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Education 

Helping nonmajors find out what's so  
interesting about biology  

W hat should college students 
who are not science majors 
learn about biology? At 

our school and many others, it has 
been traditional to provide such stu- 
dents with a survey course in general 
biology, perhaps with an emphasis on 
information that will help them make 
decisions in the future about such 
things as nutrition, health care, and 
environmental issues. This approach 
was simply a variation of the way we 
teach biology to biology majors. We 
offer majors a year-long survey course 
to provide an overview of the disci- 
pline, followed by advanced courses 
that explore more narrowly defined 
topics in greater depth. Although 
there are obviously differences in the 
extent and depth of coverage of ma- 
terial in introductory courses for ma- 
jors and nonmajors, the underlying 
philosophy in each case is that the best 
introduction to biology is a broad, 
though often shallow, sampling of the 
many biological subdisciplines. 

We have become concerned that 
this approach is particularly unsuit- 
able for nonmajors for at least three 
reasons. First, although we will have 
several more opportunities with our 
majors to revisit in depth what they 
have learned in the introductory 
courses, it is unlikely that nonmajors 
will ever take another biology course. 
Thus, they will not have a chance to 
explore any particular topic suffi-
ciently to feel that they have under- 
stood it thoroughly. Second, given 
that survey courses typically present 
an array of currently accepted biolog- 
ical facts in a doctrinaire manner, we 
felt that, however well they learned 
the information during the course, 
because they have no context for or- 
ganizing their knowledge the students 
would not remember much of this 
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information beyond the end of the 
semester. Indeed, our experience with 
the majors convinces us that, by their 
second year, most of them have for- 
gotten large amounts of what we 
thought we had taught them their first 
year. It is unlikely that nonmajors will 
remember any better. Finally, we 
were convinced that a general survey 
of biological facts and information 
does not convey to students a sense of 
why biologists find their subject so 
exciting nor does it provide them an 
understanding of how we try to learn 
about the world of living organisms. 

We have therefore taken a different 
approach with a course we recently 
developed at Pomona College for 
nonmajors, choosing a few important 
topics that we could explore exten- 
sively .and providing a historical and 
social context to help students under- 
stand how these ideas are related to 
their personal interests and concerns. 
We thereby aimed to provide students 
with an appreciation for what science 
is and how it is ~ r a a i c e d  as well as an 
understanding bf how some of the 
most central ideas in biology were 
develo~ed and tested. 

~ e c k s ewe wanted to explore bio- 
logical ideas in serious depth during 
the course of one semester, we chose 
only two-the two ideas that we be- 
lieve provide a unifying framework for 
all of biology: the hereditary mecha- 
nism, which explains why there is con- 
tinuity of appearance and function 
over generations, and the idea of evo- 
lution. which ex~lains how life forms 
have =hanged o&r Earth's history. Be- 
cause these two ideas are logically 
related, they provide an ideal frame- 
work for such a course. We called the 
course "DNA and Evolution." 

Design of the course 

There is no textbook designed for a 
course like this one. Instead. we relied 
on three kinds of readings. First, we 

wanted a general introduction to each 
of these ideas, their history, and their 
implications that was written for an 
intelligent reader who had no special 
science background. We chose Dar-
win for Beginners (Miller and Van 
Loon 1982) and D N A  for Beginners 
(Rosenfeld et al. 1983), which are 
part of a series published by Readers 
and Writers Press. Despite their de- 
ceptive titles, these books present 
rather sophisticated treatments of 
these ideas, yet at the same time are 
highly accessible. Students enjoyed 
their readability and wit, and the car- 
toon-style format provided students 
with memorable (though, regrettably, 
sometimes offensive) visual represen- 
tations of ideas, people, and events. 

Second, we wanted students to un- 
derstand first-hand the process of dis- 
covery. Therefore, we asked them to 
read some original writings. We in- 
cluded chapters from Darwin's Ori-
gin of Species (1859), Mendel's Ex-
periments in Plant Hybridisation 
(1868), the Avery et al. (1944) ac- 
count of transformation, and Watson 
and Crick's (1953a,b) original formu- 
lation of the DNA double helix. 

Finally, we wanted the students to 
read some modern-day commentary 
by practicing scientists on these ideas 
and their implications. Therefore, we 
assigned articles from Scientific 
American (Anderson and Diacuma- 
kos 198 1, Beadle 1948, Crick 1954, 
1966, Mirsky 1968, White and La- 
love1 1988), as well as writings for a 
lay audience by Stephen Jay Gould 
(1976, 1985), Richard Lewontin 
(1982), E. 0. Wilson (1975), Evelyn 
Fox Keller (1983), Lois Wingerson 
(1990) ,  and  Douglas Futuyma 
(1983). 

The class had an unusual format 
for a nonmajors science course. Of 
three one-hour class periods each 
week, two were devoted to lectures 
given by one of us. The third period 
each week was a discussion. We di- 
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vided the 30-person class in half, and 
each of us led one of the discussion 
sections. Students were required to 
come to each of these sessions with a 
question to write on the chalkboard, 
either a question about the reading or 
lecture or a question they derived 
from their own experience or the 
news. These questions formed the ba- 
sis of the discussion. The questions 
were occasionally forced ("What did 
Darwin mean by the term 'sport7 on 
page x?"), but the questions and the 
discussion that ensued inevitablv led 
to lively talk and the asking of kany  
more thoughtful questions. For exam- 
ple, an African American student who 
had a Caucasian ancestor wondered 
about the chances that any of her 
children would be born with blue 
eves. Another student exclaimed one 
day, "You mean I have the same 
genes in all the parts of my body? 
Why do they look so different?" thus 
articulating one of the major ques- 
tions in developmental biology. 

This discussion format offered two 
advantages over a course consisting 
solely of lectures. First, it enabled us to 
monitor students' understanding of 
the material covered in lecture and to 
adiust the Dace and content of the 
le&ures acc;rdingly. Second, and per- 
haps more important, it enabled stu- 
dents to pursue issues of interest to 
them in greater depth than we might 
have chosen to do. For example, a 
discussion of the mechanics of meiosis 
and mitosis became a consideration of 
the consequences for human health of 
unequal segregation of chromosomes 
or unequal crossing over. Letting the 
students determine the direction of 
these discussions created for them a 
personal involvement with the subject 
matter and led to animated and en- 
gaged sessions that often extended be- 
yond the allotted class time. 

This format also allowed us to de- 
emphasize the importance of examina- 
tions in determining students' grades 
in the class. There were four examina- 
tions, with short essay-style questions; 
students were permitted to drop the 
lowest grade of these four. In addition, 
students received a grade for their par- 
ticipation in discussion sections, deter- 
mined by how often their participation 
consisted of mere attendance. the 
bringing of discussion questions to put 
on the board, or engagement in the 
classroom conversations. Finally, we 

provided students with positive incen- 
tives for completing the rather heavy 
reading assignments by giving them a 
few extra-credit points each time they 
turned in a page-long summary of that 
day's assignment. The sum of these 
measures determined a student's 
grade, which was based not on a 
curve, but rather on a fixed scale that 
we published in the syllabus. This way 
students felt encouraged to cooperate 
with their fellows and could gauge 
how much effort they needed to invest 
in the course to earn the grade they 
hoped to receive. 

Lecture topics 
The lectures themselves were struc-
tured in a historical sequence. The 
course began with a section on evolu- 
tion, in which lectures covered the 
history of evolutionary thought be- 
fore Darwin, how Darwin developed 
his ideas, and how the scientific com- 
munity reacted. A discussion of the 
problems with Darwin's theory-the 
absence of a known hereditarv mech- 
anism-led naturally into a discus-
sion of Mendel's experiments and 
theory. This material took four weeks 
to cover. We then undertook a de- 
scription of mitosis and meiosis and a 
discussion of how chromosomes 
came to be identified as carriers of the 
genetic material. We moved on to 
describe during the next four weeks 
ideas about the chemical nature and 
function of genes, from early work to 
modern interpretations. 

Throughout our presentations, we 
made sure to include the contribu- 
tions of novices and women to the 
development of biological ideas. For 
example, we told students how Alfred 
Sturdevant was a 20-year-old under- 
graduate when he devised the method 
of using recombination frequencies to 
order genes on chromosomes. Stu-
dents hveard about geneticist Harriet 
Creighton and Barbara McClintock7s 
studies correlating cytological and ge- 
netical crossing-over and read Evelyn 
Fox Keller's explication of that work 
in her 1983 book A Feeling for the 
Organism. Rosalind Franklin's role in 
the discovery of the structure of DNA 
was explicitly addressed. We also 
talked at some length about the role 
of chance and serendipity in scientific 
discoveries, trying to explode the 
myths that science is only the prov- 

ince of genius and that discovery can 
only come from relentless, single-
minded submersion in the subject. 

Once the chemical nature of DNA 
was understood, we then attempted 
in lecture to make clear the connec- 
tions among all these threads-DNA, 
heredity, and evolution-and to place 
these ideas in a wider political and 
social context. We discussed environ- 
ment's effects on phenotypes and 
some of the ways ideas about human 
heredity have been misused. We cov- 
ered, for example, a brief history of 
the eugenics movement (Allen 1983). 
We discussed sociobiology and the 
controversv surrounding it. We intro- 
duced the debate betwien evolution- 
ists and so-called creation scientists 
by asking students to read chapters 
from Gish (1973), thus clarifying the 
difference between science and reli- 
gion, and giving students some basis 
for sorting out their feelings about 
these issues. We were careful to em- 
phasize that there is no inherent con- 
tradiction between a belief in evolu- 
tion and a belief in a god; students 
were surprised to learn how many 
clergy of different religions are op- 
posed to the teaching of creation sci- 
ence in public schools. Finally, we 
talked about the uses to which the 
new genetic technologies are being 
put: in vitro fertilization, genetic en- 
gineering, and DNA fingerprinting in 
court disputes. In every one of these 
cases, we confronted ethical issues 
head-on and never pretended that sci- 
ence and scientists were or should be 
removed from a social context. 

It was our purpose not to impose a 
particular viewpoint on students but 
to make clear that citizens who are 
concerned about these ethical issues 
need to understand clearly the science 
involved and also that scientists 
should be, indeed most are, sensitive 
to the ethical issues raised by their 
work. Because science is often'taught 
to undergraduates as if it were an 
entirelv self-contained field of in-
quiry, separate from all others, we 
also wanted to emphasize that biol- 
ogy is relevant to, even inseparable 
from, many of the issues that touch 
our students7 lives. 

Results and their implications 
In our judgment and that of our stu- 
dents, this course was a great success. 
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Student evaluations included com-
ments such as these: "I have already 
recommended this class to other stu- 
dents; I hope you teach it again!" "I 
had a good time and learned a lot." 
"It has made me feel that I am not 
scientifically illiterate." 

Students found the discussion sec- 
tions especially valuable, saying that 
they understood the material much 
better after a discussion. One first- 
year student commented that she had 
gotten into a conversation with some 
biology upperclass majors who were 
taking a class in genetics and that they 
were amazed at how much she knew 
about molecular genetics merely from 
taking this course. Students were very 
pleased with the inclusion of social, 
ethical, and political considerations; 
they consistently ranked the material 
on eugenics as the most interesting, 
with creationism and genetic engi- 
neering close seconds. 

We are persuaded that by focusing 
on a few ideas in depth, students have 
an opportunity to develop a sense of 
mastery of the material and confi- 
dence in their ability to understand 
significant biological ideas. Reading 
and understanding original sources 
helps reinforce their confidence and, 
we hope, their willingness to continue 
studying biology on their own. One 
student continues to bring us articles 
she has clipped from newspapers and 
magazines. We also believe that stu- 
dents learn more readily and retain 
much more of what they learn than 
they would have from a broad survey 
course. Last, we think that examining 
these ideas within their social and 
political contexts motivates students 
to understand the biology and appre- 
ciate its relevance to their other con- 
cerns. 

The course as we have constructed 
it provides students with several ex- 
periences that are normally lacking in 
science courses offered to nonma-
jors-the opportunity to read original 
literature, the ability to choose the 
topics for discussion, and consider- 
ation of a historical, political, and 
social context for the biology. We 
think that these are the main ingredi- 
ents in the success of the course. 

We realize that not only are these 
elements typically absent in courses 
for nonmajors, but they are lacking in 
majors courses as well. Every general 
biology or genetics course includes a 

description of Mendel's work, but 
how many require a reading of his 
elegant paper? How often is Darwin 
read in evolution courses? Should we 
not give our majors a better feel for 
the history of our discipline, not only 
a recounting of the successes, but an 
examination of the wrong turns and 
blind alleys as well? 

Our majors are required to take 
many nonscience courses to make 
them better-rounded citizens, but we 
take no cognizance of that in our 
biology courses for them. Although 
we professional biologists recognize 
the complex interplay among biology, 
other sciences. and other disci~lines 
including politics, economics, ethics, 
history, and philosophy, we seldom 
take the time to h e l ~  students make 
connections for themselves between 
what they are learning in their biol- 
ogy classes and what they learn else- 
where, both inside and outside class- 
rooms. It is assumed that these 
connections will happen automati-
cally, but our discussions with gradu- 
ating seniors and our reading of sen- 
ior theses convinces us that students 
typically do not make such connec- 
tions without guidance. 

We understand that time spent on 
these issues is time not spent on biol- 
ogy per se. We, like other biologists, 
are so concerned about simply includ- 
ing in our courses the biology that 
students should know that we are 
little inclined to make room for any- 
thing else. Nevertheless, we believe 
that the increased sense of immediacy 
and relevance students gain from a 
broader view of our subject more 
than compensates for the loss of bio- 
logical detail. 

Finally, it is often the case that not 
until graduate school do biologists 
begin to feel, or to be made, respon- 
sible for their own education. At the 
undergraduate level we, their teach- 
ers, often force-feed the information 
we think is necessary for them to 
succeed in graduate or professional 
schools. We give them little opportu- 
nity or incentive to choose the content 
or direction of courses: at best. we 
allow the braver studenis the chHnce 
to interrupt a lecture to ask a ques- 
tion. 

The price of this policy is to make 
students dependent on us for the 
judgment of what is important or not, 
what is interesting or not; they often 

therefore lack the confidence that 
they can distinguish the important 
from the trivial. We think it would be 
better to give students opportunities 
to exercise their own judgment with 
supportive, but critical, guidance 
from us, through discussions in which 
they choose the topic, grappling with 
original literature in courses or jour- 
nal clubs and designing and executing 
their own experiments in laborato- 
ries. Our colleagues in the humanities 
often permit or encourage students to 
contribute to the selection of course 
content, but such encouragement is 
uncommon in the sciences. Although 
we recognize the valid reasons for 
these differences, we think ways can 
be found to give students more of a 
sense of responsibility for, and invest- 
ment in, what they learn. 

Conclusions 
Our efforts to present biology to non- 
biologists more effectively have led us 
to design a course that explores a few 
topics in depth, emphasizing the con- 
nections between biology or biolo-
gists and the rest of society. The suc- 
cess of this course indicates to us that 
it would be well to consider incorpo- 
rating some of its elements into 
courses designed primarily for biol- 
ogy majors, and we have begun dis- 
cussions toward that end. 
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