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Education

Teaching freshmen to think—does active

in the next century are likely to

rely little on the factual infor-
mation conveyed by their teachers.
They will rely heavily on problem-
solving skills, collaborative work
skills, and an enthusiasm for the rap-
idly changing challenges in cheir
fields. A key recommendation of the
teport by the National Institute of
Education (1984) on improving
higher education was that faculty
should design courses that enable stu-
dents to be actively involved in the
learning process. Likewise, the Carn-
egie Foundation report on higher ed-
ucation {1986) stated that “The un-
dergraduace experience, at its best,
involves active learning and disci-
plined inquiry that leads to the intel-
lectual empowerment of students.” In
her Research Corporation report, To-
bias (1990) emphasizes that able stu-
dents who transferred out of science
could have been encouraged to stay if
close working relationships with pro-
fessors had been available and if more
learning had occurred through collab-
oration and discussion.

This article reports on data gath-
ered to determine the impact of a
new introductory biology course se-
quence, Biology I and Biology I,
taught by J. E. Miller and R. D.
Cheetham at Worchester Polytechnic
Instituce. In a previous article (BioSei-
ence 40: 388-391), we described che
philosophy, mechanics, and subjective
results of these courses, which make
up the only introductory biology se-
quence for majors. The new sequence,
redesigned to incorporate experience-
based group learning, involved almast
no lectures and placed heavy emphasis
on students learning biology through
completing group projects.

! ; tudents entering science careers
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Judith E. Miller, and
Ronald D. Cheetham
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learning work?

Rather than listening to lectures
and regurgicating the material on
tests, students worked in project
groups and gathered their own infor-
mation around topics such as design
of a closed life-support system for
long-term space flight. Four weekly
class meetings—two large group
meetings and two smaller discussion
sessions—examined, evaluated, and
integrated the material gathered for
the projects. The laboratory focused
on techniques and on independent
experimentation and did not directly
bear on the project topics.

An independent investigator {Good-
win) traced during 15 months the at-
titudes and class performance of 46
students who began the first offering
of the new Biclogy I in January 1989.
He also examined the attitudes of 40
students who started a revised version
of the new Biology I in January 1990
and the attitudes of a comparison
group of 69 students who completed
Biclogy I in the traditional lecture for-
mat in 1987 and 1988. Question-
naires, group interviews with the 1989
students, grades in advanced biology
courses, and comments by instructors
of advanced courses provided data for
the study. The aim was to determine
how the project-oriented approach is
perceived by students and how it af-
fects their subsequent performance in
more advanced courses.

The 1989 experience

The students entering Biology I in
1989 had initial expectations about
the course (and also attitudes toward
education and science) similar to
those of students in the 1987 and
1988 comparison group, even though
more of the 1989 group expected to
graduate as biology majors. How-
ever, by the end of the term, when a
second questionnaire was adminis-
tered, the 1989 group members be-
lieved that they had learned much less
biology than did students in the com-

parison group. The 1989 group was
also very worried about not being
prepared for higher-level courses and
fele that the class assignments had
been too vague, Biology I scudents
who were biology majors tended to
be more favorable toward the course
than those who were nonmajors.

These questionnaire resules support
findings from the group interviews
Goodwin carried out with the 1989
group halfway through the Biology I
course. Many students were upset by
the lack of guidance they received
while trying to carry out project as-
signments related to devising life-
support systems on a spaceship. They
believed they did not have the neces-
sary basic biological knowledge.

The instructors {Miller and Cheet-
ham) had assumed chat all entrants
into Biology I would have a high
school background in biology, because
the course was designed for biology
majors. In fact, more than a third of
the 1989 class were nonmajors; and
even among majors, basic biological
knowledge was not always there.

Many students would have pre-
ferred traditional lectures about tra-
ditional biological topics, according
to the final questionnaire responses of
the 1989 Biology I group. At the same
time, these students expressed posi-
tive feelings about working in project
groups and about the instructors. In
addition, they said that the new ap-
proach had made them interested in
learning more biology. Another posi-
tive effect of the new Biology I was
thac students considered a wider ar-
ray of problems interesting. In partic-
ular, students showed a much greater
preference for problems that had
more than one solution,

Attitude changes

The Biology Il course in 1989, in
which students were to design a uni-
cellular organism to colonize the fic-
titious plant Xenon, was designed on
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the basis of the early feedback from
Biology I. Changes from Biology 1
included the - incroduction of some
overview lecturing (no more than
once a week, often for only half a
50-minute period) and the incorpo-
ration of interim assignments and
feedback to guide students through
each problem.

The questionnaire responses of Bi-
ology Il students were dramatically
different from their responses at the
end of Biology 1. Students believed
they learned much more biology in
Biology II than in Biology I. Their
rating was similar to that given by the
comparison group of students in the
traditional course.

During Biology II, students were
much less concerned about the vague-
ness of the course than they were in
Biology 1. Similarly, they said the
course stimulated their interest in bi-
ology even more than did Biology .
They also felt significantly less wor-
ried about being unprepared for high-
er-level courses at the end of Biology
II, although the worry level was suill
higher than in earlier years. These
results suggested thac Biology I could
be improved further over a traditional
biology course once its content was
geared more to the level of beginning
students’ knowledge.

Subsequent attitudes of
1989 students

Seudent attitudes toward the new Bi-
ology I course were gathered again
more than a year after the course
ended. Questionnaire responses were
solicited from the 1989 students: 23
had taken advanced biology courses
beyond Biology II, 10 students did
not go beyond Bioclogy II, and 13
students did not take Biology IL
Eighty percent of the students re-
sponded.

All chese students continued to be-
lieve that they learned lictle biology in
Biology . There was, however, a dra-
matic drop in preference for a tradi-
tional introductory biology course
among the students who had gone on
to advanced biology courses. Students
who stopped after Biology I would
still have preferred a traditional intro-
ductory biology class.

A similar situation was observed
with respect to the belief that Biology
[ created interest in studying more
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biology. That is, the advanced stu-
denes, looking back at Biology I more
than a year later, regarded that course
as having significantly stimulated
them to a further interest in biology.
Students who stopped after Biology Il
did not share that view. These find-
ings suggest that as biology majors
proceeded wich their education, the
value of the project-oriented ap-
proach became more evident.

Subsequent performance of
1989 students

Although student attitudes toward a
course are important, another test of
the new project-oriented sequence is
student performance in more ad-
vanced work. Were worries about
lack of preparation justified?

The grades were pooled for three
advanced courses—cell biclogy, mi-
crobiology, and genetics—with the
distributions made for the 23 students
who had taken the new Biology I
course in 1989 and 8 students who
had not, a group we refer to as “oth-
er.” This “other” group consisted of
students who had transferred into the
college as sophomores and those who
had taken the introductory courses
before 1989.

The grade point average of the
1989 group is virtually identical to
that of the others—a B average. Also,
the distributions of grades show that
the 1989 group had 16% more As
and 19% more Cs than the ochers
(not statistically different). There is a
hint here that the project experience
may enhance the academic perfor-
mance of some students and lessen
the performance of others. The num-
ber of students in this analysis is so
small that such conclusions can be
used only as the basis for further
research.

It seems clear that the 1989 group
held its own in the advanced courses.
Furthermore, the requested written
comments of twa instructors of the
advanced courses suggest that the
1989 group had gained important
learning skills. One instructor said,
“This year’s group was more recep-
tive of the ‘open lab’ format. They
were less likely than the previous
year’s group to expect the TAs or
myself to tell them exactly what to
do. .. There seemed to be some sort
of group esprit going. The students

relied on themselves and each other
much more than on the instruc-
tor. . . I got few complaints about the
difficulty of the homework.”
According to the other instructor,
“This year’s sophomore class is less
afraid to ask questions. They seem
more aggressive, and less likely to
remain silent if dissatisfied. They also
seem to have provided more highly
creative answers on their essay exams
. .. more alternative explanation than
any preceding class I have taught.”
After completion of the advanced
courses, the 1989 group members
stated thac their own hard work,
rather than their Biology I experience,
was responsible for their achievement
in advanced courses. The students
may be correct in their judgment, but
it also may be that their project expe-
rience taught them how to go about
learning biology in a more productive
fashion and encouraged them to be-
lieve that original thinking is accept-
able. The instructors’ comments and
our speculations are not strong proof
of the efficacy of the new project-
ariented approach, but they suggest a
potentially important payoff from
further exploration of that approach.
To advance such exploracion, we sur-
veyed the next Biology I class in 1990,

The 1990 experience

The second offering of Biology I and
Il in the spring of 1990 was similar to
the 1989 version, with the following
changes. In response to student re-
quests for more concretely defined
problems, especially at hrst, we re-
versed the topic order in Biology I and
Biology II. Biology I in 1990 covered
molecular and cell biology; in Biology
II, we moved into organismal and
environmental biology.

Because student organizations main-
tain files of previous years’ assign-
ments, we needed o change the prob-
lems for the second offering. In the
limited time available, we were unahle
to develop a unifying theme for the
course that was plausible, for which
library resources were available, and
that was compatible with che students’
limited knowledge of chemistry and
physics. Therefore, we developed prob-
lems one at a time, without student
input. For example, we asked the stu-
dents to design a membrane without
lipids, artificial organs for insects and
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fishes, and a synthetic immune system.

We believe that a unifying theme
and studene-generated topics are both
worthwhile, and we plan to pursue
this approach in the future. The ad-
vantage of having a unifying theme is
that each problem would logicaily
lead to the next set of questions. For
example, in a future course, we may
ask students to address the question
“Should Vietnam veterans exposed to
Agent Orange be compensated?™ This
question could provoke questions re-
lated to molecular and cell biology,
epidemiology, and plant biology.

To accommodate students’ need to
feel that they were learning biological
facts, and to provide data on individ-
ual performance for another evalua-
tion project, we included quizzes (as
10% of the course grade). Quiz ques-
tions were taken verbatim from a
previously published study guide. To
provide incentive for group members
to help each other learn, groups in
which the average score was 90% or
abave, all received 100%.

One of our major unsolved prob-
lems from the 1989 course offerings
was the lack of substantial incentives
for all students within a group to
contribute to group work. This prob-
lem was especially great in Biology I,
which consisted of about one-third
nonmajors. The 15% of the course
grade, which was assigned by fellow
project group members, did not have
sufficient effect on the grades of non-
participants to induce a change in their
behavior. Therefore, we changed the
grading such thac group members’
evaluations of one another were used
as a multiplier (a decimal fraction be-
tween 0 and 1.00) for the group-
written report grade (40% of the stu-
dent’s grade) awarded to each
individual. This system improved
evaluation of individual effort, and it
made intragroup conflicts more evi-
dent. Students realized that their
grade depended heavily on group dy-
namics and were more likely to com-
plain about or confrone problems,
although not always successfully.

Attitudes of the 1990 group

The 1990 group consisted of 46 stu-
dents, almost all freshmen who
planned to major in biology, a big
difference from the previous year.
This group’s responses to the initial
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questionnaire revealed that they had
unusually high expections of learning
a lot of biology, strong rejection of
learning by the lecture method, and
strong interest in the project mode.

At the end of Biology I, the 1990
group showed a much more positive
attitude toward whar they had learned
about biology and significantly less
worry about being prepared for ad-
vanced courses than their 1989 coun-
terparts. The 1990 group also had
much lower preference for a tradi-
tional biology course. The changes
made by the instructors in Biology I
after the initial 1989 class are clearly
evident in the more positive ratings
given the 1990 group at the end of its
class. Students’ evaluation of the in-
structors’ concern for them was much
higher in the 1990 class than in the
1989 class.

There are, however, certain issues
raised by the data that call for further
exploration. Liking to work in groups
and liking to work on projects were
given high ratings by the 1990 class,
but not as high as the 1989 students’
ratings. [t appears that more attention
should be given to the formation and
functioning of the project groups.
Certain combinations of personali-
ties, learning styles, or familiarity
with biology may make group func-
tioning more or less difficult. Aware-
ness of such matters could help the
instructors and students devise ways
of countering potentially dysfunc-
tional situations.

Even though the project experience
might have been imperfect for some
students, it seemed to engender a dif-
ference in preference for kinds of
problems to be solved. From the be-
ginning to the end of the course, both
the 1989 and 1990 groups showed a
dramatic lowering of preference for
problems that have only one definite
solution.

Conclusions

Moving from the traditional lecture to
the project-oriented mode of instruc-
tion involved radical changes for both
instructors and students. The instruc-
tors spent large amounts of time and
energy revising their traditional ap-
proach, developing project topics, lo-
cating information resources, and
working with students individually
and in small groups. Students were

involved in a process of exploration,
learning how to go about gathering
information rather than being fed in-
formation and asked to memorize it.
The 1989 Biology I course went per-
haps coo far in that direction, leaving
students who had lirtle factual knowl-
edge of biology too much on their
own. The situation was corrected in
the 1989 Biology II course and the
1990 Biology I course, with students
in those courses feeling more secure
about their preparation for advanced
courses,

Because the 1989 students did as
well in advanced biology courses as
students who did not take the new
sequence of Biology [ and II, it ap-
pears thac the 1989 students were not
disadvantaged by the new approach.
Indeed, the comments made by in-
scructors of the advanced courses in-
dicate chat, compared with tradi-
tional students, the 1989 students had
a superior grasp of how to work in
groups, utilize the open lab, and come
up with novel solutions to problems.
The new project-oriented course se-
quence seems to have encouraged stu-
dents to learn how to learn.

Followup of the 1990 students is
needed to test more accurately the
short- and long-term effectiveness of
the new biology sequence. It would be
particularly useful to carry out a long-
er-term evaluation, examining the
creative performance of students
from the new Biology I and II courses
in their junior and senior years. How-
ever, the more pressing problem is
determining the factors such as con-
flict and group dynamics thac affect
project-group functioning in the new
course sequence. It also would be
advisable to make certain changes in
the questionnaires used. Rather than
just asking scudents how much biol-
ogy they learned, the question should
be divided into two parts: How much
factual information did you learn?
How much problem-solving skill did
you develop? The latter skill seems to
have been appropriately valued by the
1989 students only after they have
taken advanced courses,

It is important to determine the
actitudes of students toward an inno-
vative course, so instructors can make
the course more effective, as was the
case in Biology I and II. At the same
time, it is unwise to use those initial
evaluadons as a basis for canceling
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the innovation; student views may
change later in their academic careers.
The worries of the 1989 group about
not being prepared for advanced
courses were not well founded; but
this observation could only have been
made after they had successfuily com-
pleted advanced biology courses.
Group work is probably mare use-
ful for biology majors than nonma-
jors. Students who take only one or
two biology courses are often looking
for an overview of facts and concepts,
which is best presented in lecture for-
mat, Biology majors, however, benefit
greatly from the project approach. It
allows them to move quickly beyond
the simple memorization of facts to
the process of creative problem-
solving, which will stand them in
good stead in their advanced course-
work and eventually in their careers.
The project-oriented approach de-
scribed here should be applicable in
different educadonal settings, from
the large university to the small col-
lege. However, the approach eequites
a substantial commitment of time and
effort to change educational practice.

We believe the reformulations sug-
gested in this article are beneficial in
terms of educational outcome, but
making so drastic a change requires a
major investment from bath adminis-
trators and faculty.
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