as spandrels, and still
others as exaptations. Therefore, to make such gener-
alized claims as “religion is adaptive by encouraging
group cohesion” (Dunbar) or “religion is a span-
drel side effect of fear and dreams” (Torrey, failing
to recognize the non-essentialist implications of his
evolutionary account) is to fallaciously homogenize
the many features of humanity that get clumped
together within the label “religion.” I would contend
that this explains why there is so much disagreement
on the evolutionary origins or function of “religion”:
it is a failure first to recognize that “religion” is a
non-essentialist term, and a failure secondly to dis-
cuss it as if it were a non-essentialist term.

Consequently, a Big History account of the evo-
lutionary emergence of “religion” should first
recognize that “religion” is a non-essentialist term;
then identify the many human features and phenom-
ena that get included within the term “religion;” then
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identify when each emerged in human evolutionary
history (at least to the best of our inductive abilities,
from the paleo sciences); and, finally, identify their
respective evolutionary functions, whether as adap-
tive, maladaptive, spandrel, or exaptation. Here,
however, I do not have the space for such an under-
taking, and such an undertaking will always produce
hypothetical reconstructions at best —though any Big
History will always need to include hypothetical
reconstructions to a significant extent. But for theistic
Big History, following any such reconstruction, we
then need to ask, Why would God produce a system
with such incredibly diverse features as we find in
the world’s religions? I have not the space here to
give a full answer, but nonetheless, in the remainder
of this review, I will provide some direction to an
answer by focusing on just a single feature of “reli-
gion,” namely, “transcendent-being” beliefs.?

Why Such Diversity of Transcendence

Beliefs?

Theistic Big History will need to include an answer
to this question: Why has God designed an evo-
lutionary system by which the human brain has
evolved to produce a plenitude of “transcendent-
being” beliefs —gods, goddesses, demi-gods, ances-
tor-spirits, nature-spirits, and so on? I will call this
the question of metaphysical ambiguity (or, equally,
metaphysical plurality). Ancient history and paleoan-
thropology reveal at least five very different clusters
of transcendence-beliefs that have emerged over the
last several thousand years: Animism (divine spirits
in all of nature), Polytheism (gods and goddesses),
Impersonalism (nonpersonal forces such as the Dao
or karma), Monotheism (a single god or Creator
Mind), and Pantheism/Panentheism (a single god and
the universe together form some sort of unity). Yet,
even within each of these clusters, there are multi-
ple versions of what is believed, including different
accounts of an ultimate single transcendent being,
ranging from Brahman of Hinduism to Ahura Mazda
of Zoroastrianism, to Allah as conceived by Islam, to
the trinitarian God of Christianity.

Intuitively it can seem odd that God would inten-
tionally create a system with such metaphysical
ambiguity. As Thomas Aquinas put it in the thir-
teenth century, “To know in a general and confused
way that God exists is implanted in us by nature.” As
mentioned earlier, Christians engaged with CSR over
the past 25 years have frequently suggested that CSR
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provides a satisfying explanation of Romans 1:19
(the natural knowledge of God within us) and of
Calvin’s sensus divinitatis. While I fully concur with
this, the critic may still respond, “Surely God would
want to ensure that humans have a more precise
neural capacity for identifying God than one with
all these “confusions,” metaphysical ambiguities, and
mis-readings of the divine. So, either God is a failed
designer, thus not worthy of our devotion, or there
is no God.”? In other words, why would God cre-
ate a system in which our neural processes are only
roughly tuned, prompting beliefs in a wide range of
transcendent-being possibilities, rather than being
much more finely tuned in order to pick out the
actual metaphysical/divine reality?

An immediate answer for some theists involves a
combination of “free will” and “sin” —that God cre-
ated a system that would give people free will to
believe what they want, but that, in their sinfulness,
they create false gods. In effect, God created a system
that permits both free will and rebellion against God,
including space to create false gods or misconstrued
metaphysics. But this response does not actually
answer the question, for even with free will, could
God not have given humans a more precise neural
capacity than we actually have by which to identify
God?

I want to suggest that the answer involves how God
desires to be sought—that is, the sort of evidence
for God that God intends creation to possess, and
the sort of neural capacities we need in order to
recognize that evidence. To address this, I want to
invoke the Christian philosopher C. Stephen Evans,
who makes an argument which proves very helpful
when integrated with our evolutionary story. Evans
is concerned to understand the divine principles
underlying our natural knowledge of God (“natural
theology”). A brief and simplified description of his
formal argument goes as follows.*

Evans holds that God has built the world with signs
pointing humanity to God. There are many such
signs, though Evans identifies five signs as particu-
larly significant: the experience of cosmic wonder,
the experience of purposive order, the sense of being
morally accountable, the sense of human dignity
and worth, and the longing for transcendent joy.
Crucially, such signs “are not intended to give us
an adequate knowledge of God. They are intended
only to give us a sense that there is more to reality
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than the physical world. They are signs that prepare
us to encounter God’s self-revelation” (p. 36). That is,
they point us away from naturalism, preparing us for
encounters with God.

Evans then argues that signs achieve this by fulfilling
two underlying principles. First, because God desires
a relationship with every person, Evans argues that
God would provide evidence, or signs, for himself
that would be widely available to humanity at large.
Evans calls this the “wide availability principle”
(WAP). That is, God desires to be in mutual relation-
ship with all humanity, and so God would make
evidence or signs of himself widely available to
humanity —and these five signs (along with others)
are indeed widely available because they are widely
found among humanity at large.

At the same time, God desires a certain type of rela-
tionship with people—one in which people are
motivated to believe and to enter a relationship with
God by love of God’s goodness, rather than by coer-
cion or fear. If God’s omnipotence and omniscience
were too obvious, it would undermine this goal by,
in effect, coercing belief by God’s sheer overpower-
ing presence. “God would not force his knowledge
on those who do not wish to know God ... Such
signs ... point to God in a way that allows those who
do not wish to believe in God to reinterpret or dis-
miss the sign.”*

So, to ensure that people are attracted and persuaded
through their own free will, and not epistemologi-
cally overwhelmed and thus coerced, the evidence
for God needs to fulfill a second criterion, namely,
to be

the kind of evidence that a person who wished
to do so could dismiss or reject. [Consequently,
Evans continues,] We might expect the evidence
to have a degree of ambiguity, to be such that
it could be reinterpreted or explained away by
those who do not wish to believe in God ... The
evidence would then be easily resistible, even
though widely available.?

Evans calls this the “easy resistibility principle”
(ERP). Indeed, his five signs meet this “easily
resisted” criterion, for we see that people do indeed
easily resist them by choosing materialism or agnos-
ticism over the theism to which they point.

In sum, WAP and ERP together argue that signs
pointing to God must be sufficiently widely available

Perspectives on Science and Christian Faith



Chris Barrigar

that the vast majority of people have access to them,
sufficiently strong that they point humanity away
from naturalism by prompting humans to consider
the possibility of God and thus to seek this God, yet
sufficiently weak that they do not “prove” God (since
“proof” would be epistemically coercive), and thus
resistible.

Here we need to note a dual aspect to Evans’s
account of signs, to which I think he pays insufficient
attention. Intuitively, one thinks of signs as external
to the mind, such as a highway sign, or, say, evidence
of a crime (which counts as a sign, pointing to a crim-
inal who caused that evidence). So, unsurprisingly,
Evans points to signs of God which are external to
the mind: “God has made certain features of the
natural world, such as beautiful sunsets or magnifi-
cent ocean or mountain vistas, with the intention that
those features be signs that point to him” (p. 33).

Yet the five signs that Evans considers most signifi-
cant are, to my perception, all internal to the mind.
His first two, cosmic wonder and purposive order,
are indeed triggered by external signs (the universe
itself and order in creation), yet wonder and percep-
tion of order are, in fact, neural operations, as are the
other three as well —sense of moral obligation, sense
of dignity, and longing for transcendent joy. In other
words, we need to note more strongly than Evans
himself notes, that the notion of signs pointing us to
God includes neural operations; indeed, it is the inte-
rior/neural signs Evans considers most significant.

For those five major signs (which I have called “inter-
nal/neural” signs), Evans asserts that God could
have produced them by an evolutionary process, yet
he provides no discussion of how evolution could
produce them. And so here we arrive at a very help-
ful confluence of Christian philosophy with CSR,
namely a confluence of divine design (as understood
through Evans’s WAP and ERP principles) with evo-
lutionary psychology of religion (such as described
by Dunbar and Torrey).

So let us unpack this confluence. From the CSR lit-
erature in recent years, we can identify at least four
neural sources that prompt belief in transcendent
beings: Agency-detection (e.g., HADD — particularly
in children but also in adults);” Mentalizing (ToM);
Causality-seeking (not only the cause of objects in the
world but also the ultimate origins of everything);
and Telos-attributing (“promiscuous teleology,” the
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inclination to see purposeful explanations behind
non-understood phenomena).”® Employing stages of
evolutionary emergence, agency detection emerged
first (as HADD to detect predators); ToM emerged
next (over several evolutionary stages); then cau-
sality-seeking and telos-attributing both arose with
the emergence of autobiographical mind. Yet also
with the emergence of autobiographical mind, the
earlier two features (agency-detection and mentaliz-
ing) were “recruited” (or exapted) for an additional
function (beyond their original evolved functions),
namely prompting human minds to posit transcen-
dent agency and transcendent mind. Collectively I
will call these four features “neural transcendence-
positing dispositions” (NTDs).?

Importantly, while these four NTDs qualify as
Evans-type neural signs, none of them emerged
specifically to point to God; rather, positing tran-
scendent states and transcendent beings are among
the range of applications to which each of these
evolved neural functions can be put. It appears then
that God’s design strategy by which to create the
conditions for “natural knowledge” of God (neural
pointers/signs) was not that a God-specific part of
the brain would emerge through evolution (indeed,
neuroscientists now confirm that there is no God-
specific part of the brain), but rather, that a range of
neural features would evolve that include pointing
to transcendence within their range of application. In
effect, God has chosen a system by which our brains
point us to God, not by a God-specific neural fea-
ture resulting from direct evolutionary selection, but
rather, by multiple evolved neural features having
the capacity to prompt transcendence-pointing ideas.
For convenience, let us call this “NTDs by evolution-
ary side-effect” rather than “NTDs by evolutionary
selection.”** NTDs by side-effect may seem an unex-
pected strategy, but we will see there is good reason
for this strategy.

So now let’'s connect the NTDs with Evans’s two
divine principles. In terms of wide accessibility,
the NTDs are found universally in humanity (neu-
ral damage excluded); thereby meeting the wide
accessibility criterion. They may, however, be sup-
pressed by environmental factors. As one reviewer
of this article has pointed out, NTDs are not only
easily resisted but also easily “blanked out before
we are even aware of them.”?! In “predictive brain”
theory, this “blanking out” can occur through the
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operation of “top-down” contextual factors such as
culture or nurture. (A “nurture” example here would
be Sy Garte’s story, that his parents “indoctrinated
him against a faith they had no actual knowledge
of.”)%2 Regardless of whether they are suppressed,
or blanked out, by culture or nurture, NTDs remain
widely found throughout humanity. Moreover, wide
accessibility could also account for why God would
employ a multiple NTD-producing system (in which
at least four NTDs have emerged) —multiple NTDs
provide built-in redundancy so that at least some
NTDs might remain operative in face of neural dam-
age or contextual suppression. And as we are about
to see, each NTD points to a different facet of divine
transcendence.

In terms of NTDs being strong enough to dispose
humans to consider the possibility of God, that is pre-
cisely what the NTDs do, by pointing us to different
facets or aspects of transcendence. Causality-seeking
intuits or posits the possibility of an ultimate Creative
Source of everything (whether creator gods or a
single creator god), leading more formally to cosmo-
logical arguments for God. Telos-attributing intuits
or posits that the Creative Source possesses rational
purpose for creating the objects we observe, objects
ranging from geological forms, to life-forms, to the
whole universe —leading more formally to teleologi-
cal arguments for God. Agency detection attributes
agency to this Creative Source in the present (in con-
trast to, say, Deism, which posits a Creative Source
without agency in the present)—leading not to
particular arguments for God but to a particular char-
acteristic of God, namely, as “involved in the world”
(unlike, say, Deism or Brahman). Mentalizing (ToM)
attributes relational intentions, such as beneficence,
responsiveness to prayer, or punishment, to this
Creative Source. Collectively, these four dispositions
or pointers nicely fulfill both the “wide availability”
principle (being widely found among humanity) and
the “strength” principle (strong enough to point a
large portion of humanity to posit the existence of
transcendent being).*

Yet, at the same time, in terms of the ERP require-
ment, we see that these four dispositions are also
easily resistible, in the sense that it is easy for a person
to resist interpreting them as pointing to a Creator
God. Here we see why God may have chosen to pro-
duce NTDs by evolutionary side effect, rather than
by a more direct means (such as a God-specific part
of the brain being evolutionarily selected) —namely,
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that “side effects” are probably easier to resist than a
hard-wired evolutionarily selected circuit.

That the NTDs are easily resisted is seen in that they
so readily prompt people to posit other types of
metaphysical states and transcendent beings (poly-
theistic gods, different types of monotheistic gods,
pantheism/panentheism, and so forth). They are
also easily resisted by those who deny transcendence
altogether, arguing, for instance, that gods or God
are projections of human qualities or otherwise fig-
ments of the imagination.® In other words, the NTDs
remain sufficiently vague in identifying the transcen-
dence to which they point that, on their own, they
produce significant metaphysical ambiguity, includ-
ing polytheisms, monotheisms, and even atheism
(though atheism is a more recent human invention,
and a small-minority position within humanity, so
that atheism appears to take extra effort). So, the con-
tent of these dispositions is vague and rudimentary,
thereby providing easy resistibility. Yet this content
is still sufficient to achieve God’s desired objec-
tive—to point away from materialism and toward
transcendence, thereby prompting individuals to
further seek this transcendent source.

It turns out then that both divine principles—easy
resistibility and wide accessibility —are successfully
fulfilled by our neural evolution as identified by
EPsR and CSR. In turn, this answers the critic’s chal-
lenge, that God’s divine design has worked poorly
because our brains and their cultural contexts pro-
duce so many different metaphysical beliefs.** For,
in terms of how God desires to be sought, the design
has worked perfectly to fulfill God’s intended WAP
and ERP principles. To recall our earlier quote from
Evans, “The natural signs, then, are not intended
[by God] to give us an adequate knowledge of God.
They are intended only to give us a sense that there
is more to reality than the physical world ... They are
signs that prepare us to encounter God’s self-revela-
tion” (p. 36).

The next step, then, in the story painted by trinitar-
ian Big History is not another neural evolutionary
stage. For within God’s design, the process of evo-
lutionary biology has done its job. Rather, the next
step has been God’s own response to humanity’s
NTD-motivated searchings. That is, the next step is
God’s self-revelation in history, whereby God, the
One who created this evolutionary meaning-seeking,
transcendence-pointing system, came to humanity
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as Emmanuel, God-with-us in Jesus of Nazareth. It
is by incarnation and resurrection, not by cognitive
evolution, that we are able to identify and be in rela-
tionship with the God to which our evolved NTDs
point us. A further question then arises: How should
we view the other religions of the world, given that
these other beliefs have arisen out of neural capaci-
ties created by God, but which, by God’s design,
only vaguely point to God? Evans approvingly cites
converts to Christian faith who “see their former
faith as preparation for the good news they have
come to believe” (p. 36).

Conclusion

Dunbar and Torrey have contributed to EAR and
CSR by paying particular attention to the evolution-
ary process and stages by which humanity’s neural
capacities for religious beliefs and practices have
emerged. This overall account can fit well with ver-
sions of Christian faith that accept macro-evolution
by situating this evolutionary history within a larger
framework of so-called “Big History” —in particular,
by seeking to form a theistic, especially trinitarian,
account of Big History (such as provided by the
AMR account), in contrast to materialist Big History.

There are many further theological questions that
arise with EAR, and no doubt readers will have
thought of some such questions in the course of this
review; however, space precludes consideration of
further questions here. My hope is that readers will
consider this review an invitation to continue explor-
ing such questions.

Notes

'E. Thomas Lawson, “The Historical Genesis of Cognitive
Science of Religion,” in The Oxford Handbook of the Cogni-
tive Science of Religion, ed. Justin L. Barrett (New York:
Oxford University Press, 2022), 21.

ZReaders familiar with these discussions may object that
two other more recent works would be more appropri-
ate for comparative purposes with Dunbar: Jonathan H.
Turner et al., The Emergence and Evolution of Religion by
Means of Natural Selection (New York: Routledge, 2018);
and Margaret Rappaport and Christopher Corbally, The
Emergence of Religion in Human Evolution (New York:
Routledge, 2020). The work by Turner et al. is a bit too
tangential in my view, in that they are using the evolution
of religion not as the principal subject in itself but rather
as a test case to demonstrate their principal objective,
namely, to argue for “four types of sociocultural selection
beyond strictly biologically based natural selection” (p.
3). I find this too methodologically tendentious to accept
their findings regarding the evolution of religion with-
out prior assessment in the literature of their proposed
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underlying account of sociocultural selection. Their socio-
cultural focus also means they are uninterested in the
neural evolution of religion, which is a concern for my
later theological discussion. Rappaport and Corbally offer
a methodologically similar “Big History” account (over
millions of years) to that of Torrey, by identifying how
different cognitive aspects of religion emerged at different
stages of humanity’s neural evolution. There is much of
interest in their proposal, and a comparative study of their
proposal with Torrey would be very fruitful. Nonetheless,
Torrey provides a more clearly delineated account of the
historical stages of the neural evolution of religion, which
is more helpful both for my purposes of exploring theolog-
ical implications and for readers new to this topic to grasp
how religious cognition and behaviors can be understood
to emerge through evolutionary processes.

SFor general introductions, see Claire White, An Introduc-
tion to the Cognitive Science of Religion: Connecting Evolution,
Brain, Cognition and Culture (New York: Routledge, 2021);
or, more exhaustively, Barrett, ed., The Oxford Handbook of
the Cognitive Science of Religion.

‘It is worth noting here that Torrey is not the first to attri-
bute the origins of religion in part to dreams. E. B. Tylor
(1832-1917), the founder of anthropology, “developed
his theory of religion in close connection with dreams
and visions.” See Robert E. Sears, “Conceiving Religious
Dreams and Mystical Experiences: A Predictive Process-
ing Investigation,” in The Oxford Handbook of the Cognitive
Science of Religion, Barrett, ed., 215-36.

STorrey uses only the standard term “autobiographical
memory.” However, for our purposes, I find the term
“autobiographical mind” more appropriate because
this implicitly acknowledges the ability to project pos-
sibilities into the future, including the possibility of an
afterlife, whereas “autobiographical memory” implies
only a capacity to look back at the past.

*Here the world’s megalithic structures become relevant.
Along with celestial calendar-tracking purposes, ances-
tor worship may be the origin of many of these structures
around the world, such as at Gobekli Tepe, Turkey.
Research now indicates that many of these structures
were built by hunter-gatherers who would come together
in large numbers for a season of construction, then return
to their home locales for hunting and gathering. Thus,
agriculture arose to feed these seasonal large gatherings
in which hunter-gatherers would turn into engineers
and builders. In effect, agriculture was “an epiphenom-
enon of these huge gatherings of hunters and foragers.”
(David Graeber and David Wengrow, The Dawn of Every-
thing: A New History of Humanity [London, UK: Penguin
Random House, 2021], 137.) This view is in contrast to
Dunbar’s self-protection thesis, that agriculture arose to
feed hunter-gatherers who began to move into larger sed-
entary groups for self-protection.

’I have inserted “high” here because Torrey seems a bit
loose in his language. In an earlier chapter, he explicitly
describes the emergence of gods out of ancestor worship
prior to the Axial Age, and it is the emergence of high
gods that he otherwise describes in the Axial Age.

8There is debate among academics as to whether Zoroas-
trianism is truly monotheistic. For our purposes here, of
understanding the emergence of monotheism, Zoroas-
trian metaphysics is sufficiently monotheistic leaning to
serve our purposes of helping us trace the emergence of
monotheism. Darius the Great (d. 486 BC) provides the
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first written attestation to Ahura Mazda, attributing his
military success to Ahura Mazda. Zoroastrian monothe-
ism remained the dominant religion of that part of the
world until the Islamic conquest of Persia (roughly pres-
ent-day Iran) in the seventh century AD.

Justin Barrett has been particularly prolific. See, for
instance: Justin L. Barrett, Born Believers: The Science of Chil-
dren’s Religious Belief (New York: Atria Press, 2012); Justin
L. Barrett, “Cognitive Science of Religion and Christian
Faith: How May They Be Brought Together?,” Perspectives
on Science and Christian Faith 69, no. 1 (2017): 3-12, https:/ /
www.asa3.org/ASA /PSCF/2017/PSCF3-17Barrett.pdf;
Justin L. Barrett, Cognitive Science, Religion, and Theology:
From Human Minds to Divine Minds (West Conshohocken,
PA: Templeton Press, 2011); and Kelly James Clark and Jus-
tin L. Barrett, “Reformed Epistemology and the Cognitive
Science of Religion,” Faith and Philosophy 27, no. 2 (2010):
article 4, https:/ /doi.org/10.5840/ faithphil201027216.

YFor such discussions in addition to Barrett, see also Kelly
James Clark, God and the Brain: The Rationality of Belief
(Grand Rapids, MI: Eerdmans, 2019), chap. 2, “Brain and
Gods”; Greg Cootsona, “Science and the Sensus Divinita-
tis,” in Connecting Faith and Science, ed. Matthew Hill and
Wm. Curtis Holtzen (Claremont, CA: Claremont Press,
2017), 87-116; and Adam Green, “Cognitive Science and
the Natural Knowledge of God,” The Monist 96, no. 3
(July 2013): 399-419, https://api.semanticscholar.org
/ CorpuslD:145473784.

"For some of these others, see endnote 2 above.

2For instance, given that the last 40,000 years (since the
emergence of autobiographical mind) is but a blink in the
two-million-year history of the Homo genus, why would
God produce a system in which it would take so long for
beings to emerge with neural capacity for god beliefs and
accompanying religious practices (such as ritual, prayer,
etc.)? Why, moreover, would God create a system in which
belief in gods and goddesses emerged well before belief in
a single God emerged —in other words, why a system in
which polytheism seems more intuitive to Homo sapiens
than monotheism? And what is the relationship between
the emergence of the sensus divinitatis as a cognitive dis-
position and monotheism as an idea? These are just a few
of the sorts of theological questions that arise from EPsR.

BFor instance, while I find that Torrey provides a clearer
theoretical account than Rappaportand Corbally of theevo-
lutionary stages of humanity’s religious neural capacities,
Rappaport and Corbally identify two evolutionary stages
that Torrey omits, stages which appear to me necessary to
include in an EPsR account of “religion” — the emergence
of moral capacity “around 1.5-1 million years ago,” and
the evolutionary “down-regulation of aggression [and]
greater social tolerance among adult humans, especially
while feeding” (Rappaport and Corbally, The Emergence
and Evolution of Religion, 146).

“David Christian, “What Is Big History?,” in Journal of Big
History 1, no. 1 (2017): 4, https://doi.org/10.22339/jbh
v1i1.2241.

Examples of Big History familiar to the reading public
include Stephen Hawking, A Brief History of Time (New
York: Bantam, 1990); Jared Diamond, Guns, Germs, and
Steel: The Fates of Human Societies (New York: W. W. Nor-
ton, 1997); Yuval Noah Harari, Sapiens: A Brief History of
Humankind (New York: Signal Press, 2016); Sean Carroll,
The Big Picture: On the Origins of Life, Meaning, and the Uni-
verse Itself (New York: Dutton, 2017); and David Graeber
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and David Wengrow, The Dawn of Everything: A New His-
tory of Humanity (New York: Penguin Random House,
2021).

6Chris Barrigar, “God’s Agape/Probability Design for the
Universe,” PSCF 70, no. 3 (2018): 161-75, https:/ /www
.asa3.org/ ASA /PSCF /2018 /PSCF9-18Barrigar.pdf. Note
that since publishing this article I have changed the name
for my proposal to the “Agape/Many-Routes” account of
God’s design, as I feel this more precisely captures the
core idea of the proposal. The term “Big History” had
not been popularized by the time my article appeared, so
I do not mention the phrase “Big History” in the article,
but the article’s proposal for God’s felos for the universe
and the place of evolution and the incarnation in that
telos, amounts to an account of God’s relation to Big His-
tory. I have produced a popularized video version of the
AMR account, available at https://www.youtube.com
/watch?v=wgnphHLUASo.

"This is an updated version of that which I presented in my
PSCF article. Two years after my initial publication of the
agape/ probability account (in Freedom All the Way Up: God
and the Meaning of Life in a Scientific Age [Friesen, 2017]),
Michael Murray made a similar proposal:

[O]ur evolutionary history seems to have been set up
in a way that pushed us down an evolutionary path
that allowed for the emergence of creatures with the
critical mental abilities needs to be able to engage in
relationships of love and friendship. We might thus
see this evolutionary history as one that was crafted
for the purpose of yielding creatures that are made
for the very purposes God intended for us, and per-
haps for manifesting the divine image. (p. 18)
Michael Murray, “Reverse Engineering the Imago Dei,”
unpublished paper presented at the Toronto Christian
Scholar Symposium, Wycliffe College, January 25, 2019,
p. 18, cited by Justin L. Barrett with Pamela Ebstyne King,
Thriving with Stone Age Minds: Evolutionary Psychology,
Christian Faith, and the Quest for Human Flourishing (Down-
ers Grove, IL: InterVarsity Press, 2021).

8Central to the AMR account is the principle of “multiple
realizability.” Michael Gazzaniga provides the following
illustration:

Eva Marder has been studying the simple nervous
system and resulting motility [cellular behavior]
patterns of spiny lobster guts. She has isolated the
entire pattern of the [lobster’s neural] network with
every single neuron and synapse worked out, and
she models the synapse dynamics to the level of
neurotransmitter effects. Deterministically speak-
ing, from knowing and mapping all this information
she should be able to piece it together and describe
the resulting function of the lobster gut. Her labo-
ratory simulated more than 20 million possible
network combinations of synapse strengths and neu-
ron properties for this simple little nervous system.
By modelling all these combinations, it turned out
that about 1-2 percent could lead to the appropri-
ate dynamics that would create the motility pattern
observed in nature. Even though it is a small percent,
it still turns out to be 100,000 to 200,000 different tun-
ings that will result in the exact same behavior [of the
lobster gut] at any given moment ... The philosophi-
cal concept of multiple realizability —the idea that
there are many ways to implement a system to pro-
duce one behavior—is alive and well in the nervous
system. (pp. 130-31)
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Chris Barrigar

Michael Gazzaniga, Who's in Charge? Free Will and the Sci-
ence of the Brain (New York: HarperCollins, 2011), 130-31.
The spiny lobster example applies analogously to agape-
capability, that multiple different evolved “neural tun-
ings,” through multiple potential neural pathways, could
also produce agape-capability. The importance of multiple
realizability (multiple different potential pathways to
agape-capability) is to enable new evolutionary routes to
emerge in order to get around evolutionary bottlenecks
and dead-ends on the way to agape-capability finally
emerging.

YFor a survey of various discussions of this topic, see Paul
Brazier, “C. S. Lewis: The Question of Multiple Incarna-
tions,” The Heythrop Journal 55, no. 3 (May 2014): 391-408,
https://doi.org/10.1111/heyj.12049.

PFor discussions of flourishing from Christian perspec-
tives, see Barrett with King, Thriving with Stone Age Minds;
and Jonathan T. Pennington, The Sermon on the Mount and
Human Flourishing (Grand Rapids, MI: Baker, 2017).

AThis discussion has been around for some time. For a
review of this discussion, see Nigel Ajay Kumar, What Is
Religion? A Theological Answer (Eugene, OR: Wipf & Stock,
2013), 3-8.

Z2There are various terms that are used in the CSR litera-
ture, ranging from “theism” to “supernatural beings”
(which is much wider in scope than “theism”). I prefer the
term transcendence, because it allows us to distinguish
what Martha Nussbaum has called “internal transcen-
dence” (transcendent qualities in the physical world,
ranging from visible-light wavelengths to widely held
public opinions) from “external transcendence” (tran-
scendent entities beyond the physical world, such as
personal gods or impersonal forces such as karma or the
Dao). Through the remainder of this paper, I will use the
term “transcendence” to mean “external transcendence.”
I would consider “supernatural beings” equivalent to my
term “transcendent beings.”

BVarious figures have charged that religious belief is
“unreliably formed and hence epistemically tainted.” For
a response, see Hans Van Eyghen, “Is Supernatural Belief
Unreliably Formed?,” International Journal for the Philoso-
phy of Religion 85 (2019): 125-48, https:/ /doi.org/10.1007
/s11153-018-9671-4. My proposal here reinforces Van
Eyghen’s argument.

#Evans has published both an academic and a more popu-
lar account. See, respectively, C. Stephen Evans, Natural
Signs and Knowledge of God: A New Look at Theistic Argu-
ments (New York: Oxford University Press, 2012); and
C. Stephen Evans, Why Christian Faith Still Makes Sense
(Grand Rapids, MI: Baker, 2015).

BEvans, Natural Signs and Knowledge of God, 17.

*Evans, Why Christian Faith Still Makes Sense, 25.

YHADD is particularly a feature of the minds of children,
and diminishes into adulthood, yet nonetheless remains
in adulthood. See Barrett, Cognitive Science, Religion, and
Theology, 70-71.

BFor a discussion of intuitive or promiscuous teleology,
see Johan De Smedt and Helen De Cruz, The Challenge
of Evolution to Religion, Cambridge Series: Elements in
the Philosophy of Biology (Cambridge, UK: Cambridge
University Press, 2020), 9-12. The term “promiscuous
teleology” was coined by Deborah Kelemen to describe
the minds of children. Research indicates, however, that
as children develop into adults, promiscuous teleology
diminishes due to greater understanding of how things
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work; nonetheless, in adulthood teleological interpreta-
tions of non-understood phenomena do not disappear.
See Barrett, Born Believers. 1 would point out that while
HADD and felos-attribution can appear very similar, they
are not the same thing: agency can be creative without
teleological intent. This is seen, for instance, in the Brah-
man of Hinduism, and in the God of Deism, both of whom
create but then leave the creation alone, to run its own
course.

¥l am not claiming that there are only four NTDs; there
may be others. The CSR literature is not consistent with
terminology, so other authors may use different terminol-
ogy than I have used here. For instance, while the terms
“mentalizing,” “theory of mind,” “agency detection” and
“HADD” are well established in the literature, I have
coined the terms “causality-seeking” and “telos-attrib-
uting.” However, my ideas behind this terminology are
common in the CSR literature.

%[ had considered calling the NTDs “neural spandrels,”
which seems less awkward than “NTDs by evolution-
ary side-effect.” However, since spandrels are normally
phenotypical, using the term “neural spandrel” raises a
number of difficulties. Nonetheless, this term does convey
the sense that the NTDs are not evolutionarily selected for.

*IThis anonymous reviewer points to “the predictive brain,”
or “predictive error theory” (PE). Over the past twenty
years, PE analysis has been applied across numerous neu-
ral operations and is now understood as a central function
of the neocortex. Here the reviewer states that, “How we
perceive the signals of [NTDs] might be blanked out by
error-checking before we are even aware [of them]—and
those [blanking-out error checks] are put in place at the
top neural level by ‘culture” or rearing, if you will.” From
a theistic perspective, such occasions would amount,
ironically, to erroneous “error-checking.” How PE applies
to religion has been considered by a number of figures.
See Uffe Schjoedt and Michiel van Elk, “Neuroscience of
Religion,” in The Oxford Handbook of the Cognitive Science of
Religion, Barrett, ed., 327-48.

Sy Garte, “I Was Indoctrinated to Despise Christians.
Then I Became One,” in Premier Christianity, April 20,
2023; accessed online at https://www.premierchristianity
.com/real-life/i-was-indoctrinated-to-despise-christians
-then-i-became-one/15353.article?fbclid=IwAR1QO
xLHQsD4DTecyvuOmr5izrdYDew_PqHYXWS-Twwxtp
6deSo7XKkEfulA.

*To be clear, I am not saying that each of these neural fea-
tures serves solely a transcendence-related purpose, as if,
for instance, humanity’s promiscuous teleology disposi-
tion functions only to seek god/gods. Rather, I am saying
that as each of these neural features has evolved, with infi-
nite scope of conscious application (e.g., Is there purpose
to the sun shining?, Is there purpose to me stubbing my
toe?), the scope of how humans apply these features is
so wide that it includes applying them to the concepts of
transcendence produced by autobiographical mind, thus
raising the possibility of gods/god.

*As “projectionism” is a particularly common psychologi-
cal argument against theism, I will add some comment
here. There is no need to deny that we humans do have
this propensity to project our own wishes and self-images
onto God, and that we appropriate God all-too-easily
for our own personal ends. Indeed, theists can read-
ily affirm that humans project their own images onto
transcendence. For instance, pastoral theologians are well
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aware that adult children of alcoholics often understand
God as they understand their own alcoholic parent: as
untrustworthy and as needing to be appeased and danced
around. The problem with projection theses, however, is
that they draw a false conclusion from their valid obser-
vations. The Bible itself is well aware of this phenomenon
and has a specific term for it—idolatry. The phenomenon
of projection, however, simply does not demonstrate the
non-existence of God. Indeed, parents do the same with
their children, projecting their own qualities, hopes, and
desires onto their children—but it does not therefore
follow that their children do not exist! Furthermore, the
atheism of the projectionists can itself be subjected to the
same interpretation, that their atheism is itself self-decep-
tive, merely a projection of their own wish-fulfillments
and will-to-power. Projectionism simply observes that
humans do project their own desires and qualities onto
God, and even onto humanity itself; however, the phe-
nomenon of projectionism provides no grounds by which
to draw either theistic or materialistic implications.
®See Jeffrey P. Schloss, Justin L. Barrett, and Michael J.
Murray, “Looking Past vs. Overlooking Cognitive-Evo-
lutionary Accounts of Religion: A Response to Nathaniel
Barrett,” Journal of the American Academy of Religion 78, no. 3
(2010): 622-28, https://doi.org/10.1093 /jaarel /1fq049.
Thus any natural predisposition to form beliefs in
invisible and/or counterintuitive agents is con-
text-dependent ... And whether those spirits are

conceived of as ancestors or gods, or spirits, or bod-
hisattvas, will depend on local factors. Even more
importantly, the meaning given to and believed to be
given these entities will covary with myriad individ-
ual, cultural, and historical factors. (p. 625)
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TRAUMA-INFORMED EVANGELISM: Cultivating
Communities of Wounded Healers by Charles Kiser
and Elaine A. Heath. Grand Rapids, MI: Eerdmans, 2023.
213 pages, index. Paperback; $19.99. ISBN: 9780802882356.

Trauma-Informed Evangelism is a well-written, thought-
provoking, and necessary contribution to the field of
evangelism, introducing the recovery principles of
trauma-informed care. Trauma-informed care, as prac-
ticed in the fields of mental health and substance abuse
treatment, recognizes that all people have experienced
trauma, that many problematic effects and symptoms
are a result of these traumatic experiences, and that the
key to helping others heal is found in treating them
with kindness and respect to assist them in developing
personal empowerment. The main goal in the work is to
avoid re-traumatizing people. The key shift in concep-
tualization moves from one of pathology, to the normal,
protective response of the body to threat—from “What
is wrong with you?” to “What happened to you?”

Authors Kiser and Heath encourage trauma-informed
spiritual care that can be adapted by lay persons, clergy,
and clinicians alike. Trauma-Informed Evangelism urges
readers to recognize the experiences of spiritual harm,
understand that this harm has had a significant impact
on the survivor’'s thoughts, feelings, and behaviors
regarding spiritual matters (which arguably leads to
holistic complications), and to witness these stories in
a manner that creates a place of healing rather than of
re-traumatization.

The authors break this work into three categories:
(1) Disordered Imagination, (2) Healing Imagination,
and (3) Embodied Imagination. Disordered imagina-
tion begins with the premise that trauma-informed
evangelism requires that we understand our neighbors’
experiences of harm in a spiritual context so that we can
minister to them effectively. As in any type of trauma-
informed care, the invitation to share stories without
expectation or judgment is an imperative first step. This
section begins by introducing a handful of oft-relayed
themes, including rejection trauma in terminating rela-
tionships, injustice toward marginalized individuals
and by those who abused their pastoral authority, and
secondary wounding, having witnessed harm toward
others.

Kiser and Heath acknowledge complex theological and
social questions which arise when we are faced with
spiritual harm. They briefly examine questions of the
nature of God, and of humankind acting in harmful
ways or failing to prevent harm. The authors do a nice
job throughout the work of covering the natural and
obvious questions that will arise for the reader. This
involves discussions of the nature of spiritual abuse and
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trauma, problematic narratives of supremacy and hier-
archy, and healing the historical wounds of exploitation
and perpetration within Christendom. They challenge
the ever-present presuppositions of those who comprise
the in-group and of those who comprise the out-group
in the church, who gets to decide, and how these prac-
tices have been kept in place.

The authors challenge traditional church norms and
beliefs which keep some of these harmful practices in
effect. They also introduce alternative, nontraditional
theological perspectives that could combat some of
these views. However, it is important to note that theo-
logical beliefs are simply one piece of the equation. And
that, people being people, we are prone to wounding
others regardless of the rightness or wrongness of our
theological perspectives. Even with the best of inten-
tions, two people can have vastly different perspectives
on the best way to problem-solve. And when our
deeply held religious convictions are part of the deci-
sion-making, we can often be seen doubling down on
our positions, inadvertently doing spiritual harm.

Healing imagination tasks the reader to entertain new
narratives of the inherent meaning of Jesus as a trauma
survivor, to discover and reimagine God in the midst
of trauma, and to consider the challenge of producing
compassionate, trauma-informed leaders. The authors
introduce thought-provoking, alternative interpreta-
tions to challenge the traditional meaning we have
given the crucifixion story, to God’s purpose and reac-
tions to harm, and to how we as evangelists should
understand and respond to trauma.

Embodied imagination proposes several alternative
approaches to evangelism. This includes the sugges-
tion that our traditional attempts to minister to and
to convert those with problems of spiritual trauma
are counterproductive, largely due to the instinctual
trauma response. That evangelism is “witness-oriented
rather than results-oriented” (p. 118) requires that we
embody the Good News and release the outcomes to
God. It asks evangelists to consider “radically inclu-
sive hospitality” which further expands the boundaries
of who is included in the church, and it tightens the
boundaries of acceptable behavior to avoid harm and
exclusion (p. 140). Evangelists must finally learn to keep
a healthy and well-differentiated self from their neigh-
bors, allowing others their autonomy and not becoming
discouraged when their best efforts don’t deliver the
expected results.

Trauma-Informed Evangelism will probably be best
enjoyed by those with non-traditional views of
Christianity as it considers alternative perspectives
such as womanist and queer theology. However, those
of a more conservative nature, who are open to the
simple and practical message of trauma-informed care,
may find a great deal of applicable materials within
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the scope of their personal Christian beliefs. Trauma-
Informed Evangelism is well conceptualized and worthy
of a careful read. The discussion questions at the end
of each chapter help facilitate reflection and planning
for individuals or groups interested in developing this
mode of evangelism.

As a clinical trauma specialist and Christian, I found
this work especially relevant to my current task,
building the mental health department in a resi-
dential drug and alcohol treatment center for adult
males. The vast majority of these men report trauma,
including childhood sexual abuse, violent experiences
during incarceration, family of origin abuse, and medi-
cal trauma inherent in abusing substances. They have
been the victims of trauma, and they have been the per-
petrators of trauma. They identify the church as the key
component of their healing, but also a key factor of their
wounding. The explanations of spiritual wounding and
trauma-informed care in this book are sound; they are
as applicable to the neighbor who has found moderate
offense as to deeply wounded brothers and sisters with
complex consequences. I plan to use this material to
deepen the focus on the concepts of spiritual wounding
and trauma-informed care into my practice.

Reviewed by Jennifer Durham, MBA, LPCC-S, Director of Mental

Health and Special Services at New Destiny Treatment Center,
Clinton, OH 44216.

DOI: https://doi.org/10.56315/PSCF3-24vanOmmen
DISCIPLES AND FRIENDS: Investigations in Dis-
ability, Dementia, and Mental Health by Armand Léon
van Ommen and Brian R. Brock, eds. Waco, TX: Baylor
University Press, 2022. 330 pages. Hardcover; $59.99.
ISBN: 9781481317009.

It has been almost fifty years since I started supporting
individuals affected by intellectual and developmen-
tal disabilities, and I wish this edited book had been
available at that time. While the focus of the different
chapters in this book touches on subjects having to do
with disability, dementia, and mental health, the real
emphasis is on the practical theology of John Swinton,
and the ways friendship in and through Jesus informs
the “tension between reflection and action, and research
and practice” (p. 56).

The book has an introduction and an afterword, and it
is divided into four sections: (1) Practical Theology in a
Swintonian Key, (2) Vulnerability Subverted, (3) Quests
for Faithful Embodiment, and (4) Gently Living in a
Violent World. According to the publisher’s description
of the book, it is directed toward “students and scholars
of practical theology, disability theology, mental health,
dementia and cognate fields” (https://www.baylorpress
.com/ 9781481317009/ disciples-and-friends/). While some
of the language is almost inaccessible without a theo-
logical background, much of the writing is practical and
applicable to those of us who see working for and with
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people affected by disability, dementia, and mental
health as a vocation rather than as a career.

Readers will each have their favorite authors based on
their own interests and passions. As a behavior sup-
port practitioner as well as a social work professor,
I was most affected by the chapter written by Grant
Macaskill, a theologian from the University of Aberdeen
who identifies as autistic. He writes movingly about the
autistic gain for the church when we radically empower
the neurodiversity model to discontinue talking about
normalcy as a goal and embrace the differences diver-
sity brings within the rich tapestry of the body of
Christ. In a similar way, Bill Gaventa’s chapter, entitled
“All God’s Children Got a Place in the Choir” provides
another view of the many members of the body whose
differences make the body stronger by embracing
Paul’s vision of God’s choice to use the “weak” to bring
strength and the “foolish” to bring wisdom to the world
the church ministers to (e.g., 1 Corinthians 1 & 2). In his
chapter, he asks three questions that I wish I had been
asking years ago:

1. Who am I?
2. Why am I?
3. Whose am I?

I have spent some hours reflecting on these three ques-
tions, trying to move past the role definitions we so
easily gravitate to. Finding the “why” of my existence,
the purpose I have in life, is an equally deep question,
and asking who I belong to within our kingdom rela-
tionships will hopefully help me find my place in God’s
choir. Reading this book will, I believe, prompt readers
to ask the same questions I asked myself. Finding the
“why” of our existence and the purpose of our lives are
deep questions for all of us. In our Christian lives, find-
ing out who we belong to will help us to find our place
in God’s choir with all the other critters. For some of
us, the call is to be “disciples and friends” to persons
with disabilities, dementia, and neurodiversity, and this
book may bring that into focus for some readers.

The body of Christ is far more than the worship center
of the Christian faith; it is the place where Jesus interacts
with all the people Jesus came to minister to as recorded
in Luke 14:13-23 — “the sick, the lame, the blind, the deaf,
the prisoners, the poor, the weak.” According to the
United Nations, the largest minority group in the world
is people affected by various disabilities, accounting for
approximately 650 million people out of a population
of 7.88 billion people (https:/ /www.un.org/ disabilities
/documents/toolaction/pwdfs.pdf). It is with and for
these people that John Swinton’s work seeks to create
opportunities for friendships to develop amongst peo-
ple who come together to experience the friendship of
Jesus. Within these relationships we come to know the
peace of Jesus, and as Medi Ann Volpe writes in one of
the chapters, Jesus is our peace, Jesus makes our peace,
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and Jesus preaches our peace. The people I have known
over the years whose differences were labeled and
diagnosed have ministered the peace of Jesus to me in
ways that are too deep for words. They have taught me
what friendship is, and reading this book 1 have come
to understand that John Swinton’s life and teaching is
devoted to cultivating friendship and creating commu-
nities in which there are no dividing walls—where all
people in need of grace and redemption, love and for-
giveness, healing and hope come together as one body
with many members.

There are precious few things I would change about
this book. I would make the last chapters in the section
“Gently Living in a Violent World” the first chapters:
I think they are much more inviting to readers, and
from my perspective, they contain more information on
how to live out this theology of friendship.

Overall, I would encourage all Christians whose lives
intertwine with people on the margins of ability and
disability to read this book and let it speak to their
hearts and their minds. I am looking forward to being
able to use this book both as a practitioner and a profes-
sor, and in these roles, I am thankful to have read about
all the ways I can learn to be a deeper and better friend
and human being.

Reviewed by Bob Bowen, Adjunct Professor of Social Work, Malone
University, Canton, OH 44709.

HisTORY OF SCIENCE

DOI: https://doi.org/10.56315/PSCF3-24Caneva
HELMHOLTZ AND THE CONSERVATION OF
ENERGY: Contexts of Creation and Reception by Ken-
neth L. Caneva. Cambridge, MA: MIT Press, 2021. 735
pages, including notes (138 pages), bibliographies of
primary and secondary sources (80 pages), and an index
(17 pages). Hardcover; $125.00. ISBN: 9780262045755.

By examining the pagination details mentioned above,
one could easily surmise that one will be reading and
examining a book grounded in textual detail. And one
would be spot on. The weight of the author’s research
is, quite honestly, breathtaking. Kenneth L. Caneva has
devoted his academic life to an examination of energy
concepts. He is a professor in the Department of History
at the University of North Carolina-Greensboro. A for-
mer student of Thomas S. Kuhn, he has also authored
two other books: The Form and Function of Scientific
Discoveries (Dibner Library Lecture, 2000) and an author-
itative biography, Robert Mayer and the Conservation of
Energy (Princeton University Press, 1993). Helmholtz and
the Conservation of Energy is his latest contribution.

Before we examine the book proper, the obvious ques-
tion arises: Who was Hermann von Helmholtz? To
answer that question one can best turn to the 937-page
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scientific biography of Helmholtz by David Cahan
(Helmholtz: A Life in Science, The University of Chicago
Press, 2018). Helmholtz (1821-1894), a German physi-
ologist and physicist, is described by Steven Shapin
in his review of Cahan’s book as “a theorist of (not
quite) everything.” Helmholtz had an immense range
of scientific and cultural interests: physics, physiology,
psychology, aesthetics, philosophy. He invented the
ophthalmoscope, measured the nervous impulse, con-
tributed to meteorology and atmospheric physics, and
helped build some of Germany’s scientific and techno-
logical institutions.

Caneva wants to explore the context and reception of
one of Helmholtz’s early (1847) seminal essays, “Uber
die Erhaltung der Kraft” [“On the Conservation of Force”]
by examining how this essay shaped the discussion and
acceptance of a physical principle: the conservation of
energy. How was “conservation of force” eventually
transformed into a principle of energy conservation?
Caneva offers us a contextualist historiography of this
long and complex transition by providing an in-depth
analysis of Helmholtz’s contribution and influence in
the discovery process.

The discovery of the principle of energy conservation
is a classic case in the history of nineteenth-century
science. Although overshadowed in the public mind
by Charles Darwin’s principle of natural selection, its
historical development raises similar issues. Who dis-
covered the principle of energy conservation? An easy
question to pose, but a very complicated one to answer.
And more to Caneva’s point of interest: Is conservation
of energy what Helmholtz initially meant by the conser-
vation of force?

Caneva offers this book as an example “of how what is
generally accepted as scientific knowledge is reshaped
as it passes through the hands of people with dif-
ferent agendas using different language.” It is not an
individualistic process, but rather reflects a “collec-
tive construction of scientific knowledge.” Caneva
concludes the book with this assertion: “The cumula-
tive force of this study has implicitly rendered otiose
the question of who discovered the conservation of
energy” (p. 466). In a real sense, no one individual has
discovered the conservation of energy: one could ref-
erence Robert Meyer (1842), Helmholtz (1847), William
Thomson (1851) [force to energy], and Helmholtz (1853)
again. With meticulous detail Caneva highlights the ter-
minological shifts that have taken place as well as the
rhetorical skills exercised when the “law” or “principle”
was presented to various publics, even in popular sci-
entific settings.

The book has eleven chapters, followed by a “Historio-
graphical Excursus: How Others Have Interpreted
Helmholtz's Achievement” (pp. 471-99). In chapter 1,
“Helmholtz’s  Self-Described Principal Concerns,”
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Caneva traces out four factors that were central to
Helmholtz's thinking: (1) a conviction that the construc-
tion of a perpetuum mobile is impossible, (2) a concern
with the nature of heat and the source of animal heat,
(3) a belief in the illegitimacy of a vital force, and (4)
the application of rational mechanics” principles of vis
viva [mv?] and its conservation. According to Caneva,
Kantian philosophical concerns do not dominate, nor
does Helmholtz’s reliance on industrial mechanical
steam-engine considerations or metaphors. Succeeding
chapters (2-6) trace out the broader and more imme-
diate contexts, the question of Kantian influence, and
what Helmholtz believed he had accomplished.

Chapters 7-9 consider the reception of “The
Conservation of Force.” In chapter 9, “Helmholtz’s
Place in the Acceptance of the Conservation of Energy —
by far the longest (pp. 235-428) and most important
chapter —Caneva traces how Helmholtz’s formulation
in his 1847 essay, “The sum of the existing living and
tensional forces is thus always constant” (p. 239), has
been transformed into a principle of the conservation
of energy. How does a paper first rejected by the phys-
ics community, yet hoping to find unifying elements
in nature, lead finally to the conservation of energy
(the first law of thermodynamics)? Even if one looks
closely at the phrase, “tensional” forces, one notices that
Helmholtz integrates force over distance, that is, force
is thought of in terms of the velocity of a body rather
than its acceleration. Force, for Helmholtz, is a measure
of the quantity of motion rather than a cause of motion.
Caneva’s goal is to render intelligible Helmholtz’s role
and significance in the complicated transition to the
final expression of the conservation law.

Near the end of the book, in the “Historiographical
Excursus,” Caneva critically assesses the work of earlier
commentators who have written about Helmholtz and
the conservation of energy. Thomas Kuhn (Caneva's
advisor), Yehuda Elkana, Peter Harman, Norton Wise,
all are subject to criticism. Caneva detects anachronistic
tendencies, lack of sound textual evidence, and a desire
to confirm a preconceived idea that lie at the root of
most failed interpretations (p. 499).

The book is not an easy read. Amidst all the intricate
detailed analysis and convoluted arguments what can
an ASA member profitably learn? First, clarification
of concepts can be a long and complicated process.
Think just of the historical development of the concept
of biological evolution. Secondly, ideas and concepts
are shaped by a myriad of causes and influences. The
art or skill lies in learning how to weigh the stunning
array of causes. In the case of Helmholtz, historians
have identified several causes: philosophical, physi-
cal, technological, physiological, and even cultural.
How to accurately weigh each factor without becom-
ing ahistorical, that is, misreading an author’s intent by
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reading modern concepts into it and becoming anachro-
nistic, has been Caneva’s goal.

Reviewed by Arie Leegwater, Department of Chemistry and
Biochemistry, Calvin University, Grand Rapids, MI 49546.

TECHNOLOGY

DOI: https://doi.org/10.56315/PSCF3-24Coeckelbergh

ROBOT ETHICS by Mark Coeckelbergh. Cambridge,
MA: MIT Press, 2022. 272 pages. Paperback; $16.95.
ISBN: 9780262544092.

Mark Coeckelbergh is Professor of Philosophy of
Media and Technology at the University of Vienna.
This compact and easy-to-read book is his second on
technology-related ethics, following his earlier Al Ethics
(2020). In Robot Ethics, Coeckelbergh surveys situations
where robots might be incorporated into daily life, and
then explores ethical implications in each.

The book begins by introducing the reader to the field
of robot ethics. As a first principle, “a robot cannot and
should not be reduced to the material artifact ‘robot’
but instead must be connected to its use, and its social
and cultural contexts” (p. 8). The author then identifies
a major stumbling block, namely, that there is no clear
definition of the term “robot.” To make matters even
more problematic this same definition limitation exists
for the closely related concept of artificial intelligence
(AI). In light of this lack of specificity, Coeckelbergh
casts a large net around multiple technologies and
machines that he considers related to robots or artificial
intelligence.

Coeckelbergh first explores the effect of robots in the
workplace and the resulting consequences for employee
safety and job security. He then discusses robot com-
panions and how these can be connected to a form of
deception. Coeckelbergh provides the following exam-
ple. Your elderly parent requires more care. You do not
have the time to provide said care. You hire or purchase
a robot that looks and behaves human-like to help. Do
you tell your elderly parent that the companion is a
robot? What if you do tell your parent that it is a robot,
but your parent insists that it is alive—are there ethi-
cal issues with a robot providing care to someone who
believes it is alive?

The author then explores the negative side of robot
companionship, the ethics of robot abuse. Since robots
are objects and the property of its owner, is it ethically
permissible for people to be violent or abusive to their
robots? Robot companionship leads to special forms
of robotic companions, such as healthcare robots and
personal assistant robots. When robots begin to replace
healthcare workers or other experts, then additional
problems arise, such as in quality of service, expertise,
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moral agency, and responsibility when things go wrong.
If your elderly parent is injured by the robot, who han-
dles your complaint? How much freedom should a
robot have to interact with the world on its own?

Continuing this theme, the author then explores addi-
tional robotic applications, such as self-driving cars,
military drones, and other examples to help the reader
grasp the breadth of the underlying ethical concerns
when autonomous machines intersect with humans.
“Robots function as mirrors that show and reflect us—
that is, the human being in all its facets, and with all
its problems and challenges, including ethical ones”
(p. 195).

At this point, the text turns to more futuristic con-
cerns. The book’s final chapters consist of three essays.
First, what ethical concerns should we consider when
robots become androids/cyborgs and start to look and
behave like us? People begin to use terminology like
“eerie” and “creepy.” Second, what happens when we
replace soldiers with robots? This takes us into the eth-
ics of automated war. Third, when should we start to
be concerned about our own existence? This gives rise
to the post-humanist view that idealizes a time when
people and technology merge into something new, like
cyborgs (merged biology and technology) or uploading
our consciousness into a computer (no longer need-
ing our body). Coeckelbergh contrasts the posthuman
view with what he thinks is a more useful ethic—envi-
ronmental ethics. “Instead of being mesmerized by
transhumanist science fiction and posthumanist fanta-
sies about cyborgs, we should focus on real and urgent
problems with the natural environment and our planet,
like climate change” (p. 204). He ends on a positive note
with society using robots and artificial intelligence to
work for the common good to solve global problems.

I found Robot Ethics to be enlightening, providing a
clear presentation of many ethical concerns that arise
with robots. Coeckelbergh not only introduces us to
the implications but also to the leading thinkers. As
practitioners and as a society, we do not put enough
thought into the effects our creations have on ourselves.
Consider, for example, the repercussions that ChatGPT
has on school assessment strategies as well as on the
writing, acting, and artistic guilds, as seen in recent
strikes in these professions. I have already recom-
mended the text to my coworkers working in artificial
intelligence and robotics. The text is not a warning to
stop advancement in robotics but instead a call to be
more reflective. I think the text would also work well
in a reading or study group. There are many ideas that
could be fruitfully explored in a group.

I found that the text has two minor weaknesses. An
inherent problem when casting a wide net is that dif-
ferent subjects can be treated as the same thing. In this
case, the author risks mixing standard weaknesses in
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engineering or business practice, with robotics, result-
ing in a less clear understanding of robot ethics. For
instance, is ChatGPT inherently harmful, or are the
harms associated with ChatGPT a function of the way
business introduced it to society? More specifically to
robotics, when does smart software evolve into robots?
For example, should your dishwasher be considered a
robot? If it can be controlled remotely from your cell
phone, does it qualify? What if we connect the dish-
washer to the internet of things managed by a machine
learning program that has figured out when you like to
wash? At this point, some would still say that the dish-
washer is not a robot, while others might say that it has
become that. The internet of things has its own ethical
and security problems not related to robotics; however,
merging the two in a conversation by calling it all robot-
ics lessens our understanding of robots.

I heard it once said that ethicists are great in analyz-
ing and defining ethical concerns, but not as good in
providing answers. This book raises many worthwhile
questions, but if you are expecting to find solutions,
then you will need to look elsewhere. The author wants
us to think about these things so that we do not sim-
ply walk into the future without care. Coeckelbergh
wants to identify the canaries in the coalmine, as it
were. This text is an exploration and introduction to the
key questions and people, not a compendium of ethi-
cal principles or solutions. I found this approach very
useful but felt like I wanted a little more. A small dose
of positivity would have been nice, with fewer post-
apocalyptic scenarios. Although the text’s purpose is
more modest, it would have also benefited from some
successful integration stories or theoretical integration
strategies.

Even though I did not like how the book began its
definition of robots (the author acknowledged the limi-
tations of his position), I highly recommend this book
as an introduction to the ethical questions and problem-
atic situations associated with robots. Robots are in our
future, whether we want them or not, so it is best to be
thinking about these sorts of important concepts.

Reviewed by Joseph Vybihal, Professor in the School of Computer
Science, McGill University, Montreal, QC H3A 0B9.

DOI: https://doi.org/10.56315/PSCF3-24Kirsch

THE REVOLT AGAINST HUMANITY: Imagining a
Future without Us by Adam Kirsch. New York: Colum-
bia Global Reports, 2023. 104 pages. Paperback; $16.00.
ISBN: 9781735913766.

In Eden, the serpent lied to Eve about the forbidden
fruit. She was told that disobedience would allow her
to “be like God.” Already bearing God’s image and
likeness, Adam and Eve swallowed the serpent’s lie,
together with the forbidden fruit. Wanting to be more
than mere creatures, wanting life on their terms, they
sinned against their creator. Likewise, their son Cain
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wants his way. God rejects Cain’s sacrifice but does
not reject Cain. Instead, God points to the root cause of
Cain’s sin and lays out the path to restoration. Cain’s
response? He kills his brother.

Throughout humanity’s long rebellion against God,
these two aspirations have persisted, together with
their common result. The first, the desire to “be like
God, knowing good and evil,” goes beyond intellectual
assent to intimacy with evil. And just as “Adam knew
Eve his wife, and she conceived and bore Cain,” inti-
macy with what God forbids gives birth to death. Then,
unable to sin without consequences, the second aspira-
tion is to destroy, to deface the created order and kill, to
embrace death as an escape from God.

The Revolt against Humanity presents and analyzes the
latest versions of these longstanding evil choices: trans-
humanism and Anthropocene antihumanism. Adam
Kirsch well describes the heart of the transhumanist
vision: the aspiration to transcend our creaturely status.
Ray Kurzweil, Max More, and others seek release from
all human suffering through science and technology.
By human reason alone, they would obtain godlike
powers, but not to please God, not to love God and
neighbor. Instead, they would overturn God’s decree,
summarized in Ezekiel 18, that “the soul who sins shall
die.”

What do transhumanists think of God? Well, most have
no use for the holy God of the Bible. Instead, they would
create “spiritual machines,” to use Kurzweil’s term, or
they would “create God” as members of the “Terasem
transreligion,” founded by Martine (formerly Martin)
Rothblatt, whose disdain for traditional accounts of
humanity and human limitations is expressed in her
book, From Transgender to Transhuman: A Manifesto on
the Freedom of Form. With such a god, transhumanists
believe that even the heat death of the universe is not
an obstacle. Science will surely reveal ways to alter the
very laws of the universe, won't it?

Ready to join the transhumanist movement? Few believ-
ers would. Instead, they would agree with Christina
Bieber Lake’s analysis of transhumanism, including
the claims of so-called Christian Transhumanism. Her
plenary address at ASA’s 2021 virtual annual meet-
ing —with responses from John Wood, William Hurlbut,
and Brent Waters—shows how its eschatology fails.
Technoscientific hyper-postmillennialism presumes that
salvation is achievable by human effort. It has no use
for Christ’s sacrifice for our sins, destroying fundamen-
tal Christian doctrines, such as hope in God and divine
grace.

Kirsch is no transhumanist. Instead, he sees transhu-
manism as an optimist’s escape from the problems of
this world. Yes, those problems may, at least in part,
be traced back to science and technology run amok: the
depletion of natural resources, pollution and climate
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change, species extinction, and the broader degrada-
tion of nature. These ills threaten what matters most
to transhumanists: the mind, with its ever-expanding
knowledge, driven by science.

What is the transhumanist solution? Acknowledging
that science and technology can be problematic, they
still believe more will do the trick, especially as they
produce advances in computers and information tech-
nology. After all, though minds have emerged from
our brains, they see no reason why they must be bio-
logical; artificial intelligence will serve just as well,
nay, even better. After the singularity, when computer
intelligence exceeds that of human beings, biological
life will be obsolete. In its place, life will continue in
computational systems, human minds being uploaded,
either from the living or the dead, their brains preserved
through cryonics.

Is transhumanism too optimistic? Perhaps, but Kirsch
is concerned about a darker alternative: Anthropocene
antihumanism. It sees humanity as an unfortunate and
unnatural infestation of Earth. Rather than enhance-
ments to human life, it believes eliminating humanity is
the answer. Nature, interpreted as inherently good and
robust, would recover. Its wonders would thrive, even
if no humans were around to observe it. Indeed, antihu-
manists seek to eliminate human perspectives of what it
means to thrive; anthropocentric definitions got us into
this mess, so it is critical to move past them.

Kirsch concludes with a quick survey of the spiritual
dimensions, broadly defined, of the rebellion by anti-
and transhumanists. He mentions the apocalyptic
elements of Christianity and other religious traditions,
the hopelessness of H.G. Wells as he anticipated the
extinction of human life, Nietzsche’s nihilism, Foucault’s
concerns about “biopolitics,” and the general loss of
meaning that has accompanied the rise of godless mod-
ern experimental science. With this background, Kirsch
looks to the future, but not with confidence. “We can
only hope that we don’t have the bad luck to be born
into the last generation, the one that sees humanity as
we have known it disappear.”

Kirsch does not offer a Christian response to the revolt
he describes; his spiritual commitments are not clear.
Still, The Revolt against Humanity offers a provocative
look at where progress has taken us, one Christians
should consider. Advances in science and technology
offer new ways to fulfill the first and second great com-
mandments, respectively. However, apart from faith in
God as their source, they cannot address the despair of
a frustrated world.

I recommend Kirsch’s book to Christians that view sci-
ence and technology as inherently good and beneficial.
Its few pages are thought-provoking, giving believers
many opportunities to reflect and check their Bibles
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for God’s answer to human sin: the gospel of Jesus
Christ. I also recommend a “Thinking in Public” inter-
view by Albert Mohler: “The New Religion of Artificial
Intelligence and Its Threat to Human Dignity—A
Conversation with Adam Kirsch,” recorded April
12, 2023. It is available online at https://albertmohler
.com/2023/04/12/adam-kirsch.

Reviewed by David C. Winyard Sr., Department of Engineering,
Grace College & Seminary, Winona Lake, IN 46590.
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HOW TO SELL A POISON: The Rise, Fall, and Toxic
Return of DDT by Elena Conis. New York: Bold Type
Books, 2022. 388 pages. Hardcover; $30.00. ISBN:
9781645036746.

Suppose you were creating a new college course on the
interaction between chemistry and public policy (this
happens to be true for this reviewer). Elena Conis’s
How to Sell a Poison would be a nearly perfect book
to read as you set your syllabus. The author presents
a thorough historical context with sufficient, but still
accessible, chemical detail. The book does not gloss
over complexities in the interactions between politi-
cians, industry, and environmental advocates, but it
also manages to compel the reader with winsome writ-
ing and a peppering of human-interest narratives. And
while the book inexplicably does not have a complete
set of references, it is an excellent resource for a reader
who wants to develop an understanding of the history
of DDT and why there are some who are calling for its
continued and increased usage to combat malaria.

The structure of How to Sell a Poison is mostly chrono-
logical, including some information of the early uses of
DDT by Swiss potato farmers, the promotion of its use by
the United States military in World War II, an explosion
of usage in the 1950s and 1960s as both an agricul-
tural and a consumer product, the mounting evidence
of DDT’s negative environmental impact, advocacy
and legislative action in the 1960s and 1970s, and the
ongoing debate regarding continued or increased use
of DDT to keep malaria in check. This historical struc-
ture is written in a compelling way, with most chapters
headed by an account of one of the primary actors in
an ongoing drama created by benefits and dangers of
the pesticide’s use. Going far beyond the well-known
story of Rachel Carson and her seminal Silent Spring
(1962), we meet chemists, soldiers, physicians, patients,
agricultural workers, government scientists, politicians,
supreme court justices, concerned citizens turned plain-
tiffs, journalists, environmentalists, industry executives,
and lobbyists. By the end of the book, the reader will
feel that they have been inside the mind of all of the
important actors in the multiact drama that was and is
DDT.

Conis includes sufficient chemical detail even while she
keeps the book accessible to a general audience. The
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reader comes to understand the molecular structure of
DDT, how it is synthesized, why it is persistent in the
environment, how it kills insects, and why it increas-
ingly bioaccumulates going up the food chain. These
details are not presented in a tacked-on chapter, but in
the historical context as needed to understand the DDT
narrative.

One of the greatest strengths of the book is that it does
not gloss over the complexities or nuances in the DDT
story. This is important to gain an authentic under-
standing of how DDT became ubiquitous and how it
fell out of favor. Yes, the story of Rachel Carson’s Silent
Spring is included, but so is the congressional testimony
that followed and the ultimate lobbying of tobacco
interests encouraging a DDT ban as part of a scape-
goat campaign to cover up their own cancer problems.
The reader also comes to understand the crucial role
that the DDT controversy played in the establishment
of the U.S. Environmental Protection Agency and the
Environmental Defense Fund. A true historian, Conis
gives you a compelling behind-the-scenes understand-
ing of who held influence regarding DDT and how their
influence was wielded.

Nearly every chapter begins with a narrative regarding
one of the main actors in the DDT story. This feature
makes the book easy to read and compelling. You see
the promise and the problems of DDT from the point
of view of a land developer, a chemist, a government
scientist, a physician, a health department officer, a
member of congress, an organic gardener caught in
the overspray, an attorney, an immigrant agricultural
worker, a bird enthusiast, the surgeon general, a uni-
versity professor, a journalist, the EPA director, the
mayor of a small town, and several others. As their sto-
ries are told, the reader is led to an understanding of the
many facets of DDT in an organic and interesting way.
Each story is backed up by references, as appropriate, to
letters, articles, books, or government documents. But
even as the stories are historically documented, they
read more like a story than a history textbook.

The one frustrating aspect of the book for this reviewer
is the lack of a comprehensive bibliography. The author
refers to many documents in the chapters, but then
does not include a complete reference to all of them so
that the reader can find those documents. This will not
bother most readers, but as an instructor designing a
class, this reader is seeking primary documents (public
laws, scientific journal articles) to give to my students
to directly illustrate the connections between chemistry
and public policy.

Overall, this is an excellent book for anyone who is seek-
ing a thorough and nuanced understanding of DDT.

Reviewed by Herb Fynewever, Professor of Chemistry, Calvin Uni-
versity, Grand Rapids, MI 49546.
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GOD’S GIFT OF SCIENCE: Theological Presupposi-
tions Underlying Exploration of the Natural World
by Graeme Finlay. Eugene, OR: Wipf & Stock, 2022.
156 pages. Paperback; $22.00. ISBN: 9781666748062.

Graeme Finlay has had a long career as a cancer
researcher and teacher of scientific pathology at the
University of Auckland, New Zealand.

Many different books have approached the very criti-
cal topic of science and faith over the last twenty years.
Polling research has shown that one of the principal rea-
sons that young people leave churches, and their faith,
is due to a perceived conflict between these two. It is a
topic that should concern us all, and it is very important
that it be approached from a variety of perspectives.

The particular approach of Finlay is not predominantly
as an academic expert in the history of science, nor as
one who is principally interested in winning critical
debate points in the science and faith dialogue, but as
a scientist who has lived this out and deeply studied
it at a personal level. Finlay links his understanding
of science, including its history and philosophy, to the
very nature and personality of God. One can sense the
spiritual depths of his personal faith in his writings. The
beauty of this book is that it brings a deep understand-
ing of science and connects its deep mysteries with the
nature and character of God. I have read and studied
many books on the topic of science and faith, but have
yet to see one presented in such an evidently personal
way.

One could look at the book with a strictly academic eye
and focus on missing arguments or insufficient detail
in some of the reflections, but that would be to miss
the point. At some level, we need to step back from
the mountains of information and make the science/
faith discussion real at the personal level, not just in our
minds, but also in our hearts and in our own faith walk.
That is the real value of this book.

Finlay’s book is divided into six chapters. The first
chapter, “Science is Not Self-Sufficient,” examines the
nature and limits of science. He quotes Nietzsche,

Strictly speaking, there is no such thing as science
“without any presuppositions” ... a philosophy,
a “faith” must always be there first, so that science
can acquire from it a direction, a meaning, a limit, a
method, a right to exist ... It is still a metaphysical
faith that underlies our faith in science. (p. 11)

Finlay then himself states, “If we are to live truthfully,
we should seek to discover the worldview that sustains
and informs the scientific enterprise” (p. 11). This turns
out to be the core truth that drives the entire book.
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The second chapter, “One Source of Creation,” relates
science to the nature of God. God is almighty, wise,
ordered, faithful, free, creative, holy, and redeeming.
He speaks to us and is to be worshipped. Although
each of these is treated as a small vignette, the sum total
of the chapter makes the very significant point that sci-
ence has emanated from, and is an integral part of, the
very quality and character of God. The science that we
observe and study is meant to bring us into relationship
with him. This is the principal and most powerful con-
tribution of this book.

Chapter three, “Science and the Nature of Humanity,”
outlines some of the social progress that has been
brought about by people of faith. He relates this to
humanity being made in the image of God (imago Dei)
and the biblical nature of work for the person of faith.
He examines the elimination of slavery, as well as con-
tributions to medicine and education/literacy. This part
mostly reads as a historical examination of the influence
of the Christian faith on social progress. I would have
been very interested to see how he views the role of
faith in more-contemporary topics of social discourse.

Chapter four, “The Death of Science,” outlines how
the author views the future of scientific endeavor in
the absence of a strong spiritual faith foundation. He
quotes Thorson, “If the age of science comes to an end,
it will really be because people collectively have not
cherished and sustained that practicing faith in the real-
ity and authority of truth” (p. 64). Finlay is convinced
of this and understands the “growing threats to science
in deeply theological terms” (p. 64). He discusses the
influence of powerful special interest groups, such as
the tobacco industry’s connection to cancer and the fos-
sil fuel industry to climate change, as examples where
strong commercial interests can undermine science. He
is concerned that the moral underpinnings of science
are weakening and that we need “to return to God on
whose truth science is most securely founded” (p. 68).

Chapter five, “Discovery in Theology and Science:
Surprise,” is an attempt to relate scientific discovery to
elements of surprise as seen in some passages in scrip-
ture. Although one can readily agree with the premise
that the surprise of scientific discovery is related to the
mystery of God, this part felt labored and did not really
work in my opinion. The most interesting part of the
chapter was the surprise/discovery he experienced in
his own research on cancer drug research and how that
relates to God.

Chapter six, “Science and Theology in Sustainability
and Justice,” is almost entirely an examination of
the severe consequences and implications of climate
change. This final chapter has the objective of bringing
everything up to the modern day and underlines our
responsibility to the planet as people of faith. Although
this is well referenced and is interesting, it is surprising
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that the author did not spend more time on his own
scientific discipline—it would have been very interest-
ing to have heard his insights about the future of cancer
research, its impact on humanity, and the role of faith.

Finlay’s book principally treats the question of why sci-
ence needs faith, and that is done quite well. One part
that was missing is the misunderstanding of science
within the church itself, and the dangers that arise in
faith communities when faith is dissociated from sci-
ence. I would have loved to have heard some of his
personal thoughts on this.

The book is highly footnoted, and the sources are quoted
heavily. This significantly adds to the book, especially
in the areas where Finlay is not an academic expert.
Many of the references are not particularly recent, but
I have come away with a list of books I want to read.
Overall, this is an excellent book that will stimulate
thinking in the area of science and faith and touch the
reader’s heart at the same time. I haven’t marked up a
book to this extent for a long time.

Reviewed by Basil D. Favis, Emeritus Professor, Department of

Chemical Engineering, Polytechnique Montréal, University of
Montréal, QC H3T 1]4.
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PROVIDENCE AND SCIENCE IN A WORLD OF
CONTINGENCY: Thomas Aquinas’ Metaphysics
of Divine Action by Ignacio Silva. Abingdon, UK:
Routledge, 2022. 170 pages. Paperback; $52.95. ISBN:
9781032002781.

Ignacio Silva (DPhil, Oxford) is an Argentinian theolo-
gian who specializes in the dialogue between science
and theology. This book is a proposal for fellow schol-
ars and others to reconsider the contribution of Thomas
Aquinas’s metaphysics as a means of resolving the ques-
tion of divine action in the light of science. Although
Aquinas is the thirteenth century’s most famous friar
and Catholicism’s most renowned theological authority
alongside Augustine, he is often viewed today as con-
tributing few insights as regards an allegedly “modern”
argument.

Silva argues that Aquinas supplies a way of getting
beyond two mistaken views held by people today:
(1) on the one hand, that God needs the natural world
to be fundamentally open to outside influence; and
(2) on the other hand, that God causes things to exist
in a way that is similar to the way other natural causes
cause things to occur.

Silva’s goal is to get beyond the current situation in
which “many today find it necessary to search for a
lack of natural causation so as to find a space for God to
act” (p. 139). According to this way of thinking, God’s
actions are only localized occasions, hence the school of
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thought known as occasionalism. Conversely, another
tendency is for believers to argue that God’s powers
are self-restricted in order to account for natural pow-
ers. The latter point of view is sometimes stipulated in
terms of the biblical concept of kenosis (“Christ ... emp-
tied himself,” Phil. 2:7).

Silva’s main point concerns a correct notion of causa-
tion such that we not restrict divine providence to an
inadequate understanding of causation: “the idea of
requiring insufficient causation for God to act depends
on a deterministic notion of causation that, ultimately,
renders God to act as a cause among causes” (p. 49).
Silva holds that much causation is subject to chance
contingencies. Thus, Silva’s strategy is to think of cau-
sation in the context of potency and act. This allows a
fresh and fuller way of dealing with the four param-
eters of divine providence: God’s omnipotence, God’s
involvement with nature, nature’s autonomy, and the
success of science. The scope of the inquiry is enormous
and Silva’s handling of the thought of Thomas Aquinas
is, unsurprisingly, difficult, yet hugely beneficial.

On the one hand, readers must be prepared for a dense
tutorial in accounts of causality, powers, natures, and
other metaphysical categories in order to appreciate the
argument of this book. On the other hand, the argument
over the relationship between God as the creating cause
of the world and the secondary causes that act to create
other effects in the world, is startlingly simple. It is best
understood as a form of instrumental causality accord-
ing to Silva. It is analogized (as so much of Aquinas’s
theology is) as follows:

The knife is moved by the man to cut, and to do it in
such a manner. Without the man’s power, the knife
could not cut, but without the edge of the knife, the
man could not cut in this manner ... the effect is
both produced completely by God and by the natu-
ral agent ... (p. 129)

Thus, without God, nature would not have the neces-
sary powers to cause the effects it possesses. Without
those natural efficient causes, God’s power could not
be effective. There is no split between divine and natu-
ral causation in any given effect; both are completely
causal of any given effect. It is analogically helpful,
although Silva does not discuss this idea, to invoke here
the Incarnation of Jesus Christ: he is both fully divine
and fully human, not half of each.

God acts in three ways: through creation itself, through
natural (secondary) causes, and through three types
of miracles—although, sadly, the latter do not receive
much attention in this book. But the threefold action
of God is intended to counter, on the one hand, the
view that causality is always deterministic and, on the
other hand, that God’s action in the universe endangers
nature’s autonomy.
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For some readers, the most difficult aspect of the argu-
ment will be the presentation of natural entities” powers
of operation in terms of the four Aristotelian causes. The
key is to think of causation in context. From Aristotle,
change is a key feature of contingency. Change is
organized into potency and act, essence and accident.
These categories explain how causation results in real
life. Moreover, theologically speaking, for Aquinas,
“affirming that natural things do not operate, and that
it is only God who does, diminishes the divine power”
(p- 98, quoting the Summa contra Gentiles III, c 69). This
is the counterintuitive power of the Thomist position.
It opposes the view that attributes all natural causes to
God’s intervention. Holding that view would mean,
in the end, that God actually does not create anything
apart from God. But for God to create a world means
to distinguish something apart from God and to allow
contingency to exist in the spatio-temporal realm. The
key point about the distinction between the eternal and
the temporal realms is to ask why God creates in this
way. Silva casually mentions that “God acts through
natural causes because of the immensity of his good-
ness ...” (p. 101). So, it is not a matter of metaphysical
necessity that lies behind the Thomist view, it is God’s
goodness that is the key.

The position that created natural things are themselves
creative needs to be exactingly well laid out; otherwise
this position will be perceived as a way of extracting
God from the world altogether. Here, Silva stipulates
that “God’s causality penetrates most intimately the
causality of created natural things,” while God upholds
the creation “in its being” (p. 99). This is uncontrover-
sial, but the provision for miracles is bound to raise
questions about why God would act in this way. What
Silva could have used are some examples of why some
philosophers dissent from Aquinas on miracles, with
responses to those dissents.

Silva covers an enormous amount of reflection on the
notion of causality, including some original and highly
potent insights. He claims that final causality is the
“cause of the efficient cause in terms of its causality”
(p. 71). This relationship, as well as the relationship
between the material and formal cause, as first demar-
cated by Aristotle, is laid out in dense, logical prose. The
book ends with some subtle yet significant comments
on the differences between Aquinas’s views and those
of twentieth-century thinkers such as Austin Farrer,
who referred to Aquinas in proposing a double agency
account of creation while resorting to fideism. Farrer
refused to suggest any explanation for the causal joint
between God’s creation and the world’s operation. This
analysis is original and should have been given more
prominence. There is, indeed, a great deal of difference
between fulsome and evasive double agency accounts
of created causality; however, Silva ignores almost com-
pletely the medieval development of the theorem of the
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“supernatural,” which came about because of the theo-
retical stance taken by Philip the Chancellor (d. 1236).
This lapse is not critical, but it does exemplify the lack
of a historical dimension to the book’s argument.

Another quandary concerns the book’s form of expo-
sition. It is largely descriptive. While its argument
details Aquinas’s metaphysics of causal relations and
the universe’s created dependency on God, it lacks a
dialectical edge. Although the argument is sufficiently
sound, it is in need of an engagement with the open
theists and others who would contest the account of
divine power that Thomas Aquinas developed. There
are quite a few references to other contemporary posi-
tions on providence and causality, especially in the final
chapter. The names of William Carroll, Robert Russell,
and Michael Dodds appear, but there could have been
a more probing engagement of these contemporary
voices. The Copenhagen interpretation of quantum
physics is treated in the light of the proposed view of
moderate determinism in contrast to the non-inter-
ventionist, objective (NIODA) view of divine action
in Robert Russell. Here, I'm unsure whether NIODA
has been properly interpreted. Although I think Silva’s
position is correct, is Russell’s understanding of God's
causality really reducible to natural causality as Silva
contends? The textual citations for this allegation are
not convincing.

Finally, despite what I take to be a largely satisfying
account of God’s creative action, the issue of evil and
theodicy are not dealt with in this book. Aquinas makes
contingency (and accidents in general) central for the
notion of creation. Silva sees contingency as a sign of the
perfection of divine providence, but this contradiction
(between created contingency and the fact of natural
“evil”) is a real difficulty for God’s involvement with
evil or deficient effects in creation. Regardless, alto-
gether this is a provocative, dense volume that could
easily have been double the length if key problems had
received more comprehensive treatment.

Reviewed by Paul Allen, Academic Dean, Corpus Christi College,
University of British Columbia, Vancouver, BC V6T 1]7.

A Call for Book Reviewers

The readers of PSCF have long appreciated the
many insightful book reviews published within
its covers. If you would be open to being asked
to contribute to this interesting and important
service of writing a book review, please send a
brief email that describes your areas of exper-
tise and preferred mailing address to Stephen
Contakes at scontakes@westmont.edu.
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