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Scientists Return to the Matthew, one of Costa's students. "It's much 
more interesting than just sitting and hear- 
ing the teacher talk," adds Gino, a classmate. E 1 em en ta ry-sch 00 1 C I ass roo m "And we're really learning.** shouted O U ~  S ~ V -  
era1 of the students. 

Esko and Costa develo~ed the curriculum 
Jeffrey Esko intended to give the principal at 
his children's school an earful 3 years ago, 
but he got his own ear filled instead. "I went 
to the principal at my kids' school to com- 
plain about the science curriculum there," 
says Esko, a professor of biochemistry at 
the University of Alabama at Birmingham, 
"and she told me that if I was unhappy, I 
should do something about it." He took 
her at her word. 

Esko's daughter had complained that sci- 
ence class was boring, so he set out to develop 
a curriculum that was as interesting and fun - 
as it was informative. Working closely with 
fourth-grade teacher Celina Costa at the 
EPIC Elementary School in Birmingham, he 
developed a year-long microbiology course 
in which children collected microbes of 
myriad shapes and sizes from all over the 
school. The kids then designed their own 
classification system for the various bugs. 
"We wanted them to learn by doing science 
irstead of just reading about it," Esko says. 

Esko is one of a growing legion of scien- 
tists around the United States who have de- 

and millions of dollars developing innova- 
tive science curricula, Finley notes, and he 
says researchers may be more effective if they 
help schools implement these curricula 
rather than devise their own. 

In addition, scientists themselves worry 
that their efforts may be harming their ca- 
reers. Indeed, they say their universities of- 
ten look askance at the hours spent out of the 
lab, and thus helping out an elementary 
school doesn't pay off at tenure time. 

Linking learning and doing. The chil- 
dren in Birmingham certainly seem to ap- 
preciate Esko's work, even if his university 
doesn't. This year, equipped with sterile 
swabs and petri dishes prepared in Esko's lab- 
oratory, they swarmed through the school, 
leaving no floor, no comer, no surface-in- 
cluding the principal's desk-unsampled. 
They made detailed observations under a mi- 
croscope of the blobs and fuzzies that grew in 
the dishes-bacteria and fungi-and re- 
corded their findings as drawings, prose, and 
even poetry. Then the students worked as a 
group to develop their own classification sys- 

together over the course of a summer spent 
working in Esko's laboratory. With Costa's 
guidance about the student's abilities and 
interests, Esko developed the experiments to 
serve as the heart of the course, with Costa 
working alongside him to become familiar 
with both the techniques and the science 
itself. The major cost of the program was 
$3000 for a new microscope, money donated 
by the University of Alabama. And this bud- 
get is typical for such initiatives. "Good 
hands-on science costs less to implement and 
run than the lousy textbooks that the vast 
majority of elementary schools feel com- 
pelled to use," says Caltech's Bower. 

These hands-on programs have many 
forms. Food, rather than bugs, is illuminating 
chemistry and biology for third-graders in 
the Durango Public Schools in Colorado. 
Ron Estler, professor of physical science at 
Durango's Fort Lewis College, heard the 
cries of boredom coming from his third-grade 
daughter, and so designed a food-based cur- 
riculum to teach basic concepts such as pH, 
concentration, enzymatic action, and energy 

cided to stop bellyaching about sci- 
ence education and start helping 
in their local schools, using hands- 
on teaching aids such as fast-grow- 
ing plants and insects to illustrate 
scientific principles. These close 
encounters with research appear 
to be working, although the mea- 
sures of success tend to be qualita- 
tive because manv elementan 
schools don't test for science apti- 
tude. The Pasadena Public School 
system, for example, found that pu- 
pils in its Science for Early Educa- 
tional Development program- 
implemented with the help of par- 
ents James Bower and Jerry Pines, 
both faculty members at the nearby 
California Institute of Technol- 

metabolism. 
In Tuscon, Arizona, the Mar- 

: velous Munching Melanopus Proj- 
ect has taken hold in the public ' schools. Developed at the Univer- 
sity of Arizona, the Melanopus 
project has children observing the 
eating behavior of a common 
Arizona grasshopper to learn bas- 
ic biology, as well as using the 
students' observations to sharpen 
math and writing skills. Gail Paul- 
in, a teacher in the Tuscon Uni- 
fied School District, and Elizabeth 
Bemays, an entomologist at the 
university, collaborated on the 

The art of observation. Fourth-graders in a Birmingham, Alabama, unit's design. 
class drew microbes they saw through a microscope. Educating scientists. The kids 

aren't the onlv ones learnine in - 
ogy-performed better in all subjects, par- tem. Color, shape, texture, movement, and these situations: Researchers are discovering 
titularly reading, than they did before the even smell were the key characteristics. It how to teach. "Working with elementary- 
program was adopted. wasn't the world according to Linnaeus, but school teachers is an educational experience 

Yet these efforts are not without contro- that wasn't the obiect of the exercise. The for scientists. too. because it's the first time 
versy. Some educators are concerned that 
initiatives like Esko's will lead to a piecemeal 
science curriculum, with no standard knowl- 
edge base for children. "We need to make 
sure that all these new science curricula meet 
some benchmark criteria and aren't just fun 
ways of doing science that don't teach," says 
Fred Finley, associate professor of science 
education at the University of Minnesota. 
National groups have spent countless hours 

idea was to teach critical thinking and rea- 
soning skills essential to the scientific pro- 
cess. "We didn't want to cram facts down the 
kids' throats because that's what was boring 
them in the first place," says Esko. "Instead, 
we wanted them to learn by conducting ex- 
periments, asking questions, observing, hy- 
pothesizing, even making mistakes." 

The connections between learning and 
doing aren't lost on the children. "That's 

they've ever beenground someone trained to 
teach, someone who actually knows what 
they're doing in the classroom," says Bower, 
"I recommend this to anyone at a university 
who cares about the quality of their teaching. 
I know for a fact that my experience in this 
program has fundamentally and radically 
changed the way I teach." For one, he no 
longer walks into a class and expounds for 
fifty minutes, preferring instead to "use 
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what's good practice in the third grade, had no idea that there were whole programs Oklahoma State University, microbiologist 
namely directed inquiry!' For example, in a available for the asking." Alan Harker, whose efforts to develop sci- 
recent class on primate eye movements, he He's not alone. "The sad thing is that ence programs in the Oklahoma public 
asked his class to tell him what human eye even though the U.S. has pioneered the de- schools are funded to the tune of $2 million 
movements are possible. For the next 10 velopment of hands-on science teaching from HHMI and $180,000 from NSF, was 
minutes, his students worked with one an- that we know works, these methods have not recently denied a merit raise that would have 
other to determine the answers themselves. spread," says National Academy of Sciences at least partially compensated him for the 

A number of educators say that partner- president Bruce Aberts, time he spends on out- 
ships among Bower, Esko, Costa, and others who has spent the past 5 reach efforts above and be- 
like them are extremely valuable. "If we're years helping elemen- yond his normal teaching 
going to make science accessible to all Am- tary schools in San b- and research load. "My de- 
ericans, starting with our children, then what cisco adopt a totally partment head and dean 
we expose them to in the classroom has to hands-onsciencecurrim- are behind me, but the 

university just doesn't see 
the value of these efforts." 

Project 2061 initiative to improve science Panalid for helping. 
literacy, sponsored by the American Asso- H&er and others who 
ciation for the Advancement of Science (the . go into the elementary 

gchools feel they are pull- 
ing double duty. Esko, 
who says he spends a mini- 
mumof5hoursaweekwith 

Boulder, adds: "It's also important that the man Resources Director- the Birmhgham children, 
scientists are there to suppon the teach- muggles to find those h o w  
ers, to demystdy science for themn amidst the research and 

But not evefyone is a booster d w h k  teaching commitments and 
is happening in B i r m i i b ,  Dtlmge; wmrnlrcle assignments he has at the 
and other isolated k o o m s  in whh& university. It would be easier, he says, if 
scientists and teachers are creaeing neft~ the university viewed the school work 
curricula. "I couldn't be more excird as part of his professional responsibili- 
about scientists helping our el tes, but it doesn't. Says Esko, "Money is 

not a problem. Finding time to work 
with the kids is the problem!' 

A major exception to this pattern is 
the University of Arizona, which re- 
cently became the first university to in- 

and others have spent many millions of''> clude outreach as one of the major cri- 
dollars developing and testing effective, teria for tenure and promotion. "Ari- 
engaging, hands-on science curricula, G W m  Biochemist w o  wwkW wilh a zona is really the model for all other 
based on solid pedagogy, for all grade Science teacher to Put in the hands of B i q -  universities to follow, and they deserve 
levels, and so it's a waste of an individual schodchi'dren. a ton of credit for being a leader in sci- 
scientist or teacher's time to create their ence outreach," says Bower. 
own curricula, which may or may not be any ate agrees. "We've done a pretty poor job of Arizona's administration, apparently, 
good." Even Ahlgren, who's generally sup- letting people know that there are well-de- viewed the matter more in terms of giving 
portive of these efforts, is concernedby this veloped, effective, exciting science curricula credit to the scientists. Sam Ward, chair of 
aspect. "We need to leave curriculum devel- available," she says. Arizona's department of molecular and cel- 
opment to the experts, the people who know Another problem lies within the scien- lular biology and one of the forces behiid the 
the pedagogy to create useful, effective edu- tific community itself: When push comes to university's decision to adopt this policy, says 
cational tools. This is something that few shove, most universities would rather have 'The leadership of this university, from the 
scientists know about," he says. their faculty in the laboratory than in the president to the deans to the department 

Going too far? Bower agrees wholeheart- elementary-school classroom. "When I was heads, actively supports science education. 
edly. 'Whenever I talk to other universkies up for tenure a few years ago, I was told ex- They've committed money, they've com- 
about getting involved in outreach efforts, I plicitly that my work with the Pasadena mitted staff, and now they've said, quite 
stress how important it is to not do curricu- schools would not be held against me, but clearly, that this is an activity that deserves 
lum development. It's not what we know it wouldn't help either," said Bower. The the faculty's time and therefore will be re- 
how to do, and besides, NSF and others have implication, he felt, was that the tenure corn- warded." The hope is that such rewards will 
already developed good curricula. Our role is mittee saw him frittering away time on el- extend, like the scientists themselves, into 
to help schools adopt them." ementary-school education instead of con- the elementary schools. 

That's all very well and good if scientists centrating on the traditional scientific du- 
and school districts know that such curric- ties of research, publishing, and teaching 

- 1 4  e 
ula exist. Unfortunately, even though NSF graduate students. In spite of this attitude, 
publishes and distributes their curriculum Bower did get tenure, based solely on his 'For id-9 contact Jan Toumi, Di- 

through the National Science Resource scientific output. rector of Outreach, National Science Re- 
s o u m  Center, Smithsonian hrstitution, Arts Center,* that's not always the case. "I knew Caltechmight be excused-it is a private ,,d 8uMing, Room 1 2@l, Washing- 

that I wasn't the only puson in the world school, after all-but this attitude seem to m, ?-, a - 2 8 7 - 2 ~ 8 :  ~ r n  ~2.287-  
doing this kind of thing," says Esko, ''but I rule in state-supported universities, too. At 2070; internet: jtourni@nas.edu 
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