
        
            
                
            
        


		
			Advance Praise for 
A Young Innovator’s Guide to STEM

			“Gitanjali Rao is an inspiring innovator and motivational speaker about her experiences as America’s Top Young Scientist. In her book, she provides an infrastructure to help students, teachers, and parents solve real-world problems in a way that can lead to real change. As a former educator, district leader, and STEM thought leader, I highly recommend this book to anyone interested in becoming an innovator to make the world a better place.” 

			—Dr. Cindy Moss, VP, Global STEM, Discovery Education

			 

			“Gitanjali has done a remarkable job breaking down the process of innovation—all the way from developing the curiosity and mindset of an innovator, to competing in global competitions. It is a very fun, fast read, with plenty of rich strategies and tips that are clearly drawing on her experience as a young innovator. She doesn’t shy away from sharing her hesitations at each step—brainstorming can feel unproductive, research can feel intimidating, teamwork can be slow—but for every roadblock, she provides strategies for overcoming the mindset and practical tips for moving past the roadblocks. Well done, Gitanjali! I hope each and every kid in the world reads this book and realizes that nothing stops them from innovating and making the world better. What an awesome message!” 

			—Tara Chklovski, Founder and CEO, Technovation

			 

			“Gitanjali’s thoughtful insights and step-by-step guidance provide practical lessons for creative thinkers and problem solvers to build crucial real-world skills for personal growth and impactful innovation. A role model herself, Gitanjali’s entrepreneurial spirit and commitment to empowering young minds inspires readers of all ages. Students, educators, and parents will learn how to think differently and work more effectively to solve the problems of tomorrow.” 

			—Karlie Kloss, Supermodel, Entrepreneur, and Founder of Kode With Klossy

			 

			“Gitanjali’s book is a delightfully personal, practical, and inspiring how-to on STEM innovation and the magic that can transpire when kids are free to embrace failure, think bigger, and dare to make their creative visions a reality. Ever passionate, courageous, and kind, Gitanjali leads by example, sparking a movement for a better and more inclusive tomorrow.” 

			—Dr. Pardis Sabeti, Professor, Harvard University, Broad Institute 
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WELCOME

			When I first started this journey of innovation, building products, and trying to solve problems around me, I was unsure about what I was doing or why I was going about it in a certain way. There was no clarity of thought on analyzing some problem, classifying the solution approaches, and finally building a solution that was viable; I struggled at every step and never knew what the next step was. While there were several resources on the internet on innovation, there was no straightforward process with clear, handy guidance and a set of tools that I could use to produce an idea-problem-solution combination. It was an exploration each time, and there was no specific direction on ways to seek feedback, find mentors, communicate with experts, get introduced to new technology, and many such things.

			While conducting innovation sessions, several students asked me questions that prompted me to think about this deeply.

			This is what they asked, and these are very real unknowns for any student:

			“How do we do well in school and try to innovate?”

			“How do you know which challenge helps learn which skill sets?”

			“How do we learn technology in-depth, which we have never been taught in school?”

			“How do we know which solution will work?”

			“What do your friends in school think about you?”

			“There are a lot of ISEF and other STEM challenge winners who have mentioned their journey for inspiration, but how do they do it? We need a prescriptive process and more than just an inspiration.”

			“Most students think about these only in high school to boost their profile. Why did you start early, when nothing that you do will be counted for your college? Is the time worthwhile?”

			“How did your parents help?”

			“How do you approach mentors or professors?”

			“What is the process you follow that we can reuse?”

			There were several other questions, but you get the idea. Many of them wanted me to not just talk to them about their questions but to write them down and send my answers over. I decided to do one better and document all of these responses—and more—in a book. This book, A Young Innovator’s Guide to STEM, tries to answer all of these questions and also equip a young, inquisitive mind looking to develop innovative solutions, with resources, tools, and tips, to help carve out his or her own journey that is unique to each individual. Coming from somebody roughly their age, my hope is this book will help somebody starting out to visualize their journey, challenge themselves, get out of their comfort zone, and prepare for a future that is unknown to all of us.

			 

			





INTRODUCTION

			Has someone ever told you, “Come up with an idea, any idea at all!”? While that does sound like a lot of fun, it is easy to get stuck trying to think of an idea. Similar to writer’s block, people can get innovator’s block. What problem do I want to solve? How will I come up with a solution? Why is nothing working? It is a complicated process. A lot of people, especially young innovators like us, try to avoid innovation because they are scared of innovator’s block. What I am trying to say is, coming up with ideas is hard. It might take you weeks, months, or even years to come up with the idea that you are proud of. But the important thing is that it is a process—and it is a long one, too. While, yes, it feels like it takes forever, soon you will have an idea that you can make come to life. And with this innovation, you can solve big problems like world hunger, global warming, and cyberbullying. But hey, let’s not get too far ahead of ourselves.

			Before we start out anything, it is important to understand the reason this book exists and the broad idea of what I am trying to get across. While innovation may seem like another word in the dictionary, it is a combination of some of the things that make up our society. It involves problem-solving, creativity, and the latest developments in technology. Without innovation, I would not be typing up this book. Without innovation, you would not be reading this book.

			I want to encourage all of you to think about why you are here and why you want to do this. I want you to imagine the change that you will make in this world. The first step to any innovation process, before we do anything at all, is to go in with a positive mindset. Understand your goals, remember the big picture, and know why you are here. Imagine yourself holding your finished product in your hand, imagine yourself testing it out in remote places, imagine yourself making an impact.

			I want to start with a story I am very fond of, which describes this positivity. It was a rainy Tuesday; I was four years old, and I decided I wanted to go on a picnic. I was so disappointed when I looked out the window, and there was rain pouring down, but I decided that I was not going to let that stop me. I was not going to let a drizzle get in my way, so I did not! I picked up my rain boots, a rain hat, my mom’s high heels, sunglasses, and an umbrella. I grabbed my basket, and I headed out the door.

			I walked a couple of houses down, trying to find the perfect spot for my picnic. I had a massive smile on my face, and I was super excited to sit down, relax, and have the picnic of my life! Before I got the chance to lay out my blanket and open up my basket, I heard the dinnertime call, which meant it was time for me to go home. On the way home, I still had a huge smile on my face, and I was snacking on the chips I had packed for myself.

			The reason I told you this story is even though it was raining, even though I was four years old, I knew I wanted to go on a picnic, and I was not going to let anything stop me. I put on a positive attitude and went outside, knowing that I was still going to have fun. I challenge all of you to do the same thing. When you start turning the pages of this book, even if you think you cannot do it or this is too hard for you, look past that! Take this rainy situation and make a picnic out of it.

			With that attitude, you can do anything you set your mind to. Take a second to smile even if you are all alone, and nobody can see you and say this aloud, “I can do anything I set my mind to.” Say it once or twice, scream it even! I hope that got you pumped up to start reading and exploring. The wonders of innovation are waiting for you.

			Who Is This Book For?

			In this book, we are going to go through the innovation process and learn the best ways to compete with your ideas with secrets on a slight edge to win. It is a great read for not only students but also families and teachers who want to guide students through an innovation journey.

			Students. You will have the chance to read through and discover the spark—or grow the spark already inside of you—to innovate and solve real-world problems, to spread awareness of the problems, and to compete with your solutions. You will have an easy five-step process that you can use to innovate. Not only is this a process that you can use for your projects, but this is something that is repeatable, and you will be able to use it for your other innovation endeavors. Feel free to check out the workspaces at the end of each chapter for some hands-on learning as you understand the fundamentals behind innovation.

			Parents. You will have a book full of practical tips and resources to guide your children and help them take their projects from an idea to reality, including popular STEM challenges with timelines to compete and have a slight edge in the competition. Each step consists of a science snapshot, a young innovator looking to make a change in their community. I hope these examples allow your children to think big and think beyond what is ordinary. The end of the book also includes multiple resources for more STEM opportunities, such as camps and events that your children can participate in.

			Teachers. Along with the given content, you will find workspaces at the end of each step and lesson plans for each step at the end of the book. The workspaces and lesson plans are specifically tailored towards YOU and YOUR students. It provides not only real-world skills and growth spots for students but also an engaging experience for students of all ages. Each lesson plan includes sections of Inspire, Engage, and Immerse. 

			This book benefits ANYONE willing to learn, support, and create an innovative future. Here is a quote from Benjamin Franklin that I aimed to model this book after: “Tell me, and I forget, teach me, and I remember, involve me, and I learn.” I wanted to write this to involve all of you and make it a fun and engaging experience so that you don’t just remember the process—you learn from it and use it every day of your life.

			How Do You Read This Book?

			The wonderful thing about this journey is that you take it at your own pace. You can take your time with it, and you can go slow, or you can decide on a timeline and try to get through this entire process in three months—from an idea to a well-polished prototype or a real product that you can share with the world. We will learn about new topics, share tips, and even hear about a few examples. This book is split up into three main parts:

			Discover—Learn about what innovation really is and why you should get excited about it! Dive into the problems we face and learn about some examples in the innovation world! Discover intends to be a section where you engage yourself with the world of innovation and find your inner innovator. You will learn about finding your ikigai and understanding where to start. You will also be able to discover the higher purpose of innovation and why it is a staple in today’s society.

			Solve—Follow the process to create a solution and solve a real-world problem. Learn about real-world tips and tools that you can use in a prescriptive process. These are the five steps that I hope you will take away with you. Solve provides you real-world details about how to go about the process of innovation. Through this process, gather tips, experiences from real youth innovators, and get access to a workspace you can fill out.

			Implement—Understand the real meaning behind innovation as a means to help others. Learn how to benefit society with your ideas, spread awareness about the problems you are trying to solve, and even participate in various contests and challenges to receive feedback. Implementation creates a mark on society. It starts a ripple effect with other young innovators in your community. By learning how to implement your ideas and compete with them, make your mark and make a difference.

			Then, we will end with a conclusion that motivates you to keep going as well as some resources to explore the world of innovation and competition even more. 

			Here is a quick guide for what to expect:

			 

			[image: ]When you see these lightbulbs, these are helpful tips that you can use to navigate your way through the innovation process.

			 

			[image: ]These apples show lesson plans that teachers can use to walk students through the steps of the innovation process in a fun and exciting way.

			 

			[image: ]This is a workspace designed for students/families to monitor progress and challenge yourself. You will also see a QR code that leads to an e-workspace, in case you prefer to work online.

			 

			[image: ]The camera icons give you a “Science Snapshot” of ways other young innovators are exploring the various steps of the process so that you can learn from them!

			 

			 

			I want you to take a second and grab a pen and, on this line, right here, write down today’s date:

			Today’s Date:

			Now, write down your goal end date by which you want to come up with a real product:

			End Goal Date:

			We will come back to the goal date you just wrote down in the conclusion. However, setting a goal for yourself is a great first step to stay motivated and ready to go for what comes ahead.

			Last thing! After this, I promise you can start to dive in. As you are reading this book, if you find that you would like more tips and more ideas, please head over to my YouTube channel called “Just STEM Stuff” and the blog that pairs with it. Here is the link: gitanjalijss.blogspot.com. There you will find more innovation tips and a lot more fun activities that you can do!

			All right, buckle up! Get out a pencil or a pen, find a comfortable spot to get going. I hope you are excited to start learning new concepts. Welcome to the world of innovation!

			 

			





MY JOURNEY

			I want to start out by telling my story. What I do, why I do it, how I do it, and why I wrote this book. Long story short, I am a science enthusiast and an inventor. I love to come up with new ideas every time I see problems around me.

			While I do spend a lot of time in research and solution development, I am like most students my age. I love to bake, take hikes, fence, play the piano, and explore all of my other hobbies. Science and inventing are just another one of them. Chances are if you are reading this book, you really enjoy innovating too, want to try, like to compete, or are working on creating a profile for your high school years that focuses on science and technology.

			I come up with some of my best ideas in the most generic places. Sometimes they pop into my brain when I am swimming, pacing around my living room, or even just getting lemonade out of the refrigerator. It’s weird, right? But that’s exactly what innovation is about. Usually, everything starts to come together when you least expect it.

			But anyway, my favorite idea, the one I have been working on for the past five years, and the one that I am this close to making a real product, was discovered while I was eating a bowl of pasta on the dinner table after school one day. I know, crazy.

			I was nine years old. My parents, my little brother, and I were sitting down at the table, eating some of my dad’s famous pasta. Yum! I was shoving pasta down my throat so I could get back to where I left off in a Lego masterpiece. In the background, I heard the news going on like always during dinner. We always liked to have a little bit of background noise as we ate. However, as I twirled some spaghetti around my fork, something caught my heart. I heard the newscast in the background saying, “Flint, Michigan, is facing a lead in the water crisis…” And that is really all I needed to hear. I turned my complete attention to the TV to see kids my age with mental defects, and it did not feel right.

			[image: ]

			I immediately asked my parents, “Why are those kids facing so many problems?” My mom, equally worried, replied, “They don’t have clean water to drink because there is lead in their drinking water.” I started with another question, “What’s lead?” This is where my dad jumped in, “Lead is a metal on the periodic table of elements. There was contamination in the pipes in Flint, so lead unexpectedly entered their water and made it poisonous.” It seemed unfair. Why do kids like me not have safe water to drink? I took a sip of my cold water and examined it for a bit. I looked at my mom again as my little brother babbled away. I pointed to the glass, “So in Flint, the water I’m drinking right now would have lead in it?” Reluctantly, my mom said yes, as she sucked in some air through her teeth.

			I gobbled up my spaghetti and headed to my room. I washed up, brushed, and hopped into my pajamas. I got into bed, but I could barely sleep. I could not stop thinking about everyone who was being affected in Flint. Water is a basic right that everybody should have; it is not a choice.

			I woke up the next morning with a new motive in mind. I wanted to do something about the Flint water crisis. I kept that idea in my mind for the longest time but still was not sure how to help.

			Little did I know, thinking about the Flint water crisis would change my entire life. One year later, I started by browsing the MIT Tech Review website for hours, looking for technology and ideas that interested me. I learned about things ranging from forensics to space, but the thing that really caught my eye was a new technology called carbon nanotube technology (new at the time). It was then being used to detect food spoilage and harmful gases in the air. I found that so fascinating, so I jotted it down in my journal, but I was not really sure what I was going to do with it. Carbon nanotubes helped with gas, but how did they have ANYTHING to do with water?

			I kept looking and learning more about technology like Arduino, 3D printing, electricity, and much more. By the end of the day, I was still stuck. I wasn’t able to come up with a solution that used a combination of these ideas. I wanted to solve this problem more than anything, but how?

			I spent another week reading, thinking, and pondering upon everything I saw. But I came back to the carbon nanotube idea at the end. Maybe it was something that JUST helped detect gas. But was it really? Could I change it up, so it would work in water as well?

			That was my next quest. How could I find a way to make something that dissolves in water super easy, because it is in a powder form, something that can be used in water and be able to detect things in the water? There we went! More reading, researching, and idea-storming. This was not a perfect fairytale where everything happened in the first shot, so…dead end again.

			[image: ]Here is a tip! Do you notice all of these dead ends? This is a normal part of the innovation process! Reaching a final ending is hard, especially when you do not know where you are going with it, but it is important to keep being persistent. You will learn more about this later in the book.

			It took me a couple of months to come up with my whole idea of carbon nanotube sensor detection. And by a couple of months, I mean at least three hours a day, seven days a week. It was a really hard process. I had come up with countless ideas in the past, but ideas are much easier than making something a reality.

			At the last minute, I actually ended up combining several of the other technologies I heard about because they were so fascinating. The device itself was made out of 3D printing materials, the internal processing system was made out of an Arduino that I learned to code, and the system as a whole is based on the importance of resistance and an electrical current. This was no longer just a chemistry project; it was a STEM project, and I was excited about it.

			But…all of this was me dreaming. The actual device looked like a white cardboard box with a hollow back and wires sticking out of it. Doesn’t sound so glamorous now, does it? I realized that it was a good idea, but I did not know how to go about making it a reality AT ALL. I wanted feedback and guidance, but I wasn’t sure how to get feedback, who to get it from, or at what point in the process to do so. One of my STEM teachers at a 4H club suggested the Discovery Education 3M Young Scientist Challenge to all of us. I decided to submit this idea to the challenge to get a bit more feedback about how I could take this to something more tangible. I had submitted into the challenge a year prior with a different idea and ended up as a state winner. But I really did not feel confident in my new idea, especially because I submitted it just a couple of days before the due date. Most contestants had won science fairs before and had huge poster boards with details on testing, results, and research papers. Here I was, submitting an idea which had an immense potential that I was dreaming about but hadn’t yet put much on paper.

			It was a waiting game. However, I didn’t have to wait for long. To be honest, I kind of forgot about it because I didn’t think I had a chance of placing at all, but I kept learning more about water contaminants, how to write code, learning to 3D design, and started solving another problem where astronauts can use a tool to avoid swallowing toothpaste. Sometime in May 2017, I got a call back from the Young Scientist Challenge. I heard the words, “You’re one of the top ten finalists of the challenge!” Emotions shifted from my face from something neutral to something excited and even beyond. I was SO excited, I cannot even describe that excitement in words!

			This is the best part: I had the opportunity to work with a 3M scientist as my mentor, Dr. Shafer, for three months during the summer. On top of that, my family and I were moving from Nashville, Tennessee, to Lone Tree, Colorado; there was a lot to do. I was terrified of how I was going to get ready for the finals. Most of that summer, I was at the library or in the car while showings for our house were happening when it was on the market. I probably had about two hours every day in the comfort of my own house, and I would take that time to schedule calls with Dr. Shafer and try to work on the solution. When we moved, we were in hotels everywhere, and I still kept going. I longed for the comfort of a home, a place where I did not live on the minimal things we had in suitcases. By the time I moved to our new home, it was time for a new school. The disruption of moving actually motivated me to keep working on the real solution to the water crisis whenever I got a few hours. When I was sitting, just waiting to get into my new house, I would read articles about every Flint individual and what they went through. This gave me a perspective of why this was a critical issue, and I wanted to bring awareness to the problem of lead in contaminated water. I did a lot of reading and reached out to local water organizations to learn more about this issue, which gave me EVEN MORE motivation to keep going.

			I started getting into the technology portion of things. I reached out to nanomaterial manufacturers to get samples of carbon nanotubes based on my specifications and ended up requesting tours of the place. I picked up the phone only to end up with COUNTLESS cold calls to chemistry professors to get feedback on my idea. Everything I did had only one motivation, and that was to try and fix the real issue. I was confused as to what I was doing. It was utter and complete chaos in my head because I learned a lot more about the problem and the people who had to suffer through it.

			Dr. Shafer helped me take a breath of fresh air and realize, “We need to focus on the solution, and we can do this, I CAN do this.” And I did…three months later, I was on my way to St. Paul, Minnesota, to compete in the YSC finals with nine other AMAZING kids for three days. I was pumped up, nervous, but mostly excited.

			At the airport, I was shocked at myself and the progress I had made. Wow…three months of me coming up with my own solutions and finally coming up with a completed solution. But thinking back to it, it was never really my first completed idea/solution, although it seemed like it. Ever since I was in second grade, I had been actively inventing and coming up with ideas that I found a personal interest in. I worked on space-saving chairs on space shuttles and space stations that fold into the floor once astronauts are done using them, devices to reduce the effect of allergies due to airborne pollen using electrostatic fields, an airplane Blackbox detector to find missing planes using underwater laser communication, and another device to help with early diagnosis of snake bites using non-contact thermography. Building such devices and solving problems has always interested me, but I did not exactly see that I had always been interested in innovation until the moment I was getting ready to board the plane for the finals. I had just thought those ideas I was coming up with were something that I would do in my free time before my other after-school activities. I never really looked at it as something that was special. I heard our flight boarding and continued to follow that thought. I was innovating for years now, and this was the first time I was making one of my ideas an actual reality. I’m proud that the years of solving problems had become a habit and that I was recognized for one of my ideas. I was ready to go, and I was so excited about the week ahead.

			When I finally got there, I participated in a set of onsite challenges, met others interested in the same things I am, FINALLY got to meet Dr. Shafer and NOT over Skype, and finally presented my idea to a panel of judges and a lot of other people. It was intimidating, but one of the best experiences of my life. I learned a lot from my peers, who were all older than me. Going into the day of the banquet where they announced the winner, I was not sure who was going to win, but I was glad that I brought to fruition something that had just been an idea. I knew that, no matter what the results of the competition were, I wanted to take my water contamination innovation further because I felt connected to several Flint residents through my research. I had gained self-confidence that I could request mentors to guide me. I was only eleven at the time, and I had learned that it is fine to discuss my simple ideas with distinguished scientists and professors. Four months before that moment, I had been terrified to talk to Dr. Shafer virtually because I was not sure what she would think of me. But with the help of Dr. Shafer, I learned the discipline of following a process, having a deadline, and committing to what I was creating. Unfortunately, on the night of the banquet, Dr. Shafer had to be somewhere else due to her work commitments. However, as I waited for the results of the competition, I reflected on my journey myself. I was sitting there thinking, “What can I do next? Can I visit Flint? Can I influence Federal Laws about water quality testing? Who can I partner with to help make this a REAL product?”
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