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General Atomics Enhances Pre-College Science Education
General Atomics (GA) is committed to

playing a major role in enhancing pre-
college science education in the San
Diego area as well as for the nation. The
program includes "hands-on" teaching
units to provide an innovative and inter-
esting format for the teaching of scientific
concepts as well as other activities
designed to bring the industrial research
experience into the classroom.

The GA education outreach program
originated from a desire on the part of the
CEO of GA, Neal Blue, his wife Anne
Blue, and Patricia Winter, GA's education
outreach coordinator, to initiate a pro-
gram to enrich K-12 science education in
the San Diego area. This was inspired by
a similar successful program that Anne
and Patricia started in biology at the
neighboring Salk Institute. GA's educa-
tion outreach coordinator, senior manage-
ment, and science administrators from
the San Diego area brought together
teams of GA scientists and junior and
senior high school science teachers from
San Diego County to formulate hands-on
teaching units. The teams consisted of at
least four scientists and four teachers.
Over the course of a year, they developed
five teaching modules based on active
areas of research at GA: An Exploration
of Materials Science, Radioactivity in the
Environment, Energy from the Atom,
Fusion, and Recombinant DNA. These
workshops have been presented to over
300 teacher attendees from junior and
senior high schools in the local area.
Recently, the materials science module
was presented to teachers in Orange
County, California, and it was also pre-
sented as part of an American Chemical
Society nationwide satellite television
seminar for science teachers.

The teaching module for the Explora-
tion of Materials Science was developed
because this science field is not generally
taught at the pre-college level, and its
multidisciplinary nature allows it to be
taught as part of physics, chemistry, or
biology classes. The module includes ele-
ments of chemistry, physics, mathematics,
engineering, and the use of computers.

The teaching module enables students
to produce, study, characterize, and com-
pare different classes of materials: metals,
ceramics, and polymers. The students
begin by fabricating test bars of materials
characteristics from each of the three gen-
eral classes. Tin was selected for the metal
because of its ready availability, low melt-
ing temperature, and nontoxic nature. Test
bars are fabricated by melting tin on a hot

plate and casting it into a graphite mold.
An anchor cement was selected as the
ceramic to allow the use of a room-
temperature cure. The samples are cast
into a plastic mold using a mold release. A
one-part ultraviolet-curable polyester
resin was selected for the representative
polymer material because of its simplicity,
ease of curing, and relative nontoxicity.
The polymer samples are made by casting
them into a mold with a release agent and
curing them for a few minutes in direct
sunlight. The students characterize the
properties of each of the materials by not-
ing their general appearance and perform-
ing a series of experiments to measure
their mechanical properties, thermal and
electrical conductivity, density, corrosion
resistance, and high temperature behavior.

The teaching module is designed to
give the teacher maximum flexibility. It
can be used in full or in part at any grade
level in junior through senior high school.
Parts of it are even usable at the primary
school level. Teachers have adapted it for
classroom segments of anywhere be-
tween a few days and several weeks. The
content can be extended into more ad-
vanced topics for science projects or
advanced placement classes.

The teachers using this module often
set the students up in groups since the
multidisciplinary aspects of the experi-
ments lend themselves to a team ap-
proach. The students are encouraged to
think and solve problems as a team. For
example, one team fabricates one of the
types of materials, measures its physical
properties and becomes the class expert
in this type of material. The team mem-
bers then write a report in the same for-
mat that a scientist would write a scientif-
ic paper. Teachers are encouraged to use
this method so that students can emulate
the industrial team approach to solving
problems. Many of the teachers use the
material to introduce concepts such as the
scientific method, basic laboratory tech-
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niques, data analysis, scientific notation,
and significant digits.

Since materials science is not well-
known to most teachers, all teachers who
wish to obtain and use this unit must
attend a 2-3 hour presentation. These pre-
sentations have been held about once
every five months at GA and local educa-
tion conferences. The classes are taught
on weekends by both the GA scientists
and the San Diego area teachers who
developed the module, so that teacher
attendees learn the material from both the
scientific and the educational experts. In a
typical class, the attending teachers listen
to the experiences of those who have
taught the unit at both the senior and
junior high school levels. The attendees
watch demonstrations in order to learn
how to set up the laboratory apparatus
and perform the experiments. The experi-
mental kit is then discussed in detail.

The experimental kit contains both a
laboratory and a print kit. The print kit
includes the experimental procedure for
fabricating and testing the samples, and a
list of questions for the students. It pro-
vides detailed guides, written by the sci-
entists, that cover preparation, mechanical
properties, transport properties, and
physical properties of materials and their
relationship to the experiments performed
in the module. Suggested objectives,
strategies, and time frames are provided
by the teachers who developed the unit.
Recent popular articles on materials sci-
ence from newspapers and magazines are
included along with two videos on mate-
rials science: a Dow Corning sponsored
PBS series called "The Stuff of Dreams"
and Digital Equipment sponsored PBS
show entitled "Miracles by Design."

The laboratory kit contains all the
materials and equipment needed to per-
form the experiments that would not be
found in the typical science classroom.
The raw materials for making the test
specimens are provided. The kit also
includes graphite molds used to form the
rod-shaped specimens. The means to
reorder materials is also provided.

The kits are given to the teachers free of
charge. Some of the materials in the kits
are donated by companies while others
have been purchased or provided by GA.
The GA scientists and San Diego teachers
met after hours and on weekends to devel-
op the module and do the same when they
demonstrate the kits to the teachers.

Students have responded favorably to
the materials science module. An eighth
grade earth science teacher spent three
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weeks using the module and said that her
students "loved the experiments and felt
that they were doing real science." A
chemistry senior remarked that the
preparation of the test bars was the most
fun that she had ever had in a classroom.
Others in the class said that "it was some-
thing that was real and interesting and
cool. It was about tangible things that you
could relate to in every day life."

GA is also involved in other forms of
education outreach. It holds a High
School Science Day each year. This pro-
gram opens with talks by senior manage-
ment, continues with visits to two of 12
different GA facilities and laboratories,
and concludes with a panel discussion on
science as a career. Other activities
include school visits to the DIII-D toka-
mak fusion facility as part of the GA
Fusion Education Program, many K-12
education activities at the GA-operated
San Diego Supercomputer Center, and
Partnerships in Education with various
San Diego city schools.

For further information about the GA
education outreach program, please con-
tact Patricia Winter at General Atomics,
3550 General Atomics Court, Mail Stop
1/109, San Diego, CA 92121-1194; phone
(619) 455-3335; fax (619) 455-3379; e-mail
winters@vaxd.gat.com.
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