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Apprentice Researchers at QUEST
In an effort to encourage young adults

to choose a career in science, a high
school student program has been devel-
oped at the National Science Foundation
(NSF) Science and Technology Center for
Quantized Electronic Structures (QUEST)
at the University of California at Santa
Barbara. The six-week summer program,
which incorporates each student into a
graduate-level lab project, enables high
school juniors to appreciate the excite-
ment of new discoveries along with the
effort and interactions required for fruit-
ful research. When the program was ini-
tiated, the graduate students and profes-
sors were skeptical that high school stu-
dents would be able to understand or
contribute to the ongoing lab research.
Most students had taken only one chem-
istry or physics course. From our experi-
ences during the first two summers,
however, we find that the students sur-
pass all expectation. In fact, some become
so valuable to their labs that they are
hired as assistants in their senior year of
high school.

The primary goals of the apprentice
researcher program are to:
• have students gain confidence in their
ability to contribute to a research project,
• teach them as much science as they are
able to learn,
• excite students about research, and
• teach them to talk about their scientific
work, both casually and formally.

Though we select students who have
already expressed some interest in sci-
ence, their confidence level for tackling
lab research ranges from tentative to
extremely ambitious. We take this varia-
tion into account when we match each
student with a graduate student mentor
and a project. Each project includes some
early experimental tasks that are easy to
learn and require little knowledge of the
science involved. This allows the stu-
dents to feel a sense of accomplishment
early in the program. In addition, they
take a crash course in electronics, com-
puter programming, and semiconductors
(the majority of the projects involve galli-
um arsenide) during the first three weeks
of the program. Such courses provide the
foundation and vocabulary to enable the
students to work safely in the lab and
understand more about their graduate
mentor's experiments.

Since we want to take students as far
as they can go intellectually without
overwhelming them, we encourage them
to ask their mentors as many questions
about the related science as they can. It

can be difficult to estimate students' com-
prehension of the material when the pri-
mary means of teaching is verbal. The
mentors, therefore, use many approaches
to probe understanding, including
quizzing the students informally on the
previous day's events, encouraging the
students to write a brief description of
their project, or asking them to report on
how to operate one of the lab instru-
ments. Students also keep a current lab
notebook. This constant exchange helps
them understand the science and experi-
mental procedures in more detail since
the gaps in their knowledge are readily
apparent from their answers. In addition,
the mentors provide reference materials
to keep at home such as "Discovery" arti-
cles and freshman-level chemistry,
physics, and materials text books.

Sharing the excitement of discovery
with the students proves to be more diffi-
cult. The most exciting moments in scien-
tific research rarely happen between the
hours of nine and five and thus, when
interesting results are anticipated, many
graduate mentors ask their students to
stay late, or come back to the lab to share
in the experience. We find that the high
school student's enthusiasm is closely
correlated to the excitement the graduate
mentor has for her or his work, regard-
less of whether or not the team is
involved in an important discovery.

Some students make significant contri-
butions to QUEST lab research. One of
the most successful students in our pro-
gram learned how to do scanning tunnel-
ing microscopy on semiconductors in
ultrahigh vacuum. She took responsibili-
ty for certain tasks such as tip prepara-
tion, sample preparation, and computer
analysis of images obtained. This student
reported that her lab experience con-
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vinced her that she wants to be a chem-
istry major. As a high school senior she is
taking her first physics course in prepara-
tion for college entrance.

Another student carried out his own
experiments in photochemical etching—a
valuable fabrication tool for III-V semi-
conductor structures used in devices
such as lasers and transistors. His experi-
ments resulted in a detailed calibration of
some of the chemical solutions used in
the etch process. These results have
proven valuable both in understanding
the role of the solution in the overall etch
process and in deciding the best etchant
to use for particular applications of the
technique. This student is still a lab assis-
tant at QUEST and has completed data
analysis for a paper on which he is a joint
author. He was recently admitted to the
College of Engineering for September
1993.

While the students spend most of their
time doing lab work, we also consider it
important to teach them to talk about sci-
ence—casually with their parents and
friends, and formally in front of their
peers, mentors, and relevant professors.
Casual conversation is encouraged by
having informal meetings every morning
at which the students discuss their pro-
jects with each other. They are asked reg-
ularly to explain two new vocabulary
words to the group. This meeting is mon-
itored by a person familiar with all of the
projects so that if a student is expressing
confusion, the mentor can be alerted and
can try to troubleshoot the problem. The
students also give two formal presenta-
tions on their research project: a fifteen-
minute talk halfway through the pro-
gram, and a thirty-minute talk at the end.
The quality of these talks, which include
viewgraphs and slides prepared with the
mentor's help, indicate to us that the stu-
dents achieve more than anyone would
have anticipated. They present an
impressive amount of information in a
clear and organized fashion. Further-
more, they leave the summer program
with a clear idea of the experimental
process, the collaborative nature of
research, and the kind of work required
to gain information about a given sys-
tem.

In summary, we believe that high
school students can contribute to gradu-
ate-level projects if the students are prop-
erly motivated, if the project includes ini-
tial tasks they can readily complete, and
if the graduate mentor conveys the nec-
essary information, feedback, and excite-
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ment. In addition, teaching students to
talk about science casually and formally
encourages them to be ambassadors for
scientific research at their schools and in
their communities.
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