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A NOTE TO PARENTS



As parents or other adult caregivers, you play a key role in your daughter’s developing interest and confidence in STEM. Studies show that young girls are interested in doing hands-on STEM activities but aren’t given enough opportunity for this experience. Around middle school, many girls start to self-select out of advanced STEM classes because they lack both experience and confidence. This is why it is critical to engage them at a young age and continue cultivating their interests as they grow. Many parents want to foster a STEM identity for their daughters but are unsure how to do that or need resources to get started. This can be especially true if you aren’t formally trained in a STEM field. Jo Boaler, a professor of mathematics education at Stanford University, has said, “We know that when mothers tell their daughters, ‘I wasn’t good at math in school,’ their daughters’ own achievement goes down.” As parents, your words and actions, whether conscious or unconscious, have a dramatic effect on your daughter. With your support and encouragement for her to explore STEM activities, to try hard things, and to not be afraid of failure, your daughter will learn important critical-thinking skills and gain confidence. It can be overwhelming to plan and engage your daughter in STEM activities, which is why the activities in this book are intended to be easy to complete using supplies that you probably already have at home or that are readily available for a low cost at a local store or online. While the projects are designed for your daughter to complete independently, you are encouraged to work with her so you can learn and have fun together. Several of the activities are open ended, allowing you to get creative with your design and solution. You can work with your daughter as a team or challenge her to see what different ideas you each can come up with. No matter what, encouraging your daughter’s interest in STEM will give her the support she needs and empower her to be successful in the future.
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INTRODUCTION



For years, careers in science, technology, engineering, and math (STEM) were thought of as jobs only men were good at. Some people actually thought that the girl brain was not wired to do hard science or math problems! Recently, some progress has been made in shifting this thinking, but women are still underrepresented in almost all STEM fields. This mind-set doesn’t start with adults. At a young age, many girls convince themselves that they aren’t good in math or science. Sometimes this is because we hear it from a teacher, classmate, or family member. Sometimes it’s a thought inside our own heads. Unfortunately, sometimes it’s suggested to you only based on the fact that you are a girl. But girls are just as capable of doing STEM as boys. Doing something “like a girl” is NOT a negative thing! Whether it’s running, throwing, or learning and experimenting in STEM, doing things like a girl should empower you. Girls have so much to offer in STEM, but often they don’t really know what STEM is or all the amazing things scientists and engineers do. This book will teach you all about what STEM actually means and why girls should even care about it. (Hint: Doing STEM activities now will build confidence, creativity, and problem-solving skills you will need in every aspect of your life—and it’s really fun!) You will see girls just like you who are doing STEM activities in their everyday lives and how this makes them feel strong and bold. And you will get to experiment and design like an actual scientist or engineer with fifteen STEM activities you can do right now at home. You are the future of STEM, and it’s time to show the world what it means to STEM like a girl!
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What Does STEM Stand For?



Have you ever looked at your toaster and wondered how those little red coils heat up your bagel in the morning? Or taken medicine when you’re sick and wondered how it knows what to do inside your body? These are things scientists and engineers ask themselves every day as they study STEM. STEM stands for science, technology, engineering, and math. But what exactly does that mean? STEM is a way of thinking about solving problems that affect our community and everyday lives. Our world is constantly changing and shifting as new knowledge or things are discovered or new problems arise. Instead of thinking of science, technology, engineering, and math as four separate fields, STEM recognizes that these concepts overlap and work together.


Before we can understand why these fields are grouped together as STEM, let’s first look at each of them separately to get an idea of what they mean, how they are different, and what someone who studies them actually does.



SCIENCE



Science is about observing and studying natural things in the world around us. From tiny atoms to massive galaxies, plants to animals, rocks to oceans, science is about figuring out how our natural world works. If that seems like a lot, that’s because it is! Science is often broken down into different fields of study based on what the focus is. It would take way too long to list all the different types of science here; there are more than fifty different fields! However, you can think about the different fields of science based on what they study: living versus nonliving things. Life science covers all the living things in our universe, and physical science looks at anything that’s not alive. That still might sound pretty broad, so let’s break it down a little bit more.
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As you can probably guess from the name, life science is the study of life and all living organisms, including how they work and interact with each other and their surroundings. Most people think of biology as the core of life science, but even it can be divided into over ten different categories based on what is being studied (again, too many to list here). Basically, anything that’s alive is being studied and observed by some type of life scientist. Life science includes understanding the individual cells in our bodies (cell biology), how those cells work together to form our organs (physiology), and how our bodies work as a whole (medicine). Life scientists study bacteria (microbiology), animals (zoology), insects (entomology), and plants (botany), and how all those things live together and interact in our environment (ecology).


Studying how all living things work and interact with each other is important for many reasons. For example, understanding how viruses and bacteria infect both plant and animal cells helps scientists develop vaccines and antibiotics to keep humans, animals, and plants healthy. Or by learning what insects are either beneficial or harmful to crops, scientists can help protect our farms and agriculture, which are vital to our food supply.


So, if life science covers all living things, physical science covers everything else in our universe that isn’t alive. Chemistry, physics, and earth science are often thought of as the main components of physical science. They build on each other, from the smallest subatomic particles to the massive solar systems and galaxies that make up the universe we live in. Chemistry looks at the study of matter, which is the scientific word for what things are made of. Think of chemistry as the study of building blocks of the universe. Chemists study how these different building blocks, or matter, interact and change under different conditions. From these key building blocks comes the field of physics. Physicists study how that matter moves through space and time and the energy and force it creates. Earth science is the study of our Earth and the space around it.


Observing and understanding the nonliving building blocks that make up our world and how this matter behaves and interacts is important for many reasons. Using the principles of chemistry and physics, scientists can create new fuel sources that are more efficient and cleaner for our environment. Earth scientists can help predict environmental changes and determine ways to protect our planet. They can understand weather patterns and are able to warn people of potentially dangerous hurricanes, tornados, or earthquakes.


TECHNOLOGY


When they hear the word “technology,” a lot of people only think about computers and coding. But technology is so much more than that. Technology is a broad term that means using tools, materials, and machines to solve real-world problems and create useful or helpful inventions. Technology means applying what we learn from STEM to make actual systems or products. An example where all these fields intersect would be the development of an improved smartphone. This technology combines science, engineering, and math in many different ways. For example, science is used to develop chemicals that will provide a longer battery life for the phone. Engineering is used to design stronger materials that can withstand being dropped and getting wet. And math is needed to figure out how to make the processor chips run faster and improve the equations for facial-recognition capabilities.


It can help to think of technology as more of an idea than a specific field. It describes the innovation and process that draws ideas from all areas of STEM to make technological advances in our society. Science, engineering, and math help us learn and understand how our world works, while technology is what takes those observations, calculations, and designs and turns them into something that is actually helpful in our world. You can think of technology as a bridge. On one side of the bridge is a question or unknown. On the other side is the solution. Technology is the bridge that runs from the question to the solution and connects everything together.
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ENGINEERING


Engineering involves applying science (and other parts of STEM) to design, build, and improve the machines and physical structures all around us that we use every day. Just like science, engineering is broken down into different branches based on what is being worked on and what problems need to be solved. There are four main branches of engineering: chemical, civil, electrical, and mechanical. Each of these can be broken down even further (again, there are way too many subcategories to list here).


Chemical engineers figure out the processes that turn chemistry (and actually biology, physics, and math too) into things like medicine, fuel reactors, and food products. They design ways of using materials like plastics, ceramics, or metals to make medical devices like artificial organs or cars that keep us safer if we are in an accident. Chemical engineers also work on making existing processes and procedures more efficient so they use less energy, create less waste, or can be done faster and more safely.
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Civil engineers design the structures we live in and travel on every day. Buildings, roads, bridges, airports, and systems for our water supply are all part of what a civil engineer may work on. Civil engineers help to improve and protect the environment by designing ways to treat rainwater runoff to prevent pollution of our rivers and oceans. They design buildings and roads that will withstand earthquakes or other natural disasters. Civil engineers also plan neighborhoods and city parks for you to live and play in.


Electrical engineers work on the circuits and electronics of anything that uses power. They use the physics and math of electricity and electromagnetism to make all sorts of electronic devices that we need to power our lives every day. Electrical engineers may work on methods to make tiny circuits for a cell phone, sensors and controls for robotic machines, medical equipment such as CT or MRI scanners, and renewable energy sources.


Mechanical engineers design any machine or system that needs motion to operate. Mechanical engineering combines principles from math and physics to make lots of different equipment that has moving parts. They build engines for cars and airplanes, machines that are used in all sorts of manufacturing plants, turbines for wind energy, and even the motor on a toy robot. Whether something has just one moving part or a whole system of moving parts, if it moves at all, you can be pretty sure a mechanical engineer had something to do with it!
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MATH



Math is all around us, in STEM and in the world! From counting out money when you buy something at the store to measuring ingredients to make cookies, math is something you need and use pretty much every day. Mathematics is the study of numbers, shapes, and patterns. People often find math scary because they don’t understand how all those equations and formulas apply to real life. But chances are, you are using math even when you don’t realize it. Math helps you figure out how long it will take to drive to your friend’s house so you arrive on time. It can help you design the layout of your bedroom so you know where your furniture will fit. Math is even used in fashion design for measuring clothing and piecing fabric together in the right pattern.


Scientists and engineers use math in many different ways. For example, geometry is the study of shapes and patterns. A civil engineer uses geometry for designing and building structures. Geometry is also used by computer programmers for drawing the animations in movies and video games. Calculus allows us to understand how things change over time. Calculus helps physicists explain why the planets move the way they do in their orbits and helps environmental and conservation scientists analyze how populations of predators and prey change over time. This helps them predict if a certain species is at risk of becoming extinct. Biologists use calculus to figure out the growth rate of bacteria or other cells, and how different conditions such as temperature affect their growth.


On the surface, math looks like a complicated bunch of numbers, letters, and equations, but when you know how math applies to real-world problems, it becomes a powerful tool for use in STEM. Stephanie Salomone, chair of the mathematics department at University of Portland, has said, “Mathematics is not just about calculations or really long formulas or solving for x. It’s about finding patterns, thinking critically, and solving problems that address both local and global issues.” When you think of math in this way, maybe those hard equations don’t seem quite so scary.
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Asking Questions, Solving Problems



So now you know what each of the letters in “STEM” stands for, and you have a good idea of what those fields actually involve. But why do we group them together as STEM? Instead of thinking of science, technology, engineering, and math as four separate fields, STEM recognizes that these concepts overlap and need to be considered together. Understanding the science of why something happens isn’t helpful without having the technology and engineering to apply that information in order to build something useful or solve a problem. And nothing in STEM would be possible without the math to accurately calculate each process or system. STEM allows us to address each piece of a problem while working toward the whole solution.


STEM is all around us and impacts our lives every day. It’s easy to think that STEM is just for adults and that kids are too young to be scientists or engineers. But learning about STEM early on is so important, and it’s something you might not even realize you are already doing. Think about a toddler playing on the floor with blocks. Each time they stack their blocks and knock them over, they are learning about building structures, stability, and cause and effect. They are being engineers! When you bake cookies, you are using chemistry by mixing together different ingredients that interact to form the perfect soft and chewy cookie. Or even just by watching a bee in your backyard flying from flower to flower, pollinating as it goes, you are exploring environmental and conservation science and using your power of observation, a critical piece of STEM. Jane Goodall, a famous scientist and conservationist, said, “You cannot get through a single day without having an impact on the world around you. What you do makes a difference and you have to decide what kind of difference you want to make.” Each time you make an observation or try to figure something out, you are being a scientist or engineer.
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You cannot get through a single day without having an impact on the world around you. What you do makes a difference and you have to decide what kind of difference you want to make.


—JANE GOODALL, SCIENTIST AND CONSERVATIONIST





One thing all scientists, technologists, engineers, and mathematicians have in common is that they ask A LOT of questions. Kids are naturally curious and ask a lot of questions, so you are probably already acting like a scientist or engineer. STEM involves looking at an existing problem and asking what the solution could be. Or maybe a solution already exists, but it needs to be smaller, faster, or more efficient. Scientists and engineers are always asking questions like why does this work? What is the solution? How can this be improved?




The best scientists and explorers have the attributes of kids! They ask questions and have a sense of wonder. They have curiosity. “Who, what, where, why, when, and how!” They never stop asking questions, and I never stop asking questions, just like a five-year-old.


—SYLVIA EARLE, MARINE BIOLOGIST





Asking questions is the best way to dig deeper into a problem, yet many people (kids and grown-ups alike) are often too embarrassed to ask questions. Sometimes we are afraid it will make us look dumb. Or that we are the only people in the room who don’t know the answer. But STEM encourages asking as many questions as possible, because that’s what promotes curiosity and exploring the unknown. Many of the great inventors we think of today had the courage to ask questions, and some were even made fun of for asking those questions, but that didn’t stop them! Albert Einstein was well known for his ability to ask questions and remain curious. He said, “The important thing is not to stop questioning. Curiosity has its own reason for existing.” If Einstein had the courage to ask questions, so should you!


With STEM affecting so many different areas of our lives, teamwork is also really important. STEM brings people from different backgrounds together in teams to address all the parts of a problem. The team works together to come up with a well-rounded solution. People often picture scientists and engineers working alone in a lab, hovering over an experiment. Or maybe you picture them typing away at a computer by themselves for hours on end. But for most people in STEM, that’s not usually the case. Scientists and engineers know that cooperation and communication are two critical skills for problem-solving. STEM is about combining each person’s talents and expertise to solve problems. This helps them come up with solutions that they might not have thought of or imagined on their own. It allows each member of the team to contribute in a meaningful and helpful way.
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