
QuickView
Students design the smallest possible vehicle 
that will protect an egg when dropped from 
a height of 10 feet in the air. The size of the 
vehicle is determined by its volume not its 
mass.

Standards Addressed
NSTA 9-12
Students develop the abilities necessary to do 
scientific inquiry.

•	 Students	use	technology	and	
mathematics to improve investigations 
and communications. 

Students develop understandings about 
scientific inquiry. 

•	 Students	understand	mathematics	
is essential in scientific inquiry 
and understand mathematical tools 
and models guide and improve 
the posing of questions, gathering 
data, constructing explanations, and 
communicating results.

Students understand the abilities of 
technological design.

•	 Students	identify	a	problem	or	design	
an opportunity. 

•	 Students	propose	designs	and	choose	
between alternative solutions.

•	 Students	implement	a	proposed	
solution.

•	 Students	evaluate	the	solution	and	its	
consequences.  

•	 Students	communicate	the	problem,	
process and solution.  

Students understand about science and 
technology.

•	 Students	understand	creativity,	
imagination, and a good knowledge 
base are all required in the work of 
science and engineering.

NCTM 9-12
Students compute fluently and make 
reasonable estimates.

•	 Students	judge	the	reasonableness	
of numerical computations and their 
results.

Students represent and analyze mathematical 
situations and structures using algebraic 
symbols.

•	 Students	use	symbolic	algebra	to	
represent and explain mathematical 
relationships.

Students use mathematical models to represent 
and understand quantitative relationships.

•	 Students	draw	reasonable	conclusions	
about a situation being modeled.

Students use visualization, spatial reasoning, 
and geometric modeling to solve problems.

•	 Students	draw	and	construct	
representations of two-and three- 
dimensional geometric objects using a 
variety of tools.

•	 Students	use	geometric	ideas	to	solve	
problems in, and gain insights into, 
other disciplines and other areas of 
interest such as art and architecture. 

Students apply appropriate techniques, tools, 
and formulas to determine measurements.

•	 Students	understand	and	use	formulas	
for the area, surface area, and volume 
of geometric figures, including cones, 
spheres, and cylinders.

Students build new mathematical knowledge 
through problem solving.

•	 Students	solve	problems	that	arise	in	
mathematics and in other contexts.

Determining Vehicle VolumeTeacher Instruction

T-55



T-56

Students recognize and use connections 
among mathematical ideas.

•	 Students	understand	how	mathematical	
ideas interconnect and build on one 
another to produce a coherent whole.

Students create and use representations 
to organize, record, and communicate 
mathematical ideas.

•	 Students	use	representations	to	model	
and interpret physical, social, and 
mathematical phenomena.

ITEEA 9-12
Students develop an understanding of the 
relationships among technologies and the 
connections between technology and other 
fields of study.

•	 Students	learn	technological	progress	
promotes the advancement of science 
and mathematics.

Students develop an understanding of the 
attributes of design.

•	 Students	learn	the	design	process	
includes designing a problem, 
brainstorming, researching and 
generating ideas, identifying criteria 
and specifying constraints, exploring 
possibilities, selecting an approach, 
developing a design proposal, 
making a model or prototype, 
testing and evaluating the design 
using specifications, refining the 
design, creating or making it, and 
communicating processes and results.

Students develop an understanding of 
engineering design.

•	 Students	learn	engineering	design	is	
influenced by personal characteristics, 
such as creativity, resourcefulness, 
and the ability to visualize and think 
abstractly.

Students develop the abilities to apply the 
design process.

•	 Students	learn	to	develop	and	produce	
a product or system using a design 
process.

Students develop the abilities to assess the 
impact of products and systems.

•	 Students	learn	to	collect	information	
and evaluate its quality.

NCTE K-12
Students read a wide range of print and 
nonprint texts to build an understanding of 
texts, of themselves, and of the cultures of 
United States and the world; to acquire new 
information; to respond to the needs and 
demands of society and the workplace; and for 
personal fulfillment.

Students apply a wide range of strategies 
to comprehend, interpret, evaluate, and 
appreciate texts; they draw on their prior 
experience, their interactions with other 
readers and writers, their knowledge of 
word meaning and of other texts, their 
word identification strategies, and their 
understanding of textual features.

Students adjust their use of spoken, written, 
and visual language to communicate 
effectively with a variety of audiences and for 
different purposes.

Students use spoken, written, and visual 
language to accomplish their own purposes.

Time Required
180-360 minutes (will vary with class size)

Content Areas
Primary: Math
Secondary: Science, technology, language arts
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Vocabulary
•	 dimension
•	 volume

Materials
•	 Balsa	wood	sheets
•	 Glue
•	 Hot	glue	gun
•	 Balloons
•	 Rubber	bands
•	 Craft	sticks
•	 Cotton,	bubble	wrap,	or	other	cushiony	

material
•	 Tape	measure
•	 Egg
•	 Straws
•	 Balsa	wood	sticks
•	 Balsa	wood	cutter
•	 “Mass,	Volume,	and	Density”	resource	

page
•	 Pencil	
•	 Paper
•		 Digital	balance	(not	shown)
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Procedure
1  

Read the “Mass, Volume, and Density” 
resource page.

2  
Brainstorm ideas for an egg-drop vehicle. 
The vehicle must protect the egg from 

breaking when dropped from a height of 
10 feet. Your goal is to create the smallest 
possible vehicle that achieves this criterion. 
The vehicle size is determined by its volume. 
The volume of the vehicle is defined by the 
space enclosed by its sides, edges, and points. 
Open space between two sides, edges, or 
points is included in the vehicle’s volume. 
 
You may tell the students to use only materials 
on the materials list or on a list you supply 
them, or you may allow them to use whatever 
materials they can acquire. If you allow 
them to choose their own materials, you will 
want them to get your approval for whatever 
materials they choose. It is important to let 
students know the rules about material usage 
before they begin the brainstorming process. 
Inform the students where the testing of the 
vehicle will occur so that they may prepare 
accordingly.

3  
Select at least two ideas for your vehicle 
from your brainstorming list. Create a 

sketch of the ideas you selected. 
 
The sketches need to give a general idea of 
what the vehicle will look like and the basic 
dimensions of the vehicle. It does not have to 
be drawn to scale.

4  
Select one of the vehicle ideas you 
sketched. Design a vehicle based on the 

sketch. The design should include a materials 
list and a multi-view orthogonal projection 
drawing. 
 
You may have the students create the drawing 
by hand or by using a CAD program.

5  
Gather the materials for constructing your 
vehicle. 

6  
Construct your egg-drop vehicle. 

7  
Determine and record the volume and 
mass of your vehicle on a piece of paper. 

You may measure and calculate the volume 
or determine the volume through indirect 
measurement.

8  
Place an egg into your egg-drop vehicle.  
 

 
If the student added any materials to secure 
the egg that were not included when they 
originally found the mass of the vehicle, have 
them find the mass with all of the materials 
included, excluding the egg. 
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9  
To test your vehicle, drop the vehicle 
containing the egg from a height of 10 

feet. If the egg does not break, your vehicle is 
successful. If the egg breaks, your vehicle has 
failed.

1 0  
Write an evaluation of the performance 
of your vehicle, including any 

adjustments you might make to either decrease 
the volume of the vehicle or to better protect 
the egg. Be sure to include the volume of your 
vehicle in your evaluation. 
 
If time allows, you may let the students 
implement the modifications to their vehicles 
and retest.
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QuickView
Design the smallest possible vehicle that will 
protect an egg when dropped from a height 
of 10 feet in the air. The size of the vehicle is 
determined by its volume not its mass.

Materials
•	 Balsa	wood	sheets
•	 Glue
•	 Hot	glue	gun
•	 Balloons
•	 Rubber	bands
•	 Craft	sticks
•	 Cotton,	bubble	wrap,	or	other	cushiony	

material
•	 Tape	measure
•	 Egg
•	 Straws
•	 Balsa	wood	sticks
•	 Balsa	wood	cutter
•	 “Mass,	Volume,	and	Density”	resource	

page
•	 Pencil	
•	 Paper
•		 Digital	balance	(not	shown)
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Procedure
1  

Read the “Mass, Volume, and Density” 
resource page.

2  
Brainstorm ideas for an egg-drop vehicle. 
The vehicle must protect the egg from 

breaking when dropped from a height of 
10 feet. Your goal is to create the smallest 
possible vehicle that achieves this criterion. 
The vehicle size is determined by its volume. 
The volume of the vehicle is defined by the 
space enclosed by its sides, edges, and points. 
Open space between two sides, edges, or 
points is included in the vehicle’s volume. 

3  
Select at least two ideas for your vehicle 
from your brainstorming list. Create a 

sketch of the ideas you selected. 

4  
Select one of the vehicle ideas you 
sketched. Design a vehicle based on the 

sketch. The design should include a materials 
list and a multi-view orthogonal projection 
drawing. 

5  
Gather the materials for constructing your 
vehicle. 

6  
Construct your egg-drop vehicle. 

7  
Determine and record the volume and 
mass of your vehicle on a piece of paper. 

You may measure and calculate the volume 
or determine the volume through indirect 
measurement.

8  
Place an egg into your egg-drop vehicle.  
 

9  
To test your vehicle, drop the vehicle 
containing the egg from a height of 10 

feet. If the egg does not break, your vehicle is 
successful. If the egg breaks, your vehicle has 
failed.

1 0  
Write an evaluation of the performance 
of your vehicle, including any 

adjustments you might make to either decrease 
the volume of the vehicle or to better protect 
the egg. Be sure to include the volume of your 
vehicle in your evaluation.
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Mass, Volume, and Density
The amount of matter in an object is called its mass. The mass of an object is not dependent on 
its size or location. The International System of Units (IS units) for mass are grams and kilograms. 
One gram is equal to the amount of matter in one milliliter of water at 4°C at sea level.

Mass is often associated with weight. Weight is the force equal to the mass of an object times 
gravitational acceleration.

W = m · g

The volume of a solid is the amount of three-dimensional space occupied by the solid. 

An object must have length, width, and height to have volume. A unit of volume is equal to the 
space occupied by a cube with sides equal to one unit. For example, one cubic centimeter equals 
the space taken by a cube with sides of one centimeter. A cubic centimeter is also equal to one 
milliliter. 

While the volume of any enclosed solid can be determined, the volume of most solids cannot be 
easily calculated. The volume of an irregularly shaped object is often determined by the volume 
of water it displaces when submerged.

For example, the volume of an irregularly shaped small rock can be found by submerging it in 
50 milliliters of water in a graduated beaker. If the new water level in the beaker measures 60 
milliliters, then the volume of the rock is 10 milliliters.

Objects of the same size often contain different amounts of matter. A five-centimeter cube of foam 
has a much smaller mass than a five-centimeter cube of lead. The amount of matter per volume is 
called density. Because foam has less mass in the same volume as lead, it is said to be less dense 
than lead. To calculate the density of an object, divide its mass by its volume. 

D = m/v

The density of a 400-gram object whose volume is 25 milliliters equals 400 g ÷ 25 ml = 16 g/ml.
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