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2. Indiscussing Aquinas’s third proof, I talked about Charlic the atom as an exam-
Ple of a thing that is both eternal and contingent. Could something exist that is
both necessary and noneternal? [t would exist at some time in each possible world,
though it would not exist at al times in the actual world. Can you give an exam-
ple of such a thing?

3. I criticized Aquinas's third argument by discussing numbers, which I claimed
exist necessarily. Can the argument be relormulated so that this objection no
longer applies?

4. Icriticized Aquinas’s fourth argument by discussing “maximum stupidity.” Can
Aquinas reply to this objection by claiming that stupidity is just the absence of
intelligence?

CHAPTER 5

The Design Argument

There are three main traditional arguments for the existence of God—the cosmo-
logical argument, the design argument, and the ontological argument. Aquinas’s
first, second, and third ways, surveyed in the previous chapter, are instances of the
first. The cosmological argument takes different forms, but all cite general fcatures
of the whole universe as evidence that there is a God. The second type of traditional
argument—the design argument—is the one we'll consider in the present chapter;
the ontological arugment will occupy our attention in Chapter 8.

Aquinas’s fifth argument for the existence of God is an instance of what has come
to be called the Argument from Design. The design argument has a variety of forms,
some of which I'll describe. To start things off, here is a formulation that is close to
the one Aquinas uses:

(1) Among objects that act for an end, some have minds whereas others
do not.

(2) An object that acts for an end, but does not itself have a mind, must have
been designed by a being that has a mind.

{3} Hence, there exists a being with a mind who designed all mindless
objects that act for an end.

Hence, God exists.

Note as a preliminary point that the transition from (2) to (3) commits the Birthday
Fallacy described in Chapter 4. If each mindless object that acts for an end has a
designer, it doesn’t follow that there is a single designer of all the mindless objects that
act for an end.
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GOAL-DIRECTED SYSTEMS

What does Aquinas mean by “act for an end”? This phrase corresponds to the modemn
idea of a goal-directed system. Human beings act for an end because they have desires;
these desires represent the ends or purposes or goals to which behavior is directed.
Human beings are capable of goal-directed behavior because they have minds. Con-
sider, however, a different example: a guided missile. It is a goal-directed system. Iis
goal or function is to reach and destroy its target. I the target veers off to the side, the
missile can adjust its behavior so that it will achieve its purpose. Guided missiles are goal-
directed systems, but they don't have minds. How is this possible? The answer is con-
sistent with what Aquinas says in premise (2). Guided missiles are artifacts. They are
devices built by creatures with minds—namely, human beings. This is how missiles
obtained the machinery that allows them to engage in goal-directed behavior.

Are there other examples of goal-directed systems besides human beings and arti-
facts? Nonhuman organisms provide a third category. Even bacteria, which evidently
don’t have beliefs and desires, seek out nutrients and avoid poisonous chemicals. It
seems plausible to describe them as having the goal of surviving and reproducing.
They are able to modify their behavior to achieve these ends.

Doces the list stop here—with human beings, artifacts, and nonhuman organisms?
Aquinas followed Aristotle in thinking that even inanimaie objects such as rocks and
comets have goals. This idea pretty much went out of fashion with the Scientific Rev-
olution in the seventeenth century. It now seems implausible to describe a rock as
being hard “in order to resist destruction.” [t also seems strange to say that rocks fall
toward the center of the Earth when they are released “in order to attain the loca-
tion that it is in their nature to scek.” But this is how Aristotle thought about rocks,
and Aquinas followed him here. Both thought that everything, whether living or not,
should be understood teleologically—that is, as a goal-directed system. (This will be dis-
cussed further in Chapter 34.) I won’t take issue with this general teleological picture,
except to note that it is far more encompassing than the one provided by modern
science. However, this point does not affect the design argument as I have formulated
it. What is required is just that some mindless objects are goal-directed.

TWO KINDS OF DESIGN ARGUMENT

It will be useful to distinguish two kinds of design argument. Aquinas would have
been willing to endorse them both. David Hume (1711-1776), who examined vari-
ous design arguments in his Dialogues Concerning Natural Religion (1779), discusses
both sorts. I'll call these two sorts of arguments giobal design arguments and local
design arguments,

A global design argument cites some general leature of the whole universe and
argues that this feature should be explained by the hypothesis that it is the product
of intelligent design. An example would be the argument that proposes to explain why
the laws of nature are stimple. Newton himself argued that the simplicity of natural laws
is evidence that there exists an intelligent and perfect God who was their author.
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A local design argument focuses on a more specific feature that one or more
object in the universe has and claims that the hypothesis that God exists is the best
or the only plausible explanation of that fact. The example I'll consider here concerns
features of the organisms we observe on Earth. They are goal-directed systems; they
are complex systems equipped with the ability 1o modify their behavior so that they
can survive and reproduce. In this Chapter, I'll begin with the local argument just
mentioned, in which it is special features of living things (including ourselves) that
are said 1o require explanation. In Chapter 7, I'll return to design arguments that are
global.

PALEY’'S WATCH

In the cighteenth century and the early nineteenth century in Great Britain, design
arguments were the rage. Numerous books were published arguing that the exis-
tence of God was required to explain this or that feature of the world we observe. One
of the most influential works of this sort was produced by William Paley (1743-1805).
Whereas Aquinas formulated his version of the design argument as a deductively
valid argument, I'm going to interpret Paley’s argument as an abductive argument,
an inference to the best explanation.

Paley’s striking formulation of the design argument goes like this: Suppose you
were walking on a beach (actually, Paley talks about walking on a “heath™) and found
a watch lying on the sand. Opening it up, you see it is a complex and intricate picce
of machinery. You also see that the paris of the watch work together to allow the
hands to measure out equal intervals of time with considerable precision. What could
explain the existence and characteristics of this object?

H,: The Random Hypothesis

One hypothesis to consider 1 will call the Random Hypothesis. By the random action
of the waves on the sand, a watch was accidentally produced. Even if you think that
this explanation is possible, I bet you agree that it isn't very plausible. The idea that
waves beating on sand could produce a useful object of such intricacy doesn’t make
a lot of sense. [t is about as plausible as suggesting that a monkey randomly pound-
ing on a typewriter will write out the complete works of Shakespeare.

H,: The Design Hypothesis

A far more plausible explanation is the Design Hypothesis. The intricacy and usefulness
of the watch suggest that it is the product of intelligence. This hypothesis says that
the watch exists because there was a watchmaker who produced it.

Why do we think the Design Hypothesis is more plausible than the Random
Hypothesis? If there were a designer at work, then it wouldn’t be surprising that the
watch is complex and well suited to the task of measuring temporal intervals. If, how-
ever, the only process at work were waves pounding on sand, then it would be enor-
mously surprising that the watch has these characteristics. The observed features of
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the watch are possible, according to each hypothesis. But they are rather probable
according to one and vastly improbable according to the other. In preferring the
Design Hypothesis, we prefer the hypothesis that strains our credulity less.

I hope you see that Paley’s argument uses the Surprise Principle described in
Chapter 3, You've made some observations (call them 0) and are considering whether
Ostrongly favors one hypothesis ( Ha) over another (H,). The Surprise Principle says
that Ostrongly favors Hy over Hy if Hy says that O is very probable while Hy says that
Ois quite improbable. Owould be unsurprising if H, were true, but Owould be very
surprising if H, were true.

Not only do we infer the existence of a watchmaker from the watch we found; we
also can infer something about the watchmaker's characteristics. We can say that the
designer must have been fairly intelligent to produce an object of such intricacy.
Chimps are somewhat intelligent, but it is dubious that a chimp could have made the
watch. Rather, what we naturally infer is that the watchmaker must have had an intel-
ligence at least on the order of human intelligence, given the features of the watch
we observe.

THE ANALOGY

So f{ar in this argument, Paley is simply describing what common sense would say
about the watch on the beach. Paley then suggests an analogy. Look around the liv-
ing world, Notice that it is filled with organisms that are extremely intricate and
well adapted to living in the environments they inhabit. In fact, organisms are far
more complicated than watches. And as well suited as a watch is to the task of mea-
suring time, organisms are even better suited to the tasks of surviving and repro-
ducing.

How can we explain the fact that organisms are so amazingly intricate and well
adapted? One possibility is the Random Hypothesis—that by a process akin to waves
pounding on sand, orchids, crocodiles, and people came into existence. The other
alternative is the Design Hypothesis—that an organism maker made the impressive
pieces of machinery we call living things. Which explanation is more plausible? [f the
Random Hypothesis says that the existence of a watch is very improbable, then the
Random Hypothesis also must say that the existence of these intricate and adapted
organisms is very improbable. So if inferring the existence of a watchmaker is plau-
sible in the first case, then inferring the existence of a designer of all life is plausible
in the second.

Finally, we may ask how intelligent this maker of organisms must be, given the
intricacy and fineness of adaptation that organisms exhibit. From what watches are
like, we can infer that watchmakers must be pretty smart. By the same reasoning, we
infer that the maker of organisms must be very, very intelligent—far more intelli-
gent than human beings arc. Paley's design argument concludes that the intricacy and
adaptedness of organisms are best explained by postulating the existence of an
extremely intelligent designer.
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ABDUCTIONS OFTEN POSTULATE UNOBSERVED ENTITIES

There is a point that pertains to all of Aquinas’s arguments that should be empha-
sized here. The design argument claims there is something we observe—the com-
plexity and adaptedness of living things—that is best explained by the hypothesis that
there is a God. The conclusion of the argument concerns the existence of something
we have not directly observed. Although there may be defects in this argument, the
fact that it reaches a conclusion about a being we have not observed isn't one of
them. Recall from Chapter 3 that abductive arguments frequently have this char-
acteristic. It would cripple science to limit theorizing to a description of what sci-
entists have actually observed. So my view of Paley's argument is that it is an abductive
argument.

Organisms are intricate and well suited to the tasks of survival and
reproduction,

Hence, organisms were created by an intelligent designer.

I've drawn a double line here to indicate that the argument does not aim at being
deductively valid.

To show this is a strong abductive argument, Paley argues that it is analogous to a
second inference to the best explanation:

The watch is intricate and well suited to the task of measuring time.

Hence, the waich was created by an intelligent designer.

Paley claims that if you grant that the second abductive argument is convincing, you
should grant that the first one is convincing as well.

HUME'S CRITICISMS OF THE DESIGN ARGUMENT

Hume’s Dialogues on Natural Religion contain several criticisms of the design argu-
ment. Sometimes he is talking aboul global design argumentis—ones that argue that
the entire universe must be the product of intelligent design. At other times, Hume
addresses local arguments—ones that focus on the adaptedness and intricacy of
organisms.

I've claimed that design arguments are abductive, Hume paints a very different pic-
ture. He represents the arguments as being inductive arguments or arguments from anal-
ogy. This may not look like a very important difference, since all of these formulations
involve a nondeductive inference. But you will see in what follows that two of Hume's
criticisms of design arguments aren’t very convincing if we think of the design argu-
ment as an inference to the best explanation.
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IS THE DESIGN ARGUMENT A WEAK ARGUMENT FROM ANALOGY?

In this section, I'll discuss a criticism of the argument from design that Hume
develops in Part 11 of his Dialogues (see the paragraph beginning “What I chiefly
scruple ...").

To see what Hume has in mind when he talks about arguments from analogy, con-
sider the following example of an analogy argument:

Human beings circulate their blood.

Dogs circulate their blood.

I've drawn a double line between the premise and the conclusion, again to indicate
that the argument isn't deductively valid. In this argument, let’s call human beings
the analogs and dogs the targets. | say that dogs arc the targets here because they are
the items about which the argument aims to reach a conclusion. Hume suggests,
with some plausibility, that such arguments are stronger or weaker depending on
how similar the analogs are to the targets. To see what he means here, compare the
above argument with the following one:

Human beings circulate their blood.

Plants circulate their blood.

This argument is quite weak, because human beings and plants aren’t very similar.
We can formulate Hume's point by saying that an analogy argument has the fol-
lowing logical form:

Object A has property F.
Object A and object Tare similar to degree n.
n

T has property P

Ais the analog and T'is the target. The number n measures the degree of similarity
benveen A and T. It goes from a minimum value of 0 (meaning that A and Taren’t
similar at all) to a maximum value of 1 (meaning that they share all their character-
istics). This number also represents a probability—that is why “z” is next to the dou-
ble line separating premises [rom conclusion. A high value of n means that Aand T
are very similar and that the premises make the conclusion very probable. This
expresses Hume’s idea that the more similar A and T'are, the more probable it is that
the target object T has the property found in the analog A.

Hume uses this idea about analogy arguments to criticize the design argument. He
thinks the design argument has the following form:

Watches are the products of intelligent design.
nl

The universe is the product of intelligent design.
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This is a very weak argument, Hume says, since the analog is really not very similar
to the target. Watches resemble the universe as a whole in some ways, but fail to do
so in a great many others. So » has a low value,

Here Hume is criticizing what I've called a global design argument—an argument
that focuses on some large-scale feature of the entire universe. Hume'’s point, how-
ever, also applies to local design arguments—to arguments that focus on organisms
and their characteristics:

Watches are the products of intelligent design.

n[

Organisms are the product of intelligent design.

Hume's criticism is that organisms are really not very similar 1o watches. Watches are
made of metal, but organisms aren’t. Kangaroos hop around, but watches don’t.
Organisms reproduce and obtain nutrition from their environment, but waiches
don’t. And so on. Since analog and target are so dissimilar, the analogy argument is
a very weak one; n is low here as well.

Hume’s idea is that the strength or weakness of an analogy argument depends on
the overall similarity of target and analog. You look at all the known characteristics of
target and analog and try to say how similar they are overall. I grant that if you did
this, you would conclude that watches and kangaroos aren’t very similar.

My view, however, is that this doesn’t undermine the design argument at all
when that argument is taken to be abductive. It is entirely irrelevant whether
watches and kangaroos both have fur, or whether both hop around, or whether
both reproduce. The design argument focuses on a single pair of features of each of
these and asks how it should be explained. A watch'’s intricacy, as well as its being
well suited to measuring time, require that we think of it as the product of intelli-
gent design. Paley’s claim is that an organism’s intricacy, as well as its being well
suited to the tasks of survival and reproduction, ought to be explained in the same
way. It doesn’t matter that the one is made of metal while the other isn’t. Ouverall
similarity is irrelevant.

The fundamental idea of Paley’s argument is that the Surprise Principle tells us
that the Design Hypothesis is better supported than the Random Hypothesis, given
the observations we have made about living things. This argument stands on its own.
To use the Surprise Principle in this case, it doesn’t matter whether organisms are sim-
ilar to watches or to anything else. I conclude that Hume is mistaken to criticize the
design argument as a weak argument from analogy.

IS THE DESIGN ARGUMENT A WEAK INDUCTION?

A second criticism that Hume levels at the design argument rests on thinking that the
argument must be inductive if it is to make sense. (Here [ have in mind the paragraph
in Part Il of the Dialogues that begins “And can you blame me ... ”; see especially the
passage that begins “When two species of objects ... ")
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Recall from Chapter 2 that inductive arguments involve observing a sample and
extrapolating from it to some claim about one or more objects not in the sample. For
example, suppose I call a large number of voters registered in a county and find that
most of them are Democrats. This seems to license the inference that the next voter
I call will probably be a Democrat. Hume observes, again with some plausibility, that
the strength of an inductive inference is inflluenced by sample size. In partcular, if
my sample had included only five individuals, [ would be on rather shaky ground if
[ used this as my basis for predicting what the next voter calied would be like. My infer-
ence would be on even shakier ground if I ventured a guess about the next tele-
phone call having never sampled even a single voter. A sample size of zero is just
plain silly; an inductive argument can't be weaker than that

Hume claims that if we are to have a reason for thinking that the universe we
inhabit is the product of intelligent design, we must base this conclusion on induction.
What would this involve? We would have 1o examine a large number of other uni-
verses and see that most or all of them were the result of intelligent design. If our
sample size were sufficiently large, that would justify a conclusion about the universe
we inhabit. But how big is our sample size? How many universes have we observed
being made by an intelligent designer? The answer is—zero. The only universe we have
cever experienced is the one we inhabit, We have not seen our universe being made
by an intelligent designer, nor have we seen an intelligent designer make the organ-
isms that exist in our universe. So no inductive argument can be constructed here.

My view is that this is true, but irrelevant, Small sample size does weaken an indue-
tive argument. However, the design argument isn’t an inductive argument. Hume
assumed that the only sorts of inferences worth taking seriously are inductive and
deductive. [ think this is a mistake, There is abduction as well. Mendel didn’t have
to observe that lots of diflerent organisms have genes before he could conclude that
his pea plants have genes. Mendel never saw a single gene, but this didn't prevent him
from inferring their existence. His inference was abductive, not inductive.

I've reviewed two of Hume's criticisms of the design argument. They don’t work.
Of course, this doesn’t mean that the argument has no {laws, only that we have yet
to uncover one. The design argument that Paley formulated considers two compet-
ing hypotheses—the hypothesis of intelligent design and the hypothesis of random
physical processes. In the mid-nineteenth century, a new hypothesis was lormulated
that we now need to consider as a third alternative—this is Darwin’s theory of evo-
lution by natural selection. In the next chapter, I'll describe what this hypothesis
asserts and discuss how it compares with the hypothesis ol intelligent design.

Review Questions

1. What does it mean to say that the design argument is an abductive argument?

2. What is the difference between a global design argument and a local design
argument?

3. How does Paley's argument ahout the watch use the Surprise Principle?
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Hume formulated a principle that states how the strength of an analogy argument
may be measured. What is it?

What two criticisms did Hume make of the design argument? Are these good
criticisms if the argument is understood to be abductive in character?

Problems for Further Thought

1.

It might be suggested that one difference between Paley’s argument about the
watch and his argument about organisms is that we have seen watchmakers, but
have never directly observed God. Does this point of difference undermine the
force of Paley's design argument?

[ mentioned in passing that modern science no longer takes seriously the idea
that afl things are goal-directed systems. Consider the following pair of proposi-
tions. Can you think of a reason that the first of them might be true, whereas the
second might be rejected?

The function of the heart is to pump blood.
The function of rain is to provide farm crops with water.

What does it mean to attribute a “function” to something?

In addition to the twao criticisms that Hume makes of the design argument that
are described in this chapter, Hume presents a third. He says that even if the
design argument succeeds in showing that a designer made the universe (or the
organisms in it), the argument does not succeed in establishing what charac-
teristics that designer has. For this reason, the argument does not show that God
exists. Is Hume's claim correct? How seriously does this undermine the design
argument?

CHAPTER 6

Evolution and Creationism

Aquinas and Paley maintained that the intricacy and adaptedness of organisms can
be explained only by viewing them as the product of intelligent design, but they were
not able to consider an alternative theory that Charles Darwin (1809-1882) put on
the table in 1859 when he published his book The Origin of Species. Modern-day cre-
ationists do consider what their predecessors could not; they reject Darwin's theory
and maintain that the old design argument is still correct. My goal in this chapter is
to give a sample of the kinds of arguments that one needs (o consider in thinking
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about the evolution versus creation debate. As [ promised at the end of Chapter 3,
I'll here introduce a new principle that is important to abductive inference, which
will supplement the Surprise Principle and the Only Game in Town Fallacy. Unfor-
tunately, 1 won’t have time to provide a full treatment of the philosophical issues,
and there are lots of biological details that are important here that I won’t be able
to discuss.

CREATIONISM

Creationists (sometimes calling themselves “scientific creationists” or “intelligent
design theorists™) are present-day defenders of the design argument. Although they
agree among themselves that intelligent design is needed to explain some features
of the living world, they disagree with each other about various points of detail. Some
hold that the earth is young (around 10,000 years old), whereas others concede that
it is ancient—about 4.5 billion years old, according to current geology. Some cre-
ationists maintain that each species (or basic “kind” of organism) was separately cre-
ated by an intelligent designer, whereas others concede that biologists are right when
they assert, as Darwin did, that all life on earth traces back to a common ancestor.

To clarify what creationism asserts, let’s consider three possible relationships that
might obtain among God (G}, mindless evolutionary processes (L), and the com-
plex adaptations that organisms are observed to have (0):

{theistic evolutionism) G—E— 0
(atheistic evolutionism) LE— 0O
{creationism) G— E—4> 0

Theistic evolutionism says that God sct mindless evolutionary processes in motion;
these processes, once underway, suffice to explain the complex adaptations we
observe organisms to have. Atheistic evolutionism denies that there is a God, but
otherwise agrees with theistic evolutionism that mindless evolutionary processes are
responsible for complex adaptations, Creationism disagrees with both theistic evo-
lutionism and atheistic evolutionism. Creationism maintains that mindless evolu-
tionary processes arc incapable of giving rise to complex adaptations and that God
directly intervenes in nature to bring these about. Creationism does not deny that evo-
lution is responsible for some of the features we observe in nature; creationists con-
cede that quantitative changes in a feature found in a species might be due to natural
selection (an example of this sort of change will be described below). However, the
emergence of genuinely novel, complex adaptive features is, for creationists, another
story entirely.

You can sce from these three options that belief in evolutionary theory is not the
same as atheism. In my opinion, current evolutionary theory is neutral on the question
of whether there is a God. Evolutionary theory can be supplemented with a claim,
cither o or eon, concerning whether God exists. Evolutionary theory also is consis-
tent with agnosticisim, which is the view that we don’t know whether there is a God.



Chapter 6 Evolution and Creationism 63

Evolutionary theory, however, is nol consistent with creationism. Evolutionary theory
holds that mindless evolutionary processes (including the process of natural selection)
are responsible for the complex adaptations we observe; creationism denies this.

SOME CREATIONIST ARGUMENTS

Some of the most frequently repeated creationist arguments contain mistakes and
confusions. For example, some creationists have argued that evolutionary theory is
on shaky ground because hypotheses about the distant past can’t be proven with
absolute certainty. They are right that evolutionary theory isn’t absolutely certain,
but then nothing in science is absolutely certain; recall the remarks in Chapter 3
about gambling. What one legitimately strives for in science is powerful evidence
showing that one explanation is far more plausible than its competitors. Biologists
now regard the hypotheses of evolution as about as certain as any hypothesis about
the prehistoric past could be. Naturally, no scientist was on the scene some 3.8 bil-
lion years ago when life started to exist on Earth. However, it is nonetheless possible
to have strong evidence about matters that one can’t directly observe, as I hope my
previous discussion of abduction has made clear.

Another example of an error that some creationists make is their discussion of
the Second Law of Thermodynamics. They claim this law shows that it is impossible
for order to arise from disorder by natural processes. Natural processes can lead an
automobile to disintegrate into a junk heap, but creationists think the Second Law
of Thermodynamics says that no natural process can cause a pile of junk to assem-
ble itself into a functioning car. Here creationists are arguing that physics is incon-
sistent with the claim that life evolved from nonlife. What the Second Law actually
says is that a closed system will (with high probability) move from states of greater order
to states of lesser order. But if the system isn’t closed, the law says nothing about what
will happen. So if the Earth were a closed system, its overall level of disorder would
have to increase. But, of course, the Earth is no such thing—energy from the sun is
a constant input. If the universe as a whole as a closed system, then thermodynam-
ics does entail that disorder will increase overall. But this overall trend doesn’t pro-
hibit “pockets” of order from arising and being maintained. The Second Law of
Thermodynamics offers no basis for thinking that life couldn’t have evolved from
nonlife.

A full treatment of the evolution versus creationism debate would require me to
describe the positive explanations that creationists have advanced. If you want to
compare evolutionary theory and creationism, you can’t just focus on whatever dif-
ficulties there may be in evolutionary ideas. You've also got to look carefully at what
the alternative is. Doing this produces lots of difficulties for creationism. The reason
is that creationists have either been woefully silent on the details of the explanation
they want to defend, or they have produced deuailed stories that can’t withstand sci-
entific scrutiny. For example, young earth creationists, as I mentioned, maintain that
the earth is only a few thousand years old. This claim conflicts with a variety of very
solid scientific findings, from geology and physics. It isn’t just evolutionary theory that
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you have to reject il you buy into this version of creationism, but a good deal of the
rest of science as well.

As I also indicated, there are many dilferent versions of creationism. Creationism
is not a single theory, but a cluster of similar theories. In the present chapter, I won’t
attempt to cover all these versions, but will focus on a few of the options. First let’s
lock at the ABCs of Darwinism.

DARWIN'S TWO-PART THEORY

Many of the main ideas that Darwin developed in The Origin of Species are still regarded
by scientists as correct, but others have been refined or expanded. Still others have
been junked entirely, Although evolutionary theory has developed a long way since
Darwin’s time, I'll take his basic ideas as a point of departure. Darwin's theory con-
tains two main elements. First, there is the idea that all present-day life is related.
The organisms we see didn’t come into existence independently by separate cre-
ation. Rather, organisms are related to each other by a family tree. You and I are
related, If we go back far enough in time, we'll find a human being who is an ances-
tor of both of us. The same is true of us and a chimp, though, of course, we must go
back even further in time to reach a common ancestor. And so it is for any two
present-day organisms. Life evolved from nonlife, and then descent with modifica-
tion gave rise to the diversity we now observe.

Notice that this first hypothesis of Darwin’s says nothing about wiy new charac-
teristics arose in the course of evolution. If all life is related, why aren’t all living
things identical? The second part of Darwin’s theory is the idea of natural selection.
This hypothesis tries to explain why new characteristics appear and become com-
mon and why some old characteristics disappear. It is very important to keep these
two elements in Darwin’s theory separate. The idea that all present-day living things
are related isn't at all controversial in modern science. The idea that natural selec-
tion is the principal cause of evolutionary change is somewhat controversial, although
itis still by far the majority view among biologists. One reason it is important to keep
these ideas separate is that some creationists have tried to score points by confusing
them. Creationists sometimes suggest that the whole idea of evolution is something
even biologists regard with great doubt and suspicion. However, the idea that all life
is related isn’t at all controversial. What is controversial, at least to some degree, are
ideas about natural selection.

NATURAL SELECTION

Here's a simple example of how natural selection works. Imagine a population of
zebras that all have the same top speed. They can’t run faster than 38 mph. Now
imagine that a novelty appears in the population. A mutation occurs—a change in
the genes found in some zebra—that allows that newfangled zebra to run faster at 42
mph, say. Suppose running faster is advantageous, because a fast zebra is less likely
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to be caught and eaten by a predator than a slow one is. Running fast enhances the
organism’s fitness—its ability to survive and reproduce. If running speed is passed on
from parent to offspring, what will happen? What will occur (probably) is that the fast
zebra will have more offspring than the average slow zebra. As a result, the percent-
age of fast zebras increases. In the next generation, fast zebras enjoy the same advan-
tage, and so the characteristic of being fast will again increase in frequency. After a
number of generations, we expect all the zebras to have this new characteristic. Ini-
tially, all the zebras ran at 38 mph. After the selection process runs its course, all run
at 42 mph. So the process comes in two stages. First, a novel mutation occurs, creat-
ing the variation upon which natural selection operates. Then, natural selection goes
to work changing the composition of the population:

Start — Then — Finish
100% run A novel mutant 100% run
at 38 mph, runs at 42 mph; the at 42 mph,

rest run at 38 mph.

We may summarize how this process works by saying that natural selection occurs in
a population of organisms when there is inherited variation in fitness. Let's analyze
what this means. The organisms must very; if all the organisms are the same, then
there will be no variants to select among. What is more, the variations must be passed
down from parents to offspring. This is the requirement of inheritance. Last, it must
be true that the varying characteristics in a population affect an organism’s fitness—
its chance of surviving and reproducing. If these three conditions are met, the pop-
ulation will evolve. By this, I mean that the frequency of characteristics will change.

The idea of natural selection is really quite simple. What Darwin did was to show
how this simple idea has many implications and applications. Merely stating this sim-
ple idea wouldn’t have convinced anyone that natural selection is the right expla-
nation of life’s diversity. The power of the idea comes from the numerous detailed
applications.

Notice that the introduction of novel characteristics into a population is a pre-
condition for natural selection to occur. Darwin didn’t have a very accurate picture
of how novel traits arise. He theorized about this, but didn’t come up with anything
of lasting importance. Rather, it was later in the nineteenth century that Mendel
started to fill in this detail. Genetic mutations, we now understand, are the source of
the variation on which natural selection depends. One central idea that Darwin had
about mutation, which twentieth-century genetics has vindicated, is that mutations
do not occur because they would be useful to the organism; this is what biologists
mean when they say that mutations occur “at random.”

Creationists sometimes say that the process of evolution by natural selection is like
a tornado blowing through a junkyard. The latter process cannot sweep together the
scraps of metal laying around on the ground and assemble them into a functioning
automobile. From this, creationists conclude that the former process is likewise
incapable of creating novel adaptations. This analogy is fundamentally misleading,
The tornado is a totally random process, like the spinning of a huge roulette wheel.
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However, evolution by natural selection has two parts; mutations appear randomly,
but then it is not a random matter which mutations increase in frequency and which
decline. Sclection is nonrandom. A better analogy than the tornado in the junk-
vard is one that Darwin proposed in his 1873 baok The Variation of Animals and Planis
Under Domestication:

Let an architect be compelled to build an edifice with uncut stones, fallen from
a precipice. The shape of each fragment may be called accidental; yet the shape
of each has been determined by the force of gravity, the nature of the rock,
and the slope of the precipice,~events and circumstances all of' which depend
on natural laws; but there is no relation between these laws and the purpose for
which each [ragment is used by the builder. In the same manner the variations
of each creature are determined by lixed and immutable laws; but these bear
no relation to the living structure which is slowly built up through the power
of natural selection, whether this be natural or artificial selection. (Darwin
1876, p. 236)

Notice that the little story I've told about zebra running speed describes a rather
modest change that occurs within an existing species. Yet Darwin's 1859 book was
called The Origin of Species. How does change within a species help explain the com-
ing into existence of new species?

SPECIATION

Darwin’s hypothesis was that smail changes in a population (like the one I just
described) add up. Given enough little changes, the organisms will become very dil-
ferent. Modern evolutionists usually tell a story like the following one. Think of a
single population of zebras. Imagine that a small number of zebras are separated
from the rest of the population for some reason; maybe they wander off or a river
changes course and splits the old population in two, If the resulting populations live
in different environments, selection will lead them to become increasingly different.
Characteristics that are advantageous in one population will not be advantageous in
the other. After a long time, the populations will have diverged. They will have
become so different from each other that individuals from the one can't breed with
individuals from the other. Because of this, they will be two species, not two popula-
tions belonging to the same species.

Pretty much everybody in Darwin's day, including those who thought that God
created each species separately, would have agreed that the little story about zebras
evolving a greater speed could be true. The real resistance to Darwin's theory focused
on his thesis that the mechanism responsible for small-scale changes within species
also gives rise to large-scale changes, namely, to the origin of new species. This was a
daring hypothesis, but it now is the mainstream view in evolutionary theory, Even
so, biologists continue to debate the importance that natural selection has had in the
evolutionary pracess. Modern evolutoinary theory describes other possible causes of
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evolutionary change. Which traits were due (o natural selection and which were due
to other evolutionary processes? There are a number of still unanswered questions
in evolutionary biology about natural selection. Even biologists who hold that natural
selection is the major cause of evolution are sometimes puzzled about how it applies
in particular cases. For example, it is still rather unclear why sexual reproduction
evolved. Some creatures reproduce sexually, others asexually. Why is this? Aithough
there are open questions pertaining to natural selection, I want to emphasize that it
isn’t av all controversial that human beings share comimon ancestors with chimps.
Don't confuse the idea of common ancestry with the idea of natural selection; these
are separate elements in Darwin’s theory.

THE TREE OF LIFE

I trn now to this uncontroversial idea. Why do biologists think it is so clear that liv-
ing things are retated to each other—that there is a family tree of life on earth just
like there is a family tree of your family? Two kinds of evidence have seemed per-
suasive. I won't give the details here; rather, I want to describe the kinds of arguments
biologists deploy. As a philosopher, I'm more interested that you grasp the logic of
the argumenits; for the biological details, you should consult a biology book.

To illustrate how one line of argument works, consider this simple problem. Sup-
pose [ assign a philosophy class the job of writing an essay on the meaning of life. As
1 read through the papers, I notice that two students have handed in papers that are
word-for-word identical. How should I explain this striking similarity? One possibil-
ity, of course, is that the students worked independently and by coincidence arrived
at exactly the same result. The independent origin of the two papers isn’t impossi-
ble. But I would regard this hypothesis as extremely implausible. Far more convinc-
ing is the idea that one student copied from the other or that each of them copied
from a common source—a paper downloaded from the Internet, perhaps. This
hypothesis is a more plausible explanation of the observed similarity of the two
papers,

THE PRINCIPLE OF THE COMMON CAUSE

The plagiarism example illustrates an idea that the philosopher Hans Reichenbach
(in The Direction of Time, University of California Press, 1956) called the Principle of
the Common Cause. Let’s analyze the example more carefully to undersiand the ratio-
nale of the principle.

Why, in the case just described, is it more plausible that the students copied from
a common source than that they wrote their papers independently? Consider how
probable the matching of the two papers is, according to each of the two hypothe-
ses. If the two students copied from a common source, then it is rather probable that
the papers should closely resemble each other. If, however, the siudents worked
independently, then it is enormously improbable that the two papers should be so
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similar. Here we have an application of the Surprise Principle described in Chapter
3: If one hypothesis says that the observations are very probable whercas the other
hypothesis says that the observations are very improbable, then the observations
strongly favor the first hypothesis over the second. The Principle of the Common
Cause makes sense because it is a consequence of the Surprise Principle.

The example just described involves hypotheses that describe mental activity—
when students plagiarize they use their minds, and the same is true when they write
papers independently, However, it is important to see that the Principle of the Com-
mon Cause also makes excellent sense when the hypotheses considered do not
describe mental processes. Here’s an example: I have a barometer at my house. 1
notice that when it says “low,” there usually is a storm the next day; and when it says
“high,” there usually is no storm the next day. The barometer reading on one day and
the weather on the next are correlated. It may be that this correlation is just a coinci-
dence; perhaps the two events are entirely independent. However, a far more plau-
sible hypothesis is that the reading on one day and the weather on the next trace back
to a common cause—namely, the weather at the time the reading is taken:

barometer reading today weather tomorrow

N/

today's weather

The common cause hypothesis is more plausible because it leads you to expect the
correlation of the two observed effects. The separate cause hypothesis is less plausi-
ble because it says that the observed correlation is a very improbable coincidence.
Notice that the hypotheses in this example do not describe the mental activities of
agents.

ARBITRARY SIMILARITIES AMONG ORGANISMS

I'l now apply this principle to the evolutionary idea of common ancestry. One rea-
son biologists think all life is related is that all organisms (with some minor excep-
tions) use the same genetic code, To understand what this means, think of the genes
in your body as a set of instructions for constructing more complex biological items—
amino acids and then proteins. The total sequence of genes in your body and the
sequence in a frog’s are different. The striking fact, however, is that the gene that
codes for a given amino acid in a frog codes for that very same amino acid in peo-
ple. As far as we now know, there is no reason why the genes that code for a given
amino acid had to code for that acid rather than some other. The code is arbitrary;
there is no functional reason why it has to be the way it is. (Don't be misled by my
talk of codes here. This word may suggest intelligent design, but this isn’t what biol-
ogists mean. Genes cause amino acids to form; for present purposes, this is a per-
fectly satisfactory way to understand what it means for genes to “code for” this or
that amino acid.)
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How are we to explain the detailed similarity among the genetic codes that dif-
ferent species use? If the species arose independently of each other, we would expect
them to use different genetic codes. But if those species all trace back to a common
ancestor, it is Lo be expected that they will share the same genetic code. The Princi-
ple of the Commeon Cause underlies the belief that evolutionary biologists have that
all living things on earth have common ancestors.

USEFUL SIMILARITIES AMONG ORGANISMS

The reason a shared genetic code is evidence of common ancestry is that the code
is arbitrary. There are lots of possible codes that would work. If there were only a
single funcuional code, the fact that different species use this one code would not be
evidence of common ancestry. Consider, for example the fact that sharks and dolphins
both have a streamlined body shape. Both are shaped like torpedoes. Is this strong
evidence that they have a common ancestor? I would say not. There is an obvious func-
tional reason why large predators that spend their lives swimming through water
should be shaped like this. If there is life in other galaxies that includes large aquatic
predators, we would probably expect it to have this sort of shape. Even if life on earth
and life on other galaxies are not descended from common ancestors, there are some
similarities we still would expect to find. I conclude that the streamlined shape of dol-
phins and sharks isn’t strong evidence that they evolved from a common ancestor. The
Surprise Principle explains why some similarities, but not others, are evidence for the
hypothesis that there is a tree of life uniting all organisms on earth.

The genetic code is one just one example of a similarity that can’t be explained
by its usefulness to the organism. There are lots of others. Consider the fact that
human beings have tail bones, that we have appendices, and that human fetuses have
gill slits. None of these features is useful. In fact, the appendix is worse than useless,
since burst appendices kill many people. Biologists interpret these features as evi-
dence that we share common ancestors with nonhuman organism. This and lots of
other evidence points to the conclusion that we share common ancestors with mon-
keys, with other mammals, with fish, and with all other living things. In drawing this
conclusion, biclogists are using the Surprise Principle and the Principle of the Com-
mon Cause.

IRREDUCIBLE COMPLEXITY

Although creationists have usually rejected the Darwinian hypothesis of common
ancestry, not all have done so. Whati creationists universally reject is the thesis that
natural selection is the correct explanation of the complex adaptations we observe
in nature. Modern-day creationists are usually willing to grant that selection can
explain small modifications in existing species, as in the earlier example about zebra
running speed. But how can the gradual accumulation of modifications explain a fea-
ture like the vertebrate eye? This is the key objection that Michael Behe develops in
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Hummans from Nonhumans, Life from Nonlife

When people hear about the idea of evolution, there are two parts of the theory that some-
times strike them as puzzling. First, there is the idea that human beings are descended from
apelike ancestors. Second, there is the idea that life evolved from nonliving materials,

Scientists believe the first of these statemenis because there are so many striking similari-
ties between apes and human beings. This isn’t to deny that there are differences. However,
the similarities (e.g., the fact that both have il bones) would be expected if humans and
apes have a common ancestor, but would be quite surprising if they came into existence inde-
pendently..

There is a big ditterence between having evidence humans are descended from apelike
ancestors and having an explanation of precisely why this happened. The evidence for a common
ancestor is pretty overwhelming, but the details of why evolution proceeded in just the way it
did are less cerain. Students of human evolution continue 1o investigate why our species
evolved as it did. Tn contrast, the claim that we did evolve isn’t a matter of scientific debate.

What about the second idea—that life arose from nonlife? Why not maintain that God cre-
ated the first living thing and then let evolution by natural selection produce the diversity we
now observe? Notice that this is a very different idea from what creationists maintain. They hold
that each species (or “basic kind” of organismy} is the result of separate creation by God. They
deny that present-day species are united by common descent from earlier life forms,

One main sort of evidence for thinking that life evolved from nonlife on Earth about 4 bil-
lion years ago comes from laboratory experiments. Scientists have created laboratory condi-
tions that resemble the ones they believe were present shortly after the Earth came into
existence about 4.5 billion years ago, They find that the nonliving ingredients present then
can enter into chemical reactions, the products of which are simple organic materials. For
example, it is possible to run electricity (lightning) through a “soup” of inorganic molecules
and produce amine acids. Why is this significant? Amine acids are an essential stage in the
process whereby genes construct an organism. Similar experiments have generated a variety
of promising results, This subject in biology—fpirebiotic evolution—is very much open and incom-
plete. No one has yet been able 1o get inorganic materials to produce DNA, but the promis-
ing successes to date suggest that further work will further illuminate how life arose from
nonlife.

Laboratory experiments don't aim 1o create a multicellular organism from inorganie mate-
rials. No one wants to make a chicken out of carbon, ammeonia, and water. Evolution by nat-
ural selection proceeds by the accumulation of very small changes. So the transition from
nonlife to life must involve the creation of a rather simple self-replicating molecule. Chickens
came much later.

A self-replicating molecule is a molecule that makes copies of itself. A molecule of this sort
is able to reproduce. With accurate replication, the offspring of a molecule will resemble its
parent. Once a simple self-replicating molecule is in place, evolution by natural selection can
begin. It may sound strange to describe a simple self-replicating molecule as being “alive.”
Such a molecule will do few of the things that a chicken does. But from the biological point
of view, reproduction and heredity (that is, similarity between parents and offspring) are fun-
damental properties.

his 1966 book Darwin's Black Box when he introduces the concept of irreducible com-
plexity. Behe defines an irreducibly complex system as one in which the whole system
has a function, the system is made of many parts, and the system would not be able
to perform its function if any of the parts were removed. Behe's idea is that the Dar-
winian process of natural selection involves adding one small part to another, with
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each modification improving the fitness of the organism. But what good is 1% of an
eye? Creationists, Behe included, think that the answer is obvious—no good at all—
and that this shows that evolutionary theory can’t explain complex adaptations.

Biologists sometimes respond to this creationist claim by arguing that gradual
modification can explain structures like the eye. A piece of light sensitive skin allows
the organism to telt the difference between light and dark, and this is advantageous.
Then, if this skin is shaped into a cup, the organism can not only tell whether it is
light or dark, but can also tell from what direction the light is coming, and this pro-
vides a further advaniage. Maybe it is not so obvious that the eye can’t evolve one smail
step at the ime, However, there is another, more fundamenial, problem with Behe's
argument. What we call “the parts” of a system may or may not correspond to the his-
torical sequence of accumulating details. Consider the horse and its four legs. A
horse with zero, one, or two legs cannot walk or run; suppose the same is true fora
horse with three. In contrast, a horse with four legs can walk and run, and it thereby
gains a litness advantage. So far so good—the lourlegged arrangement satisfies the
definition of irreducible complexity. The mistake comes from thinking that horses
(or their ancestors) had to evolve their four legs one leg at a time. In factit's a mis-
take to think that a separate set of genes controls the development of each leg; rather,
there is a single set that controls the development of appendages. A division of a sys-
tem into parts that entails that the system is irreducibly complex may or may not cor-
respond to the historical sequence of events through which the lineage passed. This
point is obvious with respect to the horse’s four legs, but needs to be borne in mind
when other, less familiar, organic features are considered. What we call the “parts”
of the eye may not correspond to the sequence of events that occurred in the eye's
evolution.

IS CREATIONISM TESTABLE?

So far 1 have outlined what Darwin’s theory of evolution amounts to, the kind of evi-
dence that biologists wake seriously for the claim of common ancestry, and some
objections that creationists make to this theory. The question I now want to consider
concerns the theory that creationists themselves present. What is it? What predic-
tions does it make? What evidence is there for the theory they present?

Here we need to consider some of the different versions that creationism might
take. To get started, let’s consider:

Hy: A superintelligent designer fashioned all the complex adaptations we
observe organisms (o have so that organisms would be perfectly adapted
to their environment.

This hypothesis is disconfirmed by what we observe. Organisms often have highly
imperfect adaptations. The eye that human beings use has a blindspot, though the
eye of the octopus does not. And many spiders have eyes with built-in sunglasses,
though human beings do not. Our eye is imperfect and so are lots of features that
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we and other organisms possess. Can we repair this defect in H;? One way 1o do so
is to make the hypothesis of intelligent design more modest in what it says:

Hy: An intelligent designer fashioned all the complex adaptations we observe
organisms to have,

The problem with H, is not that it makes Lalse predictions, but that it makes none at
all. H, is consistent with what we observe, no matter what our ohservations turn out
to be. Features that are useful arc consistent, as well as features that are neutral and
features that are harmful. One of the features that scientists expect scientific theo-
ries to have is that they be testable, by which they mean that theories should make
predictions that can be checked against observations, Hs, it appears, is not testable.
This defect can also be remedied. Consider, for example, a third version of cre-
ationism:

Hy: Organisms did not evolve. Rather, God created each species separately and
endowed them with the very characteristics they would have had if they
had evolved by natural selection.

Hy is a wild card; it makes the same predictions that evolutionary theory makes. If so,
what reason can there be to choose between these two theories?

PREDICTIVE EQUIVALENCE

Evolutionary theory and Hj are predictively equivalent. If evolutionary theory predicts
that life will have a particular feature, so does Hy. Although imperfect adaptations
disconfirm Hj, they are perfectly consistent with Hy. Does this mean that evolu-
tionary theory is not well supported? [ would say not. Consider the following pair of
hypotheses:

Ji: You are now looking at a printed page.
J»: You are now looking at a salami.

You have excellent evidence that J; is true and that j is false. /; predicts that you are
having particular sensory experiences; if J; is true, you should be having certain visual,
tactile, and gustatory sensations (please take a bite of this page). f, makes different
predictions about these matters. The sensory experiences you now are having strongly
favor /) over f,. Now, however, let’s introduce a wild card. What evidence do you have
that Jj as opposed to J is true:

S There is no printed page in front of you, but someone is now systemat-
ically misleading you into thinking that there is a printed page in front
of you.
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Jiand fy are predictively equivalent. The experiences you now are having tell you
that j; is more plausible than /,, but they don’t strongly favor jj over f. In the sec-
tion of this book that focuses on Descartes’s Meditations (Chapter 13), the problem
of choosing between j; and J; will be examined in detail. For now, what I want you
to see is this: When you ask whether some hypothesis is strongly supported by the evi-
dence, you must ask yoursell what the alternatives are against which the hypothesis
is Lo be compared. If you compare j; with i, you'll conclude thau j is extremely well
supported. However, the problem takes on a different character if you compare Jj with
Js- The pointapplies to the competition between evolutionary theory and creation-
ism. When you compare evolutionary theory with creatoinism, everything depends
on which version of creationism you consider. Some versions make false predictions,
some make no predictions, and some “piggy-back” on evolutionary theory, relying on
that theory’s ability Lo make predictions and then using those predictions.

PREDICTION VERSUS ACCOMMODATION

Here a fourth version of creationism raises interesting questions. Suppose we exam-
ine the human eye in detail and observe that has a set of features that we’ll call F, We
then can construct the foliowing version of creationism:

Hy: Anintelligent designer made the human eye and gave it the set of features F,

Does H; make predictions? Well, it entails what we should observe. In fact, no the-
ory can do a better job than H, does of fitting what we observe, since /4, hits the nail
precisely on the head. The problem is that Hy merely accomodates the observations;
it does not provide novel predictions. It is easy—too casy—to construct hypotheses
such as H;. Whenever you observe that O is true, you just construct the hypothesis
that “an intelligent designer wanted O to be true and had the means to bring this
about.” If such hypotheses were satisfactory, there would be no need to do real sci-
ence; we could shut down all of the costly research now underway and just invoke this
tidy formula,

This suggests that we should supplement the two rules for abduction presented in
Chapter 3. In addition to the Surprise Principle and the Only Game in Town Fal-
lacy, we should require that a good theory make predictions that were not used in the
construction of that theory. This is the requirement that theories shouldn’t merely
accommodate what we observe afier the fact; in addition, they should make some pre-
dictions that are novel.

DOES EVOLUTIONARY THEORY MAKE NOVEL PREDICTIONS?

What is sauce for the goose is sauce for the gander. If we demand that creatonism make
novel predictions, we should demand that evolutionary theory do the same. By pre-
diction, I do not restrict myself to saying what will happen in the future. A prediction
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can involve observations that have not yet been made that reflect events that took place
in the past. For example, the part of evolutionary theory that says that organisms pos-
sess common ancestors predicts that we should [ind intermediate fossil forms. Biology
says that whales and cows have a common ancestor, so there should be fossils that have
characteristics that are “in between.” And if birds and dinosaurs have a common ances-
tor, there should be fossils that are intermediate here as well. Darwin worried about “the
incompleteness of the fossil record,” but there have been numerous fossil finds that ful-
fill the predictions of the hypothesis of common ancestry.

What about the other part of Darwin’s theory, the hypothesis of natural selection?
What does it predict? Here it is important to realize that there are many detailed
theories in evelutionary theory that predict which traits will be favored by natural
selection in which circumstances. For example, in human beings, slightly more boys
than girls are born. In other species, there is extreme male bias, or a female bias, in
the sex ratio at birth, Evolutionary theory provides theories that predict when a
species should evolve one sex ratio and when it should evolve another. Another exam-
ple concerns the nature ol infectious disease. Suppose you are infected with a disease
that is spread through the air; if you get sick, you will take to your bed and you will
spread the disease less frequently. Compare this to a disease like diarrhea that is
spread through feces, Even il you take to your bed, your feces will be taken from
your room and sent into the environment, just as if you were well. Now think about
these two patterns from the point of view of the organism that causes the disease. In
the case of an airborne disease, selection favors infections that are mild over ones that
are severe; in the case of a waterborne disease, selection favors just the opposite pat-
ternt. The veclorof the disease—the details concerning how the disease is spread from
infected to uninfected individuals—ailows biologists to predict what traits the dis-
ease should evolve. These evolutionary ideas have recently been important in bio-
logical thinking about AIDS-FHIIV; see Paul Ewald’s The Evolution of Infectious Disease,
Oxford University Press, 1993, for discussion.

When [ say that evolutionary theory makes predictions, [ do not mean that it now
is in a position to predict the whole detailed future of the planet’s biosphere, nor that
cvery detail of the past can be predicted either. There are many open questions in
evolutionary, as in any science. However, the theory has made impressive strides since
1859. The same is not true of creationism. Paley compared the random hypothesis
with the hypothesis of intelligent design and argued that the latter was better sup-
ported; Behe compares evolutionary theory to the hypothesis of intelligent design and
draws the same conclusion. In the two hundred years between these two publica-
tions, no theory worthy of the name has been developed.

CONCLUDING REMARKS

Creationism comes in many forms. Some of them make very definite predictions
about what we observe. The version that says that God made organisms so that they
are perfectly adapted to their environments makes predictions that do not accord with
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what we observe. Young carth creationism, which says that the carth is ten thousand
years old, also makes predictions that conflict with what scientists observe, A third ver-
sion of creationism says that God made organisms to look exactly as they would if they
had evolved by the mindiess process of natural selection; this makes the same pre-
dictions that evolutionary theory makes, and so our observations do not allow us to
discriminate between cvolutionary theory and this “mimicking” or “piggy-backing”
version of creationism. Finally, the bare, minimalistic version of creationism that says
that God had some (unspecified) impact on the traits of living things is, I suggest,
untestable. We have not found a version of creationism that makes definite predic-
tions about what we observe and that is better supported by the observations than evo-
lutionary theory is. What is wanted here is not just a version of creationism that can
accommodate the observations after we have made them, but one that tells us what
we will observe before we make those observations. Is there a version of creationism
that can do this?

Review Questions

1. What are the two main elements of Darwin's theory?

2. Describe what the Principle of the Common Cause says. How is this principle
related to the Surprise Principle? How is it used by biologists to decide whether
different species have a common ancestor?

3. The geneticist Frangois Jacob said (in “Evolution and Tinkering,” Science, Vol. 196,
1977, pp. 1161-1166) that “natural selection does not work as an engineer works.
It works like a tinkerer—a tinkerer who does not know exactly what he is going
to produce but uses whatever he finds around him.” What does Jacob mean here?
How is this point relevant to evaluating whether the hypothesis of evalution or
the hypothesis of intelligent design is a more plausible explanation of the char-
acteristics of living things?

4. What does it mean to say that two theories are predictively equivalent? Can the
design hypothesis be formulated so that the existence of imperfect adaptations
isn’t evidence against it?

Prablems for Further Thought

1. Louis Pasteur (1822-1895) developed scientific evidence against the hypothesis
of “spontaneous gencration,” For example, he argued that maggots developing
on rotten meat aren’t the result of life springing spontaneously from nonliving
materials; the maggots were hatched from eggs laid there by their parents. Does
Pasteur’s discovery mean life couldn’t have evolved from nonliving materials?

2. Suppose you are a crew member on the starship Enterprise, bound for a new
planet. You know there is intelligent life there; the question you want to answer
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is whether these life forms have ever had any contact with Earth. Which sorts of
observations would be relevant and which irrelevant to this question? Defend
your interpretation. How does the Principle of the Common Causc apply to this
problem?

3. Does Paley interpret the watch in a way that resembles what Behe means by irre-
ducible complexity?

CHAPTER 7

Can Science Explain Everything?

In the previous chapter, we failed to identify a version of the design hypothesis that
not only makes predictions, but also makes novel predictions, about the features we
should observe in living things. It is a further question whether therc are versions of
creationism that do better than the versions 1 described. If there are not, then cre-
ationism should be discarded as an explanation of the characteristics that organisms
possess. But this result would not show that the design hypothesis has no role to play
at all. Perhaps there are other features of the universe, distinct from the ones dis-
cussed in biology, that we should explain by postulating the existence of an intelli-
gent designer,

Here is another way to pose this problem: A naturalisiic explanation seeks to
explain features of the world by describing the processes in nature that produced
them. A super naturalistic explanation, on the other hand, attempts to explain fea-
tures of the world by describing the supernatural processes (the processes that occur
outside of nature) that produced them. Is there reason to think that every feature of
the world has a naturalistic explanation? If so, the hypothesis of a supernatural God
isn’t needed to explain anything.

The question I want to explore in this chapter is this: Should we expect that sci-
ence will sooner or later explain everything that's true about the world we inhabit?
That is, will science sooner or later be able to explain everything and do this with-
out needing to postulate the existence of a supernatural God?

SCIENTIFIC IGNORANCE

[tis casy to find facts about the world that science can’t explain now. Every scientific
discipline has its open questions. These are the things that keep present-day scien-
tists busy. Scientists don’t spend their time repeating to each other things everybody
already knows; rather, they devote their energies to trying to puzzle out answers to
heretofore unanswered questions.

Because there are plenty of facts about the world that science can’t now cxplain,
it is easy to construct a particular kind of abductive argument for the existence of God.





