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INTRODUCTION



IF YOU PICKED up this book, it’s probably because you like sports. Maybe you want to see if it has tips for how to improve your game (it does), or how to become more fit (it has that, too), or just because you want to learn more about different types of sports (also there). But wait, the title says, “the Science of Sports.” That means this book also teaches you about science. Why does a sports book have science in it? Those two subjects seem so different. It’s not as if sitting in a science class can teach you more about your sport than practicing it. Actually, it can. Does that surprise you? It shouldn’t. Science and, in particular, STEM topics (Science, Technology, Engineering, and Math) can teach you tons of stuff about how to get better at sports.


While many people don’t realize it, every sport involves a bit of each of those topics. In fact, if you play sports you are already doing STEM, every time you play! Playing sports and science go together like, well, a bat and a ball, or a tennis ball and a racket, or a hockey puck and a stick… You get the idea. Understanding science helps you with sports. (Shhh… don’t tell anyone. That’s the secret part.) Put it this way: Do you throw a ball? That’s physics. Do you play on a team? That falls into the neuroscience category (science of the brain). Do you keep statistics about how many times you catch a football or make a basket? That’s math. And if you wear any type of equipment—a helmet, running shoes, cleats, shoulder or knee pads—those were designed using engineering. That’s right! STEM = Sports. Bet you thought science class was just for learning about biology and chemistry. (Hint: Those are also found in sports.)


So, this is a book about STEM and Sports? Hold on. Is it boring? Well, you might think that a book about STEM isn’t exactly exciting. But you would be WRONG. The science, technology, engineering, and math of SPORTS is actually pretty cool, and very interesting, too.


Besides being cool, this book may help you get better at sports. It’s true. The information in this book, combined with some practice, could help you to sink more free throws, hit a ball farther, or even cut a few seconds off your overall performance time. Why not give it a shot? (But not a kick or a throw. Books don’t like that.)


So, keep reading and learn how to get your best game on with the science of sports!
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CHAPTER 1



PUTTING THE SCIENCE IN SPORTS


[image: image]


SCIENCE PLAYS SUCH a big part in sports, it’s hard to pick which topics to discuss. This chapter will deal with body science, brain science, and fitness and nutrition science. These are biological and life sciences and seemed to be the ones most people have questions about. But, of course, there are many more science aspects of sports. If you don’t see something here, go look it up!


BODY SCIENCE


Let’s start with body science. Can anyone play any sport? The quick answer is yes. If you have determination to learn, understand, and spend lots of time practicing, you can play any sport you want. The question that might be a better one to ask is: Do certain physical traits (big hands, big muscles, speed, agility) help you perform better at a particular sport? Yes, they can. Below is an illustration that might give you an idea of what physical traits help with which sports. Basically, this illustration says that athletes who excel at basketball, wrestling, or weight lifting tend to be taller and have large muscular bodies. A world-class gymnast, runner, or boxer, however, might be shorter and have a smaller body.
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Why are these body types considered to be the preferred ones for each sport? It comes down to physics. A larger person may have more energy and can push people away from them with more force, like in football or wrestling. They may be able to hit the volleyball or tennis ball harder across the net. Perhaps their force of pulling on the oar is so great that it propels the boat farther across the water, as in rowing or crew. But larger people also have to deal with more drag, that is, the force acting against them when they move through a fluid, such as air or water.


Smaller people are going to have less drag. That makes sense, doesn’t it? Their bodies are more petite, so they would have to push through a lot less air or water as they move. That is one reason why many world-class runners are small and lean. They can run faster because the force of drag doesn’t slow them down as much as it would a larger person.




WHAT IS DRAG? [image: image]
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DRAG IS THE force you feel pushing back on you as you move through water or air. (Did you know air is a fluid? It is.) Drag acts in the opposite direction of your movement. Have you ever been in a swimming pool and just tried to walk through the water? It takes a lot more effort than walking on land, doesn’t it? What you are feeling is drag. Why is drag greater in the water than in air? Water is more dense, or thicker, than air. Of course, if you are walking on a windy day, you will feel more drag than on a normal day. That is because the air is rushing past you and it requires more energy to push through it. You may even find yourself leaning into the wind, or bending over.


This is exactly what athletes do. Cyclists hunch over their bikes to reduce drag and make themselves go faster. Drag plays a huge part in how well an athlete performs! And you thought physics was just for kids who loved science. [image: image]





Does that mean a smaller person isn’t in as great a shape as a larger athlete with more muscles? Not at all. Think about world-class gymnast Simone Biles. She is only four foot eight, and yet she can catapult herself extremely high into the air. That takes a lot of power! Simone is definitely a strong athlete who is in tip-top shape.


This is not to say that bigger people can’t be in excellent physical shape, too. They totally can. The size of your body isn’t a determining factor in whether or not you are in great physical shape.


Remember one thing: While body science does play a part in performance, it is not everything. If you are a long, lean person, you can still be an excellent rower or football player. Shorter, muscular people can also be fantastic swimmers and volleyball players. There are exceptions to every “rule” listed here.
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You’ve already learned that size can give you an advantage in a particular sport. The real question is: Can you change your body to make it fit the sport you want to play? Sort of. You can’t make yourself taller, but you could work out a lot to build muscle. In fact, athletes who work out every day for long periods of time do see physical changes in their bodies. A weight lifter will have big, strong muscles from lifting weights all the time. Runners may have long, lean muscle from running and burning fat all the time. Skaters will have really strong legs from pushing off the ice or the ground. Basketball players may be able to jump higher than most people because of their practice shooting baskets. Sometimes you can tell what type of athlete a person is by looking at them, but not always.


For example, swimmers tend to have higher body fat than other athletes. Why? The extra fat makes them more buoyant, which helps them float more easily in water. If they float more easily, then they need less power to propel themselves through the water.




WHAT IS BODY FAT? [image: image]
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BODY FAT? Is that bad? Nope. Everyone needs to have some fat in their body to survive. Fat keeps your body warm. It supports and acts like a cushion for your internal organs. You know, your stomach, liver, intestines, etc. Fat also is your food storage system. If you get low on energy, your body burns fat to give you more. Finally, did you know that your brain is 60 percent fat? It is! Fat keeps your brain working well. So, when we talk about body fat, it’s as a way to show you how fit you are, yes, but the goal is never to have zero percent body fat. Without any body fat you would be very sick. Even elite athletes need to have at least 3 percent body fat if they are men, and 12 percent body fat if they are women.


So, what is body fat? Think of it this way, when you step on a scale, you get your weight. Right? Say you weigh 70 lbs (31.75 kg). That number is great, but it doesn’t tell you anything about how your body is made up. Is 70 percent of that weight muscle and organ tissue and 30 percent body fat? Or is it more like 85 percent is muscle tissue and 15 percent body fat? If you are an athlete, your goal is to have more muscle tissue and less body fat.


How do you calculate your body fat? Doctors use something called the BMI—body mass index. You can find out your own BMI by using this simple calculation from the National Institutes of Health (NIH):




STEP 1: Weigh yourself in pounds (lbs).


STEP 2: Measure your height in inches.


STEP 3: Square your height, meaning if your height is 55 inches, you take 552, or multiply 55 × 55.


STEP 4: Divide your weight by your height squared.


STEP 5: Multiply the answer by 703.




EXAMPLE:




Your weight is 70 lbs.


Your height is 55 inches or 552 or 55 × 55 = 3025


Calculate: 70 ÷ 3025 = 0.0231 × 703 = 16.3 is your BMI




BMI RANGE FOR ADULTS:




18.5 to 24.9 is normal


25.0 to 29.9 is overweight


30.0 + is obese




The BMI for children is different because it compares kids to other kids of their same ages. For accuracy, ask your doctor.


Can you change your BMI? Sure. You can work out to change your BMI. Practicing your sport helps a lot with that. There are also exercises you can do to improve your speed, your agility (how well you can zigzag and dodge things), and even how high you jump. All those traits will definitely help improve your performance in sports. But in the long run, performance is not about your size or shape; it’s all about how hard you work and your dedication to succeed.





BIG OR SMALL?


Let’s see how size works in an actual sport. If you were asked to imagine a football player, what would that player look like? Do you see a fairly tall, large man, with lots of muscles? One who is a little smaller, and leaner, who can move very quickly for his size and also be very strong? Or maybe you see a shorter man who’s really fast, and can zigzag back and forth through small spaces? If you saw any of these—or someone in between—they are all correct.


Look at the players on a football team:
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OFFENSE


(the team that currently has the ball)




QB = quarterback


C = center


RB = running back


FB = fullback


WR = wide receiver


TE = tight end


RG = right guard


LG = left guard


RT = right tackle


LT = left tackle




DEFENSE


(the team that does not currently have the ball)




DT = defensive tackle


DE = defensive end


LB = linebacker


S = safety


CB = cornerback




It makes sense that the biggest football players on the field tend to be the ones who are located on the line. This line is called the line of scrimmage, and that is where the ball is placed on the field based on its movement by the offensive team. These big players line up across from each other, and each team tries to keep the other from moving the ball. The players use their big muscles to push each other out of the way or away from the quarterback. On the offensive team, that means the center, the guards, and the tackles. On the defensive side, it’s the defensive tackle and the defensive ends.


The other players tend to be smaller than the linemen, but much faster. These include the tight ends, fullbacks, and running backs on the offensive side. They must be strong to block players but also fast enough to run down the field and catch the ball if needed. Wide receivers are typically the fastest members of the offensive team, since they are the ones who will run down the field and catch the ball once it’s thrown by the quarterback. They are covered by the cornerbacks and safeties on the defensive side who try to tackle them. As you can see, football players need to be in many shapes and sizes, but the two things all of them have in common are strength and speed.


Other sports where a large size can be an advantage include wrestling (as long as you stay within your required weight category), rugby, powerlifting, throwing shotput or hammer, and rowing.


Being smaller in size is helpful in many sports, too. As mentioned before, gymnastics is so much easier for shorter people. They can tuck themselves up very tightly and vault into the air, completing many rotations before they touch the ground. Smaller size is also great for running and cross-country, for biking, and even for competitive horseback riding. Being able to make yourself more compact on top of a horse will help reduce drag. If you’re lighter, then the horse has less weight to carry.


Size does help in sports. But is there anything you can do about your size? Sure. You can lift weights to build up muscle. You can use nutrition wisely to help you put on lean muscle mass. But whatever you do, make sure you’re doing it in a healthy way. Being fit is the ultimate goal!


HEIGHT HELPS


Height is also a big deal in sports. Being taller can really be useful for certain sports. Probably the first one most people think of is basketball. For either men’s or women’s basketball, being tall is an advantage. On the basketball court, the hoop is ten feet (3.05 meters) off the ground. The taller you are, the closer you are to the hoop, which means the chances of your getting the ball into the hoop are much higher.
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The average height of most professional players that play in the National Basketball Association (NBA) is about six feet seven inches (about two meters). (That’s about the same height as a camel.)


Of course, there have been some amazing basketball players that were much shorter. Here are just a few:




TYRONE “MUGGSY” BOGUES—5′3″


EARL BOYKINS—5′5″


MELVIN HIRSCH—5′6″


ANTHONY “SPUD” WEBB—5′7″


GREG GRANT—5′7″




The average height for women in the Women’s National Basketball Association (WNBA) is around six feet (1.83 meters). But there have been women as tall as seven feet, two inches in the sport.


Here are a few WNBA players:




MARGO DYDEK—7′2″


MARIA STEPANOVA—6′8″


LINDSAY TAYLOR—6′8″


ZHENG HAIXIA—6′8″


LIZ CAMBAGE—6′8″


BRITTANY GRINER—6′8″




According to many coaches, though, being tall isn’t the only thing that can make a great basketball player. You need speed, endurance, versatility (meaning you can start, stop, and change direction easily), and yes, you need to be able to jump high! (Not high-jump—that’s a different sport.) So don’t worry if you aren’t that tall—you can still play basketball well.




IT’S ALL ABOUT THE HANDS [image: image]
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TALL PEOPLE NOT only have height, but they also have large hands and feet. A larger than normal hand is extremely helpful in basketball. Why? If your hand is so big that it can span the entire basketball, then you can do what is called palming the basketball. Your long fingers will be able to grip the basketball much more tightly than someone with a smaller hand. This means you’ll be able to control the ball well, maneuver it without losing control, and grip it more tightly to aim and shoot accurately. Huge hands, like those of 6-time NBA champion Michael Jordan, are a great advantage in basketball!
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Another sport with tall athletes is swimming. That may seem a bit strange, because they lie down while they compete. But when you are tall, you also have a long wingspan. In this case, wingspan doesn’t just apply to a bird, it makes a difference to a human being, too.


Michael Phelps holds 28 Olympic medals and is one of the greatest swimmers ever; he is 6′4″ (1.93 m) and has a wingspan of 6′7″ (2.04 m). Missy Franklin, a 6-time Olympic medalist, is 6′2″ (1.88 m) and has a wingspan of 6′4″ (1.93 m).


Both of them have wingspans that are 2 inches longer than their height. Kind of seems like wingspan might be a very important trait for swimmers to have, doesn’t it? Wonder what your wingspan is? Measure it.
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MEASURING YOUR WINGSPAN




HERE’S WHAT YOU’LL NEED:




• A measuring tape


• A friend




STAND UP STRAIGHT. Hold both arms out at shoulder height. Have your friend measure from the tip of your middle finger on one hand to the tip of your middle finger on the other hand. Now have them measure your height—from the top of your head to the ground. Compare the two. Your wingspan can sometimes be roughly equal to your height, or at least close.


Why is wingspan such a great thing in swimming? The longer your arms are, the farther you can stretch them out. And, more importantly, the more water you can pull and put behind you with each stroke. This propels you farther than, say, someone who might be a little shorter. A long wingspan is also great for that photo finish when the tip of your finger is needed to out-touch your competitor.


Other sports where a little extra wingspan could prove helpful are volleyball, tennis, and football.


There is nothing that you can do to make your wingspan longer. It depends on how tall you grow. Remember this: Just because your wingspan is not that wide doesn’t mean you cannot be a great basketball player or swimmer. If that is your goal, go for it!








MEASURING YOUR VERTICAL LEAP





HERE’S WHAT YOU’LL NEED:




• A chair


• A friend


• A measuring tape




WHEN YOU THINK of a sport that needs someone to jump high, your first thought may be basketball. Basketball, of course, needs people who can jump high. That jump is called a vertical leap. This term means how high you can jump from a standing position straight up into the air. Wonder how high you can jump?


Grab a chair, a friend, and some measuring tape. The chair can be of any height. It’s just there to give your friend some perspective as they watch you jump. Since the chair doesn’t move, when you jump, your friend can note how high you jump compared to the chair. Then they can use the measuring tape to measure from that point to the floor. That tells you the height of your vertical leap.


Are you ready? Bend your knees. Swing your arms back (if you want) and jump straight up as high as you can!


Have your friend note on the height of the chair how high your feet went. Then have them measure that with the measuring tape. Switch places and have your friend jump. Then compare heights. Did one of you swing your arms more? Get a running start? Explore different ways you can get your jump higher.


What other sports involve jumping really high?


GYMNASTICS and ICE SKATING both require athletes to leap high into the air. They need the height; otherwise, how would they do all those flips before hitting the ground? Of course, there is a springy floor for gymnastics, which does help a little. But ice skating is more difficult because you must not only land on the ice but do so while balancing on a fairly thin, but strong, blade.
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In TRACK, athletes need to be great jumpers for both the long jump and the high jump.


For the LONG JUMP, it’s more of a forward leap as you are trying to cover as much ground horizontally as you can.
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HIGH JUMP does require a vertical leap, but it’s done backward. It also adds a bit of a flip of your feet at the end. (The jump doesn’t count if the bar doesn’t stay up.)
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SOCCER players sometimes must jump high to block a ball or to kick it into the goal.
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Can you work on your vertical leap? Sure. The power for a good vertical leap comes from your legs. So if you build up the muscles in your legs, you may be able to increase your vertical leap. A few things you can do are:
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LUNGE
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CLIMB STAIRS








It can take a while for your vertical leap to improve. As you have probably heard from your coach or trainer, or maybe your parents, practice, practice, practice.
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SQUAT
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PRACTICE JUMPING












FLEXIBILITY MATTERS



An athlete needs to be able to move quickly, to dodge, turn, jump, dive, and run. It is important that their body is ready to do all these things. Flexibility, or the ability to move your joints and muscles in a complete range of motion, helps with that. Wait. What is range of motion? Range of motion describes the movement that you can make at one of your joints. For example, most people can make a circle with their arm from the shoulder (a joint). They can also make a circle with their forearm at the elbow joint. Rotating your foot at the ankle joint and rotating your leg at your hip and knee are also examples of flexibility.


Flexibility in sports is important for a couple of reasons. First, it helps to prevent injury. Have you ever seen an athlete doing stretches before their performance? Hopefully that answer is yes. Most athletes do stretches, jog in place, and sometimes do little exercises before their event. This helps their muscles to warm up. In fact, the coach probably even calls it a warm-up. Basically, what happens is your muscles move around, get the blood flowing and your heart pumping a little. The stretching helps to loosen up any muscles that may be tight. A tight muscle does not respond as quickly as a loose one. Doing an activity with tight muscles can cause strains or other injuries.


Being flexible also means being limber, which means that you can move easily. Having loose, limber muscles is good for athletes. Muscles that are warmed up will be able to move rapidly and strongly as they are needed.


HOW FAST DO YOU REACT?


So far you’ve learned about height, wingspan, jumping, flexibility, and size. What’s left? Speed and agility are two things that are really important in most sports. They are not the same thing, though.


Speed is how fast you can move. For many sports, like lacrosse, soccer, football, basketball, and running, just to name a few, that means how fast you can run. Of course, speed can also refer to how fast you can swim, or skate. Since most sports have some sort of time factor, you need to get across the finish line, complete the pass, score the goal, or even finish your performance in the time that is allowed. That means you need to be speedy!





LOOSEN UP! [image: image]
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STAND TALL WITH your legs bent just a tiny bit at the knees. Bend at the waist and try to touch your fingers to the tops of your feet. Did you make it? If you did, you are pretty flexible. Can you put the palm of your hand on the ground next to your feet? Don’t push this if you can’t! But if you are able to get your palm on the ground, then you are very flexible.


Want to work on your flexibility? Practice doing stretches like this every day. Don’t push yourself farther than you can go. But the more often you stretch, the more likely your flexibility will increase.





Agility refers to how easily you can move. Can you start, stop, switch directions, do flips, move from side to side quickly? That is very important for many sports. Particularly ones like lacrosse, soccer, football, basketball, tennis, and many others.


Take a look at this soccer field:
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Check out the planned movement of these two figures on the field. The one player starts at #1 and moves to the #6 position. The other player follows its own path from #1 to #6. Notice they are both moving back and forth, forward, sideways, diagonally, and so on. This is naturally done while running pretty close to top speed. As a player you are expected to do all of this plus stop, turn, dodge, and kick as needed to either move the ball across the field (offense) or prevent it from being moved (defense).


In professional soccer, the players can stay on the field for two 45-minute halves, with only a short fifteen-minute break at halftime. That’s basically ninety minutes of running around at top speed, and constantly stopping and maneuvering to win. Whew! Are you tired yet?


This same sort of fast and agile play is expected in many other sports. Here is a women’s lacrosse play diagram (below). There are seven players on each side and two goalies. This is a drill for them to practice running and tossing the ball to each other. The player at the end shoots the ball into the goal. Looks confusing, doesn’t it? And yet if it is executed properly, the players seem to flow as a team while moving the ball across the field… and score!


Being able to move, turn, and dodge while running at top speed and carrying a ball in your lacrosse stick is not easy. Think you can do it? Give it a shot.
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PRACTICE PASSING [image: image]
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USE A LACROSSE stick to do this, or if you don’t have one, improvise. Get an egg and a tablespoon. Place the egg in the tablespoon and hold the spoon out at arm’s length. Now run around your backyard. Make sure you dodge, weave, and stop suddenly. Did the egg stay in the spoon? Good! You might make a great lacrosse player. If the egg went splat, don’t worry. Just try it again. It takes a lot of practice to do all those movements while balancing a ball in a tiny mesh pocket in the lacrosse stick.
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Is there anything you can do to your body to increase your speed and agility? Yes, somewhat. Part of your speed and agility is what you are born with, but you can do some exercises to improve on them if you want.


Here are a few ideas:




• Do short sprints


• Jump tiny hurdles


• Practice zigzag patterns—sprinting forward, stopping, turning and sprinting in a different direction


• Run with high knees





All of these will help you to build up the muscles in your legs, which should help with your speed and agility.








HOW FLEXIBLE ARE YOU? [image: image]
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THE LAST PART of agility is flexibility. As you probably guessed, gymnasts and ice skaters must be very flexible. What does that mean? Gymnasts should be able to tuck tightly into a ball so they can do all those somersaults in the air. Skaters bend their arms and legs in specific ways as they fly through the air or spin around and around. Actually, flexibility is really important in pretty much every sport. Being flexible makes things a lot easier on your muscles and joints. Stretching daily helps with that.


Time to test your flexibility with the butterfly stretch! Sit tall on the floor with the soles of your feet together and your knees bent out to your sides. Hold onto your ankles or feet, engage your abs, and slowly lower your body toward your feet as far as you can while pressing your knees toward the floor. If you’re too tight to bend over, simply press your knees down. Hold this stretch for anywhere from 30 seconds to 2 minutes.





BRAIN SCIENCE


Working out to get your body in shape for sports is very important. You want to be in the best possible physical shape when you are competing. That means lifting weights, doing sprint drills, working on jumping higher… but also giving your brain a workout. What? Your brain needs to be in shape, too? It’s true! How you think while you’re participating in a sport is a huge part of your performance. Do you play on a team? Then you need to think about how well you work with others. Is your sport an individual one? Then you need to be able to solve any problems you may encounter by yourself. Mental fitness is just as important as physical fitness in sports.


Have you heard of the saying, “Practice makes perfect”? Well, practice may not make you perfect, but it will help you improve at your sport. It must; otherwise, why would so many athletes spend hours and hours a day practicing? Much of that practice time will be spent running drills, or doing the same physical activity over and over. If you are a runner, you will run. If you are a swimmer, you will swim tons of laps. If you are a football, soccer, rugby, or lacrosse player, you’ll spend many hours running, throwing, catching, kicking, and (hopefully) making goals. You may be surprised to learn that while you are doing all of these things with your body, your brain is working, too.
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