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Preface
ArtHur EIsEnkrAft

The “egg drop” is certainly a fun activity. Students are charged with designing packag-
ing for an egg that will allow it to be dropped from a height of five meters onto a con-
crete floor without being damaged. The drop is even more fun—and messy—if students 
forget to first wrap the egg in a plastic bag. But, is this science? Is it engineering? The 
project is used in science classes and asks for an engineering design. But is that enough 
to qualify it as engineering?

The egg drop project can be given to engineers. The engineers will certainly use 
physics principles in solving this design challenge. They will bring to this problem an 
understanding of materials, design, and analysis. They may build prototypes and test 
them as part of their work. How do we assess students along the lines of how engineers 
would address this challenge? As teachers, how can we clarify our directions and alter 
our expectations so that the high school engineering students become student engineers? 
How can we interweave opportunities to learn engineering concepts and skills in an 
already packed science curriculum?

Using engineering design principles and engineering terminology (e.g., the following 
boldface terms) can move this activity closer to meeting the criteria for an exemplary 
engineering lesson. In the challenge to design packaging for an egg, we can include 
additional constraints to the given criterion of surviving the impact of the concrete floor 
from a drop height of five meters. For example, we can limit the packaging material to 
one piece of paper and one meter of masking tape. We can require the students to come 
up with three possible designs, and then choose their optimum design and provide jus-
tification for their choices. We can allow them multiple iterations of their design after 
testing from a height of one meter, requiring them to record in their engineering note-
book their analysis of the present design and the reason for each modification. We can 
insist that they include the relevant physics principles such as impulse, force, time, and 
change in momentum and how their design takes these physics principles into account. 
But even this is not enough.

Engineering is defined in A Framework for K–12 Science Education (the Framework; NRC 
2012, p. 11) as “any engagement in a systematic practice of design to achieve solutions 
to particular human problems.” In asking the students to design packaging for an egg, 
the teacher should provide a rationale for the request. The rationale for an engineering 
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design project is crucial. Who wants to protect this egg? Why is anyone dropping eggs 
onto concrete from five meters up? What is the human problem we are trying to solve? 
Are we really concerned that people are dropping eggs from five-meter heights onto 
concrete and the eggs are breaking? Of course not! However, we do know that when we 
buy a carton of eggs at the market, one or more eggs may be cracked or broken. The safe 
transportation of eggs is a problem and we have to decide how to test packaging. Pack-
aging eggs for safe transport is one valid rationale. But the rationale for our engineering 
design may not be about eggs at all. We may be devising an improved safety device for 
a car. When testing this device, we can use the egg as a model for the human skull. If we 
can keep the egg safe, then we can assume that the human skull would also be safe. This, 
of course, depends on whether an egg is a useful model for a skull. Exemplary engineer-
ing projects are not contrived situations, and with a bit of effort, teachers and students 
can create the rationale for why students are engaging in the design challenge.

The Framework and the Next Generation Science Standards (NGSS; NGSS 2013) demand 
that engineering be a part of a student’s education. One solution to this requirement is 
to adopt or create engineering courses in high schools. Some schools have been invent-
ing or adopting a number of curricula. These courses require students to find room in 
their programs to enroll in such a course for a semester or more. Some of the curricula 
available are quite engaging and comprehensive. Given the staffing constraints in many 
schools and the impossibility of adding another course to some students’ schedules, we 
advocate for a different model—infusion of engineering into all science courses. 

Adopting the engineering infusion model implies that all students enrolled in science 
courses will get exposure to engineering and a sense of the interplay between science and 
engineering. Science and engineering coexist in our culture. We need engineers to help 
invent technologies to allow science to proceed. We need scientists to uncover new areas 
of knowledge and to develop new theories so that engineers can invent new technologies 
to solve problems. Too often in school instruction, engineering and technology are either 
ignored in the curriculum or seen as the handmaiden of science. The infusion model 
addresses this problem and brings out the rich relationship between the two subjects. 

This book explores the model of infusing engineering into high school physics or phys-
ical science courses. Most of the book provides lessons that can be incorporated through-
out the school year. The lessons vary in length. Some require only a part of a class period, 
while others require a full class period. Some are longer projects that go on for days or 
weeks. Sometimes those lessons are activators and are best used before any discussion of 
physics principles. Others are capstones and are best used after the physics lessons have 
been completed. These lessons have all been tested and are accompanied by artifacts of 
student work so that other teachers can get a better sense of student expectations. 

The Framework and NGSS reference engineering design. Research shows that engi-
neers have reached a consensus on the most important features of engineering. We will 
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use those four features—design, analysis, modeling, and systems—to help frame engi-
neering lessons. All science teachers will recognize that these same four terms are used 
throughout science instruction. Teachers and students should be able to distinguish 
between the uses of these terms in their different contexts. The following are examples: 

 • How are engineering models similar to and different from scientific models? 
An engineering model of an airplane is quite different from the scientific atomic 
model. The models also serve different purposes. 

 • How does one compare and contrast engineering systems and systems in biology 
or physics? In designing a new sound system, one engineer may focus on the 
electrical system, another may focus on the mechanical system, and a third may 
focus on the safety system. Biologists invent systems to help them understand the 
human body. They define the digestive system and the endocrine system but do not 
define the “left leg” system. Physicists use isolated systems to simplify the problem. 

 • Engineers design a product (e.g., a safety device for a car) that must meet certain 
constraints. Physicists design an experiment to find the relationship between 
variables (e.g., how does the stopping distance of a car relate to its speed?).

 • Analysis is an important component of both engineering and physics. Engineers 
will use analysis to determine the type of fastener to use for a given situation. 
Physicists will use analysis of Newton’s laws to determine the stability of an 
object on a ramp.

All of these are important distinctions that teachers should be able to articulate for 
students to understand these overlapping engineering and science concepts. 

Through the lessons presented in this book, we articulate the use and examples of the 
terms—design, analysis, models, and systems. Among the lessons are “anchor activities” 
that can be used to provide a foundational understanding of these terms in engineering. 
Each anchor activity provides a memorable example of design, analysis, models, or sys-
tems. Each engineering-infused activity in the book includes a chart that will show the 
unique use of each of these terms. 

Presenting engineering-infused lessons in not enough. Assessment must play a central 
role in the infusion of engineering into physics. The larger issue of assessment has three 
facets, which are all considered in this book: assessment of lessons, assessment of teach-
ing and assessment of student learning. Each affects the others but uses a unique rubric.

Assessment of lessons has to do with the quality of the engineering activities. How 
does a teacher decide whether a lesson found on the internet in which students drop an 
egg onto concrete represents a high-quality engineering activity? What criteria should be 
reviewed? How can teachers modify and improve what they find? Rubrics are provided 
in this book to help guide teachers in the adoption of engineering-infused activities.
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Assessment of teaching focuses on teacher practices. How should a teacher introduce 
an engineering design challenge? How much time should a teacher allocate to engineer-
ing principles? Should the engineering infusion activity be positioned before the sci-
ence, during the science or after the science? How much help should a teacher provide 
students? At what point during the student design work should teachers make sugges-
tions? How much time should students be provided to complete a design challenge? 
These questions are discussed here in general and then articulated through the sample 
lessons that follow.

We discuss assessment of student learning, as well as the difficulties inherent in any 
such an evaluation. For example, do we want to assess the product that the students sub-
mit or are we more interested in the process that got them to the product? If one student 
group converges on a single design, executes it, and has a product that meets the criteria, 
what grade does it get? If another student group looks at multiple solutions, chooses the 
best one (and defines why it is best), and pursues this through a number of iterations but 
fails to have a final product that meets the criteria, what grade does it get?

We begin the book with an example of an exemplary infusion of engineering and 
contrast it with a lower-quality infusion. We then discuss the role of engineering in the 
Framework and NGSS, and make distinctions between engineering and trial and error. 
Then we introduce approaches to engineering infusion. We discuss the themes of design, 
models, systems, and analysis and make distinctions between how these terms are used 
in science and in engineering. Finally, we introduce the three facets of assessment.

The major focus of the book is the classroom-tested engineering-infused lessons. 
Along with each lesson, we provide a detailed description of why teachers should con-
sider adding the lesson to their science curriculum. We then present examples of student 
work to illustrate the demands the different lessons make on high school students at 
different times. The lesson plans are presented in the major content areas of physics and 
those given in the Framework and NGSS.

We close with suggestions to readers for how they can involve other teachers and stu-
dents in the infusion of engineering into high school physics and physical science courses.

As teachers, we must take many things into consideration as we develop our curricu-
lum. Every day, there is more science in the news that we could use to engage students. 
We must decide which current events to bring into the classroom or whether to debate a 
scientific controversy. Some may ask whether engineering infusion will push out some 
of the physics or physical science curriculum. No science teacher wants to give up valu-
able lessons just to include another topic in their curriculum. We think that engineering 
infusion is different in that instead of taking away from time on a subject, it will enhance 
the science we get to present and provide students with additional understanding of sci-
ence concepts. This book is our attempt to find out if we are on the right track.
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Summary of Contents  
by Chapter

The egg drop activity is a classic physics classroom experience that is specifically men-
tioned in the Next Generation Science Standards (NGSS). However, with simple shifts in 
focus, it can also incorporate elements of engineering concepts and skills that are typi-
cally not addressed in a traditional physics classroom. 

Chapter 1: Justification

Teachers from the Greater Boston area share experiences of their own with infusing engi-
neering, discuss some of the lessons learned, and offer some rationales for continuing to 
add engineering components to their classroom. 

Chapter 2: Design, Analysis, Models, and Systems: Core Concepts for 
Engineering Infusion

Project Infuse focuses on four core concepts in engineering. Teachers can articulate dif-
ferent aspects and components in engineering practices that go beyond the general engi-
neering design process. 

Chapter 3: Implementation

Different experiences and methods have been developed by Project Infuse teachers. 
How can engineering be infused using the core concepts and engineering process in both 
larger project-based challenges and in smaller-scale anchor activities and case studies? 
The chapter ends with suggestions for timing, grouping, and structuring the classroom 
to make it more design-centered. 

Chapter 4: Assessments

Engineering should be assessed alongside the science content. Teachers use rubrics to 
assess the quality of an engineering activity and the number of engineering concepts 
addressed and to self-assess the implementation of these engineering activities. This 
chapter explores the types of assessment for students and ways to support student suc-
cess through a balance of assessing engineering process versus designed product. 
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Summary of ContentS by Chapter

Chapter 5: Engineering Infusion Using Anchor Activities

Brief activities that address specific engineering core concepts that can be used through-
out the academic year. 

Chapter 6: Engineering Infusion With Mechanics

Engineering-infused physics lessons that can be used throughout the mechanics unit. 
These address topics of forces, kinematics, and linear momentum and impulse. 

Chapter 7: Engineering Infusion With Energy

Engineering-infused physics lessons that can be used throughout the energy unit. These 
address topics of mechanical energy, energy conservation, and thermal energy. 

Chapter 8: Engineering Infusion With Waves

Engineering-infused physics lessons that can be used throughout the waves unit. These 
address topics of sound, light, reflection, and refraction. 

Chapter 9: Engineering Infusion With Electricity and Magnetism

Engineering-infused physics lessons that can be used throughout the electromagnetism 
unit. These address topics of current electricity, electrical components, and magnetism. 

Chapter 10: Professional Development and Growth in Engineering Infusion

The history of Project Infuse and how it supports professional development opportuni-
ties for groups of teachers to implement engineering concepts into the classroom. 
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5

Engineering Infusion 
Using Anchor Activities

A major emphasis of engineering infusion in this book is to consider teaching engineer-
ing concepts along with the engineering practices. The anchor activities in this chapter 
are designed to focus on one or more engineering concepts in depth. Without a common 
language, schema, or experience that the whole class can relate to, engineering design 
activities can be misunderstood simply as building exercises. 

Some teachers have expressed concern that they have to follow a strict curriculum 
and cannot fit project-based engineering activities into the school year. One possible 
approach in that situation is to pick four anchor activities, each addressing a different 
core concept in engineering.  

Even though the physics content is not the main focus in this chapter, using the anchor 
activity to introduce engineering concepts can also be a springboard into some of the 
science practices or concepts that are important in our classrooms. For example, you 
could start the forces unit with the wind tube challenge and ask students to draw the 
force vectors acting on their hovercraft. Similarly, you might finish the school year with 
a Rube Goldberg design and be sure to ask students about how the inputs and outputs 
of systems have to work together. Table 5.1 (p. 76) provides basic curricular details for 
the six anchor activities.
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5 EnginEEring infusion using Anchor ActivitiEs

TABLE 5.1. Chapter 5 Anchor Activities

Activity Name
Core 

Concept(s)
Class 

Periods Brief Description

Pasta Cantilever

•	 Design
•	 Analysis
•	 Systems

1 Construct	a	cantilever	that	supports	
the	maximum	amount	of	weight	at	
the	greatest	distance	from	the	edge	
of	a	desk.

Cards to the 
Sky Gummy Bear 
Tower

•	 Design
•	 Analysis

1 Use	playing	cards	to	build	a	tower	
that	can	withstand	wind	such	that	
gummy	bears	can	stand	on	top	of	it.

Marshmallow 
Tower

•	 Design 1 Use	tape,	string,	and	20	strands	
of	spaghetti	to	build	the	tallest	
tower	that	will	support	one	large	
marshmallow	on	its	top.

Soda Can Clock

•	 Models 1 Create	a	mathematical	model	to	
predict	the	time	it	will	take	for	a	soda	
can	punctured	with	holes	of	different	
sizes	to	drain.

Wind Tube 
Hovercraft

•	 Design
•	 Analysis
•	 Models

1 Predict	and	analyze	how	different	
materials	will	behave	in	a	wind	tube,	
then	design	and	test	a	hovercraft	
that	can	stay	in	the	wind	tube	for	10	
seconds.

Rube Goldberg 
Device

•	 Systems 1 Create	a	Rube	Goldberg	device	
that	includes	at	least	three	energy	
transfers	and	eventually	pops	a	
balloon.

Copyright © 2018 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681400358



77BEYOND THE EGG     DROP: InfusIng EngInEErIng Into HIgH scHool PHysIcs

5EngInEErIng InfusIon usIng AncHor ActIvItIEs

ANCHOR ACTIVITY 5A:  
PASTA CANTILEVER

Contributors: Neil Kenny and Shu-Yee Chen Freake

Time frame: 1 class period

Engineering focus: Design, analysis, systems

Opportunities for Science Versus Engineering Concepts

Concept Science Engineering

Design

•	 Experimental	design
	¡ Weight	versus	deflection
	¡ Placement	of	weight	

•	 Design	of	the	cantilever	under	given	
constraints

Analysis •	 Net	force	=	0	N	 •	 Testing	of	various	properties	of	
pastas

Models
•	 Free	body	diagram
•	 Torque		drawing	diagram

•	 Model	of	a	real	cantilever

Systems

•	 Sum	of	the	net	force	=	0	N
•	 The	cantilever	itself	
•	 Net	torque	=	0	N

•	 Attachment	to	table
•	 Interaction	of	materials

PROJECT OVERVIEW
In this activity, students are chal-
lenged to construct a cantilever that 
supports the greatest weight at the 
greatest distance from the edge of a 
desk using only the materials pro-
vided. Dried pasta works well as a 
construction material because it is 
both inexpensive and challenging to 
work with. This is an excellent activ-
ity for demonstrating the role of con-
straints in the engineering process 
(e.g., limited time, quantity of materi-
als, and quality of materials). It also Students using pennies to anchor the cantilever

Copyright © 2018 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions. 
TO PURCHASE THIS BOOK, please visit www.nsta.org/store/product_detail.aspx?id=10.2505/9781681400358



78 NATIONAL SCIENCE TEACHERS ASSOCIATION

5 EnginEEring infusion using Anchor ActivitiEs

allows for creative solutions if each group is given a different type of dried pasta, requir-
ing students to carefully consider the properties of the materials provided. 

ENGINEERING VERSUS PHYSICS CONCEPT
Although the activity requires students to design, it can be used to focus on analysis of 
the material and the types of analysis that are necessary to solve a design problem. Stu-
dents can use mathematical analysis (providing or deriving the torque equation) when 
applicable. Alternatively, students can simply graph the deflection versus the weight at 
different distances to analyze the behavior of a cantilever. If each group is given a choice 
of different types of dried pasta, students can also perform analysis of the materials to 
determine the weakest point, based on the pasta’s dimensions. 

Assessment: Determining Acceptable Evidence 
Formative

 • Mini-conferences with groups

 • Class discussion and chart discussion of constraints and final test requirements

 • “Do Now” activity, class notes and discussions, spot check homework 
assignments

Summative

 • Individual: engineering notebook, homework assignments

 • Group: demonstration of cantilever supporting weight

Materials and Preparation
Materials (Groups of 3–4)

 • Dried pasta—50 pieces. The teacher may elect to give all groups the same type 
of pasta, or assign different types to each group. The amount of pasta may vary 
depending on type. For example, although each group may get the equivalent 
total mass of pasta, the group with lasagna pasta would receive fewer pieces than 
the group with angel hair pasta.

 • Masking tape. At the teacher’s discretion, groups may be given a limited quantity 
of masking tape (e.g., one meter) and students could be allowed to request 
additional tape.

 • A weight to be supported by the cantilever (e.g., masses or a number of coins)

 • Meter stick
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 • 1 meter of string

Materials per Student

 • Safety glasses or goggles

 • Engineering notebook

Safety

 • Remind students about general lab safety procedures.

 • Participants should wear personal protective equipment (eye protection) during 
the setup, hands-on, and takedown segments of the activity.

 • Remind students not to eat any food used in this activity.

 • Students should wash hands with soap and water upon completing this activity. 
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Pasta Cantilever Lesson Plan for Day 1 (55-minute block)

Time Allotted 
and 7e Model 
Stage(s)

Lesson Procedure: 
What Are the Students 

Doing?

Instructional Notes: 
What Is the Instructor 

Doing?
Engineering  

Opportunities

5 mins.

Engage

— •	 Place	a	piece	of	pasta	on	
the	lab	table	so	it	hangs	
over	the	edge	and	so	
that	students	can	watch	
you	bend	it	slowly,	see	it	
oscillate,	and	watch	you	
bend	it	until	it	breaks.	
Repeat	this	with	a	longer	
piece	of	pasta.	

—

5 mins.

Elicit
Evaluate

•	 Work	on	Do	Now	questions	
individually	then	share	with	
the	class.

•	 View	a	picture	of	a	
cantilevered	object	(e.g.,	
a	hanging	flower	pot)	and	
draw	a	free-body	diagram	
showing	the	forces	that	act	
on	that	object.

•	 Suggest	ways	the	cantilever	
could	be	redesigned	to	
support	more	weight.

•	 Elicit	students’	prior	
knowledge	and	help	them	
make	connection	from	
previous	experience.

•	 At	this	point,	evaluate	
where	students	are.	

•	 Properties	of	materials
•	 Functionality
•	 Aesthetics	

5 mins.

Engage

•	 Engage	in	whole-class	
discussion	about	design	
challenge	and	how	project	
success	will	be	determined.	

•	 Engage	students	by	
generating	questions	about	
the	design	task.	

•	 Clarify	questions	related	to	
the	task.	

—

25 mins.

Explain
Explore
Evaluate

•	 Work	in	groups	on	the	
cantilever	construction.	

•	 Coach	students	during	
group	work	(i.e.,	have	
them	Explain)	on	materials	
testing.	

•	 Evaluate	group	dynamics,	
emphasizing	exploring	
different	design	options.	

•	 Check	for	understanding	
(evaluate,	explain)	by	asking	
students	about	their	design	
process.

•	 Encourage	students	to	
consider	multiple	solutions	
and	to	test	for	failure	
before	committing	to	a	final	
design.	

10 mins.

Explain
Evaluate

•	 Demonstrate	their	
cantilever	to	the	class	and	
discuss	the	rationale	for	
their	design.

•	 Each	cantilever	is	scored	
according	to	agreed-on	
criteria.

—
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Optional Modification and Extension (Extend)

 • Provide each group with a “budget” to stay within as they “purchase” materials. 
Tape could be sold by the centimeter and different pastas could vary in price (i.e., 
lasagna noodles would cost more than angel hair pasta). Students could be given 
time to test different materials before they submit an itemized materials request.

 • Have students develop a mathematical model by collecting data at different 
points to optimize the model for the best distance-weight combination. 

Supplemental Material

 • Handout 5A: Pasta Cantilever
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HANDOUT 5A:  
PASTA CANTILEVER

A cantilever is a device that supports a weight but itself 
is supported only at one end. Cantilevers are often used 
in the construction of bridges and as supports for traffic 
lights, flower pots, signs, and other objects. In this engi-
neering project, you will design and construct a cantilever.

PROJECT OBJECTIVES
 • Describe how the forces act on an object supported 

by a cantilever.

 • Design and construct a cantilever using specified 
materials.

 • Analyze your cantilever design for weaknesses and 
strengths.

YOUR TASK
Your group will be provided with the following equipment 
and materials:

 • Safety glasses or goggles for each student

 • 50 pieces of dried spaghetti or a given mass of 
different types of dried pasta

 • 1 meter of masking tape

 • A 20-g weight (or pennies or nickels)

 • 1 meter of string

Using only these materials, your task is to design and 
construct a cantilever that supports the weight at the great-
est possible distance from the edge of your lab table.

SAFETY PRECAUTIONS
 • Follow all general lab safety procedures.

 • Wear personal protective equipment (eye protection) 
during the setup, hands-on, and takedown segments of the activity.

Examples of cantilevers in (a) nature, (b) art, 
and (c) technology
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 • Do not to eat any food used in this activity.

 • Wash your hands with soap and water upon completing this activity.

PRE-LAB QUESTIONS

1. What is a cantilever?

2. Give two examples of a cantilever.

3. Using the picture of the lamppost on the first page, draw a free-body diagram showing the forces 
acting on the lamp.

4. Draw a sketch showing a proposed design for your cantilever.
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POST-LAB QUESTIONS
5. Draw a diagram of the final design of your cantilever.

6. What was the maximum distance from the lab table at which your cantilever supported the weight?

7. After looking at all the designs in class, sketch the design that was the most successful.

8. Describe the factors that you think led to the most successful design.

9. If you could redesign your cantilever, how would you change it to support the weight farther from 
the table edge? Explain your answer.
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Flashlight activity

assessment, 381–384
big ideas, 381
description, 334
differentiation, 392

handouts, 393–409
lesson plans, 386–390
materials and preparation, 384
modifications and extensions, 

391–392
NGSS connections, 381
project overview, 379, 380
safety, 384–385

low-achieving students, 10–11

M
Magnetic Bees activity

assessment, 412
big ideas, 411
description, 334
differentiation, 414
handouts, 415–416
lesson plans, 413–414
modification and extension, 414
NGSS connections, 411
project overview, 410, 410–411

magnetism activities. See electricity 
and magnetism engineering infusion 
activities

makers case study, 450, 450–452, 451
Makezine.com, 36
Marshmallow Tower activity

about, 36–37
assessment, 95
description, 76
engineering versus physics 

concept, 94–95
handout, 97
lesson plan, 96
materials and preparation, 95
project overview, 93, 93–94
safety, 95

materials manager, 49
mathematical models, 21
McClintock, Barbara, 40
mechanics-based engineering infusion 

activities
Amusement Park Engineer—

Bumper Cars, 118, 168, 168–
181, 172–175

Balloon Cart Project, 118, 119, 
120–133, 125–129

Bristlebots, 118, 140, 140–148, 
143–145
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118, 182, 182–195, 185, 188–
190

Golf Ball Boat, 118, 196, 196–204, 
200–201

Mousetrap Car Project, 118, 149, 
149–167, 154–157

Newton’s Third Law Paper 
Trampoline, 118, 134, 134–139, 
138–139

memory retention and retrieval, 8–9
mind-sets, 52
models (in DAMS framework)

defining, 433, 433–434, 434
NGSS and, 23–25
performance expectations, 437
role of, 20–22
standard, 437
as used in science and 

engineering, 26
Mousetrap Car Challenge activity

assessment, 152
big ideas, 151
description, 118
differentiation, 158
handouts, 159–167
lesson plans, 154–157
materials and preparation, 152–153
modification and extension, 158
NGSS connections, 151–152
project overview, 149, 149–151
safety, 153

N
Newton’s Third Law Paper Trampoline 

activity
assessment, 136
big ideas, 135
description, 118
differentiation, 139
lesson plans, 138–139
materials and preparation, 136–137
modification and extension, 139
NGSS connections, 136
project overview, 134, 134–135
safety, 137

Next Generation Science Standards 
(NGSS)

and assessment, 55
and DAMS framework, 23–25

HP-PS2-2, 32–33
NGSS connections, for activities

Balloon Cart Project, 123
Bristlebots, 141–142
Bungee Jumping Cord Design, 

208–209
Coffee Joulies, 269–270
Construct a Glove, 228
Design a Speaker, 336–337
Egg Lander-Motion Design CEPA, 

186
Enter a Room, 373
Game On!, 324–325
Golf Ball Boat, 197–198
Guitar Design Project—Exploring 

How Music Is Made, 306–307
LED School Spirit, 355
Lights Out! Zombie Apocalypse 

Flashlight, 381
Magnetic Bees, 411
Mousetrap Car Challenge, 151–152
Newton’s Third Law Paper 

Trampoline, 136
Pendulums—And the Beat Goes 

On, 293
notebooks, engineering, 65–68, 66, 69, 

73, 429–430, 430

O
overengineering, 47

P
Pasta Cantilever activity

assessment, 72, 78
description, 76
engineering versus physics 

concept, 78
handout, 82–84
lesson plan, 80
materials and preparation, 78–79
modification and extension, 81
project overview, 77, 77–78
safety, 79

pedagogy, assessment of, 58–62, 59–
60, 61

Pendulums—And the Beat Goes On 
activity

assessment, 293–294
big ideas, 292–293
description, 290
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differentiation, 298–299
handouts, 300–302
lesson plans, 295–298
materials and preparation, 294
modification and extension, 298
NGSS connections, 293
project overview, 291, 291–292
safety, 294

Petroski, Henry, 16
process assessment, 71–73
process-focused implementation, 31–34
product assessment, 71–73
professional development in engineering 

infusion, 417–422
progressive iteration, 45
project-based engineering infusion, 38–39
Project Infuse, 417–422
prototypes, 22

R
recorder, 49
robots, building, 39
Rube Goldberg Device activity

about, 34
assessment, 111
description, 76
engineering versus physics 

concept, 111
handout, 115–116
lesson plan, 114
materials and preparation, 112
project overview, 110, 110–111
safety, 113

S
simulations, 21
social justice issues, 52–53
Soda Can Clock activity

assessment, 99
description, 76
lesson plan, 100–101
materials and preparation, 99
modification and extension, 101
project overview, 98, 98
safety, 99

solar implementation case study, 447, 
447–449, 448, 449

special needs differentiation
Amusement Park Engineer—

Bumper Cars activity, 175

Balloon Cart Project activity, 130
Bristlebots activity, 145
Bungee Jumping Cord Design 

activity, 212
Coffee Joulies activity, 279
Construct a Glove, 238
Design a Speaker activity, 342
Egg Lander-Motion Design CEPA 

activity, 192
Enter a Room activity, 378
Game On! activity, 331
Golf Ball Boat activity, 202
Guitar Design Project—Exploring 

How Music Is Made activity, 313
LED School Spirit activity, 361
Lights Out! Zombie Apocalypse 

Flashlight activity, 392
Magnetic Bees activity, 414
Mousetrap Car Challenge activity, 

158
Newton’s Third Law Paper 

Trampoline activity, 139
Pendulums—And the Beat Goes 

On activity, 298–299
spokesperson, 49
stand-up meeting, 71
STEM engagement, 9, 52
students

assessment of, in engineering, 
62–64

communicating expectations, 73
competitiveness, 43
creativity and innovation, 44
grouping issues, 48–50
group roles, 49
interest engagement, 9
STEM engagement, 9, 52

subsystems, 22–23
summative assessment, 65
systems (in DAMS framework)

defining, 433, 433–434, 434
NGSS and, 23–25
performance expectations, 437–438
role of, 22–23
Rube Goldberg Device activity and, 

35
standard, 437–438
as used in science and 

engineering, 26
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teaching, assessment of, 58–62, 59–60, 

61
technology, in assessment, 68, 70
three-dimensional (3-D) models, 21–22
timekeeper, 49
trash incineration case study, 453, 453–

455, 454, 455
trial and error, 5, 17–18, 45–47, 46
two-dimensional (2-D) models, 21–22

W
waves-based engineering infusion 

activities
Game On!, 290, 323, 323–331, 

328–330
Guitar Design Project—Exploring 

How Music Is Made, 290, 303, 
303–322, 308–312

Pendulums—And the Beat Goes 
On, 290, 291, 291–302, 295–298

Wind Tube Hovercraft activity
analysis, 19–20
assessment, 103–104
description, 14, 76
design, 16–18, 17
engineering versus physics 

concept, 103
handout, 108–109
lesson plan, 105–107
materials and preparation, 104
models, 20–22
overview, 13–16
project overview, 102, 103
safety, 104
systems, 22–23
term usage compared, 26

Wired (magazine), 36
women, in STEM, 52
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