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Your  

LEMENTARY STUDENTS ARE
perpetually inquisitive about
force and motion: What forces
act on everyday objects? What
makes them move? Why doE produce. Each class is allowed one

entry, with the best entries from each
region competing at the national level.

At the time, I was planning a unit
on force, motion, and energy (Virginia
Standards of Learning, see Figure 1,
page 22). I realized that some of these
physical science concepts could be de-
veloped through the Lunch Box Derby.
The National Science Education Stan-
dards (National Research Council,
1996) present a vision for scientific in-
quiry that encourages students to ask
questions, plan and conduct investiga-
tions, use tools to gather data, and
think critically and logically about re-
lationships between evidence and ex-
planations. This contest offered a cre-
ative opportunity to reinforce physical
science concepts, such as design and
the laws of motion, through active dis-
covery and inquiry-based learning.

Capture the Enthusiasm
The Lunch Box Derby Web site, http://
www.bestapples.com, supplies official
entry forms, important details about
the competition, and participant
guidelines (see The Rules). I carefully
outlined the steps needed to complete

the project and estimated a two-week
time commitment. Then, I secured
permission to proceed from my prin-
cipal, scheduled a date for the race,
and explained the Lunch Box Derby
to the school staff.

To present the derby concept to
students, I displayed some produce
and asked, “What could we do with
this? Could we make something origi-
nal? Could we construct moveable ob-
jects? Could we put fruits and veg-
etables together to make vehicles?
Could we get them moving like cars?”
At first, students were skeptical, but
then the novelty intrigued them.
Their initial laughter transformed
into a resounding, “Yeah, let’s do it!”

Design and Construction
From the outset, the derby project
fostered student cooperation and col-
laboration, one aspect of the recom-
mendations in the Standards (Teach-
ing Standard E: Teachers of science
develop communities of learners that
reflect the intellectual rigor of scien-
tific inquiry and the attitudes and so-
cial values conducive to science learn-
ing.) Each team of four students had

they stop? How does mass affect
speed? Movement in the physical
world around us is a fascinating dis-
play of interacting forces. Children
can easily see objects in motion, but
they cannot see the “invisible forces”
that act on these objects.

Activities that encourage young
scientists to investigate the principles
of physics capture their interest natu-
rally. As teachers we continually ask,
“What will grab students’ attention,
stimulate their curiosity, and hook
them into learning?” After receiving a
letter from the Washington Apple
Commission announcing the “Lunch
Box Derby,” I guessed that my fourth-
grade students would enthusiastically
take up this unique challenge. In-
tended as a contest to promote team-
work and encourage innovative think-
ing with a focus on nutrition, the
Lunch Box Derby challenges fourth-
and fifth-grade students to design,
build, and race cars made from fresh
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Veggies!

at least one potential leader. Desig-
nated student roles for group success
included a 1) leader, 2) materials man-
ager, 3) graphic designer and re-
corder, and 4) chief builder. Our ini-
tial focus on a collaborative work ethic
reaped untold benefits and contrib-
uted significantly to the overall suc-
cess of the Lunch Box Derby.

For vehicle design and construc-
tion, students collected assorted
fruits and vegetables, including kiwi
fruit, radishes, acorn squash, lem-
ons, bananas, eggplant, cucumbers,
brussels sprouts, potatoes, limes,
apples, turnips, oranges, and onions.
Students discussed why certain
choices might be better than others
for car bodies, wheels, or other spe-
cific parts. For example, students rec-
ognized that limes made reliable
wheels because of their spherical
shape. Other students who were de-
termined to use an acorn squash for
the body discovered that they needed
help pushing the bamboo skewers
(axles) all the way through. Early on,
they had to deal with design trade-
offs such as these.

As students discussed design con-

Building model race cars lets students
explore physical science concepts and
promotes cooperative learning.

The Rules
The Lunch Box Derby allows maximum flexibility in vehicle
design, but there are a few established rules:

• The car that travels the farthest distance down an
inclined plane is the winner. All vehicle parts must work
well together, just as a healthy diet helps students “go
the distance” in their own lives.

• At least five different kinds of fruits and vegetables
must be used on each vehicle, reinforcing the nutri-
tional concept of “five a day” for fruit and vegetable
servings.

• Other materials allowed include: three bamboo skewers,
four toothpicks, one rubber band (per vehicle).

• Wheels and axles must rotate (vehicle must roll, not slide).
• Vehicle body must not touch the floor.

The contest rules provide structure, but they also mandate
creativity in working within specific restraints. The Lunch
Box Derby disqualifies any student teams who fail to abide
by the established rules. One team learned the hard way.
Their car outperformed all the others, but close inspection
revealed two rubber bands, instead of just one. The team
was disqualified from the contest.



22 SCIENCE  AND  CHILDREN SEPTEMBER  2000

FIGURE 2. Sample of a student’s final design.

the same? What will happen if we try
limes in front and oranges in back?
Should we put a big carrot on top of
the car body to add more weight for
rolling down the ramp?” All plan-
ning notes, drawings, and design dis-
coveries were kept in team folders as
the work proceeded. As students
sketched different possibilities for
derby vehicles, they added these draw-

FIGURE 1. Standards addressed in
the Lunch Box Derby.

Virginia Standards of Learning
Grades 4 and 5 (4.1, 5.1)

Scientific investigation, reason-
ing, and logic

Grade 4 (4.2)
Force, motion, and energy
Potential/kinetic energy, friction,
inertia

National Science Education
Standards

Content Standard A: Science as
inquiry

Content Standard B: Physical
science

Position, motion, and speed of
objects; inertia
Effect of forces on speed and
direction of objects

Content Standard E: Science and
technology

Identify problem, propose
solution, design a product,
communicate the process
Design constraints and trade-
offs

to maintain car body integrity. An-
other team found out that apples are
too uneven for a balanced set of four
wheels. While observing, I noticed
English as a Second Language stu-
dents working confidently, learning-
disabled students clarifying ideas, ar-
tistic students adding creative
finishing touches, and student lead-
ers communicating support for both

individual and team efforts.

On Your Mark,
Get Set, Go!
For the Lunch Box Derby we
used a large wooden panel (1 m

x 2 m) for the ramp, positioned at a
60° angle. We started out with a
smaller angle (about 30°), but stu-
dents found that when they placed
their vehicles on the ramp, the ve-
hicles were unable to roll spontane-
ously. With a steeper incline, the pull
of gravity allowed all cars to roll unas-
sisted. Some cars traveled quite a dis-
tance beyond the bottom of the ramp;
students noticed the difference be-
tween heavier cars that rolled faster
down the ramp and lightweight cars
that traveled farther on the level floor-

straints, they began to imagine what
their finished cars might look like.
They shared ideas, conceptualized
possibilities through drawings, and
made specific plans for vehicle con-
struction. The motivation to
create a winning car kept ev-
eryone on task. This applica-
tion of scientific thinking to
create a real design solution
also captures the spirit of the
Standards.

Teams submitted final design
plans to the teacher for approval and
assessment of the feasibility of pro-
posed designs (see Figure 2). Derby
teams worked together making
group decisions and testing various
suggestions for practicality and reli-
ability. The teams explored questions
such as: “Will mushrooms hold their
shape if used as wheels? Should we
use something hard like radishes to
hold wheels in place on the axles? Do
the front and back wheels need to be

Students shared ideas,
conceptualized possibilities through

drawings, and made specific plans for
vehicle construction.

ings to the team folders. As they
experimented with various designs
on tabletops and ramps, they made
notes about what did or did not work
well. Then, they modified accord-
ingly. Each vehicle also had an origi-
nal name, such as Cucumber Glider,
The Squasher, and Go the Distance.

During construction, students
were absorbed in learning as they
tried ideas and revised their original
design plans. For example, one team
discovered that bananas are too soft
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ing at the bottom of the ramp. Again,
they had to think in terms of design
trade-offs.

The ramp was set on tile flooring
to minimize friction and maximize
traveling distance. A pit stop was set
up in one corner for malfunctioning
cars. Here, teams could make minor
alterations, but design changes or
complete part replacements were not
allowed. The school principal served
as the official judge for the contest,
and parents were encouraged to come
watch the event.

“On your mark, get set, go!”
Teams made predictions about their
car’s performance, then let their
inventions roll down the ramp.
Three trials were allowed, with care-
ful recording on large chart paper
of distances traveled. Before racing,
most teams were very optimistic
about the performance of their own
derby vehicles. After observing what
happened during actual racing, they
became much more realistic. Teams
began to assess more than indi-
vidual vehicle component
parts, looking at how
well these parts func-
tioned in an inte-
grated system.

After each team’s
trials, students
compared their pre-
dictions with the
distance traveled by
each car in the derby.
The best run for each en-
try was accepted as the “offi-
cial” distance. As a class, we exchanged
ideas about why certain cars did not
go as far as expected. Was it too much
rolling resistance in the wheels? Was
it an operating problem with moving
parts? Was it insufficient mass to build
up vehicle speed on the downhill
ramp? Was it too much mass to keep
the car going on the level straight-
away?

For the cars that wobbled exces-
sively or went off the ramp, students
discussed what design changes might

forces like inertia, gravity, and fric-
tion. Going beyond textual defini-
tions, they developed an appreciation
for how and why these forces acted on
objects.

Reflective Analysis
Reflection is an essential ingredient
of successful learning experiences.
The day after the Lunch Box Derby,
student teams gathered for small
group discussion. They discussed
what they would change to improve
vehicle performance, recording the
revised plans. Once again, trade-offs
had to be considered and group con-
sensus was required. For example,
students recognized that appropriate
wheels were a key element for racing
success.

After watching the derby, most had
a better idea of which fruit or vegetable
choices were more reliable for a Lunch
Box Derby vehicle. They learned that
rolling resistance made a big differ-
ence. Denser produce with smoother
surface area proved to be best as wheels
because these fruits and vegetables cre-
ated less friction as cars traveled down

correct those problems. We also talked
about why some cars rolled so smoothly
and traveled farther than expected. Was

it due to the choice of
wheels or car body? Or,

was it good overall con-
struction? This ques-

tioning motivated
students to
search for rel-
evant explana-

tions. When one
student did not

have an answer, an-
other one often did:

• The heavier cars went faster
on the ramp because of gravity.

• Onions made great wheels be-
cause they’re so hard.

• The axles on that car moved around
and made the car go crooked.

• Once it came off the ramp, the cu-
cumber car went really far because
it’s lightweight.

• The carrot car looks super stream-
lined!
Through concrete experiences and

observations, students began to build
better conceptual understanding of

To see more
examples of design
plans and student
race cars, visit our
Web site: http://
www.nsta.org/

pubs/sc

Student teams construct their Lunch Box Derby cars using the
available fruits and vegetables.
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FIGURE 3. Rubrics.

      Scale:    (1 = not observed, 3 = observed somewhat, 5 = observed often)

Assessment: Teamwork
Stayed on task 1 2 3  4 5

Listened to each other 1 2 3  4 5

Followed directions 1 2 3  4 5

Used resources appropriately 1 2 3  4 5

Worked as a team 1 2 3  4 5

Completed work on time 1 2 3  4 5

Acted responsibly 1 2 3  4 5

Organized efforts 1 2 3  4 5

Assessment: Individual Students
Worked cooperatively 1 2 3  4 5

Participated in constructive dialogue 1 2 3  4 5

Listened to teammates 1 2 3  4 5

Approached the task seriously 1 2 3  4 5

Remembered assigned role in team 1 2 3  4 5

Assisted in design plans 1 2 3  4 5

Helped in vehicle construction 1 2 3  4 5

Used materials carefully 1 2 3  4 5

Assessment: Science Concepts
Demonstrated understanding of concepts of force and motion 1 2 3  4 5

Applied knowledge of physical science in vehicle design 1 2 3  4 5

Used available technology in vehicle design and construction 1 2 3  4 5

Showed ability to make design changes based on observations 1 2 3  4 5

Communicated conceptual understanding, verbally and in writing 1 2 3  4 5

the ramp. Only one derby team had
chosen onions for wheels in their derby
car. Once other teams saw how well
this car rolled down the ramp, some
wanted to include onion wheels in
their revised plans. Although less visu-
ally appealing than their initial citrus
choices, students began to realize that
vehicle performance was more impor-
tant than looks.

That night, the homework was to
draw a “Dream Derby Car.” Each stu-
dent independently sketched and la-
beled his/her ideal derby vehicle. Stu-
dents were encouraged to be realistic
as well as creative. In Writers’ Work-
shop students wrote about what they
learned from participation in the
Lunch Box Derby. In their writing,
several dominant themes emerged.
Most of the students stressed how

much they had learned about team-
work and cooperation during the
Lunch Box Derby. They noted the
importance of listening to other
people’s ideas. Some recognized that
they should have paid more attention
to trial runs for their vehicles to de-
tect design flaws before the actual
competition began.

Many students wrote about the
importance of careful observation,
and quite a few had discovered that
persistence and patience are critical
aspects of the design process. One
student said, “Even though things
might not turn out as you expect
them to, you can always try again.”
This follow-up helped assess student
learning outcomes and provided valu-
able student practice with written
communication skills.

Assessment
During Lunch Box Derby activities,
assessment data came from mul-
tiple sources. As students worked in
teams, I used a rubric to evaluate
team performance; I used a second
rubric to assess the work and efforts
of individual students and a third to
assess the science concepts learned
(see Figure 3 for rubrics). The
Lunch Box Derby folder from each
team contained initial sketches, fi-
nal design plans, vehicle perfor-
mance notes, and a page of reflec-
tions. The contents of these folders
became part of the assessment pack-
age for each team.

In the computer lab, students cre-
ated graphical representations of rac-
ing data. Working in pairs, the chil-
dren entered names of individual
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vehicles and the distances the vehicles
had traveled in the derby. Next, stu-
dents made bar graphs to show how
performance compared. Some stu-
dents entered data from all three tri-
als so they could show how much the
distance traveled varied for each derby
entrant.

This task highlighted the effective-
ness of visual displays in illustrating
numerical data. For example, students
noticed that one derby car had per-
formed consistently well in all three
trials, whereas others had widely vary-
ing distances in each trial.

Students also wrote summary
statements of the data, which helped
me determine whether they under-
stood what the graphical information
told us about our Lunch Box Derby.
This technology application was an-
other tool for me to use in student
assessment.

Crossing the Finish Line
The culminating activity for students
was sharing the Lunch Box Derby ad-
venture with a wider audience. Stu-
dents were excited and wanted to
spread the word. Near the school’s
front entrance, we displayed photo-
graphs of the “veggie cars,” colorful
graphs of vehicle performance,
samples of student writing, and draw-
ings of Dream Derby cars. The wall
display stimulated lots of conversa-
tion and even more questions for the
students. This unique experience cap-
tured the community’s attention, and
the positive feedback showed that
people do notice those who dare to be
different.

Melissa DiGennaro King is a doctoral
student in science education leader-
ship at George Mason University in
Fairfax, Virginia and is the director of
educational programs at the Join
Hands Educational Foundation in
Washington, D.C. At the time of the
activity, the author taught fourth
grade at Barrett Elementary School
in Arlington, Virginia. Special thanks

go to Cara Bayersdorfer, Sue Bisson,
Rich Godwin, and Laurie Sullivan,
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