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ABOUT THE BOOK AND THIS GUIDE
Teen Innovators: Nine Young People Engineering a Better World with
Creative Inventions reveals how people of any age or experience level
can create a device that improves our lives and communities through hard
work, creativity, and inspiration. Using the principles of design thinking,
these inventors all tinkered, experimented, and failed—repeatedly—
until their inventions worked. Each of these stories offers inspiration
to the next generation of teen innovators.

HOW TO USE THIS GUIDE
This guide aims to help educators and their students get the most out of the book. Teen Innovators can serve as a springboard for discussion
and activities in middle school and high school. It can spark discussions in humanities and language arts classes, as well as science classes,
library book clubs, innovation labs, and maker spaces. Home schoolers may enjoy the opportunity to explore the many contemporary
interdisciplinary topics and issues.
There is a section for each chapter, including the introduction and the conclusion, providing a synopsis of that chapter, key concepts and
terminology (see the glossary), reading response and discussion questions, and projects and activities. Some discussion questions or
activities may appear in more than one section, where they also apply. This guide provides more ideas than any one class is likely to have
time for.
Teachers and students can use the Reading Response and Discussion Questions in several ways, including full-class discussion, smallgroup discussion, and individual reflection. These questions can serve as prompts for writing or ideas for research projects.
This guide addresses the questions and activities directly to students; this is for easy transfer to assignments, packets, or worksheets.
However, you can add, drop, and change anything here to fit the needs of your class and your teaching objectives.
While the focus of this book is on teenage inventors and their inventions, contemporary teens face many tough issues, some of which are
treated in this book. As an educator, you know your class best and how to deal with sensitive discussion topics, such as teenage depression,
bullying, coming out, poverty and hunger, and immigration. Not all topics may be right for all classes.
The Projects & Activities section suggests things to do, make, create, or experiment with and how they relate to the relevant chapter. For
example, William Kamkwamba’s chapter tells how he and his friend learned about electricity by taking apart old radios. One project in that
chapter suggests a take-apart activity.
Not all schools will have access to some facilities or materials mentioned in the Projects & Activities section, and each section also contains
low-cost or no-cost activities to promote active, hands-on learning. In addition, the author hopes this book may help motivate some schools
and communities to provide more hands-on STEAM (Science, Technology, Engineering, Art, and Math) materials and facilities for our next
generation of innovators. The initiative of William and the robotics team of Lorenzo, Luis, Cristian, and Oscar, who found, scavenged, and
asked for the materials they needed, shows what is possible.
The Standards section refers to Next Generation Science Standards (NGSS) and Common Core State Standards (CCSS) to help educators
link their use of this book to national standards. Teen Innovators is not a textbook teaching explicitly teaching standards; it is the story of
inventors and innovators using STEM skills to solve practical problems.
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COMMON CORE STATE STANDARDS (CCSS) ALIGNMENT:

Reading Teen Innovators with your class along with this study guide will support the English Language Arts CCSS standards. The Discussion
Questions and Projects & Activities for each chapter directly address or, with modifications, address the ELA standards below. Once you pick
your grade level and learning objectives, the list below will help guide you to specific standards. If your state standards are different, this list
may help you map to the standards you need.

English Language Arts (ELA) [http://www.corestandards.org/ELA-Literacy/]
Reading: Informational Text: RI: 5, 6, 7, 8, 9-10, 11-12 • Writing: W: 5, 6, 7, 8, 9-10, 11-12 •
Speaking & Listening: SL: 5, 6, 7, 8, 9-10, 11-12 • History/Social Studies: RH: 6-8, 9-10, 11-12 • Science & Technical Subjects: RST: 6-8, 9-10, 11-12

NEXT GENERATION SCIENCE STANDARDS (NGSS)

Teen Innovators does not explicitly teach science content, nor does it aim to explicitly cover science standards. However, in telling the stories
of these teen innovators, Estes, a science teacher himself, highlights STEM areas integral to understanding the science and technology used
by these innovators.
Each chapter illustrates the Science and Engineering Practices (Practices) dimension of NGSS as Estes describes the steps the teen
innovators took in their development of their innovation. For example, the chapter on Deepika Kurup describes how Deepika followed
many of the Practices in developing her water purification system: Asking Questions and Defining Problems; Planning and Carrying Out
Investigations; Analyzing and Interpreting Data; Construction Explanations and Designing Solutions; and Obtaining, Evaluating, and
Communicating Information. Different chapters emphasize different Practices most relevant to that innovator and that innovation. Taken as a
whole, this book presents the Science and Engineering Practices in action.
These stories demonstrate the Cross-Cutting Concepts dimension as the teens show they have integrated their STEM knowledge into
their innovations. Two key cross-cutting concepts appearing each story are:
• the interdependence of science, engineering, and technology, and
• the influence of engineering, technology, and science on society and the natural world

Also, different chapters emphasize different Cross-Cutting Concepts in more detail. For example, William Kamkwamba’s chapter illustrates his
growing insight into energy transfer as he conceptualized his windmill.
This collection of stories of invention and discovery shows how these teens apply Disciplinary Core Ideas (DCI) throughout the book. Teen
Innovators will help teachers show how STEM ideas and concepts are integral to scientific discovery, engineering, and invention. The second
paragraph of each synopsis suggests the range of the DCI used by these teen inventors and engineers.
Exploring the Glossary, Selected Bibliography, and Further Information will extend and enrich your study. The Glossary defines terms
that may be unfamiliar in clear, non-technical language. The Selected Bibliography lists readings and websites that Estes found useful and
may intrigue students wishing to conduct more research. Students can pursue ideas that interest them in more depth through the Further
Information section.
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INTRODUCTION
SYNOPSIS:
Estes summarizes the book, including features and resources, and a story about how two teens on a field trip helped the
work of a sea turtle researcher.
KEY CONCEPTS:

Inventor and invention vs. discoverer and discovery • Extinction, endangered species, and conservation • Gender determination in
reptiles • Inventing and designing for social good • Arduino • Microcontroller

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

What is an inventor? Can anyone be an inventor? How do you learn how to invent? What is something you would like to invent?
AFTER READING:
• Were Daniel and Martin inventors? Why or why not? Does an invention have to be totally new to the world? Or can it be a clever adaptation built on an
existing technology? Make a list of some inventions you think are totally new to the world and some that are adaptations.
• What do we know about the causes of extinction in life forms on earth? Should people try to preserve endangered plants and animals? What tradeoffs
are there with other needs for our time and money, such as homelessness or world hunger? Might we be able to do both?
• The Introduction suggests how change to turtle habitats and global climate change might tip leatherback turtles into extinction. How else might
habitat change and climate change affect animal populations?
• The desire to help others inspired Daniel and Martin, as well as the other inventors profiled in this book. What other global issues might creative ideas,
innovation, and discovery help solve?
PROJECTS & ACTIVITIES:

• Invent Your Own: Pick one item from your list of things you would like to invent. Tell about the problem the invention might help solve. Describe
your invention in words and pictures. Make a non-working prototype of your invention from creative materials like cardboard, old foam
pieces, straws and duct tape. You can do this alone or with a partner or two.
• How did they think of that? Pick one item from your list of clever inventions or totally new to the world inventions. Using Google, Wikipedia, and
other resources, learn more about this invention and how the inventor developed it. What problem does it solve? Who developed it? Was it based on
earlier work? Was it an improvement of an earlier invention? How might you improve this version? Document your learning by writing a blog post,
narrating a podcast, or creating a short video. Consider sharing your findings with others.
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JACK ANDRAKA
SYNOPSIS:

A teen devastated by the death of a very close friend develops a cheaper, easier way to detect pancreatic cancer. Earlier detection of
this hidden cancer means a successful treatment is much more likely and dramatically increases the survival rate for this disease.
Jack starts with a methodical search of an extensive database and finds a protein that appears in the early stages of the cancer. In a flash
of inspiration, he realizes that antibodies for this indicator protein embedded in a nanotube mesh will stretch if the antibodies came in
contact with a blood sample containing the protein. This would stretch the nanotube mesh, changing its electrical resistance, which he
can then measure
KEY CONCEPTS:

Resistance and Ohm’s Law • Carbon nanotubes • Antibodies and the immune system • Cancer • Depression • Suicide •
Approval Process for new medical procedures

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

Have you ever had a flash of inspiration, an idea coming out of the blue, that helped you solve a problem you had been thinking about?
Write or tell about it.
AFTER READING:

• Jack’s breakthrough idea was the very creative linking of two ideas, the functioning of antibodies and the structure of carbon nanotubes. From your
reading, what led to Jack’s creative idea? When have you felt particularly creative? Do you have a process for sparking your own creativity?
• Jack used Ohm’s Law to develop his cancer screening test and lots of modern technology relies on applying this principle. What do you think about
when you realize the link between a mathematical formula and the physical world?
• Jack suffered from a deep depression in his early teens and attempted suicide. The Pew Research Center reports that up to 30% of teens report feeling
at least one episode of depression. According to the Centers for Disease Control (CDC) suicide is the third leading cause of death among young people
ages 10-24 years old. What do you know now about depression? What would you like to learn about it? Teen death is always a tragedy, and many
deaths are preventable. How might families, colleges, and communities help prevent teen deaths?
• In this chapter, Jack realized he was gay and came out to his family and friends. As the news spread around his school, he was bullied more and scorned by
some students and even some teachers. How can friends and family support friends and family members at difficult times in life like this one that Jack
experienced?
• The US government and the medical community require the careful testing of new drugs or medical procedures, such as COVID therapies and cancer
detection devices like Jack’s, before they are released for use with the public. This sometimes takes a long time, maybe many years. What are the
tradeoffs between safety and saving lives now?
PROJECTS & ACTIVITIES:

• Do a creativity activity with your class, such as this one from Brendan Boyle at IDEO: Creativity Warmup. [https://www.ideou.com/blogs/
inspiration/use-this-quick-warm-up-to-get-into-the-creative-headspace?_pos=1&amp;_sid=f72d7ceb0&amp;_ss=r]
• After exploring and explaining Ohm’s law, create a circuit and, using an Ohmmeter, test the resistance of various materials. This link [https://
www.education.com/science-fair/article/conductor-or-insulator/] shows a simple way to do this with just a battery and wires. You could
expand this activity into a science fair project.
• What progress is being made in treating cancer? Pick an area to research and write a report, create a podcast, or display board to share what you
have learned.
• Research and learn more about depression, what it is, what causes it, and what to do about it. Pick a medium to share your knowledge and thoughts
about depression: write a paper, create a piece of art, tape a discussion with your friends about the topic, or find some other way to share.
• Read the CDC’s packet of information on Suicide Prevention [https://www.cdc.gov/violenceprevention/pdf/suicideTechnicalPackage.pdf].
What might you and your friends, your school, or your community do to help?
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GITANJALI RAO
SYNOPSIS:

A teen learns about the problem of lead contamination of drinking water in Flint, Michigan and invents an inexpensive, easy-to-use
way for families to test their own drinking water.
Gitanjali creates a commercially viable product using a sensor strip, an ohmmeter detector, and a smartphone display app she
programmed. She was inspired by an article in the MIT Review about a detector for toxic gases. Her device also makes use of changes
in the electrical resistance of a nanotube mesh. In her device, the resistance change results from a chemical change forming a
larger molecule
KEY CONCEPTS:

Resistance, Ohm’s Law, and Multimeter/Ohmmeter • Carbon nanotubes • Sensor or detector • Chemical reaction • Arduino and
microelectronics • Design Thinking and Prototyping • Toxicity, lead poisoning, and Parts per Billion (ppb)

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

Hearing about people drinking water contaminated by lead in Flint, Michigan and the harm they suffered shocked Gitanjali. There
are several other famous cases where people suffered from environmental contaminants when companies or communities
dumped toxic waste or stored it inadequately. Here is a list of Ten US Environmental Disasters Caused by Humans. What is the
responsibility of governments, corporations, and communities to prevent, to fix, and to atone for contaminating the environment?
AFTER READING:

• What might have led to the series of bad decisions and failures to act that resulted in the drinking water catastrophe in Flint, Michigan? What can
citizens do to prevent and fix these tragic failures?
• Gitanjali’s Tethys and Jack’s pancreatic cancer blood test both made use of carbon nanotubes. How are these two sensors alike? [Both use changes in
the resistance of the nanotubes.] How are they different? [In Gitanjali’s device, a chemical reaction resulted in stretching the mesh of the nanotubes. In
Jack’s test, the physical combining of the antibodies with the mesothelin protein produced a larger molecule that stretched the mesh.]
• Gitanjali read a magazine published by MIT, known for its engineering, to keep up on news in science and technology. How do you learn about recent
developments in STEM? Consider making a list of all sources suggested by class members to share.
• What kinds of challenges did Gitanjali face in designing and building her invention? What was her attitude and approach to these challenges?
PROJECTS & ACTIVITIES

• Research other examples of environmental pollution and their effect on people in the community and animals in their habitats. Pick one and write
about it or make a video, podcast, or blog to share.
• To learn more about Flint, Michigan and the social justice implications, read Anna Clark’s excellent book, The Poisoned City: Flint’s Water and the
American Urban Tragedy. Share what you learn in a report, a digital posterboard (such as Jamboard), a work of art, or a podcast.
• Different types of sensors are around us all the time and we use them every day. For example, your thermostat at home senses changes in temperature
and then turns on your heater when the temperature drops below a level you can set. Find and list other sensors at home, at school, at work, or in the
community. See what you can learn about how one or more of them work.
• Do you have an Arduino kit or other microelectronics kits available to you? If so, you can design and build a simple sensor. Begin by thinking about
what you want the sensor to do and then what physical action might trigger the sensor.
• For STEM news, investigate the siteScience News for Students [https://www.sciencenewsforstudents.org/]. Another is FredEstes.com, the author’s website
containing news, stories, STEM book reviews, and events.
• Read Gitanjali’s book on inventing called A Young Innovator’s Guide to STEM and sign up for one of her creativity workshops, posted on her website
(gitanjalirao.net).
• Gitanjali, like Austin Veseliza, used design thinking to help develop her invention. Using a local design thinking facilitator or a guidebook, such as the free PDF
download from IDEO: The Field Guide to Human Centered Design [https://www.designkit.org/resources/1], work with some of your classmates to solve a
problem or design an invention using design thinking.
• Consider taking one of your ideas about problems and potential solutions and entering the 3M Discovery Education Young Scientist Challenge for middle
schoolers. If you are in high school, you are eligible to enter a county or regional STEM event leading to the International Science and Engineering Fair. There are
also many other contests you and your friends can find out about with the help of your teacher. Here is a listing of some outstanding events: The Best STEM
Competitions for Students [https://www.competitionsciences.org/2019/02/12/the-best-stem-competitions-for-students/].
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WILLIAM KAMKWAMBA
SYNOPSIS:

The self-taught teen son of a subsistence farmer in Malawi designs and builds a windmill that provides electricity for his family and
community. Now an electrical water pump can save the parched crops and prevent famine, as well as light their home.
William links his earlier knowledge of electronics gleaned from taking apart old radios and other electrical devices to the
theoretical knowledge of electricity. Since he cannot afford school, he learns from a physics textbook in the library. William quickly
grasps how energy converts from one form, wind, to another form, electrical power. He transfers his self-taught conceptual
knowledge to building a functional prototype and then a large-scale system.
KEY CONCEPTS:

Energy as a cross-cutting science concept (NGSS) • Motors and Generators (dynamos) and Turbines • Alternating and Direct Current •
Hydroelectric power • Windmills as energy source • Subsistence farming and Famine • Microelectronics, radios, circuit boards, transistors,
antennae

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

Imagine what it might be like to live in a small, rural farming village like William’s or many other places in the world. This would be like
life in a small, rural, farming village in the United States in the 1800s. At that time, 90% of the US population lived on farms, while now
only about 1% of Americans do. Also, very few rural homes had electricity, running water, or indoor plumbing. How might the life of a
parent or grandparent of yours, living and working on a small family farm, have been like William’s life and how might have it been
different?
AFTER READING:
• In Malawi, when William was growing up, elementary school was free for everyone, but starting in middle school, families needed to pay tuition to send
their kids to school. Once the famine started, William’s family could no longer afford to send him to school. How would your life be different if your family
could not send you to school?
• How did William’s interest in learning how radios worked lead to his ability to build a windmill and generator? What were the key steps?
• William made great use of the school library to help educate himself. What have you taught yourself that makes you proud and happy? What else do you want to
learn?
• While William’s family supported his learning and his windmill project, many people in the community ridiculed him and his idea, and thought he was just
lazy or crazy. What examples can you think of where good ideas were ridiculed — at least until they worked? What gives people the strength to persist in
the face of public ridicule?
• How does William’s windmill and electricity change life for William’s family and village?
PROJECTS AND ACTIVITIES:
• Does your family have memories and records of a time when family members lived on small, rural farms? What can you learn about them?

• In the US in the 1930s, there was a great drought in the Midwest and many small farming families suffered from some of the same conditions as William’s
community did during its drought in 2000. Read about the Dust Bowl and the impact it had on people’s lives.
• Learn about the Rural Electrification project in the US and compare its effect to the impact of William’s windmill on his community. Share what you learn in some
format.
• School in the US was not always free for everyone. Research some part of the history of public education and share what you learn by writing, drawing,
videoing or some other media. For example, when was free public education first available in your community?
• William and his friend Geoffrey learned about radios by taking apart old broken radios and examining the parts and trying to repair them. What devices could you
take apart to learn how they work? This could be as simple as seeing how a retractable ballpoint pen works to a detailed exploration of discarded home appliances.
Devices with bigger parts and pieces will be easier to understand than devices that are fully electronic. Be safe if you do this activity: wear safety glasses to protect
your eyes, handle sharp tools and parts carefully, disconnect anything electrical and remove any batteries. Work with a knowledgeable adult.
• If a microelectronics kit or materials are available to you, such as an Arduino kit, make one project explained in the kit guidebook. If you like making electronic
devices, maybe you and some friends can form a club at school, through a community organization, or on your own to learn more about electronics.
• Look for examples in the history of scientists, inventors, or other innovators who endured public ridiculed, such as Nicholas Copernicus and Marie Curie.
What can you learn about how they persisted? Share your insights.
• The internet and public libraries make it much easier to teach yourself something you or your friends want to learn. Pick something important to you and
learn about it. Set your own goals for what, how long, and how deep to go.
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AUSTIN VESELIZA
SYNOPSIS:

A teen encounters a person with a speech condition that makes it difficult for that person to communicate with others. The teen
invents a wearable digital device that can facilitate non-verbal communication.
Austin designs a complex electronic device by re-purposing a gaming glove to display text on a digital watch screen. His story
illustrates the process of optimizing his device for daily use after the success of his proof-of-concept prototype. He tests many
components and engineering solutions to meet his design criteria. Austin also works through many painstaking rounds of
troubleshooting.
KEY CONCEPTS:

Non-stigmatizing language • Speech conditions and speech disorders • Design thinking • Creative process • Programming and coding •
Microelectronics • Prototyping

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

Recall a time when you saw a need for an invention, a time when you or someone you observed needed a better way to do
something, such as reaching an object from a high shelf or maneuvering a wheelchair around a crowded room. Make a quick
sketch or write a few notes about this situation. Share this with a friend or in a small group.
AFTER READING:

• The sidebar on Speech and Language Disorders (p. 92) briefly refers to how many parts of our body and brain work together to produce our speech and
language. Were you surprised by the number of Americans with a language disorder? Why isn’t learning American Sign Language (ASL) a complete
solution for communicating with hearing people?
• Austin’s school offered classes in Design Thinking and had an innovation lab where students learned to use tools and to build out their design thinking
ideas. If your school or community has similar classes and a “shop” for building, do you use it often? Why or why not?
• In order to create his invention, Austin needed to learn how to code and how to work with microelectronics. For the microelectronics, he needed to
teach himself. Have you ever taught yourself something you really wanted or needed to learn? What was it and why did you want to learn it?
• Austin and the other inventors in this book frequently used prototypes to help them invent. A prototype is a sort of rough, first draft of an invention to
help flesh out and explore the idea with no thought of perfection or elegance. It is like a first draft of an essay. Who else besides inventors use
prototypes? Do you use prototypes? How can prototypes aid the process of creativity?
• This chapter delves into the design process and discusses the problems and choices Austin needed to make to build his invention. Many of these teen
inventors describe both the inevitability as well as the benefit of overcoming these challenges. Gitanjali says that without the challenges and problems,
she could not have made her invention as good as it was. What other examples of the benefits of overcoming challenges and problems can you name
from life or literature, including popular culture?
PROJECTS AND ACTIVITIES

• Learn more about deaf culture from one resource mentioned in the book (Further Information pg 195) or from your own sources. What surprised you the most?
• If your school offers a design thinking or a similar class, consider taking an elective to see what you can learn about making and building. You can also
take an entry-level course, which can be a fun, low-risk way to learn some new skills.
• Think back to the situation where you saw a need for a new invention. What type of device or change in process might help the situation? Sketch your
idea and make a few notes about it. In a small group, pick one idea to explore and generate as many ideas for solutions as you can. Share and discuss
your sketches. Can your group combine ideas to come up with an interesting potential solution?
• Pick something you want to learn and teach yourself. It could be small, like learning to do tricks with a yo-yo or cards, or something bigger, like learning
to play an instrument, a new language, or coding. Keep a journal of your learning process. Does your journal yield tips about how to improve your
learning in this field and others?
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DEEPIKA KURUP
SYNOPSIS:

A teen visiting her grandparents in India sees children drinking unsanitary water on the roadside since they do not have access
to safe drinking water. She develops an inexpensive, easy-to-use method for individuals and families to make pure water from
sunlight.
Deepika’s story illustrates a careful and methodical experimental approach to developing her initial idea. Her initial research
uncovers a simple, low-tech approach to small-scale water purification. She dramatically improves this basic approach by reconceptualizing the process, linking her self-taught knowledge of biology, chemistry, and physics. Deepika’s focus on
continuous improvement builds on an already-good invention, a trait of a skilled engineer.
KEY CONCEPTS:

Potable • Appropriate Technology • Culturing bacteria • Catalyst • Aeration

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

Has traveling somewhere new given you new insights into how people in different places experience life differently? Make some notes
or a sketch or both. Trade insight experiences with someone in your class. As you pool ideas from others in your class, what common
themes do you see?
AFTER READING THE CHAPTER:

• What led Deepika to connect the work of scientists to engineers and designers working on solving world problems? What other connections can you
and your classmates make between scientific discoveries and solutions to real-world problems? Are there any of these connections you would like to
learn more about?
• Deepika kept improving her design for her purifying water bottle. What does this tell you about Deepika as a person?
• Later in the chapter, Deepika reflects that originally, she focused entirely on the science of developing her water purification system. Now she realizes
that to ultimately help people and get a solution into their hands, a great deal of implementation work needs to be done. What are the questions that
Peter Chasse, the CEO of the non-profit water group, raises and how would you go about answering them?
• Deepika shows concern for using appropriate technology and green sustainable technology. What do you know now about these types of
technologies? Green and sustainable technology may add to the cost of our goods and services. Is this additional cost worth the benefit of improved
health for people and for the environment? How would you go about deciding in each case?
• Look over the list of the Fourteen Grand Engineering challenges [http://www.engineeringchallenges.org/challenges.aspx]. Which ones seem like
the most important to you? Tell why. What are your ideas about making progress on solving them?
PROJECTS AND ACTIVITIES:
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CRISTIAN ARCEGA, LUIS ARANDA, OSCAR VASQUEZ,
AND LORENZO SANTILLAN: THE ROBOTICS TEAM
SYNOPSIS:

A team of Latinx teens from the Arizona desert work with two inspirational teachers to build a championship underwater robot.
They work with few resources against an ever-present threat of deportation from the only home they have known since an early
age.
Lorenzo, Oscar, Luis, and Cristian demonstrate creative engineering and show extraordinary perseverance at each step along the
long path to their success in the robotics competition. They find simple, elegant alternatives to expensive equipment, such as
using a balloon to measure a volume of water, instead of a complex set of rigid containers, pumps, and valves. As they build their
robot, Stinky, they develop a wide range of skills in engineering, electronics, and teamwork.
KEY CONCEPTS:

DACA • Green Card • Tampon • Refraction

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING:

The school attended by Lorenzo, Oscar, Luis, and Cristian was severely underfunded and lacked many resources. What priority
should our communities and our nation put on public education?
AFTER READING:

• This robotics team solved some very difficult engineering challenges using science knowledge, tinkering skills, and ingenuity. Pick one of these and
trace how the team solved the problem. How could this skill apply to other problems?
• Lorenzo, Luis, Oscar, and Christian used some very innovative engineering solutions to the underwater challenge. Which one do you find the most
creative? Why? Which was the riskiest? Why? What did Lisa Spence, the judge from NASA, especially commend about their design? [Their design was
simple and practical, so unlike complicated designs, was less likely to fail in real-world circumstances.]
• Despite the many challenges the team faced, they built a championship robot. Teams often work best when all the members share a common goal
but bring different skills and abilities. How do the unique personalities and skills of the team members contribute to their success?
• Even in an underfunded and neglected school, Fredi and Alan, the two teachers, could provide an opportunity for this team. How did their extracurricular
robotics club provide a platform for this opportunity? How might school curriculum change to encompass some of these “21st Century Skills,” such as
robot building, microelectronics, teamwork, entrepreneurship, presentation skills, and organizing work for a better, more just society?
PROJECTS AND ACTIVITIES:

• Many people now are concerned that as robots do more and more work in industry and commerce, this shift will displace the jobs people depend on
for their livelihood. Others argue that new and better jobs will replace these old, sometimes hazardous, and tedious jobs. Join a group to research this
issue and share your group’s findings with the class.
• Think about a task you’d like a robot to do and draw a design of a robot to do that task, illustrating the key components of the robot. If you have
construction materials available, such as cardboard, duct tape, and old foam, make a model of your robot.
• Many of the teen innovators in this book began by entering STEM contests. Does your school take part in a STEM contest that interests you? Consider
entering one by yourself or with a group of friends. Check out Best STEM Competitions for Students [https://
www.competitionsciences.org/2019/02/12/the-best-stem-competitions-for-students/].
• The FIRST robotics league inspired many people in robotics. If your school or community has a team, you may want to join. If not, why not visit one of
the many regional FIRST contests to see what other students have designed and built? These events are part science fair and part rock concert. You may
decide to start a FIRST club, if none exists.
• Both Cristian in this chapter and William in chapter 3, began learning electronics by taking apart old radios. Taking apart old electronics is a good way
to learn about these devices. (Safety note: be sure to disconnect the device from any power source, remove the batteries, and discharge any capacitors.)
If you have an Arduino kit, or similar microelectronics kit available, you may want to follow the manual and teach yourself some electronics. Even better,
work with a friend, mentor or both.
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CONCLUSION
SYNOPSIS:

Estes concludes this book of biographical profiles of teen innovators with the thought that anyone can learn to become more
creative, and that the world needs more creative problem solvers. Teens can make valuable contributions now.
KEY CONCEPTS
• We are all creative and we can all learn to be more creative.
• Global or local change will come from combining technical skills with organizing skills, project management, and people skills, along
with consistent hard work.
• Change begins with individuals and becomes more powerful with a team or a community.
• Design Thinking and other human-centered design processes

READING RESPONSE AND DISCUSSION QUESTIONS
BEFORE READING

Estes asserts on page 168 that “Anyone can learn and use creative thinking to improve their skills.” Do you agree or disagree?
Why? What is your evidence for your claim?
AFTER READING
• Their personal experiences moved the teen innovators in this book into action. Have you had a personal experience that has made you really want to
invent something or change something? What was your experience? What did you want to invent or change? Were you able to do something at the
time? Is there something you could do now?
• This last chapter lists Great Engineering Challenges of the Future [http://www.engineeringchallenges.org/challenges.aspx] and UN Sustainable
Development Goals [https://www.hydro.com/en-US/sustainability/sustainability-reporting/un-sustainable-development-goals/?
gclid=Cj0KCQjwzLCVBhD3ARIsAPKYTcQ6aQmHVngED3DxAWVxmlSYtABnBNufewTg8VcBxql4B_jZH_4ShJUaArpYEALw_wcB]. Look over the
lists and think about any of these issues that would make a lively discussion. Which issues are the most important for your class? Which issues have the
most impact on your school or community? Set aside some time for a class or small group discussion of that issue or those issues.
• Estes expresses the idea that global or local change will come from combining technical skills with organizing skills, project management, and people skills.
Do you agree or disagree? Why? What is your evidence for your claim? Can you think of examples from your experience or history?
• In the book’s Introduction, there is a sidebar with a quote from Gitanjali Rao (p. 13): “Everyone says that young people are the future. Well, we’re here
now. And we can help.” What is your response to Gitanjali’s statement? If Gitanjali is right, what are the implications for you, for this class, for your school,
and for your community? Are there some problems that teens are in the best position to solve?
• On page 171, in paragraph one, Estes states “We cannot allow the talents of anyone to go to waste because we have stereotypes about who can be a
scientist or an engineer.” As you think about it, how do you feel about this statement? Do you agree or disagree? Does it have personal meaning for you?
PROJECTS AND ACTIVITIES
• Look over the lists of global issues on page 169-170. Choose issues you would like to discuss and learn more about in a small group of 3-5 people. Using
your discussion skills, explore this issue with your group. What do you know now about this issue? What would you like to learn? What will need to
happen to solve the problem? Share out the ideas your group has discussed with the whole class.
• Following the above discussion, would you like to follow up with a research project on what would contribute to a solution? Using your list of what
your group would like to learn could help structure this research project. Complete this project in your small groups or on your own. Besides reading
and writing, how else might you show what you have learned? Maybe you could make models, collages, videos, or works of art?
• When the projects above are complete, your group can present what it had learned to the entire class. Maybe a gallery walk would be the best way if
there are models, videos, or art. Each group could have a table or area for display and the class could tour each exhibit. Think about how to summarize
your project to your classmates.
• For each chapter of the book, Estes provides ways to go further in learning more and doing more about the topic of that chapter. These resources are
located in the Further Information section beginning on p. 195. Pick one or more of these resources to follow up on.
• Are there organizations in your community that are addressing the issues you identified above as most impacting your school or community? Could
someone from that organization present their program and their projects to your class, either in person or via a videoconference? Are there ways that
students can get involved either individually or as a group? Can the involvement be deeper than giving money or raising money?
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