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What Is Not Said

Recognizing what is not said is often as impor-
tant as hearing what is said. In our lead article 
of this issue, Harry Lee Poe argues that the 

fi rst chapter of Genesis describes fi ve days of cre-
ation, with each day as a particular starting point. 
The specifi c grammar used does not imply that the 
days are in immediate succession. Each described 
day is a day, not the very next day. According to Poe, 
many attempts at harmonizing scripture with science 
are actually trying to match science with something 
scripture has never said.  

There is a key principle here for Christian faith (and 
the sciences). If one is taking scripture seriously, it is 
as important to hear what it is not saying as to hear 
what it is saying. Otherwise, one is attributing rev-
elation and authority to one’s own additions to the 
text. That is eisegesis, rather than exegesis: reading 
into scripture rather than reading out from scripture. 
The fi nal chapter of the New Testament is explicit in 
warning against such (Rev. 22:18–19).  

Our second article carries on this theme of care-
fully reporting as accurately as possible what is said 
without claiming what is not said. David Wilcox 
describes how genetics reveals much about human 
origins, but there is much that genetics cannot say. 
Scientifi c study includes theorizing interest, context, 
and potential explanations for observed data. But it 
is not within the ability of science to settle theologi-
cal implications. Science is very good at what it does, 
but only at what it does. It is as important to realize 
the limits of how far it can go as to recognize how far 
it has come. Science describes as best it can patterns 
of material causation. It cannot address whether that 
material causation is all that exists. When science 
is claimed as the sole arbiter of what is real, that is 
an expression of a philosophy or worldview of sci-
entism, no longer science itself.

In the third article in this issue, the theologian Patrick 
Franklin proposes a way of approaching Christianly 
some of what science thinks it has observed. He sees 
an evident evolutionary process as part of what God 
as the Trinity is doing through the Son and the on-
going work of the Holy Spirit toward a new creation.

Then, in the fi rst communication, we fi nd a piece 
written exactly fi fty years ago. Elving Anderson again 
guides us in thinking about fruitful dialogue between 
established commitments and the fair assessment of 
what appears to be new and reliable data.

In the second communication, Stephen Contakes 
refl ects on the dialogue at a recent conference on the 
sciences and Christian faith. He suggests various 
methods of better sorting out what we can claim in 
such discussions. 

Finally, our review section alerts us to ten new 
books that think through the extent and implica-
tions of what we do and do not know in our ongoing 
investigations.

It has been said that people who are absolutely sure, 
probably do not understand the breadth and depth 
of whatever it is that they are addressing. The person 
who is not absolutely sure, probably understands 
more. Or at least so it seems. It is an essential part 
and characteristic of truly growing in understanding, 
to recognize how fi nite we and our understandings 
are. We can learn, but that very progress triggers 
a greater realization of the extent of our limitations. 
Whether listening to Christian scriptures or to sci-
entifi c observations and theory, recognizing what is 
not said is part of understanding what is said. Being 
aware of what we do not know is an important part 
of knowing what we do. 

James C. Peterson, editor

James C. Peterson

Editorial
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Article

The English Bible and the Days of 
Creation: When Tradition Confl icts 
with Text
Harry Lee Poe

The English Bible translation of Genesis 1 has framed the discussions and disagreements 
over science and religion in the West throughout the modern period. Regardless of the 
players’ attitude toward God and the Bible, many assume that the Bible says that the 
universe was made in six consecutive solar days within one week. The problem with 
such an approach is that this idea cannot be found in the Hebrew text of Genesis. 
The Hebrew text does not have the defi nite article with the fi rst fi ve days of the week. 
Creation did not begin “the fi rst day” but “one day.” It did not continue on “the second 
day” but on “a second day,” and so on until humans appear. In Genesis, the aspects of 
creation have six defi nite beginning points, but creation occurs over an indeterminate 
period of time. The Hebrew, Greek, and Latin texts do not introduce the defi nite article 
before day six, yet most English translations since the time of Wycliffe have added the 
defi nite article to the fi rst fi ve days.

Of all the controversies that arise 
between science and religion in 
the West, the pivotal issue for 

many of them involves how to read the 
fi rst chapter of Genesis. Some people 
prefer a literal reading, whereas others 
prefer a symbolic reading. Both of these 
approaches, however, depend upon 
establishing how best to translate the 
Hebrew into modern English. 

Enormous energy has gone into the 
debate over whether the Hebrew word 
yom should be translated day or period of 
time. For centuries, the debate has ignored 
the grammar of the fi rst chapter and the 
other words in the fi rst chapter. Ironi-
cally, yom probably was intended to mean 
a solar day in the fi rst chapter of Genesis 

while also allowing for an indeterminate 
time span between days that could be 
the approximate fourteen billion years 
that current cosmology suggests. In other 
words, while allowing that yom should be 
understood as a twenty-four-hour day, a 
literal reading of the text allows for a vast 
period of time that makes the option of 
a week of seven twenty-four-hour days 
highly problematic.

Each of the seven days of Genesis 1 clear-
ly presents new things happening that 
had never happened before. This linear 
unfolding of the world would have con-
trasted starkly against the understanding 
of the ancient Near Eastern nature reli-
gions or even the sophisticated philoso-
phy of Aristotle centuries later. Aristotle’s 
basic understanding of an eternal, infi nite 
universe persisted in scientifi c circles into 
the latter twentieth century. Even the phi-
losophy of science that attaches to string 
theory and multiverses yearns for the 
days of Aristotle and the rhythm of the 
nature religions. 

Hal Poe serves as Charles Colson Professor of Faith and Culture at Union 
University in Jackson, TN. Poe has published over fi fteen books on the 
intersection of the gospel and culture, including four books on science and 
faith co-authored with Jimmy Davis, the most recent of which is God and 
the Cosmos: Divine Activity in Space, Time and History (IVP, 2012). 
He was elected to the Executive Council of the ASA in 2010.

Harry Lee Poe
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In Genesis, creation has a necessary sequence from 
simplicity to complexity that we do not fi nd in the 
other sacred texts of antiquity where “creation 
myths” involve a refashioning of what already exist-
ed from previous epochs. When he returned to God 
from his pagan apostasy, King Solomon described in 
Ecclesiastes the meaninglessness of “no new thing” 
before contrasting this pagan view of endless cycles 
with the idea of “a time for every purpose under 
heaven” (Ecclesiastes 1–3). In the universe in which 
we live, there was a time before which life did not 
exist, but then one day it did. The universe has a 
sequence of development, as does human culture.

The Challenge of Tradition
The Protestant Reformation arose in the sixteenth 
century with a commitment to scripture over tra-
dition as the fi nal authority in matters of faith. 
Ironically, in some cases, the Protestants who trans-
lated the Bible into English were governed by tradi-
tion rather than the actual words of the biblical text 
in deciding how they translated the scriptures. The 
cases vary in their signifi cance.

One of the most obvious examples of the choice of 
tradition over text concerns how the King James 
Bible treats the name of God. When God revealed 
himself to Moses and commissioned him to lead the 
children of Israel out of Egypt, he told Moses that 
his name is Yahweh, and he instructed Moses to call 
him by name. Over the centuries, the descendants of 
the Hebrews grew superstitious about the covenant 
name of God and resolved that it was too holy to 
speak; therefore, when they came to the holy name 
in the scriptures, they said Adonai (Lord) instead 
of Yahweh. The translators of the King James Bible 
carried on this tradition of not speaking the name of 
God by replacing the holy name with the title LORD 
spelled with all capital letters whenever the name 
Yahweh occurs. 

Another example concerns how the translators dealt 
with the Greek word baptizo, which means to dip or 
immerse. By the time of the King James Bible, the 
English church had not practiced the immersion of 
new Christians in centuries. To translate the word 
would have confl icted with the tradition of initia-
tion into the church. Instead of translating the word, 
therefore, the translators transliterated the word as 
baptize.

The case of the seven days of creation in the fi rst 
chapter of Genesis, however, has probably had the 
most signifi cant impact on how modern people view 
the Bible and its authority. The King James Bible 
presents creation within the context of six consecu-
tive days within a single week that culminate with 
God’s rest on the seventh day. Coming at the dawn 
of the scientifi c age in 1611, the King James Bible was 
the Bible used in the English-speaking world as sci-
entifi c knowledge propelled Western culture dramat-
ically beyond all other cultures of the world in terms 
of technological sophistication and understanding of 
how the physical world works. With the remarkable 
success of the scientifi c method in physics and chem-
istry, scientifi c knowledge came to be regarded as 
the real knowledge, and for something to be true, it 
should be scientifi c. This attitude created a crisis for 
faith in the nineteenth century with the development 
of the sciences of geology and paleontology.

As geologists discovered layers of sediment and rock 
and developed theories to account for interruptions 
of strata, a new view developed regarding the age of 
the earth. The geology of the earth suggested great 
antiquity and that the earth had undergone tremen-
dous stress, cataclysm, and upheaval over millions 
of years. This view appeared to contradict the clear 
meaning of the biblical text with which everyone 
was familiar. As paleontologists discovered bones of 
gigantic creatures that no longer roam the earth, and 
as these bones appeared in layers of the earth from 
the distant past, another contradiction with the bibli-
cal account of creation appeared to arise.

By the mid-nineteenth century, several theories had 
arisen to account for the discrepancy between the 
clear meaning of the biblical account and what the 
new sciences had proposed. The Scofi eld Reference 
Bible follows the view of the Reverend William 
Buckland, Oxford’s fi rst professor of geology, who 
believed that a great “gap” of millions of years exist-
ed between the creation in the fi rst verse of Genesis 
and the fi rst day. During this gap, all the catastrophes 
of the geological record occurred. Scottish geologist 
Robert Jameson proposed the Age-Day Theory in 
1813 which argued that each day of Genesis 1 repre-
sents a vast period of time. Another approach to the 
contradiction comes from the Scientifi c Creationism 
movement which argues that the science is wrong 
and that the clear meaning of the text should be 
accepted. All of these views, and many other perspec-
tives in the science and religion area, have one thing 

Harry Lee Poe
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in common. They all agree that the Bible appears to 
teach that creation occurred in six consecutive days 
within a single week. In translating the fi rst chapter 
of Genesis, however, the King James translators fol-
lowed the tradition rather than the text.

The Text as Written
In the Hebrew text of Genesis, the days of creation 
occur sequentially, but not necessarily as consecutive 
days. January 1 and February 1 come sequentially, 
but not consecutively because other days intervene 
between the two days. It is even possible that the 
fourth day is intentionally placed out of order chron-
ologically.1 Instead of describing the fi rst act of cre-
ation as happening on “the fi rst day,” Genesis states 
that it happened “one day.”2 The action does not 
occur on the fi rst day. It happens one day. A cardi-
nal rather than an ordinal numeral is used. Instead 
of the second act of creation happening on “the sec-
ond day,” the original text of Genesis actually states 
that it happened on “a second day.” On and on the 
description of creation goes in the original Hebrew 
text with “a third day,” “a fourth day,” and “a fi fth 
day.” Finally, the pattern changes at the end of 
the sequence when the Hebrew text explains that 
humans were made on “the sixth day” and that God 
rested on “the seventh day” (emphasis added):

(adjective numeral masculine singular) דָחֶא ם וֹי 1:5
  one day

(adjective masculine numeral ordinal) יִנֵׁש ם וֹי 1:8
  a second day

(adjective masculine numeral ordinal) יִׁשיִלְׁש ם וֹי 1:13
  a third day

(adjective masculine numeral ordinal) יִעיִבְר ם וֹי 1:19
  a fourth day

(adjective masculine numeral ordinal) יִׁשיִמֲח ם וֹי 1:23
  a fi fth day

 defi nite article—adjective masculine) יִּׁשִּׁשַה ם וֹי 1:31
singular numeral ordinal)

  the sixth day

 defi nite article—adjective) יִעיִבְּׁשַה ם וֹ יַּּב 2:2
masculine singular numeral ordinal)

  the seventh day

The days do not necessarily come one after another 
without intervening time. Instead of the next day, the 
events unfold on some other day.

The grammar of the Hebrew language and the way 
words are formed in Hebrew based on the verb 
makes Hebrew one of the most regular languages 
on Earth. It follows strict patterns. Even its irregular 
verbs follow regular patterns. Students of Hebrew 
learn the language by learning the patterns. An inter-
ruption in the normal pattern comes as a striking 
emphasis. As in English and many European lan-
guages, Hebrew has a defi nite article that is normally 
used when referring to one of the seven consecutive 
days within a week, namely, the second day, the 
third day, the fourth day, and so forth. This pattern 
continues for the fi rst ten consecutive days within a 
month. This pattern may be seen clearly in the fi rst 
books of the Bible: 

Genesis 22:4; 31:22; 34:25; 40:20; 42:18

Exodus 2:13; 12:3, 16, 18; 13:6; 16:5, 22, 26, 27, 29, 
30; 19:11, 15, 16; 20:10, 11; 22:29; 23:12; 24:16; 
31:17; 34:21; 35:2; 40:2

Leviticus 7:17, 18; 9:1; 12:3; 13:5, 6, 27, 32, 34, 51; 
14:9, 10, 23, 39; 15:14, 29

Numbers 7:12, 18, 24, 30, 36, 42, 48, 54, 60, 66; 29:17, 
20, 23, 26, 29, 32, 35.

Deuteronomy 1:3; 5:14; 16:4, 8

Genesis forms the introductory section of a group of 
books known as the Pentateuch (the fi rst fi ve books 
of the Bible also known as the Books of Moses and 
as the Torah). In every example of the enumera-
tion of a full sequence of consecutive days within a 
week or a month in the Pentateuch, the pattern of 
using the defi nite article with the ordinal numeral is 
always followed. Beyond the tenth day, however, the 
Hebrew text never uses the defi nite article, probably 
because numbers above ten are formed by the combi-
nation of more than one word instead of by a single 
word.3 In Exodus 19:16, the frightening presence of 
God happened on “the third day.” In Exodus 16:5, 
the Israelites are instructed to gather twice as much 
manna on “the sixth day.” In Genesis 22:4, Abraham 
arrived at the place of sacrifi ce on “the third day” 
after setting out. At the battle of Jericho, God gives 
instruction about what the people are to do on con-
secutive days until “the seventh day” when they 
were to take the city (Joshua 6:3–4, 12–15). These 
well-known examples illustrate the normal Hebrew 
pattern of using the defi nite article to indicate con-
secutive days within a week. The seven days of cre-
ation in Genesis 1 do not follow this pattern. The text 

Article
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says something quite different, which means some-
thing quite different.4

The defi nite article is frequently omitted in Hebrew 
poetry, especially in the oldest poetry such as the 
psalms.5 While the fi rst chapter of Genesis has a 
liturgical quality to it, that quality does not make it 
poetry. One might argue that the passage is highly 
poetic. On the other hand, all of Hebrew prose is 
highly poetic. One would expect to fi nd the defi nite 
article in a discussion of successive days in a single 
week. The defi nite article is normally found in other 
Hebrew narratives in which events take place within 
the time frame of a week, but it does not occur here. 
Its absence is conspicuous and signifi cant for what 
its absence conveys.

The presence or absence of the defi nite article with 
the ordinal numeral and the noun “day” makes an 
enormous difference in meaning. If I relate my life 
and how I came to Union University, I might say,

One day I was born.
A second day I started preaching.
A third day I started being married to Mary Anne 

Whitten.
A fourth day I started being a father to Rebecca 

and then to Mary Ellen.
A fi fth day I started living in Minnesota.
The sixth day I started working at Union.
The seventh day I die.

This narrative is true, and it captures the signifi cant 
moments that began on particular days. The activ-
ity or state that begins on a particular day had not 
occurred previously, and it continues on into the 
future. So why does this narrative of my life use a 
defi nite article for day six? The sixth day is the focus 
of activity in which I am now engaged. We may also 
speculate on why day six of creation has a defi nite 
article. It appears that the rest of the Bible focuses 
its attention on God’s creation of people and his on-
going relationship with them. We could speculate 
further that we still live in the age inaugurated by the 
sixth day. We have not yet entered into the Sabbath 
rest of God (Heb. 4:1–10). This brief speculation 
 demonstrates the difference between revelation and 
theology. The text is revelation from God. Theology 
is speculation about the text. 

A more controversial issue that affects the interpreta-
tion of the text relates to the verb forms in Genesis 1. 

The verbs that describe the creative acts of God on 
the days of creation are all imperfect verbs. Ancient 
Hebrew had no past, present, or future tense verbs as 
English does. Its verbs focus on the quality of action. 
The perfect verb indicates completed action, whether 
the action is completed in the past, the present, or 
the future. The imperfect verb indicates incomplete 
action, whether the action was begun in the past, 
the present, or the future. On the surface, this con-
cept of verbs may sound strange to us today with our 
worldview, but we have a way of thinking that corre-
sponds to this approach which we use every day. We 
call it the historical present, and even seasoned writ-
ers are known to lapse into it. Consider this example: 

Charles Dickens tells us of the contradictory 
nature of French society in the opening of A Tale 
of Two Cities. He writes about the contrast between 
English and French approaches to the challenges 
of the eighteenth century, and he says that love is 
more powerful than a revolution. 

Though the verbs are all in the present tense, we 
know that the paragraph refers to the writing of 
Charles Dickens one hundred and fi fty years ago. It 
is not necessary to have a past tense verb in order to 
understand that events have taken place in the past.

The imperfect verb indicates incomplete or continu-
ing action. The activity of God during the seven days 
of creation employs the imperfect verb, indicating 
continuing action or action which has begun but 
which does not stop. By contrast, the fi rst sentence of 
the Bible uses the perfect tense of the verb “create” to 
indicate that God has completed the creation of the 
heavens and the earth. The perfect verb form of cre-
ate is rendered as a past tense verb in English (cre-
ated), for to say that God completes something is to 
give it a quality of certainty as though it has already 
happened, but the text then goes on to describe the 
continuing creation by God.6

In contrast to the completed action of the perfect 
tense, the imperfect tense indicates that action has 
begun, but that it continues. The action unfolds 
sequentially, with each new act of creation intro-
duced by the construction known as the waw con-
secutive (the waw conjunction plus an imperfect 
verb), so named because the simple Hebrew letter 
waw serves as the conjunction. A literal translation 
of Genesis 1:3 might be, “And then God begins to 
say, let there begin to be and continue to keep on 

Harry Lee Poe
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being light. And then there begins to be and contin-
ues to keep on being light.” The activity that begins 
“one day” continues beyond the day on which it 
begins. The light continues to be called forth on the 
day when the fi rmament begins to be established, 
along with the dry land and the oceans. The fi rst day 
comes to an end, but the activity of the fi rst day does 
not. The light, the fi rmament, the dry land, and the 
oceans continue to be called forth and shaped even 
on the day when God begins to call the earth to begin 
to put forth plant life. This Hebrew thought pattern 
of continuing action is refl ected in Peter’s discussion 
of the last judgment when he observes, 

First of all, you must understand that in the last 
days scoffers will come, scoffi ng and following 
their own evil desires. They will say, “Where is this 
‘coming’ he promised? Ever since our fathers died, 
everything goes on as it has since the beginning of 
creation.” (2 Pet. 3:3-4) 

Notice the Hebrew pattern of thought that piles up 
the continuing action. Notice the emphasis on the 
“beginning of creation.” It is not a modern Western 
worldview that nurtured Peter, but the ancient 
Hebrew thought pattern of his culture. 

Thus, the calling forth of light was not an activity 
of God on one particular day only, but an activity 
of God, once begun, that continues on. This idea of 
the continuing activity of God over his creation is 
refl ected in the words of Jesus: “He causes his sun to 
rise on the evil and the good, and sends rain on the 
righteous and unrighteous” (Matt. 5:45). We might 
make the theological judgment that God is still call-
ing forth the light. The modern translations make no 
attempt to capture the force of the Hebrew as they 
attempt to place the verbs into English tenses, but we 
see a refl ection of this idea of the continuing calling 
forth by God in Hebrews 1:3: “upholding all things 
by the word of his power.” As a result of neglecting 
the force of the verbs, however, the possible interpre-
tation of the Bible has been skewed.7

On a fourth day of creation (which was not, gram-
matically speaking, the fourth day of the universe), 
something intriguing happens. Up until this point, 
the action happens sequentially, as indicated by 
the waw consecutive construction, normally trans-
lated “and then.” With the creation of the sun and 
the moon we have one of the great problems in sci-
ence and religion. Some will ask how plants can exist 
before the sun. The timing for the creation of the sun 

and moon falls out of sequence for a modern under-
standing of the solar system.8 While the sentence 
about the creation of the sun and moon comes after 
the sentences about the creation of plants, the gram-
mar allows the possibility for their creation at the 
same time or prior to the preceding action. Instead 
of relying on the waw consecutive conjunction (“and 
then”) with a piling up of imperfect verbs to relate the 
narrative, the text introduces the perfect of relation 
construction (the waw conjunction with the perfect 
verb) in Genesis 1:14–15 which can thrust the action 
backward.9 The grammatical point is that the verbs 
suggest that what happened on “a fourth day” could 
have taken place at an earlier time.10 The change in 
verbs on this day is the more striking because of the 
regular pattern of using the imperfect verb through-
out the rest of the creation narrative. Patterns are 
important in the Hebrew language and the interrup-
tion of the pattern at the one point in which it would 
make a difference to the modern world is notewor-
thy. It is possible that the text makes a change at this 
point with no other purpose than to offer variety, but 
the coincidence is remarkable if that is the case.

This placing of the activity of point number four at 
an earlier period is refl ected in the Hebrew thought 
pattern of Jesus. In describing the end times, he spoke 
of wars, revolutions, earthquakes, famines, and pesti-
lence. Then he said, “But before all this, they will lay 
hands on you and persecute you” (Luke 21:12). Then 
he goes back to a chronological sequence of events 
leading up to the coming of the Son of Man in glory. 
Though the creation of sun and moon fall fourth in 
the list of aspects of creation, the construction of the 
waw conjunction with a perfect verb suggests that it 
may have occurred earlier.

The Translation Tradition
Several hundred years before the birth of Christ, the 
Hellenistic Jewish community in Alexandria trans-
lated the Hebrew Scriptures into Greek. This transla-
tion, known as the Septuagint and signifi ed by the 
Roman numerals LXX, became the standard bib-
lical text of the Jews in the time of Christ through-
out the Roman Empire. Hebrew had ceased to be 
a spoken language, so much so that when Jesus 
quoted Psalm 22 in Hebrew from the cross, the 
Jerusalem mob did not know what he was saying 
(Matt. 27:46–47; Mark 15:34–35). The Koine Greek of 
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the New Testament does not have the same regular-
ity as Hebrew, for as the commercial language of the 
Roman Empire, it resembles modern pigeon English 
compared with Classical Greek. The Greek of the 
Septuagint Pentateuch (ca. 250 BC) represents an 
early form of the transition from Classical Greek to 
Koine Greek and probably falls only a few genera-
tions after Alexander the Great.

In the Septuagint, the rabbis followed the Hebrew 
text and did not use the defi nite article with the 
ordinal numerals and days of creation. The omis-
sion of the defi nite article in a Greek text would not 
be absolutely determinative in itself, but as the rab-
binic understanding of the original Hebrew text in 
ancient times, it serves to explain why the ancient 
rabbis understood the days of creation to represent 
a vast period of time.11 As in the Hebrew text, the 
Septuagint adds the defi nite article when it comes to 
the sixth and seventh days:

1:5 ἡμέρα μία (noun, feminine nominative singular 
adjective)

  day one

1:8 ἡμέρα δευτέρα (noun, feminine nominative 
singular adjective)

  day second

1:13 ἡμέρα τρίτη (noun, feminine nominative singular 
adjective)

  day third

1:19 ἡμέρα τετάρτη (noun, feminine nominative 
singular adjective)

  day fourth

1:23 ἡμέρα πέμπτη (noun, feminine nominative 
singular adjective)

  day fi fth

1:31 ἡμέρα ἕκτη (noun, feminine nominative singular 
adjective)

  day sixth

2:2 τῇ ἡμέρᾳ τῇ ἕκτῃ (defi nite article, noun, defi nite 
article, feminine dative singular adjective)

  the day the sixth

2:2 τῇ ἡμέρᾳ τῇ ἑβδόμῃ (defi nite article, noun, 
defi nite article, feminine dative singular 
adjective)

  the day the seventh

With the Septuagint, however, the rabbis do make 
an intriguing alteration or interpretation of the 
activity of God at the end of creation. At the end 
of verse 31, the Septuagint does not follow the 

Hebrew text. Instead, it continues the earlier pat-
tern and describes the making of people as occurring 
on “a sixth day” instead of “the sixth day.” What 
the Hebrew text places in verse 31, the Septuagint 
then moves to chapter two, verse two. The Septua-
gint begins Genesis 2:2 by adding that God fi nished 
his work “on the sixth day” before stating that God 
rested “on the seventh day.”

In the last days of the Western Roman Empire, about 
a decade before Alaric sacked Rome in 410, Jerome 
translated the Bible into Latin. His translation, 
known as the Vulgate, was the text of the Bible used 
by the Roman Catholic Church until the 1960s. Latin, 
like modern Russian, has no defi nite article. It has no 
way to say “the book.” It can only say “book.” As a 
result, the Vulgate does not carry forward the same 
emphasis as the Hebrew text of the Bible.

1:5 dies unus (noun, adjective nominative masculine 
singular cardinal)

  day one

1:8 dies secundus (noun, adjective nominative 
masculine singular ordinal)

  day second

1:13 dies tertius (noun, adjective nominative 
masculine singular ordinal)

  day third

1:19 dies quartus (noun, adjective nominative 
masculine singular ordinal)

  day fourth

1:23 dies quintus (noun, adjective nominative 
masculine singular ordinal)

  day fi fth

1:31 dies sextus (noun, adjective nominative 
masculine singular ordinal)

  day sixth

2:2 die septimo (noun, adjective dative masculine 
singular ordinal)

  day seventh

Whereas the Hebrew and Septuagint scriptures indi-
cate indefi nite days of creation in terms of their rela-
tionship to each other in time, the Vulgate has no 
necessary meaning one way or the other. Augustine, 
a contemporary of Jerome who knew neither Greek 
nor Hebrew, assumed that the days of creation 
involved vast periods of time. Moreover, he believed 
that the days of Genesis 1 refer to the creation of the 
angels and their light, rather than to solar days.12
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A New Tradition Begins
For a thousand years, the Vulgate was the Bible of 
the West. Then, in England during the late 1300s, 
John Wycliffe initiated a translation of the Bible 
into English. Known as “The Morningstar of the 
Reformation,” Wycliffe argued that the Bible, as 
God’s law, represented the highest authority on 
Earth. During the crisis of authority at the end of the 
medieval period when schism in the Roman Catholic 
Church had resulted in multiple popes and when 
tradition had so overshadowed the faith that cor-
ruption crept in at every side, Wycliffe argued for 
reform of the practices, government, and theology of 
the church along biblical lines.

Ironically, it was the Wycliffe Bible translation of 
Genesis, which sought to combat human tradition, 
that fi rst introduced the defi nite article into the text. 
The effect of this introduction changes the meaning 
of the text from seven sequential days of creation that 
are not immediately consecutive, to a single week of 
seven successive, consecutive days:

1:5  o daie

1:8  the seconde dai

1:13  the thridde dai

1:19  the fourthe dai

1:23  the fyueth dai

1:31  the sixte day

2:2  the seuenthe dai

Wycliffe was in the vanguard of the new thinking 
that ushered in not only the Reformation, but also 
the scientifi c revolution, for both were the products 
of the same reforming intellectual spirit within the 
Roman Catholic Church. Though Wycliffe led in 
the translation of the Wycliffe Bible, it was not com-
pleted until ten years after his 1384 death. Wycliffe 
appears not to have done the translation work of the 
Old Testament himself, but to have left it to Nicholas 
Hereford and John Purvey who translated from the 
Latin Vulgate rather than from the original Hebrew 
text. This article will not attempt to explain what 
infl uences in the late medieval period might have 
led to this new tradition. This article merely indi-
cates that a new tradition developed concerning the 
creation account, just as the doctrines of transubstan-
tiation, papal infallibility, purgatory, and many more 
arose during this period.

All of the English language Bibles of the English 
Reformation period followed the tradition estab-
lished by the Wycliffe Bible of treating the days of 
creation as consecutive days within a single week, 
including Tyndale, Coverdale, the Geneva Bible, 
and the Bishops’ Bible. By the time the translators 
began their work on the King James Bible, the mind-
set within the culture of conceiving of creation as 
having taken place within the framework of a sin-
gle week of seven consecutive days formed part of 
the cultural worldview of the translators. Tradition 
overruled text. This tradition continued into the late 
twentieth century when a fl urry of activity produced 
an avalanche of new translations. The notable excep-
tions to this tradition are the American Standard 
Version (1901) and its revision, the New American 
Standard Version (1971), and the Jewish Publication 
Society’s Tanakh (1917 and 1985), which relied upon 
the American Standard Version. These translations 
follow the Hebrew text in not including the defi nite 
article.

The tradition has become so entrenched that even 
Hebrew scholars in the English Bible tradition fail 
to explore the signifi cance of the glaring absence of 
a defi nite article with the days of creation. It is not 
a theological issue, because conservative and liberal 
scholars alike simply overlook the matter until it is 
called to their attention. Commentators as diverse 
as Gerhard von Rad, Ralph Elliott, E. A. Speiser, 
Walter Brueggemann, James Montgomery Boice, and 
John Skinner make no mention of the absence of the 
defi nite article in their commentaries.13 

On the other hand, Kenneth Mathews notes the 
absence of the  defi nite article but does not discuss 
its implications.14 G. Henton Davies, Gordon J. Wen-
ham, and Victor P. Hamilton give literal translations 
of the Hebrew as “one day,” “a second day,” and so 
forth, yet in their commentaries on the text, they fail 
to explain why they gave this translation and what 
difference it makes.15 Bruce Waltke notes that the 
absence of “the defi nite article on each of the fi rst 
fi ve days suggests they may be dis-chronologized,” 
but he does not expound on what the suggestion 
means.16 C. F. Keil and Franz Delitzsch took note 
of the problem of the absence of the article with 
“day one” and proposed a theory to account for the 
absence of the article: “Like the numbers of the days 
which follow, it is without the article, to show that 
the different days arose from the constant recurrence 
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of evening and morning.”17 Claus Westermann took 
note of the use of “one day” and suggested that it 
should be understood as an ordinal number, but he 
took no notice of the absence of the article with the 
other days.18 Thus, the power of tradition veils what 
would otherwise be obvious.

Conclusion
The perceived confl ict between science and religion 
in the West occurs in large part because of a per-
ceived contradiction between the biblical account 
of creation and the scientifi c account of cosmogony. 
Time is the issue. The science and religion debate 
has tended to be the arena of philosophers of reli-
gion rather than of theologians, and certainly not of 
biblical scholars. The neglect of such an important 
topic by merely acquiescing to a tradition, whose 
origin is vague at best, represents a strange abdica-
tion of responsibility. The King James Bible fi rmly 
entrenched a view of creation as having taken place 
within the span of seven chronologically successive, 
consecutive days within a calendar week. The text 
cannot sustain this understanding, but with people, 
tradition too often trumps text.

From this brief survey of a rather esoteric discussion 
of Hebrew grammar, we may draw several conclu-
sions that range in degree of certainty. The grammar 
of one situation may dictate the meaning, while the 
grammar in another situation may only allow for a 
range of understandings. Of the issues raised in this 
discussion, the following conclusions may be drawn.

The absence of the defi nite article with the days of 
creation almost certainly means that the days are 
intended to be understood as not occurring in imme-
diate succession to one another without any interven-
ing time. The absence of the defi nite article precludes 
the option that the days compose what a modern 
person regards as a single week of seven days, each 
day comprising twenty-four hours. What does this 
mean for the other passages in the Bible that refer to 
creation as having occurred within a week? There are 
no such places. Instead, we fi nd several references 
to God creating the world in six days (Exod. 20:11; 
31:17). Whether the six days of creation occur in 
immediate sequence or with time intervals between, 
the idea of six days in which God commences new 
facets of creation is maintained. 

Of less certainty from the grammatical constructions, 
but still of high probability, is the idea that God has 
continued to be active in creation since he began 
c reating. The deist position would be that God exe-
cuted an act of creation at the beginning, but that 
God has been removed from creation since the initial 
decree. The force of the piling up of imperfect verbs 
would argue that God begins a good work and con-
tinues until he brings it to completion on the last day, 
an idea refl ected in Philippians 1:6. Note that the 
last day of creation, the seventh day, does not have 
 evening and morning. We might speculate that the 
seventh day, the last day, is the Day of the LORD.

From high probability, we move to mere possibil-
ity that the making of the sun and the moon in day 
four precedes the previous action. Grammarians con-
tinue to argue the point of whether the verb form of 
the perfect is changed by the waw conjunction into 
an imperfect. If so, then the creation of the sun and 
moon are intended by the text to have occurred 
after the previous action. If not, and the force of the 
perfect verb continues as a perfect verb, then John 
Joseph Owens’s understanding of the perfect of 
relation would suggest that the creation of sun and 
moon occurred at the same time or previous to the 
preceding action in the narrative.

Neither of the extreme positions on the meaning of 
Genesis 1 seems tenable. One position argues for a 
literal understanding of creation as occurring within 
a week of seven solar days. For the reasons men-
tioned in this article, it seems highly improbable that 
the text will allow that understanding. Tradition 
insists upon such an understanding, but the text does 
not. The other extreme position argues that the fi rst 
chapter of Genesis should be understood simply as a 
poetic affi rmation of faith in a creator God. This view 
regards Genesis as a record of the beliefs of people 
of faith from an ancient culture. The issue with this 
view is that it ignores the anthropological problem, 
that the people of the ancient world had no experi-
ential reason rooted in the world in which they lived 
that would have given them a reason to believe in 
a single God, who created the world in a sequential 
pattern, beginning with the creation of the basic ele-
ments and proceeding toward the complexity of life. 
All the great cultures of the world that had made 
 signifi cant advances in astronomical observation had 
concluded that the world continues in an endless 
stream of cycles. The most primitive cultures found 
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this same cyclical understanding in the perpetual 
cycles of the seasons. It remains for some theory to 
propose an alternative understanding of how the 
Hebrews would have conceived such a linear under-
standing of the world apart from revelation.19

This article has proposed that both extreme positions 
are mistaken because of the assumptions they have 
accepted from the English Bible tradition of translat-
ing Genesis. This article did not explore the power-
ful force of popular religion in creating religious 
traditions that may be contrary to the teaching of 
the Bible, but popular religion has always played an 
important role in shaping theology that eventually 
becomes dogma. The sequential account of creation 
written in antiquity presents a powerful argument 
for the Genesis creation account as more than a mere 
cultural artifact of an ancient people. The linear 
understanding of cosmology that matches the mod-
ern scientifi c breakthroughs of the twentieth century 
provides evidence of revelation. On the other hand, 
a literal reading of the text allows for creation that 
took place over a vast period of time with new things 
occurring in chronological sequence throughout that 
vast period. The text is silent about the length of time 
over which the six days of creation began, except that 
they did not take place within an Earth reckoning of 
a solar week. 
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Genetic Insights for 
Human Origins in Africa and for 
Later Neanderthal Contact
David L. Wilcox

It has become obvious that the scientifi c evidence for where and when the human 
race appeared is radically different from the traditional assumptions drawn from the 
narratives in Genesis. The evidence—skeletal, archeological, and genetic—clearly points 
to Africa, not to the Middle East. The genetic evidence for an ancient African root for 
humanity is particularly convincing, as is the evidence that human origins occurred to 
a small population, not to a single pair of humans. Further, some human beings who 
left Africa to settle the rest of the earth mated with the local Neanderthals. Neanderthal 
DNA has spread to all non-Africans. This article surveys and explains recent genetic 
data bearing on these topics.

Presuppositions: Setting 
the Stage—Integrating 
Scientifi c Data and the 
Scriptures
The earth and its fullness belong to the 
Lord—it is God’s creation. Therefore, 
expectations (predictions) about the earth 
that humans draw from the biblical nar-
ratives are verifi able or falsifi able by valid 
data from that creation. This includes 
theological statements that imply real 
world predictions. Creation’s data cannot 
be simply rejected, but require theological 
reconciliation. Traditional understand-
ings of the scriptures predict (expect or 
state) patterns of data far different than 
those reported by modern investigation, 
producing a serious dilemma. And, in 
fact, the data supporting alternate views 
grows stronger year by year. It is true that 
all theories (scientifi c or theological) are 
human formulations, but the data they 
explain are not human creations; they are 
discoveries of God’s truth. Theology may 
reject the theories of science, but it cannot 

reject the data of the creation and remain 
honest before its Creator. And that means 
giving the data a rational explanation 
rather than simply rejecting it. 

My intent in this article is to survey the 
recent genetic discoveries related to the 
origin, nature, and early prehistory of the 
human species. These are indeed diffi cult 
issues, but diffi cult issues which must be 
faced and worked out by theologians and 
scientists in open discussion.1

African Genealogies
Genealogies are constructed from genetic 
data by looking for slight differences in 
existing people, specifi cally changes in 
their DNA (mutations) caused at various 
times in the past. Since the most likely rea-
son for two people to share one of these 
DNA differences is that the change hap-
pened in a common ancestor, computer 
algorithms can be designed to calculate 
the likely trees of descent. Likewise, the 
number of DNA differences which have 
accumulated between any two people can 
be used to estimate how long ago their 
common ancestor lived. Such compari-
sons can be carried out on mitochondrial 
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DNA (female parent’s line), the Y chromosome (male 
parent’s line), and the autosome chromosomes (both 
parents’ lines). These are the familiar tests done by 
commercial DNA genealogy sites such as “Family-
TreeDNA” or “23andMe.” By extending exactly the 
same techniques, one can construct “paleo-geneal-
ogy” lineages.

The traditional reading of Genesis would place the 
origin of the human race with two people living in 
the Middle East a few thousand years ago. This tra-
ditional reading generates a clear prediction for the 
genetic genealogy of the human race as a whole. It 
should be rather short (not too many accumulated 
changes), and the longest separate branches from 
the common root should be Middle Eastern. If other 
regions were settled from that center, they should all 
have equally shorter local genealogies. That is not 
what the data show. The basic message—an Afri-
can origin for humanity—has remained the same 
since Cann, Stoneking, and Wilson’s seminal paper 
in 1987.2 In contrast, Wayne Frair’s Separate Creation 
paradigm assumes (predicts) four genetically equi-
distant continental populations.3 

Of course, since this is an area of very active research, 
the complexity and clarity of the data are constantly 
changing. And yes, there are some slight but signifi -
cant differences between the specifi c point of origin 
within Africa indicated by Y chromosome genealo-
gies, mtDNA, and autosomal DNA, not to speak of 
languages and archaeology.4 However, every study 
which has been done over the last twenty-fi ve 
years—and there have been hundreds—has con-
fi rmed the conclusions of that fi rst paper. Here are 
a few results of the latest research.

First, the female line: a recalculation of the base 
of the human mtDNA genealogy (“mitochondrial 
Eve”) places her date at around 185,000 years ago. 
This paper places her location in South Africa among 
the hunting and gathering Khoisan people. All 
the other people groups on Earth are on one main 
branch of the human genetic tree, and the Khoisan 
are on the other branch.5 (Neanderthal mtDNA 
sequences form a similar tree with a 200,000-year 
root. The total mutational distance between the two 
trees is best explained as 500,000 years of separate 
descent.6) These ancient data are confi rmed by other 
recent studies which have calculated a root of 99,000 
to 148,000 years7 based on when the New World was 
settled, or an estimate of 134,000 to 188,000 years 

using ten ancient “modern human” samples (e.g., the 
“Iceman” and CroMagnon 1) for calibration.8 That 
study also confi rmed African origins—the “ancient 
moderns” are all non-African, part of the two unique 
non-African mtDNA haplogroups termed M and N 
(a haplogroup is a genetic sequence identifi ed by 
a unique set of genetic markers). Using that data, 
the “out of Africa” branch of humanity originated 
between 62,000 and 95,000 years ago.9 Another 
mtDNA study, focusing specifi cally on the Khoisan 
people, shows that the amount of genetic divergence 
(between the L0K and L0D haplogroups) found 
between their tribes required the tribes to have been 
isolated for most of the last 100,000 years.10 The most 
recent analysis, looking at the Khoisan branch of the 
tree (the L0  haplotype), confi rms mitochondrial Eve’s 
date at 180,000 years ago, but places her in central 
Africa, showing that the Khoisan ancestors arrived 
in the south about 120,000 years ago.11

This is confi rmed by the autosomal data. A whole 
genome (autosome) study places the divergence 
of the Khoisan from the rest of the human race at 
108,000 to 157,000 years ago.12 These data support 
the consensus view that the Khoisan are the most 
anciently divergent human group, and have been 
signifi cantly structured by long-term tribal separa-
tions since that ancient period. Another autosomal 
study confi rms the centrality of the Khoisan in the 
origin of modern humans (Homo sapiens), showing 
their high internal genetic diversity, and their genetic 
separation from other African (and non-African) 
genomes.13 Other studies show that autosomal SNPs 
(single nucleotide polymorphisms) are most diverse 
in the Khoisan, consistent with their divergence from 
the rest of our species around 100,000 years ago.14 

Another analysis of nuclear SNPs looked at Khoisan 
chromosomal components found in other South Afri-
can tribes. The only non-Khoisan groups with a bit 
of Khoisan admixture were the Hadza and Sandawe, 
ancient Tanzanian click-speakers.15 

There has been a fairly hot debate over the muta-
tional rate used to calculate these ages, a debate with 
signifi cant implications for when and where people 
left Africa.16 The issue has been whether to use muta-
tion rates as measured in current populations (which 
gives older dates) or to use the difference between 
the DNA of living people and ancient samples. This 
decision has implications for the emigrant popula-
tion size and for their exit route—through the Sinai 
at 100,000 years ago or through Yemen around 
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60,000 years ago.17 Several different studies indicate 
that the later date is correct. One is the previously 
mentioned mtDNA study using ancient genomes.18 
Another used whole genomes to calculate an exit 
date of 38,000 to 64,000 years ago.19 A third evalu-
ated worldwide linkage disequilibrium (haplogroup 
size),20 and a fourth looked at origin and expansion of 
the L3 African “parent haplotype” of the non-African 
M and N haplogroups.21 Finally, the comprehensive 
and careful evaluation of Mellars et al. dates the ori-
gin of L3 (in Africa) to 70,200, N (in Arabia) to 65,000, 
and M (in south Asia) to 47,970 years ago.22 The later 
dates and the southern route best fi t the data.

The only consistent conclusion to the genetic data—
and the fossil data—is that the modern human race 
appeared in Africa.23 It is not just that the deepest 
roots of the human genealogy are in Africa. Every one 
of the thousands of human genomes from outside 
Africa which has been sequenced belongs to just two 
haplogroups—the M and N branches of the Afri-
can L3 haplogroup—and those haplogroups were 
formed around 60,000 years ago. Every haplogroup 
branch formed during the 120,000 years before that 
date is found only in Africa. So if one is looking for 
an “Eden” at the “headwaters of the human race,” 
it will have to be in Africa. For example, if Adam 
was created directly from soil, macro-mutated from 
the prehuman, or was the fi rst full human given 
a soul, the event must have occurred more than 
200,000 years ago somewhere in Africa. If Adam 
was the leader or representative of a unique band 
of humans given the opportunity by God to lead the 
race into spiritual maturity, it could have occurred at 
a population bottleneck 150,000 years ago in Africa.

How well does the Y chromosome data match? 
Recent changes in the estimate have caused some 
confusion. In a series of jumps, the date for “Y Chro-
mosome Adam” has gone from 59,000 years ago in 
2000 to 209,000 years ago (or possibly 338,000 years 
ago) in 2013. Does this sound suspicious? It is per-
fectly reasonable. The date of the root is calculated 
from all of the available data. The changes were due 
to newly discovered, highly divergent Y sequences 
(in the A haplogroup) from a series of northwestern 
African men (the Mbo tribe). Their sequences pushed 
back the date, and confi rmed the male origin in north 
central Africa.24 Other recent papers also have cal-
culated older Y chromosome convergence points—a 
Sardinian sample put it at 180,000 to 200,000 years.25 
A second paper dated it at 120,000 to 156,000 years 

ago and further showed Y chromosome diversity 
among the Khoisan which was almost that deep.26 
So, the new data which moved the Y chromosome 
coalescence back to 200,000 years confi rm African 
origins. Fifteen years ago, the oldest lineages outside 
Africa were almost as old as the oldest known Afri-
can ones at 59,000 years ago. But the deeper branches 
since discovered are entirely African, the same pat-
tern which the mtDNA and autosomes show. The 
fi rst three-quarters of the Y chromosome branches 
are all African branches. 

Tracing Population History from 
Genetic Patterns
Keep in mind that “mitochondrial Eve and Y chro-
mosome Adam” should not be identifi ed with the 
two biblical individuals, nor do they prove the exis-
tence of Adam and Eve. They are simply constructs, 
deduced from the most distant common genetic 
sequences we can calculate. One would expect both 
sexes to have the same population history and have 
coalescence points at the same time and location. 
However, the true origin of our species could easily 
be earlier than these coalescence points, obscured by 
later history of population movements and changing 
population sizes. To a certain extent, this history can 
be derived from the amount of diversity retained in 
the genealogy at different points in the past (due to 
different rates of genetic drift). 

Population logic provides multiple independent 
ways to estimate changes in past human effec-
tive population size (Ne). As well as having higher 
 levels of linkage disequilibrium, small populations 
lose diversity more rapidly (in insertion/deletion 
mutants, single nuclear polymorphisms, microsatel-
lites, alleles, transposable elements, etc.). The smaller 
the population, the exponentially faster will be the 
loss. If a population is very small or decreasing, it 
will retain very little genetic diversity; if it is large 
or increasing, it will retain a lot. A level in a gene-
alogy with many retained branch points indicates 
that it was increasing at that time; a level with few 
retained branch points indicates that it was declin-
ing. Why? A new mutation generates a potential 
branch point if both forms of the gene are retained. 
The larger the population, the better the chances for 
the preservation of both branches. Ne can therefore 
be independently calculated for mtDNA, Y chro-
mosomes, X chromosomes, and sections of the 
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autosomes—sometimes with differing results. Note 
that Y chromosomes and mtDNA will show smaller 
Ne than autosomes because they are haploid (one 
copy per individual). 

One important technique for extracting historical 
information from genes is linkage disequilibrium 
(LD). The logic is as follows: We receive match-
ing (homologous) chromosomes from each parent. 
Homologous chromosomes exchange matching 
sections during meiosis (gamete formation), with 
“crossing over” occurring at random intervals along 
the chromosome. On the average, each human sperm 
or ova experiences thirty cross-over events—that is, 
one or two per chromosome, one crossover every 
100 million bases or so. As the chromosomes con-
tinue to be recopied generation after generation, 
their sequences are being very gradually “homog-
enized” by such crossover events. Since this is a 
slow process, signifi cant lengths of DNA sequences 
can remain unmixed for very long times. The aver-
age length of shared haplogroups (matching lengths 
of DNA found in many individuals) decreases with 
time, a fact which can be used to deduce a number 
of interesting historical measures. 

One use of LD is to evaluate when a particularly 
favorable gene was fi rst introduced by either muta-
tion or interbreeding. If rapid selection for a “new” 
form (allele) of a gene has occurred (termed a selec-
tive sweep), the haplogroups fl anking that gene 
will be unusually long. Due to their proximity to 
the selected gene, they will have “hitch-hiked” to 
high frequency in the population, being “selected” 
with the new gene too rapidly to have been “mixed 
in.”27 How much “too long” they are is inversely 
 proportional to the time since the benefi cial allele 
was introduced. This sort of data shows that the 
sickle cell allele has been independently produced by 
mutation a half dozen times. (The sickle cell hemo-
globin allele is positively selected and maintained in 
malarial areas.) 

Another use of LD is to provide an effective evalu-
ation of population mixture. When populations 
mix or exchange migrants, the cross-bred offspring 
have chromosomes from both populations. LD can 
measure how much admixture occurred, and how 
long ago it happened. As generations pass, the long 
“foreign” haplogroups are slowly homogenized. 
Their average length is inversely proportional to 
the time since the admixture event.28 The percent-

age of the genome which is composed of such 
longer haplotypes (which show high LD) indicates 
how much admixture occurred. This sort of analy-
sis, for instance, can show when interbreeding 
may have occurred between modern humans and 
Neanderthals.29

A third use of LD is to measure the length of time 
a population has lived in its present location. The 
average length of the haplogroups in the entire 
genome decreases with time, and is therefore 
inversely proportional to the long-term Ne. Multiple 
studies have confi rmed that African populations 
have far shorter linkage groups than non-African 
populations, thus indicating a larger African Ne and 
a longer African history.30 This supports the conclu-
sion that Africa is the original source of the world’s 
other local populations. 

Implications of the Genetic 
Evidence for a Bottleneck
Obviously the question of the size of the human 
 population at its origin is important to theology. 
The idea of a bottleneck can be attractive for cer-
tain integrative proposals. The evidence for such 
an event begins with signifi cant differences in the 
patterns of genetic diversity in humans and apes. 
Chimpanzees and humans have about the same 
amount of diversity in their autosomal chromosomes. 
However, human mtDNA and Y chromosomes have 
only about one-tenth of the diversity expected from 
the equivalent chimp values and the autosomes.31 
For instance, the “mitochondrial Eve” of the pigmy 
chimpanzee is calculated to have lived 540,000 years 
ago, three-fold older than the human value.32

Blum and Jakobsson evaluate this discrepancy using 
calculations for the TMRCA (time to most recent 
common ancestor) for different parts of the human 
genome.33 Autosomal and X-linked segments on 
average have TMRCAs of, respectively, 1,500,000 
and 1,000,000 years. Y chromosome and mtDNA 
TMRCAs (“Adam” and “Eve”) are (as we have 
seen) around 200,000 years. They calculate that the 
depth of the autosomal TMRCAs are consistent with 
an Out-of-Africa scenario—if the ancestral Ne was 
around 14,000. However, that Ne value is not consis-
tent with the far more recent TMRCAs of the mtDNA 
and the Y chromosomes. To explain this discrepancy, 
they propose a bottleneck in the Middle Pleistocene 
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at around 150,000 years ago (long before the migra-
tion out of Africa). They calculate that this bottleneck 
could either be due to drastic population reduction 
or due to the survival of a single group from a larger 
ancestral structured population (“multiple archaic 
populations”). Either model could account for the 
eight-fold discrepancy, but they demonstrate that 
neither “recent admixture” (from Neanderthals) nor 
“long-standing admixture” (a long-term structured 
population) can explain the discrepancy. 

There is supporting physical evidence. The middle of 
the previous glacial maximum, a time of maximum 
dryness in Africa, was 150,000 years ago. Modern 
humans are thought to have been forced into refu-
gia along the eastern coast and lake regions in Africa, 
tied to coastal resources for the long-chained poly-
unsaturated fatty acids required for constructing our 
large brains.34 Modern humans would be particu-
larly vulnerable because of our unique, very rapid, 
brain growth in early infancy.35 

Such a refuge-based bottleneck would have increased 
local density, cross-cultural contact, and environmen-
tal challenges—all of which are elements thought to 
speed up cultural development.36 Although cultural 
changes do not necessarily produce human genetic 
signatures, they can alter the environment of our 
commensals and parasites, and thus, the selection 
pressures which can be refl ected in their genomes. 
One intriguing bit of data is that lice apparently 
started to live in our clothes sometime between 
170,000 and 80,000 years ago. At least, that is when 
clothing (body) lice became a separate genetic lin-
eage,37 indicating that the wearing of clothing had 
become common and continuous, a behavior with 
both adaptive and symbolic signifi cance.

Climate change may also explain a good deal of the 
subsequent movement of populations. During glacial 
maxima and minima (we are now in a glacial mini-
mum), North Africa is extreme desert (the Sahara). 
But during many of the intermediate periods, pat-
terns of rainfall shift, and for tens of thousands of 
years, the Sahara becomes habitable savannah and/
or grassland.38 So, after glacial maxima or minima, 
human populations spread northward across the 
Sahara. The Saharan climate worsened dramati-
cally around 73,000 years ago when the eruption of 
the Indonesian super volcano at Toba accelerated 
the cooling of the earth. This would have forced 
the Saharan population to abruptly fl ee southward, 

invading the territories of local tribes. To some 
extent, northern males (with their Y chromosomes) 
would replace local males (and their Y chromo-
somes), but the local autosomes and mtDNAs would 
have been spared due to interbreeding, producing 
a somewhat divergent estimate of the location of 
the oldest sequences. 

So, how and when was the earth settled? Both 
mtDNA and Y chromosome data show that the 
 emigrants left Africa about 65,000 years ago, crossing 
the southern end of the Red Sea into Yemen. The fi rst 
wave moved eastward along the coast of the Indian 
Ocean settling East and South Asia, and arrived in 
Australia around 50,000 years ago. The population 
which remained in refuges along the Arabian coast 
and the area of the Persian Gulf produced a second 
wave, which left the Middle East around 45,000 
years ago—moving eastward through Asia and 
north-westward across Europe. The migrations have 
been traced via the progressive divisions of M and N 
mtDNA haplogroups (females) and the F, C, and D 
haplogroups of the Y chromosomes (males), as illus-
trated on numerous websites such as the National 
Genographic Project.39 The timing (pre- and post-
Toba) is debated due to disagreements over mutation 
rate and archeological evidences, as previously dis-
cussed.40 I think the later date best fi ts the data.

How Many “First Humans” 
Were There?
Another critical question for theological issues is the 
population size of the fi rst true human population. 
Different models for how to (or how not to) integrate 
the story of Eden with the scientifi c data depend on 
that value. Genetic data indeed limit the possibili-
ties. There is a general consensus that our over-all 
(African) ancestral Ne was about 10,000. Recent pub-
lished estimates have been based variously on 
nucleotide diversity, LD, SNPs located near ALUs, 
whole genomes, allelic diversity, admixture calcu-
lations, and the comparative diversities of mtDNA, 
Y chromosomes, X chromosomes, and autosomes. 
Estimated Ne values in nine studies over the last fi ve 
years range from 4,000 to 15,000.41 

Huff has compared this value to other living and 
extinct species. His estimate of Ne for the human lin-
eage was 9,300, but only for the last 1.2 million years. 
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Before that (which would be prior to Homo heidelber-
gensis), the value was 18,500 and 26,000, comparable 
to the ancestral Nes of gorillas (25,000) and common 
chimpanzees (21,000), and greater than that of the 
pigmy chimpanzees (12,300).42 Despite our present 
worldwide distribution, at some point the human 
lineage must have been signifi cantly reduced, com-
parable to the pigmy chimp. That species has always 
had a very limited range south of the Zambezi River, 
utilizing swampy rainforest—a habitat which practi-
cally disappears during glacial maxima, producing 
its own “bottleneck effect.” Low human values only 
make sense if our lineage was also a very “localized” 
phenomenon. Again, a very low Ne can either be due 
to a long stretch of time with a small population or 
to a relatively brief bottleneck episode. 

What did Blum and Jakobsson’s proposal give 
us?43 A bottleneck at 150,000 years does not mean 
that Homo sapiens was formed at that time—it sim-
ply reduces the amount of past genetic diversity 
retained. If an “Eden” event happened at that time, 
it might have involved a fairly small (tribal) popula-
tion, but they had ancestors who certainly looked like 
modern humans. An “integrative” scenario involv-
ing changes in the functional nature of humanity 
could fi t at that point in time, and it does mean that 
we are all descended from that single stock. The data 
are problematic for the idea of locating Eden at the 
“headwaters” of the human race at an earlier date, 
at the time when the modern physical form appears. 
Although the TMRCAs of the mtDNA and Y chro-
mosomes are around the same date as the earliest 
fossils with  modern morphology, the much higher 
levels of retained diversity in the autosomal chromo-
somes are only compatible with an earlier bottleneck, 
not with two people. 

There is an additional reason why the ancestral 
human population cannot be reduced to just two 
 people—previous ancestors or not. The problem is 
that two people can have a total of only four alleles 
(alternate forms) at any specifi c locus. If our species 
were ever just two people, all the alleles presently 
found at each locus in the entire species would have 
to be produced by mutations from those four ances-
tral alleles. But there are far too many divergent 
alleles in humans to be produced by that process, 
particularly in the histocompatibility loci central to 
immunity (in which high diversity is maintained by 
selection). Also, the existing arrays of very different 

human alleles are frequently homologs to matching 
sets of alleles found in other primate species, imply-
ing that the alleles originated before the lineages 
became separate species.44 

It has been argued that this immune diversity could 
have been generated independently in apes and 
humans, but this is problematic. The usual argu-
ment is that since the introns (noncoding sections) 
of the HLA-DRB loci are more alike within the spe-
cies, whereas the exons (coding sections) are more 
alike between species, the exons must also have 
separately diverged within each species.45 However, 
specifi c HLA alleles are under strong specifi c selec-
tion, and changes in the introns are mostly neutral. 
Thus, most mutations and cross-overs will be toler-
ated in introns. Over millions of years, crossing over 
will allow introns to become homogenized within 
lineages. But at the same time, strong stabilizing 
selection is able to retain an adaptive array of differ-
ent exon sequences. 

Supporting this analysis, the initial report on the 
chimpanzee genome evaluated the coding (exon) 
and noncoding (intron) differences between the 
human and chimp genomes for 13,355 out of 21,000 
protein-coding loci.46 Retained substitutions in the 
introns were 5.5 times more frequent than retained 
substitution in the exons. Further, synonymous exon 
substitutions were 33% more frequently retained, 
and substitutions in intron splicing junctions were 
three times less frequently retained. This distribution 
precisely follows the impact of these various changes 
on working protein production, and demonstrates 
the ability of purifying selection to retain functional 
protein-coding sequences (including those found in 
immune alleles) over millions of years, while allow-
ing signifi cant change to accumulate in introns.

Further, the last few years have given us data which 
indicate that the population which left Africa to 
settle the world interbred to a small extent with 
the Neanderthals and another archaic lineage, the 
Denisovans.47 We non-Africans apparently picked 
up some “archaic” alleles involved with immunity 
(due to selection for non-African immune alleles). 
Parham’s team reported that 50% of the HLA-A 
alleles found in Europeans, up to 80% in Asians, and 
up to 95% in Papua New Guineans have an archaic 
origin.48 If so, selection in the HLA antigen series 
is not simply based on diversity, but on specifi c 
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diversity—on specifi c functional alleles, the sort of 
selective pressure which could indeed carry an array 
of specifi c alleles through a lineage split. 

But, if some human beings did mate with Neander-
thals, it clearly raises questions about what it means 
to be human, as well as further confusing the issue of 
“fi nding Adam.” This is the topic of the next section 
of this paper.

So, Did Grandma Marry 
a Neanderthal?
First, were Neanderthals really fully “human” or 
not? If they were, interbreeding raises no problems 
except pushing our common ancestors back to half 
a million years. The Neanderthals were a lot like us. 
Their bodies were as upright as ours, although far 
more powerful. Their brains were as large as ours, 
although their skulls were long and low rather than 
globular like ours. Their faces were visually differ-
ent—they lacked pointed chins, had tall faces with 
pushed out cheeks, and foreheads which sloped back 
from heavy brow-ridges. But surely humanity is not 
to be measured by facial appearance. How can we 
measure the shape of their souls?

Looking for cultural differences is equivocal. Nean-
derthals made much the same sorts of stone tools 
as did the fi rst physically modern humans. Possibly 
they buried their dead, and they may have started 
using a bit of symbolism (shell beads) around the 
time modern humans arrived in Europe. But there 
is little data, and a lot of passionate disagreement 
about the meaning of shell bead fi nds.49 For instance, 
the few “evidences” for Neanderthal symbolism date 
from around 40,000 years ago, and only one site has 
Neanderthal remains.50 Also, improved radiocar-
bon dating places the fi rst modern people in Europe 
by that era, so those artifacts could possibly be 
“modern” or due to modern acculturation.51 Further, 
European Neanderthals may have been decimated 
around 40,000 years ago by a major volcanic event 
in Italy. If so, there may have only been a depleted 
remnant to oppose the entrance of modern humans 
into Europe.52 Invoking the culture of tool or bead 
making does not solve the puzzle—it only increases 
the heat of the debate.

Anatomy may be less ambiguous. There are signifi -
cant differences in cerebral development driven by 

signifi cant genetic differences. Modern craniums are 
high and domed, positioned above the face. Nean-
derthals’ craniums were low and long, positioned 
behind the face. These differences are due to altera-
tions in sphenoid bone and cribriform plate which 
change the cranial base angle and enlarge the mid-
dle cranial fossa (temporal lobe).53 And temporal 
lobe changes are signifi cant. The human temporal 
lobe is 25% larger than expected from scaling up a 
chimpanzee brain. It has far denser neuropril (white 
matter—meaning increased synaptic complexity) 
and specialized new areas related to recursive lan-
guage, high-level integration (the default system, 
involved with long-term planning), and possibly 
responses to spiritual experiences.54 

Modern human brains also have larger olfactory 
bulbs, which, it has been suggested, indicate more 
neural commitment to the “higher olfactory func-
tions” of memory and emotion, located in enlarged 
limbic systems.55 Complementing that, the neural 
commitment of the Neanderthals to the control of 
their heavy musculature and to enlarged visual 
systems (shown by larger orbits and parietal lobe 
spreading), may have cost them usable cerebral cor-
tex. It is estimated that they had only three-quarters 
of the amount of cerebral cortex available to mod-
ern humans for social intelligence, a central aspect 
of human adaptation. Thus, it is suggested, modern 
humans were able to manage larger social groups 
and needed more complex language.56 Stringer esti-
mates the Neanderthal encephalization quotient at 
4.3 to 4.8 versus an early modern value of 5.3 to 5.4.57 

There were signifi cant differences in developmental 
timing. Comparisons in tooth enamel growth rings 
indicate signifi cantly slower general and neural 
development in modern humans.58 Brain growth and 
neuronal maturation were two-thirds faster in Nean-
derthals than in even the earliest modern humans. 
Chimpanzees reach 75% of their adult brain size 
by nine months; Neanderthals, by fi fteen months; 
but modern humans, by thirty months.59 This gives 
 modern humans an extended period of neural 
plasticity, allowing the “nurture” of individual expe-
rience to shape the hard-wiring of neural circuits. 
This developmental difference is also refl ected by 
a unique modern trajectory of cranial growth. The 
globular shape of the modern cranium is produced 
during an unusual growth phase during the fi rst 
year of life. This globularization event is absent in 



147Volume 66, Number 3, September 2014

chimpanzees—and in the Neanderthals.60 Such cra-
nial changes refl ect functional changes to the brain 
and to the mind, thus indicating real differences in 
important human characteristics.

What of genetic differences? The altered patterns 
of brain growth are tied to altered gene activation. 
In living humans, compared to the chimpanzee, 
there are specifi c differences in the expression of 
genes in particular cerebral areas. There is a signifi -
cant slowing in the expression of genes for synaptic 
functions in the human cerebral cortex, but not in 
the cerebellum. Human neocortical myelination is 
also developmentally protracted. Chimpanzees’ 
myelination density is completed at approximately 
the time of sexual maturity (age seven). In modern 
humans, myelination continues throughout child-
hood, and neural maturation extends beyond late 
adolescence.61 The extensive cortical rewiring dur-
ing adolescence interconnects specialized cortical 
areas into higher networks of complexity.62 Coupling 
delayed synaptic maturation with increased brain 
volume allows the modern prefrontal regions to be 
rapidly reformatted with reciprocal connections 
to posterior cortical centers during development.63 
These processes transform the human brain, and 
they are key to understanding the fl exible nature of 
human intelligence, language, and culture. Human 
social complexity literally reshapes neural connectiv-
ity of the growing brain.64 All of this suggests that 
the differences between modern humans and Nean-
derthals were more than superfi cial. 

Genetic Differences
In light of such developmental differences, should 
we view these two archaic populations as human in 
the same sense that we are? If they are truly different, 
we can expect some signifi cant genetic differences. 
Important clues concerning our genetic uniqueness 
have come from recent advances in the processing 
of ancient DNA which have produced complete high 
quality genome sequences for archaic humans—both 
the Neanderthals and the Denisovans.65 (The Deniso-
vans were a group of archaic humans in Asia with 
genomes close to the Neanderthals and evidence 
for signifi cant interbreeding.) Comparative genom-
ics indicates that both archaic populations diverged 
around 500,000 years ago from the African lineage 
leading to modern humans. The Denisovians were 

apparently a more widespread, genetically diverse 
population, whereas the Neanderthals were inbred 
and genetically reduced.66 

Since the quality of sequencing of these archaic 
genomes is as good as those of living humans, very 
precise gene-on-gene comparisons can be made 
across the entire genome. This has already allowed 
the identifi cation of thousands of genetic differences 
unique to Homo sapiens.67 Most of the 113,000 SNPs 
and INDELs are probably meaningless, but 250 of 
these alter amino acids sites, 72 affect splice junc-
tions, and thirty-fi ve affect known regulatory sites. 

So how much of that is functionally signifi cant? 
Of the twenty-three most conserved loci with sig-
nifi cant amino acid changes, eight affect genes 
active in nervous system function or development. 
SLITRK1 and KATNA1 control axonal and dendritic 
growth, ARHGAP32 and HTR2B are involved in 
synaptic transmission, and ADSL and CNTNAP2 
are implicated in autism. CNTNAP2 is a target of 
FOX-P2—the mutants interfere with speech devel-
opment. NOVA1 is a neuron specifi c RNA binding 
protein, and LUZP1 is a leucine zipper protein (tran-
scription factor) active in neural tube development. 
The last two loci are subject to alternative splicing. 
They also located four unique modern human loci 
affecting the skin and six loci which affect the eye.68

Another altered modern gene with neural activity, 
MEF2A, delays synaptic development, thus allowing 
extended synaptic plasticity.69 The expression of this 
locus peaks before one year in chimps; in modern 
humans, it peaks at around fi ve years. Linkage data 
indicates that the selective sweep for the modern 
allele occurred after our lineage split from the two 
archaic lineages. This modern slow-down fi ts with 
the slower maturation of the modern brain. 

But these are just coding sites. An unchanged control 
protein may still have signifi cant altered function 
through altered regulation sites and target loci. 
Evidence of noncoding regulatory genetic changes 
can be harder to detect, but is probably far more 
widespread and important. An interesting example 
is FOX-P2, the well-known and highly evolved 
“speech gene.” It regulates mRNA production and 
slows synaptic maturation in genes involved with 
axonal and synaptic development.70 Chimp and 
mouse alleles are identical, but the human allele 
has two altered sites. Mice genetically engineered 
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to express the human KE mutation show abnormal 
striatal activity in the basal ganglia when faced with 
learning a new task.71 Since Neanderthals made 
the modern allele, does this mean that they could 
speak? There are not enough data to say. However, 
the FOX-P2 locus is not exactly the same. The eighth 
intron (introns are noncoding) of the FOX-P2 locus 
in modern humans has an altered recognition site 
for POU3F2, a protein which decreases the level of 
FOX-P2 production, and shows signs of a selective 
sweep (positive selection).72 The Neanderthal control 
sequence is unchanged, the same as in the chimp 
(and the Zebra fi sh). So, there is an altered control 
site—and an altered target CNTNAP2 mentioned 
above is one of the targets of FOX-P2. But even if 
there are detectable differences in the modern and 
archaic genomes, were they really signifi cant? The 
best test is interbreeding. 

Evidence of Interbreeding
And they did. A series of analyses, and further 
improvements in the quality of the data, have 
made it irrational to deny that. Two massive stud-
ies reported in early 2014 evaluated 1,000 modern 
genomes from Asia, Europe, and Africa for the pres-
ence of Neanderthal sequences.73 Using completely 
different techniques, they came up with exactly the 
same results. All modern humans outside Africa 
have a few (2% on the average) “Neanderthal” hap-
logroups—whether Celtic European, Han Chinese, 
Native Australian, or Native American—but Afri-
can populations do not. Both studies showed that 
approximately 20% of the Neanderthal genome can 
be retrieved from modern human genomes. And 
both studies showed the same genomic distribution 
of areas of signifi cant positive and negative selection. 
But were these archaic northern hominines the same 
species as modern humans? 

Comparison with several Neanderthal genomes 
indicates that the sequences of these “borrowed” 
Neanderthal genes best match the genomes of Nean-
derthals from the Caucasus, suggesting that local 
population is their source.74 Supporting this, the 
complete genome sequencing of a modern human 
remains in Siberia dated at 46,000 years ago contains 
Neanderthal sequences, with a low level of linkage 
disequilibrium (not much cross-over mixing) which 
confi rms a rather recent interbreeding period.75 

However, the Tianyuan specimen from 40,000 years 
ago has no more Neanderthal DNA than modern 
genomes, showing the speed with which it was 
eliminated.76 In addition to this broad Neanderthal 
contribution, many modern Melanesian populations 
have enough Denisovan haplotypes to make up an 
additional 5% of their genome.77

For perspective, keep in mind that 92% to 98% of 
the genes of all living non-African populations are 
of African origin, and the modern African genome 
diverged from the Neanderthal genome half a mil-
lion years ago. That is 250,000 to 300,000 years before 
the earliest skeletal evidence of modern skeletal 
morphology (Omo Kibish)78—and for that matter, 
long before the specifi c Neanderthal characteris-
tics developed in northern populations from Homo 
heidelbergensis.79 Still, although long separated, the 
presence of archaic gene sequences in non-Africans 
is hard to explain without a signifi cant amount of 
interbreeding. 

Where and when did this admixture (interbreeding) 
occur? The necessary background is the pattern of 
human migration out of Africa. Recall the consensus 
view of the National Genographic Project.80 A small 
group of East African emigrants arrived in southern 
Yemen about 60,000 years ago. Their descendants 
settled the rest of the earth. The fi rst wave out of 
Yemen followed the coast of the Indian Ocean, 
arriving in Australia around 50,000 years ago. The 
second wave headed northward out of the Middle 
East about 45,000 years ago, spreading east and west 
into Europe and Asia (and on to the Americas). The 
evidence indicates that they met the Neanderthals 
in the Middle East, and the Denisovans further to 
the west.81

There has been a series of papers proposing alter-
nate scenarios of interbreeding.82  For instance, Currat 
and Excoffi er proposed that a continuous but very 
unfruitful process of interbreeding occurred along 
the migration routes as they reached archaic homi-
nine ranges.83 Interbreeding would have to be low 
indeed—perhaps one fertile mating per genera-
tion worldwide over 6,000 years. Higher levels of 
successful interbreeding would have produced a 
“surfi ng” effect along the migration route (a serial 
founder effect). The moving emigrant wave would 
have accumulated archaic genes, becoming pre-
dominantly archaic. The large recent studies support 
this conclusion.84
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The Denisovan admixture is a separate issue. Again, 
there is more than one model—possibly a single 
event along the coast, or a second smaller event 
inland.85 Mainland populations are reported to 
have some specifi c archaic immune (HLA) alleles, 
whereas Melanesian populations have a larger and 
more diverse set of Denisovian genes. 

Effects of Interbreeding
So, did the interbreeding contribute anything use-
ful? Some “Neanderthal” alleles do seem to have 
been subject to positive selection, to be “enriched” 
in modern genomes. Adaptive archaic alleles for 
immune system loci have been reported by Par-
ham’s team. Perhaps 50% of the HLA-A alleles found 
in Europeans, up to 80% in Asians, and up to 95% 
in Papua New Guineans have an archaic origin, as 
well as other immune system loci such as STAT2 and 
OAS.86 A selective sweep driven by strong immune 
benefi ts could have caused a signifi cant amount 
of background selection/genetic hitchhiking. The 
recent large genome studies suggest that Neander-
thal alleles are related to a variety of auto-immune 
diseases such as Crohn’s disease and Lupus.87 They 
also report a signifi cant tie to smoking behavior, dia-
betes, size of the optic disk, and levels of interleukin. 
The only other “enriched” loci they report are a few 
alleles for keratin alleles (the protein in our nails and 
hair). Another recent study also reports Neanderthal 
alleles for fat-processing genes in the brain.88

On the other hand, the large studies show wide-
spread genomic areas with far lower levels of 
Neanderthal sequences than would be expected—
areas in which the Neanderthal sequences were 
cleaned out by purifying selection. These areas of 
“enriched” modern sequences were quite signifi cant: 
they involve a wide variety of loci active in nucleic 
acid processing and cell signaling—the base levels 
of genomic integration. This was especially true for 
the X chromosome. They conclude that modern and 
archaic humans were extremely infertile.89

It is not biologically unreasonable to propose some 
interbreeding between modern and archaic human 
populations—even if they are not the same spe-
cies. As sister species go, half a million years is not 
much of a separation. In comparison, common and 
pygmy chimps, separated for two million years, 

will cross-breed successfully.90 Many living spe-
cies do interbreed to varying extents in the wild, 
and can even absorb signifi cant genetic changes. 
For example, coyotes found in New York are larger 
than those in Missouri due to a signifi cant number 
of timber wolf genes absorbed in Canada on their 
ancestors’ eastward migration.91 We too might have 
picked up a few useful genes, without meaning that 
we belong to the same species. In fact, the high level 
of purifying selection suggests that we did not.

The core to a species’ biological identity is a “dif-
ferentiated” genetic blueprint, a “genetic program” 
which constrains the expression of genes.92 When 
a new allele is added (by breeding or mutation), its 
fi rst selective hurdle is the test of genetic compat-
ibility. If it does not work well, its owner/organism 
does not produce many offspring, and it disappears. 
For two species to truly fuse, their genomes must 
differentiate a compromise genetic program. The 
red wolf of the American south, a coyote/gray 
wolf fusion species, is an example.93 But this did 
not  happen to the African emigrant populations 
that mated with the Neanderthals. Almost all sig-
nifi cant Neanderthal loci were apparently fi ltered/
selected out by the modern “program.” A few alleles 
were neutral, or perhaps increased the effi ciency of 
the immune system for the north latitudes. But the 
genetics and the “human nature” of the emigrants 
remained essentially unchanged, a package for 
“being human” which was put together in Africa 
hundreds of thousands of years after our ancestors 
went their separate ways from the ancestors of the 
Neanderthals (and the Denisovans).94 

In summary, the recent data on the presence of 
Neanderthal genes in all non-African populations do 
have implications for our humanity. I concede that 
the exact human status of the Neanderthals remains 
debatable. However, I am not a theologian, and I do 
not want to speculate on their status before God. Bio-
logically speaking, however, they were apparently 
a functionally different species, probably showing 
a more limited rationality and social intelligence.95 

Whatever their human status, however, a very 
 limited amount of Neanderthal interbreeding with 
modern humans did occur. All non-Africans are evi-
dently part Neanderthal, but there is little evidence 
that this altered our species in any signifi cant way. 
And if the interbreeding did not alter our human-
ity, it should not alter our understanding of what it 
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means to be human. I simply would point out that 
the Sovereign God knew what he was doing when 
he allowed it to occur. 

In conclusion, recent data from genetics continue to 
confi rm that Homo sapiens, modern humans, people 
with our cerebral morphology and our pattern of 
development, fi rst appeared in Africa. And, that the 
probable date of that appearance was at least 200,000 
years ago, and possibly signifi cantly earlier. And, 
that the fi rst members of our species were likely few 
in number, but nothing like the biblical two, Adam 
and Eve. And, that the rest of the world was settled 
by African emigration around 60,000 years ago, fi rst 
to Asia. And, that a few of the people who migrated 
out of Africa mated with Neanderthals, spreading 
some advantageous genes, although the two popu-
lations were on the edge of genetic incompatibility. 
None of this was expected thirty years ago by either 
theology or anthropology.

Should we conclude that the scriptures are in error, 
or should we concede that we might have mis-
understood them? In this article, I am not trying 
to harmonize the scientifi c data with a particular 
theological perspective. There is a large literature 
proposing alternative scenarios for Adam, but I am 
not advocating one.96 My intent has simply been to 
lay out the above data as groundwork for a further 
honest, comprehensive discussion. Unexpected, but 
accurate, data come from the hand of God, whatever 
the motives of those who discover them. Of course, 
such data do not come with attached meaning. We 
have to fi gure it out. But we should have confi -
dence that God already knows how it all rightly fi ts 
together. Our challenge is to solve the puzzle he has 
set us, without losing fellowship with each other. 
We must follow the Lion wherever he goes—and 
give him glory for the works of his hands. 
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This article proposes that a trinitarian eschatological hermeneutic, applied to the doctrine 
of creation, helps us to make sense of evolution theologically. From this perspective, 
the Holy Spirit incessantly draws creation to the Father’s intended destination for it 
(new creation) through the cosmic, creative-redemptive work of the Son. This article fi rst 
develops the proposed hermeneutic in dialogue with scripture and trinitarian theology. 
It then commends the hermeneutic as a way forward in resolving theologically three 
important issues in the science-faith dialogue concerning evolution: (1) it avoids both 
a deistic naturalism/materialism and a crude supernaturalist interventionism with 
respect to God’s interaction with creation; (2) it provides a rich theology of nature while 
avoiding the pitfalls of pantheism; and (3) it helps us to account theologically for the 
existence of death as a naturally occurring phenomenon intrinsic to creation.

Currently, the scholarly scientifi c 
consensus is that evolutionary 
theory best explains the biological 

origins of human beings.1 Indeed, in terms 
of comprehensive coherence and explana-
tory power, evolution as a scientifi c 
model really has no serious rival.2 This 
article explores the controversial topic of 
human evolution from a theological per-
spective. My thesis is that a trinitarian, 
eschatological hermeneutic, applied to 
the doctrine of creation, helps us to make 
theological sense of evolution. From the 
vantage point of this hermeneutic, when 
God initially created the universe, God 
did not create a “fi nished” product (i.e., in 
the sense of its being static and complete). 
Rather, God always intended an eschato-
logical consummation for creation and so 

initiated a dynamic, progressive process. 
In creating, God endowed creation with 
the intrinsic potentiality to develop, to 
mature, and to evolve over time. God’s 
creating is also an ongoing work of con-
tinuous, active creation, in which the 
Holy Spirit incessantly draws creation to 
the Father’s intended destination for it 
(new creation) through the cosmic, cre-
ative-redemptive work of the Son. 

Let me make two points of clarifi cation. 
First, the purpose of this article is not to 
argue the scientifi c case for evolution but 
to refl ect theologically on its meaning 
and implications.3 Second, I do not claim 
that scripture or the early Christian tradi-
tion teaches evolution. I reject concordist 
approaches to interpreting scripture that  
claim to observe the fi ndings of modern 
science within the Bible. Instead, my view 
is that scripture teaches an unfolding, 
developing creation, in which the Holy 
Spirit is drawing all that the Father has 
created toward eschatological fulfi llment. 
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My proposal, while developed differently, is com-
patible with the “proleptic” theology of Ted Peters, 
in which God is “constantly engaged in drawing 
the world out of nonbeing and into existence with 
the aim of consummating this creative work in the 
future. God’s present work in and for the world 
anticipates the fi nal work.”4 Similar to Peters, I argue 
that there is an eschatological dimension to all of 
God’s creative activity. I wish to offer a complemen-
tary perspective that highlights the signifi cance of 
pneumatology within a trinitarian framework for 
thinking theologically about God’s interaction with 
the physical world.5 Moreover, I offer my own escha-
tological reading with the aim of helping evangelical 
readers navigate their way through some apparent 
diffi culties that evolution poses for traditional beliefs 
about creation, human beings, sin and death, and 
Adam and Eve.

Creation in Eschatological 
Perspective
Creation as the Continuous Work of the 
Triune God
Creation is the continuous work of the Triune God.6 
Two trinitarian doctrines are relevant for the pres-
ent discussion, namely the doctrine of the unity of 
operations and the doctrine of appropriation. The 
former states that all three persons of the Trinity 
are involved in everything God does outwardly, 
while the latter specifi es that each divine person is 
involved in every divine activity in a particular, 
characteristic way. Moreover, the patterns of divine 
activity that we observe in the economy of God’s 
dealings with creation in salvation history (economic 
Trinity) mirror but do not exhaustively disclose the 
patterns of relation inherent within God’s own inner 
life (immanent Trinity). With respect to creation, we 
can express God’s activity of creating with the fol-
lowing trinitarian formulation: the Father creates 
through the Son and in the Spirit.7 God’s creative 
activity originates with the Father, is given concrete 
expression through the Son, and is accomplished in 
the dynamic, creative power of the Spirit.8 In Gen-
esis chapters one and two, we observe this formula 
implicitly at work in the narratives as the Father 
speaks creation into being with his Word and his 
Breath (cf. John 1:1–3; Col. 1:15–17; John 3:5–8; 4:10; 
6:63; Rom. 8:2, 11; Rev. 22:17).9 

In terms of appropriation, of the three divine per-
sons, the Holy Spirit is most closely associated with 
animating and preserving life and then drawing 
all of creation toward its eschatological goal.10 As 
Thomas Oden puts it, 

Wherever the one God, Father, Son, and Spirit, 
works to realize, accomplish, and consummate 
what God has begun and continued, that action 
is more properly ascribed in Scripture as the 
movement of the Holy Spirit.11 

Thus, the eschatological hermeneutic proposed in 
this article focuses particularly on the person and 
work of the Holy Spirit.12 

Early Christian creeds refer to the Holy Spirit as “the 
Lord and Giver of Life.”13 This title for the Spirit is 
closely related to scripture’s portrayal of the Spirit 
as the breath of God who gives breath to all liv-
ing things.14 The Spirit offers, supports, nurtures, 
strengthens, and guides all of life, whether plant, 
animal, or human, according to their own specifi c 
natures.15 Paul alludes to the Spirit as the breath of 
life in 1 Corinthians 15:45 when, quoting Genesis 2:7, 
he refers to the fi rst man as a “living soul.”16 Gen-
esis 6:17 (the beginning of the fl ood account) refers 
to God’s plan to destroy “all fl esh in which is the 
breath of life.” Job 32:8 refers to the “spirit in a mor-
tal” as “the breath of the Almighty.”17 Further, if God 
“should take back his spirit to himself, and gather to 
himself his breath, all fl esh would perish” (Job 34:14–
15). The Psalmist draws out the parallel between the 
breath of life and the Spirit of God: “When you take 
away their breath, they die and return to their dust. 
When you send forth your Spirit, they are created” 
(Ps. 104:29, 30). Ecclesiastes 12:7 states that upon 
death “the breath returns to God who gave it.” 

In the New Testament, the Spirit is likewise closely 
associated with breath and life, as applied to both 
regeneration and consummation (the latter through 
resurrection and glorifi cation). John 3:5–8 connects 
the Spirit to the spiritual rebirth of the person who 
enters the kingdom of God. In John 4, Jesus refers to 
the Spirit as a spring of living water gushing up to 
eternal life (vv. 10, 13–14). In John 6:63, Jesus says, 
“It is the Spirit that gives life; the fl esh is useless.” 
In Romans 8:11, Paul says that the same Spirit that 
raised Christ from the dead “will give life to your 
mortal bodies also through his Spirit that dwells in 
you.” And in Revelation 22:17, the Spirit and the 
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Bride say “come,” and all are invited to drink the 
water of life. 

The Spirit’s work in drawing human beings to their 
eschatological consummation includes transforming 
what is perishable into what is imperishable. For, as 
Paul writes in 1 Corinthians 15: “What is sown is per-
ishable, what is raised is imperishable … It is sown 
a physical body, it is raised a spiritual body” and 
“fl esh and blood cannot inherit the kingdom of God, 
nor does the perishable inherit the imperishable” 
(vv. 43, 44, 50).18 For much of Protestant and evan-
gelical theology, the problem Paul is here addressing 
is the sinfulness of human beings, which he connects 
with their being perishable and incapable in them-
selves of possessing eternal life in God’s kingdom. 
Much of the Protestant tradition has also assumed 
that without the problem of human sinfulness, 
human beings would possess inherent immortal-
ity, a view which often depends on interpreting 
Genesis 1–2 as recording an idyllic state of original 
innocence and perfection. I wish to affi rm the fi rst 
assumption but challenge the second. 

Certainly, Paul does connect the current impover-
ished state of the human condition with the problem 
of sin.19 It is clear from Paul that sinful human beings 
cannot receive eternal life in the kingdom of God 
without having been saved by the death and resur-
rection of Christ in the power of the Spirit. To affi rm 
this, however, is not of logical necessity to affi rm 
that without sin human beings would possess intrin-
sic immortality. On the contrary, if we follow the 
symbolism of Genesis 2 closely, we see that human 
beings do not possess intrinsic immortality,20 but are 
radically dependent for their continuing existence 
upon God, the source of all life (as represented by 
the tree of life in Genesis 2).21 Even without sin, they 
still require “salvation,” in a sense, in order to be 
transformed from perishable to imperishable bodies. 
From this perspective, “Genesis 3 can best be read 
as one not of lost immortality but of a lost chance for 
immortality.”22 Thus, human salvation is primarily 
about deliverance from sin (and sin does pervade 
human existence), but it is secondarily about deliver-
ance from perishability and corruptibility. 

To be clear: it is not that being perishable is sinful; 
rather, as perishable beings we are in need of eschato-
logical consummation and completion. God created 
us perishable and corruptible, but predestined us 
in Christ to be imperishable and incorruptible. 

Joel Green clarifi es, “This transformation is not the 
release from the human body of a nonperishable 
soul, but the resurrection of the human person as 
‘a body for the realm of the Spirit.’”23 The writings 
of the early church fathers support this position.24 
For example, Athanasius writes that human beings 
were created “by nature corruptible, but destined, 
by grace following from partaking in the Word, to 
have escaped their natural state, had they remained 
good.”25 It is also supported by many modern bibli-
cal scholars and theologians, who argue in various 
ways that the notion of the intrinsic immortality of 
the soul derives not from the Bible but from Greek 
philosophy (i.e., Platonism).26 

The Creation of Human Beings 
When we explore and refl ect on the biblical account 
of the creation of the world and of human beings, 
we discover that God creates a dynamic creation, 
one that God intends to grow and develop over 
time. Moreover, God intends human beings to play a 
crucial role within this developing creation.27 Amaz-
ingly, scripture regards human activity as being 
essential to the full fl ourishing of God’s creation.28 
God creates human beings to share in his work of 
continuous creating.29 Of course, humans do not par-
ticipate in God’s unique work of creating ex nihilo; 
rather, their role is to participate in the ongoing 
development of creation by managing, directing, 
shaping, and cultivating what God has made, in 
ways befi tting God’s own  purposes and charac-
ter—and this includes participating in shaping their 
own destiny as human beings.30 To see this, we will 
briefl y consider the portrayal of human beings as 
stewards, priests, and gardeners in the early chapters 
of Genesis. 

First, many biblical commentators and theologians 
have pointed out that the declaration in Genesis 1 
that human beings are made in God’s image occurs 
together with the mandate to have dominion over 
the earth (Gen. 1:26).31 Moreover, Psalm 8:3–8 indi-
cates that God made human beings to be rulers over 
God’s created works. In light of such texts, Middle-
ton asserts that “the fundamental human task is 
conceived as the responsible exercise of power on 
God’s behalf over the non-human world.”32 Middle-
ton explains that in the ancient Near Eastern culture, 
ruling over the earth had to do primarily with the 
development of agriculture and animal husbandry 
(the basis of human societal organization), but it also 
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included by extension the advancement of culture, 
technology, and civilization.33 Such ruling does not 
merely serve human plans and ambitions (certainly 
not exploitative ones) but must faithfully represent 
God’s goals and purposes for creation. Human rule 
over the earth is not sovereign kingship but faith-
ful stewardship. Human beings were created to be 
God’s stewards or vice-regents, God’s counterparts 
here on Earth.34

Second, Genesis 1 portrays the created universe as 
God’s temple and human beings as priests of cre-
ation.35 Rikki Watts suggests that the depiction of 
creation as a temple is unsurprising when one con-
siders the contextual realities of the ancient world 
as well as the ancient belief that the actions of kings 
paralleled the cosmic activity of the gods. In such 
ancient societies, it was the king who defeated ene-
mies and provided protection, who upheld the law, 
and who supervised the construction of barriers to 
restrain the fl oods. Moreover, upon establishing his 
kingdom and entering into victorious rest, the king 
would build a palace for himself and a temple for 
his nation’s deity.36 This pattern resembles the Gen-
esis account of God differentiating, restraining, and 
ordering creation to function as God’s temple-palace, 
in which God comes to dwell and to rule on the day of 
Sabbath rest.37 Watts fi nds additional support for the 
temple-palace depiction of creation in the forming of 
humanity in the image of God. In the Ancient Near 
East, the last thing placed within a temple was the 
image of the deity, who was then invoked to indwell 
the temple.38 Similarly, in Genesis 1, God forms the 
human being in God’s own image as the culminating 
act of creation; in Genesis 2, God breathes the divine 
Spirit into the human creature to impart life and to 
call it into blessing (Sabbath rest) and dominion.39 

In his recent books, The Lost World of Genesis One and 
the more detailed Genesis One as Ancient Cosmology, 
John Walton lends further support to the idea that 
scripture depicts creation as God’s temple-palace and 
human beings as God’s priests and stewards.40 Wal-
ton argues that Genesis 1 should be interpreted not 
as an account of the material origins of creation, but 
as an account of God establishing creation’s proper 
functioning and purpose.41 Walton’s crucial insight 
is that Genesis 1, being representative of ancient 
cosmology, operates with a functional ontology and 
is thus function- oriented.42 Similarly, Middleton 
observes, “The underlying picture is of God as a cos-
mic ruler of a harmonious, well-functiong realm.”43 

Walton and Middleton view Genesis 1 as a temple 
text, in which the six days of creation culminate 
on the seventh when God “rests” from his creative 
activity and thereby takes up residence in God’s cos-
mic temple.44 The function of human beings in this 
context is to be priests of God’s temple (creation).45 

While the image of steward or vice-regent highlights 
the human vocation of ruling creation on God’s 
behalf, the image of priest suggests that authen-
tic governance requires worship of the one and 
only Creator God.46 Thus oriented and motivated, 
authentic human governance of creation is worship. 
Moreover, as priests, human beings act as “wor-
ship leaders” within creation, coming alongside all 
of creation to shape and direct it to further glorify 
and to worship the Creator. Conversely, an autono-
mous and idolatrous orientation (wherein humanity 
has attempted to usurp God’s rightful place) leads 
inevitably to the corruption of governance, the des-
ecration of God’s temple (creation), and disorder in 
creaturely relationships. Accordingly, in the con-
text of “fallen” creation, human beings as priests of 
creation (fallen yet redeemed in Christ) are called 
to resist the destructive undoing of creation in both 
nature and human culture, and to call and direct cre-
ation toward redemption in the new creation (note 
that this calling, in the case of humans, requires 
repentance and regeneration).47

Third, Genesis 2 portrays human beings as garden-
ers who are needed to “work the earth” in order 
for things to grow.48 According to Paul Evans, this 
necessity for cultivation recalls God’s commission 
in Genesis 1:28 for humans to “subdue” the earth, 
which suggests that “creation from the beginning 
was ‘wild,’” that “some coercion on the part of 
humans was necessary,” and that “this subduing 
would change and develop creation over time.”49 
This image of taming and shaping the wild fi ts with 
the portrayal of human beings as gardeners. As 
James Peterson suggests, 

A garden is more ecologically complex than a 
wilderness. As with a wilderness there is an 
intricate interrelationship of life-forms and energy, 
but a garden has the added dimension of the 
gardener’s intent. Human beings are placed in 
a unique position of being part of the earth. We 
are from the dust and to dust we shall return. Yet 
human beings are uniquely created in God’s image 
(Gen. 1:27–31).50
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Beautiful and fruitful gardens do not simply come 
into existence by themselves without intervention. 
They require the hard work of gardeners to plant and 
cultivate them. Thus, the garden imagery in Genesis 
suggests that God intends human beings to develop 
what God has made, not to leave it alone in some 
supposed pristine natural state. This mandate does 
not grant human beings license to treat the  natural 
world any way that they wish. “The earth, like the 
garden, is God’s gift to us … ‘Stewardship’ in an 
environmental context must mean that humans act 
as caretakers of the earth, not as lords over it.”51 

Extending the gardener metaphor, human advance-
ment in art, culture, architecture, medicine, 
technology, the human and physical sciences, and 
the general pursuit of knowledge are seen in a posi-
tive light. As Middleton argues, 

The Bible itself portrays the move from creation 
to eschaton as movement from a garden (in Gen-
esis 2) to a city (in Revelation 21–22). Redemption 
does not reverse, but rather embraces, historical 
 development. The transformation of the initial 
state of the earth into complex human societies is 
not part of the fall, but rather the legitimate cre-
ational mandate of humanity. Creation was never 
meant to be static, but was intended by God from 
the beginning to be developmental, moving to-
ward a goal.52

As with the rest of creation, God created human 
beings to advance and develop over time. In addi-
tion to the three metaphors for human beings found 
in Genesis 1–2 (steward, priest, and gardener), early 
church fathers such as Athanasius and Irenaeus 
provide a fourth metaphor. They believed that God 
created human beings, not in a state of full matu-
rity and perfection, but in a developmental stage of 
infancy or childhood. Irenaeus argued that the cre-
ation of human beings in the image of God points 
not to a static quality or possession but to a dynamic 
reality toward which they are moving.53 Osborn 
explains, “While Adam is in one sense perfect, the 
possibility of further perfection is set before him.”54 
This image was present in human beings at creation 
in embryonic form as a promise of what would later 
be realized more fully through their union with 
Christ in the Spirit.55 It would reach full maturity 
only at the fi nal resurrection and is therefore ulti-
mately an eschatological reality.56 

Irenaeus links the re-creation of sinful human beings 
in the image of Christ to Christ’s redemptive work of 

recapitulation, whereby Christ assimilated or “took 
up [humanity] into himself” and thereby restored 
human beings by means of his incarnation, life, death, 
resurrection, and ascension.57 Jesus Christ came to 
“recapitulate” human existence—being born as an 
infant, growing into adulthood, and then dying a 
human death—in order to live the truly genuine and 
faithful human life that sinful men and women had 
failed to live and thereby to “accustom” humanity to 
God and God to humanity.58 He incorporated fallen 
humanity into his own life of faithfulness before the 
Father, demonstrated how we ought now to live as 
creatures renewed in his image, and pointed the way 
forward to our eschatological future as mature image 
bearers.59 Consequently, God’s original intention 
that humans be stewards, priests, and gardeners of 
creation is reaffi rmed, but with renewed gratitude, 
focus, hope, and power, because of their union with 
Christ by the Spirit and their glorious eschatological 
destiny.60

Making Theological Sense 
of Evolution in Light of an 
Eschatological Hermeneutic
Now it is time to ask how this trinitarian, eschato-
logical hermeneutic helps us to make theological 
sense of human evolution. I will suggest three ways 
in which it does this.

1. It avoids deistic naturalism/materialism 
and crude supernaturalist interventionism.

The debate over creation and evolution in recent 
history, especially but not exclusively at the popu-
lar level, has all too often been tainted by the use 
of aggressive and combative rhetoric to promote 
extreme positions (i.e., young-earth six-day creation-
ism versus atheistic evolution).61 This has given rise 
to the unfortunate (and mythical) popular impression 
that science and the Christian faith are inherently 
incompatible.62 Both of these extreme positions are 
prone to reductionism. The evolutionary atheist 
focuses almost exclusively on physical reality and 
downplays or ignores the signifi cance of nonphysical 
or spiritual reality (material reductionism) whereas 
the creationist focuses almost exclusively on spiritual 
reality and downplays the signifi cance of physical 
reality along with the insights and discoveries of 
the sciences that carefully and methodically study it 
(supernatural reductionism).63 
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In contrast, the trinitarian eschatological hermeneu-
tic promoted in this article pushes back against both 
of these extremes. It suggests that the Spirit of God 
pervades all of reality, giving breath to all created life 
and acting with sovereign love and freedom to shape 
and direct the unfolding of creation and human des-
tiny. The Spirit’s activity should not be understood 
in crude interventionist terms, in which a god of the 
gaps intervenes from “the beyond” to create every 
living organism by means of a special, unique act of 
divine intervention. Rather, the Spirit is continually 
present and active within the created order in sustain-
ing the world and drawing it toward fulfi llment.64 
Much of the time, the Spirit’s work in this regard 
goes unnoticed and may well be scientifi cally unde-
tectable.65 Sometimes, however, the Spirit’s presence 
and power intensifi es in order to actualize and/or to 
make manifest specifi c intentions or communications 
of the divine will (e.g., prophecy, miracles, the con-
ception, incarnation, and resurrection of Christ).

In a recent article in Pneuma, Canadian Pentecostal 
theologian Andrew Gabriel employs the metaphor 
of intensifi cation to provide a more coherent theo-
logical account of how Spirit baptism, as found in the 
New Testament book of Acts, relates to the Spirit’s 
presence generally in the rest of the Bible and espe-
cially in the Old Testament.66 His thesis is that Spirit 
baptism is a particular experience of the intensifi ca-
tion of the presence and power of the Spirit of God, 
which already pervades and upholds all of reality 
and animates all life (e.g., Jer. 23:24; 1 Cor. 2:10; Eph. 
1:23; 4:6).67 Gabriel demonstrates that in the Old Tes-
tament, God’s Spirit (ruach) animates not just human 
life, but all of life. The Spirit’s animating presence 
intensifi es among human beings in a unique way, 
and further intensifi es with respect to particular 
human beings for special purposes (e.g., fi lls, comes 
to rest upon, empowers, and brings visions, pro-
phetic utterances, and acts). So, already within the 
Old Testament, we observe sequential, subsequent 
fi llings—or better, intensifi cations—of the Spirit’s 
presence and power. 

In the New Testament, we observe further intensi-
fi cations in fulfi llment of Old Testament prophecies 
proclaiming the Spirit’s future coming in power 
(e.g., Joel 2; cf. Acts 2). We see it in the ministry of 
Jesus, in the conversion of people to Christianity 
(e.g., 1 Cor. 12:3; John 3:5–6), in the life and minis-
try of the church and individual Christians whom 
Paul exhorts to be continually fi lled with the Spirit 

(Eph. 5:18), and fi nally, in the experience of Spirit 
baptism in Acts.68 

We can employ Gabriel’s intensifi cation model con-
structively to discuss the Spirit’s activity in guiding 
creation in a manner that is active and intimate 
without being crudely interventionist.69 In the inten-
sifi cation view, the Spirit is the one who undergirds 
and supports all life and reality, including the physi-
cal laws of nature. Thus, the “miraculous” does not 
introduce a radical disruption into nature, as in the 
special arrival of a God who is usually elsewhere (the 
“beyond”) and inactive (such that natural laws are 
“broken” and the structure of the physical realm is 
violated by God “breaking in”). Rather, the miracu-
lous, the charismatic, and the mystical are instances 
of the intensifi cation of the presence and power of the 
Spirit, who already pervades and upholds the uni-
verse.70 Thus, the concept of intensifi cation allows for 
a more nuanced and holistic understanding of God’s 
interaction with physical and spiritual reality.71

2. It provides a rich theology of nature while 
avoiding the pitfalls of pantheism.

One of the things that many Christians fi nd threat-
ening about evolution is that it gives an important 
place to chance (e.g., random genetic mutation, natu-
ral selection infl uenced by changing ecosystems and 
environments), which is diffi cult to explain from 
the perspective of much of traditional theology. For 
some, accepting the role of chance would threaten 
their understanding of God’s sovereignty. 

A trinitarian, eschatological hermeneutic helps us 
to account theologically for the chaos, randomness, 
and chance (perhaps the writer of Ecclesiastes would 
add “meaninglessness”!) that we observe in the 
natural order—particularly in evolution. One of the 
fascinating things about evolution is that it involves 
a dynamic interplay between chaos and order, 
randomness and self-organization, chance and pur-
pose.72 Often popular or high-school-level  literature 
places an undue, one-sided emphasis on the ran-
domness of evolution. However, this is misleading, 
because the randomness within evolution works 
only because it is combined with nonrandom natural 
laws and processes. “Evolution happens within the 
given necessity of natural law,” according to John 
Polkinghorne.73 
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Arthur Peacocke similarly writes, “One might 
say that the potential of the ‘being’ of the world is 
made manifest in the ‘becoming’ that the operation 
of chance makes actual.” Then, refl ecting theologi-
cally on the signifi cance of this, he writes, “Hence 
we infer God is the ultimate ground and source of both 
law (‘necessity’) and ‘chance.’”74 In addition, while ran-
domness is crucial to evolution at the microbiological 
level of genetic mutation, it does not characterize 
the overarching direction of evolutionary history.75 
In fact, evolution has certain propensities that favor 
consistent, progressive outcomes.76 The universe, it 
seems, is on a journey: its trajectory is not aimless 
but progresses toward increased complexity and the 
fl ourishing of life.77

Far from being a problem for Christian theology 
by threatening God’s sovereignty, chaos and ran-
domness, as intrinsic elements of creation, actually 
ensure it. From this perspective, “Chance is just a 
shuffl ing mechanism for exploring potentiality.”78 

As an “open system” creation neither locks God out 
nor imprisons God within the bounds of the created 
order.79 God remains sovereignly loving (thus imma-
nent) and sovereignly free (thus transcendent). The 
Spirit’s intimate presence within creation, to draw 
and guide it toward its eschatological consumma-
tion through creation’s own natural processes, does 
not entail that the Spirit is enmeshed with creation, 
as in pantheism. The mainstream Christian tradition 
rightly stresses that divine being and created being 
cannot be confl ated or mixed. Moreover, panenthe-
ism is also misleading, because the present created 
order is not wholly sacramental: to be sure, it is fi lled 
with the presence of God and declares God’s glory 
(Psalm 19), but it is also entangled with the reality 
of evil and, as such, its mediation and revelation of 
God’s presence and character remain distorted and 
ambiguous.80 

To illustrate the way that God interacts with the 
order and openness of the world to direct it accord-
ing to his purposes, Polkinghorne appeals to 
information systems theory. He writes, “God may 
be seen as interacting with creation by the input of 
information within its open history.”81 Such infor-
mation exercises top-down control over the system 
without violating the processes inherent within the 
system. Similarly, we could employ a computer anal-
ogy in which hardware parallels the physical world; 
software, the natural laws, forces, and processes that 
govern the world; and input capacities, the openness 

of the system to the direction of God (as the user or 
programmer). Notice that in this analogy the soft-
ware not only depends on the physical hardware to 
run, but also exercises top-down control over it via 
its programs and information inputs.82 Such analo-
gies, while imperfect, help us to think about God’s 
interaction with the world in a way that preserves 
both God’s immanence and transcendence.

3. It helps us to account theologically for the 
existence of death as intrinsic to creation.

On the basis of evidence obtained across a wide 
range of scientifi c fi elds, contemporary scientists 
infer that death is a naturally occurring event, intrin-
sic to all creaturely life. Moreover, death is not a 
relatively recent phenomenon in the history of cre-
ation, but existed long before the arrival of human 
beings and extends all the way back to the emer-
gence of simple cell life some 3.5 billion years ago. 
Furthermore, the universe itself is inherently fi nite 
and has, in its future, a defi nite, foreseeable end. 
Polkinghorne observes that, ultimately, “the whole 
universe is condemned to a fi nal futility, either as 
a result of the bang of collapse back into the Big 
Crunch or as a result of the whimper of decay into 
low-grade radiation, expanding and cooling for-
ever.” Thus, “if things continue as they have been, 
it is as sure as can be that all forms of carbon-based 
life will prove to have been no more than a transient 
episode in the history of the universe.”83 In addition, 
our own sun on which all life on Earth is dependent 
for existence has a limited life-span (about fi ve bil-
lion more years).84 

Thus, it seems that the world that God created is 
a fi nite, mortal one, in need of deliverance from 
decay, corruptibility, and perishability. As I argued 
earlier, part of the Spirit’s work in drawing human 
beings to their eschatological consummation is 
to transform what is perishable into that which is 
imperishable. Moreover, creation itself awaits such 
deliverance. As Paul writes, “creation itself will be 
set free from its bondage to decay and will obtain 
the freedom of the glory of the children of God,” 
whereas in the meantime “we know that the whole 
creation has been groaning in labor pains until now” 
(Rom. 8:21–22). Salvation includes transformation 
from mortality to immortality; and immortality 
is a gift and a goal, not an intrinsic endowment of 
human beings, possessed from the outset of their 
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existence.85 This insight can alleviate some of the 
discomfort Christians feel when considering the uni-
versal pervasiveness of death throughout the history 
of creation. However, other problems remain, three 
of which I will address briefl y now. 

First, some see the pervasiveness of death in the history of 
evolution as being wasteful, meaningless, disheartening, 
and perhaps even depressing. But surely this is to see 
the glass half empty. For one thing, such a perspec-
tive overlooks the beauty and diversity of life that 
the evolutionary process has made possible. A fl ower 
is not wasted because it withers and dies; its with-
ering and dying is a necessary part of the cycle of 
seed-bearing life. The incredible variety of creatures 
throughout the ages has been a source of delight 
and enjoyment to God, even if many species have 
long since vanished and are known to us now only 
through the fossil record. In addition, the “glass half 
empty” view of death in evolutionary history over-
looks the amazing persistence of life, despite all odds 
stacked against the probability of its emergence.86 

Scientists have observed that the emergence of life 
requires an extremely “fi ne-tuned” universe, one 
that is so statistically improbable that we rightly mar-
vel with awe and wonder at the fact that we actually 
exist and indwell such a universe. So, in light of this 
remarkable fact, the truly interesting question crying 
out for explanation is not “why do living things die?” 
but “why is the universe so biased toward life?” As Molt-
mann declares, evolution does not narrate a “war of 
nature” but the triumph of life!87 Theologically, what 
accounts for the triumph of life is the presence and 
activity of the eschatological Spirit of God.

Second, for many people, the pervasiveness of death raises 
serious questions about the goodness of God and the moral 
integrity of creation. The existence of suffering, death, 
and the natural extinction of so many living creatures 
just seems to be morally wrong. Scripture’s por-
trayal of the moral signifi cance of death is complex. 
At times, particularly when it is linked with human 
sin, death is seen as a great tragedy, the judgment of 
God on human depravity (e.g., Rom. 1:32; 5:12; 6:16, 
23; 7:5, 11; 8:2; James 1:15; Rev. 21:8) and the last 
enemy to be destroyed (1 Cor. 15:26; cf. 1 Tim. 2:10; 
Rev. 21:4). At other times, however, death is assumed 
to be a natural part of the created order.88 Ecclesiastes 
expresses this well: “For everything there is a season, 
and a time for every matter under heaven: a time 

to be born, and a time to die …” (3:1ff.). The Psalm-
ist writes, “As for mortals, their days are like grass; 
they fl ourish like a fl ower of the fi eld; for the wind 
passes over it, and it is gone, and its place knows 
it no more” (Ps. 103:15). The writer of Ecclesiastes 
assumes that all people await a common destiny: 
the righteous and the wicked, the good and the evil, 
the clean and the unclean, those who sacrifi ce and 
those who do not sacrifi ce—all of them alike depart 
to “the realm of the dead” where “there is neither 
working nor planning nor knowledge nor wisdom” 
(Eccles. 9:2, 10, NIV).89 

In such passages, death is portrayed in negative 
terms as a tragedy for human beings not because of 
its connection with sin and judgment but because it 
represents an existential crisis: it extinguishes human 
hopes and dreams and is the end of human subjectiv-
ity. The Psalmist protests to God, “In death there is 
no remembrance of you; in Sheol who can give you 
praise?” (Ps. 6:5). Ecclesiastes 9:4–6 laments, 

whoever is joined with all the living has hope … 
but the dead know nothing; they have no more 
reward, and even the memory of them is lost. Their 
love and their hate and their envy have already 
perished; never again will they have any share in 
all that happens under the sun. 

Death is not tragic simply because it is the end of 
life in general; death is tragic because it is the end 
of personhood. The death of nonhuman creatures, 
including the prehuman ancestors of modern human 
beings, is not tragic in the same sense or degree that 
human death is tragic.90 Death as a naturally occur-
ring phenomenon becomes morally relevant only with 
the emergence of personhood, because it threatens 
personal existence, not merely creaturely existence. To 
be sure, human beings share much in common with 
other living beings. Like all other creatures, they 
are animated by the breath of life and are molded 
from the same biological material, the basic build-
ing blocks for life, and along with other creatures of 
the sixth day (Gen. 1:24–26), they are produced from 
the dust of the earth (Gen. 2:7). As Ray Anderson 
puts it, “creatureliness is an undifferentiated fi eld on 
which the occasion of the human occurs.”91 Theologi-
cally, however, humans are unique; by God’s design, 
calling, and covenant, they transcend mere creature-
liness and exist as persons made in God’s own image 
and likeness. With the emergence of human persons, 
death gains existential and ethical signifi cance. Life 
and death now pose ultimate questions to human 
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beings about their nature, purpose, calling, and 
destiny. 

To understand the moral and spiritual relevance of 
death that is unique to human beings, let us briefl y 
consider an analogy: sexuality. Like death, sexuality 
becomes morally and spiritually relevant only with 
the emergence of personhood. For nonhuman crea-
tures, sexuality is not a moral, ethical, or existential 
question; it is merely a biological function of crea-
turely existence. However, for human beings made 
in God’s image, sexuality is not simply a biological 
function of creaturely existence but is now deeply 
integrated with personhood, and thus with subjectiv-
ity, personal dignity, individual and social identity, 
interpersonal relations and ethics, and spirituality 
(becoming “one fl esh,” as Gen. 2:24 puts it). 

The good news of the gospel is that the Son of God 
became one of us, entering into our perishable 
human form and suffering our fate.92 Thus, God deals 
with the problem of suffering and death by entering 
into it in the person of Jesus Christ, whose death on 
the cross in solidarity with humanity and resurrec-
tion from the grave gives us eschatological hope for 
everlasting life in the new creation. The Bible offers 
us not a rationalization for the existence of suffering 
and death, but the promise of resurrection through 
participation in Christ. Thus, it offers us eschatologi-
cal hope.93

Third, the Bible, in particular Paul, teaches a perspective 
about death that seems to contradict what science is tell-
ing us about evolutionary history. According to Paul, 
in passages such as Roman 5 and 1 Corinthians 15, 
death entered the world through the sin of Adam, 
whom Paul depicts as being the fi rst living man 
(along with his wife Eve, the fi rst living woman). In 
traditional evangelical readings, Paul appeals to the 
creation and fall of Adam and Eve to explain the uni-
versality of sin based on the solidarity of all human 
beings with Adam and his sinful state, resulting in 
death. Modern science raises at least two problems 
with the traditional (more or less literalistic) evangel-
ical understanding of this passage. First, as discussed 
earlier, modern science has demonstrated beyond 
reasonable doubt that death existed long before the 
emergence of human beings. Second, genomic evi-
dence indicates that the original human population 
consisted of at least several thousand individuals; we 
do not all descend from one original human couple.94 

A number of biblical scholars have wrestled with 
the implications of modern evolutionary science as 
it relates to the historicity and theological signifi -
cance of Adam and Eve.95 Denis Lamoureux argues 
that Genesis teaches theological truths in outmoded 
cultural forms (ancient science and cosmology). This 
allows Lamoureux to retain important theological 
commitments, such as the universality of human 
sin, while dispensing with the historical Adam and 
Eve. While Lamoureux’s overall approach is very 
helpful, his rhetoric here unfortunately tends to 
suggest that what really matters is the “kernel” of 
theological truth within the text, not the “shell” of 
its cultural-textual form. Thus, Lamoureux (perhaps 
unintentionally) erects a false dichotomy between 
form and content.96 I agree with John Collins that 
“the worldview is not an abstraction from the story; 
one cannot treat the story simply as the husk, which 
we then discard once we have discovered the (per-
haps timeless) concepts.” Such concepts only “gain 
their power from their place in the story.”97 Much 
better are Lamoureux’s statements about divine 
accommodation, which explain that “the Bible is the 
Word of God delivered in the words of humans” 
(p. 69).98 Both form and content are crucial to what 
God is doing in revelation, even if we must subse-
quently apply hermeneutical tools to grasp the text’s 
present signifi cance. 

Collins defends the position that Adam and Eve 
were historical people whose sin constituted a 
historical “fall,” which caused the universal condi-
tion of human sinfulness (often termed depravity). 
However, in order to account for the fi ndings of con-
temporary science (namely common descent from 
prehuman forms, the emergence of modern human 
beings at least 40,000 years ago, and an original 
human population size of perhaps several thousand), 
he proposes that Adam and Eve were “at the head-
waters of the human race” as the chieftain and queen 
of an original human tribe.99 While Collins’s view is 
helpful in that it aims to take science seriously, his 
proposal falls prey to two sets of weaknesses. On the 
one hand, biblical literalists will reject it for taking 
too many liberties with the text. They have a point; 
 Collins is explicitly attempting to retain the histo-
ricity of the creation and fall of a literal Adam and 
Eve, but he clearly goes beyond the narrative with 
his original tribe solution. On the other hand, those 
holding to literary interpretation will criticize Collins 



163Volume 66, Number 3, September 2014

for not going far enough in recognizing the narra-
tives as theological rather than historical literature.100 

Peter Enns rejects a literal-historical interpretation of 
Adam and Eve in favor of a theological-literary one. 
For Enns, Adam is a literary, proto-Israel and proto-
Christ fi gure.101 He argues that Paul reads the Adam 
story (and the Old Testament generally) theologically 
in order to explain the signifi cance of Christ’s death 
and resurrection.102 Thus, “Paul’s understanding of 
Adam is shaped by Jesus, not the other way around.” 
Similarly, with regard to sin and salvation, “the solu-
tion reveals the plight,” not the other way around.103 
Tremper Longman III also advocates a literary view, 
which classifi es Genesis 1–3 as “high-style prose 
 narrative.” Consequently, Longman believes that 
it is not necessary to regard Adam as historical in 
order to stay true to the text.104 Concerning passages 
such as Romans 5 and 1 Corinthians 15, Longman 
suggests that Paul’s interpretive strategy was to 
employ a literary-historical analogy. He approvingly 
cites Conor Cunningham’s statement that “Paul was 
not interpreting the [Genesis] story in and for itself; 
he was really interpreting Christ through the use of 
images in the story.”105 

My own view is that Adam and Eve are theological-
literary fi gures to whom Paul refers analogously (in 
agreement with Longman and Enns). How then do 
I explain the universality of sin? Collins asserts that 
only a historical reading of the creation and fall of 
Adam can preserve the Christian doctrines of origi-
nal sin, the universality of sin (human depravity), 
and by extension certain aspects of Christian soteriol-
ogy.106 Collins’s own proposal succeeds on one level, 
but it does so only by pushing the problem back to 
Adam. Thus, a nagging question persists: why did 
Adam sin?107 This question is particularly troubling 
when one considers that Adam’s circumstances 
were, in the traditional reading, much more ideal 
than ours. In the traditional view, Adam had a per-
fect parent (God himself!), a perfect spouse, a perfect 
physical and psychological constitution, and a per-
fect natural and social environment in which all of 
his needs were met in abundance. Considering this, 
I suggest that it is actually more diffi cult for the tradi-
tional view to explain why Adam sinned than for those 
endorsing a theological-literary Adam to explain 
why human beings universally sin. It is possible to 
observe that all human beings suffer the effects of a 
“sin of origin” (to which all are enslaved, unable to 
free themselves) without requiring the Augustinian 

doctrine of “original sin” (a fall from original righ-
teousness at the dawn of human history).108

In the theological-literary view, Adam is sinful human-
ity.109 As F. F. Bruce explains, 

It is not simply because Adam is the ancestor of 
mankind that all are said to have sinned in his 
sin (otherwise it must be argued that because 
Abraham believed God all his descendants were 
automatically involved in this belief); it is because 
Adam is mankind.110 

The force of Paul’s argument in its appeal to Adam 
is not to ground the universality of sin historically, 
but to illustrate it by depicting human solidarity in 
sin (in Adam). He employs the illustration in the 
service of his larger purpose, which is to ground the 
salvation of human beings in Jesus Christ, this salva-
tion being universal in scope (thus the Adam-Christ 
typology), but particular in application (the “many” 
in Romans 5), as it is appropriated through faith. 
Thus, “The effect of the comparison between Adam 
and Christ is not so much to historicize the original 
Adam as to bring out the individual signifi cance of 
the historic Christ,” says James Dunn.111

Sin and Death in Eschatological 
Perspective
In light of the eschatological view of becoming 
human as proposed in this article, sin is an existen-
tial possibility that arises only with the emergence 
of human personhood. Previously, as creatures who 
had not yet attained personhood, the prehuman 
ancestors of modern humans behaved in ways sim-
ilar to other animals because such behavior had long 
promoted survival.112 According to modern human 
standards, we would fi nd much of this behavior rep-
rehensible but not sinful in the proper theological 
sense (e.g., it is not sinful for a predatory animal 
to kill and eat its prey). With the emergence of the 
human, however, we now have beings with whom 
God relates personally, beings whom God uniquely 
equips and calls to refl ect the divine image by emu-
lating God’s character and pursuing God’s own 
purposes for creation as God’s representatives. Crea-
turely patterns and behavior that were formerly 
morally neutral gain ethical signifi cance because 
they must now be considered within the emergent 
domain of human personhood. Accordingly, along 
with the emergence of human beings comes also the 
existential possibility of sin (and the theologically 
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conceived possibility of spiritual death).113 Sin results 
from the willful refusal to follow God’s gracious call 
to transcend mere creaturely existence; it is a refusal 
to embrace our eschatological destiny as image bear-
ers and partakers in the divine nature (2 Pet. 1:4).114 

The call to be human is both a gift to be received 
in the present and an eschatological destiny to be 
pursued into the future by God’s active, initiating, 
and enabling grace. While “being human as gift” is 
something that we simply receive from God, “being 
human as destiny” is something that we can resist, 
distort, and even fi nally reject. No one can become 
fully human in the ultimate sense without God’s 
ongoing, consummating grace; and, in light of sin, no 
one can become fully human in the redemptive sense 
(i.e., new creation, new humanity) without God’s 
active, redeeming, and saving grace. We all inevit-
ably experience the reality of sin and are culpable in 
perpetuating it, but by God’s justifying, sanctifying, 
and glorifying grace, we are forgiven, cleansed, and 
look forward to our fi nal transformation into Christ’s 
likeness. This transformative, saving work of the 
triune God thus both pervades and transcends our 
evolutionary development. As Ted Peters suggests, 
God’s eschatological new creation is a pull from the 
future, not merely a push from the past.115 

Our fi nal transformation in Christ shares continu-
ity with our evolutionary history but is not causally 
determined by it. God’s “ultimate” act of saving 
grace with respect to the present creation is tran-
scendent and contingent, rather than immanent and 
necessary, even as it enters, directs, and imparts 
coherent meaning to the present “penultimate” 
order.116 Our prototype is Christ, not Adam; it is 
only by sharing in Christ’s resurrection that we will 
fi nally and fully enter the new creation, even as our 
hope-fi lled anticipation of that resurrection reorients 
and redefi nes our present existence “in Christ.”

Conclusion
In this article, I have argued that a trinitarian eschato-
logical hermeneutic, applied to the doctrine of 
creation, helps us to make theological sense of evo-
lution. My intention has not been to attempt to settle 
all of the questions that evolution raises for theology, 
but to offer a theological framework within which 
we may discuss such questions fruitfully and pro-
pose provisional solutions that respect the integrity 

of both science and theology as we seek to under-
stand the complex and glorious world that God has 
created. 
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panentheism in God—The World’s Future, 131–2.
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such a world is necessary for producing beings that are 
fi t for fellowship with God (i.e., endowed with freedom 
and the capacity to love). Polkinghorne agrees, arguing 
that the existence of free creatures who return God’s love 
is a greater good than the existence of “perfectly behav-
ing automata.” See Peacocke, Theology for a Scientifi c Age, 
125–6, 157; and Polkinghorne, Science and the Trinity, 165.

83Polkinghorne, Science and the Trinity, 85–6, 144.
84Ibid., 143.
85Intrinsic eternal life is properly and uniquely an attribute 

of God; all created life is contingent life. We live “on bor-
rowed breath,” as David Kelsey eloquently puts it (Kelsey, 
Eccentric Existence, part one).

86See Peacocke, Theology for a Scientifi c Age, 106–12; Polking-
horne, Science and the Trinity, 68–72; Miller, Only a Theory, 
121.

87Jürgen Moltmann, Sun of Righteousness, Arise! God’s Future 
for Humanity and the Earth (Minneapolis, MN: Fortress, 
2010), 218. See also Alexander, Creation or Evolution, 73–92, 
and Dennis Venema’s helpful posts: “From Variation to 
Speciation,” Parts 1–4, Evolution Basics: A New Introductory 
Course on Evolutionary Biology, http://biologos.org/blog/
series/evolution-basics.

88In addition, Peters notes that death may be interpreted in 
light of either the law or the gospel. 

According to the law it is our just deserts for acting 
sinfully. According to the gospel, it is a gift that opens 
the door to an everlasting life free of the sufferings we 
undergo in this life. (Peters, God—The World’s Future, 
323)

89Death is also described in terms of rest or sleep (e.g., Pss. 
13:3; 90:5; Dan. 12:2).

90This does not mean that we should be complacent about 
or complicit in the needless suffering of animals. Rather, 
the argument clarifi es the basis on which human respon-
sibility for animals rests. We should care about and have 
compassion for animals, not because they possess intrin-
sic dignity (animals are not “persons”), but because we do. 
Mistreating animals and other nonhuman parts of God’s 
creation, mars the nobility and dignity of human beings 
and distorts their calling as stewards, priests, and garden-
ers. Such behavior is undignifi ed and unfi tting.

91Ray S. Anderson, On Being Human: Essays in Theological 
Anthropology (Eugene, OR: Wipf & Stock, 2010), 21. Ander-
son explores this theme throughout the second chapter of 
the book.

92Jürgen Moltmann gives classic expression to this theme in 
The Crucifi ed God: The Cross of Christ as the Foundation and 
Criticism of Christian Theology (Minneapolis, MN: Fortress 
Press, 1993).

93Jürgen Moltmann, Theology of Hope: On the Ground and the 
Implications of a Christian Eschatology (Minneapolis, MN: 
Fortress, 1993), 161–3, 203, 213, 224–9.

94Dennis R. Venema, “Genesis and the Genome,” 166–78.
95C. John Collins proposes a helpful typology of four basic 

approaches to interpreting Genesis. See his article, “Adam 
and Eve as Historical People, and Why It Matters,” Per-
spectives on Science and Christian Faith 62, no. 3 (2010): 149.
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both a Message of Faith and an incidental ancient science.” 
Thus, he suggests that “if evolution is true, then there is 
no reason why the biblical origins accounts could not be 
re-accommodated for our generation by using modern 
evolutionary science as an incidental vessel to transport 
the Messages of Faith in Gen. 1–3.” See Lamoureux, I 
Love Jesus, 18, 69. The problem is not with Lamoureux’s 
suggestion that we need to refl ect on the ancient con-
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103Enns, Evolution of Adam, 122, 131.
104Tremper Longman III, “What Genesis 1-2 Teaches (and 
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into a state of innocence and only subsequently reach an 
age of accountability. Perry Yoder, “Will the Real Adam 
Please Stand Up!,” Perspectives on Science and Christian 
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natural repertoire of behavior among animals … includ-
ing deception, bullying, theft, rape, murder, infanticide, 
and warfare, to name but a few. [Thus,] far from infect-
ing the rest of the animal creation with selfi sh behaviors, 
we humans inherited these tendencies from our animal 
past. (Daniel C. Harlow, “After Adam: Reading Genesis 
in an Age of Evolutionary Science,” Perspectives on Sci-
ence and Christian Faith 62, no. 3 [2010]: 180) 

See also Murphy, “Roads to Paradise,” 114.
113Harlow makes a similar point (Harlow, “After Adam,” 

191).
114I do not intend here to offer an exhaustive defi nition of 

sin (a complex concept conveyed through diverse and 
rich narratives and metaphors throughout scripture), 
but only to present the sinful condition in eschatological 
perspective.

115Peters’s statement that God creates “from the future, 
not the past” must be held in balance with what he says 
elsewhere. I would prefer to speak of God’s creating in 
the midst of the past, present, and future, as the Spirit’s 
presence and power intensifi es to draw creation forward 
toward God’s envisioned consummation. God both 
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(as God’s past creative work has ongoing effects in the 
present). With respect to our being transformed in Christ, 
while the resurrection of Jesus has determinative signifi -
cance for human beings with respect to our future (we 
will rise with him), his incarnation has signifi cance for our 
present (we are still dying in him). Thus, I fi nd the follow-
ing statement by Peters more satisfying: “Each moment 
God sustains the cosmos in being, provides an array of poten-
tialities that makes contingency possible, and releases the 
present moment from the absolute grip of past determinism” 
(Peters, Anticipating Omega: Science, Faith, and Our Ultimate 
Future [Göttingen: Vandenhoeck & Ruprecht, 2006], 12, 14).

116Dietrich Bonhoeffer, Ethics, Dietrich Bonhoeffer Works, 
vol. 6, ed. Clifford J. Green, trans. Reinhard Krauss, 
Charles C. West, and Douglas W. Stott (Minneapolis, MN: 
Fortress, 2005), 146–70.
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Christian Commitment and 
the Scientist 
V. Elving Anderson

Objectivity and commitment are compatible attributes, and both are to be encouraged. 
The nature or pattern of commitment, however, may restrict one’s openness to new facts 
or ideas.

Objectivity and commitment are 
sometimes presented as oppos-
ing attributes. A person may 

ask, “How can you be intellectually 
honest and believe the Bible?” Science 
may be thought to represent the peak of 
objectivity, whereas religion stands for 
commitment. If these terms are indeed 
opposite in meaning, then direct con-
fl ict between science and religious faith 
appears inevitable. 

In contrast to this point of view, I wish to 
suggest the following: 

(a)  Objectivity and commitment are 
qualities of persons rather than of 
topics. Each person develops foci of 
commitment, and is more objective 
or less objective in different areas of 
life. 

(b)  The person who is most deeply com-
mitted may be the one who is able to 
be the most objective. 

(c)  It is the pattern of commitment 
(rather than its presence or absence) 
which conditions one’s objectivity. 

Objectivity and 
Commitment
Huston Smith points out that objectivity 
is not equivalent to impartiality or neu-
trality.1 Anyone active in research realizes 
the selective nature of his or her work. 
One is never able to study all the factors 
which might affect the problem under 
investigation; the researcher is forced to 
select those thought most signifi cant. The 

interpretation of results also involves the 
observer’s personal sense of perspective. 
Complete impartiality would be possible 
only for an omniscient God. In a simi-
lar sense, complete neutrality is neither 
possible nor desirable. Neutrality may 
simply mask an inability to make deci-
sions when they are needed. 

It is more appropriate to think of objec-
tivity as an individual’s openness to new 
ideas or fairness to evidence. Smith elabo-
rates,

This involves open-mindedness—the 
willingness, even eagerness, to enter-
tain seriously every item of relevant 
evidence that has a bearing on the 
problem at hand. It involves maximum 
responsiveness to the facts, seeing each, 
insofar as possible, with discrimination 
and without distortion to the end that 
it may be assigned its appropriate and 
becoming weight.2 

Objectivity is, thus, not a passive attri-
bute which is given as a prize for good 
behavior. It requires energy to maintain. 
It involves a willingness to listen and an 
attempt to understand, followed by an 
appraisal of signifi cance. 

V. Elving Anderson (1921–2014) was Assistant Director of the Dight 
Institute for Human Genetics, University of Minnesota, Minneapolis and 
president of the ASA when he wrote this communication. It  was based 
in part on a paper presented at the 18th Annual Meeting of the American 
Scientifi c Affi liation, Westmont College, Santa Barbara, California, 
August 19–23, 1963.

This communication was originally published in the Journal of the 
American Scientifi c Affi liation (now PSCF) 16, no. 1 (1964): 8–9.
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Teachers soon learn that students differ in their abili-
ties to tolerate new ideas. Some students appear to 
feel that new evidence may markedly alter their 
systems of thought. They consider new ideas as 
a personal threat and are unable, or unwilling, to 
spend the effort required for re-evaluation. 

Scientists also can reveal a lack of objectivity. A vig-
orous defense of a particular hypothesis can be a 
very stimulating exercise if it leads to new tests of 
the idea. But such a discussion can degenerate into 
an emotion-fi lled defense of an hypothesis as though 
it were personal property to be protected against all 
invaders. It is tempting to confuse one’s models or 
interpretations of reality with the reality they are 
intended to represent. 

On the other hand, a successful research scientist is 
often a deeply committed person. He or she must 
devote time and energy to study, planning, testing, 
recording data, and interpreting results. Further-
more, he or she is committed to basic assumptions, 
such as the following: (a) If an experiment is care-
fully designed, executed, and reported, the results 
can be verifi ed by someone else. (b) If a principle or 
generalization is proved to be inadequate, it will be 
replaced by another more adequate one. (c) A good 
hypothesis is measured, not by its “truth,” but by its 
usefulness in stimulating relevant research. (d) There 
is a reality which corresponds to the data supplied 
by his or her senses in answer to a research question. 

Commitment a Basis for 
Objectivity 
It would seem, then, that objectivity and commit-
ment are not alternative but mutually supporting 
attributes. Each person (whether theologian or sci-
entist) reveals a pattern of objectivity and a pattern 
of commitment. Smith suggests that it is possible to 
possess a basic faith or commitment which 

provides that matrix of ultimate confi dence toward 
life which can accommodate the maximum open-
mindedness … We have now been brought to a 
paradox: the more faith a person has, the more 
open-minded he will be.3 

Both objectivity and commitment are essential. 

What happens, then, if we examine those com-
mitments that we make as Christians who are also 

scientists? I am personally committed to the faith 
that the Bible is God’s revelation and that Jesus is 
both Savior and Lord. These, in fact, are the basic 
tenets which bring us together in the American Sci-
entifi c Affi liation (ASA). 

Some have urged strongly that we should add addi-
tional criteria for ASA membership: either specifi c 
interpretations of the Bible or specifi c ideas about the 
nature of science. The ASA Executive Council has 
resisted these pressures from both directions, feeling 
that our present statement of faith is a sound basis 
for fellowship and that we must not restrict open dis-
cussion of differing points of view. 

Nevertheless, it may be appropriate for us as individ-
uals to put into writing our personal “commitment 
profi les.” This may be the only way we can discover 
the reasons for our differing opinions. Further dis-
cussion can be directed to these basic differences 
rather than to more secondary matters. It is in this 
spirit that I present the following as issues on which 
I am willing to take a stand. 

(a)  The God who is my redeemer is also creator and 
sustainer of myself and of the universe. 

(b)  In the world of nature about me, I see evidences 
of his activity. These are evidences in the sense that 
they demand a decision about faith in God, but 
not proofs which would compel an affi rmative 
answer. 

(c)  God’s activity is involved both in what I think 
I understand and in what I know I do not under-
stand. 

(d)  Research is an appropriate task for a Christian, 
not just for the useful results which may accrue, 
but as part of God’s command to subdue the 
earth and have dominion over it. 

(e)  My faith creates no barriers to research, no for-
bidden areas. The earth is the Lord’s and the 
fulness thereof. Certain methods of investiga-
tion, however, would confl ict with my concept 
of the nature of humans. My research indicates 
that space is more vast, time more extensive, and 
nature more complex than I could possibly have 
imagined, and thus enlarges my concept of God. 

Helmut Thielicke has described the difference 
between a “world picture” (the sum of scientifi c 
knowledge about the world) and a “world view” 

Communication
Christian Commitment and the Scientist
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(which deals with the ultimate meaning of life and 
the world).4 God as creator is part of my “world 
view.” I hope to grow in my comprehension of this 
idea and its relevance for me, but I do not expect to 
have my “world view” signifi cantly altered by the 
results of research in any of the scientifi c disciplines. 
On the other hand, a good deal of my time and 
energy must be spent in trying to keep my “world 
picture” up to date. The rapid advances in molecu-
lar biology, for example, have dramatically modifi ed 
some of the questions we address to the world of life 
as well as the answers we obtain. 

This distinction is important for discussions of “evo-
lution.” Some scientists are so deeply committed to 
evolution as a comprehensive explanation for the 
universe that any thought of God is rejected vio-
lently. Clearly evolution has become part of their 
worldview as a substitute for God as creator. But 
some Christians reject carefully documented data 
concerning natural selection or speciation in just as 
emotional a manner. These latter topics I would con-
sider part of one’s world picture. I do not feel that 
my commitment to God as creator (as a creationist, 
if you please) should restrict my interest in genetic 
similarities between species or in natural selection in 
humans. If anything, my awareness of the problems 
of interpretation places me under some compulsion 
to become involved in this type of research. 

The Pattern of Commitment 
Thus far I have argued that commitment and 
objectivity are compatible and that both are to be 
encouraged. But it is essential to point out that one’s 
pattern of commitment has an effect on one’s objec-
tivity. The Russian commitment to Communist 
dogma, for example, has severely limited freedom 
for research in genetics. A commitment to the “gap 
theory” (an original creation in Genesis 1:1 followed 
by a large span of time and a re-creation) limits one’s 
objectivity in geology, even though some might hold 
this limitation to be desirable. A belief in vegetarian-
ism would restrict openness to research in nutrition. 

Furthermore, the pattern of commitment may be 
central or peripheral. That is, one’s energies can be 
devoted to simplifying and consolidating commit-
ment or to protecting and up-dating a large number 
of specifi c beliefs. In general, it would seem that 
a larger number of commitment foci would place 
greater restrictions on objectivity. 

Finally, it may be necessary occasionally to distin-
guish commitment to God’s word from commitment 
to traditional interpretations of the Bible. It would 
be presumptuous to claim that one has personally 
explored all facets of important questions and has 
arrived at independent conclusions. We must not 
discard the insights inherited from past centuries, 
but it is entirely possible that the Holy Spirit may yet 
have new lessons for us, if we will listen.  

Notes
1Huston Smith, The Purposes of Higher Education (New York: 
Harper, 1955).

2Ibid., p. 43.
3Ibid, p. 46.
4Helmut Thielicke, Man in God’s World, trans. and ed. John 
W. Doberstein (New York: Harper & Row, 1963). 
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Logical Pitfalls and 
Communication Gaps: Frequent 
Lines of Argument That Dead-
End the Origins Conversation
Stephen M. Contakes

At a recent conference hosted by 
our ASA local section, there were 
many stimulating papers but also 

misdirections that obscured the issues or 
damaged the credibility of ideas that, at 
their core, are worthy of serious engage-
ment. In order to promote more gracious 
and productive faith-science dialogue, 
this communication presents fi ve pitfalls1 
that it can be helpful to avoid.2

1. So, what is your argument? 
Don’t worry—I think I just 
fi gured it out … well, maybe.

“God of the gaps” and “either/or” falla-
cies are so well known that their repeated 
occurrence in otherwise high-quality 
presentations at the conference seemed 
surprising. However, sometimes during 
the Q&A time, it became apparent that 
the speakers did not really believe that 
the absence of plausible scientifi c expla-
nation in itself constitutes evidence for 
supernatural intervention or that either 
God or natural phenomena are mutually 
exclusive causes for all events.3 They had 
simply left important parts of their argu-
ments unstated. 

To see how incomplete arguments can 
obscure important issues consider the 
following argument, which nominally 
exhibits the God of the gaps fallacy:

Origin of life science lacks a plausible 
overarching model for the origin of 
the fi rst cell.

Therefore, God or an intelligent 
designer supernaturally intervened 
to produce the fi rst life forms.

However, perhaps several propositions 
were left unstated and the following was 
intended:

Origin of life researchers exhaustively 
ruled out all natural mechanisms that 
could have produced the fi rst cell.

Since, by defi nition, all causes are either 
natural or supernatural, therefore, 
life could not have arisen by natural 
causes; a supernatural designer must 
have been involved. 

This possibly clarifi es the argument and 
encourages discussion of whether ori-
gin of life science really has exhaustively 
ruled out natural mechanisms or that 
claims of supernatural intervention are 
justifi ed. However, there is no guarantee 
that the original argument was accurately 
reconstructed. Maybe it was originally 
intended to be an inductive argument, 
perhaps as follows:

The physics and chemistry which bear 
on the origin of life are well known.

Origin of life researchers have been 
unable to develop a plausible over-
arching model for how the fi rst cell 
may have arisen using known physio-
chemical mechanisms.

Notably, origin of life researchers have 
not been able to explain how highly 
stereospecifi c information-bearing homo-
polymers originated.

Therefore, it seems unlikely that life 
fi rst arose by normal physiochemical 
means.

Stephen M. Contakes, PhD, Assistant Professor of Chemistry, West-
mont College, Santa Barbara, CA. 
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In everyday experience, highly specifi c and complex 
systems like the above-mentioned biopolymers 
are the product of human ingenuity or of intel-
ligent design. 

Given the dearth of natural explanations and the 
presence of seemingly designed features in 
nature, it is reasonable to infer that God or an 
intelligent designer supernaturally intervened 
to produce the fi rst life forms.

The above reconstruction might helpfully focus 
attention on additional issues that merit examination; 
however, it is also more speculative, as it focuses on 
a particular challenge in origin of life science4 and 
assumes specifi c design arguments that were not 
mentioned in the original argument. Without more 
guidance from the argument’s original author, it is 
impossible to be sure what, exactly, was intended. 

Based on my experience with student lab reports and 
presentations, I suspect that most incomplete argu-
ments are a failure of communication rather than 
a failure of logic. When one has deep convictions or 
has thought about something a great deal, it is easy 
to assume that others have a similar level of under-
standing. Nevertheless, any unstated portions of an 
argument will leave “logical gaps” that must be inter-
preted—and will perhaps be misinterpreted—by the 
audience.5 

Nevertheless, all acts of communication rely on 
some level of knowledge and assumptions shared 
with an audience. Since the extent to which shared 
assumptions can be reasonably counted on varies 
from venue to venue, it is important for speakers 
and authors to carefully consider their audience. 
For instance, because the ASA encompasses a wider 
range of views on origins, scripture, and the nature 
of science than does the BioLogos Foundation or the 
Christian Scientifi c Society, arguments which appear 
plausible in the latter two venues might benefi t from 
a more thorough exposition in ASA meetings and 
publications.6

2. My simple back-of-the-envelope 
calculation just showed that, without 
a doubt, 42 is the “Answer to the 
Ultimate Question of Life, the Universe, 
and Everything.” 7

Care should also be taken not to overstate the impor-
tance of results or make grandiose predictions from 
speculative theoretical models,8 particularly when 

important details of the phenomenon under study 
are unknown or neglected by the model. For exam-
ple, consider Levinthal’s model for protein folding:9

Protein folding occurs as a protein’s polypep-
tide backbone randomly samples possible 
conformations.

Protein backbones can rotate around two bonds 
per peptide linkage, or 2(N-1) bonds in a peptide 
containing N amino acid residues.

Although a range of rotational angles is possible, 
let’s generously assume that each bond can exist 
in only three conformations, for a total of 3(N-1) 

rotational states.

Therefore, a typical protein of 101 amino acids will 
need to sample 3100 or ~5 x 1047 conformational 
states.10

At typical bond rotation rates, the fastest that poly-
peptides can sample conformations is 1013 times 
per second or ~3 x 1020 per year.

Therefore, proteins should take approximately 
1027 years to fold, longer than the estimated age 
of the universe.

As written, the argument seems logically sound, but 
since most proteins spontaneously fold in under a 
second,11 it leads to a false conclusion. One possi-
bility is that protein folding involves the violation 
of natural law by a supernatural agent. Given the 
information presented this might be the best expla-
nation; however, it would be wise to fi rst establish 
that other alternatives are less likely. Levinthal him-
self suspected proteins might not randomly sample 
conformations; he thought that stable interactions 
might help lock properly folded regions into place 
during the folding process.12 Indeed, Levinthal’s sus-
picion was supported by subsequent experimental 
and theoretical work and protein folding is widely 
considered to occur naturally.13

Unfortunately, not all predictive models are sub-
ject to reproducible experimental validation. For 
instance, origin of life science lacks the sort of natu-
ral history artifacts needed to determine exactly how 
life started,14 whereas predictive climate modelling 
awaits future validation. In such cases, it is especially 
important to clarify assumptions and to provide good-
faith estimates of uncertainty.15 When advocates for 
particular origins positions attempt to draw grand 
conclusions from simplistic models similar to those 
used by Levinthal, they can make it more diffi cult for 
scientists to give fair consideration to their propos-
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als. For example, Michael Behe’s grand conclusions 
about the limits of evolution in The Edge of Evolution 
were widely discounted as based on misused statis-
tics and unwarranted assumptions,16 even though 
the arguments he used were qualitatively similar to 
those in his earlier paper with David Snoke.17 Had 
the conclusions in The Edge of Evolution been similarly 
qualifi ed and followed up with an appeal for further 
work rather than a grand conclusion, the work may 
have generated more fruitful discussion. Indeed, 
a signifi cant amount of subsequent ID-motivated 
research has followed up on Behe’s proposals.18

3. The point you raise is diffi cult to 
address; let’s discuss another one that 
better fi ts my interests.

Red herrings involve redirecting discussion of a per-
tinent but often challenging issue to an irrelevant 
but often easier one to argue. Consider the following 
exchange:19

Cocky Locky: There is no evidence that the sky is 
falling. The proposal by Chicken Little and his 
coworkers is unsupported by anything other 
than his own testimony.

Chicken Little: Cocky Locky seems to be unaware 
of the progress we’ve made since that unfortu-
nate incident with Foxy Loxy. For instance, we’ve 
shown that air is a fl uid through which objects 
can fall. Furthermore, our work has been critically 
reviewed in the prestigious Poultry Farm Journal 
of Meteorology, and numerous peer-reviewed 
papers supporting our theory have been pub-
lished in Caelo-Plungexity, under the editorship 
of our most devoted supporters.

Notice how the original issue, the alleged lack of 
experimental evidence for a falling sky, has been 
replaced with the red herring of Cocky Locky’s 
familiarity with the sky is falling literature. This 
charge may be related to the main issue (e.g., perhaps 
one of the papers in question presents the evidence 
which Cocky Locky claimed does not exist), but noth-
ing Chicken Little says indicates this clearly. Thus 
Chicken Little’s argument is unconvincing, though 
it may be misinterpreted as a legitimate refutation.20

Although the Chicken Little example was intended 
to be humorous, faith-science discussions can unin-
tentionally take similar turns when a questioner 
does not keep the discussion on the presentation at 
hand. For instance, one of the speakers at our sec-
tion’s conference last winter argued that a popular 

faith-science movement was “disingenuous”—a very 
serious charge meriting discussion and, if appropri-
ate, refutation. However, constructive exploration 
of the charge was sidetracked when an adherent of 
the view in question refocused the discussion on the 
original presenter’s familiarity with the movement’s 
publications.21

Red herrings can also result when scientifi c contro-
versies are not explained in enough detail to properly 
inform the audience. This is why many biologists con-
sider it misleading to say that they are divided over 
“evolution”; a casual hearer is likely to assume that 
the evolutionary biology community has not reached 
a consensus over whether evolution occurred at all 
when, in fact, the disagreement is over the mecha-
nisms by which it occurred.22 Such loose language 
may be acceptable if the context is clear from the set-
ting or from the rest of the argument; however, for 
an average audience, unqualifi ed claims of “scientifi c 
controversy” might de facto result in the inconsis-
tency fallacy, in which differences of opinion about 
something are used to charge that it is indefensible 
as a whole.23 

4. As everyone knows, “those people” are 
wrong; none of “us” would ever think 
that.

There has been too much name calling in the dialogue 
over origins. Young earth creationists and intelli-
gent design proponents are sometimes ridiculed as 
“ignorant,” “obscurantist,” or “IDiots,” while theistic 
evolutionists are portrayed as “insincere,” “compro-
mised,” or “counterfeit” Christians who do not take 
the Bible “seriously.” Such name calling quenches 
genuine dialogue by effectively dismissing the views 
in question. Worse, it creates a climate in which the 
adherents of the specifi c view feel minimized. It can 
be tempting to think this is not a problem in ASA 
circles, especially since the ASA “strives to create 
a safe environment in which dialogue can fl ourish, 
and diverse, even contrasting, ideas can be discussed 
with courtesy and respect.”24 However, the tendency 
to be dismissive or demeaning in one’s attitude and 
intimations (e.g., by using “us” and “them” language) 
is more insidious and, indeed, took place at a recent 
ASA annual meeting.25

5. Dialogue? What dialogue? You fi nally 
messed up! Now I’ve got you.

This fallacy assumes that just because an argument 
is fallacious its conclusion is false. The soundness of 
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an argument’s logical structure does not necessar-
ily prove the correctness of its conclusion. Logically 
sound arguments can lead to false conclusions if one 
of the premises is false (as in the Levinthal’s hypoth-
esis example), while unsound arguments can lead to 
true conclusions. In other cases, arguments that are 
logically unsound as deductive proofs can plausibly 
be reformulated as inductive arguments or abductive 
inferences to the best explanation. 

Indeed, if the faith-science dialogue is to move for-
ward, we should beware of easy “wins.” Instead, we 
should seek to strengthen, reformulate, and other-
wise engage the best arguments for those positions 
with which we disagree. In doing so, we are help-
ing to move the faith-science dialogue forward, not 
just establishing that our own way is the right one. 
Indeed, perhaps the greatest prerequisite for fruit-
ful dialogue is a willingness to seek and to follow 
the truth wherever it leads. These refl ections are 
offered in the hope that a better understanding of 
logical fallacies and communication missteps can 
help us avoid two temptations that work against 
openness—the fear of being deceived and the fear of 
being wrong. Believers who are equipped to analyze, 
and if necessary, challenge questionable arguments, 
can confi dently engage opposing views while offer-
ing appropriately nuanced arguments to advocate 
for their own views. It is the author’s hope that this 
will make for more fruitful dialogue over issues of 
origins. 
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Notes
 1Note that in offering these pitfalls, I am not claiming or 

intimating that particular speakers at the conference com-
mitted these fallacies or even that all of the listed fallacies 
were committed at the conference. In fact, the list and 
examples given refl ect my training and interest as a chem-
ist and my idiosyncratic interests in the relation of faith 
and chemistry more than anything else.

 2Although a number of books and websites treat these 
issues more rigorously than is done here, the chief novelty 
of this communication is its focus on contemporary dis-
course among ASA members. The ASA website contains a 
page on logical fallacies with links to additional resources 
at http://www.asa3.org/ASA/education/think/fallacies 
.htm.

 3For example, logically fallacious god of the gaps argu-
ments involve assertions based solely on lack of evidence; 
the label does not strictly apply when a positive argument 
is offered for why the gap exists. See C. John (credited as 

Jack Collins) Collins, “Miracles, Intelligent Design, and 
God of the Gaps,” Perspectives on Science and Christian Faith 
55, no. 1 (2003): 22–9. Such arguments should be carefully 
examined and not casually dismissed as fallacious. See 
Robert Larmer, “Is There Anything Wrong with ‘God-of-
the-Gaps’ Reasoning?,” International Journal for Philosophy 
of Religion 52, no. 3 (2002), 129–42. Del Ratzsch has pointed 
out that even “god of the gaps”-type arguments are com-
monly used in science. See Delvin Lee Ratzsch, Nature, 
Design, and Science: The Status of Design in Natural Science, 
SUNY Series in Philosophy and Biology (Albany, NY: 
State University of New York Press, 2001).

 4The signifi cance of the informational biopolymer prob-
lem is acknowledged in both the scientifi c and intelligent 
design literature. For an example of the former, see P. L. 
Luisi, The Emergence of Life: From Chemical Origins to Syn-
thetic Biology (Cambridge: Cambridge University Press, 
2006). A relatively recent example of the latter is Stephen 
C. Meyer, Signature in the Cell: DNA and the Evidence for 
Intelligent Design, 1st ed. (New York: HarperOne, 2009).

 5Logical gaps force the reader to fi ll in missing informa-
tion; they can lead to misunderstandings. See George 
Gopen and Judith Swan, “The Science of Scientifi c Writ-
ing,” American Scientist 78, no. 6 (1990): 550–8, for a helpful 
discussion of this issue along with helpful examples illus-
trating how logical gaps can be detected and avoided.

 6This is not to denigrate either the BioLogos Foundation 
or the Christian Scientifi c Society, whose more monolithic 
character allows them to serve different roles than the 
ASA.

 7In Douglas Adams, The Hitchhiker’s Guide to the Galaxy 
(New York: Harmony Books, 1995), the supercomputer 
Deep Thought ultimately calculates 42 as the “Answer 
to the Ultimate Question of Life, the Universe, and 
Everything.” 

 8Here it is important to distinguish between models that 
are somewhat speculative from those that have been 
validated to the extent that they can be used to challenge 
experimental conclusions. For instance, computational 
chemistry has advanced to the point that its results can 
be used to challenge questionable experimental assump-
tions. One of the best-known examples occurred when 
Fritz Schaefer challenged Gerhard Hertzberg’s claim that 
the methylene radical was linear, and later work proved 
Schaefer correct. For details, see Henry F. (Fritz) Schaefer 
III, “Methylene: A Paradigm for Computational Quantum 
Chemistry,” Science 231, no. 4742 (1986): 1100–7.

 9Levinthal’s paradox is a staple of undergraduate bio-
chemistry texts. The numbers given are from R. Zwanzig, 
A. Szabo, and B. Bagchi, “Levinthal’s Paradox,” Proceed-
ings of the National Academy of Sciences 89, no. 1 (1992): 20–2.

10Here I am expressing Levinthal’s paradox in its usual form 
although Professor David Vander Laan of Westmont Col-
lege points out that on average a protein will only need to 
explore about half these states before fi nding the proper 
folded conformation. However, this does not materially 
affect the overall argument, especially given the approxi-
mations Levinthal employs.

11For a sampling of folding rate constants see David De San-
cho and Victor Muñoz, “Integrated Prediction of Protein 
Folding and Unfolding Rates from Only Size and Struc-
tural Class,” Physical Chemistry Chemical Physics 13, no. 
38 (2011): 17030–43. The slowest protein listed has a time 
constant of 4.3 seconds; the fastest, 4.8 microseconds.

12Cyrus Levinthal, “How to Fold Graciously,” in Mossbauer 
Spectroscopy in Biological Systems: Proceedings of a Meet-
ing Held at Allerton House, Monticello, Illinois, ed. J. T. P. 
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DeBrunner and E. Munck (Champaign, IL: University of 
Illinois Press, 1969), 22–4.

13Although Levinthal’s paradox remains incompletely 
resolved, in many cases folding rates can be reliably pre-
dicted from amino acid sequence data as long as their 
structural class is known. See M. Michael Gromiha, 
“A Statistical Model for Predicting Protein Folding Rates 
from Amino Acid Sequence with Structural Class Infor-
mation,” Journal of Chemical Information and Modeling 45, 
no. 2 (2005): 494–501. For a brief review of the state of the 
protein folding fi eld, see Ken A. Dill and Justin L. MacCal-
lum, “The Protein-Folding Problem, 50 Years On,” Science 
338, no. 6110 (2012): 1042–6. A well-referenced overview 
of progress on the protein folding rate problem is pre-
sented in the introduction to Sergiy O. Garbuzynskiy et 
al., “Golden Triangle for Folding Rates of Globular Pro-
teins,” Proceedings of the National Academy of Sciences 110, 
no. 1 (2013): 147–50.

14Most origin of life researchers are currently seeking to 
discover plausible mechanisms for how life might have 
arisen; none are, to my knowledge, seeking to fi nd out 
exactly how life historically arose on the earth.

15For instance, the Intergovernmental Panel on Climate 
Change (IPCC) clearly states the assumptions behind their 
predictive models and provides estimates of uncertainty. 
Note also that critics of speculative models have a respon-
sibility to properly interpret the uncertainty involved, 
and, in no case, should they use the uncertainty to claim 
that the prediction is untrue. That would be to commit the 
argument from uncertainty fallacy. They might, however, 
incorporate the uncertainty into a risk-benefi t analysis 
when deciding what courses of action are warranted by 
the predictions.

16See Michael J. Behe, The Edge of Evolution: The Search for 
the Limits of Darwinism (New York: Free Press, 2007). Nev-
ertheless, it should be noted that Behe admirably takes 
pains to lay out and think about his assumptions. The 
issue is the degree to which he was willing to consider 
the fallibility of his assumptions. Like Levinthal, Behe 
uses well-attested experimental results to make seemingly 
generous assumptions about the potential of natural pro-
cesses. However, he seems less ready than Levinthal to 
consider whether the assumptions implicit in his model 
might be incorrect or in need of modifi cation. Indeed, 
critical reviews of the focus of Behe’s book question his 
assumptions and charge him with misuse of statistics. See 
Sean B. Carroll, “God as Genetic Engineer,” Science 316, 
no. 5830 (2007): 1427–8; Kenneth R. Miller, “Falling over 
the Edge,” Nature 447 (28 June 2007): 1055–6. 

In fairness, it should also be noted that Behe appropri-
ately attempted to foresee and address potential criticisms 
of his argument. Furthermore, given Behe’s rejection of 
methodological naturalism, it was not necessarily irratio-
nal for Behe to interpret his models as indicating that there 
are limits to what natural processes can explain. However, 
he would have been well served by fi rst ruling out natural-
istic mechanisms that might have invalidated one or more 
of his assumptions. This process of ruling out alternatives 
is common in science. For instance, when establishing a 
chemical reaction mechanism as likely, it is just as impor-
tant to rule out alternative mechanisms as it is to establish 
the reasonableness of the one under consideration.

17Behe, The Edge of Evolution: The Search for the Limits of 
Darwinism; M. J. Behe and D. W. Snoke, “Simulating 
Evolution by Gene Duplication of Protein Features That 
Require Multiple Amino Acid Residues,” Protein Science 

13, no. 10 (2004): 2651–64; Behe and Snoke, “A Response 
to Michael Lynch,” Protein Science 14, no. 9 (2005): 2226–7. 
The 2004 Behe and Snoke paper was also criticized but 
much of the criticism was diffused after Behe and Snoke 
clarifi ed that their model might simply indicate that other 
evolutionary pathways were involved.

18This is not to say that Behe’s arguments would have been 
accepted as defi nitive proof for his intelligent design pro-
posals; given the state of the public debate over ID in 2007 
(and now), it is unlikely that they would have been met 
with a warm reception by the scientifi c community any-
way. However, by drawing more appropriately nuanced 
conclusions that encouraged future investigations into the 
reliability of his assumptions and the potential of alternate 
mechanisms, Behe could have at least proposed a research 
plan for establishing the public belief in ID-motivated sci-
entifi c research, perhaps similar to that currently being 
conducted at the ID-associated Biologic Institute. Even 
this is not to say that his intelligent design proposals them-
selves would have been accepted as scientifi c; it is only to 
say that a more appropriately curtailed set of conclusions 
would have made it more diffi cult for his opponents to 
reject his proposals out of hand.

19This exchange is somewhat analogous to one that 
occurred at the conference, although many details have 
been changed, and it should not be taken as representative 
of any particular individual’s or movement’s approach.

20Redirection may be used intentionally in order to distract 
an audience’s attention from the main point. However, 
this tactic will not promote a constructive public discourse 
on faith and science.

21It should be noted that in the incident under discussion, 
there is no evidence that the original question was side-
tracked by the questioner to avoid the original presenter’s 
charge that his movement’s ideas were “disingenuous.” 
The questioner, in fact, dismissed that charge based on 
personal incredulity—a move which was not wholly inap-
propriate since the issue in part involved the questioner’s 
own personal motivations. However, the questioner still 
redirected the discussion to a point of his own.

22This is not to say that all scientists are convinced that 
evolutionary accounts of natural history are, in gen-
eral, correct, but only to say that it is almost universally 
accepted among biologists. Nor is it to say that the exis-
tence of consensus alone constitutes an argument that 
evolution is an adequate explanation for natural history 
(that would be to commit another logical fallacy). How-
ever, the existence or lack of a scientifi c consensus might 
reasonably affect the degree of caution one uses when 
challenging existing ideas in the fi eld.

23One might argue that uncertainty over the mechanism 
of a process is coupled to uncertainty over whether it 
occurred. However, in that case, it is important to make 
that argument.

24“About the ASA,” American Scientifi c Affi liation, http://
network.asa3.org/?page=ASAAbout.

25See Caroline Crocker’s refl ections on the 2011 ASA Annual 
Meeting (Caroline Crocker to Uncommon Descent, 2011, 
http://www.uncommondescent.com/evolution/has 
-the-american-scientifi c-affi liation-forgotten-their-stated 
-identity/). Even though I would classify myself as a the-
istic evolutionist, I also have recollections of being put off 
by the anti-ID attitudes expressed by some speakers at 
that meeting.

ASA Members: Submit comments and questions on this com-
munication at www.asa3.org→FORUMS→PSCF DISCUSSION.
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ETHICS
JUST WATER: Theology, Ethics, and the Global 
Water Crisis by Christiana Peppard. Maryknoll, 
NY: Orbis Books, 2014. 230 pages, notes. Paperback; 
$28.00. ISBN: 9781626980563.
According to Christian Peppard, Just Water seeks to 
inform readers of the signifi cance of fresh water in 
an era of economic globalization, providing an ethi-
cal analysis and recommendations regarding water 
use and scarcity within the backdrop of Catholic 
social thought. The book is directed at “educated 
nonspecialists.”

Just Water starts with chapters serving as a primer for 
understanding the relationship between twenty-fi rst-
century theology and ethics followed by a primer on 
the global freshwater crisis. 

In chapter one, Peppard suggests that the growth 
of human knowledge, diversity in culture, deeper 
understanding of race and gender, and better under-
standing of power structures have shaped theologi-
cal thinking in the twenty-fi rst century. The second 
chapter describes the reasons why our rates of use 
and the types of fresh water available to us are cre-
ating a worldwide scarcity. The third chapter lays 
out arguments for water as a human right and not 
an economic commodity, and the fourth chapter pro-
vides insight into Catholic social thinking while pos-
ing the question as to whether access to clean water 
is a right-to-life issue. The remaining chapters of 
the book describe some of the contextual issues that 
relate to water scarcity: agricultural practices (that 
account for 90% of fresh water consumption), climate 
change and its impact on global water, and hydraulic 
fracking. Interposed among these chapters are two 
chapters connecting water to faith. These chapters 
explore the question of what Jesus had to do with 
water, through a historical and hydrological exami-
nation of the key river of the Bible, the Jordan, and 
exploration of the New Testament story of Jesus’s 
interaction with the Samaritan woman at the well. 

I believe that water scarcity is the most serious prob-
lem of the twenty-fi rst century. Water cannot be con-
ceived of in isolation of human activities. There is a 
connection between water and food, energy, security, 
war, climate change, law, and if you allow, even beer 
production. (A recent article in the Chicago Tribune 
described the water nexus with brewing: It can take 
up to 20 gallons of water to make a single pint of 
beer and, with water in scarce supply, more than 
one-quarter of beverage production is in jeopardy.)

I wish Peppard had made a stronger case for water 
being a human right rather than a commodity. 
Although her examples of the bottled water indus-
try and the Bolivian “water war” are interesting, and 
the fact that the Vatican and United Nations have 
declared water a human right, I do not believe that 
there is either consensus or understanding of the 
issues by the “educated nonspecialist.” I would have 
liked to have seen her do more to secure her argu-
ment on the side of human rights. 

All countries need energy. Some countries are blessed 
(a mixed blessing at best) with the natural resources 
that allow them to be exporters of energy, usually 
with signifi cant fi nancial returns to that country. 
Others have to purchase the energy, making them 
dependent on whatever country is providing that 
energy. Most countries want energy independence 
(read, energy security). Energy production and trans-
portation is messy at best. Usually, energy produc-
tion is harmful to the environment, risky, and always 
has a water price tag. Peppard chose to describe the 
hydraulic fracturing process as an example of energy 
extraction that may have signifi cant impact on the 
water scarcity issue. Fracking is an extraction process 
that is being used in many countries in the world. 
Many countries have banned this process because of 
the serious environmental impacts. Others are going 
forward, in spite of the inherent risks and one has to 
ask the why question.

The chapter entitled, “The Jordan River,”  starts with 
a quote from theologian Denis Edwards. 

The number of Christians who are deeply commit-
ted to ecology fi nd it easy enough to see their com-
mitment in relation to God as Creator, but they 
cannot see a connection with the story of Jesus. 
(The) urgent task for theology is to show the inter-
connection between living memory of Jesus and 
the issues that confront the global community. 
Only when this connection is made will ecological 
action be seen not only as ethically responsible but 
also radically Christian. 

Peppard asks the question: what does water have to 
do with Jesus? I was drawn to this chapter because 
I wanted to understand the Jesus connection. 
However, being baptized in a river that is now pol-
luted and even questionably a present-day stream, 
or using this river as an example of holy waters, or 
inferring that the degradation of the river should be 
of particular concern to Christians did not help me 
form a linkage between Jesus and ecology. A recent 
National Geographic article by Peter Schwartzstein 
asked the question: “Biblical Waters: Can the Jordan 
River Be Saved?” It described how, with the swell-
ing ranks of Syrian refugees in Jordan, the over-
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stressed Jordan River is at risk of going dry. Further, 
very little water is drawn from the Lower Jordan, 
which is pitifully small by the time Syria, Israel, and 
Jordan have dirtied and drained it of 96 percent of 
its water. Environmentalists see water issues in the 
Middle East and along the Jordan River in particular 
as emblematic of a wider inability to crack the Israeli-
Palestinian confl ict. I wish the Jesus connection were 
more evident for me in Peppard’s book.

Peppard’s book points toward a renewed vision for 
environmental ethics and ecological theology, but 
falls short in developing it. This vision is important 
for politicians, scientists, economists, and others 
working in the real world. They are seeking sound 
ethical guidance in their work and on the recommen-
dations they make. She has made a start with Just 
Water. I look forward to seeing where she can go in 
her future writings. 

There were words in this book I just did not under-
stand in the context in which they were used. It 
made for diffi cult reading at times. In her acknowl-
edgments, Peppard states that a number of chapters 
in Just Water are adapted from articles she wrote or 
online media contributions. I felt the book read as 
such. Several chapters could have used more devel-
opment, and I had diffi culty seeing connections 
between chapters. 

The message that Peppard wishes to convey is too 
important not to speak to us all. As James Famiglietti 
of the University of Southern California said about 
the global water crisis: 

We have a crisis of understanding: does the public 
and do our elected offi cials really understand 
what’s happening with water, nationally and 
globally? If they did, I contend that we could make 
some real progress towards managing this crisis. 
I made the point that hydrologists like myself 
have a clear mission “to help elevate awareness 
of critical water issues to the level of everyday 
understanding.”

Reviewed by John Mickus, Professor Emeritus, Benedictine University, 
Lisle, IL 60532.

GENERAL SCIENCES
THE WHY OF THINGS: Causality in Science, Med-
icine, and Life by Peter Rabins. New York: Columbia 
University Press, 2013. 253 pages. Hardcover; $28.95. 
ISBN: 9780231164726. 
Philosophers have wrestled with the concept of cau-
sation at least since Aristotle; The Why of Things pres-
ents a fresh analysis. Peter Rabins is a psychiatrist; 

nevertheless, he undertakes a broad, interdisciplin-
ary analysis of how causation can be inferred. He 
succeeds, although his examples are more nuanced 
and effective in areas close to medicine. 

Rabins acknowledges that “cause” does not enjoy a 
univocal defi nition, that understandings of causa-
tion have varied across time and cultures, and that 
one cannot prove causality. Nevertheless, he begins 
with the premise that “causes exist and causal rela-
tionships can be discovered and confi rmed” if not 
proven. His analysis is multifaceted, built around 
the metaphor of a tetrahedron with each of the vis-
ible faces representing a different aspect of causal-
ity. Facet 1 consists of conceptual models of causal 
logic: the categorical (something is a cause or it is 
not), the probabilistic (causes that predispose a pos-
sible outcome), and the emergent (as found in self-
organizing systems). Facet 2 describes four levels of 
analysis: predisposing, precipitating, programmatic, 
and purposive; these are not simply a reformulation 
of Aristotle’s four causes (material, formal, effi cient, 
and fi nal) although they bear a resemblance. Facet 3 
describes three logics (i.e., methods) by which caus-
al knowledge is obtained: empirical, empathic, and 
ecclesiastic.

Rabins follows this sketch of his model of causation 
with a well-written historical overview, walking the 
reader through Aristotle’s analysis of causation; the 
narrowing of the concept during the scientifi c revolu-
tion in response to Galileo’s critique of Aristotle; the 
philosophical analyses of Mill, Hume, and Kant; the 
social science perspectives of Weber and Jaspers; and 
the twentieth-century impacts of quantum mechan-
ics and mathematical undecidability. He concludes 
with a critique of Popper’s falsifi ability notion, which 
he regards as overly restrictive for causal inference.

Rabin then turns to the three conceptual models, 
devoting a chapter to each. He analyzes the strengths 
of the categorical model (simplicity, ease of produc-
ing observable results, seeming cognitive innate-
ness) and its limitations (there are typically many 
complex and interconnected causes and it requires 
choosing a level of analysis). He discusses the stan-
dard criteria for inferring categorical causation—for 
A to be a cause of B, A and B must be sequential, 
ordered temporally, in a relationship that occurs 
with regularity, and the inference must be plausible. 
He rejects the assertion that causation is merely a 
social construct, but acknowledges that a claim of 
causation requires an unprovable belief that causa-
tion exists and that causal inferences are partially 
subjective due to the plausibility criterion. He then 
turns to probabilistic causation defi ning it as “events 
that affect the likelihood another event will occur.” 
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Once again he addresses strengths and limitations, 
notably that probabilistic causation does not seem 
to be a universal characteristic of human reasoning; 
nevertheless, it seems a better tool for dealing with 
multiple, interacting causes, an assertion backed up 
by several examples. The choice between categorical 
and probabilistic causation, Rabins suggests, is sim-
ply utility in a situation. The chapter on emergent 
causation is largely an explanation of the concept of 
self-organizing systems—these constitute a different 
type of causation because properties emerge in such 
systems that cannot be inferred from their individual 
components.

The account of facet 1 (the three conceptual models) 
was thorough and carefully organized. Rabin does 
not offer separate sections on facet 2; rather, he inte-
grates discussion of them into several chapters orga-
nized around facet 3 and the case studies with which 
he concludes. I think the book would have been 
stronger had he devoted a chapter to discussing the 
four levels of facet 2; nevertheless, he does a reason-
able job, clarifying the levels as he proceeds. 

Rabin begins his discussion of the logics by which 
causal knowledge is obtained with a general discus-
sion of empirical methods in physical science. He 
argues from relativity theory, quantum mechan-
ics, and Gödel’s incompleteness theorem to the 
existence of limitations on human ability to obtain 
causal knowledge. The limitations can be partially 
surmounted, however; he uses plate tectonics as a 
case study of how consensus on a causal model has 
developed in physical science in spite of the limita-
tions. He then presents a more detailed analysis of 
empirical methods, drawing on his knowledge of 
biology and epidemiology. He does quite a nice job 
presenting the historical development and rationale 
for randomized clinical trials and includes a clear, 
intuitive discussion of the statistical techniques 
involved; he also explains other approaches such as 
convergent validity and counterfactual techniques 
used to investigate causality in situations in which 
randomized control trials (RCTs) are not possible. 

He then contrasts the approach to causal inference, 
typically used in the study of history combined with 
the study of natural science. His discussion of the 
empathic or narrative method as used by historians 
is insightful, as it avoids the simplistic cliché that 
science is objective and history is subjective while 
respectfully treating the differences in their methods 
and subject matter. For instance, he writes, 

Scientists seek a comprehensive understanding of 
the natural order that exists whether or not they 
are studying it. Historians seek a comprehensive 

understanding of events by dint of the individu-
al’s ability to link together convincingly what is 
known. 

He explicitly rejects the notion that the study of histo-
ry is so dependent on the perspective of the observer 
that its lacks usefulness; rather, he sees this limitation 
as another form of human inability to obtain abso-
lute knowledge. He explains the narrative method 
clearly, asserting that its main advantage “is its abil-
ity to increase our understanding of unique past and 
present events.” He illustrates his account with three 
case studies—holocaust denial, the Wright brothers’ 
invention of the airplane, and Alexis de Tocqueville’s 
Democracy in America.

Rabin turns next to “cause in the ecclesiastic tradi-
tion.” He uses a single defi nition for religion and spir-
ituality: “overarching beliefs that explain such basic 
questions as the origin, purpose, and proper form of 
life.” His use of the word “ecclesiastic” emphasizes 
that these characteristics are shared among groups of 
individuals, are relatively stable over time, and are 
based in given truth. He emphasizes that the logic 
of causal analysis in religion is the opposite of the 
logic of the empirical and empathic methods—rath-
er than seeking universals, the ecclesiastic method 
“begins with the knowledge of what they are.” As a 
result, ecclesiastic systems place a major emphasis on 
“why” questions and purposes and on prescribing 
how people should live; he also notes that the eccle-
siastic approach involves a much stronger emotional 
component than the other two approaches, although 
these distinctions are not absolute. This foundational 
analysis is helpful but the structures he builds on it—
comparing the ecclesiastic method with the empiric 
and empathic, and briefl y reviewing causality as 
found in both Hinduism and the Abrahamic reli-
gions—are lightweight. For instance, in comparing 
the empiric and ecclesiastic approaches, he settles 
on the nonoverlapping magisteria perspective most 
closely associated with Stephen Jay Gould. While 
respectful of both approaches, it ignores the fact that, 
in some situations, the magisteria do overlap. Also, 
he does not address primary and secondary causa-
tion or any of the literature on the nature of divine 
providence. 

Rabin concludes with six case studies to which he 
applies his causal analysis: the emergence of HIV/
AIDS as a worldwide epidemic disease, evolution as 
a causal concept, causality in US law, Alzheimer’s 
disease, human aggression, and the etiology of 
depression. These are nicely done and effectively 
illustrate his four levels of analysis.

Even though the ecclesiastical section is lightweight, 
overall I found this book to be the best analysis of 
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causal inference that I have encountered. Its scope 
is broad. It is well organized and highly readable. 
It addresses the main issues carefully. I give it an A 
and highly recommend it. 
Reviewed by James Bradley, Emeritus Professor of Mathematics, Calvin 
College, Grand Rapids, MI 49546.

HISTORY OF SCIENCE
TRYING BIOLOGY: The Scopes Trial, Textbooks, 
and the Antievolution Movement in American 
Schools by Adam R. Shapiro. Chicago, IL: University 
of Chicago Press, 2013. 193 pages including notes and 
index. Hardcover; $35.00. ISBN: 9780226029450.
With its dramatic events, rich symbolism, and mem-
orable cast of characters, the Scopes Trial of 1925 is 
remembered as a landmark in the twentieth-century 
encounter between Christianity and science. In the 
nearly nine decades that have passed, this “trial of 
the century” has received no small amount of ama-
teur and scholarly attention, including the 1960 
Hollywood fi lm Inherit the Wind and Edward J. 
Larson’s Pulitzer Prize-winning Summer for the Gods 
(Harvard University Press, 1997). Just when it might 
seem to be losing its fruitfulness for new historical 
inquiry, Adam R. Shapiro offers a fresh perspec-
tive that reveals an even deeper drama, a renewed 
symbolism, and an enlarged cast. Trying Biology is 
a persuasively argued account of the role the text-
book industry played in the antievolution movement 
of the interwar period. It explores how the confl ict 
personifi ed by William Jennings Bryan and Clarence 
Darrow was about more than fundamentalist oppo-
sition to evolution and a threatening biology cur-
riculum; it was also part of a widespread backlash 
against an expansion and standardization of com-
pulsory secondary education that used science to 
promote a particular view of citizenship and social 
progress.

Shapiro is a lecturer in intellectual and cultural his-
tory at Birkbeck, University of London, specializing 
in the history of science, religion, and education in 
American culture. His previous publications include 
“The Scopes Trial beyond Science and Religion,” 
in Science and Religion: New Historical Perspectives 
(Cambridge, 2010). 

The six central chapters of Trying Biology are struc-
tured around four themes. Chapters two and three 
examine the textbook business from the late nine-
teenth century until the 1920s. Describing an industry 
comparable to those of steel, oil, and gas, these chap-
ters uncover how textbooks were written, published, 

and marketed; how politics and corporate maneuver-
ing, rather than content, determined sales; and how 
these factors contributed to the events that eventual-
ly led to the trial. Shapiro pays particular attention to 
the development of statewide adoption of textbooks 
and highlights the irony of how Tennessee’s use of 
George William Hunter’s Civic Biology made the trial 
possible because the state-adopted text contained the 
state-prohibited ideas. 

Chapter four focuses on the way Civic Biology rep-
resented a new way of thinking about biology as 
a discipline and about science’s potential role in 
education. Previously, the study of life was divid-
ed between botany and zoology. Hunter’s holistic 
approach, coupled with a strong social Darwinian, 
progressivist ethos, offered not just a new view of the 
subject but also a way to understand the nature, prac-
tice, and potential of science education for shaping 
students’ minds. As Hunter’s title suggests, biology 
had the ability to serve as the centerpiece for educat-
ing students for an urban, democratic society. Such 
a book may have affi rmed attitudes in America’s 
rapidly growing cities, but for those in the rural 
South, its statewide adoption, timed with the expan-
sion of compulsory education beyond urban centers, 
signaled a threat to deeply held beliefs. According to 
Shapiro, it was the response to these issues, rather 
than religion that offered the primary motivation for 
school antievolutionism. 

Chapter fi ve shifts focus from textbooks to the trial 
in order to explore “how Scopes was framed,” as the 
title puts it. Shapiro distinguishes between Tennessee 
v. John Scopes, the legal case, and the “Scopes Trial,” 
the public spectacle that pitted science and freedom 
against Christianity and the Bible. For all involved, 
including the defense, the outcome of the former 
was never in doubt. Scopes’s guilt was a foregone 
conclusion. (Indeed it was the ruling desired by the 
ACLU, the organization that orchestrated the trial.) 
It was the outcome of the latter, by contrast, that 
dominated public attention, and in doing so defi ned 
the debate. As a result, the participants arguing for 
harmony between creation and evolution were over-
shadowed by those with a narrow understanding of 
the Bible and Christianity that insisted upon confl ict. 
Shapiro rightly points out that if Scopes’s actions and 
the meaning of the law had been addressed, he may 
have been acquitted. But there were broader issues 
at stake that both the prosecution and defense were 
eager to expose. 

The fi nal chapters consider the effect the Scopes 
Trial had on textbook authors and publishers. In one 
sense, the trial should have had no effect; the law 
only regulated teachers. Still, no company wanted 
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to jeopardize sales over controversial content. Many 
within the industry thus assumed changes were in 
order, but the changes that came about were largely 
ambiguous and superfi cial, merely striking the word 
“evolution” from the text or removing an offensive 
illustration without changing the content, as was 
done for Hunter’s New Civic Biology. The principles of 
evolution were still included, only without the labels. 
Thus the real effect of the trial had almost nothing to 
do with the way textbooks were written and nearly 
everything to do with the way they were read and 
taught. As long as the word itself was avoided, nei-
ther the book nor the teacher could be accused of 
promoting evolution. According to Shapiro, this had 
an unfortunate (and ironic) effect on American sci-
ence education: a return to rote teaching where a lit-
eral interpretation of the textbook was encouraged to 
the detriment of rigorous engagement with the text 
and its meaning. 

On the whole, Shapiro has provided an excellent 
new analysis and welcome contribution to the fi eld. 
Readers of PSCF will probably be most interested in 
the second half of the book, but the exploration of the 
textbook industry should not be skipped. Readers 
may also question a few minor points in his argu-
ment, such as the extent to which he distinguishes 
religion from other social and cultural factors that 
prompted the Southern objection to evolution in the 
schools. Yet overall this book offers valuable insight 
into one of the defi ning events of the twentieth 
century. 
Reviewed by Christopher M. Rios, Assistant Dean for Graduate Studies, 
Baylor University, Waco, TX 76798. 

CURIOSITY: How Science Became Interested in 
Everything by Philip Ball. Chicago, IL: University of 
Chicago Press, 2013. 452 pages. Hardcover; $35.00. 
ISBN: 9780226045795.
The book Curiosity by Philip Ball is certainly a stimu-
lating romp through the beginnings of science in the 
early modern period, whatever else it is. The book 
is primarily about the development of science in the 
late sixteenth and the seventeenth centuries, but it is 
much more than that. It is a book about the cultures 
of the time, and the rich interplay between the kind 
of thinking that ultimately led to modern science and 
the ways of thinking that took place in those days, 
which in many ways were decidedly different from 
what we might expect of “scientifi c men.”

As Ball recounts, the usual narrative concerning 
progress in this period centers on the so-called sci-
entifi c method as a key innovation (p. 4). He offers 

instead (whence the book receives its title) that per-
haps tracking the notion of the changing meaning of 
curiosity might better account for the developments 
toward modern science. As he tells the story, for the 
ancient Greeks the meaning was not clearly articu-
lated, but it was nevertheless represented to be the 
cause of the ills of the world in relation to Pandora’s 
Box (p. 10). Based on the account of the Fall and 
some historical references, early Christians are sup-
posed to have thought of curiosity as a danger. 

Fast-forward to the late medieval period: this curios-
ity expresses itself in the “allure of secrets” (p. 32). 
With this backdrop, Francis Bacon referred to a 
knowledge of the “web of secrets” of nature and 
is famously known for saying that “knowledge is 
power.” In ensuing chapters, we read of a surprising 
array of curiosity seekers with their “cabinets of curi-
osities” (p. 53) and the formation of secret societies 
for exchanging knowledge of the secrets of nature. 
Just to give one example, Giambattista della Porta, 
founder of the Accademia dei Segreti in Naples, in 
1558 wrote a book Natural Magick, in which he por-
trayed magic as “nothing else but the knowledge 
of the whole course of Nature” (p. 42). Della Porta 
was also known for his own collection of curiosi-
ties which contained “plants and botanical speci-
mens, gems, stones and all manner of things and 
unusual” (p. 53). Inspired by della Porta’s book, the 
still-teenage Duke of Umbria, Frederico Cesi, found-
ed his own society called the Academy of Lynxes 
(Accademia dei Lincei), motivated by a statement 
in della Porta’s book: “examine with lynx-like eyes 
those things which manifest themselves” (p. 64). This 
Cesi, who ultimately became della Porta’s benefac-
tor, is the same Cesi who supported Galileo in his 
publishing and with his diffi culties with the church. 

In another example, which shows how these cabinets 
of curiosity move to museum status and fi nally to set 
the stage for the modern museums we have today, 
we see the collection of John Tradescant, which con-
tained a vast collection of items from all over the 
world. Just to name a few of the things mentioned to 
be in the collection there were 

a pelican, a remora, a lanhado from Africa …, a 
fl ying squirrel, another squirrel like a fi sh, all 
kinds of brightly colored birds from India …, an 
ape’s head, …, the hand of a mermaid, the hand of 
a mummy …, a small piece of wood from the cross 
of Christ …, a girdle such as the Turks wear in 
Jerusalem …, a scourge with which Charles V [the 
Holy Roman Emperor] is said to have scourged 
himself, a hat band of snake bones. (pp. 158–9) 

This collection was opened to the public for a door 
fee. When Tradescant died, the collection passed to 
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his son, whom Elias Ashmole convinced to deed the 
collection to himself upon the son’s own passing, a 
promise the son later regretted but could not reverse 
(p. 160). Ashmole in turn ultimately donated the 
 collection to the University of Oxford where it even-
tually became the Ashmolean Museum. Was I sur-
prised to fi nd out that this famous Museum had its 
roots in trickery, in order to gain the collection!

Fast-forward again to the seventeenth century, and 
we see well-known fi gures such as Johannes Kepler 
as men between worlds. Rather than a person who 
thinks as modern scientists do, we fi nd Kepler con-
tinuing to try to fi t his elliptical orbits into a model 
motivated by the fi ve Platonic solids as explanation 
for the planetary spacing (p. 198). That he never aban-
doned this earlier model was certainly news to me, 
but it does show Kepler as a man of his times. He, 
like most others of his time, also dabbled in astrol-
ogy, which is not the usual conception we would 
have of one of the scientists who ushered in the age 
of modern science. Galileo, having heard through 
Cesi of Kepler’s fi nding that the planets orbit in 
ellipses, refused to accept this suggestion, since it 
was too far afi eld from his view of the mathematical 
cosmos (p. 196). And so even Galileo and Newton do 
not escape the charge that they were thinking more 
like the ancients than a modern in their approach to 
experiment. It was said that they were not so much 
motivated “from curiosity to discover how nature 
behaves as a desire to verify prior hypotheses” 
(p. 209). That is to say, that from the point of view of 
modern eyes, these times were a “perplexing mix of 
the new and the old, of the seemingly occult and the 
‘modern,’ the enchanted and the rational.” 

Later, with the increasing use of scientifi c instru-
ments, the importance of this progress and its 
infl uence on those who begin to experience new phe-
nomena becomes clearer. Perhaps my favorite part 
of the book was the section that describes the growth 
of the Royal Society in England, fi rst as competing 
societies between London and Oxford, but then as 
a rich interplay between the likes of Robert Boyle, 
Robert Hooke, and Christopher Wren. In accounts of 
the use of the microscope, and the development of 
the vacuum chamber, these men really came alive as 
fl esh and blood individuals with passions, and not 
simply idols of history. There is also a fair amount of 
political involvement mentioned, in order to set the 
historical stage. The accounting is not entirely linear 
in relation to a historical timeline. For example, after 
discussing the microscope, Ball opens a new chapter 
in which he revisits some of the same time periods, 

but focusing on a different subject, the development 
of an understanding of light and the description of 
the rainbow. Here we see in full force the apparent 
feud between Robert Hooke and Isaac Newton, to the 
extent that Newton withdrew his membership from 
the Royal Society and refused to publish his book on 
optics until Hooke had died (p. 338). The next chap-
ter brings us the news that the activities of members 
of the Royal Society were not altogether appreci-
ated. Indeed, in the form of a play, The Virtuoso, by 
Thomas Shadwell, the activities of the Royal Society 
are openly criticized as being useless and impracti-
cal, and the main point of focus was Hooke himself 
(p. 354). This attitude seems to be fairly commonly 
shared at the time, though Ball comments that with 
hindsight we see how myopic this view was.

There is much more in this book than I have outlined 
above but I hope I have given a suggestive spirit as 
to how the book is written. Now I would like to say 
a few words about the relation of this book to the 
Christian milieu in which it takes place. Though Ball is 
not writing from a Christian perspective per se, there 
are many references to God and to the church and 
other Christian doctrines. For example, in the earlier 
chapters it is evident that there was a tacit assump-
tion of the veracity of the Scriptures, and an accep-
tance of such doctrines as the creation story of Adam 
and Eve, and the Fall of man. In later chapters, there 
are references to the pious attitudes and responses to 
their discoveries from men such as Robert Boyle and 
Robert Hooke. While these are reported in passing, 
as I think any good historian would do, it is possible 
that some emphases by the author might be some-
what altered had he approached them from a more 
focused Christian perspective. Nevertheless there are 
many indicators of the role of religion in general and 
Christianity in particular, so those looking for some 
input into the science and religion discussion will 
fi nd helpful insights here.

Whether Ball actually accomplished the goal of por-
traying a major role for shifting notions of curiosity, 
it certainly did well as a running theme. Some fur-
ther criticism might be that the book was somewhat 
unpredictable in its organization. What would the 
next chapter be about? And why was it included in 
this order? Nevertheless, the book is a fascinating 
one and a delight to read, and anyone who would 
like to gain a richer understanding of this period in 
relation to the development of science would enjoy 
the read.
Reviewed by Don Petcher, Department of Physics, Covenant College, 
Lookout Mountain, GA 30750.
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ORIGINS & COSMOLOGY
NEANDERTHAL MAN: In Search of Lost Genomes 
by Svante Pääbo. New York: Basic Books, 2014. 
275 pages. Hardcover; $21.00. ISBN: 0465020836.

What makes humans unique? This question has driven 
Svante Pääbo for most of his scientifi c career. In his 
new book, he recounts the story of his work sequenc-
ing genomes of long-dead organisms. His quest 
toward uncovering ancient genomes began in secret 
in 1984, when as a graduate student he conducted 
covert experiments on beef liver during nights and 
weekends to protect himself from ridicule. It cul-
minated in 2011 with international recognition and 
two publications presenting the complete sequence 
of Neanderthal and Denisovan genomes. The techni-
cal advances required in the intervening years came 
from disciplined and detailed work on the part of 
Pääbo and his team, and developments in molecu-
lar biology and genomics generally. The project was 
possible because of the global community of scien-
tists the author recruited to his Neanderthal Genome 
Consortium. The book reveals examples of his dis-
ciplined work (many years’ worth of wash steps 
from DNA preparations that were stored in a freezer 
became a massive stockpile of ancient DNA when 
techniques were improved), advances in the fi eld 
(his fi rst presentation of ancient DNA work was in a 
session where future Nobelist Kary Mullis described 
PCR), and the contributions of his global team (key 
leaders on the project came from three continents 
and a dozen countries).

The book is an autobiography that reads like a sci-
entifi c mystery novel. In his story, each career move, 
collaboration, technological breakthrough, and semi-
nal paper brings him another step closer to answer-
ing his driving question. The book provides enough 
technical explanation to permit those outside of 
genomics or archeology to follow along without 
slowing down the action with unnecessary lectures. 
Those seeking a more detailed understanding of his 
work will appreciate the references to his relevant 
papers throughout the text. 

For Christians who embrace a theistic evolution-
ary understanding of human origins, the book is an 
interesting read about the hard work needed to pro-
duce groundbreaking science. For those who believe 
in recent, special creation of modern humans, how-
ever, the author’s work may be troubling due to the 
overwhelming genetic similarities shown between 
Neanderthals, Denisovans, and modern humans. 

Additionally, the book provides strong evidence 
of gene fl ow between modern humans and both 
Neanderthals and Denisovans. These data support 
the complex history and messy speciation that best 
explains the rise of humans as we exist today. The 
work supports the hypothesis that modern humans 
evolved in Africa and then spread from there into 
the wider world. In their travels, our ancestors 
encountered other archaic humans like Neanderthals 
and Denisovans. While some of these encounters 
may have been violent, explaining the extinction 
of both species after contact with modern humans, 
 others produced offspring that were raised by mod-
ern humans and incorporated, genetically, into the 
population. These other humans may be gone, but 
humans today still carry some of their genes. In the 
hands of Pääbo and his team, each of us becomes a 
living fossil.

One weakness of the book is the author’s periodic 
references to his own, colorful sexual history. The 
stories are not numerous, but they do serve as a dis-
traction from the overall arc of the book. These intru-
sions are ironic considering the author’s assertion 
that, “To me, ‘who had sex with whom’ in the Late 
Pleistocene is a question of secondary importance. 
What matters is that Neanderthals did in fact con-
tribute genes to people today.” Likewise, those of us 
interested in the contribution of Neanderthals to our 
own genome may not be interested in who had sex 
with whom among elite scientists. More distractions 
come from his initial descriptions of his collaborators 
and competitors. He is frank to the point of critical, 
even of people with whom he worked closely for 
years. Some of his descriptions are even quite comi-
cal. For example, he says of Jim Mullikin, former head 
of the National Human Genome Research Institute, 
“He somehow reminded me of Winnie the Pooh, but 
a very, very competent version of the friendly bear.”

Considering that this book is written by a world-
renowned scientist who is a native Swede and works 
in Germany, it is very easy to read. For those with 
questions about human origins and speciation, this 
book provides many answers. For anyone interested 
in what is required to perform science at the very 
highest level, Pääbo’s story can serve as a useful 
guide. His achievement required unfl inching com-
mitment, remarkable timing, and a dedicated team. 
With Neanderthal Man we are able to appreciate his 
commitment, timing, and team in a way that goes 
far beyond what can be seen in his award-winning 
papers.

Reviewed by Clayton Carlson, Assistant Professor of Biology, Trinity 
Christian College, Palos Heights, IL 60445. 
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DEATH BEFORE THE FALL: Biblical Literalism 
and the Problem of Animal Suffering by Ronald 
E. Osborn. Downers Grove, IL: IVP Academic, 2014. 
195 pages, endnotes, index. Paperback; $27.39. ISBN: 
9780830840465. 
Ronald E. Osborn’s Death Before the Fall: Biblical 
Literalism and the Problem of Animal Suffering is an 
interesting and, one hopes, a helpful addition to the 
ongoing conversation about the question of human 
and cosmic origins in Christian circles. Osborn’s par-
ticular contribution to the conversation involves his 
exploration of the moral problem of animal preda-
tion and suffering in light of what he calls “literal-
istic” readings of Genesis 1 (pp. 17–19). Another 
interesting angle here is the author’s background in 
the Seventh-Day Adventist movement. Osborn quite 
consciously presents this work as an “open letter” 
to fellow Adventists struggling with questions of 
the tensions between Genesis and evolutionary sci-
ence (p. 18). One consequence of this is that Osborn’s 
conversation partners are often very conservative 
voices from within the Adventist church, and yet 
readers from other conservative, evangelical tradi-
tions will still fi nd most of this book to be accessible 
and applicable.

Osborn himself admits that he is not a trained bibli-
cal scholar or theologian, but refers to himself as a 
“lay theologian” wrestling with the issues at hand 
(p. 39). That said, the author holds the PhD from the 
University of Southern California, with a particular 
specialization in the thought of Nietzsche, Marx, and 
Darwin. He is, consequently, a trained philosopher 
and an excellent thinker, both of which are obvious 
throughout the book.

There are certainly moments where Osborn’s lack of 
biblical training is obvious to the specialist, particu-
larly in his reading of Genesis 1 in chapter 2 of Death 
Before the Fall. There is nothing really objectionable 
about Osborn’s reading of Genesis, but he spends 
what seems to be an inordinate amount of time 
establishing concepts which are taken for granted by 
biblical scholars (e.g., the meaning of tob, or “day”), 
and he occasionally imposes foreign categories upon 
the biblical text (e.g., a distinction between “very 
good” and “perfect”). Still, he does depend on excel-
lent work by others (e.g., Stott and Walton) and his 
overall reading is quite acceptable.

The book is laid out in two major parts. Part 1 deals 
with what Osborn refers to as “biblical literalism.” 
He uses this phrase in distinction from “literal” read-
ing. The former indicates an approach that demands 
the “scientifi c and historical harmony (or ‘concord’) 
of the primeval stories (Genesis 1–11) as defi ned by 

contemporary notions of scientifi c and historical 
objectivity, regardless of the actual weight of scien-
tifi c and historical evidence” (p. 40). The latter refers 
to a “plain sense” reading of a given text, and may 
include symbolic or metaphorical interpretations 
(p. 25). Chapters 2–9 deal extensively with the prob-
lem of literalism, where Osborn argues that this type 
of approach to the Bible is not intrinsically Christian 
so much as it is intrinsically Modernist. He suggests 
that literalism is simply a form of philosophical foun-
dationalism, and is thus little more than the mirror 
image to ideologies like radical atheisms (pp. 46, 58).

This portion of Osborn’s work covers no truly new 
ground, but it is a very helpful overview of the epis-
temological questions at hand in a discussion of the 
relationship between the Bible and human origins. 
An element of particular note is the time, care, and 
attention Osborn gives to presenting accurate rep-
resentations of various versions of literalism or cre-
ation “science” (e.g., his attempt to fi nd the original 
source for a famous James Barr quote, pp. 50–1). This 
is, in fact, one of the most laudable elements of the 
work as a whole. There is a great deal of invective 
and vitriol on both sides of this particular debate, and 
Osborn tries very hard (with mostly good results) to 
give an honest examination to even ideas he clearly 
fi nds absurd. Others writing in this fi eld would do 
well to note and emulate Osborn’s irenic spirit.

This fi rst section includes the aforementioned equa-
tion of literalism with foundationalism (chaps. 2–3); 
a helpful overview of certain elements of the philos-
ophy of science, with a particular emphasis on the 
work of Kuhn and Lakatos that identifi es creation 
“science” as a degenerating line of inquiry (chap. 4); 
an extended theological argument against literalism 
(chap. 5); a sociological and psychological explora-
tion of the “enclave mentality” of literalism, focusing 
especially on its exclusivism and on its dismissal of 
all competing theories or readings a priori (chap. 6); 
an argument that creationism is a kind of Gnosticism 
(chap. 7); an overview of four historic scholars/
theologians whose interpretations of Genesis 1 do 
not fi t the literalistic mould, including Barth, Calvin, 
Maimonides, and Augustine (chap. 8); and, fi nally, 
a positive epistemological argument in favor of a 
critical realism over and against the naive realism of 
foundationalist epistemologies (chap. 9).

Part 2 moves into Osborn’s more novel argument, 
which is an exploration of animal predation and suf-
fering as a moral and theological problem. The basic 
problem involves the question of how, apart from 
evolutionary processes, the violence and predation 
of the animal world came about, and what moral 
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implications the conclusions on this issue might 
have. In chapter 10, Osborn explores three theories 
that he has encountered from biblical literalists, all 
of which begin with the initial presupposition that 
predation and violence were not features of creation, 
but were consequences of the Fall into sin. In each 
case predation is a negative outcome of human sin. 
But, Osborn argues, this creates an intractable moral 
problem as it implies that by condemning all of cre-
ation along with human beings, God is responsible 
for causing the suffering of an entire world full of 
morally innocent creatures.

Osborn himself suggests instead that violence and 
predation are design-features of creation, construct-
ing his argument especially from Job 38–40 (pp. 152–
6). By bringing the book of Job into the argument, 
Osborn takes the larger canonical witness seriously, 
and provides a helpful counterpoint to naive read-
ings of Genesis 1–2. But Osborn does not want to 
leave the conversation with a simple acceptance 
of predation and violence as intrinsic to God’s cre-
ative purposes. He still confesses discomfort with 
the notion of much of the suffering and death that is 
“natural” to the created order (p. 157). He also wish-
es to take seriously the New Testament teaching that 
“death is the fi nal enemy” (p. 158).

Osborn’s solution? “The destiny of humankind is not 
simply a recapitulation or recurrence, paradise lost, 
paradise restored. Rather, the end is greater than the 
beginning—and was always meant to be so through 
the mystery of the incarnation” (p. 159). Thus the 
incarnation of Christ brings about the beginnings 
of the radical redemption of all of creation, and is 
consistent with its eternal telos. Osborn suggests 
that predation and animal suffering are elements of 
original creative design, but that “creation was never 
a static golden age but [is] always an unfolding story 
with an eschatological horizon” (p. 159). That is to 
say, creation is process, and always was. This also 
necessarily involves what he calls “a high premium 
on creaturely freedom,” and is thus consistent with 
free-will theisms, but may be very diffi cult to fi t into 
the mould of classical theisms. As an aside, I see here 
an unacknowledged tension between Osborn’s key 
biblical text, the book of Job, and his focus on crea-
turely freedom, given that the book of Job focuses 
heavily on divine sovereignty.

Osborn’s fi nal chapter explores the ethical outwork-
ings of his preceding theology. This involves tak-
ing seriously the human responsibility to care for 
creation, and to behave ethically toward animals. 
Osborn also argues strongly for the rediscovery of 
the vital practice of Sabbath, in all its sacramental 

richness (here he shows his Adventist roots again). 
Both human beings and the land are to be offered 
Sabbath, which suggests an ethic of care and rest 
for the human person, as well as care and generos-
ity toward the rest of God’s creation (land, animals). 
Here again Osborn’s work takes the form not only 
of a critique of “scientifi c” creationism per se, but 
of modernism more generally, equating the indif-
ference toward the earth and the animal world that 
is all too common among Christians to Nietzsche’s 
 reprehensible ethic of the Ubermenschen.

The book as a whole is a valuable resource. It is 
well argued throughout, generous in spirit, and, at 
times, interestingly eclectic in the voices it engag-
es. Osborn’s tone is perhaps somewhat uneven. At 
times, he writes in a highly accessible way, which 
appears to be consistent with his chosen audience. 
At  other times, however, his arguments presume a 
relatively high degree of familiarity with philosophi-
cal discourse—perhaps enough so that some lay 
readers may fi nd certain chapters diffi cult to access. 
That said, Osborn tackles a diffi cult topic with kind-
ness and respect, and provides yet another compel-
ling case for the consideration of theistic evolution as 
a legitimate possibility for conservative Christians. 
I would happily recommend this book to interested 
laypeople, to academics working in the social or 
natural sciences who are looking for a theological 
engagement with the question of human origins, and 
to theologians and Christian ethicists engaging the 
question of animal death and suffering.
Reviewed by Colin M. Toffelmire, PhD, Ambrose University College, 
Calgary, AB T3H 0L5.

RELIGION & SCIENCE
THE OUTER LIMITS OF REASON: What Science, 
Mathematics, and Logic Cannot Tell Us by Noson S. 
Yanofsky. Cambridge, MA: MIT Press, 2013. 
424 pages. Hardcover; $29.95. ISBN: 9780262019354.

“Who knows the mind of the LORD? Who is able to give 
him advice?” (1 Corinthians 2:16).

This is a popular-level science book in the publishing 
niche of classics such as Hofstadter’s Gödel, Escher, 
Bach, or Penrose’s The Emperor’s New Mind. It is an 
exploration of the limits of reason. What can reason 
tell us about the limits of reason? A fascinating read 
that goes against the grain in choosing to explore 
what science, mathematics, and reason tell us can-
not be revealed, rather than what they have or have 
not yet fully explained. As the author (a computer 
scientist from Brooklyn College) advocates, in many 
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ways that which we cannot reach is more intriguing; 
why are there limits to what we can know? Why can-
not reason take us beyond those limits? Essentially 
the book is a gathering together of recent (~ the last 
100 years) results in physics, mathematics, and com-
puting science that shed light on the scientifi c limita-
tions of reason: if you will, an updating of traditional 
philosophical thinking on epistemology. 

Firstly, the book is well written and thoughtfully 
put together. Explanations are accessible to the non-
expert; this shines through particularly in the discus-
sions on quantum mechanics, which were the best 
I have read. It’s an engaging read, covering subjects 
in depth, while remaining lighthearted and often 
 witty. Diagrams and fi gures are used effectively to 
aid understanding. Mathematical equations are vir-
tually absent as the author confesses to following the 
publishing adage that “every equation reduces the 
readership by half.” Each chapter ends with further 
reading suggestions; footnotes are used effectively 
pointing to references, deeper explanations, and 
interesting side comments.

Individual chapters are essentially self-contained, 
addressing the central issue from different points of 
view, so we have nine chapters covering such diverse 
topics as language, philosophy, physics, mathemat-
ics, computing science, and metaphysics. Each of the 
chapters contains a treasure chest of known para-
doxes and limitations. Examples include the liar 
paradox, Zeno’s paradoxes, the travelling salesman 
problem, Turing’s halting problem, Gödel’s incom-
pleteness theorem, and Schrödinger’s cat. Usually 
these types of puzzles put my head in a spin, leav-
ing me unsatisfi ed by the resulting intractability. 
However, I did not fi nd that to be the case in this 
book; the author adeptly steers the reader on a route 
through many of these limitations without dimin-
ishing one’s appreciation of the world we inhabit. 
Yanofsky unpacks these limitations, putting them 
in context and helping to uncover why these boun-
daries of reason arise.

The tenth and fi nal chapter seeks to gather these sep-
arate chapters together to build a collective picture. 
Certain themes emerge. Of utmost importance is that 
of the common occurrence of self-referential sys-
tems: for example, “I am lying,” the set that contains 
all sets that don’t contain themselves, and even the 
universe that observes itself. Another theme is dis-
tinguishing between what is describable and what 
is indescribable. The author explains that by “… the 
very nature of language, what can be described is 
countably infi nite. In contrast, what actually exists 
‘out there’ is uncountably infi nite” (p. 345). Yanofsky 
further adds: 

This is stated without proof because I cannot quan-
tify all phenomena. To quantify them, I would 
have to describe them and I cannot do that with-
out language. So there might be an uncountably 
infi nite number of phenomena and only a small, 
countably infi nite subset describable by science. 
This is the ultimate, nonscientifi c (science must 
stay within the bounds of language) limitation on 
science’s ability. (p. 175)
What we know is a drop, what we don’t know 
is an ocean. (Isaac Newton, quoted by Yanofsky, 
p. 345)

The book does not advocate any particular reli-
gious (or nonreligious) perspective; however, it does 
address many topics that arise in science-faith discus-
sions, such as the anthropic principle, interpretations 
of quantum mechanics, the unreasonable effec-
tiveness of mathematics in natural sciences,  chaos 
theory, philosophy of science, et cetera. At many 
conjunctions, a deity is posited as a possible solution 
among others to mysteries arising from these topics.

Let us seek to fathom those things that are fathom-
able and reserve those things which are unfathom-
able for reverence in quietude. (Goethe, quoted by 
Yanofsky, p. 354 n11)

The modern scientifi c revolution has resulted in an 
explosion of human knowledge and understanding 
of the workings of the universe. We have gained 
immense predictive capacities and developed 
remarkable technological innovation. And yet the 
methods of science and mathematics now see their 
own limits. This may seem humbling, and it is, but 
as the author concludes, as humans we typically live 
beyond reason. We make decisions not purely on 
logic and reason, but by feelings and intuitions. We 
value beauty, ethics, and wonder that defy  rational 
explanation but provide life with real meaning. 
I would add that the transcendental conditions of 
our experience are not sensible unless we say that 
they are grounded in Jesus the author of life. 

Overall, an enjoyable book that I am sure I will return 
to in the future.
Reviewed by Sam Pimentel, Assistant Professor of Mathematical 
Sciences, Trinity Western University, Langley, BC V2Y 1Y1. 

BIG BANG, BIG GOD: A Universe Designed for 
Life? by Rodney D. Holder. Oxford: Lion Hud-
son, 2013. 208 pages. Paperback; $14.95. ISBN: 
9780745956260.
I received a copy of this book for review just at the 
time that observational evidence for the effects of 
gravitational waves from the very early universe, 
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and thus for primordial cosmological infl ation, was 
announced by the BICEP2 collaboration. Since that 
time, some doubts have been expressed about this 
claim, so that it cannot be regarded as defi nite as 
this review goes to press. In any case, the news high-
lights the timeliness of a book dealing with cosmol-
ogy and religion. The strong support that it provides 
for infl ationary cosmologies also has implications 
for parts of this book’s discussion. (For example, the 
ekpyrotic universe, sketched here on p. 125, now 
seems to be ruled out and the case for a multiverse is 
strengthened.)

Rodney Holder, who has degrees in both theol-
ogy and astrophysics, is a former Course Director 
of the Faraday Institute and currently a fellow of 
St. Edmund’s College, Cambridge. This book, his 
fourth in the science-religion area, is a very compe-
tent presentation of the history and current state of 
scientifi c cosmology as part of an enterprise of natu-
ral theology.

The survey of the development of modern cosmol-
ogy, with emphasis on big bang models and their 
triumph over the steady state theory, shows how 
religious discussions accompanied the scientifi c ad–
vances. Some, like Fred Hoyle, resisted anything 
like a traditional understanding of creation whereas 
others, including Pope Pius XII, used evidence for a 
big bang to support a Christian apologetic. Georges 
Lemaître, a Roman Catholic priest who was one of 
the main  fi gures in the development of models of an 
expanding universe, provided a salutary example by 
refusing to make an easy identifi cation of scientifi c 
and theological concepts.

And as Holder points out in his chapter “The 
Christian Doctrine of Creation,” it is wrong to identi-
fy the idea of a “moment of creation” as the primary 
meaning of the Christian doctrine. The basic point of 
that teaching is that all things depend ultimately on 
God alone for their existence. God’s ongoing work of 
upholding the universe—and this means also being 
the driving force of an evolving cosmos—is at least 
as important as the divine work of bringing the uni-
verse into being. 

Thus claims of cosmologists such as Krauss and 
Hawking that science has removed any need for 
God, are considerably weakened. But the author goes 
on to show clearly the incoherence of arguments that 
physics is now able to explain the origin of the uni-
verse “from nothing” in anything like the theologi-
cal sense of creatio ex nihilo. The quantum vacuum is 
not “nothing,” as the atheists themselves recognize, 
so it is only word play to say that the production of 

particles from the vacuum is creation from “noth-
ing.” Holder brings this out nicely with an amusing 
passage (and the accompanying illustration) from 
Alice in Wonderland.

Some further consideration here of what it may mean 
to speak of a “need” for God would have been help-
ful. Holder quotes Bonhoeffer’s prison letters to the 
effect that the concept of the autonomy of the world 
began with the speculations of Nicholas of Cusa and 
Bruno about an infi nite universe. But he does not 
point out that Bonhoeffer gave his own ideas in this 
matter a Christological grounding, saying in another 
of those letters that “God lets himself be pushed out 
of the world on to a cross” (Letters and Papers from 
Prison [Macmillan, 1958], 360). Looking at questions 
about a need for God from the standpoint of a the-
ology of the cross, as Eberhard Jüngel has done in 
God as the Mystery of the World (Eerdmans, 1983), can 
suggest answers different from those of a natural 
theology independent of historical revelation.

Evidence for cosmological fi ne-tuning and its theo-
logical implications are the major themes that occu-
py the second half of the book. Holder proceeds in 
a thorough and orderly way toward his answer to 
the question posed by the book’s subtitle. Chapter 5, 
“The Goldilocks Enigma” (a phrase used by Paul 
Davies in connection with the “just right for life” 
character of the universe), sets out twelve examples 
of the apparent fi ne-tuning of the universe, including 
the ratio of the electromagnetic and strong interac-
tion strengths, the value of the cosmological constant, 
and the dimensionality of space. 

Having established that the “coincidences” are real, 
the book goes on to conclude that these results need 
some explanation, and to consider what such an 
explanation might be. The two possible explana-
tions that receive attention in the three fi nal chapters 
are God and multiple universes. Those possibilities 
are not mutually exclusive, as Holder indicates by 
sketching the views of four Christian thinkers who 
are comfortable with the idea of a multiverse. But he 
himself sees “Multiple Problems for Multiverses” in 
a chapter with that title.

If it holds up, the claim of evidence for infl ation that 
I mentioned at the beginning of this review would 
seem, to many cosmologists, to strengthen the case 
for some type of multiverse since that is implied by 
most theories of infl ation. If a multiverse does fi nally 
have to be accepted, it will not simply eliminate the 
problems that Holder describes, but will make them 
questions that need to be answered within a multi-
verse theory.
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The fi nal two chapters compare two explanations 
for our “Goldilocks” universe: God, or a multiverse 
without God (that fi nal qualifi cation is crucial). Holder 
analyzes the probabilities of these two options with 
the use of Bayes’s theorem (described in an appen-
dix) and concludes in his fi nal chapter that “Theism 
Wins.” That title is a bit too triumphal for my taste, 
but it does not affect the strength of the argument. 
As is always the case with arguments of natural the-
ology, how unbelievers will react can only be known 
by fi eld-testing these arguments.
Reviewed by George L. Murphy, Trinity Lutheran Seminary, Tallmadge, 
OH 43209.

THEOLOGY
ASK THE BEASTS: Darwin and the God of Love 
by Elizabeth A. Johnson. London: Bloomsbury, 2014. 
xvii + 286 pages, notes, bibliography, index. Hard-
cover; $32.95. ISBN: 9781472903730.
“Consider an entangled bank,” invites Elizabeth 
Johnson in Ask the Beasts: Darwin and the God of Love. 
Through this invitation, echoing Darwin, Johnson 
pulls her reader into the heart of a theological con-
versation that listens to the voice of the nonhuman 
world through the sciences and the Bible. Her vivid 
and engaging poetic prose compellingly draws the 
reader through considerations of history, biology, 
theology, hermeneutics, and ecology.

In the fi rst four chapters, Johnson embarks on a jour-
ney through the history of evolution. After a general 
introduction, chapter 2 explores Darwin’s life and 
societal context, helping the reader to see the milieu 
out of which evolutionary theory was formed. Along 
the way, Johnson dispels several historical myths, 
such as universal opposition to evolution from the 
clergy. Chapter 3 carefully outlines the argument of 
On the Origin of Species, tracing through the chapters 
of the book while highlighting the richest and most 
memorable of Darwin’s examples. This chapter will 
give readers who have not read Origin a very good 
idea of its contents and structure. Chapter 4 high-
lights aspects of the theory of evolution that have 
changed since Darwin’s day, including the genetic, 
geological, and ecological discoveries that have 
adjusted and nuanced (but not replaced) Darwin’s 
original concept. The fi rst third of the book sets the 
scene for Johnson’s theological refl ection in the next 
four chapters.

In chapter 5, Johnson re-explores the notion of creatio 
continua through a pneumatological lens. Focus on 

the Spirit, she claims, reduces the dualities of mind/
body, natural/supernatural, and nature/grace that 
have led to the misuse and abuse of the nonhuman 
world. Exploring biblical symbols of the Spirit and 
a theology of participation, she weaves a deeply 
Trinitarian approach to creation as God’s dwelling 
place, allowing one to see afresh the graced sacra-
mentality of nature. Chapter 6 follows on from this, 
rooting divine action in the empowerment of love. 
Instead of God’s creative action being something 
that forcefully directs its objects, Johnson argues that 
creative action accompanies creatures toward their 
own fulfi lment, allowing them signifi cant freedoms. 
Johnson defends a neo-Thomistic view of divine 
action: that God is at work in the world through 
 secondary causes by acting as the primary cause. 
She carefully sets out her position in contrast to other 
proposals of divine action, and defends her position 
with sharp insight.

Chapter 7 seamlessly leads on from the discussion 
of divine action with an exploration of evolutionary 
suffering. God creates, we affi rm, but the creation 
groans and suffers in and through this creation. 
Johnson faces the issues squarely, acknowledging 
the full necessity of pain, suffering, and death in the 
ongoing creation and refuses to attribute the natu-
ral violence of creation to moral fault or satanic cor-
ruption. Nor does she attempt to rationalize evil. 
Instead, she writes, 

Rather than a theodicy, what is needed is a theo-
logical inquiry that takes the evolutionary func-
tion of affl iction at face value and seeks to refl ect 
on its working in the view of the God of Love 
made known in revelation. (p. 187) 

Refl ection on the autonomy, or free process, of cre-
ation and the compassionate copresence of God 
grounds her argument. Then Johnson ties together 
Niels Gregersen’s concept of “deep incarnation” with 
Sallie McFague’s “Christic paradigm” to argue that 
God’s solidarity in suffering through Christ and his 
cross extends to the whole of suffering creation and 
is not limited to humans alone. Johnson ends with 
the proposal of “deep resurrection.” She suggests 
that just as Christ is united to all creation by deep 
incarnation, so too all creation is tied into Christ’s 
resurrection by merit of the same unity. “Christ is 
the fi rstborn of all the dead of Darwin’s tree of life” 
(p. 209).

Chapter 8, “Bearer of Great Promise,” moves from 
the concept of ongoing creation (creatio continua) to 
the notions of creation in the beginning (creatio origi-
nalis) and the new creation (creatio nova). In light of 
theology, what can we say about the very beginning 
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of the universe and the new creation that will come 
at its very end? From the original creation, Johnson 
argues, we can derive the concepts of the gratuitous 
nature of matter: that it was made freely out of noth-
ing, but also that it was created good. In light of the 
end of the universe, Johnson explores different con-
cepts of redemption and roots her own view in the 
idea that the love of God ensures redemption for 
every creature. The symmetry between creation and 
redemption is clear: just as God created all things, 
so also will God renew all things. In both creation 
and new creation, Johnson is careful to distinguish 
between scientifi c and theological viewpoints. 
Scientifi c analysis speaks of the Big Bang at one end 
of the universe and either the Big Crunch or the Big 
Freeze at the other. None of these ought to be confl at-
ed with the theological affi rmations of creation out of 
nothing or the fi nal redemption of new creation.

The last two chapters begin to investigate the ques-
tions that humans uniquely bring to the table. In 
chapter 9, Johnson looks unfl inchingly at the issues 
of pollution, climate change, overpopulation, mass 
extinction, and the theological injunctions against 
these abuses. Here, more than anywhere else in 
the book, a Catholic perspective becomes primary. 
Chapter 10 compares two models of human-earth 
relationship: dominion models (including steward-
ship) and the models that see humanity as part of 
the community of creation. Johnson advocates for 
the latter, arguing that it is perhaps the only way 
to inspire the dramatic changes necessary if we are 
going to avoid continuing to do irreparable harm to 
the earth.

Ask the Beasts is an incredibly well-written, clear, 
and engaging read. While Johnson does not bring 
a great deal of innovation to the discussion (“deep 
resurrection” being one important conceptual con-
tribution), she ably navigates the complexities of the 
science and religion debate. She cuts with the hand 
of a skilled surgeon, pruning away ossifi ed and 
dead-end debates, while focusing the reader on the 
most creative and essential elements of the current 
dialogue. Her approach is dedicatedly theological 
while not ignoring, overruling, or side-stepping the 
sciences. Nor does she give in to the temptation to 
attribute the attractive parts of nature to God’s cre-
ative action and the violent or harsh parts to some 
other ill-defi ned creative force (such as is found in 
Deane-Drummond or Hoggard Creegan). The result 
is a powerfully clear refl ection on the nature of evo-
lution, the place of humans in world, and the voice 
of the nonhuman creation. This book is a joy to read.
Reviewed by Bethany Sollereder, University of Exeter, UK EX4 4QJ.

FOUR VIEWS ON THE HISTORICAL ADAM by 
Matthew Barrett and Ardel B. Caneday, eds. Grand 
Rapids, MI: Zondervan, 2013. 288 pages. Paperback; 
$19.99. ISBN 9780310499275.
A recent addition to Zondervan’s Counterpoints: 
Bible and Theology series, Four Views on the Historical 
Adam edited by Matthew Barrett and Ardel B. 
Caneday, is an excellent entrée into the ongoing dis-
cussion of the theological implications of Adam’s 
historicity. The book consists of four essays address-
ing the historicity of Adam from different Christian 
perspectives. Each essay is followed by a response 
from  individual contributors and concludes with a 
response to the responses by each essay’s original 
author. The format is ideal for a reader who wants to 
eavesdrop on this dialogue. While the essays focus 
on Adam’s historicity, inevitably perspectives on the 
age of the earth, evolution, and the Fall are inter- 
woven in each essay.

Denis Lamoureux’s essay begins the conversation. 
He argues that Adam is not historical, the earth is 
old, and humans came to be by the process of evo-
lution just like other living things. His argument 
rests on a strong rejection of scientifi c concordism 
and an acceptance of creation as a God-ordained 
and sustained, purpose-driven, natural process that 
we can uncover using the scientifi c method. He 
argues that scripture, Genesis as well as Paul’s writ-
ings, describes an ancient scientifi c worldview, and 
we need to read scripture through that lens rather 
than try to fi t modern science into a worldview 
confi ned by ancient science. Given this foundation, 
Lamoureux rejects the idea that Adam is a histori-
cal fi gure; rather, he describes Adam as an “inciden-
tal vessel to deliver inerrant spiritual truths” (p. 61). 
Lamoureux, a self-described born-again evangeli-
cal Christian, argues that rejecting the historicity of 
Adam does not impact the foundational beliefs of 
orthodox Christianity, which he asserts includes 
the “Bible as the Holy Spirit-inspired Word of God” 
(p. 39), a belief in miracles, and faith based “only on 
Jesus Christ, his sacrifi ce on the cross, and his bodily 
resurrection from the dead” (p. 38). 

John Walton presents an archetypal view of the his-
torical Adam. While he believes that Adam and Eve 
are real, historical people, he believes that it is more 
important to understand them as “archetypal fi gures 
who represent all of humanity” (p. 89). He believes 
that an archetypal reading of Genesis helps us fi nd 
the essential theological meaning of the text: human-
ity is mortal, provisioned by God, given the role of 
service in sacred space, and is in relationship with 
God, each other, and the rest of creation. Not only 
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does Walton believe that Adam was historical, albeit 
archetypal, he also believes that the Fall was a real, 
historical event in which Adam and Eve were the 
main participants. Walton leaves room for an evo-
lutionary view of human origins by suggesting that 
Adam and Eve do not necessarily have to be the fi rst 
humans or the genetic source of the rest of human-
ity but rather real individuals that play a “particular 
representative role in sacred space” (p. 109). 

C. John Collins also believes that Adam and Eve 
were real, historical fi gures and that the Fall was both 
historical and moral, occurring at the beginning of 
humanity’s existence. He allows for an old earth and 
ascribes to a day/age view, making room for natural 
explanations of cosmology and geology and human 
evolution only with a supernatural intervention 
by God (p. 164). Collins holds tightly to a perspec-
tive that places Adam and Eve as the source of all 
humankind (p. 154) and fi nds it theologically critical 
to understand Adam and Eve as the ancestors of all 
the families of Earth in order to understand Israel’s 
role in bringing God’s light to all the world (p. 154) 
or, in other words, to maintain the essential biblical 
story line. It is unfortunate that Collins wanders into 
a God-of-the-gaps argument when he suggests that 
it is “simply unreasonable to suppose that one can 
arrive at human capacities without some help from 
outside” (p. 170).

William Barrick takes the most uncompromising 
position in subscribing to a young earth; a six-day, 
literal creation; Adam and Eve as real, historical 
fi gures; and a literal Fall. He holds fi rmly to bibli-
cal inerrancy and scientifi c concordism as evidenced 
in his attempt to explain the relationship between 
Adam and Eve. “Even the fi rst woman came from 
Adam,” states Barrack; “she possesses his DNA as 
altered by God at the time he formed her” (p. 213). 
He argues that a real, historical Adam and Eve are 
essential to our understanding of the rest of scrip-
ture, including creation, the nature of humanity, sin, 
salvation, and the authority of scripture. The impor-
tance Barrick places on the historicity of Adam is 
evidenced in his statement, “Denial of the historicity 
of Adam, like denial of the historicity of Christ’s res-
urrection, destroys the foundations of the Christian 
faith” (p. 223). Barrick does not take God’s revela-
tion in the created world and revealed in scientifi c 
inquiry into account as he lays out his argument. His 
own essay and his responses reveal his lack of scien-
tifi c understanding (p. 81), which makes a meaning-
ful dialogue diffi cult.

This book does not offer much that is new in the 
ongoing dialogue around the historicity of Adam or 
origins in general. All four authors have presented 

more extensive versions of their essays in other pub-
lications, which they often reference. The book may 
have been stronger if Peter Enns’s perspective on 
Adam’s historicity had been included. I also wish 
that all four authors had made a serious attempt to 
address the scientifi c issues that provide insight into 
human origins. Only Lamoureux deals in any serious 
way with scientifi c evidence for human origins. 

What this book does offer of signifi cant value is a 
new and highly accessible synthesis. For readers 
who want a place to start to explore various perspec-
tives on the historicity of Adam, I would highly rec-
ommend this book. The interplay between authors 
offers valuable insight into the ongoing conversation 
and reveals areas of serious disagreement and mis-
understanding. It is a good resource for those who 
tend to avoid perspectives that are different from 
their own since any reader is sure to fi nd themselves 
aligned with only one or two of the authors.

The book concludes with two pastoral refl ections, 
which are intended to help readers understand what 
impact the historicity of Adam does or does not have 
on the Christian life. While this is well intentioned, 
I found that it only partially worked. Greg Boyd’s 
pastoral refl ection, which calls for unity in a diver-
sity of perspectives on issues that are peripheral to 
salvation, does achieve a pastoral posture. However, 
rather than offering pastoral refl ection, Philip Ryken 
offers his own view on the historicity of Adam. 
I found this ending to the book disappointing and 
wished that a call for Christian unity and further dia-
logue had been the fi nal word.
Reviewed by Sara Sybesma Tolsma, PhD, Professor of Biology, North-
western College, Orange City, IA 51041. 

You are invited to draft an article related to 

The Image of God 
and Lab Rats 

The ASA and CSCA websites have posted an 
essay by Keri McFarlane on “Living Relationally 
with Creation: Animals and Christian Faith.” 
The essay is intended as an invitation. Readers 
are encouraged to take up one of the insights or 
challenges concerning lab rats, pets, hunting, 
factory farming, vegetarianism … or maybe a 
related one that was not mentioned, and to draft 
a piece (typically about 5,000–8,000 words) that 
contributes to the conversation. The essay can 
then be submitted for possible inclusion as an 
article in an upcoming PSCF theme issue. 
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