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Abstract

A week-long pre-college program for teachers and students has been devel oped to give the
participants an introduction to engineering via hands-on activities. The program brings the
students and teachers to campus where the construct two kits: a high-powered model rocket kit
and ainstrumentation package that is flown in the rocket. The program emphasi zes problem-
solving and critical thinking skills. Upon completion of the rocket flight, the data are analyzed
using standard spreadsheets. The participants give oral presentations to describe the data
collected, the interpretation of the data, and a description of their overall experience. The
activities in the program have been tracked with the New Mexico secondary school curriculum
standards to enable teachers to see how the material can be related to the various content areas.
In this paper, the details of the program will be given along with sample reactions of the student-
teacher teams participating in the program.

l. I ntroduction

Engineering faculty are always worried about filling the pipeline of new students coming into
programs. Federal agencies such asthe National Aeronautics and Space Administration (NASA)
have devel oped extensive program support to assist in making outreach to pre-college customers
part of the overall mission'. Through one of these programs, the New Mexico Space Grant
Consortium, we have devel oped a one-week program that introduces high-school level teachers
and students to engineering. The program has been running for over five years and services
approximately 50 teachers and students every summer. Follow-up is also provided for the
participating programs.

In this paper, we will describe the program and the kinds of technical and personal results
obtained. We will also describe how this program has begun to feed back into the undergraduate
curriculum at New Mexico State University.

. Program Operations

The summer program recruits high-school level teachers and students from the state of New
Mexico and west Texas to participate in a one-week, on-campus program. The program is
funded through grants from NASA and corporate donations. Technology development support
funding is also provided from within the Manuel Lujan Space Tele-Engineering program and the
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Klipsch School of Electrical and Computer Engineering. The program is structured so that
teachers and students apply as ateam from their school. Multiple teams are allowed from each
school and teachers are allowed to apply on subsequent years. Teachers are eligible to recelve
one credit hour of MS-level credit for participating. The program is designed to introduce the
students to

Electronic construction techniques including soldering and circuit board assembly
Debugging and problem solving skills

Computer programming

Mathematical analysis and graphing using spreadsheets

Presentation skills.

arwbdE

These components are mapped to the New Mexico secondary school competencies? to show the
teachers how these concepts are useable in their classroom when implementing the components
as part of their normal curriculum. Our mapping of the program to the competenciesis one of
the activities we conduct when the teachers are not involved with construction activities. This
mapping activity generally proceeds as follows:

1 we step through each of the New Mexico competency areas, e.g. mathematics or science,
and highlight the sup-topic areasin the 9-12 grade level that we believe weillustrate via
some form of activity in during the program, e.g., “use manipulatives, calculators,
computers, and other tools as appropriate in order to strengthen mathematical thinking” is
fulfilled by the computer-based data analysis,

2. we explicitly show the mapping between the program guide and activities and the
competency to the participating teachers and explain how we see the activity fulfilling al
or part of the competency area;

3. we have an open discussion with the teachers about how they see the competency being
fulfilled and we try to bring out related classroom activities at their grade level and
subject that would also fulfill the competency.

The program is structured around two Kits: a high-powered model rocket and an electronics
package. The high-powered model rocket is a standard commercial kit that provides a 4-inch
diameter, 8-inch long payload volume. Therocket in flight isillustrated in Figure 1. The
electronic package was designed at New Mexico State University® using commercial components
and acircuit board designed by undergraduate students. The original design of the kit was
developed during a one-semester senior-level design class. The kit includes

1 A microcontroller computer systems with a 10-channel analog-to-digital converter,
BASIC interpreter, and memory.

2. Three accelerometers. two with 5-g sensitivity and one with 50-g sensitivity

3. Pressure measurement.

4 Photocell for roll measurements.
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Figure 2 - Payload computer and sensor components

Figurel - Model rocket in
flight.

Figure 3 - A student-teacher team worki ng on assembling
the instrumentation package.
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Figure 4 - Spreadsheet showing relative time, raw sensor values, converted measurements, and derived measurements.
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The configuration of the electronic payload isillustrated in Figure 2. The student-teacher teams
are provided with an instruction manual* for assembling the kits, guidance in soldering, and
assistance in debugging the assembled board. A typical team working on the kit is shown in
Figure 3. Prior to flight, all teams perform a“test flight” run to ensure that all components are
working correctly and that the computer acquires the data.

After the flight, each team’ s datais downloaded from the flight computer and the dataiis
converted from raw ADC output to unit-based measurements. A typical spreadsheet for such an
anaysisisillustrated in Figure 4. The teams are given instruction on how to convert the
measurements from ADC output to unit-based measurements by showing the sampling process
for each sensor and the manufacturer’s calibration for the sensor. Additional derived parameters
that can be obtained from the data are

1 Relative height determined by using a model atmosphere to convert pressure reading to
height

2. Velocity in the vertical direction based upon numerically integrating the acceleration

3. Height in the vertical direction based upon numerically integrating the velocity.

These derived parameters are developed to expand the instruction into mathematics and
atmospheric measurements. Throughout the program, there is a constant dialog between the
program staff and the teachers on how the measurements, computers, and analysis techniques can
be used in their curriculum and how other subject areas can be brought in.

[11. Results

There are two types of results found in a project like this: the technical success of the
measurement system and the experience of the students and teachers. The technical successis
easier to quantify. The experiential success is more anecdotal but valuable nonetheless.

The technical success is measure by having each group produce a set of reduced data from the
flight. Thisincludes

1 M easurements converted from raw sensor readings to useable datain proper units using
the spreadsheet analysis techniques.

2. Developing time-series plots of the converted data using the spreadsheet analysis

3. Being able to explain the meaning of the data and what is happening in the flight profile
asexpressed in the data. Thisisdone at a group presentation on the final day of the
program.

A typical set of plotsisgiven in Figures 5 and 6 where data from one of the student payloadsis
illustrated.

The experience is usually very intense for the students because thereis alot of work to be
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Figure5 - Pressure measurement and corresponding relative height measurement.
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Figure 6 - Vertical acceleration measurement and derived velocity and height estimates.

“ Proceedings of the 2001 American Society for Engineering Education Annual Conference &
Exposition Copyright © 2001, American Society for Engineering Education”

9'9G9'9 abed



accomplished in one week. Several years ago, one student indicating that she now knew that
engineering will not be her field but she was glad for the experience to find out. Typical
comments from students and teachers participating in the 2000 summer program were’:

1 It has been afun and educational week. | plan to explore other job opportunitiesin
engineering.

2. Learned! Had ablast!

3. We had a new and wonderful experience. We had fun, made afew friends, and

experienced something we built work.

4, To all the participantsin this program ... hope that you take this info back to your school
for everyone to see.

5. Open my mind to anew career in engineering. Learned new and interesting things.
Found out that alot of failure goesinto creating new things.

Given that we have returning teacher applicants each year, we take that as an indication that the
program is reaching the target audience and helping the teachersin their mission.

The program aso interacts with the regular undergraduate curriculum in the electrical
engineering program. The payload started as a senior-level design class to select the sensors and
the microcontroller computer system, verify the basic design and form factor for the model
rocket. Subsequently, engineering students have been involved with designing improvements to
the payload and the circuit board to hold the electronics. The faculty in the circuits and
electronics classes are now looking to use the various types of sensors as the basis for laboratory
experiments in the introductory classes so that the students have physical measurements to use as
the basis for the experiment. For example, instead of using a waveform generator as the input
signal to an amplifier circuit, they are using the output of an uncompensated pressure sensor to be
the source for the measurement. Thisway, the students are seeing that the el ectronics techniques
have application to the external world.

V. Summary

In this paper we present a unique summer program for high school level teachers and students to
introduce them to engineering concepts. The program istied to state secondary school
competencies for mathematics and science. Anecdotal evidence shows that the students have a
better understanding of engineering as a subject and a career. Some of the sensors used in the
program are also being fed back to the NMSU undergraduate curriculum as appropriate
electronicsto be used in the laboratories.
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