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Introduction
Science fairs have become some-

what of an American tradition.
For a brief time each year those
familiar poster displays appear in classrooms and school gymnasiums across

the nation, affording young scientists
the opportunity to share their interests
with parent., relatives, and neighbors.
Erupting volcanoes, styrofoam planets,
seashell collections, stop smoking posters, and gerbils in mazes stand next to

experiments with plants and solar en-

ergy They have become part of the
tradition. For many students the science
fair will be the culmination of hard work

and persistent investigation, it may
mean the beginning of a life-long fascination with science.
For me the fascination has continued.
My student science project helped me

to understand scientific methods and
the joy one feels at the moment of discovery. As a teacher, I learned right
along with my students in discovery

after discovery. The rewards hate al- well as high school students in projects
ways been there, and science projects appropriate to each. An open iettcr helps
became integral to my teaching of critical thinking and process skills.
Yet science projects and science fairs
are not popular with everyone and with
good reason. The science fair tradition

includes unfair judging procedures,
forced participation, and overzealous
parental involvement. Poorly planned
science fair activities have detracted
from the science curriculum. Worst of
all, some students have been discouraged by participating in science fairs.
So, what are the solutions? How can
a teacher ensure a successful and reward.ing science fair? Planning, of cots -.e, is
essential. NSTA has assembled this collection of reprints from Science and Children and The Science Teacher to assist teach-

ers in organizing a science fair, working

with students, and establishing equitable judging procedures. Suggestions are
offered for involving young children as

parents guide their children in selecting
and carrying out investigations.

Keep in mind as you read through
these articles that not all authors agree
on the methods fur organizing a science
fair. Ultimately, you will have to decide

whai you hope to achieve, who will
participate, how the fair will be organized, and how projects should be judged
(if at all). Be assured that a successful

fair requires much effort, but the rewards are everlasting. Wouldn't it be
great to discover that one project this
year has sparked a student's life-long
fascination with science;
Barry A. VanDeman
Educational Services
Coordinator

Chicago Museum of Science
and Industry

NSTA Position Statement on Science Fairs
The National Science Teachers Asso-

competition, (3) participation in science

taken, such an assignment should be a

ciation recognizes that many kinds of fairs should not be made the basis for a
learning experiences, both in and be- course grade, (4) science fair activities
yond the classroom and laboratory, can should supplement other educational
contribute significantly to the education experiences and not jeopardize them;

current responsibilities, and not an additional duty.

of students of science.
With respect to science fair activities,
the Association takes the position that

(5) the emphasis should be on scientific

following principles. (1) student participation in science fairs should be voluntary, (2) emphasis should be placed on

science fairs should be based upon

content and method, (6) the scientific
part of the project must be the work of
participation should be guided by the the student, (7) teacher Involvement in

the learning experience rather than on

teacher interest rather than on external
pressures or administrative directives,
and (8) if a science fair is to be under-

5

replacement for one of the teacher's

The National Science Teachers Association's Position Statement on Science
Fairs was approved by the NSTA Board
of Directors in 1968. This position statement Is intended as a guide, and dues
not reflect the whole range of interest
of our members.
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The Nuts and Bolts
of Science Fairs
Barry A. VanDeman
Philip C. Parfitt

The date for the science fair
has been set The auditorium
has been booked. And you are
the head of this project. Now

what happens? Momentary panic, for
one thing, but, when you recover from
that, the questions take over. Who's
going to answer them?
In fact, there are many sources of
help, and the articles collected in this
volume will point you toward some of
them.

I

.sis for a science fair project. And the
possible approaches are also numerous.

duce them to possible topicsand give

models, collections, demonstrations,

Juliana Texley (page 20) and Martin

hobbies, and experiments are displayed

Teachwurth (page 30) share thoughtful

each year at science fairs across the
nation. Any of these approaches can

approaches to helping students select
and design topics for investigation.

help a student learn certain science con-

tent and science skills. What type or
types you encourage (or allow) at your
fair will depend on your suence goals.

3.By what criteria should projects be judged?

2. How can I help my students
select science fair topics?

of science fair project?

Perhaps the most difficult part of doing
a science project is selecting o topic and,
if necessary, formulating the question
to be answered. Take some time to work

Almost any science topic can be the

with students early in the year. Intro-

l.Is there mor:: than one kind

them practice in asking useful questions.

That depends on the nature of the project. Each project should be judged by
criteria specific to itself. Models, for
instance, should not be judged by the

criteria used to judge experiments.
Several articles offer sound advice. See
Bellipanni, Cotten, and Kirkwood, (page
38), Harvey Goodman (page 37), Eugene
Chiappetta and Barbara Foots (page 34).
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4. Should students be required
to do science projects?

problem to which there is no easy solu-

fairs. See Brian E. Hanson (page 12),

In general, students should not be required to do projects if competition and

tion. Sonic parents, in their desire to
have their children do well in the competition, complete much of the project

Barbara Tohm (page 10), Ruth

awards are part of the fair. Science projects should encourage students to ex-

Bombaugh (page 14).

themselves. However, parents can play
a more acceptable role if they limit their
participation to guidance and support.

tor at the Museum of mute and industry, Chnago.
Pronlint 01 till C#101(11 for Elonentary Stunt('

to compete with classmates can turn
off the very interest in suenLe that the

Be sure to let parents know how they

bitanotional, nag, C. PariAlt i. tdittation 41NN141/1

can assist by meeting with them or

411 alt 411114.1111/4 of &It 1144 44/141 1111111 ry. 11144/41S/aph

fair is designed to encourage. When the

sending a letter home. See the appendix for a suggested letter to parents.

by Barry VanD0111111

plore areas of science they are interested in. Forcing them, at the same time,

fair is not competitive, projects might
be a regular class assignment, used to
teach science skills while allowing for
student preferences.

5. Should students receive
awards for projects?
This is up to you. Some teachers offer
certificates of partiLipation to all student
exhibitors. Others give first, seLond, and

third place ribbons or certificates. Still
others award trophies to outstanding

projects. We recommend that every
student receive an award or acknowledgement of participation.

Further Science Fair Resources
Aldridge, Bill G., and Johnston, Karen L.

& Students sometimes have a
hard time using measurements
accurately. How can I help them?
Unless they have specific direction, stu-

dents often express measurements in
qualitat, e terms. Fun example, they will

say the plant got "biggel." EnLourage
your students to make quantitative observationsthat is, to use numbers in
measurements whenever possible. En-

courage them, too, to use the metric
system in making their measurements
all scientists do.

ian help my students?

9. Can my students participate
in state and national compe-

Librarians can offer lots of help if they

titions?

are familiar with your standards for

Many states offer both regional and

researching projects and writing reports.

state science expositions. Other compe-

6. In what ways can the librar-

Several months before you send students out to do research, talk with the

titions, scholarship programs, talent

school librarian and the public librarian.
Explain your science fair goals and sug-

searches, and awards are also available
locally and nationally. The "Beyond the
Science Fair" section includes informa-

gest types of resources that will help

tion on a suenLe super bowl and the

your students do their proi.:Lts. Marge
Hagerty (page 15) offers suggestions to
prepare librarians for the science fair

National SuenLe Oly mpiad, in addition
lo a competitions sampler.

season.

1.0. How should I plan my
7. How can parents avoid offering too much helpor too little?
This is a common question and a big

8

Barry A. l'anDeman c 61:national sennces coordina-

science fair?
Planning a science fair requires much
time and effort. Take bum: adi ILL: from
those who have experience

NATIONAL SCIENCE TEACHERS ASSOCIATION

(1984). Trends and issues in science education. In R. W. Bybee, J. Carlsen, and A.
J. McCormack, (Eds.), 1984 NSTA yearbook:
Redesigning science and technology education
(pp.31-44). Washington, DC: NSTA.
Lowy, William S. (1983). Winning with science.
Sarasota, FL. Lowy Publishing House.
Rice, Jeannie Rae. (1983, January). A special

science fair LD children learn what they
can do. S&C 20(4), 15-16.
Safety in the elementary classroom (1978) Wash-

ington, DC: NSTA.
Safety in the secondary classroom. (1985). Wash-

ington, DC: NSTA.
VanDeman, Barry A., and McDonald, Ed.
(1980). Nuts and bolts science fair blueprint poster. Harwood Heights, IL: The
Science Man Press.
Youden, W. J. (1985). Expernner ration

.nea-

surement. Washington, DC; NSTA.

The following science trade books might
also be useful to your students as they prepare their science fair projects.
Beller, Joel. (1982). So you want to do a science
project! New York: Arco Publishing.
Gutnik, Martin J. (1980). How to do a science
protect and report. New Nork. Franklin Watts.
Moorman, Thomas. (1975). How to mace your
st genie project stientifii. New York. Atheneum.
Smith, Norman F. (1982). How fast do your
oysters grow? New York: Julian Messner.
Stepp, Ann. (1966). Setting up a science project.
Englewood Cliffs, NJ: Prentice-Hall.

VanDeman, Barry A., and McDonald, Ed.
(1980). Nuts and bolts: A matter of fact guide to
science fair projects. Harwood Heights, IL:

The Science Man Press.
Webster, David. (1974). How to do a silence
project. New York. Franklin Watts.

Planning Ahead
A successful science fair takes plenty of time and energyand organizing
skills. Long-term planning and continued work throughout the year will
help you overcome one of the biggest obstaclesfinding time to take care of
all of the details that add up. Start with a science fair master schedule that
will help you find the time to reserve the space, pick j'idges, line up parent
volunteers, prepare students, alert the media, and give it your all!
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Mission Possible:
The Science Fair
by Barbara Torun
Mysterious music. Stage lights soft.
Teacher enters, stage right. Turns on

search ready for any students who tell

tape recorder: "tour assignment,

our school library does not have anything they need.

should you choose to accept it, will be
to organize and conduct a science fair
at your school." Teacher removes pa.

Check the date of the eoutity or

-New may contact these support agents

regional fair before you set your own
deadlines. Allow a few weeks between
your school's fair and the county of

at any time in your mission." Photos
are of local scientists and art, mathe-

regional fair so students can polish
their presentations or collect more

matics, science, and graphics teachers.
"Good luck." Music down. Lights up.
Teacher goes off on her mission, stage

information.
Select one tentative date and at least

pers and photos from an envelope.

left.

Planning a high school science fair
strikes some of us as a bit masochistic.

But if you think of the effort as a
major campaign to increase student
skills and to have fun with science, the
task is worth the pain and time. Long
range planning is important, howe cu,
because the details add up. tiere", how
I've survived my mission.

Start your planning on the first
work day of school. Teach the ;Lien-

tifie method from day one. During
the stage for picking topics, allow time

in your schedule for students changing their minds a hundred times. Map
out at least 4 days in the library at the

one alternate date before making an
appointment with the principal and
the activities director. Schedule the
fair at a time that won't conflict with
,.., major sporting events of meet
ings that take the science teachers out
of the building.
Check with the person in charge of
the room you hope to use. Each year
the amount of space we require grows.
Find an area of your school that will
be flexible. We hold our science fair in
the [altar). Nou can always adjust for

;met projects, but it's tough to make
more space in tight quarters.
Prepare and duplicate written rt.
quirements and specifications. Co by
the county or regional science fair rules
and guidelines as much as possible, to

outset. The first 2 days should be early

avoid conflicts in cast students want

in the year, the third about a month

to gc, on in competition. Set firm dead
lines and stick to them.
Distribute two copies of everything
you prepare to every science teacher

before the fair, and the last right before

the deadline. I keep alternate library
assignments dealing with scientific re-

10

me they have finished early or that
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in the school. This way each teacher
has a set to keep and a set to send for
copying. It is important for teachers
to make lots of extra copies, since students V% ill be sure to lose theirs during

the weeks before the fair.

The scientific method
Stress the scientific method throughout the fall. Stitdents have a difficult
time working with experimental design, setting up a control, identifying
independent and dependent variables,
and assembling the components of a
good experiment. Allow room in your
lesson plans for many miniexperiments

in the laboratory not just exercises
but also opportunities for students to
plan their own procedures and to collect data themselves. Many lab exercises provide practice in technique only.

N our students cv ill need more experience in real decision making before

they can conduct their own science
experiments.
Incite lowl scientists to your class

to describe real research. Research
centers and industry can often provide speakers and films. Encourage
students to write letters and to contact professionals themselves.
Science fairs teach students how to

11

Robby Goodman.
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think on their own, but coming up

and time.) The math department

with ideas is always difficult. Students

draws maps of the library and works

can brainstorm and review the previous years' fair entries for starters.
Suggest they come up with a different way to do something that has al-

out possible room arrangements depen-

ready been donethis challenge to
"beat the system" often fires up apathetic adolescents. A small percentage

will never come up with a problem,
perhaps because they refuse to think.
When the deadline nears, I offer these
students a ready-made problem for a
"C" grade; I offer the chance for a "B"

if they make a significant improvement on my suggestion and an "A" if
they make improvemer..s and an oral
presentation to the class
Time becomes the biggest obstacle
to running a successful science fair.
Planning time, teaching time, building
time, research time, display time and

perhaps the hardest to find, grading

time The grading must fit into the
slot between the school fair and the
regional fair But no matter how care
fully I plan, time runs out too soon.

dent on the number of displays, and
the advanced science students set up
and take down the fair. English teachers help us teach research skills, some
et
count the written portion of the
project for a grade.

Each year I learn something 'hat
makes the schedule a bit easier. I
schedule the fair during the final week
of
Semester because the library is
closed to students then. We also have
time that week for science students,

when they're not taking exams, to
view the projects. When they visit.
Students complete a worksheet so I

know they've paid attention to the
work. Admission tickets help us control the number of students who enter
the fair area at one time. Be sure to
protect the projects from vandalism
during visiting time, the science dub
might volunteer for this duty.

Too many is not enough when it

Ask for help from other departments. The art department at our

comes to judges. Ask judges early for
their help, and expect someone to cancel out at the last minute. Send out a

school provides posters and category

letter the week before the fair to re-

signs Woodworking students make
backboards (Ordering materials in
large quantities saves students money

for a final reminder. Judges, who are
often scientists themselves, get excited

about what students are doing and
provide great public relations when
they return to the community.
New this year is our Science Board,
made up of past winners at each grade

level, which advises novices. I would
like to see clinic ostablished to help
students develop their ideas with the

aid of others who have been there
before. Each year is a growing expe-

rience, and my goal is to have students organize the fair themselves with

little help from me. In the meantime, I
continue to %leo: the science fair as a
"Mission Possible."

mind the judges of their commitment,

131111'11161 TAM 1.!*

and ask their preference for time. I
even call them on the eve of the fair

Dad, Satter High &hot, :$401 S.W. lel

itthha at South

Si., HintleAud, FL 33030.
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Planning a Fair
with a Flair
Brian E. Hansen

hough a successful science fair requires an enormous amount of time and energy, the payoffs are
impressive: students get excited, parents become
involved, and school-community relations are improved as
the community is invited to take part in making the fair a
success. That, anyway, is what we found when Sugar land

Elementary School in Sterling, Virginia, held a fair last
spring. More than 40 student science projects were exhibited, along with classroom science work from each class
and seven professional and commercial science displays.
Over 400 children and adults attended the fair. Plannirg, of
course, was the key to its success.
First Steps
Sugar land's Science Fair Committee consisted of five

volunteersthree parents and two teacherswho had expressed an interest in the school's science program. The
commits' began holding monthly meetings in October,
about five months before the March date set for the fair.
Working backward from that date, they established a schedule that allowed them to complete preliminary planning in
about three months. (The two additional months would
allow students time to work on their projects.) They began
work by drafting the rules for the competition, the entry
form, lists of suggested topics, and a cover letter. The rules
included the entry and project completion dates, size speci-

12 NATIONAL SCIENCE TEACHERS ASSOCIATION

i3

fications for the final display, and judging guidelines. An

important part of the rules was a statement that distinguished between a scientitic experiment and an encyclopedia report and encouraged students to stay away from the
latter. The entry form asked that the student describe the
hypothesis, methods, and equipment for the proposed proj-

ect, and it also called for a parent's signature to indicate
permission for the student to participate in the fair. Suggested topics were drawn from the students' science texts,
with one list for first, second, and third grades and a second
list for third, fourth, and fifth grades. When all the entries

were in, the committee checked to make sure the forms
were complete and the proposed projects practical and safe.
(No bombs or erupting volcanoes, please.) Several students
chose identical topics, but this caused no difficulty since the
finished projects proved to be remarkably different.

On with the Projects
To make sure that students (rather than parents) did the
projects, Sugar land's committee required that all work be
done at school. To make this possible, they arranged to
keep the cafeteria open after school two days a week for
half an hour each day. A Science Fair Committee member
and parent and teacher volunteers supervised the students
and took attendance to find out which students needed
reminding to work on their projects. (No matter what the
hypothesis, if a student abandons his or her plants in the
storage room for four weeks without water, they will die.)
During the rest of the week the student projects were
stored in an unused classroom. For the next science fair,
the committee
to add extra after-school work sessions during the crucial first and final weeks. It will also
offer additional help for younger students. (One first grader
cried when her project didn't work the way she thought it
was supposed to.)
Getting the Word Out
The committee member in charge of publicity really had
two jobs: he needed to stir up school enthusiasm, and he
needed to let the community know about the fair. The
school menu and the parentlteacher newsletter were useful in publicizing the fair and its entry deadline among
students and their parents, The committee also aroused
interest in the fair by sponsoring a school-wide contest to
pick a cover design for the program. Extramural publicity
was provided by local newspapers, which were contacted
both when the fair was originally announced and again a
few weeks before Fair Night, with information about the
date, time, and place and an invitation to send photographer-reporters to cover the fair.
The Community Participates
Sugar land encouraged community involvement in the
fair by inviting scientists and science-related businesses in

the area to set up displays of their work and products.

Science Fair Checklist
_ Recruit five to seven volunteers (teachers and parents) who
have good organizational skills and an interest in science to
serve on the Science Fair Committee.

_ Set time and date of fair about five months after first committee meeting. (Clear date with principal.)

_ Draft science fair rules (entry deadline, size limits for display,
requirements for final report and log of observations, completion deadline, judging guidelines). Emphasize requirement
that all work be done by students. Urge experiments rather

than reports.

_ Design entry form (name, project title, hypothesis, method,
materials, places for student and parent signatures).

_ Make up lists of suggested topics. Check with teachers,
librarian, and science texts for ideas. Have separate lists for
upper and lower grades.

Draft cover letter from principal introducing fair and explaining rules and schedule of after-school work sessions.

Design final report form (student number; project title,
grade, hypothesis, method, summary of observations, conclusions). Don't leave space for student's name because projects are to be judged anonymously.

_ Design judges' evaluation form (number and title of project
by grade, boxes for scores in each category).

_ Organize school-wide contest to select cover design for
program.

_ Ask teachers to save their students' classroom science work
to display.

Locate and reserve a vacant classroom where students can
work on and store their projects. Projects need to be locked
up between work sessions.

_ Schedule parent and teacher volunteers to supervise the
after-school work sessions.
Publicize (1)application deadline, (2)science fair night, and,
after the fair has taken place, (3) the winners.
Find judges (high school and college science teachers, district
science supervisors, professional scientists).

_ Find commercial exhibitors and professional science demonstrators.

_

_ Solicit prizes or contributions to buy prizes.
Order ribbons and certificates for participating students.
(Some companies will print the event and school's name on
them.)

Arrange buffet for judges and demonstrators who may
work through dinner before the fair opens.
Plan and type the science fair program.

Plan arrangement of booths to allow plenty of room for
Brian E. Hansen is an associate professor of English at the Loudoun Campus of
Northern Virginia Community College, Sterling, and he served as secretary of
the Sugar land Elementary School Science Fair Committee in 1981-82. Photo-

graph by Ruth Larsen, Loudoun Times-Mirror. Artwork by Marilyn

spectators.

After the fair is over, send thank-you notes to parent and
teacher volunteers, judges, and demonstrators.

Kaufman.
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William Mills, courtesy of Montgomery Co. Public Schools, Md

(Here was an additional area in which parents were an
important resource.) These contributions, which were a big

success, included moon rocks and a model of the Space
Shuttle provided by the National Aeronautics and Space
Administration and the telephone company's laser equipment. Visitors could operate broadcast equipment from a
television station or inspect a sound truck belonging to a
radio station, examine home computers lent by a local business or a microscope and slides supplied by a medical laboratory technician.

Judging
Each class had a display of the science work that students
had done during the year. These displays allowed st 'lents

to take part in the fair in a noncompetitive way. It also
drew additional parents on science fair night. Judging the
more than 40 projects entered in competition was done by
a nine-person panel selected by the Science Fair Committee
and composed of college science teachers, scientists, and
science supervisors in the school system. Parents of students in the school were not eligible to serve on the panel.
The criteria used had been adapted from rilize of Science
Fairs International,* and they were weighted to reward
expenmentation rather than mere neatness, as follows.
Creative ability
Scientific thought

Thoroughness
Neatness

35
35
20
10
100

Each judge worked Independently to evaluate all the projects for one or two grades, recording scores on a sheet
listing project titles but not student names; and each project
was evaluated by three or four judges. First and so.ond

prizes and honorable mentions in each grade were con-

'Write Science Service, National Science Fair International, 1719 N St.,
N.W., Washington, DC 20036.
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ferred according to the total points awarded by judges, who
based their evaluation on a student's table display, including
the equipment used, final report (hypothesis, method, sum-

mary of observations, conclusions); log of observations:
and, frequently, a posterboard explanation.
What About the Prizes?
The prizes were donated by local merchants or purchased
with money from parentlteacher organization funds. (The

committee tried to interest national chain stores in contributing prizes by contacting both their local outlets and
their headquarters but had no luck.) First- and secondplace winners were presented with a certificate and an
awardfor example, a globe, book, or scientific model.
Those who ear- -d honorable mention received a certificate
and a pamphlet about the space program. Each entrant got
a blue ribbon.

Last-minute Details
After lunch on the day of the fair, several volunteers and
the Science Fair Committee chairman arranged the tables
in the cafeteria. They grouped the tables for the competitive science projects by grade level in the center of the room
and the ones for the classroom science work and the professional-commercial demonstrations around the walls. Right

after school, students set up their science projects, and
teachers brought in their classes science work. The judges
began evaluating the projects at 5 P.M. and the businessmen,
technicians, and scientists setting up their displays at 5:30
P.M.. By 7 P.M., with the judging and preparations complete,
everyone got a chance to eat a buffet dinner of sandwiches,

salads, coffee, and soft drinks provided by the parent/
teacher organization. The fair began at 7:30 PM with a
ten-minute program consisting of thanks to the parents
and teachers who had worked on the fair and the presenting of prizes and certificates to the winning students. Then,
for the next hour and a half the Science Fair Committee
got their prizethey watched 400 students and parents
enjoy the fair.
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Other Sources
of Information
AIRPORTS
If your project deals with aeronautics, an airport is a logical place to locate information Airports often employ meteorologists that may help
with projects dealing with the weather

ANIMAL HOSPITALS
Often, veterinarians are willing to help with
science projects. If you request help, call several
weeks in advance for an appointment.

BOTANICAL GARDENS
Plant specialists can be found at botanical
gardens Maybe your community has a Garden
Club with members who know about plants
COLLEGES AND UNIVERSITIES
Colleges and universities have more than one
thing to offer. Their libraries will probably offer a
wider selection of references than a local library.
Scientists on the faculty may help you ,nd even
allow the use of their laboratory facilities

GOVERNMENT AGENCIES
Government agencies are usually listed under
"Federal," "State," and "Munincipal" categories in
the telephone book.
The United States Government Printing Office
is also an excellent resource. Send a letter indica:
ing what topic area you are interested in and they
will send a catalog of available books and pamphlets. The address is U.S. G. P.O., Superintendent of Documents, Washington, D.C. 20402

HOSPITALS
Many hospitals have an education depa. tment
you can contact Perhaps your physician, dentist,
or eye doctor can also give you help.

INDUSTRIES
Major industries often have specialists who may

be willing to help. Try locating them with the
telephone book or magazine advertisements.
When writing to corporations, include "Public
Relations Department," in the addressing of the
envelope and letter.
NATURE CENTERS
Naturalists at nature centers might be able to
give information if your project involves natural

environments and ecosystems The Audubon
Society can direct you to nature centers and ev ronmental centers throughout the United States.
TELEPHONE BOOKS
The Yellow Pages of a telephone book, will list
names, addresses, and general product intormation When calling anyone, remember to be polite.

Give your name and tell exactly why you are
calling.

ZOOS
Most major cities have zoos, and most have
education departments or zoological societies that
may be able to help They may be able to arrange

a meeting with an animal keeper or zoologist A
visit to the zoo may also help you decide on a
topic.

Reprinted with permission from Nuts and Bolts A
Matter of Fact Gurdt to &mut Fair Pro;rts by Barry A.

VanDeman and Ed McDonald, published by The
Science Man Press, Harwood Heights, IL 60656.

The Library Can Help
o the young scientist preparing
for a science fair, libraries offer a wealth

of inspiration and information.

Here is a list of ways libraries can
help with school science fairs; explore
them with your librarian and principal.
Update your collection of science titles.

Ask

the librarian to show you the science
shelv-s or shelf list. Then suggest, by
subject or title, books and periodicals
needed. Offer to help weed the collection of obsolete material. Just an hour
of your expertise could make a difference.
Contribute to the library's vertical file

Introduce or review library and study skills.

Students will be motivated to learn these
skills when they need them to complete

projects. Just before the students begin

their research, review the use of the
card catalog and media listing, emphasizing science reference book sections.

Discuss the Dewey Decimal System
especially 500s and 600s (pure science
and applied science).
Record projects in progress. The librarian can list in a prominent place all the

science projects in progress and the
names of students working on each.

The recognition could induce reluctant
of clippings and pamphlets on science students to participate. List projects by
subjects when you can. Suggest sub- general subject and Dewey Decimal
jects for new files which could help stu- numbers, e.g., Projects on Magnetism 538.
dents with science projects.
The list will indicate when to stop reDoes the library offer students help stricted checkouts and order additional

with scientific inquirywith making materials.

projects scientific? Consider acquiring
Correlate science and language arts. As
some good books and filmstrips on the the science fair approaches, the librarscientific process.
ian can arrange presentations to stuAbove all, be sure you know how to dents to include materials related to
check out different media and equip- science subjects. What better time for
ment. Can you locate items by subject? using nature poetry and haiku for
Can your students?
example, than when students are workEstablish special circulation rules preceding
ing on nature experiments?
the science fair. To avoid chaos and allow
The librarian might invite students
ample access to useful materials, ask who are participating in the science fair
the librarian to set special circulation to write short science fiction stories.
rules for the weeks prior to the fair. Such activities offer a break from workBooks dealing with physical science ex- ing on projects while building students'
periments might be reserved for two- interest in science.

day checkout, one per student. Or,

Offer science centers.

Set up science

arrange these books on a work table in interest centers during the fair or before.
the library, not to be checked out at all Assign responsible students to help prebefore the fair.
pare these. Each center should present
Set special study schedules. Just before an investigation for students to perform,
the science fair, the library might reserve provide materials necessary for the job,
more time for independent study or for and suggest means for evaluating
entire classes to research projects under results.
their teacher's guidance. Ask parents to
Display winning works. Students learn
help during these times.
more from others' projects if they have
Offer an in-service library session for plenty of time to examine the experiteachers Before introducing the science
ments. So, after the fair, honor the winfair to students, arrange a library ses- ners by displaying their projects in the
sion for teachers. The librarian ran re- library media center.
view the range and location of science
materials, show pictures or slides of past
Marge Hagerty, Librarian
fair projects, and discuss library rules
Chinn Elementary School
and processes.
Kansas City, Missouri
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MASTERING

the
SCIENCE FAIR
Do you feel overwhelmed by details at
the very thought of a science fair? You
don't have to. Use this master schedule
as your checklist, and spread those tasks
out over a year's time.
I've been perfecting this schedule for
about ten years, so I know it works. I
began to develop it because as a young
teacher I was a lot like my seventhgrade

studentslong on energy and
enthusiasm, but short on organizational
skills. The details became unmanageable.
Even a seemingly innocuous detail like
arranging space for the fair can cause big
problems if its not attended to far
enough in advance. The first science fair I
organized was elbowtoelbow with 180
students packed into the cafeteria. Now I
reserve the gym a full year ahead of time.
I start by going over the basketball
schedule with the athletic director to
make sure the gym is free, and my
seventh graders aren't scheduled for an
away game on the night I want. Next I
explain to the gym teacher that well need
to set up on the day of the fair, and offer
to trade spaces with her for that one day.
Finally, when I've gained the cooperation
of both the athletic director and the
physical education teacher, I go to the
principal and make a building request in
writing. I also reserve the cafeteria as a
hospitality area for the evening of the fair.
This gives parents a place to be while the
judging is going on.
Preparations inside the classroom also
begin a year in advance. Each spring, I
visit the various sixthgrade classes to tell
them about the science fair. This gives
the students lots of time to start thinking
about science projects. I bring some of
my most successful seventh graders
along to demonstrate their projects. I
share our "brag book" of pictures,
newspaper clippings, and other evidence
of the recognition my students have won
at district and state fairs. This introduction
to the science fair stirs up enthusiasm
and anticipation.
The next fall, I give the students

experiences with hands-on labwork. They
learn the scientific method by performing
controlled experiments. The students
practice for the fair by writing up several
of their experiments as formal
summaries, including question,
hypothesis, materials, procedures, results
in a chart or graph form, and a
conclusion.
Early fall is also the time to draft a
schedule specifying the minimal
requirements for the science fair and
setting a due date for each requirement.
The six requirements are: (1) performance of an experiment with data
collection, (2) a formal summary of the
experiment, (3) a research report with
bibliography, (4) a visual backdrop, (5) an
oral presentation, and (6) attendance on
the night of the fair.
Structure is vital to the success of the
fair. The schedule of steps and due dates
provides the solid framework middle
school students need. A number of my
"learning disabled" students have won
high honors at district fairs thanks to the
structure the tenweek student schedule
gave them.
Communication between home and
school is another vital element to
planning a science fair. At the first
parent/teacher conference, I give parents
a copy of the schedule and a letter that
fills in the details. Parents are consistently
supportive when they know what will be
expected of their children.
Students spend three of the total ten
weeks deciding on a project. Choosing
the right project is the most essential step
of the whole process. I don't want any
student to work on a project which is so
undemanding he or she won't leam from
it, but I also don't want projects so
difficult that students are set up for
failure. Most seventh graders have never
had to make choices of this kind before,
so they need patient guidance.
To be fair to the students, judging
criteria are based on the requirements
they have been asked to meet. I give

16 NATIONAL SCIENCE TEACHERS ASSOCIATION

copies of the judging sheets to students
well in advance so they know how their
projects will be rated. They will eam 45 of
the 100 possible points just for meeting
the basic requirements. Knowing this
motivates them to keep on schedule. The
remaining 55 are quality points which
indicate how well they meet the
requirements.
When science fair day finally arrives, I
can relax and enjoy myself. Ifs like a
wonderful party! Students are dressed up
and on their best behavior. The
gymnasium has a holiday air. I make sure
that I am free to greet the judges, who are
local professional people. I put a high
premium on student/scientist interaction.
I don't assign judges more than four to
six projects each. Students spend a class
period after the fair writing personal
thankyou notes. As a result, judges are
eager to keep coming back year after
year.

After the school fair, the students
designated to go to the district fair get
together to further improve their projects.
Again, structure and communication are
essential, so I arrange a time after school
for each student and a parent to meet
with me, read the judges' comments, and
draw up a contract for the tasks the
student agrees to do as part of our
school's science team. These tasks
include preparing the oral presentation
for videotaping and practicing it in front
of the sixth.grade classes when I make my
spring visits. This completes the yearly
cycle which began the previous spring.
RUTH BOMBAUGH
Langston Middle School
Oberlin, Ohio
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Master Schedule for Director of the Fair
Durinz the School Year Previous to the Fair

Preparation Outside the Classroom

Preparation Inside the Classroom

Reserve the gymnasium for the whole day ofyour fair.
(Talk to athletic director, gym teacher, principal.)

Visit the science classes to tell all prospective students
about the science fair.

Reserve the cafeteria as a hospitality center for the

Schedule the current science team to give presentations to the prospective students and display their
finished products.

evening of your fair.

Urge fellow teachers to assign your prospective students a research report.

Help any interested students to design science fair
projects which they can work on during the summer.

Plan the format of your fair with the other teachers
who teach the same grade. Possible options include:
1) An Interdisciplinary Science Fair: all students do
a science project but the library research is a social
studies assignment, the backdrop is an art assignment, the graphs are a math assignment, etc.
2) An Academic Fair: all the teachers cooperate, and
students may choose to do either a math, social studies, science, or language arts project.
3)A Science Fair only the science teacher oversees.
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Before Students Start to Work on Their Science

Fair Projects

Preparation Outside the Classroom

Preparation Inside the Classroom

Prepare letter for parents which states requirements
that students must meet.

Stress hands-on lab experiences with data collection
in your science classes. This reinforces concepts and
helps students learn the scientific method in a concrete manner.

Prepare week-by-week schedule for students telling
what they should be working on and what deadlines
they should meet.

Require students to write up their lab experiments in
science fair form. Make sure they have all the parts of

Prepare judging sheets.

an experimental summaryquestion, hypothesis,
materials, procedures, results in a chart or graph

Prepare award certificates and order ribbons.
(Any student calligraphers ?)

form, and a conclusion.

Reserve public library and school library time for
students to be shown reference materials. Arrange to
have reference materials in the classroom too.
Reserve space and time for awards assembly.

8
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During Student Preparation of Science Fair
Preparation Outside the Classroom

Preparation Inside the Classroom

Contact resource people when they are needed for

Give it your all!

assistance.
Two to three weeks before the fair, line up your judges.
(Personal contact by telephone works best.)

Follow the week-by-week schedule, and anticipate
students' need to learn new skills. Teach how to write
bibliographies about a week before they're due.

In the Ten Days Leading Up to the Falk

Preparation Outside the Classroom

Preparation Inside the Classroom

Arrange hospitality. (Your school secretary, principal

Continue to follow the week-by-week schedule and

and/or fellow teachers may be willing to be hosts.
Could the home economics students bake cookies?)

DON'T PANIC. The Last-minute Lizzies will often do
wonders when the time crunch is on!

Make up the judging assignments and group sheets for
each judge.

Go over the judging sheets in class and have students
fill out the tops: name, date, title, number of project.

Make up name tags for the judges.

Arrange to have a volunteer photographer.
Alert the media (newspapers, radio, local TV).
Set up the tables and a microphone the evening before
the fair.

On the Actual Day of the Fair
During the School Day

During the Fair in the Evening

Have students set up their projects during the class

Be sure you have delegated as much responsibility as

periods.

possible. This involves more people in the fair and
leaves you free to trouble-shoot.

Let other grades view the projects, with your students
serving as hosts.

Greet your judges! (They are V.I.P.'s.)

Remind students to dress well for the fair and to be

Enjoy yourself !

polite.

After the Fair
Finishing Up Local Fair
Average the judges' scores.

Preparation for District Fair

Fill in names on award certificates and host awards

Draw together a science team of stut:ent volunteers
and meet with each parent and student to draw up a
contract of responsibilities.

assembly.

Write articles for the newspapers.
Have students write thank-you notes to judges.

18 NATIONAL SCIENCE TEACHERS ASSOCIATION

Help each student follow through on his/her contract.
Videotape the science team.

The What, Why,
and
How of Projects
A science project should begin with curiosity and foster wonder. The

best projects stretch students' investigative skills: questioning the
world, wondering how it works, and delighting in and coming to
understand its mysteries. But most students have little or no experience in the art of doing science. Use this section to help your students come up with project ideas. You can teach students how to
design and to carry out projects and to think like scientists.

20

How To Create
Problems
Coming up with a suitable research topic is tough.

Make it easier with this reliable approach.
by Juliana Texley
High schuolers have little

During September each class begins

or no experience in the

with "idea time." From a file of c'ippings and journals, I read hypotheses
and abstracts that catch my eye. (We
often use Science Briefs from TST.)
For each topic, we discuss the student
research possibilities, using a modification of a system known to educational researchers as Campbell and
Stanley designs [1). We were guided
by the following questions: "What is

art of doing science. The

most critical part of re-

searchgenerating a
problem that can be investigatedis
far beyond their reach without guid-

ance and training. How often have
you suggested elegant schemes for
student investigation, only to be met
with "Can I play music to plants?"
Many of the winners of the Westinghouse Science Talent Search and
other competitions work in tandem
with researchers; that fact alone daunts

many of us who hope to guide our
students in the same direction. But
most curricula can encompass research
skills and a framework for coming up

with project ideas and designs. Prob-

lem generation does not have to be
serendipitous. You can teach it, as you
can teach other process skills.

The second year
At Richmond High School, we restructured the second-year biology class to
emphasize individual research. As we
covered topics in anatomy and botany,

we wove an unbroken ihread of research methodology throughout the

the best way to investigate this topic?"
"What equipment (or subjects) would

we need?" and "What are the major
potential sources of error (invalidity)?"
Students never take long to catch on.

One-shot research
Figure 1 shows five experimental designs. T indicates one test or trial of
an experiment, and X is a treatment.

Time passes from left to right. This
simple system (not too different from
the diagram of a football play, according to my class) applies to all types of
experiments in the Campbell and Stanley system.
in Figure la, often dubbed the one-

sl- ot pretest/posttest, one group or
subject was tested, exposed to a treatment, and then tested again. Although

year. In this school, the first-year

this scheme is a poor one in the life

biology program covered so much in

and social sciences (it has no control,
and observations on one organism can-

so little time that it didn't allow for
research. The second-year course was
the ideal place to start learning how to
do independent investigations.

not be generalized to others), it can
sometimes be relatively meaningful in

the physical sciences. The following
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ti

determine the difference between

In the days b.c. (before computer), such
designs were difficult for students to
analyze. It is hard to convince young
scientists that they can compound their
errors by relying on the streams of
decimals on their VDTs and calculators.
projects fit the experimental design:

they are only a rudimentary tool. The
key danger in an experiment of this
design is overconfidence. One trial is

How does blan:hing affect the
activity of enzymes m vegetables?
How does adding a mordant affect
the action of a fabric dye?

seldom enough to draw any sort of
conclusion in scienceand it seldom
takes students long to recognize this

How does stress affect the
strength of a given plastic?

fact with the help of diagrams.

How would adding a barrier of
foliage affect sound transmission?
If you have a microcomputer, you
can measure the results of these types
of experiments relatively accurately by
interfacing laboratory equipment. But

Controlling the problem
The randomized control group design

is the standard for student project
work in biology. (See Figure lb.) With

this design is very limited. You can
quantify "one-shot" experiments, but
usually only with a histogram. While

it, students compare the pretest (or
initial condition) and the posttest (or
final condition) with a control group.
In its simplest form, this design provides data for the Students f-test (to

histograms are the most common way
to display data in most science fairs,

Flgurel. Campbell and Stanley experimental designs. T one test or trial; X - a treatment
a) one-shot pretest/posttest

1,

X

12

X

12

b) randomized control group
12

c) variable in a series

)(

12

Xb

12

sample means) or for chi-square analysis (for data in frequency form). The
distinction between discrete and continuous data (and between histograms
and line graphs) requires a great deal

of class time. (In most math books

students are taught to make both
types of graphs, but they are never
taught when to use each.) By con-

trast, students can figure out that
the reliability of a randomized control group test depends on the number of subjects in the experiment.
As my classes di ;cuss projects that
are suitable for this design, we carefully define random and control. This is
difficult because many students do not
know how to isolate variables, and we

have to stop to sort out the confusion.
Here are some examples of randomized control group experiments:
How does electromagnetic radiation affect the orientation and flight
of honeybees?
How does calcium affect geotropism in plants?
How does noise (interference) affect short-term memory?

Varying variables
You can strengthen designs such as
those above if you apply the variable
in a series of strengths, durations, or
forms. (See Figure lc.) Try some of
these examples:
What is the relationship between
the concentration of fertilizer and the
growth of plants?
What is the relationship between
the type of metal bowl and the stiffness of egg whites beaten within it?
How does the wavelength of light

12

d) observations over time
T1

e) progressive change
TI
TI

T2

T3

T.

T2

13

14

T2

T3

T.

X

X

Ty

To

17

T5

To

17

Ty

To

17
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Juliana Tex ley, the editor of The Science
Teacher, formerly taught biology at Richmond High School, Richmond, Michigan. At
present, she heads the science departmelit at
University- Liggett School, 1045 Cook Rd.,
Grosse Pointe, MI 48236.
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affect seed germination?
e How does relative humidity affect

plant growth or the se:s ratios of invertebrate offspring?
In the days b.c. (before computer),
such designs were difficult for students
to analyze. It is hard to convince young

scientists that they can compound the
errors of their observations by relying

on the streams of decimals pumped
out on their VDTs and calculators. So
we pause again to take a practical look
at significant figures and why we need
them.
Today most micros can perform a

relatively straightforward statistical

11111=liler

The end product of most of this research is a

formal paper and publication of an
abstract in our high school Journal of
Science, a booklet that serves not only as
a source of pride but also as a reference
for next year's apprentice scientists.

technique called analysis of variance.
As the need arises in our discussion of
experimental design, I explain the significance (but not the mathematics) of
each statistical method, deliberately

sive changes in a subject over time to
a control (See Figure le.) This setup
might represent such research as "Do
neuroinhibitors affect metamorphosis
in insects?" or "Can variations in the
growth rings in fish scales (or trees)

adding the terms statistically significant
and one-toone correspondence so that stu-

be correlated with specific environ

ers, I always break up the research

mental events?"

project into small units (problem, bibliography, procedue, materials collection, and so on) and enforce firm deadlines. Every year I have several wellintentioned procrastinators who miss

dents will not forget the meaning (if

not the method) behind each technique.

Now, it's my turn
As the class discusses each hypothesis

From beginning to end
In biology, obstr,ations over time are
often more valuable then single tests.
The Campbell and Stanley design for

this type of experiment is shown in
Figure id. Students might investigate
changes in the pH of egg white as an
egg ages, changes in the reflex rate of
animals as they age, or changes in the
oxygen production by algae over time
(biorhythms). When they inject a treatment into a time series, students often
must rely on a computer for curve fit-

ting and extrapolation. This is especially important when a student has a

practice effect to take into account.
For example, one of my students decided to test the question "Do video
games increase hand-eye coordination?" But first, she had to determine
the expected improvement causzcl by
practice and then compare it to any
significant experimental effect.
The final Campbell and Stanley design allows you to compare progres-

or abstract and develops the appro-

student has a problem to concentrate
on. Most problems are unique enough
to keep both student and teaches- intrigued for a few months.
Knowing full well that the majority
of these teens are poor time manag-

their mark, as well as some who are

priate design for an experiment, I ask
students to think of potential sources
of error and variations on the theme
of the experiment. (Although we do
not
used text, many books on research
methods look very thoroughly at discussions of the sources of invalidity
associated with each design [1).)
After a week or so, students begin

on to competition, but the course

to bring in their own clippings and

school journal of Science, a booklet that

determined to find nothing of interest.

But, in retrospect, this system has
proved overwhelmingly successful.
Many students carry their research
structure clearly deemphasizes this as

a goal. The end product of most of
this research is a formal paper and
publication of an abstract in our high

ideas. We sometimes construct a "Tear

serves not only as a source of pride

and Share" bulletin board. Naturally,
not all ideas fit into one or more of the

but also as a reference for next year's
apprentice scientists.

Campbell and Stanley designs, so often
we improvise and devise our own sym-

generate problems for research from

bols. Our collection is sometimes
raided, but students usually settle on
ideas of their own.

After a month, students narrow
down their field of research and contact a researcher who can answer their
questions. The majority receive gra-

cious responses, reprints, and sage
advice. Some students move on to library research, and by November each

24

It takes more than motivation to
scientific literature. It takes experience

and a structured approach to a problem, too. Persistence does pay off. The

costless content coveredis far outweighed by the rewards.
Reference
1 Campbell, P. T., and J. C. Stanley. &retie:n:141
and Quastexpennieraal Design for Research. Chicago:
Rand McNally, 1966.
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Do Mouthwashes Really
Kill Bacteria?
by Thomas R. Corner

Mouthwashes and
disinfectants are good
subjects for science

fair projects. But students

must be careful to judge
effectiveness correctly.

As a science fair judge, I
have seen any projects

set up to test how well
various household or oth-

er commercial products,
such as detergents and mouthwashes,

fight bacteria. Students have a hard
time doing such research correctly.
Generally, the young experimenters
expose bacteria to filter paper discs

treated with the product and then
judge the effectiveness of the substance

incorrectly by comparing the diameters of the zones of bacterial inhibition.
High school students seldom realize

that a larger inhibition zone may not
reflect a greater susceptibility of a test
bacterium to a particular arrive ingredient; instead, it may reflect only a difterent e in the diffusion coefficients
kilts of
the two active ingredients. The devel-

opment of an inhibition zone is complex and depends upon a number of
factors, many of which might be beyond secondary school scientists.
Two other errors, which are more

two additional prot edures for int rodut-

mg quantitative analysis into the experiment.
Impregnating filter paper dist:, t.ith
an antimicrobial agent is a reliable way

to test the effectiveness of chemicals
against various bacteria 181. This tech nique forms the basis of standard anti-

serious, however, compromise the suc
Less of the project. The first involves
the choice of broth media rather than
solid media in Petri dishes, the second
is the use of irregularly shaped bits of
filter paper. The second error 1, considerably more common. Using broth
defeats the whole idea of the test. to
fix bacteria in space so that an inhibition tone can, in fact, develop. (The
thermal agitation and bacterial motil-

blow. tests performed in most hospital and commercial diagnostic laboratories 141. In these tests, pure t ulture,
of the suspected pa thogenit bacterium

ity, if any, in broth prevents zones
are impossible to measure.
Nevertheless, the experiment is truly

searcher measures the diameters of
the inhibition zones and compares
them to a standard chart, packaged
with the discs, to determine whether
the bacterium is fully resistant, fully

valuable. So let me suggest a better

susceptible, or of intermediate suscep-

technique and, for advanced students,

tibility. Only an antibiotic to which

from forming.) Irregularly shaped discs
prompt irregular diffusion paths which
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are exposed to discs of a single pOICII-

ty. Although different for each antibiotic, the concentration on the disc Is
carefully chosen, based on results from
tests with different concentrations as
Well as on correlations with other types
of analyses 141. Atter incubation, a re-
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thy! pathogen is fully susceptible would

or should be used therapeutically.

How wide the inhibitions?
The diameter of the zone indicating
full susceptibility varies markedly with

both the bacterium and the antibiotic

in question. 'Thus, an antibiotic to
which a partict6r bacterium is resistant may produce .1 iarger inhibition
zone than another antibiotic to which

fact, (or S. alum to be considered susceptible to ampicillin, the zone diameter must reach at least 29 mm. There-

household disinfectants, laundry deter-

gents, toothpastes, and deodorants.
Liquid products are easier to test but

fore, a student can neither compare
the effectiveness of different agents
against a single bacterium nor the
degree of susceptibility of different
organisms to the same agent simply

solids can be used in solution, such as
1 g dissolved in 100 mL of sterile distilled water in a sterile contairer.

by comparing the zone diameters

Keeping it clear

without consulting reference tables.
I do not mean to say that you should

Ideally, the products you want to test
should be sterile. You can determine
whether or not a product is sterile by

discourage students, especially in lower

the same organism is susceptible. (See
Figure 1.) For example, a zone diame-

grades, from doing the investigation.

Rather, point out the problems and

ter (4517 mm indicates resistance to

pipetting several drops of it onto a
plate of the growth medium you are

novobiocin in all bacteria tested, but a
zone diameter of ?...11 mm indicates

the necessary safety precautions, and
encourage them to continue. They will
gain not only useful bacteriological ex-

pl.innatg to use in the experiment. Use
a sterile pipette. Incubate the plate for

susceptibility to colistin in the same

perience but also some insight into

bacteria.

the merits of advertising claims.

Similarly, for a given antibiotic, a
large zone may or may not indicate

At the outset of the experiment,
students must decide which agents,

susceptibility, depending on the bacterium being tested. For example, a zone
diameter of?....14 mm indicates suscep-

organisms, growth media, and materials to use. In choosing antibacterial
substances, students are limited only
by their experience and imagination.

tibility of Escherichia coil, but resistance
of Staphylococcus aureus to ampicillin. In

Some examples include mouthwashes,
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at least one week at room temperature (or 3 days at 37° C). Products
that show contamination (a lesson in
itself) should be sterilized, preferably
by passing them through a moribranefilter device (such as the No. 20 m ail -

able from Nalge Co., 75 Panorzma
Creek Rd., Rochester, NY 14602). If
the product contains alcohol (some
mouthwashes and disinfectants) and
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ably in screw cap tubes). Prepare the
slants by filling test tubes about half
full with molten agar. Close the tubes

High school students seldom realize
that a larger inhibition zone may not
reflect a greater susceptibility
of a test bacterium to a particular
active ingredient.

and sterilize them. Then, while the
agar is still hot, put the tubes at an
angle of about 15°, and let the agar

solidify. Each week, transfer the
growth on the slants to fresh slants to
maintain a source of inoculum for the
test plates.

Media for growing
must be sterilized, you must use a filter.
You can obtain pure cultures of non-

growth medium over a dust source

Any of the following growth media

under a bed or desk or in the corner of

pathogenic bacteria from most supply

a roomand then tapping the plate

houses or from the American Type
Culture Col ection (12301 Parklawn

gently on the dusty surface. This will

Dr., Rockville, MD 20852; ask for Preceptrol cultures). Escherichia coli is probably the best choice because of its im-

will find it best to sample soil by pre-

are suitable for the tests: nutrient agar
(Difco Products, PO Box 1058, Detroit,
MI 48232); tryptose blood agar base
(no blood) (Difco); trypticase soy agar
(BBL Microbiology Systems, PO Box
243, Cockeysville, MD 21030); and
Mueller-Hinton agar (Difco and BBL).

portant role in the development of
molecular biology and its ability to

Allow the large debris to settle out,
and then transfer a drop of the sus-

Most scientific supply houses carry

grow in simple media over a wide tem-

pension to the plate of growth medium

tioned earlier and for organisms iso-

perature range. But

Staphylococcus epi-

and streak the drop. You can sample

lated from natural sources, except

dermidis, Bacillus mcgaterium, Bacillus subtilis, and Bacillus cereus are easy to grow,

finger bacteria simply by rubbing your
fingers over the surface of the agar.

throats and oral cavities, nutrient agar
is adequate. The others are richer in

too. A comparison between E. coif, a
gram-negative bacterium, and one of
the other three, all gram-positive bacteria, could make an interesting study.
Bacteria of tht genus Streptococcus, which
constitute the bulk of the oral microflora [91, are the ideal choice for testing mouthwash. But they do not grow
well on readily available media and
present real safety problems; l "th of
these facts argue against their use.

Whatever the source of the bacteria, incubate the plate at room tem-

nutrients. Standard antibiotic disc

perature or other suitable temperature
(such as 37° C until you can see colonies. If blood agar is available, isolate
oral flora with throat swabs, but then
use Mueller-Hinton agar for testing.

Mueller-Hinton agar. You can buy all
of these media in powdered form for
reconstitution with distilled water fol-

Breeding your own cultures
Alternatively, students can isolate and
grow their own pure cultures. Household dust, garden soil, and unwashed
fingers are good sources of bacteria.
Students can harvest organisms from

dust by inverting an open plate of

blow organisms onto the agar. You
paring a slurry (for example, 1 g in
about 100 mL of sterile distilled water).

these products. For the bacteria I men-

assay systems use the very rich

lowed by sterilization. Some media may

be available (at higher cost) as pre-

(In collecting oral flora with throat

poured plates and slants. You can also

swabs, you

face the possibility

get newer instant media. Prepoured

that you have pathogenic bacteria,
even from healthy throats, in your

blood agar plates (tryptose blood agar
base or trypticase soy agar plus 5 per-

sample. Therefore, swab only the surface of the tongue and teeth. Always
caution students to use proper microbiological techniques at all times, and
never let inexperienced students use
pathogenic cultures.)
Once colonies of bactc.:ia appear on
the disc, use a sterile device, such as a
bacteriological loop or needle, to trans-

cent blood, usually from sheep) are

always

fer a single colony to fresh growth
medium. Streak the colony so that
after incubation you will have isolated

sold commercially but sometimes may

be obtained from a nearby hospital
diagnostic laboratory. For organisms
that are difficult to grow, you can add

blood or serum to Mueller-Hinton
agar.

The only other materials to which
you should pay attention are the discs.
Standard antibiotic assay discs are 6.4

mm in diameter and made of high

Michigan State University, East Lansing, MI

colonies for a second time. One of
these colonies can then serve as an

quality paper. Blank discs are commercially available (for example, No. 31039
from BBL). However, students can use

48824.

inoculum to maintain slants (prefer-

a standard notebook punch to make

Thomas R. Corner is an assistant professor in
the Dept. of Microbiology and Public Health,
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Figure 1. Zone diameters for interpretation of antibiotic disc susceptibility tests'.
Zone diameters° for
susceptible
(more than or
equal to)

resistant

Antibiotic
Ampicillin
Ampicillin
Colistin
Erythromycin
Novobiocin
Penicillin G
Penicillin G
Streptomycin
Sulfonamide°
Tetracycline

Bacteria

Amount on
disc (pg)

(less than or
equal to)

10
10
10

20

14
29

8

11

15

13

18

30
10`
10`

17

22

20

29

11

10

11

22
15

Escherichia coli
Staphylococcus aureus
all
all
all

Staphylococcus spp.
all others
all
all
all

11

300
30

12
14

their own discs from high-quality filter paper (such as Whatman No. 3).
These discs, which will be about 7 mm
in diameter, are perfectly suitable, but
remember to sterilize them in an autoclave or pressure cooker.

17
19

'Data adapted from (11].
°Zone diameters falling between the value', given indicate intermediate susceptibility.
`This amount is given in units, not pg.
°Strictly speaking, sulfonamides are nJt antibiotics.

Doing it
Inoculate the agar plates from the stock
culture slants. Transfer a small amount

of solid growth from the slant to the
plate with a sterile bacteriological loop

or similar tool. Spread out the inocu-

Figure 2. Primary active principles in selected brand-name household products.

Product
(Reference]

Molecular
Weight'

Active Principle

lum evenly over the surface with a

Molar
Concentration
(approx.)

Bleach

Clorox liquid°
Mouthwash
Cepacol (1,3]
Chloraseptic [3]
Fluorigard (3]

sodium hypozhlonte

S.T. 37 (1]

Soap or detergent
Dial bar (6]
Diaperene (6]
Dreft°
Toothpaste
Crest [1]
Macleans [1]

sterile swab. Moistening the swab with

sterile distilled water makes the task
easier. Be sure to cover the whole surface of the plate. The spread-out inoculum should not be visible.

74.44

0.6717

cetyl pyridinium chloride
phenol
sodium fluoride
hexylresorcinol

Sterilize a pair of forceps by dipping
them in ethanol. Allow the ethanol to

357.99

0.0014
0.1488
0.0119
0.0051

drain off briefly. Then pass the for-

trichlorocarbanilide`
methyl benzalkonium chloride
sodium dodecyl sulfate

315.59
480.14
288.38

0.0002d

stannous fluoride
sodium monofluorophosphatee

156.70
143.95

0.0026°
0.0005°

94.11
42.00

194.26

ceps through a flame to ignite the
residual ethanol. Be sure to keep the

0.0012°
0.0035°

forceps pointed down. When the flame
goes out, allow the forceps to cool for

a few moments.
With the sterile forceps, pick up a
sterile disc, and dip it into the product

or solution you want to test. Allow
the excess liquid to drain away, and
then transfer the disc to the surface of

aObtained from (121.

the inoculated plate. One plate can
conveniently hold four test discs ar-

°Data from product label.
`Hexachlorophene, listed as present (5], has been excluded.
°Concentrations based on a solution of 1 g in 100 mL.
`Sodium dodecyl sulfate is also present in this product (6].

ranged at 12, 3, 6, and 9 o'clock at 1 to

2 cm from the periphery. Push the
disc down lightly with the forceps to
make it adhere to the agar.
Repeat the procedure for each addi-

Figure 3. Typical data for the action of household bleach (active ingredient sodium
hypochlorite) on Staphylococcus aureus.
Molar
Concentration°

tional test disc. Place an untreated disc

Zone
Diameter
(mm)

Zone
Radius
(mm)

Corrected
Radius`
(ro)

rc2

3.5
4.5

0.3

0.09
1.69
3.24
5.29

Dilutiona

(M)

In M

5/100
1/10
15/100
1/4

0.03
0.07
0.10
0.17

-3.51

7

-2.66
-2.30
-1.77

9
10
11

5.0

1.3
1.8

5.5

2.3

'Dilutions were made in sterile distilled water.
°Commercial liquid bleach is 5% sodium hypochlorite.
`Zone radius- disc radius= corrected radius; in this case, the disc radius was 3.2 mm.
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in the center of the plate as a control
for filter paper toxicity. Set up one
inoculated plate without a disc as a
control for the growth of the organism.
Now incubate the plates at the same

temperature at which you grew the
stock culture of the test bacterium.
(Be sure to carry out all comparative
tests at the same temperature.)
When you begin to see bacterial
growth on the control plate, usually
after 24 to 48 hours, record the diame-
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ters of the inhibition zones. If your
students have prepared duplicate (or
more) plates, as they should have, they

will gain some idea of the reproducibility and variability of such tests.
Always remember to teach your students how to use safe techniques to
prevent contamination. You may have

to remind them about safety as they
conduct the experiment.
Advanced students witl- sufficient
math background can us,_ the filter
paper disc assay to determine the minimum inhibitory concentration (MIC)
of various products. MIC is the dose

that is just sufficient to inhibit the
growth of a given microorganism. Students can use the filter paper disc assay

system to compare the effectiveness
of various products against a particular bacterium [81.

But what about the moles?
To do the exercise properly, you must
know the molar concentrations of the
chemicals you are testing; therefore,

carry out these assays only on pure
solutions of an agent. You cannot apply

Figure 4. The effect of household bleach (sodium hypochlorite) on Staphylococcus aureus.
The line shown was fit by least squares regression using a Texas Instruments TI59 programmable handheld calculator; but a visual "best-fir could have been used. The y-intercept (In
M') is -3.39; therefore, the MIC (M') = 0.03M.

Figure 5. Hypothetical data for the comparison of two products for which the concentrations
of the active principles are unknown.

this procedure strictly to most commercial products, of course, since they
are mixed solutions of active and inactive ingredients. However, even with
these products, your students will find

the exercise instructive. Tell them to
perform the calculations only for the
major active principle. Figure 2 contains data for some typical household
products. (In preparing this table, I
found references 1 and 3 most helpful
for product concentrations and reference 12 for molecular weights.)
The mathematical theory behind the
relationship between the size of the
zone of inhibition and the concentration of the product on the paper disc is

Product

Product Dilution

In DDE°

A
Zone Diameter

undiluted

0.0

24

1/2
1/4
1/8
1/16

0.69
1.39
2.08
2.77

21

18

13

B
rc 2

Zone Diameter

rc2

77.44
53.29
33.64
10.89

20

46.42
33.64
28.09
18.49
10.89

no zone

18

17
15
13

aNatural logarithm of the dilution decimal equivalent.
Summary
Product

In (y-intercept)

ey-intercept.

Relative effective dilution

A

2.43
3.57

.09
.03

1/11

B

Conclusion: Product B is more effective than product A.

not well developed because the test

40

system cannot be analyzed in a straight-

forward way. For practical purposes,
however, you will find the following
approximation satisfactory [4, 81. The
relationship between the critical concentration (M') at which no zone will
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1/33

form around a disc, that is, the MIC,
and the initial concentration (Mo) of
the solution on the disc is given by the
formula
r2
In M'= In Mo
4Dt

where M' and Mo are the concentrations discussed above (in molesIliter),
ro is the distance from the edge of the
disc to the outer edge of the inhibition
zone around the disc (the corrected
radius), D is the diffusion coefficient of

the agent in the medium, and t is the
time diffusion was allowed to occur.
Although the diffusion coefficients
for various agents in nutrient agar are
not readily available, you can determine M' under conditions in which
you hold D and t constant. Simply use
saturated discs on the same plate with
different known concentrations (differ-

ent Mo) of the agent. Determine M'

by plotting the various Mo values
against the square of the appropriate
corrected radii. This is possible because

when you rearrange the equation
above, you will discover it is the equa-

tion of a straight line, y = mx + b,
where m is the slope and b is the yintercept. Thus,
InMo=

rc2

in N4,

(4Dt)
This relationship is linear as tong as D
and t are held constant for each value

of Mo. Although we are using this

1:2, 1:4, 1:8, and so on) of the product

in sterile distilled water for as many
tests as you want to run. Usually four
dilutions will be sufficient; but if the

Figure 5, is less effective than one with

you can test eight dilutions. Use the

a relative effective dilution of 1:33.
Although this is not the ideal way to
make comparisons of effectiveness,
this method is quantitative, whereas
simple measurement and comparison

same methods you did in the first
experiment.

Comparing the results
When inhibition zones develop, record
their size in a table similar to the one

shown in Figure 3, which shows experimental data obtained when Staphylococcus aureus was exposed to household bleach. Complete the required cal-

culations to determine the critical inhibitory concentration of your agent

for your organism by plotting the
square of the corrected radius of the inhi-

bition zone (total radius minus disc
radius) versus the natural log of the
concentration on the disc for each of
the four cases. Extrapolate the line to
the y-axis to obtain the natural log of
the critical concentration. (Figure 4 illustrates the results of Figure 3, with
an MIC of 0.03 M.) Ideally, for comparison, students should examine the
action of two agents on a single bacterium or the action of a single agent on
two different organisms.
You can draw a quantitative com-

equation here to determine M' values

for various products, you can also
approximate D, the diffusion coefficient, if you keep accurate time

the appropriate concentration data (as
is often the case with commercial prod-

records.

effective dilution, the theoretical dilution at which a zone just fails to form

ucts). You can also find the relative
= 0), for each product. Carry out
the tests exactly as described above,

Now, test the undiluted agent against
the chosen bacterium, and determine
the diameter of the inhibition zone, if
any. If there is no inhibition, try another agent or another bacterium. A
large zone is better than a smaller one

because you can dilute the product
further before reaching a concentration that will not produce a zone.
Prepare twofold dilutions (that is,

tive effective dilution of 1:11, as in

zone for the undiluted product is large,

parison of the effectiveness of two
agents even when you do not have

But will it really kill germs?

should be made to produce r,= 0. The
smaller this number, the less effective
the product, so a product with a rela-

but substitute the decimal equivalents
of the dilution factors, for example, 1/2
= 0.50, for the concentrations as illus-

trated for the hypothetical case in
Figure 5. The resulting y-intercepts
are the natural logs of the decimal
equivalents of the relative effective
dilutions. Taking the inverse of the
antilogarithm of this number will yield

the denominator of the dilution that

of zone diameters is incorrect and may
be misleading.
These procedures for testing household and other products ought to help
clear up your students' misconceptions
about the relative effectiveness of these
agents against various bacteria. Know-

ing the right way to obtain and interpret results accurately can be just the
polish your students need to come up
with some really sparkling independent
research.
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Surviving
a Science Project
by Marttn D. Tatchworth
bile students elsewhere may do sci-

A comprehensive project

ence projects, at
Samuel Gompers

guide and a stringent

Secondary School,

schedule discipline

our students do science projects! Gompers

these students

school, so our students, while reflecting the cultural and racial mix of San
Diego, arrive interested and sometimes
talented in those subjects. We respond

to achieve their
beg.

is a mathIsciencelcomputer magnet

by teaching them the scientific method,

by exposing them to professional
scientists and scientific equipment, and

by training them in the self-discipline

and communication skills they will
need to succeed. And we do it, to a
great extent, through our science project program.
The science department requires a
science project of all students enrolled
in the 7th-grade science computer class
and the 8th-grade physical/life science
class, as well as in 10th-grade physics.
The 10th graders may start their projects in the 10th grade and finish them

in the 11th. We encourage 9th and
12th graders to do a science project,

skills. These students need the most
help. At Gompers, their teachers use
lectures and handouts to supplement
the standard format for science projects that the science department has
agreed on (see Figure 1). Our standard format for the students' written
report includes the components of a
college-level report.

Time for quality
Once students learn how to set up
projects and to communicate findings,
their projects get better, especially at

the 7th-grade level. When students
understand the mechanics of a science

project, they have time to be more
creative, and the result is higher quality projects.
Another major problem is schedul-

ing work time, and at Gompers we
address it very aggressively. Students
are to work on their projects at home
or after school, not during class time.

In class, teachers explain how to do
particular aspects of projects, as well
as cover the normal topics using labora-

too, but it's not required.
After teaching hundreds of students
how to start and complete projects, I
think I have learned something about
how to help students succeed at them.

tories, lectures, and demonstrations.
Students are human, and it is human

Students of all abilities have some

the schedule; the parents also receive
a copy of the schedule and an explana-

problems in common: How to set up
equipment and procedures, conduct an
investigation, and report findings is a

to procrastinatebut our detailed
schedule really helps. At the start of
each school year, each student receives

tory letter. The letter explains the

big one.

Many students, especially 7th and
8th graders, have poor writing skills
and undeveloped scientific thinking
30 NATIONAL SCIENCE TEACHERS ASSOCIATION

Martin D. Teachworth is a science teacher at
Samuel Gompers Secondary School, 1005 4711,

SI., San Diego, CA 92102.
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importance of the project and the

inform the parents with another let-

may. take a lot of time. But as the

need for their child to meet the sched-

ter home that also lists the next assign-

semester progresses, students realize

uled due dates. It also asks them to

ment and due date. If the letter isn't
signed and returned, we contact the

that working at meeting their due dates

parents by phone. At first this process

contacted over and over.
Scheduling due dates helps students
pace themselves. They know exactly

check daily on their child's progress.
If the student misses a due date, we
Figure 1. Our science project guide.

The steps in the science project are listed below in the order ot appearance. Use this sheet as
a checklist when completing the parts of your science project.

1. Identification page: Give project title, your name, your advisor's name.
2. Title page: Give project title; no names.

is better than having their parents

how much time is allotted for each
part of the project, and at each step
their teacher examines the project and

makes suggestions. This immediate

3. Table of contents: List in order each project part (abstract to time log). Give page
numbers for each project part.
4. Abstract: State the problem/question. State the hypothesis. Summarize the procedure.
Summarize the conclusion.
5. Introduction: State the problem/question. State the hypothesis.
6. Variables: Identify the experimental variables. Explain how you will change the experimental variables in each group tested. Identify the controlled variables. Explain how you will
keep each controlled variable constant in all groups tested.
7. Review of literature (research): Restate the problem/question as a topic paragraph.

Introduce how or why you selected the project. Summarize what you learned about the
topic, question, and hypothesis of the project. (This should be the body of the paper.) State
what you think will occur during the experiment and why, according to your research. A
minimum of 9 references is required-3 books, 3 magazines, 2 encyclopedias, 1 personal
contact. (See your advisor for help.)
8. Equipment List in detail all the equipment and materials used in the experiment.
Exactly describe the equipment and materials and quantities of materials you used.
9. Procedure: Number and list each step in the order performed during the experiment.
Detail only one specific action in each step. (Any person should be able to read the procedure and exactly repeat your experiment.)
10. Results: Give raw data (data recorded during experiment), smooth data (data placed in
labeled charts or tables), and analyzed data (data interpreted in graphs, charts, and tables).
11. Conclusion: Restate the problem/question as a topic paragraph. State in a paragraph

the conclusion reached about the problem/question. (If there is more than one problem/
question, then write one paragraph for each.) Refer to the analyzed data to explain how you
reached each conclusion. (Each major point gets its own paragraph.) Refer to the research
to support your data and your conclusions when you refer to the analyzed data. In a
paragraph, summarize all your conclusions and the major points you used to make the
conclusions.
12. Suggested improvements: Explain how your project can be improved or expanded
beyond what was tested.
13. Application: In a topic paragraph, restate Your conclusion about the problem/question.

List a possible application your conclusion or finding could have to real problems or situations. Refer to problems or previously unknown areas of knowledge you discovered while
conducting the literature and experimental research.
14. Footnote page: Follow a standard footnote format to cite any footnotes to the research
or conclusion section of the project.
15. Bibliography: Follow a standard bibliography format to cite all references used.
16. Acknowledgments: Follow a standard format to cite all the people who helped you
with the project.
17. Time log/journaVrecord book: In a separate binder or folder, list all times, dates,

activities, and work conducted during the project (Sample entries include library work,
developing your problem/question, locating and obtaining materials, constructing equipment or data charts, recording data, observations you made during testing, writing, and so
on.)

"The whole is greater than the sum of its parts."
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Students learn how
to design and carry

out projectsto
think like scientists.
feedback improves project quality as,
from year to year and project to project, students learn how to design and

carry out projectsto think like
scientists.

When the project is finally completed, students get a tremendous
feeling of relief that an assignment
that took 5 months is over. And they
feel satisfied with completing a major
assignment, often their first. While in
a sense the projects are cooperative
efforts among students, teachers, and
parents, it is the students who learn
how to start and complete an apparently overwhelming assignment.
Many of our students enter and win

awards at the school's science fair.
Many have their projects selected by
the Greater San Diego Science and.

Engineering Fair for competition
against students from San Diego and

Imperial Counties. Our students do
well in competition, and some have

gone on to state and international
science fairs. Their winning is proof
that the great emphasis we place on
science projects is an investment that
pays dividends.
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Fair Evaluation
Science fairs should be valuable for everyone. If yours is not, why

not reevaluate it? Do the projects exhibit the goals of science
teaching? Do the judges use consistent and objective criteria? Are
all students "winners?" Science fairs should hot just be a timeworn tradition. They can be fun and challenging for all. Don't be
afraid to evaluate or change the way you prepare for and judge
your science fair.

:14

Does Your Science Fair
Do What It Should?
by Eugene L Chiappetta and Barbara K. Foots
Every year thousands of

It's time to reevaluate our

studentsbored, scaredto-death, excited, and

approach to these

familiar research
competitions.

confidentassemble their
displays at science fairs
across the nation. But why? Do they
look forward to science fairs? Do our
department chairpersons and district
coordinators? Do we?
Science fairs can disappoint many

students. After all, very few win
prizes at the competitions. We ourselves often become frustrated when
fairs demand too much energy and
take away time we'd rather spend in
front of our classrooms. Administra-

tors feel overburdened when they
have to organize facilities and solicit

judges. But science fairs should be
valuable for everyone. If yours is not,
why not reevaluate it?
To be a success, a science fair must

encourage students to ask the right
questionsthe whys and the hows.
The following tips might be helpful:

Encourage students to conduct
science investigations that demon-

strate the ability to ask the right
questions and to find answers.

Give students opportunities to
collect data over an extended period

of time and to analyze the data to
determine the effect (or lack of effect)
of a variable or procedure.

Help students sharpen their inquiry skills beyond what is possible
during classtime.
Many projects entered in science
fairs do not emphasize investigation.
Science fairs are often an incredible
potpourri of
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models (volcanoes, animal organs,
planetary systems, atoms) reproduced
from pictures in printed materials

hobbies or pet show-and-tells
(horses, cars, leaves, arrowheads) that
present information already available
laboratory demonstrations (distil-

lation, electrolysis, erosion, human
pulse rates) that students have copied
from a manual
report-and-posters based on a review of books and magazine articles
(birds, cats, trees, fossils, the universe)

f

investigative projects that depend
on critical thinking and science process skills ("What materials offer the
best insulation?" "What characteristics of an airfoil generate the greatest

amount of lift?" "What factors are
necessary for a seed to germinate?").

Anti-emperialism
All of the projects listed above emphasize investigation, but to wildly vary-

ing degrees. So how objectively and
fairly can someone evaluate them?
It's the old "apples and oranges" dilem-

ma. You cannot apply the same set of
criteria to such different projects.
Furthermore, we do the model builders a disservice if we don't encourage
them to go further than to reproduce

a concept or an idea. Why not suggest that students include models as
one aspect of an investigative project?

For example, after a review of the

literature to determine the differences
between normal and cancerous cells

in various tissues, a student might
build a series of models of both types
of cells.

This example, you might object, is

not really an investigation because
the stu dent has not collected and
analyzed erapirical data. Not all in-

learn in a good science program. Because fairs bnild inquiry skills, students are soon asking researchable
questions, gathering information, and
drawing their own conclusions. Science projects promote independent
learning, encouraging students to pursue their own interests.

vestigations, however, are empirical.

Some of the most noted scientists
based their theories on the research
findings of othersEinstein was one.
Recently, for example, we judged an
outstanding middle school fair proj-

ect on steroids. The project was an
in-depth study on numerous aspects

of steroids, including their use in
athletics and cancer treatment. Although there was no empirical data,
it was a great project.
Science fair projects should be an
integral part of course requirements
because they reinforce what students

The five criteria
The criteria we use to judge science
fairs need to address inquiry as well
as individual effort. The first criterion is creativity. Focus on the unic

:

ness of the project. How worthwhile

is the project, given the age, background, and ability of the student?

Interview the student to find out
whether he or she designed the proj-

ect based on a personal interest or
whether the project was suggested
by a parent, teacher, or another adult.
To what extent is the project an out-
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PHYsioLoGy op
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ents get too involved because they

Science fairs reinforce what students learn
in a good science program. Because fairs
build inquiry skills, students are soon
asking researchable questions, gathering
information, and drawing their
own conclusions.
growth of the student's science
course?

How much scientific thought did

the student put into the project?
Judges must determine the extent to

which a student has taken in hand
the investigative tools of science: ob-

servation, classification, inference,
measurement, project design (control

and variable), and others. Does the
procedure fit the problem? A project
on the effects of interferon cancer
treatment would demand extensive
research and careful organization. In
contrast, a project on the effects of

temperature on seed germination
would require a carefully controlled
experiment and the collection of accurate data over an extended period
of time.
How well does the student understand the project? She or he should
have read about the topic and be able
to discuss data, concepts, and theories. The project should exemplify
how a scientist conducts a research
study. Students must be able to point
out where in their investigations ideas
Eugene L. Chiapprita is an associate professor

of education in the Department of Curricu-

lum and Instruction at the University of
Houston-University Park, Houston, TX
77004. Barbara K. Foots is an assistant

want their children to win. By giving
too much guidance and direction, they

rob students of opportunities to develop their own creative abilities and

to learn self-motivation. This also
places students who do most of their
own work at a disadvantage. Some
school districts have even discontinued science fairs because parents were

overinvolved in their children's science fair projects.

Plan it right
are tentative and, in this way, realize
the limitations of the data that they
have gathered. Students must learn
to avoid using the term prove. Science
supports or refutes ideas, but it does
not try to prove anything.
Consider the craft of a project. Students spend a great deal of time and
effort in presenting what they have
done. Give them credit for how well

they display their workneatness,
organization, and visual appeal. Since

youngsters often get help from their
parents and other adults, try to determine how much others contributed
so that you can reward a student for
his or her own effort.
Finally, how well can students explain their investigation? Can they
clearly communicate the problem, pro-

cedures, information gathered, and

the conclusion both orally and in
written form? How clearly does the
project present the data and results?
The maximum number of points
awarded in each of these five categories should reflect the purpose of a
science fair. Generally, assess more
points in the categories of creativity,
scientific thought, and understanding
than in workmanship and clarity. Be
sure that judges and students know
the criteria and the point system in
advance.

Even with the best criteria, other

director in the General Instructional Services
Science Department of the Houston Indepen-

problems can crop up. Be ready. Com-

dent School District, 3830 Richmond Ave.,
Houston, TX 77027.

petition can sometimes detract from
the goals of science fairs. Often par-
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At times, school district fairs also put
undue pressure on science teachers.
Frequently, we must devote too much
class time to these events. We often
feel burdened with excessive paper-

work and laboratory preparation in
addition to our regular course instruction. Sometimes it seems that science

fairs just add to the workload. The
key to avoiding such problems is, of
course, planning. A science fair committee of teachers and parents should
establish a timetable and judging criteria, handle publicity, select awards,

and explain what students are expected to do.

Establish early in the school year
the purpose for the fair in your school
and district so that students and teachers realize that projects should reflect
the investigative aspect of science as

well as the influence of science and
technology in society. Arrange for
students to work on projects throughout the school year so that the science

fair will be a natural extension of
your science course and the district's
science program.
Science fairs should not be just a
time-worn tradition. They can be fun
and challenging for both students and
teachers. But we must not be afraid
to overhaul them, to make some real

changes in the way we prepare for
them and the way we judge them.
These crazy-quilt displays of varied
talent and effort should be a highlight of the academic year.
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INJEcriNG

OBJEarnTY 11e0
saENcE FAIR
JUDGING
Use of a standard evaluation
form reflecting specific criteria
may help to clarify science fair
goals for both students and
judges.

to a scheme that looks something like
the following:
Creativity (30 points)
Logical Thought (25 points)
Thoroughness (10 points)
Skill (15 points)
Clarity of Presentation (15 points)
What is the likelihood that two judges
using this scheme could arrive even
approximately at the same point value
for a project? How helpful are these
criteria to a student planning a proj-

ect? How is creativity to be evaluated?
Usually, when one evaluates a proj-

ect, one has (or should have) some
criteria of a different sort in mind.

Harvey Goodman

What one really is looking to see is, for

example: whether the project really

reflects the problem statement;
Many science fair evaluators have suf- whether the hypothesis arose from

fered at one time or another from the
nagging feeling that judging is,at best,
subjective and, at worst, borders on

adequate background reading; wheth-

er the procedures used were appropriate for the problem; whether the

the arbitrarya sad commentary in observations were accurately recordlight of the tremendous amount of ed and appropriately displayed;
effort that students put into their whether the apparatus was appro-

strated understanding of the scientific method. (Methodology.)

Apparatus and equipment were appropriately designed and/or used.
(Materials.)

Observations were clearly summarized. (Observations.)

Interpretation of data conformed with
observations. (Observation.)

Tables, graphs, and illustrations were
used effectively in interpreting data.
(Observation.)

Conclusions and summary remarks
were justified on the basis cf experimental data. (Conclusion.)

The experiment was repeated several
times to establish validityof results.
(Validity.)

A log book was used to record experimental data, ideas, interpretations,
and conclusions. (Record keeping.)

The bibliography contained a significant number of relevant and timely
references. (Background reading.)

Limits of accuracy of measurements
were stated. (Measurement.)

priate for the experiment; and wheth-

Work on the project suggested new
problems for future research. (Fu-

A major part of the problem un- er further research problems were

Oral presentation was made in the

projects.

doubtedly lies in the fact that we have
not well defined the goals of science

fairs, nor evaluated how these coincide with the broader goals of science
teaching. In a recent article in 1ST, for

example, author Norman F. Smith
pointed out how few projects are investigative, involving students in critical thinking and science processes.'
Most awards, he observes, still go to

suggested by the project.
How can one get judges to focus on
these criteria (or whatever standards
are decided on)? I would suggest that
we begin by drawing up standard evaluation forms which reflect the values
of each fair and which direct the evaluator's attention to specific elements
of the project. The format might look
something like the following:

traditional "library research and
poster" projects.

Another factor that may account
for the subjectivity of the judging process is the lack of availability of objec-

tive criteriacriteria so designed that
a judge evaluating a project in a specialty other than his own could arrive
at a conclusion that is at least comparablewith thatof other members of the
judging team.
Traditionally, judges are asked to
evaluate students' projects according
"Why Science Fairs Don't Exhibit the Coals of
Science Teaching," by Norman F. Smith, The &knee
Thither 47:22; January 1980.

Science Fair Project Evaluation Form

0 = Cannot make a judgment
1 = Poor

time allotted, with all phases of the
project discussed. (Interview.)

The researcher answered questions
effectively and accurately. (Interview.)

The oral presentation made good use
of visual aids. (Interview.)

The student initiated his or her own
research project. (Initiative.)

The display board was effective in
presenting the project. (Display
board.)

The maximum number of points that
a candidate may obtain is 100 per-

2 = Fair
3 = Satisfactory
4 = Good
5 = Excellent

cent; awards may be granted in
accordance with the following

Rank each of the following based on
the rating system given above:

80 - 89Second Prize
90 - 100First Prize

scores:

60 - 69Honorable Mention
70 - 79--Third Prize

The problem was clearly stated.
(Problem formulation.)

Appreciable time was evidently spent
searching for and reading scientific

In the event that a judging team con-

sists of two or more members, the
final score is the team average.

articles. (Background reading.)

Background reading was appropriate
both in quality and scope. (Backs:vund reading.)

Harvey Goodman is an assistant principal
and supervisor in the biology department at
Grover Cleveland High School, 2127
Nimrod St., Ridgewood, NY 11385.

ture research.)

The hypothesis was stated clearly and
reflected the background readings.
(Hypothesis formation.)

The experimental design demon-
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If the goals of each science fair were

adequately described to judges, if
judges were given evaluation forms
reflecting specific criteria by which
projects could be evaluated in a more
objective way, we would all benefit
students, teachers, and judges.
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Lawrence J. Bellipanni
Donald R. Cotten
Jan Marion Kirkwood

ou have just hung up the tele-

phone after a brief conversation with the science teacher
at a local junior high school, and some-

where along the line you've "volunteered" to be a judge for the school's
science fair. Suddenly you are responsible for evaluating projects that students may have spent months working
on and for deciding which projects are
best. Making these decisions is no easy

task, but if you keep a few points in
mind, you can turn your judging duties

into a rewarding experience for both
you and the students.
Regardless of the grade level you're

working with, you should note the
quality of the work the students have

done and determine how well they
understand their projects. The project
should include research, experimentation, and applicationnot simply library
work. But as you apply these standards,
always consider the grade level of the
student whose project you're judging
and the general level of expectation for
that particular fair.
Here are some specific criteria to use:

i. Creative ability. Has the student
shown intelligence and imagination
both in asking the question and arriving at the answer? Is the student original in deriving and applying data? Did

he or she build or invent any equipment to use in the project?
Remember, anyone can spend some
money, but it takes a creative person to
devise the equipment needed for a particular project. Ask students where they

got their ideas. Creative students are
always coming up with new twists to
old ideas; such ingenuity indicates that
you're dealing with an interested young

scientist. Collections may show diligence, but they seldom show creativity.

So don't be tempted into giving them
high marks unless they have some true
scientific merit.
2. Scientific thought.

Is the problem

stated clearly and unambiguously? Did
the student think through the problem
and pursue his or her original question
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Suddenly you are responsible for evaluating
projects that students have spent months working on
and for deciding which ones are best.
without wandering? Was the experi-

be permissibleindeed advisablefor

mental procedure well defined and did

an adult to perform this task.) You can

the student follow each step toward

usually tell how much of t!-..e actual

the expected outcome?

work students have done by observing

Did the student arrive at the data

them w.:ile they demonstrate or ex-

experimentally (as opposed to copying
them out of a book)? Are the data relevant to the stated problem? Is the solution offered workable?

plain the project.
5. Clarity. The project should be set

3. Thoroughness. A solid conclusion is
based on many experiments, not a single one. Does the project test the main
idea of the hypothesis? How complete
are the data? How well did the stu-

out getting confused. Students should

dent think through each step of
the experiment? How much
time did he or she spend on
the project? There are few
loopholes in a project that
has been done thoroughly.
Ask the student questions
about the project to determine how well he or she
understands the problem.
4. Skill. Since you don't
know the sudents personally, you will need to have
some way of determining

up so that the judge can follow the
procedure and understand the data with-

have written the data clearly, using
their own words, and they should be
able to discuss any portion of the project. The main purpose of the project is

to show that students can formulate,
test, and present research.

Though these five criteria are basic,,

the standards for judging particular
science fairs may vary, depending on
the grade level of the participantP r

the types of projects involved. The
teacher supervising the science fair
should make certain that each judge
has a judging sheet, indicating not only

the criteria to be used but the points
that each item is worth. If you do not
understand one of the criteria, ask the
teacher or coordinating judge for clari-

how liks.ly it is that they

fication before judging begins. Your

did the work themselves.

responsibility to the children is to be as
fair and objective as possible, and that
can happen only if all the judges use the

Ask them if they had any

help with their projects
(But use common sense
here. If the project requires
using an electric saw and the
student is in third grade, it would

same criteria in the same way. And
remember: each child's project is very
'ant to that student. So whether
the roject merits a blue ribbon or not,
be. sure to provide proper encouragement so that students will continue to
investigate their own i cas.

im

Lawrence J. Bellipann, is nu assistant projmor
of Rime al:wagon al the Llnityrsity of Southern
Mississippi (Hattiesburg); Donald R. Cotten is
an associate professor of science education at the

same school; Jan Marion Kirkwood is a leacher

in the Natchez (Mississippi) public schools.
Artwork by Johanna Vogelsang.
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Make Your Science
Fair Fairer
by B. J. Lagueux and Howard I. Amols
Does the idea of choosing

Mr. Weiss can't bear
to give a score lower

than 90; Mrs. Estevez

hasn't liked anything
since 1978. How can you
help the best project
win first prize?

the winners at your sci-

ence fair make you

nervous? Do you constantly worry about being
fair to all the participants? Do you
secretly wonder if you and your fellow
judges are biased, and do you despair
that because of judging discrepancies
the best projects will not win?

Fear no more! Eliminate the ambiguity from those subjective evaluations with a computer program for
judging science fairs. No matter how
quantitative science fair projects might

be, the way we determine the best
projects must be subjective. In a small
science fair, where each judge can evaluate all projects entered, we hope the
subjectivity of the judges will "average

out." If your science fair has few
judges, the judges can often arbitrate
discrepancies in scoring.
But in a large science fair, how can

every judge evaluate every entry? As
your science fair grows, so does the
probability that the winning projects
will be determined as much by judging
inconsistencies as by merit.
We have developed a small computer

program, written in BASIC to run on
any personal computer, that you can
use as an aid in scoring:The program
evaluates not only the scores awarded
to each project but also the relative
scoring level of each judge. It can identify judges who routinely give projects

very high or very low scores and can

correct for those sco, es before it deter-

mines the average score of any
individual project. Judges who are ex-

cessively inconsistent can also be
identified and their scores corrected
or even eliminated before you decide
the winners
Our program was written for use
with Microsoft DOS, on an IBM-PC,
but it is easily adaptable to any personal

computer with at least 20K memory.
It would help to have a printer and a
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Lynn T. Spout

dimension n by m to the computer.

this you can establish wheiher the

First you input the raw scores; then

The variable SCORE(I,J), for example,

the program evaluates the average

simply represents the score awarded
to the Jth project by the Ith judge. If
not all judges view all projects, many

scoring of any individual judge is uniformly high, uniformly low, or totally

disk d1 "e, but it's not essential.

score for each project and performs a
bubble sort to produce an ordered list
of the project averages. This is where
science fair scoring usually stops.
But our program goes on to compute

entries in the array SCORE will be
blank.

You will always have at least some
overlap among judges. The computer
analyzes SCORE and determines the
deviation of each judge's score from

a "correction factor" for each judge.
We assign each of the judges (n) and
each of the projects (m)a number, and
we input a scoring array (SCORE) of

the average score of each project. From

>
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inconsistent. Assuming it is not the
latter, the computer assigns a multiplicative correction factor to each judge
so that his or her scores more closely
align with the average scores for the
projects he or she evaluated.

The program then will correct the
array SCORE and will reevaluate, re-

bubble-sort, and print out anew the
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ever, will often converge after only
two or three iterations.
Figure 1 is a flowchart that represents about 200 lines of actual coding

of the program. Write to us if you
want copies of the program itself.

We tested the computer program
with data from four hypothetical cases.

To do this, we had to work backwardswe had to establish a "true"
score for each project and then to
create judges who scored the projects

Initialize

too high or too low compared with
the true scores. When you use our
program, of course, you will work not

from "true" scores but from the raw
scores of your judges. In all our tests,

SCORE was a 5 by 10 array, corresponding to 5 judges and 10 projects.
Each project was scored by two different judges; each judge scored four
different projects; so the 5 by 10 array
contained 20 unique scores.
In the first two test cases (see Figures 2 and 3) we assigned all projects a

"true" score of between 85 and 60.
Iteration

Our hypothetical judges always score

False

the projects proportionately to the

< 7?

projects' true scores. Then we assigned

True

Change
SCORE array

Calculate
averages

Increment
iteration
counter

Bubble
sort

+

'Ir

Print
judges'
deviations

/

t

each of the five judges an arbitrary
weighting factor of between 0.65 and
1.15, to represent judges that score
consistently low and consistently high,
respectively. A weighting factor of 1.00

Print
rank and
averages

indicates a judge who scores projects
perfectly. We chose which judge scored

Print
and
arank
verages

Calculate

't

(

which particular project by using a
table of random numbers. (Figures 2
and 3 differ only in that the judges
scored different projects; the same is

I
End

)

true of Figures 4 and 5.) The program

correction factors

produced the array by multiplying a
judge's weighting factor by a project's
true score.
As you can see in Figures 2 and 3,
the program reordered the projects in
accordance with their true scores. The
tables give each project's true score,
true rank, judged scores, initial rank

Calculate

judges' deviations

Art by MI Side

average project scores. The second
printout gives you a winners list that

iteration. Occasionally the ranking fails

(based on a simple average of the judged

to converge because of the repeated

has been corrected for variation among
judges. You can repeat this procedure

interchanging of adjacently ranked proj-

scores), and iteration ranks. Note that
some projects should have tied because
they had equal true scores.

in a DO-LOOP until the project

ects, projects that in reality are tied.

rankings from one iteration to the next

do not change. Then you can reason-

Ending the DO-LOOP

ably conclude that judging inconsisten-

We have found that no more than six
iterations are required to correct for
the variation among judges; ending

cies have been eliminated, or at least
reduced as much as possible.
The program ends after a maximum
of six iterations or when the ranking
convergeswhen the ranking is identical to the ranking from the previous

the DO-LOOP at that point significantly decreases the program's running
time. The ranking of projects that have
been judged by consistent judges, how-
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B. J. Lagueux is a former science teacher at
The Wheeler School who is now a medical
student at Brown University. Howard I. Amok
is an as,ociate professor of radiation medicine at
Brown University, Department of Radiation

Therapy, Rhode Island Hospital, 593 Eddy
St., Providence, RI 02902.
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Figure 2. Program output for Test Case 1, with theoretically perfect judges.

Judge
(correction factor)
Project
A
B

C
D
E
F

G

H
I

J

True
score
85
80
80
75
70
70
70
65
62
60

True
rank
1

2-3
2-3
4
5-7
5-7
5-7
8
9
10

A
(0.65)
55
52

C
(1.00)

B
(0.75)

D
(1.10)

(1.15)

94

-

60
60

92
86

49
70
70

77

53

65

40

E

Rank after iteration
2

3

3

1

1

1

1

1

1

9

2

3

2

3

2

3

1

4

2

4
5
6

7

3
4
6
5

2

7

3
4
5
6

2

6
4

7

7

6

7

5

8

8

8

8

8

10
9

9
10

10
9

9
10

9
10

81

2

81

7

5
10

6
10

8

8

47

60

6

1

3
5
9

72

60

initial
rank

5

4

4
5

4
6
7

Figure 3. Program output for Test Case 2, with theoretically perfect judges.

Judge
(correction factor)
Project
A
B

C
D

True
score
85
80

80

F

75
70
70

G

70

H
I

65
62

J

60

E

True
rank

A
(0.65)

C
(1.00)

B
(0.75)

D
(1.10)
94

1

2-3
2-3
4
5-7
5-7
5-7
8

9
10

80
88
83

75

46
46

98
92
92

53

53
70
65

42
39

E

(1.15)

77

Rank after iteration
1
2
3

initial
rank
1

1

1

1

3

3

3

3

2

2

2

2

4

4

8

7

4
6

4
6

9
5

8

7

7

5
6
9
10

5

5

8

8

9
10

10

7

47
45

71

6
10

9

Figure 4. Program output for Test Case 3, with judging variations of ±5 and ±10 percent.

Judge
(correction factor)
Project
A
B

C
D
E
F

G

H
I

J

True
score
85
80
80
75

70
70
70
65
62
60

True
rank

A
(0.60-0.69)

B
(0.65-0.83)

85
80

1

2-3
2-3
4
5-7
5-7
5-7
8

9
10

49
48
50
43

C
(1.00)

D

E

(1.00-1.18)

(1.10-1.19)

Initial
rank
1

83
79

5
9
10
6
4
2

94

66
52

50
70

78

47

73
62

62
65

63

Rank after iteration
2

3

4

5

1

1

1

1

1

3

2

3

3

3

2

2

2

2

5
6

3
5
6

4
6

4
5

4
5

8

7

7

7

7

4

4

5

6

6

8

10

8

8

8

8

7

7

3

9

9
10

9
10

9
10

10

1

9
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In the most dramatic example of

and corrects scores accordingly. The

the effect of our program, Project B in

program cannot, however, reliably cor-

Figure 2 was originally ranked ninth
of 10 projects because it was judged
by two low-scoring judges. The program identified these judges, weighted their scores, and reranked this project to second or third place, depending

rect for a judge's variation around his
or her own proportionality factor.
In the data from Figure 5, the judges'
variation around their respective proportionality factors was too great given
the number of judges and the number

on the iteration.

of judges scoring each project. The

The third and fourth test cases
were identical to the first two, with
the exception that we chose to randomly vary four of the judges' weight-

ing factors by up to either ±5 or ±10

program's scoring method compares a
judge's score with other judges scoring the same project, as well as with
the project's average score. The only

percent. (See Figures 4 and 5.) In these

way to reduce the importance of a
judge's variation is to increase the

tests, the judges were not perfectly

number of "judge-scorings." This could

consistent.

be done by either increasing the number of judges, increasing the number
of projects that each judge scores, or
both.
Given the small number of judge-

For these two cases, the program
was able to rerank one set (Figure 4)
to correspond with the projects' true
scores. The program improved the
second data set (Figure 5), but the
judges' scores were too inconsistent
for the program to rank all projects
perfectly. Figure 5 represents a par-

scorings in our four test cases, the
program was not always sensitive
enough to retain the equal standing of
truly equal projects. Projects B and C

ticularly skewed set of scores. For exam-'

had the same true score of 80, and

ple, Judge B gave Project B a dispro-

Projects E, F, and G had the same true
score of 70. In our first test case (Figure 2), these rankings did not converge,
and so indicated equal standing. In the

portionately low score of 54, while
giving two weaker projects (D and E)
higher scores (56 and 57, respectively).

other three test cases our program
Rank failure
The program's failure to effectively
rank the data in Figure 5 illustrates
one of the limitations of the program's
scoring analysis. The algorithm of our
method assumes that each judge's scor-

ing is proportional to each project's
true score. In reality, judges' scores
will vary around a proportionality factor, as in Figure 5. The program com-

pares each judge with fellow judges,
to find the best proportionality factor,

was unable to indicate the equal
standing of equal projects.

that there was some systematic variation among the judges. This is not
surprising when you consider the varied backgrounds and specialties of the
judges. Among the 36 judges in the
fair were high school teachers, college

professors, physicians, nurses, and
engineers.
To ensure adequate overlap among
judges and an accurate average score
for each project, you must be sure to
recruit enough judges so that at least
three judges review each project. Also,
in order for the computer to calculate
an accurate proportionality factor for
each judge, have each judge review at
least four projects. Typically, a judge

spends between 15 and 25 minutes
judging a project. A judging session of
21/2 hours will allow enough time for
each judge to review between six and
eight projects.

What about the excessively slow
judge who will never review six projects in one evening? That judge could
keep the whole fair waiting. Simply

randomly assign judges to projects.
Have judges first report to the organizer's table to receive a score sheet.
Then they can judge a given project at
their own pace and return to the orga-

nizer's table for the next project assignment. Because each judge has a

We then tested the program using
data from an actual science fair. In

correction factor calculated in our program, having judges score a different

this real case, the winners would have
been different if our program had been
used. One of the projects that tied for
first place would have ranked seventh,

number of projects will not bias the

and the fourth-place finisher would
have ranked second. The third-place
project would have remained in third
place.

This change in outcome indicates

results.
You can use this program to reevaluate your science fair judging, to help
ensure that winning projects are selected fairly. At the very least, the program
can help you identify cases of inconsistent judging, so you can alert the fair's
organizers to potential problems.

Figure 5. Program output for Test Case 4, with judging variations of ±5 and ±10 percent.

Judge
(correction factor)
Project
A

True
score

I

85
80
80
75
70
70
70
65
62

J

60

B

C
D

E
F

G
H

True
rank

A
(0.60-0,69)

1

51

B
(0.65-0.83)

54

4

56
57

(L10 -t19)

_

90

80
47

65
37

Rank after iteration
1

2

3

4

5

6

2

1

2

1

1

1

4

8

5

5

5

5

5

1

1

2

1

2

2

2

3

7

4

4

4

4

9

3

3
4

3

3

3

3

5

4

7

7

7

8

8

83

2

6

8

8

70

6
8
10
9

6

6
8
10

6
5
8
10

10
9

10
9

6
9
10

6
9
10

7

7

70
75

50

44 NATIONAL SCIENCE TEACHERS ASSOCIATION

Initial
rank
7

93

81

41

E

89

70

8

9
10

D
(1.00-1.18)

85

2-3
2-3

5-7
5-7
5-7

C
(1.00)
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Science fairs are exciting. Teachers and students generally agree that they
are worth every bit of the hard work that goes into them. But what about
those students who choose not to do an independent
science project? Chances are a student who
is turned on to science by one of the
nontraditional events described
in this section will turn up later
in the olympiads and other
competitive programs. But
the main advantage of these
programs is they offer every
student a chance to be a
scientist, if only for a day.

Beyond the Science Fair
46

Biology, Chemistry, and Physics
Are Team Sports
A science super bowl will be as exciting as the

real thing and lots more educational.
by Charles W. Kellogg
Would you like your

One is a laboratory or field activity,

students to beg for
outside readings in

for example, using a taxonomic key to
identify biological specimens, naming

science or argue
heatedly over the
best way to determine the molecular
weight of an unknown organic acid?
Would you enjoy discussing recent
advances in medical science or cosmol-

ogy with gifted students, colleagues,
and supervisors? If so, maybe there's
a science league in your future.
The North Shore Science League in
northeastern Massachusetts started in

1978 when I organized intramural
biology competitions among teams
selected from biology classes at Masconomet Regional High School. The

competitions were so popular that I
organized an interscholastic science
competition. With a great deal of help

from my colleagues at Masconomet
and five or six science supervisors, we
tackled our first meet in spring 1980.
Now in its third year, the North Shore

Science League, with teams from 14
schools, conducts 6 meets a year, each
with more than 100 participants. The
league combines the high frequency
of meets in the Mathematics Leagues
121 with the hands-on, high interest
team events of the Biology Olympics
and Science Bowl 11, 31.

Take the field
The first two events at one of our

minerals and fossils, or determining
percent composition of an unknown
chemical mixture. In the second event
students solve problems: balancing
chemical equations, sorting out Mendelian genetics, puzzling out mechan-

offer sometimes depend on whether
or not special facilities are available.
For example, one member school has
a planetarium perfect for a laboratory
event; another school lets us use its
excellent fossil collection.

At the end of the day, we serve
refreshments in the assembly room,

fun and exciting, the bowl is the most
difficult to organize, judge, and score.
Sometimes we resort to a written quiz

and monitors begin scoring the events.
To add to the excitement, we post the
results imm,.4;ately on an overhead
projector. The winning team receives
a trophy to keep until the next meet.
The winner for the year has its school

instead. Topics have included space sci-

name engraved on the base of the

ence, meteorology, recent advances in
medicine, and environmental issues.
Several times we have added instant
invention, a fourth event. Each team
creates a device to perform a specified
function. Once we required students
to build a balance with plastic straws,
string, paper clips, and tape. Students

trophy, which is a mug embellished
with the number 1 and a medallion of
Einstein. We fondly refer to it as the

ics, and more. The third event is a
quiz similar to College Bowl. Although

were then given several pennies of
known mass and told to determine
their mass. Finally, students had to
measure out 50 g of water with their
balance. The winning team came with-

in 0.1 g. Although this event is very
popular, we usually weigh it less in
the scoring because of the somewhat
unpredictable nature of the activities
and the fact that luck rather than skill
can often be an important factor.
We try for varietyin both subject
matter and sophisticationin selecting

meets usually are run simultaneously.

topics for the meets. Life science, earth
science, chemistry, and physics appear
equally often over the course of a year,

Charles W. Kellogg is science department
head at Masconomet Regional High School,
RFD, Tops!ield, MA 01983.

and at every meet we include at least
one event in which first-year students
can be successful. The activities we
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Einstein Award.

Ready for the kickoff
A great deal of planning and preparation is necessary for a successful meet.
First, our constitution, adapted from

that of the Tri-State Mathematics
League (21, sets the guidelines for the
meets. But even more important, we

must keep devising new events. So
far, teachers at member schools have

contributed all the ideas, but it has
been time-consuming. Currently, we
offer $25 to anyone who submits an
event that we use in the meets. (This
comes out of the $50 membership dues

paid by each school.) Many schools
give stipends to their coaches. The
president of the league is responsible
for selecting the events for a particular meet. The host school also supplies

the necessary staff, equipment, and
facilities to run the meet as well as the

refreshments. Since member schools

have been very willing to sponsor
meets, no school has had to stage more

than one meet per year.
One warning: Once you have started

a league, be prepared for your students to become highly competitive.
They will eagerly await the announcements of the events for the next meet.
They will demand practice sessions,
which can be almost as much fun as

the meet itself and are essential to a
team performing well. For this reason,

be sure to announce the topics for a

11111111*

meet well in advance.

We try not to limit the number of
students who can join each team since

Um

diversity is a key ingredient for success; but we also try to have only 12
students from each school compete in
each specialty at a meet. At the end of

the year, we give school letters and
other awards to all the participants at
the annual Math-Science Banquet.

If you're beginning to think this
sounds interesting, why not consider
starting a league of your own? Begin
by conducting an intramural competition at your school, as I did, among
several classes. This will give you experience in organizing a meet and grab

the attention of your students. After

this, you'll be ready to organize a
demonstration meet for several area
schools, with a number of other schools

invited to observe. This should spark
plenty of interest. Take this opportunity to enlist faculty members from
these schools to organize several future meets. Before long, the enthusiasm of both students and faculty will
generate the momentum necessary for
a formal Science League. The key to

our success in founding the North
Shore Science League was the commitment of many science supervisors
and several teachers during the league's
first 2 years. They volunteered to plan
and run meets, design events, and even

transport students when we did not
have enough money for buses. Even
though this was a lot of work, we all
feel that it was worth the effort.
The Science League challenges and

rewards students in a way normally
reserved for athletes. The league has
also fostered a greater sense of academic community among the faculty
and students of member schools and

Ed Mahar:, roletny 4 Mt Plydaddplyia filets

ly experienced so strongly in the
classroom.
I hope you now see a Science League

in your future. I look forward to

has made our communities aware that

meeting you someday in the future

academics is alive and well in the
schools. Most important, however,

NSL (National Science League) Super

students enjoy sciencea feeling rare-

luck!

Bowl. May the best team win. Good
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Editor's Corner
Science Olympiad
After an ebb of interest, student
research is generating excitement again

among teachers. We still have problems managing the fairs and integrating that work into our curricula, but
more of us are deciding that it's well
worth the time we spend on student
research.
At the same time, a group of science

are the attitudes that produce winners
in the team competitions.
Local Science Olympiad success is ob-

4.0

14.

1

vious: increasing attendance every
year, higher enrollments in science

educators is planning a totally new
national program for student competition in the sciencesone that is both
more lighthearted and more rigorous

that keep getting greater. Students

than traditional science fairs. This year,

who never worried about grades became suddenly enthusiastic. Students
"on the fringes" of the academic pro-

the National Science Olympiad, a program that has already been quite successful in individual states. Aiming at
making the national competition as rewarding as the local ones have become,

11,0,1

14:4

Is it quantifiable?

classes, and more and more teachers
volunteering their time and talents to
make each olympics better than the
last. As a veteran coach, I can attest
that the contests are great occasions

for the first time, students from all
over the country will participate in

'-77 rn"-I,-(Al:ttt.re

gram were absorbed into the fervor
of the events. I have fond memories
of our years of state competition:

the student who came directly

Jack Cairns of Delaware and Gerald
Putz of Michigan have spearheaded
an intense effort to raise funds and to
get people from across the nation involved in the olympics.

The Olympiad features team and
individual events in junior high (grades
6 to 9) and senior high (glades 9 to 12)
divisions. Challenges range f-.7,m high-

ly technical qualitative analysis, titration races, and computer programming
to exciting and creative paper airplane
contests, egg drops, and tea-making
races. Activities that normally flower

in quiet laboratories bloom to the
cheers of fans and participants as spirited as those at any homecoming game.
Many state Olympiads climax their
competitions with a. Science Bowl, a
trivia game of science facts that truly
separates the amateur from the aficio-

nado. The best competitors in these
head-to-head rivalries are often not
those with the highest grades or academic laurels. The Science Olympiad
favors creative, self-motivated, inde-

F.

pendent thinkerspeople with the
traits that bode well for future Nobel
Prizes. Team spirit and cooperation,
the marks of good research groups,
Photos by Kathy Middleton
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from the senior prom, refusing to sleep
until he took his medal in the catapult
(trajectory) contest, and his successor,

whose carefully made catapult fell
apart as he demonstrated it for TV
cameras before the event
the end product of one session: a

rocket that still sits on the roof of a
local restaurant
the senior who cried after receiving her gold medal in qualitative analy-

sis"the first award I ever got"
the 10 days it took to regain full
use of my vocal cords after cheering
for our team.

Many educators and groups have
endorsed the concept of the Science
Olympiad. Otis Smith, Past President
of the CAG Council, told state representatives, "What is really exciting is
the prospect of having students of all
ability levels involved in science." Past
NSTA President Don McCurdy called
the Olympiad "a vehicle for involving

Science Olympiad favors creative,

independent thinkerspeople with the traits
that bode well for future Nobel Prizes.

many students at the secondary level
in scientific endeavors at a relatively
low cost.
The Olympiad promises to involve
a broad cross-section of business, industry, professional groups, and the
general public in a productive effort to

recognize students, teachers, and
schools." At its July meeting, the NSTA

Board of Directors unanimously endorsed the National Science Olympiad.
Through the sponsorship of the United

States Army, a national seminar for
state facilitators took place this fall.
For information about the National

Science Olympiad, write to Gerald
Putz, 5955 Little Pine La., Rochester,
MI 48064. Whether it's through a Sci-

ence Olympiad, a science fair, the
Space Shuttle Student Involvement
Project, or another extracurricular
activity, why not make this the year

you challenge your students to go
beyond the textbook? Share your
successes and failures with other

4

0

5Q

teachers and with NSTA. We'll all be
Juliana Texley
glad you did.
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Competing
Win or lose, when students work hard to prepare
for these science contests, everyone wins.
The thrill of victory, the lessons learned from defeatdo they have
a place in our science curricula? For many years contests and com-

petitions were deemphasized, but today competition is making a
comeback. Students and teachers alike attest to the motivational
value of science fairs, symposia, and olympiads, all of them great
motivators for students, whether or not you choose "winners."
And science teachers are discovering what the physical education department

knew all alongthat community support for programs is largely a function of
public relations. Parents, friends, and boards of education all find ways to join in
the action when science becomes a team sport.
What appears here are some suggestions of ways you and your students can
become involved. Is a science team in your lesson plan?

Ready, Set, JETS!
by David J. Rowson
Opportunity often comes disguised as
hardship. On certain Saturdays in Feb-

takes place at the site of the competi-

ruary and March, thousands of high
school students across the country

completed. In a typical schedule, students compete in morning sessions,
scores are tabulated, and winners are
presented their awards as part of the
same day's program. A TEAMS competition is an ideal occasion to emphasize college preparation, career guid-

prove that by taking rigorous 40min ute exams as part of the Junior
Engineering Technical Society's (JETS)

National TEAMS Competition. In pursuing the TEAMS challenge, students
can win schoolwide, communitywide,
and even nationwide recognition for
academic excellence.

TEAMS (Tests of Engineering Aptitude, Mathematics, and Science) is a
national academic interscholastic competition consisting of seven examina-

tions: biology, chemistry, physics,
mathematics, computer fundamentals,

tion immediately after the tests are

ance, and the fields of engineering,
technology, math, and science. For
example, a TEAMS competition can
serve as the centerpiece for a day-long

cluster of activities such as engineering or science exhibits, engineering de-

sign contests, or talks and panel discussions by people from business, industry, and academe.

engineering graphics, and Englishall
the subjects in a college preparatory

in their area, region, or state. Sponsors of TEAMS competitions come
from local high school JETS chapters,
area education units, professional engineering societies, and faculty at junior colleges and schools of engineer-

ing at leading universities. Sponsors
recruit teams from area high schools;
arrange for testing facilities; and form
committees to proctor, score, arrange
funding, and report results.
Local high school teams of up to 12
students each decide who will compete in each academic discipline. Each

science curriculum.

Local recruits

Students who test in TEAMS get
immediate rewards. TEAMS scoring

Competition begins at the local level
with sponsors who host competitions
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student is allowed to contribute only
two exam scores to the point total,
making TEAMS truly a team effort.

1"""ttly

thostmly 4 M.Mn

Local winning teams go on to the
national TEAMS competition. At the
close of the school year, TEAMS national winners receive their awards at
an awards banquet in a prominent city.
JETS provides award-winning teams
and their coaches
'xpense -paid
trips to the cerenr
rip includes
visits to local sit..
achnical or
scientific interest. J"
presents national awards to the WO.. '1 in each
academic area and to the me,. '5ers of
winning teams that represent schools
having both large 1.700 or more) and
small (fewer than 700) enrollments.
Help is available for anyone interested in holding a TEAMS competi-

tion. JETS state coordinators are responsible for all JETS activities in their

state, so they contact JETS national
headquarters on a regular basis. In
addition, colleges of engineering and
engineering societies such as the National Society of Professional Engineers, the American Society of Civil
Engineers, the American Society of
Mechanical Engineers, and the Institute of Electrical and Electronics En-

nois (population 2600). At Red Bud
High School, athletic and academic
teams have equal stature. just as the
football and basketball teams are sent
off with pep rallies, so are the members of the TEAMS team. Twice, in
1981 and 1982, they returned as national champions.

The TEAMS coach, Sandra Spalt,
See JETS page 52

gineers have consistently been willing

to encourage and support TEAMS

David J. Rowson is associate director of JETS,

competitions.
The first back-to-back national champions in the small school category came
from the community of Red Bud, Illi-

345 E. 47th Si., New York, NY 10017.
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For more information on TEAMS competitions, contact him at Mai address or the JETS
coordinnior in your sink.
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Breakfast
of Champions
by Marian McLeod
Science is alive and well and living at
Seaholm High School! I wanted to
shout it from the rooftops. Our team

had just taken first place in the Na-

JETS

Continued from page 51

says Red Bud has no more talented

The rewards from the years of hard

students than other schools but points
out that Red Bud students set reason-

work, in addition to the medals, trophies, and trips, are higher ACT and
SAT scores, many scholarships, and
the knowledge that some students
have gone on to college who may
otherwise have chosen not to. The
career Red Bud winners most cften

able goals and work hard to achieve

them. Activity begins on freshman
"farm teams," so depth is built into
the team. Practices begin in October
and are scheduled before, during, and
after school hours.

pick? Engineering, of course.

tional Science Olympiad.
Everyone had worked hard and long.
Winning had involved many more peo-

ple than just the 15 team members.
How could we prolong the heady feel-

ing of victory and thank and honor

everyone at the same time? We

A Competitions Sampler

planned a Breakfast of Champions.
We invited the parents who loaned

Junior Science and
Humanities Symposium

the family car, who wiped glue and
supplied toothpicks (for bridge building), and who walked the wocds with
our orienteering champion. We didn't

forget the retired rockhound who

At the Junior Science and Humanities
Symposium the emphasis is as much
on sharing as on doing science. The
program is modeled after professional
scientific symposia; students present

coached our geology champion, the
doctor who lent out her professional

the results of their independent research orally in a competition that is

library to our anatomy expert, and

as much forensic as scientific. Students

son's and McGraw's creativity and inge-

the astronomer who worked with our
astronomy gold medalist.

also hear researchers and scientists
who discuss the IStest developments
in their fields.
At 45 regional symposia, hosted by
universities, panels of scientists hear
the research of students nominated
by their science teachers. The scientists select five representatives to the

nuity, must accompany the proposal.
The 1986 awards will include two

And the teachers were therenot
only the science teachers, and depart-

ment head who worked so hard, but
the middle school teacher who helped

our geologists and the industrial arts
chairperson, who built an answer light
system so we could practice Science
Bowl. We welcomed the administrators, who gave unstinting support, and
the department secretary, who never
failed to lend a helping hand. Together
with our champions, everyone shared
in the satisfaction of a job well done.
The Science Olympiad brought excitement to our program at Seaholm.

Our victory was significant with four

are eligible. To enter, a student must
submit a proposal, which may be an
abstract of an already completed experiment or a projected idea, on a prac-

tical application of an experiment in

science or engineering. A letter of
recommendation from the student's
teacher or sponsor, which indicates
how the student best exemplifies Edi-

$5000 and ten $1000 scholarships.
Proposals and letters of recommendation must be postmarked by December

1st each year. For inform:ition about
next year's program, write to Robert
A. Dean, PO Box 80953, San Diego,

national meeting, which has been held

CA 92138.

at West Point, New York, in recent
years. The program, which is free to
students, is funded by the Army Research Office. For information, contact Barbara Osborne, Academy of

Young Inventors
In the footsteps of DaVinci and Edison, today's young scientists are en-

Applied Sciences, Junior Science and
Humanities Symposium, 4603 West-

couraged to invent in the annual Dura-

ern Blvd., Raleigh, NC 27606; (919)

reward: $30,000 in scholarship monies, and the satisfaction that comes

851-1776.

gold medals, six silver medals, and one
bronze.

cell Scholarship Competition. The
with successful technology. Science is
no vague endeavor for Duracell com-

Scholarships for the Inventive

petitors; it is as real as lighted
sneakers and battery-powered wind

Marian McLeod is an applied science leacher

The Annual Thomas Edison/Max

speed analyzers. Several of the teacher/

at Seaholm High School, 2436 W. Lincoln
Rd., Birmingham, MI 48009.

McGraw Scholarship Program awards
scholarships to high school students

sponsors of last year's competition
wrote to The Science Teacher:

who are interested in science and
For more information a'oout the National Science Olympiad, see the November 1984 issue of TST, pages 8-9.
To participate, contact your state science supervisor or Gerald Putz, 5955
Little Pine La., Rochester, MI 48064.

engineering and who demonstrate the
inventive genius of Thomas Alva Edison and Max McGraw.

High emotions

There are moments in the lives of

9-12 who attend public, private, or

teachers that are charged with high
emotions, when our hearts swell with
pride and the glow of love seems to

parochial school in the United States,
Canada, or other participating nation

shine the brightest; such moments
occur slowly if one is counting the

All high school students in grades
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years in the profession, but when the
time comes, it is exhilarating. You sud-

denly realize that your dedication,
patience, compassion, and meticulousness pay off.

Young Chris Urban brought about

just such a mcment in my life this
yeztr through his achievementsecondplace winner of a Duracell scholarship.
Joan Thud Rieck, science chairperson and
wither, Vineland High School, Vineland, N.J.

r`

Solar tracking
Last year in the fall I received a brochure describing a competition sponsored by Duracell. The criterion here
was creativity, and for the first time, I
saw a program that was designed to
help and even encourage the gifted,
creative group. After announcing the

-or

-)1111111iam2111tow__

event :o my class, student approached
me and wanted to enter. We discussed

the feasibility of making a solar tracking device, and he seemed very astute
regarding its construction.
I was astonished, though, when he
later brought the complete.' 'device to
me in actual operating coin...on. The
device won him second place in the
competition and a 53000 scholarship.

After this, I realized that there is indeed no limit to the potential of our
youngsters.

Nor Novi. $4 fern 4* feather 01 N't 4/1141This.
winner David llriliuts. Body A lounhun High
S. hoot, Fort Collin:, Colo.

Laughing and cheering
From the first application to the final
awards, I was excited, laughing, cheer-

ing, and just plain having fun. I sincerely believe the enthusiasm that the
contest generated in me spilled over

into my leaching, And that in turn
influenced my students' efforts n the
competition. 1 teas able to show them

the excitement of science in a way I
could not in the classroom.
--Bob SRA', $4/Ctii e leather of .400gdprae
winner Angu:. Cahler and ,our.a.1 pm winner
Erie Romeo, Shoreham t Vatting River High

Sehool, Shoreham, N.Y.

Independent study
A longstanding Interest in alternative
sources of energy and their potential

.31

'x

application at our home in central
Washington prompted my son Randy
-

Randall Makda won ihe grand prize for "The Wind Speed Analyzer" (top) and Chrisiopher
Urban won second place for lighied Sneakers" (bottom) in the 105 Duracell Scholarship

to design and construct a recording
anemometer to aid in determining the

feasibility of our site for a windpowered generator. he chose this as

54
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the problem to research and develop
in an independent study course I offer
to serious senior science students each
;

year and to enter it in the Duracell
competition.

4

Duracell administers the program
in an excellent fashion from beginning
to end. The guidelines are clear, concise, and unrestrictive. The experience
was outstanding for all concerned.
George A. Make la, science teacher and hither

of the grand-prize winner, Cashmere High
School, Cashmere, Wash.

This year's entries .n the Fourth
Annual Duracell $30,000 Scholarship
Competition are due February 24, 1986,

and should be sent to Duracell Scholarship Competition, PO Bo 812,
Cooper Station, New York, NY 10276.
For an official entry package, write to

Duracell Scholarship Competition
Entry Forms, PO Box 14312, Dayton,
OH 45414.

Westinghouse
Science Talent Search
Forty-four years of success are behind

Westinghouse's effort to identify the
most creative future scientists, engineers, and mathematicians. The pro-

Thomas Walter, one of the seven SSIP winners for his project, "Reproduction in Space: An

gram's alumni include five Nobel prize
winners.

thal (Amphibian) Eggs in Micro-g."

Students must submit the results

Rsdh A L.S

Investigation of Differences in Early Pattern Formation of Isolecithal (Et hinodertn)and Mesoleci-

and Magnetic Field Strength or the

of independent research and resumes
by December 15th each year. For infor-

Surface Morphology of Ferrofluids."

mation about next year's program,
contact Science Service, 1719 N St.
NW, Washington, DC 20036. This

among the 7 national winners, selected

year's awards will include $140,000 in
scholarships and 40 all-expense-paid

"On Friday, August 23, 1985, our
bus departed from Cocoa Beach for
the Kennedy Space Center. We were
welcomed by NASA officials and par-

trips to Washington for the Science
Talent Institute.

Meisch recalls, "My student was
from almost 3000. We were off to a
launch!

ticipated in a workshop.

Space Shuttle Student
Involvement Project
Now in its sixth year, the Space Shuttle Student Involvement Project (SSIP)
offers high school students the chance
to propose experiments that could be
performed aboard the Space Shuttle.
Past winners have proposed studies of
crystal formation; silkworm, bee, and
earthworm behavior; and plant growth,
among others.
Kay Meisch, a chemistry teacher at
Webster Senior High School, in Webster, New York, was advisor to 19841985 national winner John Nash. John
won for his project "Effects of Gravity

would be our host until Tuesday. At
3:30 AM Tuesday it was raining and
our prospects seemed gloomy. But the
count continued, and our twice-delayed

Shuttle thundered off the launchpad
at 6:58 AM.
"Every minute we spent waiting was

well worth it. It was one of the most
exciting moments of our lives. John
and I were very grateful for our unusual experience."
Students should describe their space

"Our students each gave a 10- to
15-minute presentation about their

experiment in a 1000-word proposal

project. That afternoon we toured

prepared according to SSIP guidelines,

Spaceport USA. An evening banquet

which were on the poster inserted in

and awards ceremony was led by

the September 1985 issue of TST and
now are available from NSTA.
Regional winners and their advisors
will attend expense-paid symposia at

Gerald Skoog, NSTA president, and
Curtis Graves, acting director for educational affairs for NASA.
"Saturday morning we arose at 4:30

to go to the launch site, but thunderstorms delayed Discovery's maiden voyage. Sunday morning it was 5:30, but
again the countdown was stopped. A
computer problem, and the second

NASA centers next spring. National
winners and their advisors will attend
an expense-paid national symposium
next summer. The three top students
will receive scholarships from NSTA.

Any student in a U.S. public, pri-

launch was scrapped.

vate, parochial, or overseas school in

"Helenmarie Hofman, of NSTA,
came to everyone's rescue. NSTA

grades 9 to 12 can enter.
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Moms M. Stall, courtesy of Montsontry County, Md.

Meet Me at the Fair
by William G. Lamb and Peter Brown
During the mid to late

Science fairs should
be more like
county fairs.

1960s, support for science

fairs waned to the point

where many sponsors
just plain got out of the
science fair business. Every teacher
knows what science fairs are: research
project competitions in which students

present their results on three-sided
exhibit boards a maximum of 75 cm
deep, 120 cm wide, and 270 cm tall.
Right? These science fairs follow the
rules and regulations specified by the
International Science and Engineering
Fair (ISEF) as administered by Science
Service in Washington, D.C.

Among other definitions for "fair,"
my old battered dictionary gives the
closest one for both science fairs and
county fairs: "a competitive exhibition

(as of farm products)." I must admit
that I was surprised by the emphasis
in the definition because my idea of a
county fair is as much rides and entertainment as pigs and pickles winning
blue ribbons. In addition to these contests, county fairs have something else
that traditional science fairs often lack:
joy, sparkle, and diversity.
Last year in Oregon, a consortium
of groups got together to start a state
science fair after many years without
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one. We wanted to have a real fair in
the county fair sense with events and

activities in addition to the typical
ISEF research competition. But first,
our event needed a name. We couldn't
use science fair because too many peo-

ple, we thought, associated those
words with unpleasant competition.
So, after much discussion, we called
the 3-day event the Northwest Science
Exposition.
Brainstorming produced plans for a
series of events. First, we would have
a research competition, affiliated with
the ISEF and run according to its rules

and format. We called it a research
competition to stress that it was only
or k. part of the overall exposition.
We also arranged a noncompetitive

display of student projects at the
Oregon Museum of Science and Industry (OMSI). Many students, especially

younger students, we decided, would
rather exhibit their work and receive
recognition for it in a noncompetitive,
unjudged forum. Students could display research, but we also encouraged
other kinds of projectsfamiliar models and demonstrations of well-known
scientific principles as well as more
creative science-art projects and dia-

ries of nature trails. Originally, we
thought this event would attract mostly middle schoolers, but we soon found

that a significant number of high
schoolers, including many who had
done bona fide "competitive" research

projects, opted to exhibit their work
at the noncompetitive show.
In our third event, an "olympics,"
teams of students challenged one another in the high school science big
three: biology, chemistry, and physics.

Each of the olympics began with a
quiz in which every team took a written test. Team members cooperated
in answering the items. Then the top

four teams competed in a collegebowl-type verbal quiz. Except for the

quiz bowl, each olympic event was
unique. I describe some of them in the
box accompanying this article.

We also arranged a series of tours
56 NATIONAL SCIENCE TEACHERS ASSOCIATION
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Kathy Madan
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to sites of scientific interest, including

the Washington Park Zoo (students
got to go "backstage" as well as view

the animals out front), the Oregon
...-Graduate Center (various research
labs), the Regional Primate Research
Center (research labs and a Macaque
colony), CH2MHill Civil Engineering

firm, and the National Weather
Service.

Finally, students could sign up for
workshops at OMSI in forensic science, microbial genetics, computer
flight simulation, and computer graphics and music. One day at the exposi-

tion, Astronomy Day, featured an
OMSI planetarium educator offering
workshops and shows. Some students
opted to see videotapes from the Voyager missions.
Kathy Mafilkton

In addition, the Lane County (Oregon) Educational Service District provided a portable planetarium, and students and teachers could attend science
films during the day at OMSI. To avoid
the problem of students having nothing to do on Friday night and to promote social interaction among students
from the different schools, we scheduled a barbecue, a physics demonstra-

tion, and a dance, complete with a
very live band.

Putting on this extra aganza posed
a number of problems and required
the close cooperation of many groups
of people. Fortunately, the Expo was
sponsored by a consortium including
the Oregon Science Teachers Association (OSTA), the Portland section of
the American Chemical Society (ACS),

the Oregon section of the American

Association of Physics Teachers
(AAPT), the Northwest Association
of Marine Educators (NAME), the

William G. Limb teaches chemistry and phys-

ics at Oregon Episcopal School, 6300 S.W.
Nicol Rd., Portland, OR 97223. Peter Brown
is a teaching associate at the Oregon Museum
of Science and Industry, 4015 S.W. Canyon
Rd., Portland, OR 97221.
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Oregon State Department of Education, and the Oregon Museum of Science and Industry. This cross-fertilization has been important because,
although many of the same teachers
belong to OSTA and NAME, there is
very little overlap among OSTA, ACS,
and AAPT. Although the Expo would
probably have been easier to stage with
fewer interests represented and a wellfinanced dictator delegating the tasks,
the give-and-take of planning meetings
and our mutual delight in finally executing the Expo helped all of us build
vital professional networks.

Coordinating so many activities at
three sites separated by several kilometers proved to be pretty challeng-

ing, but came off with only a few
hitches. We arranged for shuttle bus
service between the sites. Except for
students who tried to take part in 1-3th
the research competition (which ran a
little ahead of schedule) and the olym-

Pointing the Way
for Young Researchers
by Lynn W. Glass
Sometimes students have a hard
time sifting through the rules of
a science fair to come up with a
project that pleases both the judges
and themselves. Here in Iowa, a strong
support organization guides students
through their early days in research.
From before project planning to the
national meeting of the American Junior Academy of Science, the Iowa Ju-

nior Academy of Science backs its
young researchers.
Each fall the Iowa Junior Academy
conducts a "how to" workshop for high
school students and teachers who are
interested in getting a science research
project started. The workshop helps
students define a manageable research
topic, locate resources (both people and

pics (which ran a little behind sched-

print), and learn how to present find-

ule), most students got where they

ings. Other teachers and successful
student researchers run the work-

wanted to go on time.
In its first year, the Expo served 33
schools and more than 500 students.
Most schools participated in a variety
of the activities. More than 60 percent

of the teachers returned a questionnaire evaluating the Expo. The general consensus? The Expo was just
dandy and would have been dandier
with better organization.
We're quite proud of our first annual Expo, which was supported by
generous grants from the Swindells
Fund of the Oregon Community Foun-

dation and the Winningstad Chair

shops.
We then introduce the young scien-

tists to a skill that will come in quite
handy if they go on in research: writing research grant proposals. We encourage all Iowa secondary school stu-

dents to complete a two-page grant
application form, and we award research support of up to $200 for a
project.
Science students in Iowa seem to be

always busyat science fairs, science
symposia, science olympics, university

Fund of the Oregon Episcopal School.

research participation projects, and
various other science competitions.

We look forward to the next, which
will be held in Hillsboro (Oregon)
High School, April 12-13, 1985. We

The Iowa Junior Academy of Science
publicizes these events and recognizes

are especially happy that all the major
events will be at one site. It's the com-

bination of individual research and

the winners. At its annual meeting,
the Iowa Academy of Science highlights award-winning students from
the many state science events of the

team competition, noncompetitive ex-

preceding year. In addition, the direc-

tor of each event nominates a select
few students to compete for our Junior Academy's highest honortwo
expense-paid trips to the annual meetings of the American Association for
the Advancement of Science and the
American Junior Academy of Science.

The students vie for the awards by
presenting a poster paper and oral
research report. The governor of Iowa

usually comes to honor all these
deserving students.
The 1983-1984 school year marked
the first annual Outstanding Science
Student Award program sponsored by
the Iowa Junior Academy of Science

and the Iowa Academy of Science.
Nearly 400 senior students from 500
Iowa high schools received a bronze

medallion for their excellence in
science.

We're also excited about our first
amusement park physics project this
fall. More than 2000 junior high students are learning about physics while
having fun on 12 different amusement
park rides. Plans are currently under-

way to expand this popular event to
include even more students next fall.

Funding for our many events and
activities comes from three sources.
Private enterprise covers a large portion of our expenses. A competitive
grant from the American Association
for the Advancement of Science pays

about half of our student research

grant program. Dues and other
sources of income to the Iowa Academy of Science are the third source of
support for the Junior Academy.
We like to think of the Iowa Junior

Academy of Science as a training
ground for a new generation of scien-

hibits, films, tours, workshops, and
social events that makes the North-

Lynn W. Glass directs the Iowa Junior Academy of Science and is a professor of secondary

west Science Exposition a real science

education, N156 Quadrangle, Iowa Slate

fair.

University, Ames, IA 50011.
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tists. Don't be surprised if a disproportionate number of the next crop of
Nobel laureates in science hail from
the Hawkeye State.
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Fair Blues
Tor the

Spring should be a time of rejuvenated
optimism, renewed vigor, and hearty selfcongratulation upon successfully
surviving another winter. However, in
classrooms across the nation, science
teachers are faced with the seasonal
malady known as Science Fair Syndrome
(SFS). The victims of SFS often complain
of low student motivation& levels, high
incidences of uncontrolled variables, and
hallucinatory visions of papiermache
volcanoes. If you share these symptoms,
why not try a consumer fair as an
alternative to a traditional science fair?
The bask premise of the consumer fair
is that we are all purchasers of goods and
services. From the toddler begging for a
penny for the gumball machine to an
adult making a decision on the purchase
of a cemetery plot, the acquisition and
spending of money is a basic fact of life.
Our economy encourages consumption
by young people, but often these young
consumers do not have the skills and
knowledge necessary to buy wisely.
Consumer fair projects encourage
students to use scientific investigation
skills learned in the classroom as a
means to becoming more independent
and intelligent consumers.
In the consumer fair scheme, the
students are led through a series of steps
to arrive at their own choice of project
topic and investigation. The first step is a

dace

visit to the neighborhood grocery store
with its variety of grocery and other
consumer products. The students list ten
foods and ten nonfood products and
three brands of each product on a form
which I provide. They then narrow down
their list of products until they have
chosen the one product of greatest
interest to them. This single product
represented by three different brands for
the purposes of comparison becomes the
subject of their project. Next students
decide which of the many aspects of their
product they wish to investigate. The
aspects might include: weight, volume,
number of items, packaging,
effectiveness, or taste. Their final step in
this preliminary stage is to formulate a
question (hypothesis) about the aspect
they will use to compare the three
product brands. An example of an
investigative question IS: Which brand of
diaper, brand X, Y, or Z, actually absorbs
the most moisture?
Students use the scientific method to
search for answers. Consumer projects
offer the opportunity for them to
construct a hypothesis from a question,
identify and control variables, design and
conduct an experiment, and collect and
analyze data (see Figure 1). Students
often need assistance as they develop
their experimental design. During this
phase, the teacher serves as resource
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Figure 1:
Investigation Set-Up Sheet
Product Investigated.

Three Brands Compare

Question about Product to be
Answered.

1. Hypothesis:

2. Manipulated Variable:
3. Responding Variable:

4. Controlled Variable:
5. Equipment:
6. Procedure:
7. Data Collected:
8. Hypothesis Check:

9. Conclusion:
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person and facilitator, answering
questions and offering advice. The actual
experiments may be conducted in or out
of class. While some experiments require
equipment and the use of process and
measuring skills, others such as blind
tests for taste preference, emphasize the
use of subjects and proper sampling and
control techniques.
In addition to the data gathered during
their experiments, the students also
compare the tested brands by doing a
cost analysis (Figure 2). They compare
the three brands using one quantitative
aspect, such as volume, weight, or
number of items, divided into each
brand's cost. The resulting per unit cost is
used to determine which brand is the best
buy.
The students bring experimental data
they collect in the form of graphs, charts,
conclusions, and experimental
procedures on posters. The posters, the
three brands cf the product used for
comparison, and the materials used to
conduct the experiment are combined as
a display. These displays make up the
consumer fair. Teachers evaluate the
projects according to the scoring criteria
in Figure 3.
Consumer fairs are educational,
interesting, motivating, and fun. The
activities provide reinforcement of skills
taught in the science classroom and help
students become knowledgeable and
independent consumers. Most important,
consumer fairs illustrate that science and
the methods of science are relevant to
students' everyday lives.

DONALD J. NELSON
Ridgewood School
Rock Island, Illinois

Figure 2: Cost Analysis
When comparing several brands of the same product, a consumer is often
interested in which is the "best buy." You can figure any relative costs of several
brands of the same product by doing a cost analysis.

Directions: You first decide on one aspect of the product that you will use to
compare all the brands. You should use volume, weight, or number of items for
this comparison. Then fill in the chart below using the brands you are comparing.
Brands

2.

3.

You will need to do some dividing. Divide the cost of the brand into its volume,
weight, or number of items to find the per unit cost for each of your brands. The
per unit cost tells you how much product you get for one cent. Use the formula
below to help.
Per Unit Cost
Cost N/ Volume, Weight, or No. of items
Repeat the procedure for all the brands being compared. Then fill in the chart
below to identify which brand is the best buy.

Brand

3.

Figure 3: Project Scoresheet
A) Project Set-Up
Question investigated well thought out
Investigation procedure well designed
Investigation followed as designed

1-5

B) Project Results
Quality data collected
Hypothesis check supported by data
Data displayed using charts or graphs
Conclusions made from data clearly stated

1-5

C) Project Appearance
Posters complete and neatly printed
Display well organized
Display informative and understandable
Product brands displayed

1-5

1980.
Opsata, Margaret. "Consumer

D) Brand-Cost Analysis
Brands correctly compared
Correct calculations
Best buy data clearly charted or graphed

1-5

E) Project Effort
Project complete and on time

1-5

TowelTest itr The Science Teacher
51:28-9; April 1984.

Best Buy

2.

1984.
Foxworth, E. H. "Flow to Spend That

Awareness." Instructor 89:154-6;
February 1980.
Padilla, Michael. "Using Consumer
Science to Develop Experimental
Techniques." Science and Children
18:22-3; January 1981.
Seese, John W. "Don't Throw In the

Per Unit Cost

1.

Education Forum 38:58-61; April/May
HardEarned Dime." Teacher 94:93-6;
January 1977.
Kleefield, James. "Teaching Consumer
Skills." Learning 9:32-3; September

Volume, Weight, or Number of Items

1.

References
Burzler, D. R. "Be a Super Shopper."
Arithmetic Teacher 25:40-4; March
1978.
Car lock, L. L. "Will Your Students Be
Effective Consumers?" Business

Cost

=

Total Score

5-25
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1st Place = 23-25 points, 2nd place = 20-22 points
3rd Place = 17-19 points, 4th place = 14-16 points
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Appendix
Notes to parents, schedules for students,
instructions to judges are the keystones
science fair organizers rely upon. We've
collected these forms for you to use as
is, or to modify to meet your program's
special needs. Most of these forms were
originally produced by Ed Donovan of
the School of Education, University of
South Carolina, Spartansburg. We hope
they will help you create the best science
fair ever.
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Science Fair Project Application
Name

Date

Teacher

Grade

Project Title

Project Description (be brief)

PROJECT AREA (circle one):
Biology

Chemistry

Physics

Mathematics

Behavioral

General Science

i ROJECT TYPE (check one):
ExperimentalForming a hypothesis (question) about something the student doesn't know the
answer to, doing an actual scientific experiment, making observations, collecting data, and reaching conclusions.
DemonstrationScience in a show and tell format. The student knows what is going to happen when
he or she begins. Includes models, kits, collections, posters, etc.
BiologicalA project involving living things such as insects, birds, food, people, diseases, etc.

PhysicalA project involving things not living such as chemicals, stars, air pressure, weather, etc.
Will you require electricity?

YES

NO

Your project should include the following items:
1. Exhibit that can stand by itself.
2. Research paper with bibliography.
3. Abstract (one page summary, with bibliography).
4. Materials necessary for the exhibit.
5. Oral presentation (3 to 5 minutes).
6. Logbook of daily work.

Return this completed form to your teacher by

Student signature
Parent's signature
Teacher's signature
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Information for Students About Science Fair Projects
A Successful Science Project:
1. Represents your work--not that of an expert or your parents
2. Indicates an understanding of the science area chosen
3. Shows careful planning that would eliminate a "rush" project
4. Has a notebook showing a complete record of all your work
5. Has a simple, well-stated title and neat lettering
6. Includes photographs, charts, pictures, graphs, etc., that might be necessary to
explain your work
7. Has accurate, valid, and correct observations
8. Tells a complete story-Problem and Solution
9. Is original in approach and presentation
10. Is self-explanatory
11. Is attractive and organized
12. Does not have to cost much money
13. Is best if it is an experiment, but it doesn't have to be
14. Is one that gives credit to those who gave help

A Science Fair Project is Not:
1. Only a report
2. Necessarily a new discovery or an original piece of research
3. Constructing a plastic model from a hobby kit
4. An enlarged model or drawing
5. A week-end chore
6. One, two, or even three posters
7. Something done by your parents or teacher

Steps in Making a Science Project:
1. Choose a topic and discuss it with your teacher. Ask your teacher for help
and suggestions.
2. Once you have chosen your topic problem, find out as much about the topic a possible.
3. Keep a project notebook and record all of your thought, preparations, and ideas.
Keep a record of your readings.
4. Set up a work area somewhere around your house where you can work on your
project. Make sure the area is off limits to your pets or younger brothers and sisters.
5. Work on your project a little each day, don't wait until the last minute.
6. Collect the materials needed for the project.
7. Check with your teacher for suggestions and materials, he or she can save you
time, excess, work, and money.
8. Construct your exhibit and make letters for your signs.
9. Mount your pictures, graphs, charts, etc.
10. Present your science project at the fair.
Created by Becky Brown, Chapman Elementary School, Spartanburg School District #7, Spartanburg, South Carolina
Modified by Ed Donovan, Science Education Center, School of Education, University of South Carolina, Spartanburg
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Schedule for the Student's Science Fair Project
Week

1

What You Should Be Working On

Due Date

* Make sure you understand what you need to do for the
science fair project. Ask questions if you're not certain
about any aspect of the assignment.
* Find time to use books, encyclopedias, and magazines
at the library. Look for a topic that is interesting to
you. Keep bibliographic notes on the books and
magazine articles where you get your ideas.

* You may want to visit museums, hospitals,
universities, zoos, and science centers to get ideas.

2

* With your project idea firmly in mind, write the
purpose, question, hypothesis, materials needed, and
procedures.

* Show your written material to the teacher and discuss
your project for approval.

3

* After the science project has been approved by the
science teacher, begin to gather your necessary
equipment and begin your project.

4

* Seek advice and help from professionals to refine your
project: doctors, nurses, researchers, teachers,
librarians, veterinarians.

5

* Conduct your experiment and collect data.
* Keep careful, written records of results in a notebook.
Record the day and time you make observations. Be as
specific as you can about the amount, size, and type of
materials, plants, or animals you use.

6
7

* Draw conclusion and organize the results of your
experiments in chart or graph form.

* Write your research paper. Include a table of contents,
abstract, summary sheet, purpose or hypothesis,
step-by-step explanation of your experiment, results,
conclusion, and bibliography.

8

* Construct your exhibit. Build a back-drop to mount
graphs, charts, illustrations, photographs, signs, and
summary sheets.

9

* Prepare an oral presentation.

10

* Add finishing touches to your project.

* Come to the science fair and present your project
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Check

The Scientific Method
A student record sheet for an experiment or science project
Cl. What do you want to find out?
(PURPOSE)

(i.

What do you think will happen?
(HYPOTHESIS)

c3. What do you need to use?
(MATERIALS)

.
5. What happened?
(RESULTS)

4. What will you do to find out?
(PROCEDURES)

.1

I6. What did you learn?
(CONCLUSIONS)

1
R6
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Note to Parents
We hope the following suggestions will be helpful as your child develops this year's science
project:

1. Please remember that the most important ingredient in any project is the amount of
work the student accomr tishes, how much knowledge he or she acquires, and how
much initiative is displayed. Many abilities are developed researching, organizing,
outlining, measuring, calculating, reporting, and presenting. These involve the
reading, writing, arithmetic, and social skills so much a part of successful daily living.
2. Although it is to be the student's effort, there is no substitute for a parent's support.
3. Do not worry about the project's performance at a science fair. If strengthened
thinking skills and increased knowledge have occurred, then a prize has truly been
won.
4. Areas in which a parent's assistance will be necessary include:
a. Safety. Be sure that poisons, dangerous chemicals, and open fires are avoided.
Learn and practice electrical safety if electricity is used in the project. If any
aspect of the project appears to be dangerous, it is not to be included.
b. Transportation. Help will be needed for the transportation of materials to the
science fair, although it is better if the student can set up and take down the
exhibit with a minimum of assistance.
5. Areas in which a parent's assistance may be welcome include:
a. Suggesting project ideas (these may be connected with your work).
b. Transportation to libraries, businesses, museums, nature centers, universities,
or any source of project information.
c. Technical work such as construction and photography.
d. Being an interested listener.
Reprinted with permission from Public Service Company of New Mexico, Educational Programs,
Alvarado Square, Albuquerque, New Mexico 87158. 0 PNM 1982

Science Fair Parent Volunteer Form
I would like to volunteer for the following jobs at the science fair:
(Check where you can help.)

Science Fair Committee

Supervise students setting up

Help set up the gym

Supervise students during judging

Help supply refreshments

Help clean up the gym

Name

Addresss

Telephone #

PLEASE RETURN BY

f7
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Helping Your Children with Their Science Fair Projects
Things a parent may do:
Give encouragement, support, and guidance. (Be positive!)
2. Make sure your child feels it is his or her project. Make sure the project is
primarily the work of the child.
3. Realize that the main purpose of a science fair project is to help your child
use and strengthen the basic skills he or she has learned and to develop
higher level skills.
4. Realize your child will need help in understanding, acquiring, and using
the major science process skills (researching, organizing, measuring,
calculating, reporting, demonstrating, experimenting, collecting,
constructing, presenting). Your child may not have been taught these
skills. Therefore, it may not be fair to expect him or her to know how to
do them.
5. Realize that your child may be using reading, writing, arithmetic, and
social skills for the first time in a creative way to solve a problem.
6. Realize that the teacher works with 20-30 students and this may make it
difficult to give a large amount of individual attention to your child.
7. Understand that the teacher may need your help. If you have the intenst
and the time, you might contact the teacher and volunteer to help or
judge at the school's science fair.
8. Help your child plan a mutually agreed upon schedule, to prevent a last
minute project and a disrupted household. A 4 to 8 week plan that uses
a check-off sheet is best. The following steps (you may I Ant to add
more) should be on your schedule.
a. find a topic.
b. narrow down the topic to a specific scientific problem that is
appropriate to the child's ability level.
c. research what is already known about the problem.
d. develop a hypothesis. (What outcome do you expect?)
e. develop a procedure/investigation to test the hypothesis
(if experimental).
f. make observations and collecting appropriate data.
g. interpret the data and other observations.
h. state and display the results.
i. draw appropriate conclusions.
j. create the exhibit.
k. write the research paper and the abstract.
1. present the project,
9. Help your child design a safe project that is not hazardous in any way.
10. Provide transportation to such places as libraries, nature centers,
universities, etc. that can help the child find project information.
1.
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11. Help your child write letters to people who can provide help on the
science project and be sure the letters are mailed.
12. Help the child develop the necessary technical skills and/or help the child
do the technical work such as building the exhibit and doing the
photography.
13. Help your child understand that science is not a subject but a "way of
looking at the world around us."
14. Be sure that the child states in the paper and/or exhibit the help he or
she has received from you or others. This will help judges to make a
fairer evaluation of the project.
15. Look over the project to check for good grammar, neatness, spelling, and
accuracy. Make suggestions on how it can be corrected .
16. Buy or help find the necessary materials to complete the project.
17. Realize that a good project doesn't have to cost a lot of money. Many
times a simple project that is well displayed and explained is the best.
18. Help the child understand that a weekend chore, or one or two posters, is
not a project.
19. Help the child to keep a record (log book) of all he or she does and a list
of references used.
20. Find an area in the house where the child can work on the project and
not have to worry about pets or brothers and sisters.
21. Explain to the child that he or she should consult with you or the teacher
when problems arise. Set aside time for help sessions. Make them short
and constructive. Be an interested and enthusiastic listener.
22. Have your child present his or her science project to you before he or she
takes it to school.
23. Help transport child and the science fair project to and from the
school/district/regional science fairs.
24. Do not worry or get upset if your child doesn't win a prize at the science
fair. The skills the child has gained are worth all of the effort. Help your
child to begin to plan for next year.
25. Feel a sense of pride and satisfaction when the project and the science
fair are finished. Share this with your child, you have both earned it.
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Science Fair Project Judging Criteria
Scientific Thought (30 points)
Does the project follow the scientific method? (hypothesis, method, data, conclusion)
Is the problem clearly and concisely stated?
Are the procedures appropriate, organized, and thorough?
Is the information collected accurate and complete?
Does the study illustrate a controlled experiment that makes appropriate comparisons?
Are the variables clearly defined?
Are the conclusions accurate and based upon the results?
Does the project show the child is familiar with the topic?
Does the project represent real study and effort?

Creative Ability (30 points)
How unique is the project?
Does the exhibit show original thinking or a unique method orapproach?
Is it significant and unusual for the age of the student?
Does the project demonstrate ideas arrived by the child?

Understanding (10 points)
Does it explain what the student learned about the topic?
Did the student use appropriate literature for research?
Is a list of references or bibliography available?
In the exhibit, did the student tell a complete and concise story, and answer
some questions about the topic?

Clarity (10 points)
Did the student clearly communicate the nature of the problem, how the problem
was solved, and the conclusions?
Are the problems, procedures, data, and conclusions presented clearly, and in
a logical order?
Did the student clearly and accurately articulate in writing what was accomplished?
Is the objective of the project likely to be understood by one not trained in the subject area?

Dramatic Value (10 points)
How well did the student design and construct the exhibit?
Are all of the components of the project done well? (exhibit, paper, abstract, log of work)
Is the proper emphasis given to important ideas?
Is the display visually appealing?
Is attention sustained by the project and focused on the objective?

Technical Skill (10 points)
Was the majority of the work done by the student, and was it done at home or in school?
Does the project show effort and good craftsmanship by the student?
Has the student acknowledged help received from others?
Does the written material show attention to grammar and to spelling?
Is the project physically sound and durably constructed? Will it stand normal wear and tear?
Does the project stand by itself?
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Science Fair Project Judging Form
Project Title

Project Number

Project Category

Judge Number

CRITERIA:

POINTS

Scientific Thought (30 Points)
Is the problem concisely stated?
Are the procedures appropriate and thorough?
Is the information collected complete?
Are the conclusions reached accurate?
Comments:

Creativity (30 points)
How unique is the project?
Is it significant and unusual for the age of the student?
Does the project show ideas arrived by the student?
Comments:

Understanding (10 points)
What did the student learn about the project?
Did the student use appropriate literature for research?
Can the student answer questions about the topic?
Comments:

Clarity (10 points)
Are the problems, procedures, data, and conclusions presented logically?
Can the objective be understood by non-scientists?
Is the written material clear and articulate?
Comments:

Dramatic Value (10 points)
How well did the student present the project?
Is the display visually appealing?
Is the proper emphasis given to important ideas?
Comments:

Technical Skill (10 points)
Was the majority of the work done by the student?
Does the written material show attention to grammar and spelling?
Is the project well-constructed? .
Comments:
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TOTAL POINTS
(based upon 100 )

