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ABSTRACT 
 Many barriers to the acceptance of the BioLogos model by evangelical 
Christians arise from popular misconceptions about the nature of science and 
its relationship to God's action in our world. These misconceptions mirror those 
held by the general public (and are regularly exploited by the new atheists).  

 CƻǊ ŜȄŀƳǇƭŜΣ ŘƛŦŦƛŎǳƭǘƛŜǎ ǊŜǎǳƭǘ ŦǊƻƳ ŎƻƴŦƭŀǘƛƴƎ άƳŜŎƘŀƴƛǎƳέ ŀƴŘ 
άƳŜŀƴƛƴƎέΦ ¢Ƙǳǎ ŎƭŀƛƳǎ ǘƘŀǘ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ ŎƻƳǇƭŜȄƛǘȅ ŀǊƻǳƴŘ ǳǎ ŀǊƻǎŜ ǘƘǊƻǳƎƘ 
regular physical processes often smell like deism or even atheism to the average 
person in our pews. A second set of issues clusters around popular views of 
natural theology where the waters are further muddied by the misuse of value-
ƭŀŘŜƴ ƳŜǘŀǇƘƻǊƛŎ ƭŀƴƎǳŀƎŜ όŜΦƎΦ άǊŀƴŘƻƳέ ŀƴŘ άǎŜƭŦƛǎƘ ƎŜƴŜέύ ǘƻ ŘŜǎŎǊƛōŜ 
biological evolution. Finally, difficulties also arise from questions of authority: 
Who can a Christian trust to judge the reliability and implications of new 
scientific findings?  

 

This essay will argue that to overcome these obstacles BioLogos should: 

 

1) Draw on the robust biblical theme that God sustains the world and the 
ǊƛŎƘ ǘǊŀŘƛǘƛƻƴ ƻŦ ǘƘŜƻƭƻƎƛŎŀƭ ǊŜŦƭŜŎǘƛƻƴ ƻƴ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ DƻŘΩǎ 
regular and miraculous acts. 

2) Carefully delineate the limits of natural theology, and develop a more 
nuanced set of metaphors to describe the emergence of biological 
complexity. 

3) Sensitively mediate between the community of Christian academic 
scientists, the Christian laity and the general public. 

 

INTRODUCTION 
 

 This most beautiful system of the sun, planets, and comets could only proceed from the counsel and 
 dominion of an intelligent and powerful Being. 

 - Sir Isaac Newton. Principia Mathematica (1687) 

 

tŜǊƘŀǇǎ ǘƘŜ Ƴƻǎǘ ǎǇŜŎǘŀŎǳƭŀǊ ŜŀǊƭȅ ǎǳŎŎŜǎǎ ƻŦ LǎŀŀŎ bŜǿǘƻƴΩǎ ǘƘŜƻǊȅ ƻŦ ƎǊŀǾƛǘŀǘƛƻƴ ǿŀǎ ƛǘǎ ƴŀǘǳǊŀƭ 
ŜȄǇƭŀƴŀǘƛƻƴ ŦƻǊ WƻƘŀƴƴŜǎ YŜǇƭŜǊΩǎ ƻōǎŜǊǾŀǘƛƻƴ ǘƘŀǘ ǘƘŜ ǇƭŀƴŜǘǎ ƻǊōƛǘ ǘƘŜ ǎǳƴ ƛƴ ŜƭƭƛǇǘƛŎŀƭ ƻǊōƛǘǎΦ  .ǳǘ ǳǇƻƴ 
further reflection, some nagging problems emerge. The perfect elliptical orbits are only valid for an isolated 
planet orbiting around the sun. Gravity works on all objects, and so the other planets perturb the motion of 
the Earth, potentially leading to its ejection from the solar system. This problem vexed Sir Isaac, who 
ǇƻǎǘǳƭŀǘŜŘ ǘƘŀǘ DƻŘ ƻŎŎŀǎƛƻƴŀƭƭȅ άǊŜŦƻǊƳŜŘέ ǘƘŜ ǇƭŀƴŜǘǎΣ ǇŜǊƘŀǇǎ ōȅ ǎŜƴŘƛƴƎ ǘƘǊƻǳƎƘ ŀ ŎƻƳŜǘ ǿƛǘƘ Ƨǳǎǘ ǘƘŜ 
right trajectory. 

How Does the BioLogos Model Need to Address Concerns Christians Have About the 
Implications of its Science? 
    

Many difficulties that evangelical 

Christians have with the science of the 

BioLogos model are caused not so 

much by evolutionary biology itself (the 

visible part of the "iceberg"), but rather 

by unrecognized assumptions that may 

lie deep under the surface. These 

submerged issues include popular 

notions of how God acts in the world 

(divine action), rationalistic natural 

theologies, misunderstood metaphors, 

and questions about who Christians 

should trust in the academy.  
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 In a famous exchange of letters, cut short only by his death in 1716, Gottfried Wilhelm Leibniz took 
Sir Isaac to task for his view.  He objected that:  

 

if God had to remedy the defects of His creation, this was surely to demean his craftsmanship.1 

 

And moreover that: 

 

 ..when God works miracles, he does it not to meet the needs of nature but the needs of grace. 
 Anyone who thinks differently must have a very mean notion of the wisdom and power of God.2 

 

In other words, the regular sustaining activity of God, as evidenced by natural laws, should be sufficient to 
explain the regular behavior of the solar system, without the need for additional ad-hoc interventions. 
Making it right the first time is more glorious than having to fix it later. Moreover, when God deviates from 
his regular sustaining activity to perform miracles, he does so for soteriological reasons, not to repair 
nature. 

 When I present this story to an evangelical Christian audience, most side with Leibniz: they agree 
ǘƘŀǘ ƛǘ ƛǎ ƛƴŘŜŜŘ ƳƻǊŜ ƎƭƻǊƛƻǳǎ ƛŦ DƻŘ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ƻŎŎŀǎƛƻƴŀƭƭȅ ǊŜŦƻǊƳ ǘƘŜ ǇƭŀƴŜǘǎΦ  ! ƎƻƻŘ Ƴŀƴȅ ǿƛƭƭ 
ƎǊŀƴǘ ƳŜ ǘƘŀǘ [ŜƛōƴƛȊΩǎ Ǉƻƛƴǘ ƻƴ ƳƛǊŀŎƭŜǎ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ .ƛōƭŜΦ .ǳǘ ƛŦ L ǘǊȅ ǘƻ ǇǳǎƘ ǘƘŜ ŀƴŀƭƻƎȅ ŦǳǊǘƘŜǊ 
and suggest that it could be more glorious for God to create the rich biological diversity we observe around 
ǳǎ ǘƘǊƻǳƎƘ ŀ Ŏƻƴǘƛƴǳƻǳǎ ŜǾƻƭǳǘƛƻƴŀǊȅ ǇǊƻŎŜǎǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ōȅ ŜǇƛǎƻŘƛŎ άƛƴǘŜǊǾŜƴǘƛƻƴέΣ Ƴȅ ŀǳŘƛŜƴŎŜ ƛǎ 
typically much more skeptical.  And I have some sympathy for their apprehension. Living beings impinge 
more closely on theology than planets do. 

 This response to the Leibniz-Newton exchange encapsulates many of the main themes of this essay. 
While theological concerns about evolution and how it relates to the fall and Adam are tremendously 
important, I will argue that other factors also play a key role in the resistance of many Christians towards 
evolutionary science.  Like the proverbial iceberg, these issues lie submerged beneath the surface and will 
sink discussions about evolution unless they are recognized. 

 ¢ƘŜ ŦƛǊǎǘ ŎƭǳǎǘŜǊ ƻŦ ǎǳōƳŜǊƎŜŘ ƛǎǎǳŜǎ ǎǳǊǊƻǳƴŘǎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ DƻŘΩǎ ŀŎǘƛƻƴ ƛƴ ǘƘŜ ǿƻǊƭŘΦ 
In popular culture, a scientific explanation of the physical mechanisms by which a process occurs is often 
privileged as the primary source of meaning and purpose -- ŜΦƎΦ άǿŜ ǳǎŜŘ ǘƻ ǘƘƛƴƪ ǘƘŀǘ DƻŘ ŎǊŜŀǘŜŘ ǘƘŜ 
ǿƻǊƭŘΣ ōǳǘ ƴƻǿ ǿŜ ƪƴƻǿ ǘƘŀǘ ƛǘ ǿŀǎ ǘƘŜ .ƛƎ .ŀƴƎέΦ3 Furthermore, even among Christians, the influence of 
modern concepts like a semi-independent Nature lead to the expectation that God mainly acts by 
supernatural intervention in the physical world.  Thus the worry arises that if a comprehensive scientific 
ŀŎŎƻǳƴǘ ƻŦ ŀ ǇǊƻŎŜǎǎ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘΣ DƻŘΩǎ ǇƻǿŜǊ ŀƴŘ ǇǊŜǎŜƴŎŜ ŀǊŜ ŘƛƳƛƴƛǎƘŜŘΦ 

 The second cluster of issues arises from popular views of natural theology. Despite warnings from 
great thinkers such as Pascal, Newman and Barth4, the idea that an unbiased observer should be able to 
ǳǎŜ ǎŎƛŜƴŎŜ ǘƻ ŦƛƴŘ ǳƴŀƳōƛƎǳƻǳǎ ŜǾƛŘŜƴŎŜ ŦƻǊ DƻŘΩǎ ŜȄƛǎǘŜƴŎŜ ƛǎ ǊŜƳŀǊƪŀōƭȅ ǊŜǎƛƭƛŜƴǘ ŀƳƻƴƎ /ƘǊƛǎǘƛŀƴǎΦ 
Furthermore, many attempts at natural theology rely heavily on value-laden metaphors that come from 
popularizations of science. This cuts both ways. On the one hand Archdeacon Paley saw the hand of God in 
the intricate watch-ƭƛƪŜ άŎƻƴǘǊƛǾŀƴŎŜǎ ƻŦ ƴŀǘǳǊŜέ5, while on the other hand Richard Dawkins sees a pitiless 
ŀƴŘ ƛƴŘƛŦŦŜǊŜƴǘ άōƭƛƴŘ ǿŀǘŎƘƳŀƪŜǊέ6 in what he believes are the wasteful and purposeless processes of 
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ŜǾƻƭǳǘƛƻƴΦ  !ƭǘƘƻǳƎƘ ǘƘŜƛǊ ŎƻƴŎƭǳǎƛƻƴǎ ŎƻǳƭŘƴΩǘ ōŜ ƳƻǊŜ ŘƛŦŦŜǊŜƴǘΣ ōƻǘƘ ŀǊŜ ŜƴƎŀƎƛƴƎ ƛƴ ŀ ƴŀǘǳǊŀƭ ǘƘŜƻƭƻƎȅ 
based on similar rationalistic assumptions. 

 It would greatly facilitate the in-house Christian conversation about evolution if we could loosen the 
grip of these modernist versions of natural theology. Nevertheless, metaphors do matter. I think that is 
why my audiences are reasonably happy with a God who places the planets in stable orbits without further 
intervention, while they are much less comfortable with a God who uses evolution, for which popular 
descriptions use morally loaded words like chance, random, purposeless and survival of the fittest. I will 
argue that these popular metaphors may not be the best ways to describe the richness of current 
evolutionary theory. 

 The final cluster of issues concerns the critical problem of trust and the world of higher learning. 
How Christians should relate to the full spectrum of ideas surrounding modern biological evolution is a 
complex question that needs expert input from geologists, chemists, biologists, philosophers, historians, 
theologians and perhaps even physicists. Should Christians rely on individuals they trust or can these kinds 
ƻŦ ǉǳŜǎǘƛƻƴǎ ƻƴƭȅ ōŜ ŀŘŘǊŜǎǎŜŘ ōȅ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦ ǎŎƘƻƭŀǊǎΚ  IŜǊŜ L ŀƳ ƘŜŀǾƛƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ aŀǊƪ bƻƭƭΩǎ 
prophetic book, The Scandal of the Evangelical Mind, Eerdmans (1994). He points out that although 
Evangelicals exhibit an extraordinary range of virtues, careful engagement with the intellectual world is not 
ǳǎǳŀƭƭȅ ƻƴŜ ƻŦ ǘƘŜƳΦ ¢Ƙƛǎ ƛǎ ŎǳǊƛƻǳǎ ōŜŎŀǳǎŜ ƳƻŘŜǊƴ 9ǾŀƴƎŜƭƛŎŀƭǎ ŘŜǎŎŜƴŘ ŦǊƻƳ άleaders and movements 
distinguished by probing, creative, fruitful attention to the mindΦέ  

 

Moreover, 

 

If Evangelicals are the ones who insist most aggressively that they believe in sola scriptura, and if 
Evangelicals are the ones who assert most vigorously the transforming work of Jesus Christ, then it is 
reasonable to hope that what the Scriptures teach about the origin of creation in Christ, the 
sustaining of all things in Christ, and the dignity of all creation in Christ -- about, in other words, the 
subjects of learning -- will be a spur for Evangelicals to a deeper and richer intellectual life: "He is 
before all things, and in him all things hold together" (Colossians 1:15-17).7 

 

 ΨLƴ ƘƛƳ ŀƭƭ ǘƘƛƴƎǎ ƘƻƭŘ ǘƻƎŜǘƘŜǊΩ: how can BioLogos help our brothers and sisters in Christ to explore how 
this confession relates to what science has discovered about the origins of the biological complexity we see 
around us? 

 

SCIENCE AND THE BIBLE 
 

 The Son is the radiance of God's glory and the exact representation of his being, sustaining all things 
 by his powerful word.  

- Hebrews 1:3 

 

 Are not two sparrows sold for a penny? Yet not one of them will fall to the ground apart from the 
 will of your Father. And even the very hairs of your head are all numbered. So don't be afraid; you 
 are worth more than many sparrows.  

- Matthew 10:29-31 
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 The Bible opens with a glorious account of the one almighty God who has only to speak and the 
world comes into being.  These early chapters of Genesis lay down themes that are expanded and 
elaborated in the many other biblical creation passages.8 A message we moderns may not pick up on so 
Ŝŀǎƛƭȅ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ōȅ ƭƛǘŜǊŀǊȅ ŘŜǾƛŎŜǎ ǎǳŎƘ ŀǎ ǳǎƛƴƎ ǘƘŜ ǿƻǊŘǎ άƎǊŜŀǘŜǊ ƭŀƳǇέ ŀƴŘ άƭŜǎǎŜǊ ƭŀƳǇέ ƛƴǎǘŜŀŘ ƻŦ 
the usual Hebrew words to refer to the sun and the moon and moreover relegating them (together with 
ǘƘŜ ǎǘŀǊǎ ŀƭƳƻǎǘ ŀǎ ŀƴ άŀŦǘŜǊǘƘƻǳƎƘǘέύ ǘƻ ǘƘŜ ŦƻǳǊǘƘ ŘŀȅΦ9 Why was this done? Almost certainly because the 
people of Israel were tempted to worship the sun and moon. Declaring that these heavenly bodies were 
physical objects rather than beings who control our lives may seem unremarkable to our modern ears, but 
it would have sounded incredibly daft to the intelligentsia of the day, who were, after all, astrologers. 

 Today the dominant assumption among the intelligentsia is very different, namely an autonomous 
άƳƻǘƘŜǊ ƴŀǘǳǊŜέ ǘƘŀǘ Ǌǳƴǎ ƻƴ ƛǘǎ ƻǿƴΦ LŦ ǘƘŜǊŜ ƛǎ ŀ DƻŘΣ ǘƘŜƴ ǘƘŜȅ ŦŜŜƭ ƘŜ ǎƘƻǳƭŘ ǎƘƻǿ ƘƛƳǎŜƭŦ ōȅ 
intervening τ άǇƻƪƛƴƎ ƛƴǘƻέ τ that world. These same influences lead Christians down blind apologetic 
ŀƭƭŜȅǎ ƭƛƪŜ ŀǊƎǳƛƴƎ ŦƻǊ ŀ άDƻŘ ƻŦ ǘƘŜ ƎŀǇǎέΦ10 This modern Christian temptation has its roots in the same 
heresy as the one that plagued the ancients: a misunderstanding of the sovereignty of God over all 
creation. 

 hǳǊ ƳƻŘŜǊƴ ŎƻƴŎŜǇǘ ƻŦ άbŀǘǳǊŜέ ŀǎ ŀƴ Ŝƴǘƛǘȅ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ DƻŘ Ŏŀƴƴƻǘ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ .ƛōƭŜΦ 
LƴǎǘŜŀŘΣ ǘƘŜ ŎǊŜŀǘƛƻƴ ǇŀǎǎŀƎŜǎ ŜƳǇƘŀǎƛȊŜ ŀ DƻŘ ǿƘƻ άǎǳǎǘŀƛƴώǎϐ ŀƭƭ ǘƘƛƴƎǎ ōȅ Ƙƛǎ ǇƻǿŜǊŦǳƭ ǿƻǊŘέ όIŜō мΥоύΦ  
That is why, for example in Psalm 104, the point of view fluidly changes back and forth from direct action 
by God τ άHe makes springs pour water into ravinesέ τ to water acting on its own τ άώǘƘŜ ǿŀǘŜǊϐ Ŧƭƻǿǎ 
down the mountainsέΦ {ǳŎƘ Řǳŀƭ ŘŜǎŎǊƛǇǘƛƻƴǎ ŀǊŜ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻŦ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎΦ ²ƛǘƘƛƴ ŀ 
robust biblical theism, if God were to stop sustaining all things, the world would not slowly grind to a halt 
or descend into chaos; it would simply stop existing. 

 So how should we think about science then? Certainly modern science was not present at the time 
that the Bible was written. It is a good hermeneutical principle that God inspired the biblical authors to 
write within the confines of their own culture.11 So to first order the Bible is not directly concerned with the 
practice of modern science. Nevertheless there are principles that can be brought to bear. Out of a rich 
ǘƘŜƻƭƻƎƛŎŀƭ ǘǊŀŘƛǘƛƻƴ ƻŦ ǊŜŦƭŜŎǘƛƻƴ ƻƴ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ DƻŘΩǎ ƳƛǊŀŎǳƭƻǳǎ ŀŎǘǎ ŀƴŘ Ƙƛǎ ǊŜƎǳƭŀǊ 
sustenance of nature the following ideas emerge: If the regularities of nature are a manifestation of the 
faithful sustenance of an eternal and unchanging God then one would expect them to be trustworthy and 
ŎƻƴǎƛǎǘŜƴǘΦ ¢ƘŜ ǊŜƎǳƭŀǊ ōŜƘŀǾƛƻǊ ƻŦ ƴŀǘǳǊŜ ŎƻǳƭŘ ōŜ ǾƛŜǿŜŘ ŀǎ ǘƘŜ άŎǳǎǘƻƳǎ ƻŦ ǘƘŜ ŎǊŜŀǘƻǊέΦ /ƘǊƛǎǘƛŀƴǎ 
ƎƭƻǊƛŦȅ DƻŘ ōȅ ǎǘǳŘȅƛƴƎ ǘƘŜǎŜ άƭŀǿǎ ƻŦ ƴŀǘǳǊŜΦέ ! ǎǘǊƻƴƎ ŎŀǎŜ Ŏŀƴ ōŜ ƳŀŘŜ ǘƘŀǘ ǎǳŎƘ ǘƘŜƻƭƻƎƛŎŀƭ ǊŜŀƭƛȊŀǘƛƻƴǎ 
helped pave the way for the rise of modern science itself.12 

 .ȅ ǘƘŜ ǘƛƳŜ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅ ƻŦ [ƻƴŘƻƴΣ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ǎŎƛŜƴǘƛŦƛŎ ǎƻŎƛŜǘȅΣ ǿŀǎ ŦƻǳƴŘŜŘ ƛƴ мсслΣ 
/ƘǊƛǎǘƛŀƴ ǘƘƛƴƪŜǊǎ ƭƛƪŜ ǘƘŜ ǇƻŜǘ WƻƘƴ 5ƻƴƴŜΣ ǘƘŜƴ 5Ŝŀƴ ƻŦ {ǘΦ tŀǳƭΩǎ /ŀǘƘŜŘǊŀƭ ƛƴ [ƻƴŘƻƴΣ ŎƻǳƭŘ ǿǊƛǘŜΥ  

 

 the ordinary things in Nature, would be greater miracles than the extraordinary, which we admire 
 most, if they were done but once... only the daily doing takes off the admiration.13 

 

These theological principles naturally explain why one might expect the universe to exhibit properties like 
uniformity, rationality and intelligibility that undergird science. It is less clear how to justify these 
metaphysical principles from a purely naturalistic framework.14 
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 What about miracles then?15 Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜƳŜƳōŜǊ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƴƻǘ Ƨǳǎǘ άǿƻƴŘŜǊǎέ όǘŜǊŀǎύ 
for us to marvel at, but signs (semion) or works of power (dunamis). They occur when, to achieve his divine 
purposes, God chooses to sustain the world in a manner that is different from the way he normally does. 

 We thus see that within the biblical framework of a God who faithfully sustains the world we have 
good reason to expect that: 

 

1) ¢ƘŜ ǎŎƛŜƴǘƛŦƛŎ ƳŜǘƘƻŘ ǿƛƭƭ ƘŀǾŜ ǎǳŎŎŜǎǎ ƛƴ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ άŎǳǎǘƻƳǎ ƻŦ ǘƘŜ ŎǊŜŀǘƻǊέΣ ǘƘŀǘ ƛǎΣ ǘƘŜ 
regular ways that God interacts with and sustains the world. 

2) God can also interact in less customary ways and do miracles, but since we do not have full access 
to the divine mind, we cannot know or control all the conditions, nor repeat them. Thus by 
definition they fall outside of the remit of science. You could almost say that the Bible teaches that 
miracles are unscientific (although of course science could measure their consequences). 16 

 

¢Ƙƛǎ ōǊƛƴƎǎ ǳǎ ōŀŎƪ ǘƻ [ŜƛōƴƛȊΩǎ ǘǿƻ ŎǊƛǘƛŎƛǎƳǎ ƻŦ bŜǿǘƻƴΦ {ǘǊƛŎǘƭȅ ǎǇŜŀƪƛƴƎΣ ǘƘŜ ŦƛǊǎǘ ƻƴŜ -- that it demeans 
DƻŘΩǎ ŎǊŀŦǘǎƳŀƴǎƘƛǇ ƛŦ ƘŜ Ƙŀǎ ǘƻ ƛƴǘŜǊǾŜƴŜ ƛƴ ƴŀǘǳǊŜ -- cannot be directly derived from the Bible. God is 
free; he can sustain the universe in whatever way he pleases. Nevertheless the sentiment behind this 
critique builds on a venerable theological tradition of the eternal and unchanging God faithfully sustaining 
the world in a regular way. 

 The second criticism ς ǘƘŀǘ DƻŘ ŘƻŜǎƴΩǘ Řƻ ƳƛǊŀŎƭŜǎ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǿŀƴǘǎ ƻŦ ƴŀǘǳǊŜΣ ōǳǘ ǊŀǘƘŜǊ ǘƘƻǎŜ 
of grace ς builds on the more explicit Biblical theme that God performs miracles for his divine purposes. 
Fundamentally, the question of whether God did or did not use miracles in natural history is only accessible 
to us through revelation.17 Most commentators would say that the creation passages, rich though they are, 
are simply not concerned with this question. 

 bŜǿǘƻƴΩǎ ǊŜǇƭȅ ǘƻ [ŜƛōƴƛȊΩǎ ŎǊƛǘƛŎƛǎƳ ǿŀǎ ǘƘŀǘ ƛŦ άFrom the beginning of creation, everything has 
happened without any regulation or intervention by Godέ ǘƘŜƴ ǘƘƛǎ ǿƻǳƭŘ ǎǘǊŜƴƎǘƘŜƴ ǘƘŜ ƘŀƴŘǎ ƻŦ ŘŜƛǎǘƛŎ 
or atheistic sceptics.18 

  So does the argument that God mainly sustains the physical world in a regular way lead to deism?  
It is true that if we could find an unambiguous miracle in natural history, then this would weaken the case 
ŦƻǊ ŘŜƛǎƳΦ .ǳǘ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛǘ Ŏŀƴ ōŜ ŀǊƎǳŜŘ ǘƘŀǘ ƛƴ bŜǿǘƻƴΩǎ ǇƘǊŀǎŜ άƛƴǘŜǊǾŜƴǘƛƻƴ ōȅ DƻŘέ ǿŜ Ŏŀƴ 
spot the seeds τ underlying assumptions of a quasi-independent nature in which God occasionally 
intervenes19 τ that helped deism flourish in the centuries that followed him.   

 ¢ƘŜ .ƛōƭŜ ŘƻŜǎƴΩǘ ƭŜŀǾŜ ŀƴȅ ǊƻƻƳ ŦƻǊ ǎǳŎƘ ŘŜƛǎǘƛŎ ŀǎǎǳƳǇǘƛƻƴǎΦ20 Although it is silent on the exact 
mechanisms by which God acts in the world (as fascinating and important as this question is21) it is loud and 
ŎƭŜŀǊ ƛƴ ƛǘǎ ǇǊƻŎƭŀƳŀǘƛƻƴ ǘƘŀǘ DƻŘΩǎ ǇǊƻǾƛŘŜƴŎŜ ŜȄǘŜƴŘǎ ǘƻ ŀƭƭ ƻŦ ŎǊŜŀǘƛƻƴΦ IŜ ƛǎ ǎƻǾŜǊŜƛƎƴ ƻǾŜǊ ǘƘŜ ǿƘƻƭŜ 
caboodle. We are called to trust in a God who cares for the sparrows and numbers the hairs on our head. 
We are warned against the ancient heresy of worshiping a magical and capricious creation, and also against 
ǘƘŜ ƳƻŘŜǊƴ ƘŜǊŜǎȅ ƻŦ ŘŜƛǎƳΣ ōŜ ƛǘ ƳŜǘŀǇƘȅǎƛŎŀƭ ƻǊ ǇǊŀŎǘƛŎŀƭΣ ǿƘŜƴ ŜǾŜƴ /ƘǊƛǎǘƛŀƴǎ ƭƛǾŜ ŀǎ ƛŦ DƻŘ ǿƻƴΩǘ ŀŎǘ ƛƴ 
their lives:  

 

 Therefore I tell you, do not worry about your life, what you will eat or drink; or about your body, 
what you will wear. Is not life more important than food, and the body more important than 
clothes? Look at the birds of the air; they do not sow or reap or store away in barns, and yet your 
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heavenly Father feeds them. Are you not much more valuable than they? Who of you by worrying 
can add a single hour to his life? 

  

 And why do you worry about clothes? See how the lilies of the field grow. They do not labor or spin. 
Yet I tell you that not even Solomon in all his splendor was dressed like one of these. If that is how 
God clothes the grass of the field, which is here today and tomorrow is thrown into the fire, will he 
not much more clothe you, O you of little faith? So do not worry, saying, 'What shall we eat?' or 
'What shall we drink?' or 'What shall we wear?' For the pagans run after all these things, and your 
heavenly Father knows that you need them. But seek first his kingdom and his righteousness, and all 
these things will be given to you as well.  

- Matthew 6:25-33 

 

SCIENCE AND NATURAL THEOLOGY 

 
The heavens declare the glory of God;  
the skies proclaim the work of his hands. 

- Psalm 19:1 

 

For since the creation of the world God's invisible qualities -- his eternal power and divine nature --
have been clearly seen, being understood from what has been made, so that men are without 
excuse.  

- Romans 1:20 

 

 I wonder at the hardihood with which such persons undertake to talk about God. In a treatise 
 ŀŘŘǊŜǎǎŜŘ ǘƻ ƛƴŬŘŜƭǎ ǘƘŜȅ ōŜƎƛƴ ǿƛǘƘ ŀ ŎƘŀǇǘŜǊ ǇǊƻǾƛƴƎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ DƻŘ ŦǊƻƳ ǘƘŜ ǿƻǊƪǎ ƻŦ 
 Nature . . . this only gives their readers grounds for thinking that the proofs of our religion are very 
 weak. . . . It is a remarkable fact that no canonical writer has ever used Nature to prove God.  

- Blaise Pascal, Pensés, iv, 242, 243 

 

The Bible repeatedly proclaims that the whole of the cosmos declares the glory of God. It even goes so far 
ŀǎ ǘƻ ǎŀȅ ǘƘŀǘ ƳŜƴ ŀǊŜ ǿƛǘƘƻǳǘ ŜȄŎǳǎŜ ōŜŎŀǳǎŜ DƻŘΩǎ ŜǘŜǊƴŀƭ ǇƻǿŜǊ ŀƴŘ ŘƛǾƛƴŜ ƴŀǘǳǊŜ Ŏŀƴ ōŜ ǳƴŘŜǊǎǘƻƻŘ 
from what has been made (Rom 1).  This must surely mean that, however vaguely, people can perceive 
attributes of God by their own observations of nature.  Extracting such knowledge about God from nature 
ƛǎ ŎŀƭƭŜŘ άbŀǘǳǊŀƭ ¢ƘŜƻƭƻƎȅέΦ22 

 Since these passages of inspired Scripture apply to people of all cultures over all of human history, it 
must be the case that, in the words of James Barr:  

 

 Lǘ ƛǎ Ŝŀǎƛƭȅ ŀǾŀƛƭŀōƭŜ ǇǳōƭƛŎ ƪƴƻǿƭŜŘƎŜ ώǘƘŀǘ ƛǎ ǎŜŜƴϐ ōȅ ŜǾŜǊȅƻƴŜΧƴƻǘΧƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ ƛǎ ƴƻǘ 
 ƻǘƘŜǊǿƛǎŜ ƪƴƻǿƴΥ ƛǘ ƛǎ ǊŀǘƘŜǊΧƻŦ ƴŜǿ ƛƴǎƛƎƘǘ ƛƴǘƻ ƳŀǘǘŜǊ ǘƘŀǘ ƛǎ ŀƭǊŜŀŘȅ άƴŀǘǳǊŀƭƭȅέ ƪƴƻǿƴ ŀƴŘ 
 ŦŀƳƛƭƛŀǊΩ23 
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 It is therefore unclear how modern science fits into this picture. Nevertheless, given that science 
allows us to understand so much more about nature, should we not be able to use these advances to learn 
more about God? It has certainly been tempting to think along these lines, especially as science increasingly 
ŀŎǉǳƛǊŜŘ ŎǳƭǘǳǊŀƭ ǇǊŜǎǘƛƎŜΦ !ǘǘŜƳǇǘǎ ŀǘ ǎǳŎƘ ŀ ƴŀǘǳǊŀƭ ǘƘŜƻƭƻƎȅ ǊŜŀŎƘŜŘ ǘƘŜƛǊ ŀǇƻƎŜŜ ǿƛǘƘ ²ƛƭƭƛŀƳ tŀƭŜȅΩǎ 
Natural Theology; or, Evidences of the Existence and Attributes of the Deity (1802), and the subsequent 
.ǊƛŘƎŜǿŀǘŜǊ ¢ǊŜŀǘƛǎŜǎ ǿǊƛǘǘŜƴ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜ άǇƻǿŜǊΣ ǿƛǎŘƻƳΣ ŀƴŘ ƎƻƻŘƴŜǎǎ ƻŦ DƻŘ ŀǎ ƳŀƴƛŦŜǎǘŜŘ ƛƴ 
ǘƘŜ ŎǊŜŀǘƛƻƴΦέ aȅ ŦŀǾƻǊƛǘŜ ǘƛǘƭŜ ƛǎΥ Chemistry, Meteorology, and the Function of Digestion: Considered with 
Reference to Natural Theology (1834), written by William Prout (1785ς1850). Finding God in digestion? 
Really.  

 It should be noted that even during the nineteenth century heyday of natural theology, there was 
considerable Christian pushback. The more evangelical wing of the church worried that these arguments 
ŘƛŘƴΩǘ Ǉǳǘ ŜƴƻǳƎƘ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ .ƛōƭŜ ƻǊ ǘƘŜ ǎŀǾƛƴƎ ǿƻǊƪ ƻŦ /ƘǊƛǎǘΦ aƻǊŜ ŦŀƳƻǳǎƭȅΣ /ŀǊŘƛƴŀƭ IŜƴǊȅ 
Newman, perhaps the most important British theologian of the nineteenth century, was deeply 
unimpressed, arguing that natural theology would lead to atheism.24 Later, Karl Barth, perhaps the most 
influential Protestant theologian of the twentieth century, famously rejected natural theology with an 
ŜƳǇŀǘƘŜǘƛŎ άbŜƛƴΗέ25 

 

L ōŜƭƛŜǾŜ ƛƴ WŜǎǳǎ /ƘǊƛǎǘΣ DƻŘΩǎ {ƻƴ ƻǳǊ [ƻǊŘΣ ƛƴ ƻǊŘŜǊ ǘƻ ǇŜǊŎŜƛǾŜ ŀƴŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ DƻŘ 
Almighty, the Father, is Creator of heaven and earth. If I did not believe the former, I could not 
perceive and understand the latter.26 

 

These great theologians were unhappy with the accommodation of natural theology to the rationalistic 
presuppositions of the Enlightenment and its independence from revelation and the centrality of Christ. 
¢ƘŜȅ ŘƛŘƴΩǘ ǘƘƛƴƪ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ǊŜƭƛŀōƭŜ ǘƘŜƻƭƻƎƛŎŀƭ ƪƴƻǿƭŜŘƎŜΦ 

 In spite of this sustained critique by many theological heavyweights (which continues today), 
modern versions of Paleyesque natural theology remain surprisingly popular in Christian apologetics.27 In 
part this is a reaction to an equally a-historical anti-Christian apologetic that makes use of a similar type of 
natural theology to argue that God does not exist (Richard Dawkins would be the best known exponent). 
Both sides are beholden to the same rationalistic evidentialism that Newman, Barth and others (e.g. 
Plantinga and other exponents of Reformed epistemology) so emphatically reject. Until they understand 
their shared underlying presuppositions, both sides will continue to be locked into a destructive symbiotic 
embrace. 

 The attraction of a Paleyesqe natural theology may have other roots as well. As Mark Noll points out 
in his essay, Evangelicals, Creation, and Scripture: An Overview, ǿǊƛǘǘŜƴ ŦƻǊ ƭŀǎǘ ȅŜŀǊΩǎ .ƛƻ[ƻƎƻǎ ƳŜŜǘƛƴƎΣ 
another popular assumption, widely shared by many Christians and their atheist interlocutors, is univocity:  

 

 once something is explained clearly and completely as a natural occurrence, there is no other realm 
 of being that can allow it to be described in any other way.  

 

This leads to well-known fallacies such as conflating mechanism and meaning: 

 

Why is the kettle boiling? Because a heat source transfers thermal energy across the container wall 
into the fluid, increasing the mean-square velocity of the molecules, <v2>, which is proportional to the 
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temperature T. When T reaches 100 degrees C, there is a collective phase transition from a 
condensed liquid state to an expanded gaseous state. We call this process boiling.  

 

Why is the kettle boiling? Because I fancy a cup of tea, would you like one?  

 

The mechanistic explanation does not exhaust all layers of meaning.  Explaining something scientifically 
does not explain it away. Nevertheless the conflation of mechanism and meaning and related fallacies such 
ŀǎ άƴƻǘƘƛƴƎ ōǳǘǘŜǊȅέ όƛΦŜΦ ƛŦ ǿŜ ŀǊŜ ƳŀŘŜ ƻŦ ŎƘŜƳƛŎŀƭǎΣ ƛǎ ƭƻǾŜ άƴƻǘƘƛƴƎ ōǳǘέ ŀ όōƛƻύŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴΚύ ŀǊŜ 
extremely common in public discourse on the meaning of scientific discoveries.28   

 !ƴƻǘƘŜǊ ǿƛŘŜƭȅ ǎƘŀǊŜŘ ŦŀƭƭŀŎȅΣ ŦŜŘ ōȅ ǳƴƛǾƻŎƛǘȅ ŀƴŘ tŀƭŜȅŜǎǉǳŜ ƴŀǘǳǊŀƭ ǘƘŜƻƭƻƎȅΣ ƛǎ ǘƘŀǘ άwhere we 
come from determines who we are and how we should then liveέΦ ¢Ƙƛǎ ŦŀƭƭŀŎȅ ƛǎ ŜȄǇƭƻƛǘŜŘ ōȅ ǘƘŜ ƴŜǿ 
atheists, and also lies at the origin of a great deal of the Christian resistance to the concepts like common 
ancestry. Of course Christians should recognize that answers to the questions of human identity and 
purpose come not from nature, but from Scripture. But until the grip of nineteenth century-style natural 
theology is weakened, discussions about biological evolution will be hard.  

 

Natural Theology and Evolutionary Metaphors 
 

 tǳǊŜ ŎƘŀƴŎŜΣ ŀōǎƻƭǳǘŜƭȅ ŦǊŜŜ ōǳǘ ōƭƛƴŘΣ ƛǎ ŀǘ ǘƘŜ ǾŜǊȅ Ǌƻƻǘ ƻŦ ǘƘŜ ǎǘǳǇŜƴŘƻǳǎ ŜŘƛŦƛŎŜ ƻŦ ŜǾƻƭǳǘƛƻƴ ΧΦ ¢ƘŜ 
 ancient covenant is in pieces; man at last knows that he is alone in the unfeeling immensity of the 
 universe, out of which he only emerged by chance. 

 - Jacques Monod,  

Chance and Necessity: An Essay on the Natural Philosophy of Modern Biology, Knopf (1972) 

 

 There is grandeur in this view of life, with its several powers, having been originally breathed into a 
 few forms or into one; and that, whilst this planet has gone cycling on according to the fixed law of 
 gravity, from so simple a beginning endless forms most beautiful and most wonderful have been, and 
 are being, evolved. 

- Charles Darwin, Origin of Species (1859) 

 

The main message of the previous section is that Christians need to be very careful when trying to derive 
theological truths from the mechanisms of nature. But it is not all doom and gloom for natural theology. 
Alister McGrath, for example, has recently called for a renewed approach that is more sensitive to the 
critiques of Newman, Barth, and others:  

 

 /ƻƴǘǊŀǊȅ ǘƻ ǘƘŜ 9ƴƭƛƎƘǘŜƴƳŜƴǘΩǎ ŀǎǇƛǊŀǘƛƻƴǎ ŦƻǊ ŀ ǳƴƛǾŜǊǎŀƭ ƴŀǘǳǊŀƭ ǘƘŜƻƭƻƎȅΣ ōŀǎŜŘ ƻƴ ŎƻƳƳƻƴ 
 human reason and experience of nature, we hold that a Christian natural theology is grounded in and 
 informed by a characteristic Christian theological foundation. A Christian understanding of nature is 
 the intellectual prerequisite for a natural theology which discloses the Christian God.29 
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 ¢ƘŜǊŜ ƛǎ ƴƻ άǾƛŜǿ ŦǊƻƳ ƴƻǿƘŜǊŜέΦ {ƻ ƛŦ ǿŜ ǎǘŀǊǘ ŦǊƻƳ /ƘǊƛǎǘƛŀƴ ǇǊŜǎǳǇǇƻǎƛǘƛƻƴǎΣ ŘƻŜǎ ǘƘƛǎ ƳŀƪŜ 
more sense of the world than other vantage points do? Does what we observe within the natural order 
resonate with the core themes of the Christian vision of God?30 This approach is potentially much more 
fruitful, and McGrath makes a very impressive start with his recent Gifford lectures31, which include a 
gentle attempt to look at biological evolution, and explore a fascinating connection to Augustinian notions 
of primordial actuality and emergent possibility. 

 bŜǾŜǊǘƘŜƭŜǎǎΣ ǿŜ ǇǊƻōŀōƭȅ ŘƻƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ŜƴƻǳƎƘ ŀōƻǳǘ ōƛƻƭƻƎȅ ǘƻ ƳŀƪŜ ƳǳŎƘ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ 
ŀ ŘŜǘŀƛƭŜŘ ƴŀǘǳǊŀƭ ǘƘŜƻƭƻƎȅΦ ¢Ƙŀǘ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŀǘ Ƴŀƴȅ /ƘǊƛǎǘƛŀƴǎ ŀƴŘ bŀǘǳǊŀƭƛǎǘǎ ƘŀǾŜƴΩǘ ǘǊƛŜŘΦ aƻǎǘ 
popular attempts tend to flounder into some version of either God of the gaps or atheism of the gaps. One 
of the biggest problems is the reliance on metaphors that anthropomorphize natural processes (including 
evolution), and/or introduce all kinds of morally-freighted terminology. 

 And before we can even speak of metaphors, it is necessary to delineate what we mean by 
evolution.  As many authors have pointed out, the word evolution has many meanings.32 Here is a simple 
taxonomy: 

 

1) Evolution as natural history: The earth is old and the kinds of organisms that populate our world 
have changed over time. 

2) Evolution as a mechanism: A combination of variation and natural selection helps explain the 
structure of the observed change over time in natural history .33 

3) Evolution as a worldview: Evolution as a way of seeing the world and extracting meaning from it. 
{ŜŜ ŜΦƎΦ DŜƻǊƎŜ DŀȅƭƻǊŘ {ƛƳǇǎƻƴΩǎ ŦŀƳƻǳǎ ǉǳƻǘŜΥ Man is the result of a purposeless and 
materialistic process that did not have him in mind. He was not planned. He is a state of matter, a 
form of life, a sort of animal, and a species of the Order Primates, akin nearly or remotely to all of 
life and indeed to all that is material.34 

 

Christians rightly reject definition 3. Almost all the hermeneutical tension with Scripture arises from natural 
ƘƛǎǘƻǊȅ όǿƘŀǘ ŀōƻǳǘ !ŘŀƳΣ ǘƘŜ ŦŀƭƭΣ ŜǘŎΦύΦ .ǳǘ ŀǎ ŎǊƛǘƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŀǎ ǘƘŜǎŜ ǘƘŜƻƭƻƎƛŎŀƭ ƛǎǎǳŜǎ ŀǊŜΣ L ǿƻƴΩǘ 
treat that topic here.35 Nevertheless, much Christian resistance to evolution also arises from definition 2.  
That is the main sense in which I will be using the word when examining the following metaphors: 

 

Random or Stochastic? 

 Monte Carlo algorithms that rely on random sampling are routinely used to calculate everything 
from the value of your stock portfolio to the airflow around a rocket returning into the atmosphere. They 
are part of a wider class of so-called stochastic methods. It is not hard to demonstrate that for many high-
dimensional problems such stochastic methods are the most efficient solution methods available. If you 
view evolution as an optimization problem in a very high dimensional space36, then the most efficient way 
to solve this problem would probably be by stochastic methods. From that perspective it is not surprising 
that, if God wanted a universe where biological complexity emerged through the regular ways he sustains 
the universe, he would employ a stochastic algorithm to achieve this goal. The problem is that the word 
άǊŀƴŘƻƳ ǾŀǊƛŀǘƛƻƴέ Ƙŀǎ ŀƭƭ ƪƛƴŘǎ ƻŦ ƻǘƘŜǊ ǾŀƭǳŜ-laden connotations. If instead we used the technical term 
άǎǘƻŎƘŀǎǘƛŎ ǾŀǊƛŀǘƛƻƴέ ƛǘ ŎƻǳƭŘ ŎƭŜŀǊ ǳǇ ŀ ƭƻǘ ƻŦ ŎƻƴŦǳǎƛƻƴΦ 

 In this context it is important to emphasize that although Monte-Carlo algorithms employ stochastic 
methods to generate variation, they are not random in their outcomes. They converge on the desired 
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solution only if you chose the right kinds of variation and the right kind of selection. One could, in fact, aptly 
ŜƳǇƭƻȅ ǘƘŜ ƳŜǘŀǇƘƻǊ άǎǳǊǾƛǾŀƭ ƻŦ ǘƘŜ ŦƛǘǘŜǎǘέ ǘƻ ǘƘŜ ŘŜǎŎǊƛōŜ ǘƘŜ ǿŀȅ ŀ aƻƴǘŜ /ŀǊƭƻ ǇǊƻƎǊŀƳ ǎŜƭŜŎǘǎ 
between the stochastically generated variations to solve a problem, say, in engineering, but hopefully the 
temptation to extract further meaning from this metaphor would be curtailed.  

 

Self-assembly ς shaking a box of Legos and out comes a fully formed train? 

 Your body is full of intricate machinery. If you were to happen across a scaled up version of one of 
ǘƘŜǎŜ ƳŀŎƘƛƴŜǎΣ ȅƻǳΩŘ ŀǎǎǳƳŜ ǘƘŀǘ ƛǘ ǿŀǎ ƳŀŘŜ ōȅ ŀƴ ŀǎǎŜƳōƭȅ ƭƛƴŜ ƻǊ ǎƻƳŜ ƻǘƘŜǊ ƳǳŎƘ ƳƻǊŜ ŎƻƳǇƭŜȄ 
system. But in biology there are no such factories. Instead composite objects self-assemble ς they make 
themselves. It is a little bit like having special Lego blocks. You put them in a box, shake it, and out comes a 
Ŧǳƭƭȅ ŦƻǊƳŜŘ ǘǊŀƛƴΦ LΩƳ ǎǳǊŜ Ƴƻǎǘ ǇŜƻǇƭŜ ǿƻǳƭŘ ŀƎǊŜŜ ǘƘŀǘ ǎǳŎƘ [ŜƎƻ ōǊƛŎƪǎ ǿƻǳƭŘ ōŜ ƳǳŎƘ ƳƻǊŜ ƛƳǇǊŜǎǎƛǾŜ 
than the standard ones. This self-assembly metaphor nicely captures what happens in evolution. Rather than 
ƳŀƪƛƴƎ ǘƘƛƴƎǎ Ŧǳƭƭȅ ŦƻǊƳŜŘΣ DƻŘ ŎƻǳƭŘ ƘŀǾŜ ǳǎŜŘ ŀ ǇǊƻŎŜǎǎ ōȅ ǿƘƛŎƘ ǘƘƛƴƎǎ άƳŀƪŜ ǘƘŜƳǎŜƭǾŜǎέΦ37  

From my lab: a picture of the self-assembly of a model T=1 icosahedral virus. Time increases from (a) ς> (d). Each virus capsid is 
made up of 12 pentagonal bipyramids. If the interactions between the particles are designed correctly, they can be placed at 
random initial positions, and then move around randomly, but they nevertheless will always end up as well-formed icosahedra. The 
correct design depends more on the topology of the search space than it relies on the types of random (stochastic) steps available. 
{ŜŜ LΦ DΦ WƻƘƴǎǘƻƴΣ !Φ !Φ [ƻǳƛǎ ŀƴŘ WΦ tΦYΦ 5ƻȅŜΣ άaƻŘŜƭƭƛƴƎ ǘƘŜ {ŜƭŦ-!ǎǎŜƳōƭȅ ƻŦ ±ƛǊǳǎ /ŀǇǎƛŘǎ άΣ W. Phys.: Condensed Matter, 22 , 
104101 (2010) for more details. 
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Genes as blueprints or as networks of switches? 

 One of the surprises that came out of the human genome project was how few genes (protein coding 
stretches of DNA) humans have τ around 23,000, not that different compared to the fruit fly with 14,000, 
and quite a bit less than rice, with 51,000.38 Traditionally the metaphor for genes was something more akin 
to a blueprint, τ ǘƘŜ άǎǘŀƴŘŀǊŘ ŘƻƎƳŀέ ƻŦ CǊŀƴŎƛǎ /ǊƛŎƪΥ ŜŀŎƘ ƎŜƴŜ ŎƻŘŜǎ ŦƻǊ ƻƴŜ Ƴwb! ǿƘƛŎƘ ŎƻŘŜǎ ŦƻǊ ƻƴŜ 
protein τ but now we realize that many are better viewed as switches or volume knobs. Moreover, one 
gene can have multiple effects. Complexity arises not so much from the genes themselves as from the 
connections between them. These network properties are currently an enormously rich topic of research. For 
example, the way the network is connected can dramatically affect the interplay between robustness to 
mutation and evolvability (the ability of a system to generate heritable phenotypic novelty).39 The single gene 
<τ> single property blueprint metaphor is outdated.  

 

Shaven baby, tinman, pax-6 and sonic-hedgehog. 

 Genes that behave like switches have important consequences for development (how an organism 
changes from a fertilized cell into an adult). They are often given whimsical names like shaven baby (which 
makes the embryo hair fall off) or tinman (which governs development of the heart; the name comes from 
The Wonderful Wizard of Oz) or sonic hedgehog (a mutation in this genes gives the embryo little spikes). The 
same gene often turns out to be used throughout the animal kingdom: you can take the pax-6 gene that 
controls eye development from a human and put it into the part of a fly that controls wings formation and 
the fly will make a (malformed) eye on its wing. The same gene that controls the formation of human arms 
also controls the formation of wings on birds, fins on fish, and legs on centipedes! Modifying the way these 
ƎŜƴŜǎ ŀǊŜ άǿƛǊŜŘ ǘƻƎŜǘƘŜǊέ Ŏŀƴ ƭŜŀŘ ǘƻ ƳŀǎǎƛǾŜ ŎƘŀƴƎŜǎ ƛƴ ŀƴ ƻǊƎŀƴƛǎƳΦ ¢ƘŜ ōǳǊƎŜƻƴƛƴƎ ƴŜǿ ŦƛŜƭŘ ƻŦ ŜǾƻ-
ŘŜǾƻ όŜǾƻƭǳǘƛƻƴŀǊȅ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ōƛƻƭƻƎȅύ ǎǘǳŘƛŜǎ Ƙƻǿ ŜǾƻƭǳǘƛƻƴ ŜȄǇƭƻƛǘǎ ǘƘŜǎŜ άǘƻƻƭōƻȄ ƎŜƴŜǎέ ǘƻ ƘŜƭǇ 
generate the endless forms most beautiful we see around us. Much remains to be understood, but adjectives 
like remarkable, elegant, and awe-inspiring are apt.40  

 

Clay or Lego blocks? 

 Lƴ ŀ ŦŀǎŎƛƴŀǘƛƴƎ ōƻƻƪ ǇǊƻǇƻǎƛƴƎ ŀ άǘƘŜƻǊȅ ƻŦ ŦŀŎƛƭƛǘŀǘŜŘ ǾŀǊƛŀǘƛƻƴέ41, biologists Marc Kirschner and 
John Gehrard point out that while the Modern Synthesis42 implicitly used the metaphor of clay -- evolution 
could produce variation in almost any direction, but in very tiny steps -- modern biology would be better 
served by the metaphor of Lego blocks: reusable connectable units are more constrained in what they can 
do, but you can generate useful new variation in much larger steps.  

 

Selfish genes, or control on many levels? 

 The field of systems biology is challenging the reductionist bottom-up primacy that has dominated 
biological explanation over the last few decades. In a beautiful book, The Music of Life: Biology beyond the 
Genome (OUP 2006), Denis Noble, a remarkable polymath and one of the fathers of systems biology, takes 
the gene-centric view of his Oxford colleague Richard Dawkins to task. He asserts that we must look beyond 
ǘƘŜ άǎŜƭŦƛǎƘ ƎŜƴŜέΦ ! ōŜǘǘŜǊ ƳŜǘŀǇƘƻǊ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƭƛŦŜ ƛǎ ƳǳǎƛŎΣ άa symphonic interplay between genes, 
cells, organs, body, and environmentέΦ 9ŀǊƭƛŜǊ ƻƴ ƛƴ ǘƘŜ ōƻƻƪ ƘŜ ƳƛǎŎƘƛŜǾƻǳǎƭȅ ƛƴǾŜǊǘǎ ŀ ŦŀƳƻǳǎ ǇŀǎǎŀƎŜ ŦǊƻƳ 
5ŀǿƪƛƴǎΩ The Selfish Gene (OUP 2006) (see next page).  

 

11 

The BioLogos Foundation • www.BioLogos.org/projects/scholar-essays 

How Does the BioLogos Model Need to Address Concerns Christians Have 
About the Implications of its Science?   
BY ARD LOUIS 



12 

The BioLogos Foundation • www.BioLogos.org/projects/scholar-essays 

How Does the BioLogos Model Need to Address Concerns Christians Have 
About the Implications of its Science?   
BY ARD LOUIS 

Dawkins himself admits that there is no experiment that he knows of that could distinguish these two 
viewpoints.43 bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘƛǎ ŜȄŀƳǇƭŜ ŘƻŜǎ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ǇƻǿŜǊ ƻŦ ƳŜǘŀǇƘƻǊǎΥ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀ άǎŜƭŦƛǎƘ 
ƎŜƴŜέ ƴƻǿ ǇŜǊƳŜŀǘŜǎ ƳǳŎƘ ǇƻǇǳƭŀǊ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ŜǾƻƭǳǘƛƻƴŀǊȅ ōƛƻƭƻƎȅΦ ¢ƘŜǊŜ ƛǎ ŀ ǘŜŎƘƴƛŎŀƭ ǎŜƴǎŜ ƛƴ ǿƘƛŎƘ 
it is useful (e.g. in arguments about levels of selection44), but as a morally-freighted metaphor it is seriously 
misleading. 45, 46

 

 

Evolution as a tinkerer, or as an engineer? 

 Lƴ ŀ ŦŀƳƻǳǎ мфтт ŀǊǘƛŎƭŜ ŜƴǘƛǘƭŜŘ άEvolution as a Tinkererέ47, the French Nobel prize winner Francois 
Jacob48 introduced a powerful metaphor for the way that evolution can, for example, co-opt existing 
processes towards new ends. Unfortunately this metaphor also carries overtones such as ad-hoc and sub-
standard. These connotations are then reflected in public debates about evolution. Whether tinkering is the 
best vantage point from which to view evolution is also not at all clear. In a provocative paper entitled 
ά.ƛƻƭƻƎƛŎŀƭ bŜǘǿƻǊƪǎΥ ¢ƘŜ ¢ƛƴƪŜǊŜǊ ŀǎ ŀƴ 9ƴƎƛƴŜŜǊέ49, the systems biologist Uri Alon showed how the 
biochemical networks that control cells display good engineering principles such as modularity, robustness, 
and the re-use of components. It should be kept in mind that the question of optimality is highly contested in 
evolutionary biology. To properly assess such questions one often needs consider counterfactuals, something 
that is much harder to do in biology than it is in say physics.50 bŜǾŜǊǘƘŜƭŜǎǎΣ ƛǘ ǎŜŜƳǎ ǘƻ ƳŜ ǘƘŀǘ WŀŎƻōΩǎ 
άǘƛƴƪŜǊŜǊέ ƳŜǘŀǇƘƻǊ ƛǎ ƴƻǘ ƴŜŀǊƭȅ ŀǎ ǿƛŘŜƭȅ ŀǇǇƭƛŎŀōƭŜ ŀǎ ǎƻƳŜ ōƛƻƭƻƎƛǎǘǎ ŎƭŀƛƳΦ  

 

Contingency or inevitable outcomes? 

 

 Wind back the tape of life to the early days of the Burgess Shale; let it play again from an identical 
 starting point, and the chance becomes vanishingly small that anything like human intelligence would 
 ƎǊŀŎŜ ǘƘŜ ǊŜǇƭŀȅΦέ Lƴ ŜǾƻƭǳǘƛƻƴΣ ǘƘŜǊŜ ƛǎ ƴƻ ŘƛǊŜŎǘƛƻƴΣ ƴƻ ǇǊƻƎǊŜǎǎƛƻƴΦ IǳƳŀƴƛǘȅ ƛǎ ŘŜǘƘǊƻƴŜŘ ŦǊƻƳ ƛǘǎ 
 exalted view of its own importance. 

- Stephen J. Gould, Wonderful Life (W.W. Norton 1989) 
 



 When you examine the tapestry of evolution you see the same patterns emerging over and over again. 
 Gould's idea of rerunning the tape of life is not hypothetical; it's happening all around us. And the 
 result is well known to biologists τ evolutionary convergence. When convergence is the rule, you can 
 rerun the tape of life as often as you like and the outcome will be much the same. Convergence means 
 ǘƘŀǘ ƭƛŦŜ ƛǎ ƴƻǘ ƻƴƭȅ ǇǊŜŘƛŎǘŀōƭŜ ŀǘ ŀ ōŀǎƛŎ ƭŜǾŜƭΤ ƛǘ ŀƭǎƻ Ƙŀǎ ŀ ŘƛǊŜŎǘƛƻƴΦ ΧΦΦ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ ŜǾƻƭǳǘƛƻƴ 
 and the ubiquity of convergence make the emergence of something like ourselves a near-inevitability. 

- Simon Conway Morris, Life's Solution: Inevitable Humans in a Lonely Universe (CUP, 2003) 

 

These two quotes could not be more different. Regardless of the metaphysical implications,51 it is a very 
ŦŀǎŎƛƴŀǘƛƴƎ ǎŎƛŜƴǘƛŦƛŎ ǉǳŜǎǘƛƻƴ ǘƻ ŀǎƪ ǿƘƛŎƘ Ƴŀƴ ƛǎ ǊƛƎƘǘΦ DƻǳƭŘΩǎ ǾƛŜǿ ƛǎ ǿƛŘŜƭȅ ǎƘŀǊŜŘ ŀƳƻƴƎ ōƛƻƭƻƎƛǎǘǎ ŀƴŘ 
frequently repeated in public debate. However, Conway Morris, one of the heroes of Wonderful Life, lists an 
astonishing catalogue of examples of convergence -- from antifreeze proteins to echolocation to social 
organization52, 53 -- where the same features emerge independently in evolution. This paper is not the right 
forum to discuss the scientific implications of all this convergence.54 What is clear, I hope, is that evolution 
appears to be much more constrained than earlier generations may have thought. 

 

So what shall we make of all these metaphors?  

 One could describe evolution as a blind, purposeless, and directionless process that tinkers by 
modifying the genetic blueprints that determine our infinitely malleable biological outcomes. By a 
combination of random chance and survival of the fittest it stumbles upon contingent organisms best 
described as secondary phenomena cobbled together by selfish genes.55 

 hǊ ƻƴŜ ŎƻǳƭŘ ƛƴǎǘŜŀŘ ŘŜǎŎǊƛōŜ ŜǾƻƭǳǘƛƻƴ ŀǎ άa symphonic interplay between genes, cells, organs, body, 
ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘέ that wires a toolkit of Lego-like components into interacting networks in order to explore a 
highly structured search space. The (inevitable?) outcome of this stochastic process is the emergent self-
ŀǎǎŜƳōƭȅ ƻŦ ǘƘŜ άendless forms most beautifulέ ǘƘŀǘ ƛƴŎƭǳŘŜ ȅƻǳ ŀƴŘ LΦ 

 The fact that there are so many different metaphors reflects the many facets of evolutionary 
processes. Christians may find some of these metaphors more palatable than others. 56 But it must be kept in 
mind that all these metaphors, even those with which Christians would be more comfortable, are limited in 
their ability to fully capture the detailed scientific mechanisms at work.  Nevertheless, familiarity with a 
broader spectrum of metaphors can help a Christian recognize the rhetorical subterfuge of those who pick 
specific metaphors over others in order to advance ideological agendas.56 The most important point of this 
section is, however, that all these metaphors are severely restricted in what they can tell us about where we 
come from and how we should then live. 

 

SCIENCE, SCIENTISTS AND THE CHURCH  
 

 [Science is a Tapestry]. An enormous multiplicity of strands of evidence, many of them weak and 
 ambiguous, can make a coherent logical bond whose strength is enormous. 

-- 5ŀǾƛŘ aŜǊƳƛƴέΣ ά²Ƙŀǘϥǎ ²ǊƻƴƎ ǿƛǘƘ ǘƘƛǎ {ǳǎǘŀƛƴƛƴƎ aȅǘƘΚέ Physics Today 49, 11 (1996) 
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 When you are a Bear of Very Little Brain, and you Think of Things, you find sometimes that a Thing 
 which seemed very Thingish inside you is quite different when it gets out into the open and has other 
 people looking at it. 

 -- A. A. Milne, The House at Pooh Corner (Methuen & Co. Ltd. 1928) 

 

²ƘŜƴ L ǿŀǎ ŀ ŎƘƛƭŘ ƎǊƻǿƛƴƎ ǳǇ ƛƴ ŎŜƴǘǊŀƭ !ŦǊƛŎŀΣ L ŘƛŘƴΩǘ ŎƻƳŜ ŀŎǊƻǎǎ ǘƻƻ Ƴŀƴȅ tƘ5ǎΦ L ŀǎǎǳƳŜŘ ǘƘŀǘ ǎƻƳŜƻƴŜ 
with Dr. in front of their name would surely know nearly all there is to know about their subject and a great 
ŘŜŀƭ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘ ƻŦ ŀŎŀŘŜƳƛŎ ǘƘƻǳƎƘǘΦ LΩǾŜ ƴƻǿ Ǝƻǘ ƻƴŜ ƳȅǎŜƭŦ ŀƴŘ ǎǳǇŜǊǾƛǎŜŘ ŀƴŘ 
examined a good number of PhD theses in both physics and chemistry. It has certainly disabused me of the 
idea that I or for that matter most people with PhDs know a great deal about anything beyond the very 
narrow confines of our (sub)specialties. 

 How does the scientific enterprise progress then? For that I turn to one of my favorite science writers, 
the physicist David Mermin, who used the metaphor of science as a tapestry made up of many threads. In a 
previous essay I wrote that rather than being an individual endeavor:  

 

Creating scientific tapestries is a collective endeavor building on mutual trust and the communal 
experience of what kinds of arguments and evidence are likely to stand the test of time. In part 
because the skill of weaving reliable scientific tapestries relies on subtle judgments, a young scientist 
may work for years as an apprentice of older and more experienced practitioners before branching out 
on his own. In this process there are many parallels with the guilds of old. I am fond of this metaphor 
because it describes what I think I experience from the inside as a scientist. Moreover, it also 
emphasizes the importance of coherence and consistency when I weave together arguments and data 
ǘƻ ƳŀƪŜ ŀƴ άƛƴŦŜǊŜƴŎŜ ǘƻ ŀ ōŜǎǘ ŜȄǇƭŀƴŀǘƛƻƴέ.57 

 

Peter Harrison has advanced an intriguing argument that modern experimental science has its roots in the 
Protestant Reformation: 

 

 An implication of Calvinist theological anthropology, I believe, was that we have to augment our 
 natural faculties with instruments like telescopes and microscopes, and manipulate the natural world 
 ŜȄǇŜǊƛƳŜƴǘŀƭƭȅ ōŜŎŀǳǎŜ ƛǘΩǎ ƛƴƘŜǊŜƴǘƭȅ ŘŜŎŜƛǘŦǳƭΦ ²Ŝ ƴŜŜŘ ǘƻ Řƻ ŀƭƭ ǘƘŜǎŜ ǘƘƛƴƎǎ ǘƻ ƎǳŀǊŘ ŀƎŀƛƴǎǘ ǘƘŜ 
 easy assumption that our faculties give us a reliable account of the natural world.58 

 

This recognition of the noetic effects of sin also underlies the development of collective processes of error 
ŎƻǊǊŜŎǘƛƻƴ ƛƴ ƳƻŘŜǊƴ ǎŎƛŜƴŎŜΥ άSometimes ... a Thing which seemed very Thingish inside you is quite different 
ǿƘŜƴ ƛǘ ƎŜǘǎ ƻǳǘ ƛƴǘƻ ǘƘŜ ƻǇŜƴ ŀƴŘ Ƙŀǎ ƻǘƘŜǊ ǇŜƻǇƭŜ ƭƻƻƪƛƴƎ ŀǘ ƛǘΦέ 

 One consequence of this collective method of knowledge generation is that it can be difficult for an 
outsider to assess the strengths and weaknesses of an argument in a specific field. Moreover, the way one 
weaves tapestries can vary from field to field. Although the reasons for these differences are often unwritten 
όƭŜŀŘƛƴƎ ǘƻ ŦǊǳǎǘǊŀǘƛƻƴ ƛƴ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǿƻǊƪύ ǘƘŜȅ ŘƻƴΩǘ ŀǊƛǎŜ ǎƻ ƳǳŎƘ ŦǊƻƳ ŎǳƭǘǳǊŀƭ ƻǊ ǎƻŎƛƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ 
(although these do play a role) but rather are mainly determined by the kinds of questions that one is trying 
to address. 
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 For example, some scientific concepts are built on a small number of observations that make very 
strong individual threads in a tapestry argument. Others are built on a much larger number of observations 
ǘƘŀǘ Ƴŀȅ ŜŀŎƘ ōŜ ƳǳŎƘ ǿŜŀƪŜǊΣ ōǳǘ ǿƘŜƴ ǿƻǾŜƴ ǘƻƎŜǘƘŜǊΣ άmake a coherent logical bond whose strength is 
ŜƴƻǊƳƻǳǎέΦ 

 A good example of the latter would be the arguments that geologists employ for an earth that is 
about 4.5 billions of years old. Although one might pick at many of the individual threads (as young earth 
advocates are apt to do), it is the sheer number of strands combined with the intricate structure of the whole 
interconnected tapestry that leads to the overwhelming scientific consensus on this issue. The full rationale 
for such assessments is sometimes hard for scientists to clearly communicate, and, by the same token, hard 
for laypeople to properly evaluate. 

 On the other hand, Christian laypeople should not take all of the confident pronouncements that 
ŜƳŀƴŀǘŜ ŦǊƻƳ ƻǳǊ ŎƛǘŀŘŜƭǎ ƻŦ ƭŜŀǊƴƛƴƎ ǿƛǘƘƻǳǘ ŀ ƎǊŀƛƴ ƻŦ ǎŀƭǘΦ {ƻƳŜǘƛƳŜǎ ǘƘŜ ǇƘǊŀǎŜ άƛǘ Ƙŀǎ ōŜŜƴ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ 
ǇǊƻǾŜƴέ ƛǎ ǎƘƻǊǘƘŀƴŘ ŦƻǊ άǎƘǳǘ ǳǇ ŀƴŘ ōŜƭƛŜǾŜ ƳŜέΦ 

  So a big question for the church is: who can you trust to assess the implications of new scientific 
discoveries?59 The answer is certainly not individuals, no matter how gifted. The process of discernment must 
draw on communities of collective expertise. As Mark Noll and others have pointed out, this is unfortunately 
not an area where the evangelical church has invested sufficient time or resources.   

 One place the church could look is to the many Christian academics who do research in the natural 
sciences. There are many more of these around than laypeople may realize. Here in Oxford I can count at 
least 10 professors of physics who are active in their local churches.60 However, there are several barriers to 
overcome. Firstly the insane busyness of the academic profession, with its multiple conflicting demands of 
administration, teaching and research, makes it very hard for Christian academics to be responsible parents/
husbands/wives, good church citizens, and also find the time to engage significantly with the wider Christian 
public. Secondly, the profession as a whole still looks down its nose at popularisers, and Christian academics 
are not immune to this. Thirdly, for a multitude of reasons61 many Christian academics have had difficult 
experiences when engaging on intellectual issues with the church and vice versa. Some diplomacy may be 
needed before they are willing to re-engage.62

 

 

CONCLUSION 

 In conclusion then, I think the barriers to the church properly discerning the strengths and 
weaknesses of the BioLogos model do not lie primarily in the content of its science or even in the worry that 
ǘƘƛǎ ŀǇǇǊƻŀŎƘ Ƴŀȅ ƭŜŀŘ ǘƻ ŘŜƛǎƳΦ ¢ƘŜǎŜ ŀǊŜ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ōŜ ǎǳǊŜΦ 9ǾŀƴƎŜƭƛŎŀƭǎΩ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ŘŜƛǎƳΣ ŦƻǊ 
example, often have their primary origin in a sub-Biblical understanding of how God sustains the world and a 
rationalistic approach to natural theology that has been strongly influenced by the Enlightenment. Both 
these unexamined notions are shared by the general public. To make progress here, it is important for the 
BioLogos team to sensitively confront the ways we in the church have all been shaped by the spirit of the 
age. That means listening as well as talking. Moreover, those of us who work in the sciences need to learn 
how to better communicate the essence of our professional work to the rest of the body of Christ. Among 
other things, that means a careful assessment of the metaphors we inevitably need to use.  

  But these are not insurmountable challenges. A much more formidable barrier revolves around the 
issue of trust. How can the church discern the truth on such complex issues? How can it respond to the 
Newtons and Leibnizes of today? Where are the trusted communities of specialists to help it negotiate the 
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tapestries of scientific arguments, while simultaneously carefully engaging with the philosophical and 
ǘƘŜƻƭƻƎƛŎŀƭ ǉǳŜǎǘƛƻƴǎ ǘƘƛǎ Ƴŀȅ ǊŀƛǎŜΚ tŜǊƘŀǇǎ .ƛƻ[ƻƎƻǎ Ŏŀƴ ōŜŎƻƳŜ ǇŀǊǘ ƻŦ ǘƘŀǘ ŎǊǳŎƛŀƭ άƳƛǎǎƛƴƎ ƭƛƴƪέΦ .ǳǘ 
to do that it must be deeply embedded in the wider body, picking its battles carefully and strategically, and 
building alliances wherever possible.  For this, as in everything, we need the guidance of the Holy 
{ǇƛǊƛǘΥά¦ƴƭŜǎǎ ǘƘŜ [ƻǊŘ ōǳƛƭŘǎ ǘƘŜ ƘƻǳǎŜΣ ǘƘŜ ƭŀōƻǊŜǊǎ ƭŀōƻǊ ƛƴ Ǿŀƛƴέ όtǎŀƭƳ мнтΥмύΦ  
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43.  For a more extensive discussion see D. Noble, Neo-Darwinism and Selfish Genes: Are they of use in physiology?, The Journal of 

Psychology, doi:10.1113/jphysiol.2010.20138 (2010) 
44. S. Okasha, Evolution and the levels of Selection. OUP, Oxford (2006) 
45. D. Noble, op cit.  
46. Another interesting stream of thought emphasizes the importance of cooperation in evolution. Well known scientific proponents 
ƛƴŎƭǳŘŜ [ȅƴƴ aŀǊƎǳƭƛǎ ŀƴŘ aŀǊǘƛƴ bƻǿŀƪΦ /ŀƳōǊƛŘƎŜΩǎ {ŀǊŀƘ /ƻŀƪƭŜȅ ƛǎ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ǘƘŜƻƭƻƎƛŎŀƭ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘƛǎ ǘƘŜƳŜ 
further, see e.g. http://www.st -edmunds.cam.ac.uk/faraday/resources/FAR244%20Coakley%20Lecture.pdf 

47. F. Jacob, Science 196, 1161 (1977) 
48. Jacob won the Nobel Prize together with Jacques Monod for discovering the first genetic switch! 
49. U. Alon, Science, 301, 1866 (2003) 
50. {ŜŜ ŜΦƎΦ {Φ /ƻƴǿŀȅ aƻǊǊƛǎ ŀƴŘ !Φ!Φ [ƻǳƛǎΣ άLǎ ǿŀǘŜǊ ŀƴ ŀƳƴƛƻǘƛŎ 9ŘŜƴ ƻǊ ŀ ŎƻǊǊƻǎƛǾŜ IŜƭƭΚ 9ƳŜǊƎƛƴƎ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻƴ ǘƘŜ ǎǘǊŀƴƎest 
ŦƭǳƛŘ ƛƴ ǘƘŜ ¦ƴƛǾŜǊǎŜέ ƛƴ Water and Life, eds. J. D. Barrow, S. Conway Morris, J.L. Finney, C.L. Harper and R.M. Lynden-Bell, CRC 
Press (2010) 

51. /ƘǊƛǎǘƛŀƴǎ ǿƛǘƘ ŀ ƘƛƎƘ ǾƛŜǿ ƻŦ DƻŘΩǎ ǇǊƻǾƛŘŜƴŎŜ ǿƻǳƭŘ ǇǊƻōŀōƭȅ ōŜ ŎƻƴǘŜƴǘ ǿƛǘƘ ŜƛǘƘŜǊ ǾƛŜǿǇƻƛƴǘΦ ¢Ƙƛƴƪ ƻŦ L YƛƴƎǎ ннΣ ǿƘŜǊŜ ƛn 
Ǿмт ǘƘŜ ǇǊƻǇƘŜǘ aƛŎŀƛŀƘ ǇǊƻǇƘŜŎƛŜǎ ǘƘŀǘ ƪƛƴƎ !Ƙŀō ǿƛƭƭ ōŜ ƪƛƭƭŜŘ ƛƴ ōŀǘǘƭŜΦ ¢ƘŜƴ ƛƴ Ǿ оп ǿŜ ǊŜŀŘΥ άBut someone drew his bow at 
random and hit the king of Israel between the sections of his armorΣέ ǿƘƛŎƘ ƪƛƭƭŜŘ ƘƛƳΦ Lƴ ǘƘŜ .ƛōƭŜ ǘƘƛƴƎǎ ǘƘŀǘ ŀǇǇŜŀǊ ǊŀƴŘƻƳ ƻǊ 
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many resemblances, the three creatures are unrelated to one another; the spiny anteater, in fact, lays eggs and is a close cousin 
of the duck-billed platypus. What has yoked them into morphological similitude is a powerful and boundlessly enticing process 
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evolution were separate, warring entities, gang together in co-operative groups as `selfish co-ƻǇŜǊŀǘƻǊǎΩΦ ¢ƘŜ ƛƴŘƛǾƛŘǳŀƭ ƻǊƎŀƴƛsm 
is not exactly an illusion. It is too concrete for that. But it is a secondary, derived phenomenon, cobbled together as a consequence 
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