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By Darry Carlstone, Ph.D.
PASTCF Board Member

I t is sometimes observed that in science 
one deals with two different worlds: the 
world of nature and the world which we 

invent to describe nature. Experimentation 
or observation provide the connection. If 
our world of explanation does not provide 
descriptions which agree with the obser-
vations of the world of nature, then they 
are to be discarded or properly modified. 
Therefore, one of the functions of science is 
to construct models (ideally on the road to 
providing a broad theory) as an attempt to 
connect fundamental processes with experi-
mental observations. Only the successful 
models survive.

It is much the same in theol-
ogy. The eminent God is the God 
of power, majesty, and mystery. The 
immanent God is the indwelling 
spirit, or the presence of God pervad-
ing all creation, which we experience, 
or at least we believe we experience. 
From that immanent God (and 
perhaps from nature as well) we draw 
conclusions about the eminent God, 
and we make statements and confes-
sions regarding that relationship. 
In reality, of course, we are dealing 
totally with mystery. Our statements 
about God function, much as scien-
tific models or theories, to expand 
our thinking and to encourage us to 
explore more deeply what this experi-
ence means.

Theological models, perhaps better 
known as myth and metaphor (maybe, in 
more scholarly cases, even doctrine) help us 
discern meaning from mystery. It is easy to 
imagine a shepherd in a premodern world, 
dazzled by the night sky, wondering “What 
is the origin of all this?” Magnificent stories 
were created to provide an answer to this 
and to other fundamental questions which 
people could ask about their existence and 
that of their society. Often these stories 
became quite complex, typically dealing 
with superhuman heroes and/or gods. 
Because the stories addressed ultimate 
questions they are of a religious nature. Such 
stories, manifestly fictional but exploring 
truths, are known as myths. Myths have 

also been called false stories which are 
always true.

Unfortunately, today the word myth 
appears to be limited, at least in the popular 
mind, to only one meaning synonymous 
with fallacy. The ideal that a myth can 
provide a story with religious meaning has 
been largely forgotten. On a less grandiose 
level we find the use of metaphor through-
out the Hebrew and Greek Scriptures. 
Perhaps we do not always appreciate that 
our human ancestors possessed curiosity, 
creativity, a sense of dialectic, as well as a 
sense of humor. They made full use of these 
aptitudes to explore a variety of literary 
devices. They were in many cases poets, not 
just in the sense of using rhyming schemes 

and/or meter, but by using words 
to create images which transcended 
the literal.

Unhampered by having to 
conform to quantitative scientific 
models, myth and metaphor became 
essential means of expression. 
Unfortunately, this does not appear 
to be broadly understood by most 
Americans. (Perhaps even more dif-
ficult to understand for most west-
erners is the use of humor in the 
Bible.) As long as we don’t become 
hung up on the literal meanings of 
these stories (“God said it! I believe 
it! That’s it!”), we are free to search 
for meaning in the stories according 
to our understanding of the pre-
modern world and attempt to apply

“Meaning” continues on page 8 >>>

Mystery and Myth, 
Metaphor and Meaning
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   FROM THE PRESIDENT    by Robert Keefer

Bob Keefer is a railroading buff and pastor of 

Westminster Presbyterian Church in Clarinda, 

Iowa. Contact him at <rkeefer@iowatelecom.

net>.

A realization is trying to make its way 
into my head: many things that to 
me seem self-evident are to others 

mysterious and suspect. Of course, you tell 
me, you should have learned that a long time 
ago. Sadly, I suffer from preacher’s disease, 
one of the symptoms of which is the opti-
mistic belief that I can make anything clear 
to anyone. Give me time, give you patience, 
and I can show you that what I am trying to 
say is simply self-evident.

When some of my philosophy students 
were discussing Descartes’ epistemology, 
which depends upon the goodness of God, 
they asked why he believed in God in the 
first place. I said that for Descartes the 
existence of God was self-evident. But, they 
wondered, could something be considered 
self-evident unless it was self-evident uni-
versally? “There is a God, and that God 
is good,” we decided, is not self-evident in 
the same sense that “a+b = b+a” and “If 
a=b and b=c, then a=c” are self-evident. 
When the Second Continental Congress 
adopted the Declaration of Independence, 
they stated, “We hold these Truths to be 
self-evident …” They were modest enough to 
affirm that “all Men are created equal” and 
similar declarations were truths self-evident 
to them, but not necessarily self-evident to 
others. They did not write, “These truths 
are self-evident” but, “We hold these truths 
to be self-evident.”

One reality I hold to be self-evident is 
that the Word of God is a rich texture of 
various types of literature, magnificently 
indulging in metaphor and other literary 
devices. And so I declare to the people of 
my congregation, to my students, and to the 
people of my conservative southwest Iowa 
community that I am a biblical literalist. 
By that I mean that I pay attention to the 
literary qualities of the text, qualities which 
seem to me to be self-evident, and take the 
literature on its own terms. Some of them 

get what I mean and agree, others of them 
don’t understand, and many reject what I 
say out-of-hand.

When I told a philosophy student 
that Genesis 1 is obviously a poetic work in 
praise of the Creator, she shook her head. 
I said that it’s structured like poetry, reads 
like poetry, uses poetic conventions—for a 
person allowing the text to be the text, it’s 
obviously (“self-evidently”) poetry, more 
like the Psalms than like the history of the 
Assyrian invasion. Not to her, it wasn’t; it 
was obviously a scientific treatise on how 
the world came into being.

Perhaps the preacher-teacher can still 
persuade her, but not by declarations that 
what I see is self-evident. It would take more 
patience and more background work on the 
nature of biblical literature. My assumption 
that literary forms are self-evident is the 
preacher’s equivalent of the “Blatant Asser-
tion” method of proof that my multivariable 
calculus teacher described: pound your fist 
on the blackboard and shout, “It’s obvious, 
you idiot!”

Here is where I am going with this: it is 
obvious to me that “metaphor” is a sophis-
ticated literary device, useful in both story-

telling and in revelation. I acknowledge the 
importance of metaphor and when I spot a 
metaphor I recognize it and can generally 
grasp its underlying meaning. So the theme 
of this issue of SciTech†—metaphor and 
meaning—is of self-evident significance.

But to many, referring to something as 
“metaphor” is not to recognize its function 
in divine revelation, but is a way of dismiss-
ing it, of politely saying, “It is not true. It 
isn’t real; it’s just a metaphor.” When they 
hear you or me refer to the metaphorical 
power of the virginal conception of Jesus, 
they are not hearing appreciation for a 
convention in the way the truth of God is 
revealed. They are hearing us say, “It didn’t 
really happen; it’s just a metaphor.”

So, what are we to do? If the presence 
and power of metaphor were self-evident, 
then everyone with approximately average 
intelligence would see it. I would like to 
pound my fist on the whiteboard (which 
we have at school) or blackboard (which we 
have at church) and shout, “It’s obvious, you 
idiot!” but I do not believe it would accom-
plish the objective. Some folks, unwilling 
to consider a different way of thinking than 
they have always known, will simply reject 
what we say and one wonders if there is any 
point in pursuing the question with them.

But there are those who can be open 
to a different way of thinking, another 
perception of scripture, a more engaged 
relationship between thought and faith and 
between Christianity and science. They are 
those who may be willing to learn about 
metaphor, how it functions, why it is impor-
tant, and that calling something a metaphor 
is not to dismiss it as untrue, but to describe 
how it functions in the revelation of truth.

It’s Obvious, You Idiot!
Self-Evidently Metaphorical

>>> “Drugs” continued from page 10

annual reports give actual figures for adver-
tising. Bristol-Myers-Squibb spent $1.3 
billion on advertising in 2006, 11% of its 
net income. Wyeth spent $729 million, 5% 
of its net income.

All the companies list a figure for 
Administration, Sales, and General. For 
the few companies that do report advertis-
ing expense, it amounts to 10% to 27% of 
Administration, Sales and General. It is a 
reasonable guess that most companies spend 
in that range for advertising. Advertising 
then is approximately 4% to 10% of net 
income for American companies, compared 
to 19% to 26% spent on R&D.

Of course the figures for advertising are 
approximations. They do say that American 
companies spend about twice as much on 
research and development as they do on 
advertising. This figure also applies to Barr 
Pharmaceuticals, a company that special-
izes in generic drugs (11% for advertising, 
27% for research). Barr does not create new 

drugs. It manufactures drugs after their pat-
ents expire and is a major source of generic 
drugs in this country.

What forms does advertising take? 
We’ve all seen the ads directed to the public 
on TV and in newspapers and magazines. A 
much bigger part of the advertising budget 
goes to the detail people who visit doctors’ 
offices with free samples and monthly (or 
weekly) lunch buffets and sales pitches. The 
companies keep careful track of individual 
doctors’ prescribing habits (they have access 
to a central government registry of all pre-
scriptions filled in the country) and track 
the effectiveness of their detail people. They 
also hire doctors (after expensive training) 
to accompany their detail people and pitch 
specific drugs. (New York Times Magazine, 
25 Nov. 2007).

We read that drugs cost so much less in 
other countries. Most European countries 
and Canada limit drug prices by govern-
ment regulation.

Would drugs be cheaper if advertis-

ing budgets were cut? Can companies cut 
advertising costs? My answers are yes to the 
first question and no to the second. Remem-
ber that everything the companies do must 
maximize their profits. Advertising is effec-
tive in doing that or the companies would 
not advertise. No individual company could 
reduce its advertising budget because that 
would allow the other companies to have 
a competitive advantage. Only if there are 
government regulations to limit advertising 
by all the pharmaceutical companies could 
there be less advertising. I believe that this 
type of regulation, to level the playing field 
for all the competitors, is a legitimate func-
tion of government.

How can one limit the prices paid 
for drugs? Short of a trip to Canada, there 
are a few common sense things that can 
be done. Use generics whenever possible. 
Compare prices at different pharmacies. 
Make sure you really need the drug before 
buying quantities of it. And, most of all, stay 
healthy.

The Science Lesson
By the Reverend Charles R. Jenner

PASTCF Board Member

The four hour experiment at the Laboratory of Applied Physics 
had not gone as expected. It may have been faulty equipment 
(damaged in use) or, most probably, the excess H2O that had 

fallen overnight, changing surface tension and thus distorting the 
trajectory of the spheres both in flight and on the greensward. Oper-
ator error was out of the question!

I walked into the snack bar to get a concoction of chocolate, caf-
feine, whipped cream, and sugar to fortify me on my drive home. It 
was almost closing time. The place was deserted, save for the man-
ager who was trying to close the till. After lacing in extra chocolate, 
she presented me a super drink at a minimal charge. I opened my 
wallet, noted a few bills, then handed her my credit card.

“I know I should pay cash for this small an item, but I need to 
save the bills for the self-service gas station.”

“I hear ya,” she replied and processed the card.
While signing the slip I remarked offhandedly, “You know, the 

irony of all this energy fiasco is that, when I was taking geology in 
college, the prof walked into class one day, carrying a flask of liquid. 
‘This is oil,’ he said, ‘Oil from off the Washington State coastline.’”

The manager’s voice cut like a knife. “Watch it Buddy! I’m a 
tree-hugger. I don’t want to see any more cars on the road!”

“Well,” I replied, “Cars aren’t the problem. It’s the gasoline. The 
best fuel we could use in a car is hydrogen. There is so much of it. 

All we have to do is put a couple of electrodes in a bucket of water, 
turn on the juice, and capture the hydrogen molecules as they boil 
off. I saw it done in a high school physics class. You put it into the gas 
tank. Voilà! Clean energy.”

“Hydrogen? Hydrogen! That sounds like a hydrogen bomb. I 
don’t want to have anything to do with hydrogen!” She was really 
upset. I was stunned.

Gamely I replied, “But that is like saying that you don’t want to 
use a microwave oven because it uses atoms, like an atom bomb.” (I 
was just trying to be helpful.)

She stepped back from the counter. A frightened look crossed 
her face. In a low voice she said, “I wish you hadn’t told me.”

My brain said, “Leave—now.”
“Well, looks like it will be dry driving home. See you in a couple 

of days.” I headed for the door.
Her voice caught up with me when I was partway out. “Hey 

Chuck. Thanks for the science lesson!”
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By Kirk Wegter-McNelly, Ph.D.
PASTCF Member

S everal years ago I attended a revival 
meeting. The preacher’s rous-
ing sermon whipped the audience 

into an emotional frenzy. His understated 
and well placed jabs at unbelievers—the 
preacher was British and knew how to turn 
a phrase—were met with whoops and hol-
lers by the boisterous American crowd. At 
the end of the evening, after several heart-
felt testimonials, a number of people made 
their way down to the altar to receive the 
preacher’s blessing.

What made this revival so unusual was 
not the preacher’s use of PowerPoint or even 
the fact that it took place on the campus 
of the University of California at Berkeley, 
but rather that it was sponsored by a group 
called SANE, “Students Advocating a Non-
religious Ethos,” and that the preacher was 
the famed apostle of evolutionary atheism, 
Richard Dawkins. The thoroughly religious 
ethos of this event was lost on most of the 
previously converted who came that night, 
but for a skeptic like myself it was both 
amusing and unmistakable.

Dawkins’ strategy was, cleverly, to 
make fun of religion. He deftly substituted 
humor and rhetorical punch for serious 
analysis, knowing that people would go 
along with him just because his lampooning 
performance was so enjoyable (and reas-
suring to those in doubt). Fundamentalist 
evangelists, it should be noted, often use 
the same strategy to dismiss the claims of 
other religions. While I did not respond 
to the altar call that night, I was struck by 
how well Nietzsche’s image of the “herd” 
described what I witnessed, despite repeated 
invocations of a skeptical mindset. Yes, 
there is religious fundamentalism. But there 
is scientific fundamentalism, too.

Religious and scientific fundamental-
ists are united in their view that religion and 
science are locked in mortal combat, that 

they have been vying for humanity’s ulti-
mate allegiance since the birth of modern 
science—an idea commonly referred to 
as the “conflict” thesis. These two funda-
mentalisms disagree about who is right and 
wrong, but in another sense they are oppo-
site sides of the same coin. Both presume 
that the only right way to read the Bible is 
literally.

As epistemological perspectives, they 
are regrettably narrow and wooden: narrow 
because they are unwilling to allow that 
texts can express truths nonliterally (even 
intentionally so!), and wooden because they 
are unwilling to entertain the possibility 
that truth is a many-layered thing with 
aspects that lie beyond the reach of any 
particular competency. Debates between 
religious and scientific fundamentalists 
are often what pass for “religion and sci-
ence” in today’s popular media, and they 
make for good headlines. But they also do 

a disservice to both religion and science 
because fundamentalism in whatever guise 
cuts short the human quest for understand-
ing by presuming certainty, when in fact all 
human knowledge, including scientific and 
religious knowledge, is fallible.

Three distinct issues relevant to the 
conflict thesis are worth pondering: first, 
the recent vintage of this thesis; second, the 
impossibility of avoiding conflict by isolat-
ing religion and science from one another; 
and third, the possibility and even perhaps 
desirability of constructive engagement 
between the two. All three of these issues, 
especially the last, will require a significant 
shift in the way our culture understands the 
nature of religion and the nature of science.

Conflict thesis emerged recently
Galileo is commonly lifted up as a 

poster child for the conflict thesis. “See?” 
say the detractors, “From the very beginning 
the church opposed scientific advance!” 
But there are some obvious problems with 
this example, not least of which is that the 
church was actually quite supportive of sci-
entific inquiry prior to and during Galileo’s 
time. Many cathedrals in Italy, for example, 
functioned as solar observatories through-
out the Middle Ages and into the Renais-
sance. Scientists in the church’s employ 
used these observatories to track with great 
precision the motions of the sun for the sake 
of determining the exact date upon which 
Easter should be observed (see Robert Heil-
bron, The Sun in the Church).

Additionally, the church’s objections to 
the Copernican view advocated by Galileo 
were not primarily religious but scientific: 
the earth’s motion could not be felt directly; 
Copernicus’s system was, at the time, no 
better at predicting the motions of the 
planets than was Ptolemy’s; and the church’s 
scientists were suspicious that what Galileo 
saw in his telescope—a new instrument 
whose principles were not yet

“Conflict” continues on page 4 >>>

Is Conflict the Only Way?
Fights of Religious and Scientific Fundamentalists Often  

Pass for “the religion-and-science debate”

© Aditya Mopur, flickr.com. Used by permission.

>>> “Drugs” continued from page 9

the genetics of Drosophila melanogaster, the 
common fruit fly, includes an observation 
that the fly makes a previously unknown 
anti-fungal substance (Science, 318 803, 
2007). Other classes of drugs—anti-cancer, 
cholesterol-lowering, blood pressure-regu-
lating—may originate from plant, animal, 
or insect sources. When the chemical 
structure of any drug is determined, many 
similar molecules may be synthesized in the 
laboratory and screened for activity.

Of course, when a candidate antibiotic 
is discovered there is great excitement in 
the laboratory. But most candidates get 
eliminated from further study after a few 
screening tests. To be a commercial success, 
the antibiotic must kill the microbe without 
damaging the patient. First, in culture (test 
tube experiments) the types of pathologi-
cal organisms that the antibiotic can kill 
are identified. The next step, determining 
whether the antibiotic also kills animal cells 
in culture, eliminates a large percentage 
of the candidates. Healthy animals, such 
as mice, rats, rabbits, and guinea pigs are 
injected and watched to see if the antibiotic 
will harm them. If the animals appear unaf-
fected, then many organ studies are done: 
does the antibiotic affect the heart, kidneys, 
liver, or brain? Answering these preliminary 
questions can take a long time; five to ten 
years is typical.

Any material that passes these tests and 
kills harmful organisms without harming 
the animal host can then go in to Phase I 
clinical testing, where it is injected into a 
small number of people to see whether it 
causes any adverse effects. If Phase I trials 
are successful, Phase II trials follow. A 

somewhat larger number of people who are 
ill are given the drug to determine what an 
effective dose of the antibiotic might be. 
Phase III follows with a large number of 
people. This is where the effectiveness and 
safety of the drug are evaluated.

Clearly, this is a very expensive, time 
consuming process. All new drugs go 
through these stages (except perhaps for 
being found in barnyard soil). It is not 
unusual for only 10% of candidates to pass 
each step. So there may be literally thou-
sands of candidate drugs for each one that 
comes on the market. Drug development 
can take 15 years and cost hundreds of 
millions of dollars. Clinical trials alone cost 
tens of millions. When Phase III trials are 
complete, all the data must be submitted 
to the US Food and Drug Administration 
(FDA), which must license the sale of the 
drug in this country. The FDA specifies 
approved uses of the drug, though doctors 
may prescribe it for other, possibly experi-
mental, uses if they believe it will be effec-
tive.

The staff involved in drug research is 
large. For each of the doctoral-level scien-
tists who organize, direct, and carry out 
the experiments, there will be 10-15 other 
people who do experiments, maintain 
bacterial cultures, breed and raise animals, 
operate specialized lab equipment, and keep 
track of all the data.

From Drug Company Annual Reports
Clearly, drug research is very expensive. 

The major pharmaceutical companies spend 
about 20% of their net income on research. 
But what about marketing? What about all 
the advertising we see on TV? How much 

do they spend on that? 
If they quit advertis-
ing, would it make any 
difference to the cost of 
drugs?

Pharmaceuti-
cal companies are 
huge multinational 
businesses with gross 
incomes of billions of 
dollars and payrolls 
in excess of 100,000 
people. The four larg-
est, by gross income, 

are Pfizer (an American company), Glaxo-
SmithKline (English), Bayer (German), 
and Novartis (Swiss). All have their annual 
reports posted on their websites, with com-
plete financial data, including quite a bit of 
information about the costs of manufactur-
ing, research and development, and sales. 
This discussion will be limited to American 
companies.

It’s important to remember that these 
companies have two equally important 
goals: to provide the public with pharma-
ceuticals and to provide their shareholders 
with a profit. Each company is intent on 
providing the maximum return on invest-
ment. They have to follow this goal; if they 
don’t, investors will transfer their support 
to other companies. As companies have 
grown bigger and more international, 
and as government regulation relaxes, the 
competitive environment has become very 
intense. All of a company’s activities, even 
image-building charitable donations, must 
be directed towards maximizing profits. 
(Supercapitalism: The Transformation of 
Business, Democracy, and Everyday Life, 
Robert Reich, Knopf, 2007). And pharma-
ceutical companies are very profitable. One 
annual report states shareholders’ return on 
investment as 22%.

Six of the eleven largest pharmaceuti-
cal companies are American. Their gross 
annual income from sales ranges from $48 
billion for Pfizer to nearly $16 billion for 
Eli Lilly. Their net income, the gross less 
the cost of the products sold, ranges from 
almost $41 billion for Pfizer to $12 billion 
for Eli Lilly. Net income, as a percentage of 
gross income, ranges from 84% for Pfizer 
to 56% for Abbott Laboratories. All the 
non-manufacturing expenses of running 
the company (research, salaries, building 
and property maintenance, administration, 
sales, and advertising) are paid from net 
income. Whatever is left is profit.

All the annual reports list the compa-
nies’ expenses for Research and Develop-
ment. They typically spend 19%-26% of 
net income on research. The exception is 
Abbott Laboratories, which spent 35% of 
net income on R&D in 2006.

How do the R&D expenses compare 
with advertising expenses? Only a few

“Drugs” continue on page 11 >>>
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>>> “Conflict” continued from page 3

widely understood—was somehow altered 
by the telescope itself.

Finally, and perhaps most significantly, 
the church was still reeling from the Refor-
mation. Central to the reformers’ concerns 
was the matter of scriptural interpretation: 
who has the authority to interpret the Bible? 
Galileo claimed this authority for himself 

and found himself squarely in the middle 
of a much larger conflict (see Annibale 
Fantoli, Galileo: For Copernicanism and for 
the Church). He did not help matters any by 
putting the pope’s words into the mouth of 
one of the Dialogues’ characters he named 
“Simplicio”—the Simpleton. In light of 
recent scholarship, the idea that the Galileo 
affair somehow proves that religion is and 
always was anti-science simply doesn’t stand 
up. The story is far more ambiguous and 
interesting than a simple science vs. religion 
picture allows.

In fact, the conflict thesis didn’t 
really blossom until the second half of the 
nineteenth century, after the publication 
of Darwin’s The Origin of Species. This 
period saw, for example, the publication of 
influential books with titles like History of 
the Conflict between Religion and Science 
(John William Draper, 1874) and A His-
tory of the Warfare of Science with Theology 
in Christendom (Andrew Dickson White, 
1896). And Christian fundamentalism did 
not really coalesce as a movement until the 
early twentieth century (witness the Scopes 
trial of 1925). Many of the first theological 
responses to Darwin were quite apprecia-
tive. This was true, for instance, of Calvin-
ists who had regarded Lamarck’s theory 

with suspicion for its support of the view 
that humans can control their own destiny 
by passing on acquired traits. The Darwin-
ian picture of random variation seemed 
more compatible with a world in which 
God is in control and we are not. In brief, 
the conflict thesis is a recent development, 
relative to the rise of modern science, and 
one that belies a richer, more complex set 
of historical interactions (see John Hedley 
Brooke, Science and Religion: Some Histori-
cal Perspectives).

There is an easy but ultimately unsat-
isfactory way of resolving the conflict that 
has emerged over the past century. It is 
often called the “separation” or “indepen-
dence” view (for the most well known way 
of mapping out the variety of views, see 
Ian Barbour, Religion and Science). Galileo 
advanced a separationist view when he 
quoted one of the Catholic Church’s own 
historians, Cardinal Baronius, who said 
that “The intention of the Holy Ghost is 
to teach us how to go to heaven, not how 
the heavens go.” The German philosopher 
Immanuel Kant later endorsed this view 
when he linked religion, on the one hand, 
to an inner sense of right and wrong and 
science, on the other, to our attempt to 
know the world around us. In our own 
time, Harvard biologist Steven J. Gould 
advocated a principle of separation he called 
NOMA (Non-Overlapping Magisterial 
Authorities).

As every parent knows, if two siblings 
aren’t getting along, separating them is 
sometimes the only solution. While this 
may be good parenting, it is a poor way to 
solve the present troubles between science 
and religion. Admittedly, the idea of isolat-
ing these two realms from one another is 
motivated by a desire to preserve the integ-
rity and authority of each: religion gets to be 
about trust, spirit, and value, while science 
gets to be about reason, matter, and fact.

The problem with this dichotomous 
picture is that it is clearly inadequate on 
both counts. Religious thinkers and com-
munities invariably need to reason out the 
claims of their own traditions, just as scien-
tific thinkers and communities invariably 
need to trust one another and the broader 
scientific community as they pursue their 
own research. Religious thinkers and com-

munities are part of the material world, just 
as much as scientific thinkers and commu-
nities depend upon the human spirit and its 
thirst for knowledge. And religious thinkers 
and communities must rely on particular 
facts about the world as they try to live out 
their values, just as much as scientific think-
ers and communities must rely on particular 
values as they try to broaden the realm of 
scientific knowledge. False generalizations 
lead to false dichotomies. This in turn leads 
to a false sense of the need for and possibil-
ity of compartmentalization. The separa-
tion of science and religion is not the answer 
to their conflict, any more than conflict is 
essential to their relationship.

Alternative to Conflict
So what might constitute an alternative 

to conflict and separation? Let me begin 
with a definition of religion. Religion, I take 
it, is a set of beliefs and practices that pro-
vides and supports the broadest and most 
basic frameworks of meaning by which we 
live our lives. This is why religion-bashing 
events like the one Dawkins presided over 
so often look and feel like that which they 
purport to reject. Revivals, whether reli-
gious or scientific, aim to win our consent 
to an overarching worldview by providing 
and supporting particular frameworks of 
meaning, and they do so by engaging the 
whole person—not just the intellect, but 
the emotions; not just the emotions, but the 
whole body.

Given this, it is naïve to suppose that 
religion will fade away in the face of scien-
tific advance. Religion is evolving, no doubt, 
but it is not disappearing. Just ask sociolo-
gists. The central prediction coming out of 
the sociology of religion during the 1960s 
and 1970s was that the ever increasing mod-
ernization of the world had sent religion 
into irreversible decline. But religion hasn’t 
gone away. In fact, the world—especially the 
global South—has become not less but more 
religious in recent decades.

Why? In part, because for all that sci-
ence does provide, it cannot provide or sup-
port basic frameworks of meaning. Science 
and religion work with distinct sets of tools. 
Each has its own limited realm of compe-
tency, and each needs ever to be mindful of

“Conflict” continues on page  5 >>>
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in trying to accommodate this new concept 
into his or her present state of understand-
ing that produces growth. The Christian 
educators among us can be encouraged to 
develop examples for all to use in our con-
gregations wherein meaning is given prece-
dence over literalism. [See the helpful article 
by Margaret Campbell Trautman in The 
Presbyterian Outlook, 90.12 (2008).] Cur-
riculum should be developed with this in 
mind. Unfortunately, we can expect many 
emotional barriers to this kind of teaching.

The same general considerations apply 
to the understanding of myth and meta-
phor. Educational materials for adults as 
well as children should avoid the certainty 
of fundamentalism. Curriculum should 
reflect the freedom of myth and metaphor 
for the expression of meaning which cannot 
be tied down, but which sets us free to 
explore the whole realm of significance.

Will this ever happen? Probably not 
without some major cultural changes. The 
simplicity of fundamentalism and the power 
of emotion are too strong.In the meantime, 

those of us who understand the problem 
will have to continue as we have been, citing 
evidence, suggesting alternatives to funda-
mentalism, and out-loving and out-tolerat-
ing those who are locked into the literal.

While we don’t want to poke holes at 
anyone, none of this is written in gold, even 
if much of it is not a pretty sight for the ears. 
There are bigger dogs to fry, and we don’t 
want to open another bucket of worms, 
but we still must take the ball by the horns 
and run with it, even though it may require 
burning the midnight oil at both ends.

By Katherine P. Henrikson, Ph.D.
PASTCF Board Member

A friend of mine has chronic myelogenous leukemia (CML). 
Her treatment is one pill a day, every day. The pills provide 
her with a miracle cure. With them she does not have leu-

kemia. If she stops taking them, the leukemia will return. Each pill 
costs $110. Over $40,000 per year is required to buy the pills that 
keep her alive. Fortunately her medical insurance includes drug cov-
erage.

Why do drugs cost so much? In this case, the answer is clear. 
CML is a fairly rare disease; there are perhaps 10,000 cases of it each 
year in this country. There is no mass market for the drug. It is made 
by only one company. There is no 
other treatment. In this monopoly 
situation, the company can and does 
charge what the market will bear. 
The Novartis Company’s income 
last year for this drug was $2.5 bil-
lion. The drug will become cheaper 
only if, after the patent expires, 
another company decides to manu-
facture it.

Drug companies’ income 
from prescription drugs and other 
sources must cover corporate 
expenses: research, marketing and advertising, set-asides for major 
lawsuits, executive salaries, and all the other costs of doing business. 
It’s possible to look at a company’s annual reports (all now conve-
niently published online) to get an idea of each of these expenses. 
But, before we look at what the annual reports say, we should trace 
the development of a drug to get an idea of the process and why it is 
so expensive.

Drug Development and Discovery
Most people learned in high school biology about the discovery 

Why Do Drugs Cost So Much?
of the first antibiotic by Alexander Fleming in London in the early 
1940s. Dr. Fleming found one of his bacterial cultures contaminated 
by a fungus. When he looked closely, he could see a circular colony of 
the fungus with a clear ring around it where the bacteria were killed. 
He concluded that the fungus elaborated a substance that killed the 
bacteria. So, after much work, penicillin was isolated, purified, and 
used to treat people with bacterial infections (Science, 317, 1037, 24 
August 2007).

A search for an antibiotic typically began in a farmyard where 
there are many micro-organisms, mostly unidentified, living in 
the soil. Scientists would take hundreds of soil samples back to the 
laboratory. In the lab each soil sample would be divided into perhaps 
as many as 20 different samples to be grown in different conditions. 

Some would grow up colonies of 
bacteria or fungi, others would not.

The best conditions for growing 
each sample would be determined 
so large quantities could be grown. 
Then would begin the first step of 
the discovery process. Could the 
organism affect the growth of other, 
disease causing organisms? Did it 
excrete a small molecule that could 
poison other microbes?

Few of the original soil samples 
would have any potential antibiot-

ics. If 1,000 soil samples were taken from the farmyard and were the 
source of 20,000 initial cultures, perhaps only 100, 0.5%, might have 
some antibiotic activity. Almost certainly, some of the 100 would 
turn out to be duplicates. After elimination of the duplicates, there 
might be 5-10 cultures to work with. Characterization of the anti-
biotic involves isolating and purifying it from the cultures and then 
determining its molecular structure.

In recent times, drug discovery has started with naturally occur-
ring molecules from a variety of sources. A recent report on

“Drugs” continue on page 10 >>>
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such understanding to modern or even 
postmodern times.

We might ask if it is really necessary 
in reading the Bible to recognize myth and 
metaphor. Does it really matter whether 
dedicated Christians learn to distinguish 
between the literal and the mythic? Marcus 
Borg in his book The Heart of Christianity 
explores in great detail the use of metaphor 
in the Bible. He emphasizes that historical 
context and metaphorical meaning are cen-
tral to the understanding of the scriptures. 
He challenges readers to take the stories any 
way you want (literally or metaphorically), 
but always be prepared to tell what the story 
means.

In a recent book, John Shelby Spong, 
The Sins of Scripture, provides several exam-
ples in which a literal interpretation of the 
Bible has led to sin. An example of particu-
lar relevance today is the notion of the theis-
tic god who controls nature. This particular 
view has taken away from humans the sense 
of responsibility for Earth at a time when, 
more than ever before, we need to organize 
to restore creation. The meaning attached 
to biblical and other myths obviously pos-
sesses considerable cultural significance. 
The attitude that “God will do what he 
wants to do, so what happens on Earth is no 
concern of mine” is frequently expressed or 
at least implied. That is not what we need to 
hear today.

It is completely unnecessary to observe 
that there are many other conflicts today 
within (as well as beyond) the church 
(the local congregation, the Presbyterian 
Church, and the Church as the Body of 
Christ) because of the differing 
degrees in which myth and meta-
phor are accepted as providing 
meaning. Therefore the question 
of what is taught as science in 
schools goes much further than 
just teaching good science. The 
meaning attached to biblical 
stories colors our whole society and 
how it affects people.

If we are convinced that one 
of the basic causes of conflict in 
the church today is the different 
ways that people read and react to 
the Bible, the important question 

is what should we do, those of us who read 
the scriptures in terms of context and mean-
ing, as opposed to strict literalism? This is a 
complex question. There is an educational 
component to it and an emotional factor as 
well.

From the educational perspective, 
we might call upon the model of cogni-
tive development provided by Jean Piaget, 
the Swiss biologist who identified stages 
of cognitive development from birth to 
adulthood. Piaget observed that as children 
approach adulthood, they typically enter 
a concrete stage of development, and nor-
mally progress from that to a more formal 
stage. In the concrete stage, words mean 
what they say. For example, arithmetic 
operations may be performed well, but the 
more formal operations of algebra may not 
be comprehended. As children mature in 
due course they should learn to apply the 
formality of algebra. In a similar manner, 
stories such as that of Jonah, to select only 
one example, are understood literally by 
the very young, as they have no other basis 
upon which to evaluate the story. Eventually 
adults may come to see that Jonah is a bril-
liantly told story developed in the postexilic 
period to warn the Hebrews against turning 
inward. However without proper education, 
children may never make that distinction, 
even as they discover that Santa Claus and 
the Easter Bunny are not real. At the same 
time, we might ask, “Whatever happened to 
poetry?”

It has been reported that many people 
do not develop the ability to understand 
formal mathematics even by the time they 
graduate from high school, but they can still 

develop that understanding later. It would 
seem to follow that it’s never too late in life 
to learn to identify metaphor, to discover 
meaning from myth.

There is also an emotional factor. Some 
years ago, during one of those many situa-
tions in which the courts were called upon 
to settle the issue of what description of 
the creation event should be taught in the 
public schools, a news broadcast reported 
that a concerned parent testified that he 
had an emotional need to have creationism 
taught in the schools. Recently, following 
a discussion of these same issues, a student 
told an instructor that she could never 
accept the Big Bang/Evolution description 
of creation because “It would disappoint my 
parents and cause them to worry about me.”

A response to similar situations could 
be something like the following. If you do 
have an emotional need to believe in cer-
tain dogma or teaching, especially those 
in which your emotions run contrary to 
evidence, you should:

•	 Recognize that such an emotional 
state exists.

•	 Identify how that need was 
developed. Be aware that many people are 
very skilled at developing such emotional 
needs in their followers and that you may 
have been influenced by such a person.

•	 Realize that your emotional needs 
do not comprise an obligation upon the 
rest of us. (More crudely: “Don’t lay your 
emotional baggage on me. Accept the 
evidence, wherever such exists, which 
contradicts those things which you need to 
believe.”)

So the question becomes, what can we 
do to encourage the acceptance 
of myth and metaphor as com-
munication techniques employed 
in scripture? Perhaps some expe-
riences from science education 
based upon Piaget theory can 
become useful. It is understood 
that students grow (transition 
from one state of cognitive devel-
opment to a higher one) when 
they are presented with a fact or 
concept which is beyond their cur-
rent state of development. It is the 
effort exerted by that student

“Meaning” continues on page 9 >>>
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its limitations even as it strives to do well 
what it does best.

My reference to limits may sound like 
a veiled attack on science, but this would 
be to misunderstand my perspective on 
the matter. I only mean to point out what 
philosophers of science have been saying 
for the past eighty years: that science is a 
human endeavor and as such participates 
fully in the ambiguities and limitations of 
human rationality. Science does not live in 
the realm of pure, disembodied objectivity. 
It never has, and it never will. This is not 
to denigrate science but to make its hard-
won achievements all the more precious. 
My concern is not with science, but with 
scientism—the belief that science is the only 
way to knowledge and truth. Our culture 
needs to do a much better job of acknowl-
edging and understanding the limits of 
science so that it can see more clearly the 
limit-questions posed by science.

In fact, such questions are a good place 
to start the conversation with religion. Why 
is the universe orderly and intelligible? 
Why are our brains capable of plumbing 
the depths of this order? Why, if tendencies 

to behave in particular ways are passed on 
genetically from generation to generation, 
do people persist in being self-negatingly 
kind to others who are not their kin? Why 
is there something rather than nothing 
at all? How did this something get here? 
Where is it going? Questions like these call 
for scientific answers, but religious ones as 
well.

The real issue is whether such answers 
must necessarily conflict with one another. 
One of the most tempting strategies for 
preserving traditional religious answers 
in the face of modern science has been, at 
least in the West, to tie them to gaps in the 
present state of scientific knowledge. The 
problem with this approach, though, is that 
when science closes these gaps, religion is 
either forced to pit itself against science as 

it continues to insist upon its own point of 
view or to cede a bit of its turf to science. 
The “God of the gaps” approach is a losing 
strategy, a blind alley. The real challenge for 
and promise of religion in a scientific age is 
instead to learn to engage science construc-
tively rather than defensively.

What might this look like?
First and foremost, it will require reli-

gions to look inward and learn again how 
to engage their sacred texts in nonliteral 
ways. Religious communities of all persua-
sions need desperately to learn again how to 
wrestle with their founding texts precisely 
as theological texts. Jews, in my experience, 
are quite good at this, which comes as no 
surprise given that “Israel” means “one who 
wrestles with God.” Christians, on the other 
hand, tend to be much less skillful at this, in 
part because they too often confuse “faith” 
with “certainty,” i.e., with the absence of 
doubt. And one of the meanings of “Islam” 
is “surrender,” which can undermine a 
questioning stance (though it must also be 
noted that the thoroughly hermeneutical art 
of Koranic jurisprudence occupies a central 
place within the history of Islam).

Belief, it seems to me, is all about 
doubt, or rather, about knowledge inter-
twined with doubt. Religion calls this 
“faith.” Science calls it “commitment to a 
hypothesis.” In both cases, there is a neces-
sarily fiduciary aspect to making claims 
about the world. Religious believers in 
various traditions need to find new ways of 
naming the unfaithfulness of a narrow fixa-
tion on the literal meaning of the text. This 
will involve developing new theological 
justifications for attempting to understand 
and engage the literary character of religious 
texts as well as the interpretive character of 
science, and then learning to see how these 
different realms can constrain and inform 
one another. 

Engaging science constructively will 
also mean that nonscientists must not shy 

away from calling scientists to account 
whenever they seek to wrap the mantle 
of science around metaphysical or moral 
pronouncements—whenever they claim, 
for example, that science leads inevitably 
to a reductionistic or atheistic worldview. 
On the other hand, it will mean making 
common cause with scientists like E.O. 
Wilson, who several year ago issued a plea 
to religious believers to work with scientists 
to undo the ecological havoc we are wreak-
ing on this planet. Finally, it will mean 
listening, like the Dalai Lama has done, to 
neuro- and cognitive scientists about how 
the brain works and how this growing area 
of knowledge can deepen our understanding 
of human consciousness and desire.

The conflict view of religion and 
science is built on false premises, false 
generalizations about the nature of each 
realm. Separation aims for a kind of peace-
ful co-existence between the two, but it does 
nothing to counter the falsehoods that lie 
at the root of the problem. On the other 
hand, if we can begin to correct our mis-
understandings of religion and science, we 
may be surprised at how much overlap exists 
between these two aspects of human life, 
both in their concerns and in their methods. 
Dawkins is not entirely wrong to rely on 
humor, for it is undeniably an important 
part of being human. But humor alone will 
not suffice to describe the complex relation-
ship that has emerged between religion 
and science over the past half millennium. 
A more careful and considered analysis of 
their relationship can lead us past the altar 
of unthinking consent, to a deeper under-
standing of ourselves and the world around 
us.

Kirk Wegter-McNelly is Assis-

tant Professor of Theology at 

Boston University, where he 

teaches and writes about the 

reconstruction of theological 

ideas and methods in light of contemporary 

science. He is presently rediscovering the world 

with the help of his four-year-old son, Keller, 

who asked recently, “Daddy, what’s the last 

number?” This article originated as an address 

delivered on October 28, 2008, as part of the 

29th Annual “Seven Sisters Alumnae Seminar” 

in Stamford, Connecticut.

Belief is all about doubt, or rather, about 
k n owle d ge  i nte r t w i n e d  w it h  d o u b t . 
Religion calls this “faith.” Science calls it 
“commitment to a hypothesis.”
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A Review

By R. Wesley McCoy, Ph.D.
PASTCF Vice President

The Science and Religion in Schools Project Resource Guide, 
Trafford Publishing. Purchase price: Guide for Primary Schools – $24; 
Guide for Secondary Schools – $28. Purchase price includes CDs with 
all activities and access to subscriber sections of the SRSP website.

In contrast to the United States, British schools require Religious 
Education (RE) in Primary and Secondary schools. Students 
learn a bit of the cultural perspectives of the world’s religions, 

and discuss the impact that religion has upon the relationships 
between nations and individuals. Moral and ethical lessons abound. 
Once in a while, students are asked to examine the impact of science 
on religion and vice versa. Noted British Religious Education teach-
ers such as John Hedley Brooke, Martin Rogers, Adrian Brown, 
Alison Brown, Jean Bews, Claire Clinton, Sue Hookway and John 
Kerr directed and edited this curriculum resource for school edu-
cators. On their Academic Advisory Panel are such luminaries as 
Arthur Peacocke, John Barrow, Russell Stannard, Michael Poole, 
and Keith Ward.

As an American high school science teacher reading this reli-
gious education resource, I was struck by the usefulness of some of 
the lessons on logical thinking, as well as how the similarities and 
differences between religion and science might be useful in a class-
room at our school. But I was further impressed with the possibility 
of using these curriculum resources in church school education, from 
grade one through high school.

This is the description of the Science and Religion in Schools 
Project, taken from the SRSP website <www.srsp.net>:

“The aim of the Science and Religion in Schools Project, the 
first major project of its kind, is to encourage the teaching in schools 
of issues concerning the debate between the claims of science and 
those of the major world religions. We want to stimulate open-
minded discussion and to ensure that students are well informed and 
have a balanced picture of the different views involved.”

Aimed at students aged from 7 to 11 (a separate guide and 
CD are available for Secondary School students aged 11 to 19) the 
materials are differentiated and offer a range of teaching and learn-
ing styles. A very wide range of materials is provided for teachers and 
students. These materials include background information since 
there are few teachers, either of Religious Education or of Science, 
who can claim to be equally well informed about both subjects and 
would therefore be able to cover these topics with complete confi-
dence.

The materials were written and edited by practicing teachers or 
those with recent experience in the classroom. They were tested in 
schools and rewritten in the light of comments and criticism. Uni-
versity experts reviewed the material for academic accuracy.

For the sake of busy teachers background reading and lesson 
plans are designed for ease of use. It is hoped that more experienced 
teachers will change and develop what they find to suit their own 
students and their own particular teaching styles. The study materi-
als aim to stimulate creative approaches rather than be treated as a 
course which must be rigidly adhered to.

The Guide is designed to give an idea of the scope and quality 
of the materials, which are available on the included CD. It includes 
summaries of each topic, and units within the topics, to give teachers 
a flavor of how that particular topic or unit is treated and to make it 
easier to decide which they wish to study in greater depth.

This project is the work of many people, but it should be seen as 
a first rather than a final edition, as ongoing rather than complete. 
The authors of the project want to rely on those using the material 
to share their opinions of the material and suggestions for future 
improvements.

Here is an overview of some of the topics found in the Pri-
mary and Secondary “Science and Religion in Schools” curriculum 
resource. Both the Primary and Secondary guide are organized by 
topics in philosophy and science, taught to children as young as age 
seven and as old as age nineteen. Each Unit starts with a one para-
graph summary and contains a set of guiding key questions. Lesson 
plans, differentiated student activity materials, and AV materials 
including animations are available on the accompanying CD. Inter-
net resources and a list of needed lab materials are provided, along 
with suggestions for further reading, both for the student and the 
teacher.

Space does not permit listing all key questions, but I think 
SciTech† readers can best see the benefit of the SRSP material by list-
ing the contents of each guide.

PRIMARY SCHOOL GUIDE (Ages 7–11)

Unit 1: OUR WORLD. How can we find out about 
the world around us? Are there some things we 
cannot know?

Unit 2: DOES SCIENCE TELL THE TRUTH? Is 
science always right? You believe it but can you prove 
it? Should animal lives be used to improve or save 
human lives?

Unit 3: ARE WE NOTHING BUT THE PARTS? 
Are human beings just the chemicals they are made 
out of? Is a computer conscious of the things that it is 
doing?

Unit 4: MANY MAPS, SAME PLACE. If knowl-
edge is on the peak of a mountain, how many paths 
are there up the mountain? Are you a logical thinker?

Unit 5: SPACE AND TIME. Does time have a start 

and a finish? If you could go back in time, what would you change? Is 
heaven a real place? What does the universe look like from outside?

Unit 6: MICROSCOPES AND TELESCOPES. Can I think that 
a rainbow is beautiful even when I know that it is light shining 
through raindrops? If an animal is very different from us, does that 
make it less important? Is there anything that cannot be measured?

Unit 7: PYTHAGORAS AND THE WORLD OF NUMBERS. 
Were numbers discovered or invented? Can things be perfect for a 
short while? Is there an unchanging world behind the world of our 
senses?

Unit 8: EARTHWORMS AND DARWIN. What is the Gold-
ilocks effect? Were there fossils in the Garden of Eden? Why did 
Charles Darwin say that earthworms have played the most impor-
tant part in the history of the world?

Unit 9 ARE YOU AN ALIEN? Should other planets be changed so 
humans can inhabit them? How did the Buddha learn about inter-
connectedness? Can science teach us all there is to know?

SECONDARY SCHOOL GUIDE (Ages 11–19)

This guide is longer and more complex than the primary school unit, 
of course, but it has a very similar organizing principle. Students start 
by learning how we make sense of the world, then how we find out 
about the world. Students examine historical perspectives on scien-
tific and religious thought. A quite large section deals with questions 
of Cosmology, Creation, and Evolution. Finally, how do we know 
that our beliefs are right? Students are asked to apply what they have 
learned about careful thinking to ethical issues of interest to science 
and religion, questioning whether technological applications of sci-
ence are always good.

The Secondary Guide is divided into two 
phases, for those students age 11 to 14 and for those 
who are age 14 to 19, the older students examining 
more problematic religious and scientific issues.

Unit 1: How does science make sense of the world? 
How does religion make sense of the world? This 
unit examines science and religion from a number 
of religious traditions: Buddhist, Christian, Hindu, 
Islamic, Jewish, and Sikh.

Unit 2: What is an explanation? What is real? 
Can you make sense of the world via a reductionist 
approach? Scientism and materialism. Do science 
and religion speak such different languages that 
they will never be able to understand each other?

Unit 3: A thorough recounting of many historical 
perspectives on science and faith, from the Egyp-
tians and Greeks to the Golden Age of Islam, 
Christianity, Mechanism, and Darwinism. The 
unit ends with an interesting comparison between 

religious and scientific fundamentalists.

Unit 4: What can science tell us about how the universe began? Is 
science in conflict with religion about how the universe started? 
What can religions tell us about the beginning? Does it matter if the 
Genesis narrative is read in a literal or a literary way?

Unit 5: Religious and Scientific Issues

THE ENVIRONMENT

(Ages 11–14) What do various religions say about how we should 
treat the environment? What are the problems facing the environ-
ment? What is the future of our world?

(Ages 15–19) To what extent are environmental problems attribut-
able to human actions? In what ways should human behavior change 
in response to the Earth’s environmental problems?

GENETICS AND MEDICINE

(Age 11–14) What does it mean to “play God”? What genetic modi-
fication do you think is acceptable, and what is unacceptable? Do 
scientists believe they will ever conquer death? Do people’s religious 
beliefs affect their views of how medical technology should be used?

(Age 15–19) When does an embryo become a human being? Who is 
to say what a “perfect” human being is? To what lengths should we 
go to eradicate genetic disorders?

ANIMAL RIGHTS

(Age 11–14) Do animals have rights? How should we treat animals? 
Do humans have a special position in creation? What responsibility 
do humans have?

(Age 15–19) Do animals experience the same kinds of feelings that 
we do? Should those opposed to animal research also refuse to accept 
any medical treatment that arises from experiments on primates? 
What arguments support vegetarianism from a Christian perspec-
tive?

TERRAFORMING

(Age 11–14 only) What is terraforming? If it becomes scientifically 
possible to make another planet suitable for humans should we do 
so? How alive does something need to be to have rights?

The Resource Guide and CD for the Science and Religion in 
Schools Project could easily be adapted to church school settings in 
the United States. In fact, my recommendation is that church school 
educators should meet with middle and high school age church 
members to develop a calendar for an 8 to 12 week starter course. 
Students who have input into lessons that they perceive to be inter-
esting and important will feel more empowered to learn and explore.

I have not used these materials in church school settings, but I 
hope this review helps readers learn about these excellent and inex-
pensive resources. They will enrich the lives of young people and 
help them see how relevant their faith is to their daily lives.

The Science and Religion in Schools Project
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A Review

By R. Wesley McCoy, Ph.D.
PASTCF Vice President

The Science and Religion in Schools Project Resource Guide, 
Trafford Publishing. Purchase price: Guide for Primary Schools – $24; 
Guide for Secondary Schools – $28. Purchase price includes CDs with 
all activities and access to subscriber sections of the SRSP website.

In contrast to the United States, British schools require Religious 
Education (RE) in Primary and Secondary schools. Students 
learn a bit of the cultural perspectives of the world’s religions, 

and discuss the impact that religion has upon the relationships 
between nations and individuals. Moral and ethical lessons abound. 
Once in a while, students are asked to examine the impact of science 
on religion and vice versa. Noted British Religious Education teach-
ers such as John Hedley Brooke, Martin Rogers, Adrian Brown, 
Alison Brown, Jean Bews, Claire Clinton, Sue Hookway and John 
Kerr directed and edited this curriculum resource for school edu-
cators. On their Academic Advisory Panel are such luminaries as 
Arthur Peacocke, John Barrow, Russell Stannard, Michael Poole, 
and Keith Ward.

As an American high school science teacher reading this reli-
gious education resource, I was struck by the usefulness of some of 
the lessons on logical thinking, as well as how the similarities and 
differences between religion and science might be useful in a class-
room at our school. But I was further impressed with the possibility 
of using these curriculum resources in church school education, from 
grade one through high school.

This is the description of the Science and Religion in Schools 
Project, taken from the SRSP website <www.srsp.net>:

“The aim of the Science and Religion in Schools Project, the 
first major project of its kind, is to encourage the teaching in schools 
of issues concerning the debate between the claims of science and 
those of the major world religions. We want to stimulate open-
minded discussion and to ensure that students are well informed and 
have a balanced picture of the different views involved.”

Aimed at students aged from 7 to 11 (a separate guide and 
CD are available for Secondary School students aged 11 to 19) the 
materials are differentiated and offer a range of teaching and learn-
ing styles. A very wide range of materials is provided for teachers and 
students. These materials include background information since 
there are few teachers, either of Religious Education or of Science, 
who can claim to be equally well informed about both subjects and 
would therefore be able to cover these topics with complete confi-
dence.

The materials were written and edited by practicing teachers or 
those with recent experience in the classroom. They were tested in 
schools and rewritten in the light of comments and criticism. Uni-
versity experts reviewed the material for academic accuracy.

For the sake of busy teachers background reading and lesson 
plans are designed for ease of use. It is hoped that more experienced 
teachers will change and develop what they find to suit their own 
students and their own particular teaching styles. The study materi-
als aim to stimulate creative approaches rather than be treated as a 
course which must be rigidly adhered to.

The Guide is designed to give an idea of the scope and quality 
of the materials, which are available on the included CD. It includes 
summaries of each topic, and units within the topics, to give teachers 
a flavor of how that particular topic or unit is treated and to make it 
easier to decide which they wish to study in greater depth.

This project is the work of many people, but it should be seen as 
a first rather than a final edition, as ongoing rather than complete. 
The authors of the project want to rely on those using the material 
to share their opinions of the material and suggestions for future 
improvements.

Here is an overview of some of the topics found in the Pri-
mary and Secondary “Science and Religion in Schools” curriculum 
resource. Both the Primary and Secondary guide are organized by 
topics in philosophy and science, taught to children as young as age 
seven and as old as age nineteen. Each Unit starts with a one para-
graph summary and contains a set of guiding key questions. Lesson 
plans, differentiated student activity materials, and AV materials 
including animations are available on the accompanying CD. Inter-
net resources and a list of needed lab materials are provided, along 
with suggestions for further reading, both for the student and the 
teacher.

Space does not permit listing all key questions, but I think 
SciTech† readers can best see the benefit of the SRSP material by list-
ing the contents of each guide.

PRIMARY SCHOOL GUIDE (Ages 7–11)

Unit 1: OUR WORLD. How can we find out about 
the world around us? Are there some things we 
cannot know?

Unit 2: DOES SCIENCE TELL THE TRUTH? Is 
science always right? You believe it but can you prove 
it? Should animal lives be used to improve or save 
human lives?

Unit 3: ARE WE NOTHING BUT THE PARTS? 
Are human beings just the chemicals they are made 
out of? Is a computer conscious of the things that it is 
doing?

Unit 4: MANY MAPS, SAME PLACE. If knowl-
edge is on the peak of a mountain, how many paths 
are there up the mountain? Are you a logical thinker?

Unit 5: SPACE AND TIME. Does time have a start 

and a finish? If you could go back in time, what would you change? Is 
heaven a real place? What does the universe look like from outside?

Unit 6: MICROSCOPES AND TELESCOPES. Can I think that 
a rainbow is beautiful even when I know that it is light shining 
through raindrops? If an animal is very different from us, does that 
make it less important? Is there anything that cannot be measured?

Unit 7: PYTHAGORAS AND THE WORLD OF NUMBERS. 
Were numbers discovered or invented? Can things be perfect for a 
short while? Is there an unchanging world behind the world of our 
senses?

Unit 8: EARTHWORMS AND DARWIN. What is the Gold-
ilocks effect? Were there fossils in the Garden of Eden? Why did 
Charles Darwin say that earthworms have played the most impor-
tant part in the history of the world?

Unit 9 ARE YOU AN ALIEN? Should other planets be changed so 
humans can inhabit them? How did the Buddha learn about inter-
connectedness? Can science teach us all there is to know?

SECONDARY SCHOOL GUIDE (Ages 11–19)

This guide is longer and more complex than the primary school unit, 
of course, but it has a very similar organizing principle. Students start 
by learning how we make sense of the world, then how we find out 
about the world. Students examine historical perspectives on scien-
tific and religious thought. A quite large section deals with questions 
of Cosmology, Creation, and Evolution. Finally, how do we know 
that our beliefs are right? Students are asked to apply what they have 
learned about careful thinking to ethical issues of interest to science 
and religion, questioning whether technological applications of sci-
ence are always good.

The Secondary Guide is divided into two 
phases, for those students age 11 to 14 and for those 
who are age 14 to 19, the older students examining 
more problematic religious and scientific issues.

Unit 1: How does science make sense of the world? 
How does religion make sense of the world? This 
unit examines science and religion from a number 
of religious traditions: Buddhist, Christian, Hindu, 
Islamic, Jewish, and Sikh.

Unit 2: What is an explanation? What is real? 
Can you make sense of the world via a reductionist 
approach? Scientism and materialism. Do science 
and religion speak such different languages that 
they will never be able to understand each other?

Unit 3: A thorough recounting of many historical 
perspectives on science and faith, from the Egyp-
tians and Greeks to the Golden Age of Islam, 
Christianity, Mechanism, and Darwinism. The 
unit ends with an interesting comparison between 

religious and scientific fundamentalists.

Unit 4: What can science tell us about how the universe began? Is 
science in conflict with religion about how the universe started? 
What can religions tell us about the beginning? Does it matter if the 
Genesis narrative is read in a literal or a literary way?

Unit 5: Religious and Scientific Issues

THE ENVIRONMENT

(Ages 11–14) What do various religions say about how we should 
treat the environment? What are the problems facing the environ-
ment? What is the future of our world?

(Ages 15–19) To what extent are environmental problems attribut-
able to human actions? In what ways should human behavior change 
in response to the Earth’s environmental problems?

GENETICS AND MEDICINE

(Age 11–14) What does it mean to “play God”? What genetic modi-
fication do you think is acceptable, and what is unacceptable? Do 
scientists believe they will ever conquer death? Do people’s religious 
beliefs affect their views of how medical technology should be used?

(Age 15–19) When does an embryo become a human being? Who is 
to say what a “perfect” human being is? To what lengths should we 
go to eradicate genetic disorders?

ANIMAL RIGHTS

(Age 11–14) Do animals have rights? How should we treat animals? 
Do humans have a special position in creation? What responsibility 
do humans have?

(Age 15–19) Do animals experience the same kinds of feelings that 
we do? Should those opposed to animal research also refuse to accept 
any medical treatment that arises from experiments on primates? 
What arguments support vegetarianism from a Christian perspec-
tive?

TERRAFORMING

(Age 11–14 only) What is terraforming? If it becomes scientifically 
possible to make another planet suitable for humans should we do 
so? How alive does something need to be to have rights?

The Resource Guide and CD for the Science and Religion in 
Schools Project could easily be adapted to church school settings in 
the United States. In fact, my recommendation is that church school 
educators should meet with middle and high school age church 
members to develop a calendar for an 8 to 12 week starter course. 
Students who have input into lessons that they perceive to be inter-
esting and important will feel more empowered to learn and explore.

I have not used these materials in church school settings, but I 
hope this review helps readers learn about these excellent and inex-
pensive resources. They will enrich the lives of young people and 
help them see how relevant their faith is to their daily lives.

The Science and Religion in Schools Project
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such understanding to modern or even 
postmodern times.

We might ask if it is really necessary 
in reading the Bible to recognize myth and 
metaphor. Does it really matter whether 
dedicated Christians learn to distinguish 
between the literal and the mythic? Marcus 
Borg in his book The Heart of Christianity 
explores in great detail the use of metaphor 
in the Bible. He emphasizes that historical 
context and metaphorical meaning are cen-
tral to the understanding of the scriptures. 
He challenges readers to take the stories any 
way you want (literally or metaphorically), 
but always be prepared to tell what the story 
means.

In a recent book, John Shelby Spong, 
The Sins of Scripture, provides several exam-
ples in which a literal interpretation of the 
Bible has led to sin. An example of particu-
lar relevance today is the notion of the theis-
tic god who controls nature. This particular 
view has taken away from humans the sense 
of responsibility for Earth at a time when, 
more than ever before, we need to organize 
to restore creation. The meaning attached 
to biblical and other myths obviously pos-
sesses considerable cultural significance. 
The attitude that “God will do what he 
wants to do, so what happens on Earth is no 
concern of mine” is frequently expressed or 
at least implied. That is not what we need to 
hear today.

It is completely unnecessary to observe 
that there are many other conflicts today 
within (as well as beyond) the church 
(the local congregation, the Presbyterian 
Church, and the Church as the Body of 
Christ) because of the differing 
degrees in which myth and meta-
phor are accepted as providing 
meaning. Therefore the question 
of what is taught as science in 
schools goes much further than 
just teaching good science. The 
meaning attached to biblical 
stories colors our whole society and 
how it affects people.

If we are convinced that one 
of the basic causes of conflict in 
the church today is the different 
ways that people read and react to 
the Bible, the important question 

is what should we do, those of us who read 
the scriptures in terms of context and mean-
ing, as opposed to strict literalism? This is a 
complex question. There is an educational 
component to it and an emotional factor as 
well.

From the educational perspective, 
we might call upon the model of cogni-
tive development provided by Jean Piaget, 
the Swiss biologist who identified stages 
of cognitive development from birth to 
adulthood. Piaget observed that as children 
approach adulthood, they typically enter 
a concrete stage of development, and nor-
mally progress from that to a more formal 
stage. In the concrete stage, words mean 
what they say. For example, arithmetic 
operations may be performed well, but the 
more formal operations of algebra may not 
be comprehended. As children mature in 
due course they should learn to apply the 
formality of algebra. In a similar manner, 
stories such as that of Jonah, to select only 
one example, are understood literally by 
the very young, as they have no other basis 
upon which to evaluate the story. Eventually 
adults may come to see that Jonah is a bril-
liantly told story developed in the postexilic 
period to warn the Hebrews against turning 
inward. However without proper education, 
children may never make that distinction, 
even as they discover that Santa Claus and 
the Easter Bunny are not real. At the same 
time, we might ask, “Whatever happened to 
poetry?”

It has been reported that many people 
do not develop the ability to understand 
formal mathematics even by the time they 
graduate from high school, but they can still 

develop that understanding later. It would 
seem to follow that it’s never too late in life 
to learn to identify metaphor, to discover 
meaning from myth.

There is also an emotional factor. Some 
years ago, during one of those many situa-
tions in which the courts were called upon 
to settle the issue of what description of 
the creation event should be taught in the 
public schools, a news broadcast reported 
that a concerned parent testified that he 
had an emotional need to have creationism 
taught in the schools. Recently, following 
a discussion of these same issues, a student 
told an instructor that she could never 
accept the Big Bang/Evolution description 
of creation because “It would disappoint my 
parents and cause them to worry about me.”

A response to similar situations could 
be something like the following. If you do 
have an emotional need to believe in cer-
tain dogma or teaching, especially those 
in which your emotions run contrary to 
evidence, you should:

•	 Recognize that such an emotional 
state exists.

•	 Identify how that need was 
developed. Be aware that many people are 
very skilled at developing such emotional 
needs in their followers and that you may 
have been influenced by such a person.

•	 Realize that your emotional needs 
do not comprise an obligation upon the 
rest of us. (More crudely: “Don’t lay your 
emotional baggage on me. Accept the 
evidence, wherever such exists, which 
contradicts those things which you need to 
believe.”)

So the question becomes, what can we 
do to encourage the acceptance 
of myth and metaphor as com-
munication techniques employed 
in scripture? Perhaps some expe-
riences from science education 
based upon Piaget theory can 
become useful. It is understood 
that students grow (transition 
from one state of cognitive devel-
opment to a higher one) when 
they are presented with a fact or 
concept which is beyond their cur-
rent state of development. It is the 
effort exerted by that student

“Meaning” continues on page 9 >>>
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its limitations even as it strives to do well 
what it does best.

My reference to limits may sound like 
a veiled attack on science, but this would 
be to misunderstand my perspective on 
the matter. I only mean to point out what 
philosophers of science have been saying 
for the past eighty years: that science is a 
human endeavor and as such participates 
fully in the ambiguities and limitations of 
human rationality. Science does not live in 
the realm of pure, disembodied objectivity. 
It never has, and it never will. This is not 
to denigrate science but to make its hard-
won achievements all the more precious. 
My concern is not with science, but with 
scientism—the belief that science is the only 
way to knowledge and truth. Our culture 
needs to do a much better job of acknowl-
edging and understanding the limits of 
science so that it can see more clearly the 
limit-questions posed by science.

In fact, such questions are a good place 
to start the conversation with religion. Why 
is the universe orderly and intelligible? 
Why are our brains capable of plumbing 
the depths of this order? Why, if tendencies 

to behave in particular ways are passed on 
genetically from generation to generation, 
do people persist in being self-negatingly 
kind to others who are not their kin? Why 
is there something rather than nothing 
at all? How did this something get here? 
Where is it going? Questions like these call 
for scientific answers, but religious ones as 
well.

The real issue is whether such answers 
must necessarily conflict with one another. 
One of the most tempting strategies for 
preserving traditional religious answers 
in the face of modern science has been, at 
least in the West, to tie them to gaps in the 
present state of scientific knowledge. The 
problem with this approach, though, is that 
when science closes these gaps, religion is 
either forced to pit itself against science as 

it continues to insist upon its own point of 
view or to cede a bit of its turf to science. 
The “God of the gaps” approach is a losing 
strategy, a blind alley. The real challenge for 
and promise of religion in a scientific age is 
instead to learn to engage science construc-
tively rather than defensively.

What might this look like?
First and foremost, it will require reli-

gions to look inward and learn again how 
to engage their sacred texts in nonliteral 
ways. Religious communities of all persua-
sions need desperately to learn again how to 
wrestle with their founding texts precisely 
as theological texts. Jews, in my experience, 
are quite good at this, which comes as no 
surprise given that “Israel” means “one who 
wrestles with God.” Christians, on the other 
hand, tend to be much less skillful at this, in 
part because they too often confuse “faith” 
with “certainty,” i.e., with the absence of 
doubt. And one of the meanings of “Islam” 
is “surrender,” which can undermine a 
questioning stance (though it must also be 
noted that the thoroughly hermeneutical art 
of Koranic jurisprudence occupies a central 
place within the history of Islam).

Belief, it seems to me, is all about 
doubt, or rather, about knowledge inter-
twined with doubt. Religion calls this 
“faith.” Science calls it “commitment to a 
hypothesis.” In both cases, there is a neces-
sarily fiduciary aspect to making claims 
about the world. Religious believers in 
various traditions need to find new ways of 
naming the unfaithfulness of a narrow fixa-
tion on the literal meaning of the text. This 
will involve developing new theological 
justifications for attempting to understand 
and engage the literary character of religious 
texts as well as the interpretive character of 
science, and then learning to see how these 
different realms can constrain and inform 
one another. 

Engaging science constructively will 
also mean that nonscientists must not shy 

away from calling scientists to account 
whenever they seek to wrap the mantle 
of science around metaphysical or moral 
pronouncements—whenever they claim, 
for example, that science leads inevitably 
to a reductionistic or atheistic worldview. 
On the other hand, it will mean making 
common cause with scientists like E.O. 
Wilson, who several year ago issued a plea 
to religious believers to work with scientists 
to undo the ecological havoc we are wreak-
ing on this planet. Finally, it will mean 
listening, like the Dalai Lama has done, to 
neuro- and cognitive scientists about how 
the brain works and how this growing area 
of knowledge can deepen our understanding 
of human consciousness and desire.

The conflict view of religion and 
science is built on false premises, false 
generalizations about the nature of each 
realm. Separation aims for a kind of peace-
ful co-existence between the two, but it does 
nothing to counter the falsehoods that lie 
at the root of the problem. On the other 
hand, if we can begin to correct our mis-
understandings of religion and science, we 
may be surprised at how much overlap exists 
between these two aspects of human life, 
both in their concerns and in their methods. 
Dawkins is not entirely wrong to rely on 
humor, for it is undeniably an important 
part of being human. But humor alone will 
not suffice to describe the complex relation-
ship that has emerged between religion 
and science over the past half millennium. 
A more careful and considered analysis of 
their relationship can lead us past the altar 
of unthinking consent, to a deeper under-
standing of ourselves and the world around 
us.

Kirk Wegter-McNelly is Assis-

tant Professor of Theology at 

Boston University, where he 

teaches and writes about the 

reconstruction of theological 

ideas and methods in light of contemporary 

science. He is presently rediscovering the world 

with the help of his four-year-old son, Keller, 

who asked recently, “Daddy, what’s the last 

number?” This article originated as an address 

delivered on October 28, 2008, as part of the 

29th Annual “Seven Sisters Alumnae Seminar” 

in Stamford, Connecticut.

Belief is all about doubt, or rather, about 
k n owle d ge  i nte r t w i n e d  w it h  d o u b t . 
Religion calls this “faith.” Science calls it 
“commitment to a hypothesis.”
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widely understood—was somehow altered 
by the telescope itself.

Finally, and perhaps most significantly, 
the church was still reeling from the Refor-
mation. Central to the reformers’ concerns 
was the matter of scriptural interpretation: 
who has the authority to interpret the Bible? 
Galileo claimed this authority for himself 

and found himself squarely in the middle 
of a much larger conflict (see Annibale 
Fantoli, Galileo: For Copernicanism and for 
the Church). He did not help matters any by 
putting the pope’s words into the mouth of 
one of the Dialogues’ characters he named 
“Simplicio”—the Simpleton. In light of 
recent scholarship, the idea that the Galileo 
affair somehow proves that religion is and 
always was anti-science simply doesn’t stand 
up. The story is far more ambiguous and 
interesting than a simple science vs. religion 
picture allows.

In fact, the conflict thesis didn’t 
really blossom until the second half of the 
nineteenth century, after the publication 
of Darwin’s The Origin of Species. This 
period saw, for example, the publication of 
influential books with titles like History of 
the Conflict between Religion and Science 
(John William Draper, 1874) and A His-
tory of the Warfare of Science with Theology 
in Christendom (Andrew Dickson White, 
1896). And Christian fundamentalism did 
not really coalesce as a movement until the 
early twentieth century (witness the Scopes 
trial of 1925). Many of the first theological 
responses to Darwin were quite apprecia-
tive. This was true, for instance, of Calvin-
ists who had regarded Lamarck’s theory 

with suspicion for its support of the view 
that humans can control their own destiny 
by passing on acquired traits. The Darwin-
ian picture of random variation seemed 
more compatible with a world in which 
God is in control and we are not. In brief, 
the conflict thesis is a recent development, 
relative to the rise of modern science, and 
one that belies a richer, more complex set 
of historical interactions (see John Hedley 
Brooke, Science and Religion: Some Histori-
cal Perspectives).

There is an easy but ultimately unsat-
isfactory way of resolving the conflict that 
has emerged over the past century. It is 
often called the “separation” or “indepen-
dence” view (for the most well known way 
of mapping out the variety of views, see 
Ian Barbour, Religion and Science). Galileo 
advanced a separationist view when he 
quoted one of the Catholic Church’s own 
historians, Cardinal Baronius, who said 
that “The intention of the Holy Ghost is 
to teach us how to go to heaven, not how 
the heavens go.” The German philosopher 
Immanuel Kant later endorsed this view 
when he linked religion, on the one hand, 
to an inner sense of right and wrong and 
science, on the other, to our attempt to 
know the world around us. In our own 
time, Harvard biologist Steven J. Gould 
advocated a principle of separation he called 
NOMA (Non-Overlapping Magisterial 
Authorities).

As every parent knows, if two siblings 
aren’t getting along, separating them is 
sometimes the only solution. While this 
may be good parenting, it is a poor way to 
solve the present troubles between science 
and religion. Admittedly, the idea of isolat-
ing these two realms from one another is 
motivated by a desire to preserve the integ-
rity and authority of each: religion gets to be 
about trust, spirit, and value, while science 
gets to be about reason, matter, and fact.

The problem with this dichotomous 
picture is that it is clearly inadequate on 
both counts. Religious thinkers and com-
munities invariably need to reason out the 
claims of their own traditions, just as scien-
tific thinkers and communities invariably 
need to trust one another and the broader 
scientific community as they pursue their 
own research. Religious thinkers and com-

munities are part of the material world, just 
as much as scientific thinkers and commu-
nities depend upon the human spirit and its 
thirst for knowledge. And religious thinkers 
and communities must rely on particular 
facts about the world as they try to live out 
their values, just as much as scientific think-
ers and communities must rely on particular 
values as they try to broaden the realm of 
scientific knowledge. False generalizations 
lead to false dichotomies. This in turn leads 
to a false sense of the need for and possibil-
ity of compartmentalization. The separa-
tion of science and religion is not the answer 
to their conflict, any more than conflict is 
essential to their relationship.

Alternative to Conflict
So what might constitute an alternative 

to conflict and separation? Let me begin 
with a definition of religion. Religion, I take 
it, is a set of beliefs and practices that pro-
vides and supports the broadest and most 
basic frameworks of meaning by which we 
live our lives. This is why religion-bashing 
events like the one Dawkins presided over 
so often look and feel like that which they 
purport to reject. Revivals, whether reli-
gious or scientific, aim to win our consent 
to an overarching worldview by providing 
and supporting particular frameworks of 
meaning, and they do so by engaging the 
whole person—not just the intellect, but 
the emotions; not just the emotions, but the 
whole body.

Given this, it is naïve to suppose that 
religion will fade away in the face of scien-
tific advance. Religion is evolving, no doubt, 
but it is not disappearing. Just ask sociolo-
gists. The central prediction coming out of 
the sociology of religion during the 1960s 
and 1970s was that the ever increasing mod-
ernization of the world had sent religion 
into irreversible decline. But religion hasn’t 
gone away. In fact, the world—especially the 
global South—has become not less but more 
religious in recent decades.

Why? In part, because for all that sci-
ence does provide, it cannot provide or sup-
port basic frameworks of meaning. Science 
and religion work with distinct sets of tools. 
Each has its own limited realm of compe-
tency, and each needs ever to be mindful of
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in trying to accommodate this new concept 
into his or her present state of understand-
ing that produces growth. The Christian 
educators among us can be encouraged to 
develop examples for all to use in our con-
gregations wherein meaning is given prece-
dence over literalism. [See the helpful article 
by Margaret Campbell Trautman in The 
Presbyterian Outlook, 90.12 (2008).] Cur-
riculum should be developed with this in 
mind. Unfortunately, we can expect many 
emotional barriers to this kind of teaching.

The same general considerations apply 
to the understanding of myth and meta-
phor. Educational materials for adults as 
well as children should avoid the certainty 
of fundamentalism. Curriculum should 
reflect the freedom of myth and metaphor 
for the expression of meaning which cannot 
be tied down, but which sets us free to 
explore the whole realm of significance.

Will this ever happen? Probably not 
without some major cultural changes. The 
simplicity of fundamentalism and the power 
of emotion are too strong.In the meantime, 

those of us who understand the problem 
will have to continue as we have been, citing 
evidence, suggesting alternatives to funda-
mentalism, and out-loving and out-tolerat-
ing those who are locked into the literal.

While we don’t want to poke holes at 
anyone, none of this is written in gold, even 
if much of it is not a pretty sight for the ears. 
There are bigger dogs to fry, and we don’t 
want to open another bucket of worms, 
but we still must take the ball by the horns 
and run with it, even though it may require 
burning the midnight oil at both ends.

By Katherine P. Henrikson, Ph.D.
PASTCF Board Member

A friend of mine has chronic myelogenous leukemia (CML). 
Her treatment is one pill a day, every day. The pills provide 
her with a miracle cure. With them she does not have leu-

kemia. If she stops taking them, the leukemia will return. Each pill 
costs $110. Over $40,000 per year is required to buy the pills that 
keep her alive. Fortunately her medical insurance includes drug cov-
erage.

Why do drugs cost so much? In this case, the answer is clear. 
CML is a fairly rare disease; there are perhaps 10,000 cases of it each 
year in this country. There is no mass market for the drug. It is made 
by only one company. There is no 
other treatment. In this monopoly 
situation, the company can and does 
charge what the market will bear. 
The Novartis Company’s income 
last year for this drug was $2.5 bil-
lion. The drug will become cheaper 
only if, after the patent expires, 
another company decides to manu-
facture it.

Drug companies’ income 
from prescription drugs and other 
sources must cover corporate 
expenses: research, marketing and advertising, set-asides for major 
lawsuits, executive salaries, and all the other costs of doing business. 
It’s possible to look at a company’s annual reports (all now conve-
niently published online) to get an idea of each of these expenses. 
But, before we look at what the annual reports say, we should trace 
the development of a drug to get an idea of the process and why it is 
so expensive.

Drug Development and Discovery
Most people learned in high school biology about the discovery 

Why Do Drugs Cost So Much?
of the first antibiotic by Alexander Fleming in London in the early 
1940s. Dr. Fleming found one of his bacterial cultures contaminated 
by a fungus. When he looked closely, he could see a circular colony of 
the fungus with a clear ring around it where the bacteria were killed. 
He concluded that the fungus elaborated a substance that killed the 
bacteria. So, after much work, penicillin was isolated, purified, and 
used to treat people with bacterial infections (Science, 317, 1037, 24 
August 2007).

A search for an antibiotic typically began in a farmyard where 
there are many micro-organisms, mostly unidentified, living in 
the soil. Scientists would take hundreds of soil samples back to the 
laboratory. In the lab each soil sample would be divided into perhaps 
as many as 20 different samples to be grown in different conditions. 

Some would grow up colonies of 
bacteria or fungi, others would not.

The best conditions for growing 
each sample would be determined 
so large quantities could be grown. 
Then would begin the first step of 
the discovery process. Could the 
organism affect the growth of other, 
disease causing organisms? Did it 
excrete a small molecule that could 
poison other microbes?

Few of the original soil samples 
would have any potential antibiot-

ics. If 1,000 soil samples were taken from the farmyard and were the 
source of 20,000 initial cultures, perhaps only 100, 0.5%, might have 
some antibiotic activity. Almost certainly, some of the 100 would 
turn out to be duplicates. After elimination of the duplicates, there 
might be 5-10 cultures to work with. Characterization of the anti-
biotic involves isolating and purifying it from the cultures and then 
determining its molecular structure.

In recent times, drug discovery has started with naturally occur-
ring molecules from a variety of sources. A recent report on

“Drugs” continue on page 10 >>>
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By Kirk Wegter-McNelly, Ph.D.
PASTCF Member

S everal years ago I attended a revival 
meeting. The preacher’s rous-
ing sermon whipped the audience 

into an emotional frenzy. His understated 
and well placed jabs at unbelievers—the 
preacher was British and knew how to turn 
a phrase—were met with whoops and hol-
lers by the boisterous American crowd. At 
the end of the evening, after several heart-
felt testimonials, a number of people made 
their way down to the altar to receive the 
preacher’s blessing.

What made this revival so unusual was 
not the preacher’s use of PowerPoint or even 
the fact that it took place on the campus 
of the University of California at Berkeley, 
but rather that it was sponsored by a group 
called SANE, “Students Advocating a Non-
religious Ethos,” and that the preacher was 
the famed apostle of evolutionary atheism, 
Richard Dawkins. The thoroughly religious 
ethos of this event was lost on most of the 
previously converted who came that night, 
but for a skeptic like myself it was both 
amusing and unmistakable.

Dawkins’ strategy was, cleverly, to 
make fun of religion. He deftly substituted 
humor and rhetorical punch for serious 
analysis, knowing that people would go 
along with him just because his lampooning 
performance was so enjoyable (and reas-
suring to those in doubt). Fundamentalist 
evangelists, it should be noted, often use 
the same strategy to dismiss the claims of 
other religions. While I did not respond 
to the altar call that night, I was struck by 
how well Nietzsche’s image of the “herd” 
described what I witnessed, despite repeated 
invocations of a skeptical mindset. Yes, 
there is religious fundamentalism. But there 
is scientific fundamentalism, too.

Religious and scientific fundamental-
ists are united in their view that religion and 
science are locked in mortal combat, that 

they have been vying for humanity’s ulti-
mate allegiance since the birth of modern 
science—an idea commonly referred to 
as the “conflict” thesis. These two funda-
mentalisms disagree about who is right and 
wrong, but in another sense they are oppo-
site sides of the same coin. Both presume 
that the only right way to read the Bible is 
literally.

As epistemological perspectives, they 
are regrettably narrow and wooden: narrow 
because they are unwilling to allow that 
texts can express truths nonliterally (even 
intentionally so!), and wooden because they 
are unwilling to entertain the possibility 
that truth is a many-layered thing with 
aspects that lie beyond the reach of any 
particular competency. Debates between 
religious and scientific fundamentalists 
are often what pass for “religion and sci-
ence” in today’s popular media, and they 
make for good headlines. But they also do 

a disservice to both religion and science 
because fundamentalism in whatever guise 
cuts short the human quest for understand-
ing by presuming certainty, when in fact all 
human knowledge, including scientific and 
religious knowledge, is fallible.

Three distinct issues relevant to the 
conflict thesis are worth pondering: first, 
the recent vintage of this thesis; second, the 
impossibility of avoiding conflict by isolat-
ing religion and science from one another; 
and third, the possibility and even perhaps 
desirability of constructive engagement 
between the two. All three of these issues, 
especially the last, will require a significant 
shift in the way our culture understands the 
nature of religion and the nature of science.

Conflict thesis emerged recently
Galileo is commonly lifted up as a 

poster child for the conflict thesis. “See?” 
say the detractors, “From the very beginning 
the church opposed scientific advance!” 
But there are some obvious problems with 
this example, not least of which is that the 
church was actually quite supportive of sci-
entific inquiry prior to and during Galileo’s 
time. Many cathedrals in Italy, for example, 
functioned as solar observatories through-
out the Middle Ages and into the Renais-
sance. Scientists in the church’s employ 
used these observatories to track with great 
precision the motions of the sun for the sake 
of determining the exact date upon which 
Easter should be observed (see Robert Heil-
bron, The Sun in the Church).

Additionally, the church’s objections to 
the Copernican view advocated by Galileo 
were not primarily religious but scientific: 
the earth’s motion could not be felt directly; 
Copernicus’s system was, at the time, no 
better at predicting the motions of the 
planets than was Ptolemy’s; and the church’s 
scientists were suspicious that what Galileo 
saw in his telescope—a new instrument 
whose principles were not yet

“Conflict” continues on page 4 >>>

Is Conflict the Only Way?
Fights of Religious and Scientific Fundamentalists Often  

Pass for “the religion-and-science debate”

© Aditya Mopur, flickr.com. Used by permission.
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the genetics of Drosophila melanogaster, the 
common fruit fly, includes an observation 
that the fly makes a previously unknown 
anti-fungal substance (Science, 318 803, 
2007). Other classes of drugs—anti-cancer, 
cholesterol-lowering, blood pressure-regu-
lating—may originate from plant, animal, 
or insect sources. When the chemical 
structure of any drug is determined, many 
similar molecules may be synthesized in the 
laboratory and screened for activity.

Of course, when a candidate antibiotic 
is discovered there is great excitement in 
the laboratory. But most candidates get 
eliminated from further study after a few 
screening tests. To be a commercial success, 
the antibiotic must kill the microbe without 
damaging the patient. First, in culture (test 
tube experiments) the types of pathologi-
cal organisms that the antibiotic can kill 
are identified. The next step, determining 
whether the antibiotic also kills animal cells 
in culture, eliminates a large percentage 
of the candidates. Healthy animals, such 
as mice, rats, rabbits, and guinea pigs are 
injected and watched to see if the antibiotic 
will harm them. If the animals appear unaf-
fected, then many organ studies are done: 
does the antibiotic affect the heart, kidneys, 
liver, or brain? Answering these preliminary 
questions can take a long time; five to ten 
years is typical.

Any material that passes these tests and 
kills harmful organisms without harming 
the animal host can then go in to Phase I 
clinical testing, where it is injected into a 
small number of people to see whether it 
causes any adverse effects. If Phase I trials 
are successful, Phase II trials follow. A 

somewhat larger number of people who are 
ill are given the drug to determine what an 
effective dose of the antibiotic might be. 
Phase III follows with a large number of 
people. This is where the effectiveness and 
safety of the drug are evaluated.

Clearly, this is a very expensive, time 
consuming process. All new drugs go 
through these stages (except perhaps for 
being found in barnyard soil). It is not 
unusual for only 10% of candidates to pass 
each step. So there may be literally thou-
sands of candidate drugs for each one that 
comes on the market. Drug development 
can take 15 years and cost hundreds of 
millions of dollars. Clinical trials alone cost 
tens of millions. When Phase III trials are 
complete, all the data must be submitted 
to the US Food and Drug Administration 
(FDA), which must license the sale of the 
drug in this country. The FDA specifies 
approved uses of the drug, though doctors 
may prescribe it for other, possibly experi-
mental, uses if they believe it will be effec-
tive.

The staff involved in drug research is 
large. For each of the doctoral-level scien-
tists who organize, direct, and carry out 
the experiments, there will be 10-15 other 
people who do experiments, maintain 
bacterial cultures, breed and raise animals, 
operate specialized lab equipment, and keep 
track of all the data.

From Drug Company Annual Reports
Clearly, drug research is very expensive. 

The major pharmaceutical companies spend 
about 20% of their net income on research. 
But what about marketing? What about all 
the advertising we see on TV? How much 

do they spend on that? 
If they quit advertis-
ing, would it make any 
difference to the cost of 
drugs?

Pharmaceuti-
cal companies are 
huge multinational 
businesses with gross 
incomes of billions of 
dollars and payrolls 
in excess of 100,000 
people. The four larg-
est, by gross income, 

are Pfizer (an American company), Glaxo-
SmithKline (English), Bayer (German), 
and Novartis (Swiss). All have their annual 
reports posted on their websites, with com-
plete financial data, including quite a bit of 
information about the costs of manufactur-
ing, research and development, and sales. 
This discussion will be limited to American 
companies.

It’s important to remember that these 
companies have two equally important 
goals: to provide the public with pharma-
ceuticals and to provide their shareholders 
with a profit. Each company is intent on 
providing the maximum return on invest-
ment. They have to follow this goal; if they 
don’t, investors will transfer their support 
to other companies. As companies have 
grown bigger and more international, 
and as government regulation relaxes, the 
competitive environment has become very 
intense. All of a company’s activities, even 
image-building charitable donations, must 
be directed towards maximizing profits. 
(Supercapitalism: The Transformation of 
Business, Democracy, and Everyday Life, 
Robert Reich, Knopf, 2007). And pharma-
ceutical companies are very profitable. One 
annual report states shareholders’ return on 
investment as 22%.

Six of the eleven largest pharmaceuti-
cal companies are American. Their gross 
annual income from sales ranges from $48 
billion for Pfizer to nearly $16 billion for 
Eli Lilly. Their net income, the gross less 
the cost of the products sold, ranges from 
almost $41 billion for Pfizer to $12 billion 
for Eli Lilly. Net income, as a percentage of 
gross income, ranges from 84% for Pfizer 
to 56% for Abbott Laboratories. All the 
non-manufacturing expenses of running 
the company (research, salaries, building 
and property maintenance, administration, 
sales, and advertising) are paid from net 
income. Whatever is left is profit.

All the annual reports list the compa-
nies’ expenses for Research and Develop-
ment. They typically spend 19%-26% of 
net income on research. The exception is 
Abbott Laboratories, which spent 35% of 
net income on R&D in 2006.

How do the R&D expenses compare 
with advertising expenses? Only a few

“Drugs” continue on page 11 >>>
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   FROM THE PRESIDENT    by Robert Keefer
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Iowa. Contact him at <rkeefer@iowatelecom.

net>.

A realization is trying to make its way 
into my head: many things that to 
me seem self-evident are to others 

mysterious and suspect. Of course, you tell 
me, you should have learned that a long time 
ago. Sadly, I suffer from preacher’s disease, 
one of the symptoms of which is the opti-
mistic belief that I can make anything clear 
to anyone. Give me time, give you patience, 
and I can show you that what I am trying to 
say is simply self-evident.

When some of my philosophy students 
were discussing Descartes’ epistemology, 
which depends upon the goodness of God, 
they asked why he believed in God in the 
first place. I said that for Descartes the 
existence of God was self-evident. But, they 
wondered, could something be considered 
self-evident unless it was self-evident uni-
versally? “There is a God, and that God 
is good,” we decided, is not self-evident in 
the same sense that “a+b = b+a” and “If 
a=b and b=c, then a=c” are self-evident. 
When the Second Continental Congress 
adopted the Declaration of Independence, 
they stated, “We hold these Truths to be 
self-evident …” They were modest enough to 
affirm that “all Men are created equal” and 
similar declarations were truths self-evident 
to them, but not necessarily self-evident to 
others. They did not write, “These truths 
are self-evident” but, “We hold these truths 
to be self-evident.”

One reality I hold to be self-evident is 
that the Word of God is a rich texture of 
various types of literature, magnificently 
indulging in metaphor and other literary 
devices. And so I declare to the people of 
my congregation, to my students, and to the 
people of my conservative southwest Iowa 
community that I am a biblical literalist. 
By that I mean that I pay attention to the 
literary qualities of the text, qualities which 
seem to me to be self-evident, and take the 
literature on its own terms. Some of them 

get what I mean and agree, others of them 
don’t understand, and many reject what I 
say out-of-hand.

When I told a philosophy student 
that Genesis 1 is obviously a poetic work in 
praise of the Creator, she shook her head. 
I said that it’s structured like poetry, reads 
like poetry, uses poetic conventions—for a 
person allowing the text to be the text, it’s 
obviously (“self-evidently”) poetry, more 
like the Psalms than like the history of the 
Assyrian invasion. Not to her, it wasn’t; it 
was obviously a scientific treatise on how 
the world came into being.

Perhaps the preacher-teacher can still 
persuade her, but not by declarations that 
what I see is self-evident. It would take more 
patience and more background work on the 
nature of biblical literature. My assumption 
that literary forms are self-evident is the 
preacher’s equivalent of the “Blatant Asser-
tion” method of proof that my multivariable 
calculus teacher described: pound your fist 
on the blackboard and shout, “It’s obvious, 
you idiot!”

Here is where I am going with this: it is 
obvious to me that “metaphor” is a sophis-
ticated literary device, useful in both story-

telling and in revelation. I acknowledge the 
importance of metaphor and when I spot a 
metaphor I recognize it and can generally 
grasp its underlying meaning. So the theme 
of this issue of SciTech†—metaphor and 
meaning—is of self-evident significance.

But to many, referring to something as 
“metaphor” is not to recognize its function 
in divine revelation, but is a way of dismiss-
ing it, of politely saying, “It is not true. It 
isn’t real; it’s just a metaphor.” When they 
hear you or me refer to the metaphorical 
power of the virginal conception of Jesus, 
they are not hearing appreciation for a 
convention in the way the truth of God is 
revealed. They are hearing us say, “It didn’t 
really happen; it’s just a metaphor.”

So, what are we to do? If the presence 
and power of metaphor were self-evident, 
then everyone with approximately average 
intelligence would see it. I would like to 
pound my fist on the whiteboard (which 
we have at school) or blackboard (which we 
have at church) and shout, “It’s obvious, you 
idiot!” but I do not believe it would accom-
plish the objective. Some folks, unwilling 
to consider a different way of thinking than 
they have always known, will simply reject 
what we say and one wonders if there is any 
point in pursuing the question with them.

But there are those who can be open 
to a different way of thinking, another 
perception of scripture, a more engaged 
relationship between thought and faith and 
between Christianity and science. They are 
those who may be willing to learn about 
metaphor, how it functions, why it is impor-
tant, and that calling something a metaphor 
is not to dismiss it as untrue, but to describe 
how it functions in the revelation of truth.

It’s Obvious, You Idiot!
Self-Evidently Metaphorical

>>> “Drugs” continued from page 10

annual reports give actual figures for adver-
tising. Bristol-Myers-Squibb spent $1.3 
billion on advertising in 2006, 11% of its 
net income. Wyeth spent $729 million, 5% 
of its net income.

All the companies list a figure for 
Administration, Sales, and General. For 
the few companies that do report advertis-
ing expense, it amounts to 10% to 27% of 
Administration, Sales and General. It is a 
reasonable guess that most companies spend 
in that range for advertising. Advertising 
then is approximately 4% to 10% of net 
income for American companies, compared 
to 19% to 26% spent on R&D.

Of course the figures for advertising are 
approximations. They do say that American 
companies spend about twice as much on 
research and development as they do on 
advertising. This figure also applies to Barr 
Pharmaceuticals, a company that special-
izes in generic drugs (11% for advertising, 
27% for research). Barr does not create new 

drugs. It manufactures drugs after their pat-
ents expire and is a major source of generic 
drugs in this country.

What forms does advertising take? 
We’ve all seen the ads directed to the public 
on TV and in newspapers and magazines. A 
much bigger part of the advertising budget 
goes to the detail people who visit doctors’ 
offices with free samples and monthly (or 
weekly) lunch buffets and sales pitches. The 
companies keep careful track of individual 
doctors’ prescribing habits (they have access 
to a central government registry of all pre-
scriptions filled in the country) and track 
the effectiveness of their detail people. They 
also hire doctors (after expensive training) 
to accompany their detail people and pitch 
specific drugs. (New York Times Magazine, 
25 Nov. 2007).

We read that drugs cost so much less in 
other countries. Most European countries 
and Canada limit drug prices by govern-
ment regulation.

Would drugs be cheaper if advertis-

ing budgets were cut? Can companies cut 
advertising costs? My answers are yes to the 
first question and no to the second. Remem-
ber that everything the companies do must 
maximize their profits. Advertising is effec-
tive in doing that or the companies would 
not advertise. No individual company could 
reduce its advertising budget because that 
would allow the other companies to have 
a competitive advantage. Only if there are 
government regulations to limit advertising 
by all the pharmaceutical companies could 
there be less advertising. I believe that this 
type of regulation, to level the playing field 
for all the competitors, is a legitimate func-
tion of government.

How can one limit the prices paid 
for drugs? Short of a trip to Canada, there 
are a few common sense things that can 
be done. Use generics whenever possible. 
Compare prices at different pharmacies. 
Make sure you really need the drug before 
buying quantities of it. And, most of all, stay 
healthy.

The Science Lesson
By the Reverend Charles R. Jenner

PASTCF Board Member

The four hour experiment at the Laboratory of Applied Physics 
had not gone as expected. It may have been faulty equipment 
(damaged in use) or, most probably, the excess H2O that had 

fallen overnight, changing surface tension and thus distorting the 
trajectory of the spheres both in flight and on the greensward. Oper-
ator error was out of the question!

I walked into the snack bar to get a concoction of chocolate, caf-
feine, whipped cream, and sugar to fortify me on my drive home. It 
was almost closing time. The place was deserted, save for the man-
ager who was trying to close the till. After lacing in extra chocolate, 
she presented me a super drink at a minimal charge. I opened my 
wallet, noted a few bills, then handed her my credit card.

“I know I should pay cash for this small an item, but I need to 
save the bills for the self-service gas station.”

“I hear ya,” she replied and processed the card.
While signing the slip I remarked offhandedly, “You know, the 

irony of all this energy fiasco is that, when I was taking geology in 
college, the prof walked into class one day, carrying a flask of liquid. 
‘This is oil,’ he said, ‘Oil from off the Washington State coastline.’”

The manager’s voice cut like a knife. “Watch it Buddy! I’m a 
tree-hugger. I don’t want to see any more cars on the road!”

“Well,” I replied, “Cars aren’t the problem. It’s the gasoline. The 
best fuel we could use in a car is hydrogen. There is so much of it. 

All we have to do is put a couple of electrodes in a bucket of water, 
turn on the juice, and capture the hydrogen molecules as they boil 
off. I saw it done in a high school physics class. You put it into the gas 
tank. Voilà! Clean energy.”

“Hydrogen? Hydrogen! That sounds like a hydrogen bomb. I 
don’t want to have anything to do with hydrogen!” She was really 
upset. I was stunned.

Gamely I replied, “But that is like saying that you don’t want to 
use a microwave oven because it uses atoms, like an atom bomb.” (I 
was just trying to be helpful.)

She stepped back from the counter. A frightened look crossed 
her face. In a low voice she said, “I wish you hadn’t told me.”

My brain said, “Leave—now.”
“Well, looks like it will be dry driving home. See you in a couple 

of days.” I headed for the door.
Her voice caught up with me when I was partway out. “Hey 

Chuck. Thanks for the science lesson!”
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By Darry Carlstone, Ph.D.
PASTCF Board Member

I t is sometimes observed that in science 
one deals with two different worlds: the 
world of nature and the world which we 

invent to describe nature. Experimentation 
or observation provide the connection. If 
our world of explanation does not provide 
descriptions which agree with the obser-
vations of the world of nature, then they 
are to be discarded or properly modified. 
Therefore, one of the functions of science is 
to construct models (ideally on the road to 
providing a broad theory) as an attempt to 
connect fundamental processes with experi-
mental observations. Only the successful 
models survive.

It is much the same in theol-
ogy. The eminent God is the God 
of power, majesty, and mystery. The 
immanent God is the indwelling 
spirit, or the presence of God pervad-
ing all creation, which we experience, 
or at least we believe we experience. 
From that immanent God (and 
perhaps from nature as well) we draw 
conclusions about the eminent God, 
and we make statements and confes-
sions regarding that relationship. 
In reality, of course, we are dealing 
totally with mystery. Our statements 
about God function, much as scien-
tific models or theories, to expand 
our thinking and to encourage us to 
explore more deeply what this experi-
ence means.

Theological models, perhaps better 
known as myth and metaphor (maybe, in 
more scholarly cases, even doctrine) help us 
discern meaning from mystery. It is easy to 
imagine a shepherd in a premodern world, 
dazzled by the night sky, wondering “What 
is the origin of all this?” Magnificent stories 
were created to provide an answer to this 
and to other fundamental questions which 
people could ask about their existence and 
that of their society. Often these stories 
became quite complex, typically dealing 
with superhuman heroes and/or gods. 
Because the stories addressed ultimate 
questions they are of a religious nature. Such 
stories, manifestly fictional but exploring 
truths, are known as myths. Myths have 

also been called false stories which are 
always true.

Unfortunately, today the word myth 
appears to be limited, at least in the popular 
mind, to only one meaning synonymous 
with fallacy. The ideal that a myth can 
provide a story with religious meaning has 
been largely forgotten. On a less grandiose 
level we find the use of metaphor through-
out the Hebrew and Greek Scriptures. 
Perhaps we do not always appreciate that 
our human ancestors possessed curiosity, 
creativity, a sense of dialectic, as well as a 
sense of humor. They made full use of these 
aptitudes to explore a variety of literary 
devices. They were in many cases poets, not 
just in the sense of using rhyming schemes 

and/or meter, but by using words 
to create images which transcended 
the literal.

Unhampered by having to 
conform to quantitative scientific 
models, myth and metaphor became 
essential means of expression. 
Unfortunately, this does not appear 
to be broadly understood by most 
Americans. (Perhaps even more dif-
ficult to understand for most west-
erners is the use of humor in the 
Bible.) As long as we don’t become 
hung up on the literal meanings of 
these stories (“God said it! I believe 
it! That’s it!”), we are free to search 
for meaning in the stories according 
to our understanding of the pre-
modern world and attempt to apply

“Meaning” continues on page 8 >>>

Mystery and Myth, 
Metaphor and Meaning
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