
CAMPUS INNOVATIONS PART ONE: CURRICULA 

Assault on the Lesson Plan 

Courses are 
being revamped, 
and novel pro- 
grams created, 
as US. science 
faculty try to 
capture the MTV 
generation 

At Washhgum University in St. Louis, biologist 
George Johnson teaches a course on the biology of 
d i m .  His goak To increase the interest of non- 
science majors in his favorite field. At the University of 
Wisconsin in M a d i i  chemistry professor Arthur Ellis 
is restructuring courses he had taught for 14 years to 
highlight the latest research in materials science. His 
objective: To show the chemists of tomorrow that the 
discipline's stodgy reputation doesn't preclude a chance 
to discover new vistas And at W e i s  University in 
Waltham, Massachusetts, Lawrence Abbott teaches 
computer madeling of heartbeat rhythmsand the pro- 
gression of d i i  through a population (p. 869). His 
h0pe:Toshoweventhemostcomputer-illiterateunder- 
erads that otT-mt.tim mathematical models can track 

There have been waves of reform efforts since the 
19%" says Amold Arons, a pdesor emeritus of physics 
at the University of Washiqpn in Seattle and veteran 
of past battles. "But the question is whether they can 
last." Few do, he believes. Why not? Anms and others 
point to such obstacles as tenure policies that promote 
lkulty research over teaching, an unwillingness by kc- 
ulty members to change how as well as what they teach, 
and resistance to reforms developed at other schools. 

One hopeful sign of permanent change is the growing 
desire among faculty members to instill in students the 
cri~thinlc ingski l l sn~forI '&asa~~ient is t .~A 
lot of curricuk iust want vou to memorize facts and w - 

real-world phenomena. repeat them on ~lhultiplechbice exams," says ~ e w  ~ o r k  
Across the United States. universitv science f a d -  Universitv neuroscientist Lvnn K i m  who heads 

ties are stareing to realize that t r ad i t id  curricula no 
longerdothejobandthatradicalchangesareneededin 
what and how undergraduate students are taught. Biol- 
ogy graduate students are b e i i  told to emulate medi- 
cal-school students by rotating through tesearch labo- 
ratories rather than remaining in one area for their 
entire graduate careers. Entire d e p a r t m e n d  as 
the chemistrg depaament at the University of Michi- 
gan-are reworking their otkrings to make them fit 
together better. Traditimal disciplines are recognizing 
that they must introduce other d i s c i p l i n d  ex- 
ample, every physics major at the Massachusetts Insti- 
tute of T e c h n o h  must now take at least one intto- 

NYUS nebr u n d m t e  kumscienEe Program. " ~ u t  
science is using what you know to solve a problem." 

Science also must be more than a history lesson, says 
John Rigden, the director of physics programs at the 
American Institute of Physics. First-year physics 
courses taught as a duonology ofthe progress of physics 
from Newton's mechanics to Maxwell's electrodynam- 
ics and Einsteii's relativity not only turn students OH, 
he says, but they also rarely reach the present. The 
result, says Rigden, is that "a student taking intmduc- 
tory physics is left with a picture ofphysics in the 1880s. 
Yet we tell students that 2Oth-centurg physics is the 
most excitine -" 

ductory course gbiology. And ~ n d  communication So what -A reformers after? Says Linda Mantel, 
channels--from electronic mail to annual c o d  dean of k d t y  and a biology professor at Reed College 
for innova- allowing would-be dinmen to in- in Portland, Oregon: "We want to devise ways to teach 
corporate the successes and avoid the failures of others. problem-solving skills to people who want to be prob- 

Meed, big money is lem solvers." To achieve 
flowing into curricula re- thisgoal,reformersare 
form, principallyfnnn the Innovative Curricula -0niwz %lug and 
National Science Founda- 
tion (NSF) and the How- 
ard Hughes Medical Insti- 
tute (HHMI). Efforts tore- 
formcurriculaandteach- 
ing methods in college- 
based science education 
received $18 million of 
NSFs $81-million budget 
last year for improving 
undergraduate education 
HHMI has put $63.9 mil- 
lion over 5 years into re- 
forming biology programs, 
including programs to 
help schools upgrade their 
teaching labs, and may 
spend even more next year. 

But for reforms to suc- 
ceed and spread to other 
s C h o O l s , & d & -  
ultymembersmustbreach 
some formidable barriers. 

lntrodudng 
undergrads to 

hot fields 

Developing 
interdisciplinary 

chug" curricula that em- 
phasize how to read prob 
lems, figure out which 
equation applies, plug in 
given variables, and chum 
0ut:thecorrectanswer.In 
their place are cuurses that 
boost students' critical 
thinlcing skills. At Dick- 
inson College in Carlisle, 
Pennsylvania, physics p 
fessor Priscilla Laws al- 
lows students to investi- 
gate physics phenomena 
such as friction and mo- 
mentum- rather than lis- 
ten to lectures At Trinitv 
universh in Sm An& 
nio, Texas, computers per- 
mit histology students to 
go beyond simply identi- 
fying cells to investigating 
how they interact and 
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o& department at the University of 
Oregon, which recently added a series of freshman 
seminars on topics such as the biology of the timber 
crisis and the genetics revolution. 

Reformers are also placing renewed emphasis on 
interdisciplinary and interdepartmental courses to 
show students how several lines of research can be 
brought to bear on the same topic. At NYU, faculty 
members from seven departments joined 2 years ago to 
create a neuroscience major for undergraduates. Top- 
ics range from the molecular biology of synaptic com- 
munication between nerve cells to the behavioral as- 
pects of neurological diseases such as schizophrenia 
and Alzheimer's. And at California State Universitv. , . 
Los Angeles, students in ecology, chemistry, and bio- 
statistics jointly study such environmental problems as 
toxicity levels of DDT in local f ~ h .  

At the same time students are learning how science 
relates to the real world, they are also getting a taste for 
the way science is practiced. "The hands-on work 
teaches them to think like scientists," says chemistry 
professor Leroy Wade of Whitman College in Walla 
Walla, Washington. Since 1978, the number of science 
undergraduates involved in research has jumped from a 
few Dercent to almost a auarter of those enrolled in 
science courses, says chemistry professor Michael Doyle 
of Trinity University, where every chemistry major is 
required to perform undergraduate research. 

These changes are not confined to undergraduate 
courses. Graduate schools, in response to the long- 
running criticism that Ph.D.s are trained too narrowly, 
have begun to offer degrees in interdisciplinary fields, 
such as molecular and cellular biology and materials 
science, and to put greater emphasis on careers in in- 
dustry. At the University of Texas at Dallas, for exam- 
ple, chemistry graduate students must complete a year- 
long practicum with local industry. And at North Caro- 
lina State University in Raleigh, scientists with as little 
as a master's degree are working with business grad 
students to form hid-tech start-UDS that can commer- " 
cialize university research (p. 865). 

Despite high hopes for such novel programs, critics 
warn that the lofty goals for reform have been sounded 
many times before. In a speech given last fall to direc- 
tors of innovative programs, University of Arizona bi- 
ologist Samuel Ward reminded his colleagues that the 
most common characteristic of curriculum reform ef- 
forts is amnesia. As proof, he hauled out three reports- 
spaced 30 years apart and spanning much of the cen- 
tury-all recommending such changes as boosting stu- 

dents' reasoning rather than memorization skills, har- 
monizing courses with everyday problems, and empha- 
sizing future problems to be solved. Much to its chagrin, 
the audience was unable to date any of the reports. 

Big hurdles 
There are many reasons for the failure of curriculum 
reform, say critics, but the most obvious is a lack of 
money. The computer stations alone for an introduc- 
tory physics course at Dickinson College called "Work- 
shop Physicsn-where students work together in groups 
of four-cost up to $2600 apiece. As many as 1300 
students attend such introductorv courses at lawe - 
state universities, making the Dickinson model ex- 
pensive to emulate. Even if the changes are affordable, 
there's no guarantee they'll become widely used, says 
Sheila Tobias, a social scientist who has written widely 
on science curriculum reform. "University professors 
value their autonomy as teachers," says Tobias. When 
Brandeis University faculty recently tried to integrate 
the school's biology, physics, and chemistry curricula, 
for example, consensus was elusive. "There are [faculty 
members] who think there is a logic to the current 
courses and that vou iust can't muck with it." savs 
Brandeis ~nivers ik  biblogist John Lisman. ~e boi- 
tom line, says NSFs undergraduate education chief 
Robert Watson: "You can't tell faculty what to teach." 

A final barrier to change is institutional. Opening 
labs to undergraduates requires that faculty spend more 
time with students. But there is little incentive to do so 
as long as faculty tenure continues to be based primarily 
on research achievements. "If the institutions ignore 
the reward system and don't support their faculty [who 
develop new science curricula], then faculty are likely 
to backslide." savs Herb Levitan. NSFs head of under- , , 
graduate curriculum development. 

Making changes stick 
Faced with these obstacles, reformers downplay the 
likelihood of reforms spreading throughout the coun- 
try's more than 3000 colleges and universities. "Sys- 
temic reform is not even the goal here," says NSFs 
Watson. Curricular change, he says, must begin in the 
hearts and minds of individual faculty members. Insti- 
tutions can fund novel programs and spread informa- 
tion about what works, but that doesn't guarantee suc- 
cess. "You take the changes where you can," agrees 
Stephen Barkanic, who doles out curriculum develop- 
ment grant money for HHMI. "After a while, you hope 
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Actions, not words. 
Physicist Priscilla Laws 
(left) hopes to have a more 
lasting effect on students 
than the century's worth 
of curricula reform dis- 
played by biologist Samuel 
Ward (above). 

W e  want to devise 
ways to teach 
problem-solving 
skills to people who 
want to be problem 
solvers!' 

-Linda Mantel 

857 



the Internet. 
On-line reforms aren't lim- 

I ited to astronomers, of course. 
At California State University 

Novak have created a set of 
computerized biology and geol- 
ow labs available over the In- 

t. At Georgia State Uni- 
cientist Scott 
t of 20 com- 

I puter-graphics education pro- 
grams on the wires. And engi- 

Click and paste. Robert Desharnais' Kary- neering professors 
otwe helos beainnina aenetics students erly of the University of Massa- 

to see a lot of people making the same changes!' 
Although it is unlikely such  roots movements 

will emerge simultaneously in all disciplines, there is 
good reason to expect modest improvements. In select 
disciplines, for example, broad-based faculty support for 
change already exists. A revised calculus curriculum 
that emphasizes concepts over equations is in the hands 
of roughly one quarter of the nation's 500,000 first-year 
calculus students. And "it's still picking up steam," says 
NSFs S ~ u d  Bradlev. formerlv associate executive di- 
rector oithe ~ m e r i & n  ~athkmatical Society. 

Chemistry reformers are also gearing up for a major 
overhaul. Last year, NSF received 112 requests for 
planning grants to overhaul chemistry curricula. And 
most of the 14 grants involved collaborations with as 
many as 10 colleges and universities apiece. To NSF 
chemistry program director Susan Hixon, the flood of 
proposals means just one thing: "The chemistry com- 
munity is ready to change." 

Of course, not all areas of the curricula are undergo- 
ing such sweeping change. In biology and physics, for 
example, reformers so far have focused on individual 
courses. In the past, such a piecemeal approach has 
tended to isolate reform-minded faculty even within 
their own departments. To discourage this scenario, 
funding sources like NSF and HHMI now actively so- 
licit maior research facultv and in manv cases award 
curriculum reform grants to whole departments in- 
stead of individuals. At the University of Arizona, 
for example, researchers including Marty Hewlett, 
Richard Hallick, and Bill Grimes helped reform the 
school's introductory biology course to emphasize 
current research. And at Gettysburg College in Penn- 
sylvania, biology professor Ralph Sorensen created a 
new biochemistry department featuring interdisci- 
plinary courses such as molecular genetics. "These re- 
forms can't just happen on the fringes," says Barkanic. 

The word about reform is being spread by profes- 
sional scientific societies and funding agencies. The 
American Chemical Societv and the American Phvsi- 
cal Society now regularly feature curriculum reform 
symposia at their annual meetings. At the recent Am- 
erican Physical Society meeting in Pittsburgh, for ex- 
ample, D i c k i n ' s  Laws was peppered with questions 
from dozens of her colleagues after a talk about her 
"Workshop Physics" course. And this year the Ameri- 
can Society for Microbiology held a lday  conference 
before its annual meeting to discuss curriculum devel- 
opment. NSF and HHMI are attempting to get the 
word out by bringing together those active in the re- 
form movement. NSF also mnsors 15 reeional summer 
workshops covering e v e d i n g  from new teaching 
techniques to the latest lab equipment. 

With such outside support, many believe the cur- 
rent round of curriculum changes is here to stay. The 
most hopeful sign, believes HHMI's Barkanic, is a 
merging of innovative teaching and curricula. "You 
don't necessarily see all of the [solutions] happening 
in one department," he says, "but the awareness is grow- 
ing that you have to move on a number of different 
problems at the same time." 

However, awareness is only the first step. Unless 
faculty are 'given sufficient incentive to spend more 
time and effort on teachine. curriculum reform will 
remain the domain of the a&enturous. 

-Robert F. Service 
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