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Introduction

The exponential growth of information leaves little doubt that school is no longer the exclusive, or 
even primary, method for acquiring knowledge. Educating young people to deal with a rapidly 

changing world means they need to learn how to manage a range of ideas and challenges we cannot 
begin to imagine. It is insufficient to just know facts and ideas; young people must decipher what 
they need to know and how to use that information. They must be agile lifelong learners, adaptable 
to new situations, challenges, and careers. Key problem-solving and critical-thinking skills and 
competencies must be part of every student’s education. In addition to increasing content and the 
inclusion of skills-based learning, new technologies (with learning curves for both teachers and 
students) make their debut in the classroom every year.

How is one teacher supposed to fit in core content, skills-focused instruction, impactful technol-
ogy use, differentiated instruction, active learning, and a host of other pedagogical initiatives? It is a 
herculean task if you think of them as separate endeavors. Layer that over the dynamic environment 
inherent in the presence, needs, and talents of dozens of students and it is a miracle that teachers 
ever come back to the classroom after the first weeks of school.

If you’ve been struggling to find a way to move forward in the face of these moving targets, you 
have come to the right place. Regardless of what subject or grade you teach, strategic use of engi-
neering design practices and thinking can provide the framework you’re looking for. By providing 
a platform that fosters creative problem solving, engineering design is a powerful tool that can help 
you manage rather than increase all aspects of a 21st century education.

The engineering design process (EDP) takes students through the stages of defin-
ing the problem, researching, brainstorming, prototyping, testing, and optimizing 
in a way that transcends any one discipline. The EDP provides a framework that 
values critical thinking, creativity, collaboration, and communication as valuable 
tools for the application of subject knowledge to develop solutions. Think of 
the EDP as a vehicle where the passengers of content, skills, technology, and 
individual needs can jump in for a journey that gets them all to the same place 
at the same time—to your students. This book gives you resources and activities 
to help you enhance, not increase, what you are already teaching.

Regardless of what subject 
or grade you teach, strategic 
engineering design practices 
and thinking provide the 
framework you’re looking for.

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



D E S I G N I N G  T H E  F U T U R E2

Why Engineering Works for All Subjects
Because of its interdisciplinary connections, engineering design can frame projects and activities 

to provide an authentic way to create challenging learning opportunities at all levels in all classes. 
No matter what you teach, engineering challenges can encourage creativity and innovation in your 
classroom—essential skills in the framework for 21st century learning (Partnership for 21st Century 
Skills, 2008). 

Engineering does this because it is synonymous with creativity, innovation, and entrepreneurial 
thinking. The National Research Council (NRC, 2012) defines engineering as a “systematic and often 
iterative approach to designing objects, processes, and systems to meet human needs and wants” 
(p. 202). Despite its technical connotations, creativity has always been at the heart of engineering.

Engineering is also at the heart of STEM (science, technology, engineering, and mathematics), as 
figure I.1 shows. In fact, the Next Generation Science Standards (NGSS Lead States, 2013) include 
engineering design broadly across the standards for all grade levels, making it inclusive for students 
who feel traditional science courses marginalize them or fail to provide relevance in what they learn 
(NRC, 2012). Engineers use science and mathematics to create technologies to meet human needs 
or solve problems—but we limit ourselves and our students if we confine engineering design to 
science and mathematics classes. 

Science

Mathematics

Engineering

Technologies 
Solutions to 

problems and issues 
that people and 

society face

Figure I.1: Making connections in STEM.

When working to meet the needs of people and society, engineers must also have related knowledge 
of social, historical, economic, and cultural issues. Designing for people often requires understanding 
visual and aesthetic appeal; we often don’t like and won’t buy or use what does not look good to us. 
Good design always requires the skill to communicate, both internally with your team, and externally 
to inform potential end users. Team members need to communicate with each other to express 
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I n t r o d u c t i o n 3

ideas, explain work, and describe solutions. One of the things I hear most often from students about 
working on engineering design projects is that they learned how to work with each other. They 
almost always reference communicating and collaborating. A report by STEMconnector (2018) 
references data from the Brookings Institution, U.S. Chamber of Commerce, and employer groups 
indicating collaboration and communication among the skills considered crucial by 
employers. Because of its many disciplinary connections, engineering design can frame 
projects and activities to create challenging learning opportunities at all levels in all 
classes. Most importantly, engineering challenges can help you encourage creativity 
and innovation in your classroom, no matter what you teach. 

Perhaps the most compelling reason to include engineering design throughout 
K–12 education is the need for students to develop an understanding of the designed 
world they live in. The Committee on Technological Literacy, National Academy of 
Engineering (NAE), and NRC (NAE & NRC, 2002) stress the need for increasing 
technological literacy, which they define as “an understanding of the nature and history of tech-
nology, a basic hands-on capability related to technology, and an ability to think critically about 
technological development” (pp. 11–12). We live in a world where countless technologies, from 
simple pencils to autonomous cars, have been engineered to fulfill our needs, solve our problems, 
and improve our lives. As educators, we have a responsibility to educate the students who are in our 
classrooms today in preparation for a highly engineered and complex future. 

I have seen engineering design work in hundreds of classrooms. But, it has to work for you and 
your students. This book means to meet you where you are as you begin the process. I provide 
multiple options—easy-entry, low-risk ideas you can build on to bring out the talent and creativity 
already in your classroom. This is not a guide for teaching highly technical ideas or creating mini- 
engineers. And most important, it is not about adding another subject to an already overcrowded 
educational highway.

This Book’s Organization
As you go through this book, choose ideas and activities from each chapter that resonate with 

your vision and goals. The book moves from culture to curriculum. Part I is where to start if your 
classroom or school culture needs some work. Chapter 1 details engineering hallmarks and helps 
you decide a direction for your classroom; chapter 2 explains the EDP. Short (one- to two-class) 
activities to highlight engineering thinking and parts of the EDP can be found in chapter 4. They 
are meant to help you shift your classroom culture and are designed to focus on ways of thinking 
rather than specific curriculum. Most work in a wide range of grade levels and a variety of subject 
areas. They feature minimal planning and preparation. They are low-risk opportunities to create a 
little culture shift or to get your feet wet. Longer, multi-lesson projects are the focus of chapters 3, 5, 
and 6. Projects are centered on a design challenge and require more commitment in terms of time, 
planning, and resources. Chapter 3 has guidelines and resources for designing your own projects. 
Chapters 5 and 6 provide numerous descriptions and overviews. 

We limit ourselves 
and our students if we 
confine engineering 
design to science and 
mathematics classes.
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D E S I G N I N G  T H E  F U T U R E4

Part I is all about planning and preparing. Part II is about doing, and part III is about making it 
better. Move between parts I and II as it suits your needs. Part I is a great place to start if you know 
you need to engineer some changes but are not sure where to begin. If you already have a creative, 
collaborative learning space and just need ready-made activities and projects, skip to part II. There, 
chapter 4 gets you started with short activities that support engineering thinking and skills. Chapter 
5 introduces projects for elementary school students; chapter 6 introduces projects for middle and 
high school students.

No matter where you are, part III is important. Chapter 7 helps you reflect on and revise your 
curriculum for optimization, as well as look toward sustainable change in your classroom. The 
“Designing the Future—Action Plan” reproducible (pages 200–203) in appendix A can help you 
craft and organize an approach to move from culture to classroom to projects, and the “Project Task 
Planner” reproducible (page 219) and other extensive engineering notebook forms are in appendix C. 

As you begin using and modifying what works for you, keep the following in mind.

• The beginning: know what you have and start from where you are. Change implies 
you are starting from something or somewhere. Think about what currently works, what 
you are comfortable with, and what engages your students. Start there and evolve. Try 
something small at first, but do it! 

• The goal: strive for continuous improvement. Take time to follow the suggestions 
in chapter 7 (page 183) and reflect and revise as needed. The best results will come 
from combining your expertise and skills with the ideas and approaches in this book. 
Modify, adapt, or discard as needed, but pay careful attention to what does work and 
how it can be better. Modify to optimize, working within your constraints to best meet 
your criteria or goals.

Most innovation is a team effort. Keep that in mind. I can bring the engineering component 
into the mix, but you are the content expert. You know what you teach and what the learning goals 

are. The projects I write about in this book are meant to give you initial ideas and you 
can modify and adapt all of them. Structures as diverse as the human body and massive 
skyscrapers all obey the same laws of physics. Human needs such as food and shelter 
are universal; cultures and challenges are often shaped by location and resources. Think 
about how what you teach is manifested in the designed world beyond your classroom. 

Use the projects in this book as stepping stones to making those connections.

I have spent half of my career as an engineer and half as an educator. I know why you teach and 
that is what guides my efforts. This book will help you navigate both worlds. I have used all the 
ideas, activities, and resources in my workshops, and in my own and my colleagues’ classrooms. 
With the building blocks in this book, you can create a structure that you are comfortable with.

Try something small  
at first, but do it!
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C  H A P T E R  1

Building an Engineering 
Design Culture

Without a doubt, the ability to connect the dots is rare, prized and valuable. Connecting dots, 
solving the problem that hasn’t been solved before, seeing the pattern before it is made 
obvious, is more essential than ever before. 

—Seth Godin

Is your classroom culture one of collecting dots or connecting dots? Are your students exploring 
the messy and complex world around them or moving along a very structured path from A to B 

to test time? In his book Creating Innovators, Tony Wagner (2012) notes:

Increasingly in the twenty-fi rst century, what you know is far less important than 

what you can do with what you know. The interest in and ability to create new 

knowledge to solve new problems is the single most important skill that all 

students must master today. (p. 142) 

Step back and think about how often you, or your students, say the following phrases. 

• “It’s OK to make mistakes.”

• “You probably don’t know all you need to know.”

• “Th ere’s more than one possible answer.”

• “Your solution will create some problems.”

• “You’re not really done.”

Th ese phrases are at the heart of the engineering mindset that embraces this type of thinking. If 
you hope to develop a culture of creative problem solving, these phrases need to become part of the 
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D E S I G N I N G  T H E  F U T U R E8

habits of mind in your classroom and school. Th ey go a long way to encouraging dot connecting, 
not just dot collecting.

Th is chapter is about how you can develop that vision of a creative, problem-solving culture. Th e 
approach to change occurs in three layers from culture to curriculum. You can use short activities 
to introduce students to engineering design thinking. And, fi nally, form a vision by choosing the 
direction that works best for you. Ask yourself how you can help your students move from simply 
collecting dots, or amassing “more facts, more tests, more need for data,” to connecting those dots 
by applying them to engineering challenges (Godin, 2014).

Approaching Change in Three Layers
Th ink of change as happening on three layers, with the outermost fi rst.

1. Th e where of your learning space

2. Th e how of your classroom practices

3. Th e what of the curriculum you teach

Figure 1.1 is a visualization of these layers.

Curriculum Culture

Classroom

Figure 1.1: Change starts with culture.

Work from the outside in, starting with creating a culture that supports creative problem solving. 
Begin by following these three steps.

1. Form the foundation for your classroom culture using the hallmarks of an engineering 
mindset. Th e hallmarks can help you formulate reasons to include engineering design 
in your classroom.

2. Move on to classroom activities and practices that highlight diff erent engineering skills 
and habits of mind to support the classroom culture.

3. Connect large-scale projects to your curriculum. Trying to teach new material in a very 
new way can overwhelm you and your students, so this step should come last. Try 
some ideas from chapter 4 (page 95), where the focus is on developing and exploring 
engineering practices and ways of thinking, before delving into the curriculum-
connected project ideas. 
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B u i l d i n g  a n  E n g i n e e r i n g  D e s i g n  C u l t u r e 9

At ProjectEngin, we talk about evolution, not revolution. Change is more sustainable when we 
mimic nature, the ultimate sustainable designer, and take a gradual approach. Think of change as 
starting with small, shorter activities designed to highlight ways of engineering thinking, and then 
moving on to larger-scale projects centered on engineering design challenges. They are more complex, 
consisting of multiple tasks that require a sense of shared culture and collaboration. Think of the 
activities suggested in chapter 4 as helping your students develop a helpful toolkit needed to get 
the best learning experience from a more complex project.

Table 1.1 shows what this culture shift looks like. Where are you now? What changes can encour-
age the creative problem solvers in your classroom? How can you get where you want to go?

Table 1 1: Shifting the Culture

Cultural Norm
How It Appears in

Traditional Education

What It Looks  
Like in a Creative  

Problem-Solving Culture
Failure Not an option; unsuccessful Learning opportunity

Need to know Teacher given Student driven

Solutions One right answer Multiple options, optimal design

Thinking paths Linear, A → B → C Lateral, systems based

“Are we done?” “Once you pass the test . . . ” “It can always be better.”

Trying to insert an engineering design project into an environment that lacks collaboration, 
respect, and creativity is rarely successful. It is very much like trying to wear the wrong size shoe. 
It might work for those first few steps, but you will never get very far without a significant amount 
of pain.

Based on my observations and feedback from teachers I have worked with, establishing a different 
classroom culture becomes even more critical as students get older. By fourth or fifth grade, the 
game of school is coming into focus for most students. They become more comfortable with rote 
memorization, grades become the benchmark for learning, and they value an efficient linear model 
of absorption over the exploration and experimentation they were so good at when they were 
younger. Peer pressure often further reinforces compliance in middle and high school (Burzstyn, 
Egorov, & Jensen, 2016). There is often little room for mistakes, revision, or collaborative efforts 
in their mastered world.

Just remember, new approaches layered over traditional practices are rarely sustainable. Be willing 
to revisit this mindset (and this chapter) when you encounter behaviors and habits that don’t support 
creativity, collaboration, and critical thinking. 

Thinking Like an Engineer
Introduce your students to the impact engineering has on their lives with the following activity.
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D E S I G N I N G  T H E  F U T U R E1 0

1. Pair students or put them in small groups. (See Increasing Synergy With Teamwork, 
page 70, for grouping ideas.)

2. Ask the groups to list any ten objects they can see.

3. Next, ask students to list what they think people need to know to make these objects.

4. Share responses in a group discussion, highlighting any obvious connections to 
engineering, manufacturing, and design. Look for the following.

 � How pieces are assembled: You could ask elementary students to identify separate 
components of one object, and middle or high school students can connect 
different parts to specific functions or design requirements.  

 � How the objects make it easier to accomplish certain tasks: This question focuses 
on the reason for a design. Elementary students can often relate better to what 
would happen without the device; for instance, how could the teacher write 
on the board without a marker? You can easily engage middle and high school 
students in a discussion of how designs evolve to better meet our needs. The cell 
phone is a classic example of that.

 � Different styles of the same object: These items can include pens, chairs, phones, 
and so on. Observing different designs for the same type of object reinforces the 
idea that there can be more than one solution to a challenge and that choices 
often depend on the end user’s needs. 

It is helpful to introduce students to an engineer’s roles before you do any extended topic explo-
ration. Use five- to fifteen-minute videos or TED Talks to hook students. What Is Engineering? 
engages students (National Science Foundation, 2016; https://bit.ly/2O5Wjr6). Use this video to 
lead a discussion of potential future innovations and some of the issues people tackle with design. 
Asking students what they think engineers do and what kind of people can be engineers can be 
a great pre-video discussion. Following up to see if their ideas have changed and discussing some 
other things engineers do or design would be helpful after viewing the video. In addition, the Royal 
Academy of Engineering (n.d.; http://thisisengineering.org.uk) videos highlight how engineering 
plays a role in fields of interest to students, including sports, fashion, music, and global issues.

Be intentional about including some of the following five engineering design hallmarks and start 
thinking of your classroom as one of dot connectors, not just dot collectors: (1) make mistakes, 
but don’t make the same mistake twice, (2) there is always more to learn, (3) there is no one right 
answer, (4) your solution will create problems, (5) and you are never done.

Make Mistakes, but Don’t Make the Same Mistake Twice
Failure has always been an important part of engineering and innovation. Vicky Hendley (1998), 

editor for the American Society of Engineering Education’s Prism publication, says, “Failure can 
teach students that yesterday’s mistakes can lead to today’s solutions and tomorrow’s innovations.” 

Failure is an incredibly powerful learning tool. But the learning only happens if you step back, 
analyze, modify, and then try again. Think of it as failing forward, where you learn from failures and 
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