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1. Fitness Fundamentals — Building Blocks of an Active Life

< Question (fold —)

Where is your heart
located in your body?

Which of these is an
example of a flexibility
exercise?

What is the purpose of
sweat during exercise?

Why is warming up
before exercise
important?

How many minutes of
moderate physical
activity per day do
health guidelines
recommend for
children and teens?

Analyze this workout
plan: Monday —
running, Tuesday —
running, Wednesday —
running, Thursday —
running, Friday —
running. What's the
biggest problem?

A friend says they only
need to exercise their
arms because that's
where they want
muscles. What would
you explain to them?

What is the largest
muscle in the human
body?

Answer

In the center of your chest, slightly to the left — The heart is located in the center of
the chest (mediastinum), tilted slightly to the left. This is why you feel your heartbeat
more on the left side. It sits between the two lungs, protected by the ribcage and
breastbone.

Holding a hamstring stretch for 30 seconds — Flexibility exercises involve stretching
muscles to increase range of motion around joints. Holding a stretch for 15-30 seconds is
static stretching — the most common flexibility exercise. Jumping jacks and running are
aerobic; push-ups are strength exercises.

To cool the body down — as sweat evaporates from the skin, it removes heat —
Sweat is your body's cooling system. During exercise, muscles generate heat, raising body
temperature. Sweat glands release moisture onto the skin surface, and as it evaporates, it
carries heat away — cooling you down. Sweating does NOT burn fat or indicate workout
quality.

It gradually increases blood flow to muscles and prepares the body for activity,
reducing injury risk — Warming up gradually increases heart rate, blood flow, and
muscle temperature. This prepares your cardiovascular system for activity, makes
muscles more flexible, and reduces the risk of strains and injuries. A good warm-up takes
5-10 minutes.

At least 60 minutes (1 hour) per day — The WHO and CDC recommend children and
adolescents get at least 60 minutes of moderate-to-vigorous physical activity daily. This
can include walking to school, PE class, sports, playing outside, or any activity that gets the
heart pumping. It doesn't need to happen all at once.

No variety — it only includes aerobic exercise, missing strength and flexibility, and
doesn't give running muscles time to recover — This plan has two major problems: (1)
No variety — it lacks strength training and flexibility work, leading to imbalanced fitness.
(2) No recovery — repeating the same exercise daily doesn't allow muscles time to repair,
increasing overuse injury risk. A balanced plan alternates exercise types and includes rest
days.

All muscle groups need exercise for balanced fitness — neglecting legs, core, and
back can lead to injuries and poor posture — The body functions as an interconnected
system. Exercising only one area creates muscle imbalances that lead to poor posture,
joint stress, and increased injury risk. A balanced program works all major muscle groups:
arms, shoulders, chest, back, core, and legs.

The gluteus maximus — The gluteus maximus is the largest muscle in the body. It's
responsible for hip extension — the movement that propels you forward when walking,
running, and climbing. It also helps you stand up from sitting and maintains upright
posture. The muscle in your buttocks.



Compare aerobic
exercise and strength
exercise. How do they
benefit the body
differently?

What are the three
main types of exercise?

What is the 'FITT'
principle in fitness?

Why do muscles
sometimes feel sore a
day or two after a hard
workout?

What happens to your
heart rate when you
stop exercising and sit
down?

Why is rest important in
a fitness routine?

Evaluate this claim:
'Stretching before
exercise prevents all
injuries.'

Which of these activities
is the best example of
aerobic exercise?

Create a simple plan to
help someone who has
never exercised start a
fitness routine safely.

Aerobic exercise strengthens the heart and lungs and builds endurance, while
strength exercise builds muscle mass and bone density — Aerobic exercise primarily
benefits the cardiovascular system — strengthening the heart, improving lung capacity,
and building endurance. Strength exercise primarily builds skeletal muscle mass,
increases bone density, and improves joint stability. Both burn calories and improve
mental health, but through different mechanisms.

Aerobic (cardio), strength (resistance), and flexibility (stretching) — The three main
types are aerobic exercise (raises heart rate — running, swimming), strength/resistance
exercise (builds muscle — push-ups, lifting), and flexibility exercise (increases range of
motion — stretching, yoga). A balanced fitness plan includes all three.

Frequency, Intensity, Time, and Type — the four variables you can adjust in any
exercise program — FITT stands for Frequency (how often you exercise), Intensity (how
hard you work), Time (how long each session lasts), and Type (what kind of exercise you
do). Adjusting these four variables allows you to customize any fitness program for your
goals and ability level.

Exercise causes tiny tears in muscle fibers that produce inflammation and soreness
as the muscles repair and grow stronger — Delayed Onset Muscle Soreness (DOMS)
occurs 24-72 hours after intense or unfamiliar exercise. It's caused by microscopic
damage to muscle fibers during exercise. The inflammation triggers the repair process,
which actually makes muscles stronger over time. This is how muscles grow — through
stress, damage, and repair.

It gradually decreases back toward your resting heart rate as your body's oxygen
demand drops — After exercise, your heart rate gradually returns to its resting level as
muscles need less oxygen and blood flow. Recovery time is a fitness indicator — fitter
people's heart rates return to resting faster. A good cool-down helps this transition
happen smoothly.

Muscles repair and grow stronger during rest — Rest is when the body actually adapts
to exercise. During rest, muscles repair the tiny tears caused by exercise and grow back
stronger. Bones become denser. Energy stores are replenished. Without adequate rest,
the body can't recover, leading to overtraining, injuries, and decreased performance. —
without recovery time, the body breaks down instead of building up.

This is an oversimplification — stretching helps reduce some injury risk but cannot
prevent all injuries; proper form and appropriate intensity matter more — While
flexibility reduces some injury risk, the claim is too absolute. Research shows dynamic
stretching before exercise can help, but static stretching alone doesn't prevent all injuries.
Proper form, appropriate intensity, adequate rest, good equipment, and balanced
programming are equally or more important for injury prevention.

Jogging at a steady pace for 20 minutes — Aerobic exercise is sustained activity that
raises your heart rate over an extended period, requiring your body to use oxygen for
energy. Jogging for 20 minutes is aerobic. Lifting a heavy box is strength, touching toes is
flexibility, and a single sprint is anaerobic (too short for aerobic benefits).

Start with short, low-intensity sessions (10-15 min of walking), gradually increase
time and intensity over weeks, include rest days, and choose activities they enjoy
— A safe beginner plan follows the principle of progressive overload — gradually
increasing exercise demands. Start with enjoyable, low-intensity activities for short
durations. Add 5-10% more time or intensity each week. Include rest days for recovery.
The most important factor for beginners is consistency, which comes from choosing



Which of these is NOT a
benefit of regular
physical activity?

What does your heart
rate measure?

Your friend says, 'I'm
not good at sports, so
exercise isn't for me.'
How would you
respond?

Name three body
systems that work
together during
exercise.

What is your resting
heart rate, and where
can you feel your pulse?

What is a cool-down,
and why should you do
one after exercise?

After running for 10
minutes, your breathing
becomes faster and
deeper. Why does this
happen?

Design a simple 30-
minute workout that
includes all three types
of exercise (aerobic,
strength, and flexibility).

activities they actually enjoy.

It guarantees you will never get sick — Regular exercise provides numerous real
benefits: improved mood, stronger bones and muscles, better sleep, reduced disease risk,
and more. However, it does NOT guarantee you'll never get sick. Exercise reduces illness
risk but cannot eliminate it entirely. Be wary of absolute claims about any health
behavior.

The number of times your heart beats per minute — Heart rate measures how many
times your heart beats in one minute, expressed as 'beats per minute' (BPM). A typical
resting heart rate for kids ages 10-14 is 60-100 BPM. During exercise, it increases to pump
more blood and oxygen to working muscles.

Exercise isn't just sports — walking, dancing, biking, swimming, yoga, and many
other activities count as exercise and don't require athletic skill — Exercise
encompasses any physical activity that improves health and fitness. Dancing, hiking,
gardening, swimming, cycling, martial arts, and even brisk walking all provide excellent
exercise benefits. Everyone can find a form of movement they enjoy, regardless of
athletic ability.

Muscular system (moves the body), cardiovascular system (delivers oxygen), and
respiratory system (brings in oxygen) — Exercise requires coordinated effort from
multiple body systems: the muscular system contracts to produce movement, the
cardiovascular system (heart and blood vessels) delivers oxygen and nutrients to muscles,
and the respiratory system (lungs) brings in oxygen and expels carbon dioxide. The
nervous system also coordinates all of these.

Your heart rate when you're calm and still; you can feel your pulse on your wrist
(radial artery) or neck (carotid artery) — Resting heart rate is measured when you're
calm, still, and haven't exercised recently. The easiest pulse points are the radial artery
(thumb side of wrist) and the carotid artery (side of neck). Count beats for 15 seconds and
multiply by 4 to get your beats per minute.

Light activity after exercise that gradually lowers heart rate and helps prevent
dizziness and muscle soreness — A cool-down involves 5-10 minutes of light activity
(walking, gentle stretching) after exercise. It gradually reduces heart rate and blood
pressure, prevents blood from pooling in the legs (which causes dizziness), and helps
clear lactic acid from muscles, reducing soreness.

Your muscles need more oxygen during exercise, so your lungs work harder to
bring in more air — During exercise, muscles consume more oxygen to produce energy.
Your breathing rate increases to bring more oxygen into the lungs, where it's transferred
to the blood and delivered to working muscles. Faster breathing also helps remove
carbon dioxide, a waste product of energy production.

5-min warm-up walk, 10-min jogging (aerobic), 10-min bodyweight exercises like
push-ups and squats (strength), 5-min stretching (flexibility) — A balanced 30-minute
session might include: warm-up (5 min of walking), aerobic (10 min of jogging or jumping
rope), strength (10 min of push-ups, squats, planks), and flexibility/cool-down (5 min of
stretching). This covers all three exercise types in a manageable time frame.



2. Nutrition Essentials — Fueling Your Body Right

< Question (fold —)

What does 'balanced
diet' mean?

Why should sports
drinks generally be
reserved for exercise
lasting longer than 60
minutes?

Why might an athlete
need more calories
than someone who
doesn't exercise
regularly?

A product claims to be
a 'superfood' that will
make you instantly
healthier. How should
you evaluate this claim?

What is the main
difference between
simple carbohydrates
and complex
carbohydrates?

What are whole grains,
and why are they
better than refined
grains?

Compare two
breakfasts: (A) a sugary
cereal with juice, and
(B) oatmeal with
berries, nuts, and milk.
Which provides better
fuel for a morning of
physical activity?

Answer

Eating a variety of foods from all food groups in appropriate proportions to get all
the nutrients your body needs — A balanced diet includes appropriate portions from all
food groups: fruits, vegetables, grains (preferably whole), protein sources, and dairy or
alternatives. 'Balanced' doesn't mean equal — you need more of some groups than
others. It also means no single food group is eliminated entirely and treats are enjoyed in
moderation.

For shorter workouts, water is sufficient — sports drinks add unnecessary sugar
and calories when electrolyte loss is minimal — During short workouts (<60 minutes),
water adequately replaces lost fluids and electrolyte loss is minimal. Sports drinks contain
sugar (20-34g per bottle) and calories that aren't needed for short activities. For extended
exercise (>60 min), especially in heat, sports drinks help replace both fluids and
electrolytes lost through heavy sweating.

Exercise burns additional energy, so athletes need more calories to fuel activity,
recover, and maintain body weight — Physical activity burns calories beyond what the
body needs for basic functions. A sedentary person might need 1,800-2,000 calories daily,
while an active teen athlete might need 2,500-3,500 or more. Without enough calories, the
body lacks fuel for exercise and recovery, leading to fatigue, muscle loss, and impaired
performance.

Be skeptical — no single food provides all nutrients; health comes from overall
dietary patterns, not individual 'superfoods' — 'Superfood' is a marketing term, not a
scientific classification. While some foods are very nutritious (blueberries, salmon,
spinach), no single food provides everything your body needs. Health comes from overall
dietary patterns — eating a variety of whole foods consistently. Be skeptical of products
that promise dramatic results from one ingredient.

Simple carbs (sugars) provide quick energy that fades fast, while complex carbs
(whole grains, starchy vegetables) provide sustained energy — Simple carbohydrates
(sugars in candy, soda, white bread) are digested quickly, causing rapid blood sugar spikes
followed by energy crashes. Complex carbohydrates (whole grains, oats, sweet potatoes,
beans) are digested slowly, providing steady, sustained energy — better for exercise and
daily activity.

Whole grains contain the entire grain kernel (bran, germ, endosperm), providing
more fiber, vitamins, and sustained energy than refined grains which remove the
bran and germ — A whole grain contains all three parts of the grain kernel: the fiber-rich
bran (outer layer), the nutrient-dense germ (seed), and the starchy endosperm (energy
store). Refining removes the bran and germ, stripping away fiber, B vitamins, iron, and
other nutrients. Examples of whole grains: brown rice, whole wheat bread, oats, quinoa.

Breakfast B — it has complex carbs (oatmeal), protein (milk, nuts), healthy fat
(nuts), and micronutrients (berries) for sustained energy — Breakfast B is superior
because it provides all three macronutrients: complex carbs (oatmeal for sustained
energy), protein (milk, nuts for muscle support), and healthy fats (nuts for lasting fuel),
plus vitamins and antioxidants (berries). Breakfast A provides mainly simple sugars,
causing a quick energy spike followed by a crash.



Name three good
sources of protein that
don't come from meat.

What role does protein
play in fitness?

Plan a day of meals and
snacks for a student
who has a soccer game
in the afternoon.

What are the three
macronutrients your
body needs from food?

What are electrolytes,
and why do athletes
need to replace them?

Why are carbohydrates
especially important for
exercise?

Why is it important to
eat a variety of colorful
fruits and vegetables?

What are vitamins and
minerals, and why does
your body need them?

What are signs that you
might be dehydrated
during exercise?

Beans/lentils, nuts/seeds, and eggs — Many non-meat foods are excellent protein
sources: beans and lentils (black beans, chickpeas), nuts and seeds (almonds, peanut
butter, chia seeds), eggs, dairy (Greek yogurt, cheese), tofu and soy products, and quinoa.
These options work for vegetarians and anyone wanting dietary variety.

It helps repair muscle damage from exercise and builds new muscle tissue during
recovery — Protein provides amino acids — the building blocks for muscle repair and
growth. After exercise damages muscle fibers, protein helps rebuild them stronger.
Everyone who exercises benefits from adequate protein, not just bodybuilders. Good
sources include chicken, fish, eggs, beans, nuts, and dairy.

Oatmeal with fruit for breakfast, turkey sandwich for lunch (3 hrs before game),
banana 30 min before game, water during game, chocolate milk after game — Good
game-day nutrition: complex carbs at breakfast (oatmeal with fruit for sustained energy),
a balanced lunch 2-3 hours before the game (sandwich provides carbs, protein, moderate
fat), a light carb-rich snack 30 minutes before (banana), water throughout the game, and a
recovery meal/drink after (chocolate milk provides carbs + protein).

Carbohydrates, proteins, and fats — The three macronutrients are carbohydrates
(body's primary energy source), proteins (build and repair tissues), and fats (energy
storage, hormone production, nutrient absorption). Vitamins and minerals are
micronutrients — needed in smaller amounts but still essential.

Minerals like sodium, potassium, and magnesium lost through sweat that help
muscles contract and nerves function — Electrolytes are minerals (sodium, potassium,
magnesium, calcium) dissolved in body fluids that conduct electrical signals for muscle
contractions, nerve impulses, and fluid balance. Sweat contains electrolytes, so extended
exercise depletes them. For workouts over 60 minutes, electrolyte replacement (sports
drinks or electrolyte-rich foods) becomes important.

They are the body's preferred and fastest source of energy for physical activity —
Carbohydrates are broken down into glucose, which muscles use as their primary fuel
during moderate-to-high intensity exercise. The body stores carbs as glycogen in muscles
and the liver. When glycogen runs low during extended exercise, you feel fatigued — this
is why endurance athletes 'carb load.'

Different colors contain different vitamins, minerals, and antioxidants — The colors
in fruits and vegetables come from different phytonutrients: red (lycopene in tomatoes),
orange (beta-carotene in carrots), green (folate in spinach), blue/purple (anthocyanins in
berries). Eating a variety of colors ensures a broad spectrum of vitamins, minerals, and
protective antioxidants.

Micronutrients needed in small amounts for immune function, bone health, energy
production, and hundreds of body processes — Vitamins and minerals are
micronutrients — substances needed in small quantities but essential for health. Vitamin
C supports immune function, vitamin D and calcium build bones, iron carries oxygen in
blood, and B vitamins help convert food to energy. A varied diet with fruits, vegetables,
whole grains, and proteins typically provides all needed micronutrients.

Dark yellow urine, dizziness, headache, dry mouth, and decreased performance —
Dehydration warning signs include dark yellow urine, thirst, dry mouth, headache,
dizziness, fatigue, decreased performance, and muscle cramps. Even mild dehydration (1-
2% body weight loss) impairs physical and mental performance. Monitoring urine color is
the simplest hydration check.



What is a calorie?

After a tough workout,
what combination of
nutrients helps
recovery best?

How much water
should an active person
drink daily?

Create a set of three
simple rules someone
could follow to improve
their eating habits
without counting
calories or following a
strict diet.

A friend says, 'Fat is
bad for you and you
should avoid it
completely.' Is this
accurate?

What does a nutrition
label's 'serving size' tell
you?

What is the difference
between hunger and
appetite?

Which snack would be
the best choice to eat
30 minutes before a
workout?

Read this ingredient
list: 'Sugar, enriched
flour, corn syrup,
artificial flavoring,

A unit of measurement for the energy food provides to the body — A calorie is a unit
of energy. When we say food has 200 calories, we mean it provides 200 units of energy for
your body to use for movement, thinking, growing, and all bodily functions. Your body
needs a certain number of calories daily — too few means low energy, too many means
the excess is stored as fat.

Carbohydrates to restore energy plus protein to repair muscles — Post-workout
nutrition should include both carbohydrates (to replenish depleted glycogen stores) and
protein (to repair exercise-damaged muscle fibers). Examples: chocolate milk, yogurt with
fruit, or a turkey sandwich on whole grain bread. Eating within 30-60 minutes after
exercise optimizes recovery.

At least 6-8 cups daily, with extra water before, during, and after exercise — Active
people need at least 6-8 cups of water daily, with additional water around exercise. Drink
1-2 cups before exercise, sip during activity (every 15-20 minutes), and replenish
afterward. Needs vary by body size, climate, and exercise intensity. Thirst is a late signal
— drink before you're thirsty.

Eat mostly whole foods (fruits, vegetables, whole grains, lean proteins), drink water
as your main beverage, and eat slowly to recognize when you're full — Sustainable
healthy eating follows simple principles: (1) Eat mostly whole, minimally processed foods
— they naturally provide good nutrition. (2) Make water your primary drink — it has zero
calories and perfect hydration. (3) Eat mindfully — slowing down helps your brain register
fullness, preventing overeating. These rules are flexible, forgiving, and backed by nutrition
science.

No — healthy fats are essential for brain function, hormone production, and
absorbing certain vitamins — Dietary fat is essential — not harmful. Healthy fats
(unsaturated, found in avocados, nuts, olive oil, fish) support brain function, hormone
production, and help absorb vitamins A, D, E, and K. Trans fats and excessive saturated
fats should be limited. The key is choosing healthy fats, not eliminating all fat.

The amount of food that all the nutrition numbers on the label are based on —
eating more means multiplying those numbers — Serving size is the reference amount
for all nutrition information on the label. If you eat more or less than the serving size, you
need to adjust all numbers proportionally. A bag of chips might list 150 calories per
serving — but if the bag contains 3 servings, eating the whole bag means 450 calories.

Hunger is a physical need for food (stomach growling, low energy), while appetite is
a psychological desire to eat (seeing food, boredom, emotion) — Hunger is your
body's physical signal that it needs fuel — stomach growling, low blood sugar, difficulty
concentrating. Appetite is the psychological desire to eat — triggered by seeing food,
smelling it, stress, boredom, or habit. Understanding the difference helps you eat when
your body needs food rather than just when you want food.

A banana with a small amount of peanut butter — A banana with peanut butter
provides quick carbohydrates for energy (banana) plus a small amount of protein and
healthy fat for sustained fuel (peanut butter). A heavy meal would cause discomfort. A
candy bar provides only sugar with a quick crash. Exercising on empty can cause low
energy and dizziness.

No — it's mostly simple sugars, refined flour, and artificial ingredients with few real
nutrients for sustained exercise — This ingredient list (typical of processed snack foods)
shows sugar as the primary ingredient, followed by refined flour and more sugar (corn



sodium, preservatives.' syrup). It lacks protein, healthy fats, fiber, or significant micronutrients. For exercise fuel,
Would this food be a choose foods with whole ingredients: whole grains, fruits, nuts, lean proteins.

good choice for fueling

exercise?



3. Cardiovascular Fitness — Training Your Heart

< Question (fold —)

Name three long-term
benefits of regular
cardiovascular exercise.

What are heart rate
training zones, and why
are they useful?

What is blood pressure,
and how does exercise
affect it?

What is the 'talk test' for
monitoring exercise
intensity?

Explain why your face
turns red during intense
exercise.

How would you modify a
running program for
someone who has
asthma?

What is your maximum
heart rate, and how is it
estimated?

Answer

Lower resting heart rate, reduced risk of heart disease, and improved mental
health (reduced anxiety and depression) — Regular cardiovascular exercise provides
numerous long-term benefits: lower resting heart rate and blood pressure, reduced risk
of heart disease and stroke, improved cholesterol levels, better blood sugar regulation,
reduced anxiety and depression, improved sleep quality, and increased energy levels.
These adaptations develop over weeks to months of consistent training.

Percentage ranges of maximum heart rate that target different fitness benefits —
fat burning, endurance, performance, or maximum effort — Heart rate zones divide
exercise intensity into ranges based on percentage of max HR: Zone 1 (50-60% — light
warm-up), Zone 2 (60-70% — fat burning, endurance base), Zone 3 (70-80% — aerobic
fitness), Zone 4 (80-90% — speed, performance), Zone 5 (90-100% — maximum effort).
Training in different zones develops different capabilities.

The force of blood pushing against artery walls; exercise temporarily raises it
during activity but regular exercise lowers resting blood pressure long-term —
Blood pressure measures the force blood exerts on artery walls. During exercise, it
temporarily increases because the heart pumps harder to deliver more oxygen.
However, regular exercise strengthens the heart and improves blood vessel elasticity,
resulting in lower resting blood pressure — one of the most important cardiovascular
health benefits.

If you can carry on a conversation, you're at moderate intensity; if you can only
say a few words, you're at vigorous intensity — The talk test is a simple, equipment-
free way to gauge exercise intensity. At moderate intensity, you can maintain a
conversation but not sing. At vigorous intensity, you can only say a few words before
needing to breathe. If you can sing comfortably, the intensity is too low for
cardiovascular benefit.

Blood vessels near the skin dilate to release heat, bringing more blood to the
surface and causing a flushed appearance — During intense exercise, your body
temperature rises. To cool down, blood vessels near the skin surface dilate
(vasodilation), allowing more blood to flow near the skin where heat can radiate away.
This increased blood flow near the surface creates the flushed, red appearance — it's a
normal and healthy thermoregulation response.

Include longer warm-ups, prefer interval training over continuous running, carry
rescue inhaler, exercise in warm humid air when possible, and avoid cold dry
conditions — Exercise is beneficial for people with asthma when properly managed.
Longer warm-ups help airways adjust gradually. Interval training allows recovery breaks
for breathing. Warm, humid air irritates airways less than cold, dry air. Having a rescue
inhaler available provides safety. Many world-class athletes have asthma — it shouldn't
prevent exercise participation.

The fastest your heart can beat during all-out exercise; estimated by subtracting
your age from 220 — Maximum heart rate (MHR) is the upper limit of your heart rate
during maximum exertion. The standard estimate is 220 minus your age (e.g., a 12-year-
old: 220 - 12 = 208 BPM). This is an estimate — actual MHR varies between individuals.
MHR is used to calculate training zones.



Design a 4-week cardio
progression plan for a
beginner who can
currently walk briskly for
15 minutes.

What is cardiac output,
and how does it increase
during exercise?

What is a 'side stitch,'
and what causes it
during running?

What is VO2 max?

Compare steady-state
cardio (jogging at the
same pace for 30
minutes) with interval
training (alternating
sprints and walking for
20 minutes). What are
the advantages of each?

Explain the concept of
'recovery heart rate' and
why it's a useful fitness
indicator.

Why do endurance
athletes often have very
low resting heart rates
(sometimes below 50
BPM)?

What is the difference
between heart rate and
blood pressure as

Week 1: 15 min walk x 4 days; Week 2: 20 min walk x 4 days; Week 3: 20 min with 2-
min jog intervals; Week 4: 25 min with longer jog intervals — This plan follows
progressive overload principles: Week 1 establishes a baseline with consistent walking.
Week 2 increases duration by ~33% (still walking). Week 3 introduces short jog intervals
within the walk (walk-jog method). Week 4 extends both total time and jog intervals.
Each week builds on the last without overwhelming the beginner's body.

The total amount of blood the heart pumps per minute; it increases through both
faster heart rate AND more blood per beat — Cardiac output = Heart Rate x Stroke
Volume (blood per beat). During exercise, both increase: heart rate rises from ~70 to
180+ BPM, and stroke volume increases as the heart fills more completely and contracts
more forcefully. Resting cardiac output (~5 L/min) can increase to 20-25 L/min during
maximal exercise in fit individuals.

A sharp pain below the ribs during exercise, likely caused by the diaphragm
muscle cramping or strain on ligaments connecting the diaphragm to organs — A
side stitch (exercise-related transient abdominal pain) is a sharp pain below the ribcage
during activity. The exact cause isn't fully understood, but it likely involves diaphragm
cramping, stress on ligaments supporting abdominal organs, or reduced blood flow to
the diaphragm. It's common, harmless, and usually resolves by slowing down and
breathing deeply.

The maximum amount of oxygen your body can use during intense exercise — a
key measure of cardiovascular fitness — VO2 max measures the maximum volume of
oxygen your body can transport and use during maximum exertion. It's considered the
gold standard for cardiovascular fitness. Higher VO2 max means your heart, lungs, and
muscles work more efficiently together. Regular aerobic exercise improves VO2 max.

Steady-state builds aerobic base endurance and is easier for beginners; intervals
improve both aerobic and anaerobic fitness in less time — Steady-state cardio excels
at building aerobic base fitness, fat oxidation efficiency, and is gentler on joints — ideal
for beginners and recovery days. Interval training improves VO2 max faster, trains both
energy systems, and is time-efficient but more demanding. A balanced program includes
both: steady-state for foundation and intervals for improvement.

How quickly your heart rate drops after stopping exercise — Recovery heart rate
measures how many BPM your heart rate drops in the first 1-2 minutes after stopping
exercise. A drop of 20+ BPM in the first minute indicates good cardiovascular fitness. A
fitter heart recovers faster because it's more efficient at regulating itself. Tracking
recovery heart rate over weeks shows fitness improvement, even if exercise
performance doesn't seem to change.

Their hearts are so strong and efficient that each beat pumps a large volume of
blood, requiring fewer beats per minute — Endurance training causes cardiac
hypertrophy — the heart's left ventricle grows larger and stronger, pumping more blood
per beat (increased stroke volume). Since each beat delivers more blood, the heart
doesn't need to beat as often. This 'athlete's heart' is a healthy adaptation, not a medical
concern. Miguel Indurain (cyclist) had a resting HR of 28 BPM.

Heart rate measures how fast the heart beats; blood pressure measures the force
of blood against artery walls — both indicate different aspects of heart health —
Heart rate and blood pressure measure different things. Heart rate (BPM) reflects how
fast the heart beats. Blood pressure (systolic/diastolic, measured in mmHg) reflects the



measures of
cardiovascular health?

What is the
cardiovascular system?

Create an interval
training workout using
heart rate zones for a
moderately fit teenager.

What is the principle of
progressive overload?

Why do marathon
runners sometimes 'hit
the wall" around mile 20?

A 12-year-old wants to
train in Zone 2 (60-70%
of max heart rate) for
endurance. What heart
rate range should they
aim for?

How does regular
aerobic exercise change
the heart over time?

What is the difference
between aerobic and
anaerobic exercise?

What is interval training,
and why is it effective?

force on artery walls during and between beats. A person can have a normal heart rate
but high blood pressure (indicating stiff arteries or high blood volume). Both are
important cardiovascular health indicators.

The heart, blood vessels, and blood working together to deliver oxygen and
nutrients throughout the body — The cardiovascular system consists of the heart
(pump), blood vessels (arteries, veins, capillaries — the delivery network), and blood (the
transport fluid). Together they deliver oxygen and nutrients to every cell and carry away
carbon dioxide and waste products.

5-min Zone 1 warm-up, then 8 rounds of: 1-min Zone 4 (hard effort) followed by 2-
min Zone 2 (easy recovery), finish with 5-min Zone 1 cool-down — This 34-minute
workout uses heart rate zones strategically: Zone 1 warm-up (5 min) prepares the
cardiovascular system. Eight rounds of Zone 4 intervals (high intensity for cardiovascular
improvement) with Zone 2 recovery (active rest for blood flow). Zone 1 cool-down (5 min)
safely transitions to rest. Total: 8 min hard effort within a structured, safe framework.

Gradually increasing exercise demands (intensity, duration, or frequency) over
time to continue improving fitness — Progressive overload means systematically
increasing exercise stress to force continued adaptation. If you always jog the same
speed for the same time, your body adapts and stops improving. By gradually adding
speed, distance, time, or resistance, you push your body to continue developing. The
increase should be gradual — typically 5-10% per week.

Their glycogen (stored carbohydrate) reserves become depleted, forcing the body
to switch to slower fat-burning for energy — 'Hitting the wall' occurs when glycogen
stores are depleted after ~90-120 minutes of sustained exercise. The body must then
rely primarily on fat oxidation, which produces energy more slowly. This causes a
sudden sensation of extreme fatigue, heavy legs, and difficulty maintaining pace. Proper
carb loading and fueling during the race can delay this.

125-146 BPM (max HR = 220-12 = 208; 60% = 125, 70% = 146) — Step 1: Estimated max
HR =220 - 12 = 208 BPM. Step 2: Zone 2 lower bound =208 x 0.60 = 124.8 ~ 125 BPM.
Step 3: Zone 2 upper bound =208 x 0.70 = 145.6 =~ 146 BPM. So the target range is 125-
146 BPM. This zone builds aerobic endurance and teaches the body to burn fat
efficiently.

The heart becomes stronger, pumping more blood per beat (increased stroke
volume), so it beats fewer times at rest — Regular aerobic exercise makes the heart
muscle stronger, increasing stroke volume (blood pumped per beat). A stronger heart
pumps the same amount of blood with fewer beats, resulting in a lower resting heart
rate. Elite athletes may have resting heart rates of 40-50 BPM versus 70-80 BPM for
inactive people.

Aerobic uses oxygen for sustained moderate activity; anaerobic works without
oxygen for short, intense bursts — Aerobic exercise (jogging, swimming, cycling) uses
oxygen to produce energy and can be sustained for long periods. Anaerobic exercise
(sprinting, heavy lifting) exceeds the oxygen supply, using stored energy for short,
intense bursts (typically under 2 minutes). Both improve different aspects of fitness.

Alternating between high-intensity and low-intensity exercise periods, which
improves both aerobic and anaerobic fitness efficiently — Interval training
alternates bursts of high-intensity effort with recovery periods. Example: sprint 30
seconds, walk 90 seconds, repeat 8 times. This trains both aerobic (during recovery) and



Evaluate this training
plan: A runner increases
their weekly mileage
from 10 miles to 25
miles in one week. Is this
safe?

What role does the
respiratory system play
during exercise?

anaerobic (during sprints) systems, burns more calories in less time, and improves VO2
max faster than steady-state cardio alone.

No — this is a 150% increase, far exceeding the 10% rule; it risks overuse injuries
like stress fractures and tendinitis — This 150% increase violates the 10% rule — a
widely accepted guideline that weekly training volume should increase by no more than
10%. Going from 10 to 25 miles dramatically increases stress on bones, tendons, and
joints before they've adapted, risking stress fractures, shin splints, and tendinitis. Safe
progression: 10 —» 11 — 12 — 13 miles over weeks.

It increases breathing rate and depth to bring more oxygen into the body and
expel more carbon dioxide — During exercise, the respiratory system ramps up
dramatically. Breathing rate increases from ~12-20 breaths/minute at rest to 40-60
during intense exercise. Each breath becomes deeper, moving more air. This increases
oxygen delivery to the blood (which carries it to muscles) and speeds up carbon dioxide
removal (a metabolic waste product).



4. Muscular Strength & Flexibility — Building a Resilient Body

< Question (fold —)

What is the 'mind-
muscle connection' in
strength training?

What does 'reps' and
'sets' mean in strength
training?

Design a bodyweight
circuit workout that
targets all major
muscle groups (upper
body, core, and lower
body) with 6 exercises.

What is proper form
for a push-up?

Evaluate this exercise
recommendation: 'You
should stretch
intensely before every
workout, pushing past
the point of discomfort
for maximum
flexibility gains.'

What is a plank, and
which muscles does it
work?

Why should you never
bounce during a static
stretch?

Answer

Consciously focusing on the specific muscle being worked during an exercise to
improve activation and effectiveness — The mind-muscle connection is the practice of
mentally focusing on the target muscle during exercise. Research shows that consciously
directing attention to a specific muscle increases its neural activation and fiber
recruitment, leading to greater strength gains. Instead of just going through the motions,
you concentrate on feeling the muscle work.

A rep (repetition) is one complete movement; a set is a group of consecutive reps —
like '3 sets of 10 reps' means 10 push-ups, rest, 10 more, rest, 10 more — In strength
training, a 'rep' (repetition) is one complete exercise movement (one push-up from top to
bottom and back). A 'set' is a group of consecutive reps performed without rest. Common
prescription: 3 sets of 10 reps means: do 10 reps, rest 30-90 seconds, do 10 more reps,
rest, do 10 final reps. Lower reps with heavier weight build strength; higher reps build
endurance.

Push-ups (chest/arms), squats (legs), plank (core), lunges (legs/glutes), mountain
climbers (full body/cardio), superman holds (lower back) — A balanced bodyweight
circuit: (1) Push-ups — chest, shoulders, triceps, core. (2) Squats — quadriceps, hamstrings,
glutes. (3) Plank — entire core. (4) Lunges — legs, glutes, balance. (5) Mountain climbers —
full body with cardio. (6) Superman holds — lower back, glutes. Perform each for 30-45
seconds with 15 seconds rest, repeat circuit 2-3 times.

Hands shoulder-width apart, body in a straight line from head to heels, lower until
chest nearly touches floor, push back up while keeping core tight — Proper push-up
form: hands slightly wider than shoulder-width, fingers forward, body rigid like a plank
(straight line from head to heels), lower by bending elbows until chest is near the floor,
push back up. Common errors: hips sagging (weak core), hips piking up, not going low
enough, and elbows flaring 90° to the sides (stresses shoulders).

This is harmful advice — stretching before exercise should be dynamic (not intense
static), and stretching should never cause pain; discomfort signals potential tissue
damage — This advice contains multiple errors: (1) Intense static stretching before
exercise can temporarily weaken muscles and increase injury risk — dynamic stretching is
preferred pre-workout. (2) Stretching should feel tension but never pain — pain signals
tissue damage. (3) Pushing past discomfort risks muscle tears and ligament damage. Good
stretching is gentle and gradual.

A static hold in push-up position (or on forearms) that primarily works the core —
abs, obliques, and lower back — A plank is an isometric (no movement) core exercise
where you hold a rigid position — either on hands (like top of a push-up) or on forearms. It
primarily works the entire core (rectus abdominis, transverse abdominis, obliques, erector
spinae) plus shoulders and glutes. It's one of the most effective core exercises with zero
equipment needed.

Bouncing triggers the stretch reflex, causing the muscle to contract protectively,
which can cause tears and reduces the stretch's effectiveness — Ballistic (bouncing)
stretching triggers the muscle spindle stretch reflex — a protective mechanism that
contracts the muscle when it detects rapid lengthening. This contraction while stretching
can tear muscle fibers. Static stretching (holding a gentle stretch for 15-30 seconds) allows



What is your core, and
why is core strength
important?

Create a flexibility
routine for a soccer
player that targets the
muscles most
important for their
sport.

A student wants to get
stronger but is worried
about getting 'too
bulky.' Should they be
concerned?

Name the three types
of muscles in the
human body.

Why is it important to
train both sides of an
antagonistic muscle
pair equally?

Which exercise
primarily targets the
quadriceps (front thigh
muscles)?

What is the difference
between muscular
strength and muscular
endurance?

Why is flexibility
important for athletes
and non-athletes alike?

the muscle to gradually relax and lengthen safely.

The muscles of your midsection (abs, obliques, lower back, pelvic floor) that stabilize
the spine and transfer force between upper and lower body — The core includes all
muscles surrounding the midsection: rectus abdominis (front), obliques (sides), erector
spinae (lower back), transverse abdominis (deep stabilizer), and pelvic floor muscles. Core
strength is essential because it stabilizes the spine during movement, transfers force
between upper and lower body, maintains posture, and prevents back injuries.

Dynamic warm-up: leg swings, hip circles, walking lunges. Post-game static
stretches: quadriceps stretch, hamstring stretch, hip flexor stretch, calf stretch,
groin stretch (30 sec each) — Soccer demands hip, thigh, and calf flexibility. Pre-game
dynamic stretches: leg swings (front/side), hip circles, walking lunges, and high knees warm
muscles while improving range of motion. Post-game static stretches target the most-used
muscles: quads (kicking), hamstrings (sprinting), hip flexors (running), calves (jumping), and
groin/adductors (side movements).

No — significant muscle bulk requires very specific training, diet, and genetics;
moderate strength training builds lean muscle and functional strength without
excessive size — Getting extremely muscular requires years of dedicated heavy lifting,
specific nutrition protocols, and favorable genetics. Moderate strength training 2-3 times
per week produces lean muscle, improved definition, and functional strength — not
bodybuilder-level bulk. This misconception prevents many people from enjoying the
benefits of strength training.

Skeletal (voluntary movement), cardiac (heart), and smooth (internal organs like
stomach and blood vessels) — The body has three muscle types: skeletal muscles
(attached to bones, voluntary control — used for movement), cardiac muscle (found only
in the heart, involuntary — pumps blood continuously), and smooth muscles (in walls of
organs and blood vessels, involuntary — controls digestion, blood flow, etc.).

Imbalanced training creates unequal pull on joints, leading to poor posture, reduced
range of motion, and increased injury risk — When opposing muscles are unbalanced
(e.g., strong chest with weak upper back), the stronger muscles pull joints out of alignment.
This causes poor posture (rounded shoulders), decreased mobility, and increased injury
risk. Common imbalances: strong quads/weak hamstrings, strong chest/weak back.
Balanced training protects joint health.

Squats — Squats primarily target the quadriceps — the four muscles on the front of the
thigh that extend the knee. They also work the glutes, hamstrings, and core as secondary
muscles. Squats are considered one of the most fundamental strength exercises because
they mimic natural movements like sitting and standing.

Strength is the maximum force a muscle can produce in one effort; endurance is the
ability to sustain repeated contractions over time — Muscular strength is the
maximum force a muscle can generate in a single effort (e.g., one-rep max deadlift).
Muscular endurance is the ability to perform repeated contractions without fatigue (e.g.,
how many push-ups you can do). Both are important: strength for power movements,
endurance for sustained activities.

Good flexibility allows full range of motion at joints, reduces injury risk, improves
posture, and helps muscles work efficiently — Flexibility benefits everyone: it allows
joints to move through their full range of motion, reduces risk of muscle strains and joint
injuries, improves posture by releasing tight muscles, helps muscles work efficiently during
exercise, and eases daily activities like bending, reaching, and turning. It becomes even



What is the difference
between static
stretching and
dynamic stretching?

Compare a push-up
and a bench press.
What muscles do they
work and how do they
differ?

What are the major
muscle groups of the
lower body?

How does strength
training benefit bone
health?

What does it mean
when we say muscles
work in 'antagonistic
pairs'?

What is the correct
way to breathe during
strength exercises?

What is foam rolling,
and how does it help
with recovery?

What is the difference
between concentric

more important as people age.

Static stretching holds a position for 15-30 seconds; dynamic stretching involves
controlled movements through full range of motion — Static stretching holds a stretch
position (touching toes for 30 seconds). Dynamic stretching involves active, controlled
movements (leg swings, arm circles, walking lunges). Research shows dynamic stretching is
better before exercise (warms muscles while stretching them), while static stretching is
better after exercise (when muscles are warm).

Both primarily work chest, shoulders, and triceps, but push-ups are bodyweight
(also engage core) while bench press uses external weight for heavier loads — Push-
ups and bench press both target the pectorals (chest), anterior deltoids (front shoulders),
and triceps through a horizontal pushing motion. The key difference: push-ups use
bodyweight and require core stabilization (essentially a moving plank), while bench press
uses external weight and a stable bench, allowing heavier loads for maximum strength
development.

Quadriceps (front thigh), hamstrings (back thigh), glutes (buttocks), calves (lower
leg), and hip flexors — The major lower body muscle groups are: quadriceps (front of
thigh — extend the knee), hamstrings (back of thigh — flex the knee), gluteus muscles
(buttocks — hip extension and rotation), calves (gastrocnemius and soleus — push off the
ground), and hip flexors (front of hip — lift the knee). Together, they power walking,
running, jumping, and squatting.

The mechanical stress of muscles pulling on bones during strength training
stimulates bone cells to increase bone density, making bones stronger — Wolff's Law
states that bones adapt to the loads placed upon them. During strength training, muscles
pull on bones at attachment points, creating mechanical stress. Bone cells (osteoblasts)
respond by depositing more mineral, increasing bone density. This is especially important
during adolescence (peak bone-building years) and for preventing osteoporosis later in
life.

When one muscle contracts (shortens), its opposing muscle relaxes (lengthens) —
like biceps and triceps — Muscles can only pull (contract), not push. So they work in
antagonistic pairs: when the bicep contracts to bend the elbow, the tricep relaxes and
lengthens. When the tricep contracts to straighten the elbow, the bicep relaxes. Other
pairs: quadriceps/hamstrings (knee), chest/upper back (shoulders).

Exhale during the effort phase (lifting) and inhale during the return phase (lowering)
— Proper breathing during strength training: exhale during the concentric (effort) phase
and inhale during the eccentric (lowering) phase. For example, during a squat: inhale going
down, exhale pushing up. Never hold your breath — this causes the Valsalva maneuver,
which dangerously increases blood pressure. Rhythmic breathing provides oxygen and
stabilizes the core.

Self-massage using a foam cylinder that releases muscle tension, improves blood
flow, and reduces soreness after exercise — Foam rolling (self-myofascial release)
involves rolling a cylindrical foam tool over muscles to release tension in the fascia
(connective tissue surrounding muscles). It increases blood flow to the area, helps break
up muscle adhesions ('knots'), and reduces post-exercise soreness. It's most beneficial
after exercise or on rest days as part of recovery.

Concentric: the muscle shortens while generating force (lifting); Eccentric: the
muscle lengthens while generating force (lowering) — During a bicep curl, the
concentric phase is curling the weight up (bicep shortens). The eccentric phase is lowering



and eccentric muscle
contractions?

What are bodyweight
exercises, and why are
they good for
beginners?

What is an isometric
exercise? Give an
example.

the weight down (bicep lengthens while still contracting to control the descent). Eccentric
contractions actually cause more muscle damage (and therefore more growth) than
concentric — that's why lowering slowly is effective for building strength.

Exercises using your own body mass as resistance; they're safe, require no
equipment, can be done anywhere, and teach proper movement patterns —
Bodyweight exercises use your own mass as resistance: push-ups, squats, lunges, planks,
pull-ups, burpees. They're ideal for beginners because they require no equipment, can be
modified (e.g., wall push-ups — knee push-ups — full push-ups), develop fundamental
movement patterns, and carry lower injury risk than free weights.

An exercise where the muscle contracts without changing length — Isometric
exercises involve muscle contraction without joint movement — the muscle generates
force while maintaining a constant length. Examples: plank (core holds steady), wall sit
(quads contract while you 'sit' against a wall), holding a push-up at the bottom position.
They build strength at the specific angle held and are useful for rehabilitation.



5. Sports Science & Biomechanics — The Science of Movement

< Question (fold —)

What is the difference
between an acute injury
and an overuse injury?

What is the most
common type of sports
injury among young
athletes?

Compare and contrast
the biomechanics of a
vertical jump and a long
jump. How does the
angle of force
application differ
between them?

Create an injury
prevention checklist
that a youth sports
team should follow
before every practice.
Include at least 5 items
covering equipment,
warm-up, environment,
and hydration.

What is biomechanics?

Why is proper footwear
important for injury
prevention during
physical activity?

What does the acronym
RICE stand for in injury
treatment?

Judge the quality of this
warm-up routine for a
soccer practice: 5
minutes of static
stretching, then
immediately into full-
speed sprints. What

Answer

An acute injury happens suddenly from a single event, while an overuse injury
develops gradually from repetitive stress — Acute injuries result from a single
traumatic event (a fall, collision, or twist), while overuse injuries develop gradually from
repetitive microtrauma when tissues don't have enough time to recover between bouts
of activity.

Sprains and strains — Sprains (ligament injuries) and strains (muscle/tendon injuries)
are the most common sports injuries in young athletes, often resulting from sudden
movements, overuse, or inadequate warm-up.

A vertical jump applies force straight down for maximum upward height, while a
long jump applies force at an angle (about 45°) to maximize horizontal distance —
In a vertical jump, the goal is maximum height, so force is directed straight down through
the feet to propel the body upward. In a long jump, the goal is maximum distance,
requiring force at an optimal takeoff angle (approximately 20-25° in practice, less than the
theoretical 45° due to speed). The long jump also converts horizontal running speed into
launch velocity.

1) Inspect field/court for hazards (holes, wet spots, debris); 2) Check that all players
have proper footwear and equipment; 3) Ensure water bottles are accessible; 4)
Lead a 10-minute dynamic warm-up; 5) Verify first-aid kit is present; 6) Check
weather conditions (heat index, lightning); 7) Confirm coach knows emergency
action plan — A comprehensive pre-practice safety checklist addresses multiple risk
factors: environmental hazards (field conditions, weather), equipment readiness (proper
gear, first-aid supplies), physiological preparation (dynamic warm-up, hydration), and
emergency preparedness (action plan, emergency contacts). Systematic safety habits
significantly reduce preventable injuries.

The study of how forces act on the body during movement — Biomechanics applies
the principles of mechanics (forces, motion, energy) to biological systems, helping us
understand how the body moves and how to move more efficiently.

Appropriate shoes provide support, cushioning, and traction specific to the activity,
reducing impact forces on joints — Activity-specific footwear is designed to handle the
unique forces of each sport. Running shoes cushion repetitive forward impacts,
basketball shoes provide ankle support for lateral cuts, and cleats offer traction on grass.
Proper fit reduces blisters, stress fractures, and joint strain.

Rest, Ice, Compression, Elevation — RICE (Rest, Ice, Compression, Elevation) is a widely
taught first-aid protocol for treating acute soft tissue injuries like sprains and strains. It
helps reduce swelling and pain in the initial hours after injury.

Static stretching before intense activity can temporarily reduce power output —
Research shows that prolonged static stretching before explosive activity can temporarily
decrease muscle power and sprint speed. An evidence-based warm-up progresses from
light aerobic activity (jogging) to dynamic movements (high knees, butt kicks, leg swings)
to sport-specific movements at increasing intensity. Static stretching is better suited for



would you change and
why?

A company claims their
training device 'adds 6
inches to your vertical
jump in just 2 weeks
with no exercise
required.' Evaluate
whether this claim is
credible.

Design a
biomechanically sound
technique for a
beginning shot-putter.
Describe the sequence
of body movements
from start to release
using the kinetic chain
concept.

Apply RICE to this
scenario: During a
soccer game, a player
rolls their ankle and it
begins swelling. What
should you do in the
first 20 minutes?

Analyze why overuse
injuries are becoming
more common in youth
sports. What societal or
training factors
contribute to this trend?

Design a 4-week
progressive overload
plan for someone who
can currently do 10
push-ups. Include
weekly targets and
explain the progression
logic.

A swimmer's coach tells
them to reduce drag in
the water. Analyze
which of these changes
would most effectively
reduce drag and
explain why.

the cool-down phase.

The claim is not credible — significant vertical jump gains require progressive
resistance training and plyometrics over months, and no passive device can
substitute for actual neuromuscular adaptation — Neuromuscular adaptations
(improved muscle recruitment, tendon stiffness, muscle power) require weeks to months
of progressive training stimulus. No passive device can replicate the physiological
adaptations that produce real vertical jump improvement. Such claims typically lack peer-
reviewed evidence and exploit consumers' desire for shortcuts.

Start facing away from the target with the shot at the neck. Push off the back foot,
drive the hips forward and rotate, then the torso follows, then the shoulder, then
extend the arm, and finally flick the wrist — each segment accelerates the next in
sequence from large muscles to small muscles — An effective shot put technique uses
the kinetic chain: force begins at the ground through the legs, transfers through hip
rotation, then trunk rotation, shoulder drive, arm extension, and finally wrist flick at
release. Each segment decelerates as the next accelerates, like a whip, culminating in
maximum velocity at the hand. The release angle should be approximately 35-42° for
optimal distance.

Have them stop playing (Rest), apply an ice pack wrapped in cloth (Ice), wrap the
ankle with an elastic bandage (Compression), and prop the foot up on a bag
(Elevation) — Applying RICE immediately after an acute soft tissue injury helps minimize
swelling and pain. Rest prevents further damage, ice constricts blood vessels to reduce
swelling, compression limits fluid accumulation, and elevation uses gravity to drain excess
fluid away from the injury.

Early sport specialization, year-round single-sport participation, increased training
volumes at young ages, and insufficient rest periods contribute to rising overuse
injury rates in youth athletes — The rise in youth overuse injuries correlates with a
cultural shift toward early single-sport specialization, year-round training, and increased
competitive intensity at younger ages. Growing bodies with open growth plates are
especially vulnerable to repetitive stress. Multi-sport participation, adequate rest, and
age-appropriate training volumes are key preventive strategies.

Week 1: 3 sets of 10; Week 2: 3 sets of 12; Week 3: 4 sets of 10; Week 4: 4 sets of 12 —
A well-designed progressive overload plan increases total training volume by
approximately 10-20% per week. Starting at 3x10 (30 total), progress to 3x12 (36, +20%),
then 4x10 (40, +11%), then 4x12 (48, +20%). This gradual approach gives muscles,
tendons, and connective tissue time to adapt while continuously providing a training
stimulus for growth. — progressing by adding reps first, then sets, increasing total
volume by roughly 10-20% per week.

Streamlining body position (keeping the body horizontal and elongated) reduces
frontal area, which is the biggest factor in water resistance — Hydrodynamic drag
depends primarily on frontal area (the cross-section pushing through the water), body
position, and surface texture. Streamlining — keeping the body horizontal, elongated,
and aligned — minimizes the frontal area, reducing form drag, which is the dominant
type of drag in swimming.



What does the principle
of progressive overload
mean in training?

Evaluate this coaching
advice: 'Young athletes
should specialize in one
sport by age 10 to
maximize their chance
of becoming elite." Is
this supported by
sports science
research?

Why is it important to
train opposing muscle
groups equally (like
biceps and triceps)?

Two athletes both
bench press 100
pounds. Athlete A
weighs 120 pounds and
Athlete B weighs 200
pounds. Analyze who
demonstrates greater
relative strength and
why this matters.

A basketball player
wants to jump higher
for rebounds. Which
training principle
should guide their
program design?

You're coaching a friend
on their throwing
technique. Using
biomechanics, what
should you tell them
about generating power
in a throw?

A runner has been
doing the same 3-mile
jog at the same pace for
6 weeks but stopped
improving. What
training principle
explains this, and what
should they change?

Gradually increasing the stress placed on the body over time to improve fitness —
Progressive overload is a fundamental training principle stating that the body must be
challenged with gradually increasing demands (weight, reps, duration, or intensity) to
continue making fitness gains.

Research generally contradicts this — early diversification (playing multiple sports)
develops broader athletic skills, reduces burnout and overuse injuries, and most
elite athletes specialized later (around 15-16) — The American Academy of Pediatrics
and most sports science research recommends against early single-sport specialization.
Multi-sport participation before age 15-16 builds diverse movement skills, reduces
overuse injury risk, decreases burnout, and is actually the more common pathway to elite
performance. Studies show most Olympic athletes played multiple sports as children.

Imbalanced muscles can lead to poor posture, reduced performance, and increased
injury risk — Muscle imbalances create uneven forces across joints, leading to poor
alignment, compensatory movement patterns, and higher injury risk. Training opposing
muscle groups (agonist/antagonist pairs) maintains joint stability and proper mechanics.

Athlete A has greater relative strength (lifting 83% of bodyweight vs. 50%) —
relative strength matters more for sports requiring moving your own body, like
gymnastics or climbing — Relative strength (strength-to-bodyweight ratio) determines
how well an athlete can move their own body. Athlete A lifts 83% of their bodyweight
(100/120) versus Athlete B at 50% (100/200). This distinction matters in bodyweight-
dependent activities like gymnastics, rock climbing, and martial arts, where moving your
own mass is the primary challenge.

Specificity — training should mimic the explosive leg movements used in jumping
— The specificity principle states that training adaptations are specific to the type of
exercise performed. To jump higher, training should include explosive movements like
plyometrics, squats, and box jumps that target the same muscle groups and movement
patterns used in vertical jumping.

Power comes from the ground up through a kinetic chain — The kinetic chain
describes how force is generated from the ground and transferred sequentially through
body segments. In throwing, the legs push off the ground, the hips rotate, the trunk
follows, then the shoulder, elbow, and wrist each add speed. This sequential transfer
maximizes velocity at the hand.

They've hit a plateau because they haven't applied progressive overload — When
the body fully adapts to a training stimulus, improvement stops (plateau). The progressive
overload principle requires gradually increasing the challenge — adding distance,
increasing pace, incorporating hill sprints, or adding interval training — to continue
making gains. — they should increase distance, speed, or add intervals.



Which of these best
explains why a sprinter
leans forward at the
start of a race?

How does Newton's
Third Law of Motion
apply to running?

Examine this training
schedule: Monday —
heavy legs, Tuesday —
heavy legs, Wednesday
— heavy legs, Thursday
— heavy legs, Friday —
heavy legs. What
problems would this
cause and what
principle is being
ignored?

Your teammate
complains of pain on
the outside of their
knee after increasing
their running mileage
by 50% in one week.
What likely happened
and what principle did
they violate?

Leaning forward shifts their center of gravity ahead, creating forward momentum
when they push off — By leaning forward, a sprinter positions their center of gravity
ahead of their base of support. When they push off the blocks, gravity assists their
forward acceleration rather than working against it.

When your foot pushes backward against the ground, the ground pushes your body
forward with an equal and opposite force — Newton's Third Law states that for every
action there is an equal and opposite reaction. When a runner's foot pushes backward
against the ground (action), the ground pushes the runner forward (reaction), propelling
them ahead.

This ignores the recovery principle — muscles need 48-72 hours to repair after
heavy training, and overtraining without rest leads to fatigue, injury, and
decreased performance — Muscles don't grow during exercise — they grow during
recovery when the body repairs microdamage from training. Training the same muscles
intensely every day without adequate recovery (typically 48-72 hours for heavy training)
leads to overtraining syndrome: chronic fatigue, decreased performance, elevated injury
risk, and impaired immune function.

They likely developed an overuse injury (like IT band syndrome) by violating the
10% rule — increasing training volume too quickly — The 10% rule is a guideline that
recommends increasing training volume (distance, duration, or intensity) by no more
than 10% per week. A 50% increase dramatically exceeds this, not giving tendons,
ligaments, and bones enough time to adapt, leading to overuse injuries like IT band
syndrome or stress fractures.



6. Mental Health & the Exercise Connection — Mind-Body Synergy

< Question (fold

-)

What is the
connection
between physical
activity and self-
esteem in
adolescents?

Evaluate the
claim: 'Exercise is
just as effective as
antidepressant
medication for
treating mild-to-
moderate
depression.' What
does the research
actually say?

Explain how goal-
setting can
improve exercise
motivation. What
makes a fitness
goal effective?

Create a
motivational
strategy for
someone who has
tried and failed to
maintain an
exercise routine
multiple times.
Design a plan that
addresses the
psychological
barriers to long-
term adherence.

What is cortisol,
and what role
does it play during
exercise?

Answer

Regular physical activity improves self-esteem by building physical competence,
achieving personal goals, improving body image, and providing social connection
through team activities — Physical activity boosts adolescent self-esteem through multiple
channels: developing physical skills builds a sense of competence, meeting fitness goals creates
achievement satisfaction, improved fitness can enhance body image, and team sports provide
social belonging. These effects are strongest when activities are enjoyable, self-chosen, and
focused on personal improvement rather than competition.

Research supports that regular exercise can be as effective as medication for mild-to-
moderate depression, but this doesn't mean people should stop medication without a
doctor's guidance — exercise works best as part of a comprehensive treatment plan —
Several well-designed studies (including the SMILE trial by Blumenthal et al.) have found that
regular aerobic exercise (30 minutes, 3-5 days/week) can be comparable to SSRI medication for
mild-to-moderate depression. However, this evidence applies to specific populations and
severity levels. Exercise should complement, not replace, professional treatment. Anyone on
medication should consult their doctor before making changes. For severe depression,
medication and therapy remain first-line treatments.

Effective fitness goals are specific, measurable, achievable, relevant, and time-bound
(SMART) — they provide clear direction, enable progress tracking, and create a sense of
accomplishment when reached — SMART goals (Specific, Measurable, Achievable, Relevant,
Time-bound) are more effective than vague intentions because they provide clear targets,
enable objective progress tracking, and create frequent 'wins' that reinforce motivation.
Combining process goals (exercise 4 days/week) with outcome goals (run a mile in 8 minutes) is
especially effective for sustaining long-term exercise behavior.

Start with a 5-minute daily commitment (too small to fail), link it to an existing habit
(after morning coffee), choose an enjoyable activity (not what 'should' be done), track
consistency not intensity, plan for missed days without guilt, build social accountability,
and celebrate small wins — Repeated failure creates 'learned helplessness' around exercise.
The strategy must rebuild self-efficacy gradually: ultra-small starting commitments (2-5
minutes) make failure nearly impossible, habit stacking removes decision fatigue, focusing on
enjoyment over obligation builds intrinsic motivation, tracking consistency rather than
performance avoids discouragement, self-compassion for missed days prevents all-or-nothing
abandonment, and social accountability provides external support. The goal is building identity
('I'm someone who moves daily') rather than achieving specific outcomes.

Cortisol is a stress hormone that helps mobilize energy during exercise but can have
negative health effects when chronically elevated from prolonged stress — Cortisol is
released by the adrenal glands in response to stress, including exercise. During physical
activity, it helps mobilize glucose for energy and reduce inflammation. However, chronic
elevation from ongoing psychological stress can impair immune function, disrupt sleep,
promote fat storage, and interfere with recovery — which is why regular exercise helps by
'using up' cortisol constructively.



What are
endorphins?

Analyze why New
Year's fitness
resolutions fail so
often. What
psychological
factors contribute
to this, and what
evidence-based
alternatives would
work better?

Design a 'mental
health workout' —
a 30-minute
exercise session
specifically
structured to
maximize mood
improvement and
stress relief.
Explain why you
chose each
component.

You've been
feeling stressed
about upcoming
exams. Using
what you know
about exercise
and stress, create
a plan for using
physical activity to
manage your
stress this week.

Compare the
mental health
benefits of
exercising alone
versus exercising
inagroup. In
what situations
might each be
preferable?

Analyze why
someone who
exercises regularly

Natural chemicals produced by the brain during exercise that reduce pain and create
feelings of well-being — Endorphins are neurotransmitters produced by the central nervous
system during sustained exercise. They bind to opioid receptors in the brain, reducing the
perception of pain and triggering positive feelings often called the 'runner's high.'

Resolutions fail because they're typically too ambitious, lack specific plans, rely on
willpower alone, and don't build habits gradually. Better approaches include starting
small, building identity-based habits, using implementation intentions ('when X, I'll do
Y'), and tracking progress — Research on behavior change shows that resolutions fail due to
unrealistic goals, all-or-nothing thinking, lack of specific action plans, and over-reliance on
motivation (which is temporary). Evidence-based alternatives include: starting with tiny habits
(2-minute rule), using implementation intentions (‘After dinner, I'll walk for 15 minutes'), habit
stacking (linking new behavior to existing routines), identity-based goals ('I'm a person who
moves daily' vs 'l want to lose weight'), and self-compassion when setbacks occur.

5-min mindful walking warm-up (calms the mind); 15-min moderate jogging or cycling
(sustained aerobic for endorphin release); 5-min bodyweight exercises (builds confidence
and self-efficacy); 5-min cool-down stretching with deep breathing (activates
parasympathetic system for calm) — A mental health-focused workout combines multiple
beneficial modalities: mindful warm-up (transitions from stress state to present-moment
awareness), sustained moderate aerobic exercise (optimal intensity for endorphin release and
cortisol reduction — too intense can increase cortisol), brief strength work (builds self-efficacy
and confidence), and a mindful cool-down with deep breathing (activates the parasympathetic
nervous system, promoting calm). The moderate intensity and enjoyable pace are deliberate —
pushing too hard can increase stress rather than relieve it.

Schedule 20-30 minutes of moderate exercise (walking, jogging, cycling) at least 4 days
this week, ideally in the afternoon to avoid disrupting sleep, choosing activities you
enjoy to maximize mood benefits — Research shows that even 20-30 minutes of moderate
aerobic exercise significantly reduces cortisol levels and anxiety. Exercising during exam
periods — not instead of studying — actually improves academic performance by enhancing
concentration, memory consolidation, and sleep quality. Afternoon exercise is ideal because it
allows study time in the morning and doesn't interfere with sleep onset.

Solo exercise offers personal reflection, stress relief, and autonomy; group exercise
provides social connection, accountability, and motivation. Solo is better when you need
to decompress privately; group is better when you need social support or motivation —
Solo exercise benefits include: personal reflection and mindfulness, control over pace and
intensity, processing emotions privately, and building self-reliance. Group exercise benefits
include: social connection and belonging, accountability (harder to skip), motivation from group
energy, and shared accomplishment. Introverts may prefer solo exercise for recovery, while
those struggling with isolation benefit more from group settings. Ideally, a weekly routine
includes both.



might still
experience poor
mental health.
What does this tell
us about the
relationship
between exercise
and mental
wellness?

Why does exercise
help reduce
feelings of
anxiety?

Analyze the
psychological
concept of
'exercise
addiction.' How
can something
healthy become
harmful?

What does
'intrinsic
motivation' mean
in the context of
exercise?

A social media
fitness influencer
posts: 'If you're
feeling depressed,
just go to the gym!
No excuses!'
Evaluate this
advice. What's
helpful and what's
potentially
harmful about this
message?

A friend says they
want to start
exercising but feel
too anxious about
going to the gym
because they're

Exercise is one important factor but not a cure-all — Mental health is multifactorial —
influenced by genetics, brain chemistry, life experiences, relationships, sleep, nutrition,
socioeconomic conditions, and more. Exercise is a powerful protective factor and treatment
adjunct, but it cannot overcome all risk factors alone. This is why exercise is recommended as
part of a comprehensive approach to mental health, alongside therapy, social support,
adequate sleep, and when needed, professional medical treatment.

Exercise burns off stress hormones like cortisol and adrenaline, releases calming
neurotransmitters, distracts from worrying thoughts, and builds confidence in handling
physical stress — Exercise reduces anxiety through multiple pathways: it metabolizes stress
hormones (cortisol, adrenaline) that drive anxious feelings, stimulates production of calming
neurotransmitters (serotonin, GABA), provides cognitive distraction from worry, and builds self-
efficacy by demonstrating you can handle physical stress. Regular exercise has been shown to
be as effective as medication for mild-to-moderate anxiety.

Exercise addiction occurs when someone becomes compulsively dependent on exercise,
continuing despite injury, social withdrawal, or distress when unable to exercise — the
behavior shifts from health-promoting to harm-causing when it controls the person
rather than the person controlling it — Exercise addiction is a recognized behavioral pattern
where exercise becomes compulsive. Warning signs include: inability to reduce exercise despite
wanting to, exercising through pain or injury, experiencing withdrawal symptoms (anxiety,
irritability) when unable to exercise, prioritizing exercise over relationships and responsibilities,
and using exercise as the only coping mechanism. It often co-occurs with disordered eating.
The key distinction is loss of control — the person feels they must exercise rather than
choosing to.

Exercising because you genuinely enjoy it or find it personally satisfying, not for external
rewards — Intrinsic motivation comes from internal satisfaction — enjoying the activity itself,
feeling accomplished, or valuing personal health. It's contrasted with extrinsic motivation,
which is driven by external rewards like trophies, grades, or social approval. Research
consistently shows intrinsic motivation leads to more sustained, long-term exercise habits.

While the core idea (exercise helps mood) is supported by science, the dismissive tone
minimizes the difficulty of depression, creates guilt for those who can't 'just' exercise,
and ignores that depression often saps the energy needed to work out. Better messaging
acknowledges the struggle while encouraging small steps — This advice contains a kernel
of truth (exercise does improve mood) wrapped in harmful packaging. Depression involves
fatigue, low motivation, and negative self-talk — telling someone to 'just' exercise dismisses
these real symptoms. 'No excuses' language creates shame and guilt. Responsible messaging
acknowledges the difficulty, suggests achievable starting points (a 5-minute walk), normalizes
professional help, and avoids positioning exercise as a replacement for treatment.

Suggest starting with home workouts or outdoor activities, exercising with a supportive
friend, focusing on personal progress rather than comparison, setting small achievable
goals, and reminding them that most people at gyms are focused on themselves — Gym



afraid of being
judged. How
would you help
them overcome
this barrier using
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strategies?
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physical activity
for adolescents
according to
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What is the 'fight-
or-flight'
response?
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quality?

Compare how
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wide initiative that
uses physical
activity to improve
student mental
health. Include
specific programs,
scheduling, and
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Your team lost an

anxiety is a common barrier to exercise. Effective strategies include starting in comfortable
environments (home, outdoors), exercising with supportive partners, using cognitive reframing
(most people are focused on their own workout), setting small process goals (just show up for
10 minutes), and gradually building confidence through accomplishment. Dismissing
someone's anxiety only reinforces avoidance.

At least 60 minutes of moderate-to-vigorous physical activity per day — The CDC, WHO,
and SHAPE America all recommend that children and adolescents get at least 60 minutes of
moderate-to-vigorous physical activity every day. This can include structured exercise, active
play, sports, and active transportation. It doesn't have to be continuous — it can be
accumulated throughout the day.

The body's automatic stress reaction that prepares you to face danger or escape by
increasing heart rate, breathing, and alertness — The fight-or-flight response is an
automatic physiological reaction triggered by the sympathetic nervous system when the brain
perceives a threat. It releases adrenaline and cortisol, increasing heart rate, blood pressure,
breathing rate, and muscle tension to prepare the body for immediate physical action.

Exercise helps regulate the body's circadian rhythm, reduces stress hormones, increases
time in deep sleep stages, and promotes physical tiredness that aids sleep onset —
Regular exercise improves sleep through multiple mechanisms: it helps regulate circadian
rhythm through body temperature changes, reduces cortisol and anxiety that interfere with
sleep, increases time spent in restorative deep sleep stages, and creates healthy physical
fatigue. However, vigorous exercise too close to bedtime (within 1-2 hours) can temporarily
disrupt sleep onset.

Aerobic exercise is strongest for reducing anxiety and depression through endorphins
and cardio benefits; strength training builds self-efficacy and body confidence;
yoga/mindfulness exercises reduce stress through breath control, present-moment
focus, and parasympathetic activation — Each exercise modality provides distinct mental
health benefits. Aerobic exercise has the strongest evidence for reducing anxiety and
depression through endorphin release, cardiovascular improvements, and cortisol metabolism.
Strength training uniquely builds self-efficacy (mastering progressively heavier loads) and body
confidence. Yoga and mindfulness-based exercises activate the parasympathetic nervous
system through breath control, promoting stress reduction, emotional regulation, and body
awareness. An ideal program combines all three.

Implement daily 15-min movement breaks between classes, weekly group fitness
options (yoga, dance, sports), peer-led walking clubs at lunch, staff training on exercise-
mental health connection, and measure success through student well-being surveys,
attendance rates, and academic performance tracking before and after implementation
— An effective school-wide initiative addresses diverse needs: structured movement breaks
boost attention and reduce sitting time, diverse activity options (yoga, dance, sports, walking)
ensure every student finds something appealing, peer leadership creates ownership and social
connection, staff education ensures adults model and support active behavior, and evidence-
based measurement (pre/post well-being surveys, attendance data, academic metrics)
demonstrates impact for continued funding and support.



important game
and your
teammate is very
upset. Using your
knowledge of
exercise
psychology, how
could you help
them process this
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a healthy way?

Assess whether
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are always good
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Acknowledge their feelings, remind them that setbacks are part of growth, suggest a
light physical activity together to boost mood, help them identify what they did well and
what to work on, and focus on controllable factors for next time — Healthy processing of
athletic disappointment involves emotional validation (it's okay to feel upset), perspective
(losses are learning opportunities), active coping (light exercise together to boost mood via
endorphins), constructive analysis (what to improve), and refocusing on controllable factors
(effort, preparation, attitude). This approach builds resilience and a growth mindset, both
crucial for long-term athletic and personal development.

Competition can build resilience, teamwork, and achievement motivation, but it can also
cause anxiety, burnout, and low self-worth — the outcome depends on coaching style,
parental pressure, whether winning is overemphasized, and the athlete's personality —
The mental health impact of competitive sports depends heavily on contextual factors: a
mastery-oriented climate (emphasizing improvement and effort) promotes well-being, while an
ego-oriented climate (emphasizing winning and comparison) increases anxiety. Supportive
coaching, age-appropriate expectations, balanced schedules with rest, athlete autonomy, and
emphasis on enjoyment are protective factors. Risk factors include parental overinvestment,
early specialization pressure, and coaches who tie athlete worth to performance outcomes.

Flow occurs when challenge level matches skill level — Flow state (described by
Csikszentmihalyi) occurs when the challenge of an activity closely matches the person's skill
level. In exercise, flow conditions include: a clear goal (complete the circuit, maintain a pace),
challenge-skill balance (hard enough to engage but not overwhelm), immediate feedback (heart
rate monitor, pace tracker), and focused concentration. Activities like rock climbing, martial
arts, and interval training naturally promote flow because they demand continuous attention.
— the workout should be difficult enough to require full attention but not so hard it causes
anxiety, with clear goals and immediate feedback on performance.

Morning exercise increases blood flow to the brain, releases neurotransmitters
(dopamine, serotonin, norepinephrine) that enhance focus and memory, and reduces
restless energy that interferes with concentration — Exercise boosts cognitive function
through several mechanisms: increased cerebral blood flow delivers more oxygen and glucose
to the brain, neurotransmitter release (dopamine, norepinephrine, serotonin) enhances
attention and working memory, brain-derived neurotrophic factor (BDNF) supports neural
plasticity and learning, and physical activity reduces excess energy and anxiety that impair
concentration. Studies show even a single bout of moderate exercise improves cognitive
performance for 1-2 hours afterward.



7. Exercise Physiology — How Your Body Adapts and Performs

< Question (fold
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Design a research
question and
simple
experiment that a
student could
conduct to test
how exercise
intensity affects
heart rate
recovery time.
Include the
variables,
procedure, and
how to analyze
results.

Design a training
program for a
student who
wants to prepare
for their school's
fitness test (1-mile
run, push-ups, sit-
ups, and sit-and-
reach). They have
8 weeks and
currently struggle
with all four
components.

Calculate the
approximate
caloric
expenditure for a
60 kg person
running at a
moderate pace
for 45 minutes,
given that
moderate running
burns
approximately 8

calories per kg per

hour.

A soccer player
needs sustained
energy for a 90-

Answer

Research question: 'Does higher exercise intensity lead to longer heart rate recovery
time?' Independent variable: exercise intensity (walking, jogging, sprinting). Dependent
variable: time for heart rate to return to within 10 BPM of resting. Controls: same
person, same environment, same rest period between tests. Procedure: record resting
HR, perform 2 minutes at each intensity with 10-minute rest between, record recovery
time. Analyze by graphing intensity vs. recovery time — This experiment applies the
scientific method to exercise physiology. By testing the same person at different intensities
with standardized conditions, it isolates intensity as the variable. The hypothesis (higher
intensity = longer recovery) tests the relationship between exercise demand and cardiovascular
recovery. Graphing the results reveals the dose-response relationship. Extensions could test
fitness level effects (comparing athletes to non-athletes) or the impact of active vs. passive
recovery on return to baseline.

Weeks 1-4: Build base with 3 days/week of run-walk intervals (gradually increasing run
time), 2 days of bodyweight circuits (push-ups, planks, sit-ups with modifications), and
daily stretching. Weeks 5-8: Increase running to continuous jogging, add push-up and sit-
up volume progressively, and include PNF stretching for sit-and-reach. Include rest days
and a taper in week 8 — An 8-week program should apply progressive overload across all four
fitness domains. Phase 1 (weeks 1-4) builds a foundation: run-walk intervals progress from
mostly walking to majority running, bodyweight exercises start with modifications and build
volume, daily stretching improves flexibility. Phase 2 (weeks 5-8) increases intensity: continuous
running at test pace, higher-volume strength circuits, PNF stretching for deeper range. Week 8
includes a taper (reduced volume, maintained intensity) so the body is recovered for test day.
Rest days are essential for adaptation.

360 calories — calculated as 60 kg x 8 cal/kg/hour x 0.75 hours = 360 calories — Caloric
expenditure = body weight (kg) x MET-based calorie rate (cal/kg/hr) x duration (hours). For a 60
kg person running at 8 cal/kg/hr for 45 minutes (0.75 hours): 60 x 8 x 0.75 = 360 calories. This is
an estimate — actual expenditure varies with individual fitness level, running efficiency, terrain,
and temperature.

They'll primarily use the aerobic system burning carbohydrates (glycogen) and some fat



minute match.
Using your
knowledge of
energy systems,
explain which
fuels their body
will primarily use
and when during
the game.

What is the
principle of
reversibility in
exercise science?

What does 'EPOC'
stand for, and
what does it
mean?

What are the
three energy
systems the body
uses to produce
ATP (energy)
during exercise?

A supplement
company claims
their product
'boosts
metabolism by
500%' and 'melts
fat without
exercise.' Evaluate
this claim using
your knowledge
of exercise
physiology and
metabolism.

What is body
composition?

Your friend has
been doing only
long, slow jogging

during sustained running. During sprints and tackles, anaerobic glycolysis takes over
briefly. Late in the game, fat becomes a larger fuel source as glycogen depletes — During
a soccer match, energy systems work in concert: the aerobic system dominates during jogging
and moderate running (using glycogen and fat), while anaerobic glycolysis powers repeated
high-intensity sprints, changes of direction, and tackles (producing lactate). The
phosphocreatine system fuels explosive jumps and accelerations lasting under 10 seconds. As
the game progresses and glycogen depletes, fat metabolism increases and intensity typically
drops — which is why halftime nutrition and pre-game carbohydrate loading matter.

Fitness gains are lost when training stops — the body gradually returns to its pre-
training state, often called 'use it or lose it' — The reversibility principle states that training
adaptations are transient — when the training stimulus is removed, the body gradually returns
toward its pre-training condition. Cardiovascular fitness declines within 1-2 weeks of inactivity,
and muscle strength and size decrease within 2-4 weeks. This is why consistent, long-term
training is essential for maintaining fitness gains.

Excess Post-Exercise Oxygen Consumption — the increased calorie burn that continues
after exercise as the body recovers and returns to its resting state — EPOC (Excess Post-
Exercise Oxygen Consumption) is the elevated oxygen consumption (and thus calorie burn)
that occurs after exercise ends. The body uses this extra energy to replenish ATP and
phosphocreatine stores, clear lactate, repair muscle tissue, and restore body temperature.
EPOC is higher after more intense exercise and can last from 15 minutes to 48 hours.

The phosphocreatine (immediate) system, anaerobic glycolysis (short-term), and aerobic
(oxidative) system — The body produces ATP through three energy systems: the
phosphocreatine (PCr) system provides immediate energy for 0-10 seconds of maximal effort;
anaerobic glycolysis breaks down glucose without oxygen for 10 seconds to 2 minutes of high-
intensity effort; and the aerobic system uses oxygen to metabolize carbohydrates and fats for
sustained activity beyond 2 minutes.

This claim is not credible — no legal supplement can increase metabolism by 500%, the
body's metabolic rate is primarily determined by lean mass, age, and activity level, and
sustainable fat loss requires an energy deficit through diet and exercise, not
supplements — A 500% metabolic increase would be physiologically dangerous — it would
cause extreme heat production, organ stress, and potentially death. The most potent
thermogenic substances (like DNP, which is toxic and illegal) increase metabolism by only 30-
50%. Legal caffeine-based supplements may increase BMR by 3-11% temporarily. Sustainable
body composition changes require consistent caloric management and exercise. Supplement
industry marketing exploits poor scientific literacy — always look for peer-reviewed evidence,
not testimonials or before/after photos.

The ratio of fat mass to lean mass (muscle, bone, water, organs) in the body — Body
composition refers to the proportions of fat and non-fat (lean) mass in the body. Unlike body
weight alone, body composition reveals the relative amounts of muscle, bone, water, and fat
tissue. A person with more muscle and less fat has a healthier body composition than someone
of the same weight with less muscle and more fat.

Introduce training variety through periodization: add interval training (tempo runs,



for 3 months and
has plateaued in
their VO2 max
improvements.
Using
periodization
principles, suggest
how they should
modify their
training.

Create an
educational
infographic
concept
explaining the
three energy
systems. For each
system, specify:
the fuel source,
duration it
dominates, an
example
sport/activity, and
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claim: 'You must
exercise in the fat-
burning zone (low
intensity) to lose
body fat.' Is this
accurate?

Analyze the
physiological
reasons why an
unfit person
becomes
breathless during
exercise much
faster than a fit
person
performing the
same activity.

What is basal
metabolic rate
(BMR)?

fartlek), include one long run per week, add hill work, and cycle between high-intensity
and recovery weeks to provide new stimuli — Periodization is the systematic planning of
training variety to optimize adaptation and prevent stagnation. For a plateaued runner: tempo
runs (at lactate threshold) improve lactate clearance, intervals (at VO2 max intensity) stimulate
maximum oxygen uptake, long slow runs build aerobic base and fat oxidation, hill repeats
develop power and running economy, and recovery weeks prevent overtraining. Cycling
between these stimuli forces continuous adaptation — the body can't plateau because the
demands keep changing.

PCr System: creatine phosphate, 0-10 seconds, 100m sprint/shot put, limited by PCr
stores; Anaerobic Glycolysis: glucose/glycogen, 10 sec-2 min, 400m run/wrestling, limited
by H+ accumulation (acidosis); Aerobic System: carbs and fats with oxygen, 2+ minutes,
marathon/cycling, limited by oxygen delivery and mitochondrial capacity — The three
energy systems form a continuum: the PCr system provides instant energy by splitting creatine
phosphate (no oxygen needed), but stores deplete in ~10 seconds. Anaerobic glycolysis
partially breaks down glucose without oxygen, producing ATP quickly but generating hydrogen
ions that cause fatigue by ~2 minutes. The aerobic system fully oxidizes carbs and fats in
mitochondria, producing abundant ATP sustainably, limited by oxygen delivery (cardiac output,
capillary density) and mitochondrial capacity. All three systems are always active — the
dominant system depends on exercise intensity and duration.

This is misleading — while a higher percentage of calories come from fat at low intensity,
higher-intensity exercise burns more total calories (including fat calories) per unit of
time and produces greater EPOC, making it more efficient for overall fat loss — The 'fat-
burning zone' (typically 60-70% max HR) does use a higher percentage of fat for fuel. However,
higher-intensity exercise burns significantly more total calories per minute, resulting in more
absolute fat calories burned despite a lower percentage. Additionally, high-intensity exercise
produces greater EPOC (post-exercise calorie burn) and stimulates metabolic adaptations that
enhance fat oxidation at rest. For fat loss, total caloric expenditure matters more than the fuel
ratio during exercise. The best approach combines both intensities.

An unfit person has lower stroke volume (less blood per heartbeat), fewer mitochondria,
lower capillary density, less efficient oxygen extraction by muscles, and reaches
anaerobic threshold sooner — forcing the body to rely on anaerobic energy and rapid
breathing to compensate for oxygen deficit — Breathlessness reflects oxygen demand
exceeding supply. In unfit individuals: lower cardiac stroke volume means less blood (and
oxygen) delivered per heartbeat, fewer capillaries in muscle tissue mean less oxygen exchange
area, fewer mitochondria limit aerobic ATP production, and muscles extract oxygen less
efficiently. These individuals reach their anaerobic threshold at lower exercise intensities,
producing more CO2 and lactate, triggering rapid breathing. Trained individuals have adapted
every link in the oxygen delivery chain, maintaining aerobic metabolism at higher intensities.

The number of calories the body burns at complete rest to maintain basic life functions
like breathing, circulation, and cell production — Basal metabolic rate (BMR) is the energy
expenditure at complete rest in a neutrally temperate environment, after fasting for 12 hours.
It represents the calories needed for essential functions: breathing, heart beating, brain activity,
cell repair, and temperature regulation. BMR typically accounts for 60-75% of total daily energy



Analyze why lactic
acid buildup
during high-
intensity exercise
causes a burning
sensation in
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body does to clear
it.

Compare and
contrast the
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adaptations to
endurance
training versus
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How do they
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and losing fat.
Design a basic
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expenditure.

During intense exercise, anaerobic glycolysis produces lactate and hydrogen ions faster
than the body can clear them. The hydrogen ions lower muscle pH (acidify), interfering
with muscle contraction and causing the burning sensation. The body clears lactate
through oxidation in the liver and heart, and active recovery accelerates this process —
During high-intensity exercise, anaerobic glycolysis produces lactate and hydrogen ions (H+)
rapidly. The accumulation of H+ lowers intracellular pH (acidosis), which inhibits enzyme
function in energy production pathways and interferes with calcium release for muscle
contraction — causing the burning sensation and fatigue. The body clears lactate by oxidizing it
in the liver (Cori cycle), heart, and slow-twitch muscle fibers. Active recovery (light jogging after
sprints) maintains blood flow, accelerating lactate clearance compared to passive rest.

Endurance training increases cardiac output, capillary density, mitochondrial density,
and fat oxidation. Strength training increases muscle fiber size (hypertrophy), neural
drive, bone density, and connective tissue strength. Both improve health but through
different mechanisms — Endurance training primarily adapts the cardiovascular and
metabolic systems: increased stroke volume, capillary density, mitochondrial biogenesis,
enhanced fat oxidation, and improved oxygen delivery. Strength training primarily adapts the
neuromuscular system: muscle fiber hypertrophy (especially Type II), improved motor unit
recruitment, increased bone mineral density, and stronger tendons/ligaments. There is some
overlap — both improve insulin sensitivity, reduce chronic disease risk, and enhance overall
function — but through distinct pathways. This is why comprehensive fitness programs include
both modalities.

Severe calorie restriction causes the body to lose muscle along with fat, lowers BMR
(metabolic adaptation), triggers hormonal changes that increase hunger and fat storage,
and the resulting weight regain is predominantly fat — leaving body composition worse
than before — Severe calorie restriction triggers a survival response: the body downregulates
BMR (adaptive thermogenesis) to conserve energy, increases cortisol (promoting fat storage),
breaks down muscle tissue for amino acids (losing metabolically active tissue), increases ghrelin
(hunger hormone), and decreases leptin (satiety hormone). When normal eating resumes, the
lowered BMR means fewer calories are burned, leading to rapid fat regain — often exceeding
the starting point. This 'yo-yo' cycle progressively worsens body composition with each cycle.

Muscle is denser than fat, so someone can lose fat and gain muscle while staying the
same weight or even gaining weight — body composition changes matter more than
scale weight — Muscle tissue is approximately 18% denser than fat tissue. When someone
begins an exercise program, they often simultaneously lose fat and gain muscle. The scale may
show little change — or even an increase — despite significant improvements in body
composition, strength, and health markers. This is why body composition assessments (waist
circumference, skinfold measurements, how clothes fit) are more informative than scale weight
alone.

3-4 days of strength training targeting major muscle groups, 2-3 days of moderate cardio,
adequate protein intake (1.6-2.2 g/kg/day), slight caloric surplus or maintenance calories,
and sufficient sleep (8-9 hours) for recovery — Body recomposition requires a strategic
combination: resistance training 3-4 days/week provides the muscle-building stimulus,
moderate cardio 2-3 days/week supports cardiovascular health and caloric expenditure,
adequate protein (1.6-2.2 g/kg/day) provides amino acids for muscle protein synthesis, total
calories near maintenance level (slight surplus for muscle gain or slight deficit for fat loss), and
quality sleep enables hormonal recovery (growth hormone, testosterone). This process is
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slower than pure weight loss but produces healthier, more sustainable results.

The heart's left ventricle enlarges, stroke volume increases (more blood pumped per
beat), and resting heart rate decreases because each beat is more efficient — Endurance
training causes cardiac hypertrophy (specifically eccentric hypertrophy of the left ventricle),
increasing the heart's chamber volume. This larger chamber holds more blood per beat
(increased stroke volume), so the heart can pump the same volume of blood with fewer beats
— resulting in a lower resting heart rate (bradycardia). Elite endurance athletes often have
resting heart rates of 40-50 BPM versus the average 60-80 BPM.

Mitochondria are the cell's powerhouses that produce ATP aerobically — Mitochondria
are organelles within cells that produce ATP through aerobic metabolism. Endurance training
triggers mitochondrial biogenesis — the creation of new mitochondria and enlargement of
existing ones. This adaptation increases the muscle's oxidative capacity, allowing it to produce
more ATP from oxygen, delay fatigue, and utilize fat as fuel more efficiently. It's one of the most
important adaptations to endurance training. — endurance training increases both the number
and size of mitochondria in muscle cells, improving the body's capacity to generate energy
using oxygen.

The aerobic system uses oxygen to break down carbohydrates and fats in the
mitochondria, producing large amounts of ATP slowly but sustainably — making it ideal
for activities lasting longer than 2-3 minutes — The aerobic energy system uses oxygen in
the mitochondria to completely metabolize carbohydrates (glucose) and fats (fatty acids)
through the Krebs cycle and electron transport chain. It produces approximately 36-38 ATP per
glucose molecule — far more than anaerobic glycolysis (2 ATP). While slower to activate, it
provides virtually unlimited energy supply for sustained activity, making it dominant during
endurance exercise like distance running, cycling, and swimming.

BMI is a useful population-level screening tool that's quick and inexpensive, but it
cannot distinguish between muscle and fat mass — a muscular athlete may be classified
as 'overweight' despite being very healthy, and a thin person with low muscle mass may
appear 'normal’ despite poor body composition — BMI (weight in kg / height in m?) is useful
for population-level health assessments and identifying general trends. However, it has
significant individual limitations: it cannot differentiate muscle from fat (leading to
misclassification of muscular individuals), doesn't account for fat distribution (visceral vs.
subcutaneous), varies across ethnic groups, and doesn't reflect fitness level. More
comprehensive assessments include waist circumference, waist-to-hip ratio, skinfold
measurements, and DEXA scans. BMI should be one data point among many, not the sole
indicator of health.

Energy balance is the relationship between calories consumed and calories expended —
a surplus leads to weight gain, a deficit leads to weight loss, and balance maintains
current weight, though the quality of food and type of exercise affect whether changes
are in fat or muscle — Energy balance is the relationship between energy intake (food/drink)
and energy expenditure (BMR + activity + thermic effect of food). A caloric surplus provides
extra energy that can be stored as fat or used to build muscle (with adequate protein and
strength training). A deficit forces the body to use stored energy. However, the composition of
diet and type of exercise significantly influence whether weight changes come from fat, muscle,
or both.

Metabolically flexible individuals can efficiently switch between carbohydrate and fat



flexibility' — the oxidation based on availability and demand. This optimizes endurance performance

body's ability to (preserving glycogen by burning fat at lower intensities), improves blood sugar

switch between regulation, and reduces metabolic disease risk — Metabolic flexibility refers to the body's
burning ability to shift between oxidizing carbohydrates and fats based on fuel availability, exercise
carbohydrates intensity, and hormonal signals. Endurance training enhances this capacity — trained

and fats. Why is individuals burn more fat at moderate intensities (sparing limited glycogen stores), then

this important for efficiently ramp up carbohydrate oxidation during high-intensity efforts. Poor metabolic
both health and flexibility (metabolic inflexibility) is associated with insulin resistance, type 2 diabetes, and
athletic obesity. Training, adequate sleep, and balanced nutrition all improve metabolic flexibility.

performance?



8. Capstone — Designing Your Personal Fitness Journey

< Question (fold

-)

Analyze the
interconnected
cycle of poor
sleep, increased
stress, poor
nutrition choices,
and decreased
exercise
motivation. How
does each factor
reinforce the
others, and where
is the best
intervention
point?

Explain the
relationship
between exercise
intensity, energy
systems, and fuel
sources. How
does increasing
intensity change
which fuel the
body primarily
uses?

Explain how the
cardiovascular
system,
respiratory
system, and
muscular system
work together
during a 30-
minute jog.

Apply your
knowledge of
biomechanics and
injury prevention
to analyze why
ACL (anterior
cruciate ligament)
injuries are more
common in

Answer

Poor sleep raises cortisol — increased stress — cravings for high-sugar/fat comfort foods
— poor nutrition reduces energy — low energy decreases exercise motivation — lack of
exercise worsens sleep quality — cycle repeats. Exercise is often the most effective
intervention point because it directly improves sleep, reduces stress hormones, and can
break the cycle even when other factors are hard to change — This negative feedback cycle
is well-documented in health psychology: sleep deprivation impairs prefrontal cortex function
(reducing willpower) and increases ghrelin (hunger hormone) while decreasing leptin (satiety),
driving poor food choices. High-sugar diets cause energy crashes, reducing exercise motivation.
Inactivity fails to metabolize stress hormones or promote deep sleep, perpetuating the cycle.
Exercise is the optimal intervention point because it simultaneously: improves sleep
architecture, reduces cortisol, increases energy and mood, and naturally redirects dietary
preferences. Even a 10-minute walk can begin breaking the cycle.

At low intensity, the aerobic system dominates using fat as the primary fuel. As intensity
increases, the body shifts to burning more carbohydrates. At very high intensity,
anaerobic systems take over using only carbohydrates (glycogen), producing lactate as a
byproduct — The fuel crossover concept describes how energy substrate use changes with
intensity. At rest and low intensity (<40% VO2 max), the aerobic system primarily oxidizes fat. As
intensity increases, carbohydrate (glycogen) contribution rises progressively. At the 'crossover
point' (typically 60-75% VO2 max), carbs become the dominant fuel. Above lactate threshold,
virtually all energy comes from carbohydrate oxidation. This is why endurance athletes
emphasize 'carb loading' — their high-intensity efforts depend on glycogen stores.

The respiratory system takes in oxygen and expels CO2, the cardiovascular system
transports oxygen-rich blood to working muscles and carries waste products away, and
the muscular system uses the oxygen to produce ATP aerobically for sustained
contraction — During sustained exercise, the three systems form an integrated delivery chain:
the respiratory system ventilates the lungs, exchanging CO2 for fresh oxygen across the
alveolar membranes; the cardiovascular system (heart, blood vessels, blood) transports oxygen-
bound hemoglobin to active muscles and removes metabolic waste (CO2, lactate); the muscular
system uses the delivered oxygen in mitochondria to produce ATP via aerobic metabolism,
powering continued muscle contraction. The efficiency of this chain determines endurance
capacity.

Female athletes have wider hip-to-knee angle (Q-angle), often land with knees caving
inward (valgus), and have hormonal factors affecting ligament laxity. Prevention
includes neuromuscular training, landing mechanics drills (knees over toes), hip/glute
strengthening, and proprioception exercises — Female athletes have 2-8x higher ACL injury
rates due to anatomical factors (wider pelvis creating a larger Q-angle, smaller ACL cross-
section), hormonal factors (estrogen fluctuations affect ligament stiffness), and neuromuscular
factors (tendency toward knee valgus during landing and cutting). Evidence-based prevention
programs like FIFA 11+ reduce ACL injuries by 50-70% through: landing mechanics training



female athletes.
What training
interventions can
reduce this risk?

Evaluate the
statement: 'Teens
should avoid all
strength training
because it stunts
growth.' What
does current
sports science
research actually
say?

A fitness
magazine claims:
"This 7-minute
workout burns as
many calories as
an hour of
jogging!' Analyze
whether this is
physiologically
possible and what
the article might
be
misrepresenting.

How do mental
health benefits of
exercise connect
to physiological
mechanisms?
Explain at least
two specific
pathways.

Create a
presentation
outline that
would convince
your school
principal to add a
daily 15-minute
movement break
for all students.
Include scientific
evidence,
practical

(emphasizing 'soft' landings with knees tracking over toes), hip and gluteal strengthening
(controlling femoral rotation), hamstring strengthening (counteracting quadriceps dominance),
and proprioceptive balance training.

This is a myth — properly supervised strength training with appropriate loads is safe and
beneficial for adolescents. Research shows it improves bone density, reduces sports
injury risk, enhances motor skills, and does NOT stunt growth. The key is proper
technique, qualified supervision, and age-appropriate programming — The 'stunted
growth' myth persists despite being debunked by every major sports medicine organization.
The American Academy of Pediatrics, National Strength and Conditioning Association, and
International Olympic Committee all endorse properly supervised youth strength training.
Research shows it: increases bone mineral density (protecting growth plates), reduces sports
injury rates by 50-72%, improves motor skill development, builds self-confidence, and does not
compromise height. Growth plate injuries are associated with unsupervised maximal lifting, not
structured training programs with appropriate loads and qualified coaching.

While high-intensity interval training (HIIT) is time-efficient and produces significant
EPOC, a 7-minute session cannot match the total caloric expenditure of a 60-minute jog.
The claim likely conflates calorie burn rate per minute with total calories, or exaggerates
EPOC effects, or compares peak intensity moments rather than full sessions — A 7-minute
HIIT session might burn 10-15 calories per minute (70-105 total) plus EPOC of perhaps 30-50
additional calories over the next few hours. A 60-minute jog at moderate pace burns
approximately 7-10 calories per minute (420-600 total). Even with EPOC added, the 7-minute
workout produces roughly 100-150 total calories versus 420-600 — the math doesn't work. The
magazine likely cherry-picks the per-minute burn rate, exaggerates EPOC magnitude, or uses
misleading comparisons. HIIT is genuinely time-efficient and has real health benefits, but
misrepresenting it undermines scientific credibility.

Exercise reduces cortisol (stress hormone) through metabolic clearance, releases
endorphins that create positive feelings, increases serotonin and norepinephrine (mood
regulators), and stimulates BDNF production which supports brain health and
neuroplasticity — Exercise improves mental health through concrete physiological
mechanisms: it metabolizes cortisol and adrenaline (reducing the chemical drivers of stress and
anxiety), stimulates endorphin release (natural mood elevators), increases serotonin and
norepinephrine production (neurotransmitters involved in mood regulation — the same targets
as many antidepressant medications), and promotes BDNF (brain-derived neurotrophic factor)
secretion, which supports neuroplasticity, learning, and memory. These aren't vague benefits —
they're measurable biochemical changes.

Outline: 1) Problem: sedentary classroom time impairs focus; 2) Evidence: studies show
movement breaks improve academic performance by 10-20%, reduce behavioral issues,
and increase on-task time; 3) Implementation: teacher-led 15-min activities (walking,
stretching, active games) between 2nd and 3rd period; 4) Cost: zero — requires no
equipment; 5) Expected outcomes: improved test scores, better behavior, reduced nurse
visits; 6) Pilot proposal: try it for one semester and measure results — Effective advocacy
requires speaking the audience's language: principals care about academic performance,
behavior management, and budget. Research provides compelling evidence: the CDC's
Comprehensive School Physical Activity Program literature shows movement breaks improve
on-task behavior by 20%, a University of Illinois study found aerobic fitness predicts academic
achievement, and Harvard research links exercise to improved executive function and memory



implementation,
and expected
outcomes.

Design a
comprehensive,
personalized 4-
week fitness
program for
yourself. Include
goals (SMART
format), weekly
schedule,
progression
strategy, nutrition
considerations,
rest/recovery
plan, and how
you would track
progress.

A supplement
company targets
teens with ads
saying their
protein shake is
'essential for
anyone who
exercises' and
'the only way to
get enough
protein.' Evaluate
these marketing
claims and the
ethics of
marketing
supplements to
adolescents.

What are the
three
macronutrients,
and what is the
primary role of
eachin
supporting
physical activity?

A 14-year-old
student wants to
start a fitness
program but has
never exercised

consolidation. A zero-cost pilot proposal with measurable outcomes reduces risk. Including
student testimonials and building teacher buy-in through simple implementation plans
addresses practical concerns.

Example: SMART goal: 'Improve mile time from 10:00 to 9:15 in 4 weeks.' Week 1-2: 3x
cardio (run-walk intervals 25 min), 2x strength (bodyweight circuits), daily stretching.
Week 3-4: Progress to 30 min running with tempo intervals, add resistance to strength
work. Nutrition: emphasize carbs before workouts, protein after. Rest: 1-2 full rest
days/week, 8+ hours sleep. Track: log workouts, weekly mile time test, daily
energy/mood rating — A comprehensive program integrates all concepts from this course:
SMART goals provide direction, FITT variables structure each session, progressive overload
drives improvement, specificity matches training to goals, nutrition supports energy and
recovery, rest prevents overtraining, and progress tracking enables evidence-based
adjustments. The program should be realistic for the individual's schedule, starting fitness level,
and available resources. Tracking both objective measures (time, weight, reps) and subjective
measures (energy, mood, motivation) provides a complete picture of how the body is
responding.

Both claims are false — most teens easily meet protein needs through regular food, and
whole food protein sources are nutritionally superior to supplements. Marketing
supplements as 'essential’ to teens is ethically questionable because it creates
unnecessary dependency, may displace whole foods, and exploits insecurities about
body image — Protein supplements are not 'essential' for active teens — typical Western diets
provide 1.0-1.5 g/kg/day, meeting or exceeding recommendations for active adolescents (1.2-
1.6 g/kg/day). Whole food protein sources provide additional micronutrients, fiber, and
phytochemicals that supplements lack. Marketing supplements to teens is ethically concerning
because: the supplement industry is poorly regulated (claims don't require FDA verification),
teens are psychologically vulnerable to body image messaging, it creates the false belief that
food is insufficient, and it can lead to excessive intake or displacement of balanced meals. The
ethical standard is education about real food, not product sales.

Carbohydrates (primary energy source for exercise), proteins (muscle repair and growth),
and fats (long-duration energy and hormone production) — The three macronutrients are
carbohydrates (the body's preferred fuel source during moderate-to-high intensity exercise,
stored as glycogen), proteins (provide amino acids for muscle protein synthesis, repair, and
recovery), and fats (concentrated energy source for low-intensity and long-duration activity,
essential for hormone production and vitamin absorption). A balanced diet includes all three in
appropriate proportions.

Monday/Wednesday/Friday: 20 min walk-jog intervals (F=3x/week, I=moderate RPE 5-6,
T=20 min, Type=cardio) + 10 min bodyweight circuit (push-ups, squats, planks with
modifications). Tuesday/Thursday: 15 min yoga/stretching routine. Saturday: 30 min
recreational activity (bike ride, swim). Sunday: rest day — A beginner program should



regularly. Using
the FITT principle,
design their first
week of training
that addresses
cardiovascular,
strength, and
flexibility
components.

What does the
FITT principle
stand for, and
what does each
letter represent in
exercise
programming?

Your school's
basketball team
has their season
starting in 6
weeks. As the
student fitness
adviser, design a
pre-season
training focus
that applies the
specificity
principle. What
types of training
should be
prioritized and
why?

A classmate who
is vegetarian asks
you for advice on
meeting their
protein needs for
muscle recovery
after workouts.
Using your
nutrition
knowledge, what
would you
recommend?

Design a peer
mentoring
program where
older students
help younger
students develop

prioritize consistency, enjoyment, and gradual progression over intensity. Three cardio sessions
(walk-jog intervals allow self-pacing), two flexibility sessions (building a foundation for injury
prevention), one recreational activity (fun builds intrinsic motivation), and one rest day
(recovery is essential). Sessions are short (20-30 minutes) to prevent burnout. Modifications for
bodyweight exercises ensure success. This creates a sustainable foundation that can be
progressively overloaded in subsequent weeks.

Frequency (how often), Intensity (how hard), Time (how long), and Type (what kind of
exercise) — The FITT principle provides a framework for designing and modifying exercise
programs. Frequency is how many days per week, Intensity is how hard the effort is (measured
by heart rate, perceived exertion, or weight), Time is the duration of each session, and Type is
the modality (running, swimming, strength training, yoga). Adjusting any FITT variable changes
the training stimulus.

Prioritize basketball-specific training: interval sprints mimicking game pace, lateral
agility drills for defense, plyometric jumps for rebounding, core stability for balance
during contact, and sport-specific flexibility for ankles and hips. Include basketball skill
work alongside conditioning — Basketball demands: repeated high-intensity sprints with
recovery (interval training), lateral movement for defensive slides (agility drills), vertical
explosiveness for jumps (plyometrics), core stability for balance during contact and direction
changes, and ankle/hip flexibility for injury prevention. The specificity principle dictates that
pre-season training should replicate these exact demands. Long-distance running doesn't
match basketball's intermittent nature, and upper-body-only training ignores the sport's leg-
dominant movement patterns.

Combine complementary plant proteins throughout the day: beans with rice, lentils,
tofu, tempeh, quinoa, nuts, seeds, Greek yogurt, and eggs (if lacto-ovo vegetarian). Aim
for 1.2-1.6 g protein per kg bodyweight, spread across meals, especially within 30-60
minutes post-workout — Vegetarians can absolutely meet protein needs for muscle recovery.
Key strategies: combine complementary plant proteins (legumes + grains provide all essential
amino acids), include high-protein plant sources (tofu 20g/cup, lentils 18g/cup, quinoa 8g/cup,
Greek yogurt 20g/cup), distribute protein across 3-4 meals, prioritize post-workout nutrition
(protein within 30-60 minutes), and aim for slightly higher total intake (1.2-1.6 g/kg/day) since
plant proteins are slightly less bioavailable than animal proteins.

Structure: 8th graders paired with 5th graders, meeting twice weekly for 30 minutes.
Mentor training: 3 workshops on coaching basics, positive reinforcement, and age-
appropriate activities. Activities: fun movement games, basic fitness skills, goal-setting
worksheets, and 'fitness challenges' with small rewards. Measure: pre/post fitness tests,



healthy exercise
habits. Include
the structure,
training for
mentors,
activities, and
how to measure
the program's
effectiveness.

Compare a typical
day's energy
expenditure for a
sedentary student
versus an active
student of the
same age and
size. Break down
the components
of total daily
energy
expenditure
(TDEE) for each.

Looking at all the
topics we've
covered — fitness
fundamentals,
nutrition,
cardiovascular
health, muscular
fitness, sports
science, mental
health, and
exercise
physiology —
identify the
THREE most
important
concepts you
believe every
person should
understand for
lifelong health.
Justify each
choice.

Write a letter to
your future self (5
years from now)
that synthesizes
everything you've
learned about

physical activity surveys, self-efficacy questionnaires, and mentor reflection journals —
Effective peer mentoring programs require: structured pairing (matching mentor strengths with
mentee needs), trained mentors (communication skills, positive reinforcement, recognizing
when to involve adults), age-appropriate activities (games and challenges, not drills), clear goals
(process-focused: 'try three new activities this month'), and rigorous evaluation (combining
objective fitness data with subjective well-being measures). Research shows peer mentoring
improves physical activity levels, self-efficacy, and social skills for both mentors and mentees.
The mentors also benefit from developing leadership and empathy.

Both have similar BMR (~1,500 cal, 60-75% of TDEE). Sedentary student: TDEE ~1,800 cal
(BMR 1,500 + thermic effect of food 150 + minimal activity 150). Active student: TDEE
~2,400 cal (BMR 1,500 + TEF 200 + sport/activity 500 + NEAT 200). The 600-calorie
difference comes from activity and NEAT (non-exercise activity thermogenesis) — Total
daily energy expenditure has four components: BMR (energy for basic life functions — similar
for both), thermic effect of food (energy to digest food — slightly higher for the active student
eating more), exercise activity thermogenesis (calories burned during intentional exercise —
zero for sedentary, significant for active), and NEAT (all non-exercise movement like walking,
fidgeting, standing). Active individuals typically expend 30-50% more total daily energy.
Additionally, regular exercise can slightly elevate BMR through increased muscle mass and
EPOC effects.

1) Progressive overload and consistency matter more than intensity — sustainable habits
beat extreme efforts; 2) Exercise directly impacts mental health through measurable
biological pathways — it's medicine, not just fitness; 3) Your body is an integrated system
— nutrition, sleep, stress, and exercise are interconnected, and neglecting any one
undermines the others — Lifelong health literacy depends on understanding durable
principles rather than specific exercises. The consistency principle (progressive overload and
habit formation) ensures someone can adapt their fitness approach across decades of changing
life circumstances. The exercise-mental health connection motivates activity beyond
appearance-based goals, which fade with age. The integrated systems understanding prevents
the common mistake of addressing only one health dimension while neglecting others. These
three concepts create a framework for making good health decisions in any context, at any age,
with any resources.

Dear Future Me: Remember these evidence-based truths — 1) Even 10 minutes of
movement counts (don't skip exercise because you 'don't have time for a full workout'),
2) Exercise is the best study tool (it boosts focus, memory, and sleep), 3) Start each
semester by finding ONE physical activity you enjoy near campus, 4) Meal prep basics:



fitness, nutrition,
mental health,
and exercise
science. Include
specific advice for
maintaining
health during the
transition from
high school to
college or work
life, when
exercise routines
often collapse.

Name the four
training principles
that form the
foundation of any
effective exercise
program.

Which of the
following
correctly lists the
five components
of health-related
fitness?

Evaluate the
ethics of a school
requiring
students to share
their body
composition data
(body fat
percentage, BMI)
publicly in PE
class. Consider
both the
educational and
psychological
perspectives.

Why is it
important to
include all five
health-related
fitness
componentsin a
balanced exercise
program rather
than focusing on
just one?

protein + complex carbs + vegetables at every meal, 5) Sleep is non-negotiable — 7-9
hours protects everything else, 6) When stressed, your brain will tell you to skip exercise
— that's exactly when you need it most, 7) You don't need a gym — bodyweight
exercises, walking, and outdoor activities are free — The transition from structured school
PE to self-directed health in college/work is when most lifelong exercise habits either solidify or
collapse. The most important messages are: minimum effective dose (something beats
nothing), exercise as cognitive enhancer (reframing exercise from 'time away from studying' to
'study tool'"), early habit anchoring (finding activities in the first weeks of a new environment),
nutrition basics that don't require cooking expertise, sleep as the foundation of everything else,
and the counterintuitive truth that stress is when exercise matters most. This synthesis
transforms academic knowledge into practical life wisdom.

Progressive overload, specificity, reversibility, and individualization — The four
fundamental training principles are: progressive overload (gradually increase training
demands), specificity (adaptations are specific to the type of training performed), reversibility
(fitness gains are lost when training stops), and individualization (each person responds
differently based on genetics, age, fitness level, and recovery capacity). Every effective program
is built on these principles.

Cardiovascular endurance, muscular strength, muscular endurance, flexibility, and body
composition — The five health-related fithess components are: cardiovascular endurance
(heart/lung efficiency), muscular strength (maximum force production), muscular endurance
(sustained muscle work), flexibility (range of motion), and body composition (fat-to-lean mass
ratio). These differ from skill-related fitness components (speed, agility, power, balance,
coordination, reaction time), which are more sport-specific.

Public sharing of body composition data is ethically problematic — it can cause shame,
trigger disordered eating, violate privacy, and damage self-esteem, especially during
adolescence when body image is sensitive. Body composition education is valuable, but
data should be private and framed within health context, not comparison — While body
composition education is pedagogically valuable, public data sharing violates student privacy
and can cause significant psychological harm during a developmentally sensitive period.
Adolescents are highly vulnerable to body image concerns, social comparison, and disordered
eating behaviors. Ethical PE practices include: teaching body composition concepts without
requiring personal disclosure, offering private and voluntary assessments, framing health
holistically (not reducing it to a number), emphasizing process over metrics, and training staff to
recognize disordered eating signs. Several states have banned mandatory BMI screening in
schools for these reasons.

Each component contributes uniquely to health — neglecting any one creates
imbalances that increase injury risk, limit performance, and leave health vulnerabilities.
A person with great cardio but poor flexibility or weak muscles is not truly fit — Health-
related fitness is multidimensional because each component protects against different health
risks: cardiovascular endurance protects the heart, muscular strength prevents falls and
maintains bone density, muscular endurance supports daily functional tasks, flexibility prevents
injury and maintains mobility, and healthy body composition reduces chronic disease risk.
Training only one component creates dangerous gaps — a strong runner with no flexibility is
prone to muscle tears, and a flexible person with no cardiovascular fitness remains at risk for
heart disease.



Analyze why two
people following
the exact same
training program
and diet might
get very different
results. What
factors contribute
to individual
variation in
fitness outcomes?

Calculate the
target heart rate
zone (60-80% of
max) for a 15-
year-old using the
age-predicted
maximum heart
rate formula (220
- age). Show your
work.

Genetics (muscle fiber type distribution, hormone levels, body type, VO2 max ceiling),
age, sex, starting fitness level, sleep quality, stress levels, recovery capacity, adherence
consistency, and non-exercise activity levels all create individual variation in response to
identical training programs — The principle of individual differences explains why identical
programs produce variable outcomes. Genetic factors include: muscle fiber type ratio (more
Type | favors endurance, more Type Il favors power), hormonal profile (testosterone, growth
hormone levels), body proportions (limb length affects leverage), and VO2 max ceiling.
Environmental factors include: sleep quality (growth hormone release occurs during deep
sleep), stress (chronic stress elevates cortisol, impairing recovery), nutrition timing and quality,
previous training history, and NEAT levels. This is why personalized programming — adjusted
based on individual response — outperforms one-size-fits-all approaches.

Max HR = 220 - 15 = 205 BPM. Lower target (60%) = 205 x 0.60 = 123 BPM. Upper target
(80%) = 205 x 0.80 = 164 BPM. Target zone: 123-164 BPM — Using the age-predicted formula:
220 - 15 =205 BPM (estimated maximum heart rate). The moderate-to-vigorous training zone is
60-80% of this maximum: 205 x 0.60 = 123 BPM (lower bound), 205 x 0.80 = 164 BPM (upper
bound). This 123-164 BPM range is where cardiovascular training adaptations occur most
efficiently. Note: this formula is an estimate; the Karvonen method (which accounts for resting
heart rate) is more precise but more complex.



9. Physical Fitness & Health

< Question (fold

-)

What is an athlete's
center of gravity?

What is the term for
the point around
which a lever
rotates?

Evaluate whether
heavier athletes
always have an
advantage in sports
that require force
production.

Why does a wider
stance help an
athlete maintain
better balance?

A coach says
athletes should
always lift heavy
weights quickly to
build strength.
Evaluate this claim.

A figure skater can
spin faster by
pulling their arms
in. Analyze what
would happen if
they extended one
arm while keeping
the other tucked in.

Which of Newton's
laws states that an
object at rest stays
at rest unless acted
upon by a force?

Analyze why a
tennis player
follows through
after hitting the

Answer

The point where their body weight is evenly balanced in all directions — The center of
gravity is the point at which a body's mass is equally distributed in all directions. For a
standing human, it is typically located just below the navel. Athletes shift it to maintain
balance during movement.

Fulcrum — The fulcrum is the fixed point around which a lever pivots. In the human body,
joints serve as fulcrums for the lever systems formed by bones and muscles.

Not always; while greater mass can contribute to force, technique, speed of muscle
contraction, and body composition also play major roles — According to F = ma, force
depends on both mass and acceleration. A heavier athlete with poor technique or slow
muscle contraction may produce less useful force than a lighter, more skilled athlete. Body
composition matters too: muscle mass contributes to force production, but excess fat does
not. The optimal body type depends on the specific sport and position.

It increases their base of support, making it harder for their center of gravity to move
outside that base — A wider stance enlarges the base of support (the area enclosed by the
points of contact with the ground). As long as the center of gravity stays within this base, the
athlete remains balanced. A larger base allows more sway before tipping over.

This claim is partially incorrect; lifting heavy weights too quickly can sacrifice proper
form and increase injury risk, especially for young athletes — While explosive training
has benefits for power development, lifting heavy weights too quickly without proper form
increases the risk of joint, tendon, and muscle injuries. Controlled movement ensures
muscles are properly engaged throughout the full range of motion. For young athletes,
learning proper technique at moderate speeds is essential before progressing to explosive
lifts.

They would spin at a speed between their fastest (both tucked) and slowest (both
extended) rates, and their axis of rotation might wobble — Extending one arm increases
the moment of inertia on that side, slowing the spin compared to having both arms tucked.
The asymmetric mass distribution can also shift the axis of rotation, causing a wobble.
Angular momentum is conserved, so the spin rate adjusts to compensate for the changed
distribution.

Newton's First Law — Newton's First Law of Inertia states that an object at rest stays at rest,
and an object in motion stays in motion at the same speed and direction, unless an outside
force acts on it. In sports, this explains why you must apply force to start, stop, or change
direction.

The follow-through ensures maximum force is applied during the contact period and
helps decelerate the arm safely to prevent injury — Follow-through maximizes the
duration and magnitude of force applied during racket-ball contact. It also allows the arm to



ball, even though
the ball has already
left the racket.

A swimmer notices
they are slower
than their
competitors. How
could they apply
biomechanics to
improve?

What is the
difference between
a first-class lever
and a third-class
lever in the human
body?

Compare a football
lineman's stance
(wide, low) with a
sprinter's stance
(narrow, leaning
forward). Why are
they different from
a biomechanics
perspective?

What is
biomechanics?

Why do gymnasts
tuck their bodies
during a somersault
to spin faster?

A weightlifter is
doing a squat. How
can they use center
of gravity principles
to lift more safely?

A'long jumper
wants to improve
their distance.
Which phase of the
jump should they
focus on to apply
the most force?

A sports equipment
company claims
their new shoes

decelerate gradually rather than stopping abruptly, which reduces stress on joints and
muscles and lowers injury risk. The ball receives no additional force after leaving the racket.

Streamline their body position to reduce drag and improve their stroke technique for
better force production — In swimming, drag is the main force opposing forward motion.
By streamlining their body (keeping it horizontal and compact) and optimizing stroke
mechanics (pulling water efficiently), a swimmer reduces drag and increases propulsive force,
resulting in faster times.

In a first-class lever the fulcrum is between the effort and load, while in a third-class
lever the effort is between the fulcrum and load — A first-class lever has the fulcrum
between the effort and load (like nodding your head, where the neck is the fulcrum). A third-
class lever has the effort between the fulcrum and load (like a bicep curl, where the bicep
pulls between the elbow and the weight in your hand).

The lineman needs maximum stability to resist being pushed, while the sprinter needs
to convert balance into forward motion quickly — The lineman's wide, low stance creates
a large base of support and a low center of gravity, maximizing stability against opposing
forces. The sprinter's narrow, forward-leaning stance places the center of gravity ahead of the
base, sacrificing stability to use gravity for rapid acceleration.

The study of how the body moves using mechanical principles — Biomechanics is the
science that applies the laws of mechanics (physics) to understand how living organisms,
especially the human body, move. It helps athletes improve technique and prevent injuries.

Tucking reduces their moment of inertia, allowing them to rotate more quickly — When
a gymnast tucks, they bring their mass closer to their axis of rotation. This reduces their
moment of inertia. Because angular momentum is conserved (stays the same), reducing the
moment of inertia causes the rotation speed to increase.

Keep the barbell aligned over the center of their feet to maintain balance throughout
the lift — During a squat, the combined center of gravity of the lifter and barbell must stay
over the base of support (the feet). Keeping the bar aligned over the mid-foot ensures
balance and reduces the risk of falling forward or backward, allowing a safer and more
efficient lift.

The takeoff phase, where they push off the board — The takeoff phase is when the
jumper applies force against the ground. According to Newton's Third Law, the ground
pushes back, launching the jumper into the air. Greater force production during takeoff
translates directly to a longer jump. The flight phase cannot add distance since there is
nothing to push against.

Controlled scientific studies comparing jump height with and without the shoes, using
multiple athletes, proper measurement tools, and an independent testing group — To



increase jumping
height by 20%.
Evaluate what you
would need to see
to believe this
claim.

A high jumper uses
the Fosbury Flop
technique (arching
backward over the
bar). Analyze why
this technique
allows them to clear
a higher bar than
jumping upright.

Design a simple
experiment to test
whether arm length
affects how far a
person can throw a
ball. Describe your
variables,
procedure, and
how you would
measure results.

How does Newton's
Third Law apply
when a basketball
player jumps?

What does the term
'force production’
mean in sports
science?

You are coaching a
young athlete who
cannot throw a ball
very far. Using your
knowledge of
levers, what advice
would you give?

Why does a sprinter
lean forward at the
start of a race?

A soccer player
wants to kick the
ball as far as
possible. At what

evaluate this claim, you would need peer-reviewed scientific studies with control groups,
adequate sample sizes, standardized testing conditions, and measurements taken by
independent researchers. A single testimonial or company-funded study without proper
controls is not sufficient evidence. Variables like fatigue, motivation, and practice effects must
be controlled.

The arched body position allows the jumper's center of gravity to pass below the bar
while their body passes over it — In the Fosbury Flop, the arched body position can place
the athlete's center of gravity below or at the bar level, even as body segments individually
pass above it. This means the jumper does not need to raise their center of gravity as high as
in an upright technique, allowing them to clear higher bars with the same jump height.

Measure arm length of 10+ participants, have each throw the same ball 3 times using
the same technique, measure distances, then compare average throwing distance
against arm length to look for a correlation — A well-designed experiment would: (1)
measure the independent variable (arm length in cm) for each participant, (2) control
variables like ball type, throwing technique, and number of attempts, (3) measure the
dependent variable (throwing distance in meters) as an average of multiple throws, and (4)
use enough participants to identify a pattern. Plotting arm length vs. distance on a graph
would reveal whether longer arms correlate with greater throwing distance.

The player pushes down on the ground, and the ground pushes back up with equal
force, launching them upward — Newton's Third Law states that for every action there is an
equal and opposite reaction. When a player pushes down on the court floor with their legs,
the floor pushes back up with the same amount of force, propelling the player into the air.

The ability of muscles to generate force against resistance — Force production refers to
the capacity of muscles to generate mechanical force. In sports, greater force production
allows athletes to throw farther, jump higher, sprint faster, and hit harder. It is trained
through resistance exercises.

Extend your arm fully during the throw to create a longer lever, which increases the
speed at the release point — A longer lever arm (fully extended arm) means the hand at the
end of the lever travels a greater distance in the same amount of time, resulting in higher
velocity at release. This principle is why athletes extend their arms and rotate their bodies to
maximize throwing distance.

To move their center of gravity ahead of their base of support, using gravity to help
accelerate — By leaning forward, a sprinter shifts their center of gravity in front of their feet.
Gravity then helps pull them forward, combining with the pushing force from their legs to
produce faster acceleration out of the starting blocks.

About 45 degrees above the ground — Projectile physics shows that a launch angle of
approximately 45 degrees produces the maximum horizontal distance (when air resistance is



approximate angle minimal). Kicking too low means the ball hits the ground quickly; kicking too high wastes
should they aim the energy going up instead of forward.
kick?

What type of simple
machine do your

arm bones and A lever — The arm acts as a lever system: the elbow is the fulcrum, the biceps muscle
muscles form when provides the effort force, and the object in your hand is the load. This is a third-class lever.
you bend your

elbow?

A pitcher wants to

throw a baseball . . . . . . .
Using a longer arm motion to increase the distance over which force is applied — A

longer arm motion allows the pitcher to apply force over a greater distance, which increases
the velocity of the ball at the point of release. This is why pitchers use a full wind-up with hip
rotation, trunk rotation, and arm extension to maximize throwing speed.

faster. Based on
biomechanics,
which adjustment
would be most
effective?



10. Physical Fitness & Health

< Question (fold

-)

A supplement
company
advertises a
'miracle fat-
burning pill' that
promises athletes
can lose 10
pounds in one
week. Evaluate this
claim.

Design a one-day
meal plan for a 13-
year-old soccer
player who has a
game at 4 PM.
Include breakfast,
lunch, a pre-game
snack, and a post-
game recovery
meal with
explanations for
each choice.

Analyze why meal
timing matters for
athletes. Compare
eating a large meal
30 minutes before
exercise versus 3
hours before.

A basketball player
is feeling dizzy and
has a headache
during practice.
Based on nutrition
knowledge, what is
the most likely
cause and what
should they do?

Why is the claim
'protein
supplements are
necessary for
building muscle'
considered a myth

Answer

This claim is almost certainly false and potentially dangerous; safe weight loss is 1-2
pounds per week, and no supplement can safely cause such rapid fat loss without
serious health risks — Safe weight loss is 1-2 pounds per week. Losing 10 pounds in one
week would primarily be water weight, not fat, and could cause dehydration, muscle loss, and
electrolyte imbalances. Dietary supplements are not regulated by the FDA for safety and
effectiveness like medications. Many 'fat-burning' supplements contain unproven or
potentially harmful ingredients.

Breakfast (7 AM): oatmeal with banana and milk for complex carbs and protein. Lunch
(12 PM): grilled chicken wrap with vegetables and a fruit cup for balanced macros. Pre-
game snack (2:30 PM): granola bar and water for quick-digesting energy. Post-game (5:30
PM): pasta with turkey meatballs, salad, and chocolate milk for glycogen replenishment,
muscle repair, and rehydration — An effective meal plan for a game-day athlete includes: (1)
Breakfast: complex carbs (oatmeal) + fruit (banana) + protein (milk) for sustained morning
energy. (2) Lunch (4 hours before game): balanced meal with lean protein, complex carbs, and
vegetables, eaten early enough to fully digest. (3) Pre-game snack (1-2 hours before): easily
digestible carbs to top off energy stores. (4) Post-game: carbs to replenish glycogen + protein
for muscle repair + fluids to rehydrate. Chocolate milk is an evidence-based recovery drink.

Eating 3 hours before allows full digestion and stable blood sugar for sustained energy,
while eating 30 minutes before can cause nausea, cramping, and a blood sugar spike
followed by a crash during exercise — Digestion requires significant blood flow to the
stomach. During exercise, blood is redirected to working muscles. Eating a large meal too close
to exercise forces competition for blood flow, causing nausea and cramping. A meal eaten 3
hours before is mostly digested, and nutrients are available as fuel. However, a small, easily
digestible snack 30-60 minutes before can be beneficial.

They are likely dehydrated; they should stop activity, drink water or an electrolyte
drink, rest in a cool area, and monitor symptoms — Dizziness and headache during
exercise are classic signs of dehydration. The body loses water and electrolytes through sweat,
and when not replaced, blood volume decreases, reducing blood flow to the brain. The player
should stop immediately, hydrate with water or a sports drink, rest in shade, and not return to
play until symptoms resolve.

Most young athletes get more than enough protein from a balanced diet to support
muscle growth without supplements — The recommended protein intake for active teens is
about 0.5-0.8 grams per pound of body weight, which is easily achieved through normal meals
containing meat, dairy, eggs, beans, or nuts. Most Americans already consume more protein
than needed. Supplements can be expensive, unnecessary, and sometimes contain harmful



for most young
athletes?

Create a simple
hydration plan for
a soccer player
who has a 90-
minute game on a
hot day.

What percentage
of the human body
is approximately
water?

What is the
difference
between simple
and complex
carbohydrates,
and when might
an athlete prefer
each?

Explain why
drinking only
water may not be
enough during
long, intense
exercise lasting
more than an
hour.

How many calories
per gram does
protein provide?

A popular diet
trend says athletes
should eliminate
all carbohydrates.
Analyze the
potential impact
on a teenage
athlete's
performance.

Compare a sports
drink, an energy
drink, and water
for hydration
during a 30-minute
workout. Analyze
which is most

additives not tested for safety in young people.

Drink 16-20 oz of water 2-3 hours before, 7-10 0z 20 minutes before, 7-10 oz every 15-20
minutes during halftime and breaks, and 16-24 oz for every pound of body weight lost
after the game — A proper hydration plan starts well before the game: drink 16-20 0z 2-3
hours before to allow the body to absorb and process fluids. Drink 7-10 0z 20 minutes before
kickoff. During the game, take in 7-10 oz every 15-20 minutes (halftime, stoppages). After the
game, drink 16-24 oz for each pound lost during play. On hot days, include electrolyte
beverages.

About 60% — The human body is approximately 60% water, though this varies. Water is
essential for temperature regulation, nutrient transport, joint lubrication, and waste removal.
Even mild dehydration (1-2% body weight loss) can impair athletic performance.

Simple carbs provide quick energy (good right before or during activity), while complex
carbs provide sustained energy (better for meals hours before activity) — Simple
carbohydrates (sugars) are quickly digested and provide rapid energy, making them useful
during or immediately before exercise. Complex carbohydrates (starches, whole grains) take
longer to digest, providing a steady release of energy over time. Athletes typically eat complex
carbs in pre-event meals (2-4 hours before) and use simple carbs during prolonged events.

Extended exercise causes loss of electrolytes (sodium, potassium) through sweat that
water alone cannot replace, potentially causing cramping or hyponatremia — During
prolonged exercise, sweat carries away electrolytes like sodium and potassium along with
water. These electrolytes are essential for muscle contraction, nerve function, and fluid
balance. Drinking only plain water can dilute remaining electrolytes, potentially causing
hyponatremia (dangerously low sodium levels), muscle cramps, and impaired performance.

4 calories per gram — Protein provides 4 calories per gram, the same as carbohydrates. Fats
provide 9 calories per gram. This difference is important when calculating energy intake for
athletic performance.

Eliminating carbs would severely reduce energy for high-intensity exercise, deplete
glycogen stores, impair cognitive function, and could hinder growth and development in
teens — Carbohydrates are the body's primary fuel for moderate to high-intensity exercise.
Without them, glycogen stores deplete rapidly, causing fatigue, poor performance, and
impaired recovery. The brain relies on glucose for function, so low carbs can cause brain fog
and poor decision-making. For growing teens, restricting any macronutrient group can impair
development and is not recommended by pediatric health organizations.

Water is most appropriate for a 30-minute workout; sports drinks are unnecessary for
short sessions, and energy drinks contain caffeine and stimulants that are
inappropriate for young athletes — For exercise lasting under 60 minutes, water is sufficient
for hydration. Sports drinks with electrolytes and carbohydrates become beneficial only for
sessions longer than 60-90 minutes or in extreme heat. Energy drinks contain high levels of
caffeine, sugar, and stimulants that can cause heart palpitations, anxiety, and dehydration —



appropriate.

A food label shows
a cereal has 10%
DV for iron and 2%
DV for vitamin D.
Which nutrient
does this cereal
contribute
significantly to
your daily needs?

Evaluate whether a
vegetarian athlete
can meet all their
nutritional needs
for competitive
sports
performance.

What does a food
label's 'Percent
Daily Value' (%DV)
tell you?

What is the
recommended
amount of water a
physically active
teen should drink
daily?

You are reading a
food label and see
that one serving of
a granola bar has
12g of sugar, 3g of
protein, and 15g of
total
carbohydrates.
How would you
evaluate this as a
post-workout
snack?

Why is protein
especially
important for
athletes after a
workout?

Analyze why

the American Academy of Pediatrics recommends against them for children and teens.

Iron, because 10% DV is a meaningful contribution, while 2% DV for vitamin D is very low
— Using the %DV guidelines, 5% or less is considered low and 20% or more is considered high.
At 10% DV, iron is a moderate but meaningful contribution to daily needs. At 2% DV, vitamin D
is very low. This cereal would need to be paired with other vitamin D-rich foods (like milk or
sunlight exposure) to meet daily requirements.

Yes, with careful planning a vegetarian diet can meet all athletic nutritional needs by
combining complementary plant proteins, supplementing B12 if needed, and ensuring
adequate iron and calcium from plant sources — Many elite athletes follow vegetarian or
vegan diets successfully. Plant-based diets can provide adequate protein through
combinations like beans and rice (complementary proteins). Key nutrients to monitor include
B12 (may need supplementation), iron (found in spinach, lentils, fortified foods), calcium
(found in tofu, fortified plant milks), and omega-3 fatty acids. Careful planning is essential but
entirely achievable.

How much of a nutrient one serving contributes to a daily 2,000-calorie diet — The
Percent Daily Value (%DV) on a food label shows how much one serving of the food
contributes to the recommended daily intake of a nutrient, based on a 2,000-calorie diet. It
helps consumers quickly assess whether a food is high or low in a specific nutrient.

About 8-10 cups (64-80 ounces), plus extra to replace sweat lost during exercise —
Physically active teens should drink about 8-10 cups of water daily as a baseline, plus
additional water before, during, and after exercise to replace fluid lost through sweat. A
general guideline is to drink 7-10 ounces every 10-20 minutes during exercise.

It is a reasonable quick snack for immediate energy replacement but could be better if
paired with additional protein for muscle recovery — Post-workout nutrition ideally
includes carbohydrates to replenish glycogen and protein to support muscle repair (a 3:1 or
4:1 carb-to-protein ratio is often recommended). This granola bar provides quick carbs but
only 3g of protein. Pairing it with Greek yogurt, milk, or a handful of nuts would create a more
complete recovery snack.

Exercise causes tiny tears in muscle fibers, and protein provides amino acids needed to
repair and rebuild those fibers stronger — Resistance and high-intensity exercise cause
microscopic damage to muscle fibers. During recovery, the body uses amino acids from
dietary protein to repair these tears and build the fibers back stronger (muscle protein
synthesis). Consuming protein within a few hours after exercise supports this recovery
process.

Their body composition goals, energy expenditure, and performance demands differ:



athletes in
different sports
(e.g., a gymnast vs.
a football lineman)
have very different
dietary needs.

A friend tells you
they are skipping
meals to lose
weight for
wrestling. How
would you advise
them using
nutrition
knowledge?

A cross-country
runner has a race
in 3 hours. What
should their pre-
race meal look
like?

What are the three
macronutrients
the body needs for
energy?

Your school
cafeteria offers
two lunch options:
a cheeseburger
with fries and a
soda, or grilled
chicken with
brown rice,
steamed
vegetables, and
milk. Evaluate
which is better for
an athlete who has
practice after
school.

What is the
primary function
of carbohydrates
in the body?

Why are
carbohydrates
especially
important for

gymnasts need to be lean and light, while linemen need maximum mass and strength,
requiring different ratios and amounts of macronutrients — A gymnast needs a lean
physique for agility and power-to-weight ratio, requiring moderate calories with emphasis on
lean protein and complex carbs. A football lineman needs significant mass and strength,
requiring a caloric surplus with high protein and substantial carbohydrates. Training type
matters too: endurance-heavy training demands more carbs, while strength training demands
more protein.

Explain that skipping meals slows metabolism, causes muscle loss, reduces athletic
performance, and is unhealthy; recommend consulting a coach or dietitian for safe
weight management — Skipping meals deprives the body of essential nutrients and energy
needed for athletic performance. The body responds by slowing metabolism, breaking down
muscle for energy, and storing more fat when food is finally eaten. This leads to weakness,
poor concentration, injury risk, and declining performance. Safe weight management involves
working with a healthcare professional.

A moderate meal rich in complex carbohydrates, moderate protein, low in fat and fiber,
with water to hydrate — A pre-race meal eaten 2-3 hours before should emphasize complex
carbohydrates (like pasta, rice, or toast) for sustained energy, include moderate protein (like
chicken or yogurt), and be low in fat and fiber to prevent digestive discomfort. Examples:
whole grain toast with peanut butter and banana, or pasta with light tomato sauce and
chicken.

Carbohydrates, proteins, and fats — Carbohydrates, proteins, and fats are the three
macronutrients. Carbohydrates provide quick energy (4 cal/g), proteins build and repair tissues
(4 cal/g), and fats provide concentrated energy storage and hormone production (9 cal/g).

The grilled chicken meal is significantly better because it provides lean protein, complex
carbohydrates for sustained energy, micronutrients from vegetables, and calcium from
milk without the excess saturated fat and simple sugars of the burger meal — The grilled
chicken meal provides lean protein for muscle support, complex carbohydrates (brown rice)
for sustained energy during practice, vitamins and minerals from vegetables, and calcium from
milk for bone health. The cheeseburger meal is high in saturated fat (which slows digestion),
simple carbohydrates (white bun and fries), and the soda adds empty calories with a sugar
spike and crash likely during practice.

To provide the body's main source of energy — Carbohydrates are the body's preferred and
most efficient energy source. They are broken down into glucose, which fuels muscles and the
brain. Athletes rely heavily on carbohydrates during moderate to high-intensity exercise.

Carbohydrates are stored as glycogen in muscles and the liver, providing sustained fuel
for prolonged exercise — During prolonged exercise, the body primarily burns glycogen



endurance (stored carbohydrates) for fuel. Muscle glycogen stores are limited and can be depleted after
athletes like 90-120 minutes of intense exercise. When glycogen runs out, athletes experience fatigue
marathon ('hitting the wall'). This is why carb-loading before and carb-replenishing during endurance
runners? events is critical.



11. Physical Fitness & Health

< Question
(fold —)

Design a 5-
minute
dynamic
warm-up
routine for a
soccer team.
Include at
least 4
exercises.

You see
someone
having a
severe allergic
reaction
(swelling
throat,
difficulty
breathing,
hives) at a
sports event.
What should
you do?

A coach tells
the team to
always stretch
cold muscles
before
practice to
prevent
injuries.
Evaluate this
advice based
on current
sports
science.

What are the
two main
types of
stretching?

Analyze why
proper
footwear is
one of the

Answer

Start with 2 minutes of light jogging, then high knees (30 seconds), butt kicks (30 seconds),
lateral shuffles (30 seconds), leg swings front and back (30 seconds each leg), and arm circles
(30 seconds) — An effective dynamic warm-up for soccer: (1) Light jog (2 min) to raise heart rate
and temperature. (2) High knees (30s) to activate hip flexors and core. (3) Butt kicks (30s) to activate
hamstrings. (4) Lateral shuffles (30s) to prepare for side-to-side movements. (5) Leg swings (30s
each) to loosen hip joints. (6) Arm circles (30s) to warm up upper body. All exercises mimic
movements used in the sport.

Call 911 immediately, ask if they have an epinephrine auto-injector (EpiPen), help them use
it if they do, and keep them calm while waiting for emergency services — Anaphylaxis is a life-
threatening allergic reaction that requires immediate emergency treatment. Call 911 first. If the
person has an epinephrine auto-injector, help them use it (inject into the outer thigh through
clothing if necessary). Have them sit upright to help breathing. Monitor their condition and be
prepared to perform CPR if they stop breathing. Do not give food or drink.

This advice is outdated; current research shows that static stretching cold muscles before
exercise does not prevent injuries and may temporarily reduce muscle strength and power.
A dynamic warm-up is recommended instead — Multiple systematic reviews have shown that
static stretching before exercise does not reduce injury rates and can temporarily impair
performance (reduced strength, power, and speed). Current best practice recommends a dynamic
warm-up before exercise to raise muscle temperature and activate the neuromuscular system,
followed by static stretching after exercise during cooldown when muscles are warm and more
elastic.

Static stretching (holding a position) and dynamic stretching (moving through a range of
motion) — Static stretching involves holding a stretch position for 15-60 seconds without
movement (like touching your toes and holding). Dynamic stretching involves controlled
movements through the full range of motion (like leg swings or arm circles). Research shows
dynamic stretching is best before exercise, while static stretching is best during cooldown.

Proper shoes provide appropriate cushioning, arch support, and stability for each runner's
foot type, reducing impact forces and correcting biomechanical issues that lead to overuse
injuries — During running, feet absorb 2-3 times body weight with each stride. Proper shoes



most
important
factors in
preventing
running
injuries.

Analyze why
young athletes
are more
vulnerable to
heat-related
illness than
adults during
outdoor
exercise.

Why is it
important to
apply ice to an
injury but not
directly on the
skin?

What is the
primary
purpose of
warming up
before
exercise?

What does the
acronym RICE
stand for in
first aid for
sports
injuries?

You arrive at a
scene where
someone has
collapsed and
is not
responding.
What is the
first thing you
should do?

What is the
purpose of
the recovery
position
(placing an
unconscious
but breathing

cushion this impact, provide arch support matched to foot type (flat, neutral, or high arch), and
stabilize the foot to prevent excessive inward rolling (overpronation) or outward rolling
(supination). Mismatched shoes allow abnormal forces to accumulate, contributing to plantar
fasciitis, shin splints, knee pain, and stress fractures.

Young athletes produce more heat relative to body size, sweat less efficiently, acclimatize to
heat more slowly, and may not recognize or communicate symptoms of overheating as
effectively — Young athletes are more vulnerable to heat illness because: (1) they have a higher
surface area-to-body mass ratio, absorbing more environmental heat; (2) they produce more
metabolic heat per unit of body weight; (3) their sweating mechanism is less efficient than adults;
(4) they take longer to acclimatize to hot conditions; and (5) they may not voluntarily drink enough
fluids or recognize early warning signs. Coaches should enforce mandatory water breaks and
monitor for signs of heat illness.

Direct contact with ice can cause frostbite or cold burns to the skin; a cloth barrier protects
the skin while still allowing cold to reduce swelling — Ice applied directly to skin can cause
frostbite (tissue damage from freezing) in as little as 10-15 minutes. A cloth or towel barrier allows
the therapeutic cold to penetrate and reduce swelling and inflammation while protecting skin cells
from freezing damage. Apply ice for 20 minutes on, then at least 20 minutes off.

To gradually increase heart rate, blood flow to muscles, and body temperature to prepare
the body for intense activity — Warming up increases heart rate and blood flow, delivering more
oxygen and nutrients to muscles. It raises muscle temperature, making tissues more elastic and
less prone to tears. It also activates the nervous system for better coordination and reaction time.
A proper warm-up typically lasts 5-15 minutes.

Rest, Ice, Compression, Elevation — RICE stands for Rest (stop activity to prevent further injury),
Ice (apply cold to reduce swelling, 20 minutes on/20 minutes off), Compression (wrap with an
elastic bandage to limit swelling), and Elevation (raise the injured area above heart level to reduce
blood flow and swelling).

Check if the scene is safe, then tap the person's shoulders and shout to check for
responsiveness, then call 911 or have someone else call — The correct sequence is: (1) Check
scene safety — make sure there are no hazards that could injure you. (2) Check responsiveness —
tap their shoulders firmly and shout 'Are you okay?' (3) Call 911 or direct someone specific to call.
(4) Check for breathing. (5) If not breathing normally, begin CPR. Starting CPR before calling for help
delays professional medical response.

To keep the airway open and prevent choking if the person vomits — When an unconscious
person lies on their back, their tongue can fall to the back of the throat and block the airway. If they
vomit, the vomit can also block the airway and cause choking. The recovery position (on their side)
uses gravity to keep the airway clear and allow any fluids to drain from the mouth.



person on
their side)?

A teammate
rolls their
ankle during a
basketball
game and it
starts
swelling.
Apply the RICE
method: what
should you do
first?

Compare a
sudden
(acute) injury
like an ankle
sprain with a
gradual
(overuse)
injury like
tendinitis.
Analyze how
their causes,
prevention,
and treatment
differ.

What is a
sprain?

A teammate
takes a hard
hit to the head
during a game
and seems
confused
about where
they are.
Apply your
knowledge of
injury
management
to respond
appropriately.

What is the
difference
between a
sprain and a

Have them stop playing immediately and rest — The first step of RICE is Rest. The player should
stop all activity immediately to prevent further damage to the injured ligament. Continuing to play
on a sprained ankle can turn a mild Grade | sprain into a severe Grade Il tear. After rest, apply ice
(with a barrier), compression (elastic bandage), and elevation (above heart level). — do not let them
continue on the injured ankle.

Acute injuries result from a single traumatic event and are treated with immediate first aid
(RICE), while overuse injuries develop from repetitive stress and are prevented by proper
rest, gradual training progression, and treated with activity modification and rest — Acute
injuries (sprains, fractures) result from a single event (fall, collision) and are treated with immediate
first aid (RICE), possible immobilization, and medical evaluation. Overuse injuries (tendinitis, stress
fractures) result from repetitive micro-damage without adequate recovery. They are prevented by
progressive training increases (no more than 10% per week), proper rest days, cross-training, and
correct technique. Treatment focuses on rest, addressing the root cause, and gradual return to
activity.

A stretch or tear of a ligament — A sprain is an injury to a ligament, the tough band of tissue that
connects bones at a joint. Sprains commonly occur in the ankle, knee, and wrist when a joint is
forced beyond its normal range of motion. They are graded from mild (Grade | stretch) to severe
(Grade Ill complete tear).

Remove them from the game immediately, do not let them return to play, report the injury
to a coach and parent, and recommend they see a doctor for concussion evaluation —
Confusion after a head impact is a hallmark sign of a concussion, a traumatic brain injury. The
player must be removed from play immediately — 'When in doubt, sit them out.' Continuing to play
with a concussion risks Second Impact Syndrome, which can be fatal. The player needs evaluation
by a healthcare professional trained in concussion assessment before any return to physical
activity.

A sprain affects ligaments (bone-to-bone connections), while a strain affects muscles or
tendons (muscle-to-bone connections) — A sprain injures a ligament (connects bone to bone at
a joint), while a strain injures a muscle or tendon (connects muscle to bone). Both involve
stretching or tearing, but they affect different tissues. Sprains typically occur at joints (ankle, knee),



strain?

A friend says
you only need
to worry
about injury
prevention if
you play
competitive
sports.
Evaluate this
claim.

Explain why
dynamic
stretching is
recommended
before
exercise
rather than
static
stretching.

Why is it
important to
never move
someone with
a suspected
spinal injury?

What is the

correct chest
compression
rate for CPR
on an adult?

A runner
complains of
sharp shin
pain that gets
worse during
running. What
might this be,
and what
should they
do?

Analyze the
statement: 'No
pain, no gain.'
Is this a safe
philosophy for
young
athletes?

while strains often occur in muscles (hamstring, back).

This claim is incorrect; anyone who exercises can get injured, and recreational athletes
actually have higher injury rates in some activities because they often have less training,
conditioning, and coaching than competitive athletes — Injuries occur at all levels of physical
activity. Recreational athletes may actually face higher relative risk because they often lack proper
training progression, conditioning programs, coaching on technique, and access to athletic trainers.
Weekend warriors who suddenly increase activity intensity are especially vulnerable. Everyone who
exercises should warm up properly, use appropriate equipment, progress gradually, and listen to
their body.

Dynamic stretching warms up muscles through movement, increasing blood flow and
preparing the nervous system for activity, while static stretching on cold muscles can
reduce power output and increase injury risk — Research shows that static stretching cold
muscles before exercise can temporarily reduce muscle strength and power (up to 5-10%) and
does not prevent injury. Dynamic stretching actively moves muscles through their range of motion,
increasing blood flow, raising muscle temperature, and activating the neuromuscular system. This
prepares the body for the specific movements it will perform during exercise.

Moving them could shift broken vertebrae or dislocated joints, potentially severing the
spinal cord and causing permanent paralysis or death — The spinal cord is the main
communication pathway between the brain and body. If vertebrae are broken or displaced, the
spinal cord may be partially intact. Moving the person could shift the broken bones, severing the
cord and causing permanent paralysis or death. Keep the person still, support the head and neck,
and call emergency services immediately.

100-120 compressions per minute — The American Heart Association recommends chest
compressions at a rate of 100-120 per minute for adult CPR. This rate is similar to the beat of the
song 'Stayin' Alive.' Compressions should be at least 2 inches deep, allowing full chest recoil
between compressions.

This is likely shin splints (medial tibial stress syndrome); they should rest, ice the area, and
gradually return to running only when pain-free, possibly with better shoes or on softer
surfaces — Sharp shin pain during running is likely shin splints (medial tibial stress syndrome), an
overuse injury where repeated impact causes inflammation along the shinbone. Treatment
includes rest (the most important step), ice, anti-inflammatory medication if recommended by a
doctor, and addressing contributing factors like worn-out shoes, running on hard surfaces, or
increasing mileage too quickly.

This is a dangerous philosophy for young athletes because it encourages ignoring pain
signals that warn of injury; productive training discomfort is different from pain that signals
tissue damage — While some muscle discomfort during challenging exercise (burning sensation
during intense effort) is normal, sharp, persistent, or worsening pain is the body's warning signal of
potential injury. Young athletes' bodies are still developing, with growth plates that are vulnerable
to damage. Pushing through injury pain can turn minor issues into serious, long-term problems.
The philosophy should be 'train smart, listen to your body.'
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Repeated stress on a tissue without adequate rest causes accumulated micro-damage that
builds up over time until pain and dysfunction develop — Every time a tissue (bone, tendon,
muscle) is stressed during exercise, tiny amounts of damage occur. Normally, rest allows the body
to repair this damage and even strengthen the tissue. When activity is repeated too frequently
without sufficient rest, the damage accumulates faster than the body can repair it, leading to
conditions like stress fractures, tendinitis, and shin splints.

No; concussion recovery requires a gradual return-to-play protocol supervised by a
healthcare professional, typically taking at least 1-2 weeks minimum, with the athlete being
symptom-free before each progression step — Concussion return-to-play requires a stepwise
protocol: (1) complete physical and cognitive rest until symptom-free, (2) light aerobic exercise, (3)
sport-specific exercise, (4) non-contact training, (5) full-contact practice, (6) return to competition.
Each step requires being symptom-free for 24 hours before progressing. Returning too early risks
prolonged symptoms and Second Impact Syndrome (a potentially fatal second concussion before
the first has healed). A doctor must clear the athlete.

Rule 1: Always warm up with dynamic stretching (prepares muscles and prevents tears).
Rule 2: Wear appropriate gear and footwear (protects body from impact and supports
joints). Rule 3: Stay hydrated (prevents heat iliness and muscle cramps). Rule 4: Listen to
your body and report pain (early detection prevents serious injuries). Rule 5: Follow proper
technique and rules (reduces risk of collisions and overexertion) — An effective injury
prevention poster should include actionable, evidence-based rules: (1) Dynamic warm-up:
increases blood flow and prepares muscles. (2) Proper equipment: correct shoes, protective gear,
and fitting equipment reduce injury risk. (3) Hydration: drink water before, during, and after activity
to prevent heat iliness. (4) Listen to your body: pain is a warning signal — report it to the teacher
immediately. (5) Proper technique and rules: following correct form and game rules prevents both
acute and overuse injuries.



12. Physical Fitness & Health
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Answer

Introduction to exercise science (what it is and career options), a hands-on activity like
measuring resting heart rate and calculating target heart rate zones, and a discussion of a
simple experiment the club could conduct (e.g., does music affect exercise performance?)
— An effective first meeting: (1) Welcome and overview: what is exercise science and why it
matters (10 min). (2) Career spotlight: brief overview of careers in the field (5 min). (3) Hands-on
activity: measure resting heart rate, calculate target zones using the Karvonen formula, discuss
what affects heart rate (20 min). (4) Club experiment brainstorm: propose a simple study like
'Does listening to music improve exercise performance?' and plan the methodology (15 min). (5)
Next meeting preview and sign-up (5 min).

Prevents, evaluates, and treats injuries and illnesses for athletes under the direction of a
physician — Athletic trainers (ATs) are licensed healthcare professionals who specialize in the
prevention, evaluation, treatment, and rehabilitation of injuries and illnesses in physically active
people. They work in schools, colleges, professional sports, clinics, and hospitals. They require a
master's degree and must pass the BOC certification exam.

A nationally accredited personal training certification (such as ACE, NASM, or ACSM) —
Personal trainers typically hold a certification from a nationally accredited organization such as
ACE (American Council on Exercise), NASM (National Academy of Sports Medicine), or ACSM
(American College of Sports Medicine). These certifications require passing an exam on exercise
science, program design, and client safety.

Motion capture provides precise, objective data about how a patient moves, helping
identify movement deficiencies and track rehabilitation progress more accurately than
visual observation alone — Human observation, even by trained professionals, can miss subtle
movement patterns, compensations, or asymmetries. Motion-capture technology provides
precise, quantitative measurements of joint angles, movement timing, force distribution, and
body symmetry. This allows therapists to identify specific movement deficits, create targeted
treatment plans, and track even small improvements that might not be visible to the naked eye.

To track heart rate in real time so exercisers can stay in their target heart rate zone for
their fitness goal — A heart rate monitor allows exercisers to train at the correct intensity for
their goals. Different heart rate zones produce different training effects: lower zones improve fat
burning and endurance, moderate zones improve cardiovascular fitness, and higher zones
improve speed and power. Training in the correct zone maximizes results and prevents
overtraining.

Controlled studies isolate variables and use comparison groups to determine if a method
truly works, while personal testimonials are subject to placebo effects, individual
variation, and bias that make it impossible to draw reliable conclusions — Controlled
studies are essential because: (1) placebo effect — believing a method works can improve
performance temporarily regardless of the method's actual effectiveness. (2) Individual variation
— what works for one person may not work for others. (3) Confounding variables — without
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controls, improvements might be due to other factors (better sleep, nutrition, motivation). (4)
Sample size — testimonials are n=1; studies test many participants. (5) Bias — people who had
positive results are more likely to share testimonials. Only controlled studies can establish cause
and effect.

Al could personalize workout programs in real time based on biometric data, provide
virtual coaching with form correction via camera analysis, predict injury risk from training
patterns, and make professional-level fitness guidance more accessible and affordable —
Al in fitness could: (1) analyze biometric data from wearables to create dynamically adjusting
workout programs, (2) use computer vision to analyze exercise form and provide real-time
corrections, (3) predict injury risk by identifying patterns in training load and recovery data, (4)
make personalized coaching affordable for everyone (not just those who can afford personal
trainers). Limitations: Al cannot replace the motivational and emotional support of human
coaches, may struggle with complex individual health situations, and raises privacy concerns with
health data.

Age-appropriate exercise tutorials with video demonstrations, achievement badges for
consistency, parent/guardian controls, no calorie-counting features (to avoid unhealthy
focus on weight), and activity challenges with friends — A safe, engaging fitness app for
middle schoolers should include: (1) video-guided exercises appropriate for developing bodies, (2)
gamification (badges, streaks, friendly challenges) for motivation, (3) parental controls and privacy
protection (COPPA compliance), (4) focus on activity minutes and fun rather than calories or
weight, (5) variety (strength, flexibility, cardio, sport-specific), and (6) social features that
encourage teamwork rather than body comparison.

Advantages: objective data tracking, motivation through goals and feedback, identification
of trends, and accountability. Disadvantages: potential over-reliance on data, inaccuracy of
some measurements, distraction from enjoying exercise, cost, and potential for unhealthy
obsession with metrics — Fitness technology provides valuable objective data, real-time
feedback, trend identification, goal setting, and accountability that can enhance training.
However, disadvantages include cost, measurement inaccuracy (calorie estimates can be off by
30-50%), potential for data obsession (especially concerning for youth regarding body image),
distraction from the enjoyment of movement, battery/technical dependence, and the false sense
that data equals understanding. The best approach combines technology with body awareness
and professional guidance.

To design safe, effective exercise programs that target the correct muscle groups and
avoid movements that could cause injury — Personal trainers must understand how the body
works to design programs that effectively target intended muscle groups, use proper exercise
form, accommodate client limitations or injuries, and avoid contraindicated movements. Without
this knowledge, a trainer might prescribe exercises that are ineffective, unbalanced, or dangerous
for a particular client.

You need 7,000 more steps. Strategy: take a 20-minute walk during lunch (about 2,000
steps), walk to classes instead of shortcuts (about 1,500 steps), take a 30-minute walk or
play actively after school (about 3,000 steps), and add small walking breaks throughout the
evening (500 steps) — You need 7,000 more steps (10,000 - 3,000 = 7,000). At approximately 100
steps per minute of walking, this requires about 70 minutes of total walking. Breaking this into
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manageable chunks throughout the day makes it achievable: lunch walk, active transport
between classes, after-school physical activity, and evening movement. Small changes in daily
habits consistently add significant steps.

A field of medicine focused on the prevention, diagnosis, and treatment of injuries related
to sports and exercise — Sports medicine is a medical specialty focused on helping athletes and
active people prevent, diagnose, treat, and rehabilitate injuries related to physical activity.
Professionals in this field include sports medicine physicians, orthopedic surgeons, physical
therapists, athletic trainers, and exercise physiologists.

Research findings about optimal exercise types, duration, and intensity inform public
health guidelines, help prevent chronic diseases, and improve quality of life for people of
all fitness levels — Exercise science research has established that regular physical activity
prevents heart disease, diabetes, obesity, depression, and certain cancers. Research determines
optimal exercise types and amounts for different populations (children, adults, elderly, people
with chronic conditions). The current recommendation of 150 minutes of moderate activity per
week comes directly from decades of exercise science research. Without this research, public
health guidelines would have no scientific basis.

Not all fitness careers require a four-year degree; personal trainers and group fitness
instructors can work with certifications, while physical therapists, exercise physiologists,
and sports medicine physicians require advanced degrees. The level of education generally
corresponds to scope of practice and earning potential — Fitness career education
requirements vary widely: Group fitness instructor (certification, days-weeks). Personal trainer
(certification, months). Strength and conditioning coach (bachelor's degree + CSCS). Athletic
trainer (master's degree + BOC). Exercise physiologist (bachelor's or master's). Physical therapist
(DPT doctorate). Sports medicine physician (MD + residency + fellowship). Each level of education
expands scope of practice, responsibility, and typically earning potential. All paths contribute to
the fitness industry.

The study of how the human body responds and adapts to physical activity — Exercise
science is an academic field that studies the body's physiological, biomechanical, and
psychological responses to physical activity. Researchers in this field investigate topics like how
muscles adapt to training, optimal training methods, nutrition strategies, injury prevention, and
how exercise improves health. It forms the scientific foundation for personal training, physical
therapy, and sports medicine.

An increasing resting heart rate trend can indicate overtraining, accumulated fatigue,
stress, illness, or insufficient recovery — the athlete should consider reducing training
intensity and consulting a coach or doctor — Resting heart rate (RHR) is a key indicator of
cardiovascular fitness and recovery status. A gradually decreasing RHR typically indicates
improving fitness. A gradually increasing RHR can signal overtraining, accumulated fatigue, poor
sleep, dehydration, stress, or the onset of iliness. Athletes and coaches use RHR trends to adjust
training loads and ensure adequate recovery.

GPS tracks route, distance, pace, and speed in real time, allowing runners to monitor their
performance, maintain consistent pacing, and track improvement over time — GPS in
fitness devices provides real-time data on distance covered, current pace (minutes per mile or
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km), speed, and route mapping. Runners use this data to maintain target paces during training,
ensure consistent effort on different routes, track progress over weeks and months, plan race
strategies, and identify splits (pace for each mile or kilometer) to analyze where they speed up or
slow down.

Steps taken, heart rate, calories burned, distance traveled, and sleep patterns — Modern
fitness trackers use accelerometers (for movement/steps), optical heart rate sensors (LED light
measures blood flow changes), GPS (distance and route), and algorithms to estimate calories
burned and monitor sleep cycles. Popular devices include Fitbit, Apple Watch, and Garmin
watches.

Popularity does not equal effectiveness; without scientific evidence, the program may be
ineffective, inappropriate for certain populations, or even dangerous. Follower count
reflects marketing ability, not exercise science knowledge — Social media popularity reflects
entertainment value and marketing skill, not scientific validity. An effective exercise program
should be based on exercise science principles, designed for the target population, and ideally
supported by research or developed by qualified professionals. Many popular programs ignore
individual differences, progression principles, and safety considerations. Always evaluate fitness
advice based on the qualifications of the source and the evidence supporting the claims.

A class-wide dashboard system where students wear simple heart rate bands that display
on a shared screen showing color-coded effort zones (green=moderate, yellow=vigorous,
red=max). Students aim to stay in target zones during activities. Teachers see real-time
and post-class data on participation levels. It gamifies effort (not ability) and provides
objective data for fair grading based on personal effort rather than athletic skill — This
system addresses key PE challenges: (1) fair assessment based on individual effort (a less fit
student working at 80% max heart rate is working harder than a fit student at 50%). (2) Real-time
feedback motivates students to increase effort. (3) Color-coded zones make heart rate training
accessible without complex numbers. (4) Teachers get participation data for evidence-based
grading. (5) Gamification (team challenges, personal bests) increases engagement. (6) Privacy:
data could be anonymized on the shared display with detailed data only on the student's
personal view.

Physical therapists treat a broader range of patients and conditions (post-surgery,
neurological, elderly), while athletic trainers specialize in sports-related injury prevention
and treatment for active populations — Physical therapists (PTs) hold a Doctor of Physical
Therapy (DPT) degree and treat diverse populations including post-surgical patients, stroke
survivors, elderly patients, and athletes. Athletic trainers (ATs) hold a master's degree and
specialize in the active/athletic population, focusing on injury prevention, emergency care, and
rehabilitation specific to sports. Both are licensed healthcare professionals but with different
scopes and training emphasis.

Complete a bachelor's degree (often in exercise science or kinesiology), earn a Doctor of
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Physical Therapy (DPT) degree (3 years), pass the national licensing exam, and pursue a
sports physical therapy residency or certification — The path to sports physical therapy: (1)
Bachelor's degree in exercise science, kinesiology, or biology (4 years). (2) Doctor of Physical
Therapy (DPT) program (3 years, includes clinical rotations). (3) Pass the National Physical Therapy
Examination (NPTE) for state licensure. (4) Optional: complete a sports physical therapy residency
(1 year) and earn the Sports Certified Specialist (SCS) credential for specialization.

A personal trainer needs a certification (months of study), designs exercise programs but
cannot diagnose or treat injuries. A sports medicine physician needs an MD plus residency
and fellowship (11-15 years), can diagnose, prescribe, and perform procedures. Salary
differs significantly, reflecting the education and scope difference — Personal trainer:
certification (3-12 months study), designs exercise programs, provides motivation, cannot
diagnose/treat/prescribe. Median salary ~$40,000-$60,000. Sports medicine physician: bachelor's
(4 years) + medical school (4 years) + residency (3-4 years) + fellowship (1-2 years) = 12-14 years.
Can diagnose injuries, prescribe medication, perform procedures, order imaging. Median salary
~$200,000-$350,000. Both serve athletes but at fundamentally different levels of medical scope.

Heart rate (to train in the right intensity zone), pace per mile (to maintain consistent
speed), and distance (to track training volume) — these three give a complete picture of
effort, speed, and workload — Heart rate shows exercise intensity, ensuring you train in the
correct zone for your goal (fat burning, aerobic fitness, or speed). Pace (minutes per mile) tracks
your speed and helps maintain consistent effort. Distance measures training volume, which
should increase gradually (no more than 10% per week). Together, these metrics allow you to
structure training, prevent overtraining, and track improvement over time.

This claim is false; fitness trackers provide useful estimates but have known inaccuracies
(especially for calories burned, which can be off by 30-50%), and should be used as general
guides rather than precise medical instruments — Consumer fitness trackers are not medical
devices and have known limitations. Heart rate accuracy varies (wrist-based sensors are less
accurate than chest straps, especially during vigorous movement). Calorie burn estimates can be
off by 30-50% according to Stanford research. Step counting can be affected by arm movements.
GPS accuracy varies by environment (urban canyons, tree cover). Trackers are valuable for
identifying trends and providing motivation but should not replace professional health
assessments.



13. Benefits of Exercise
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Answer

It increases breathing rate and depth to bring more oxygen into the body and expel more
carbon dioxide — During exercise, the respiratory system ramps up dramatically. Breathing rate
increases from ~12-20 breaths/minute at rest to 40-60 during intense exercise. Each breath
becomes deeper, moving more air. This increases oxygen delivery to the blood (which carries it to
muscles) and speeds up carbon dioxide removal (a metabolic waste product).

The heart becomes stronger, pumping more blood per beat (increased stroke volume), so it
beats fewer times at rest — Regular aerobic exercise makes the heart muscle stronger, increasing
stroke volume (blood pumped per beat). A stronger heart pumps the same amount of blood with
fewer beats, resulting in a lower resting heart rate. Elite athletes may have resting heart rates of 40-
50 BPM versus 70-80 BPM for inactive people.

Light activity after exercise that gradually lowers heart rate and helps prevent dizziness and
muscle soreness — A cool-down involves 5-10 minutes of light activity (walking, gentle stretching)
after exercise. It gradually reduces heart rate and blood pressure, prevents blood from pooling in
the legs (which causes dizziness), and helps clear lactic acid from muscles, reducing soreness.

125-146 BPM (max HR = 220-12 = 208; 60% = 125, 70% = 146) — Step 1: Estimated max HR = 220 -
12 =208 BPM. Step 2: Zone 2 lower bound =208 x 0.60 = 124.8 ~ 125 BPM. Step 3: Zone 2 upper
bound =208 x 0.70 = 145.6 ~ 146 BPM. So the target range is 125-146 BPM. This zone builds
aerobic endurance and teaches the body to burn fat efficiently.

The maximum amount of oxygen your body can use during intense exercise — a key
measure of cardiovascular fitness — VO2 max measures the maximum volume of oxygen your
body can transport and use during maximum exertion. It's considered the gold standard for
cardiovascular fitness. Higher VO2 max means your heart, lungs, and muscles work more efficiently
together. Regular aerobic exercise improves VO2 max.

This is a myth — properly supervised strength training with appropriate loads is safe and
beneficial for adolescents. Research shows it improves bone density, reduces sports injury
risk, enhances motor skills, and does NOT stunt growth. The key is proper technique,
qualified supervision, and age-appropriate programming — The 'stunted growth' myth persists
despite being debunked by every major sports medicine organization. The American Academy of
Pediatrics, National Strength and Conditioning Association, and International Olympic Committee
all endorse properly supervised youth strength training. Research shows it: increases bone mineral
density (protecting growth plates), reduces sports injury rates by 50-72%, improves motor skill
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development, builds self-confidence, and does not compromise height. Growth plate injuries are
associated with unsupervised maximal lifting, not structured training programs with appropriate
loads and qualified coaching.

Aerobic (cardio), strength (resistance), and flexibility (stretching) — The three main types are
aerobic exercise (raises heart rate — running, swimming), strength/resistance exercise (builds
muscle — push-ups, lifting), and flexibility exercise (increases range of motion — stretching, yoga).
A balanced fitness plan includes all three.

Carbohydrates to restore energy plus protein to repair muscles — Post-workout nutrition
should include both carbohydrates (to replenish depleted glycogen stores) and protein (to repair
exercise-damaged muscle fibers). Examples: chocolate milk, yogurt with fruit, or a turkey sandwich
on whole grain bread. Eating within 30-60 minutes after exercise optimizes recovery.

All muscle groups need exercise for balanced fitness — neglecting legs, core, and back can
lead to injuries and poor posture — The body functions as an interconnected system. Exercising
only one area creates muscle imbalances that lead to poor posture, joint stress, and increased
injury risk. A balanced program works all major muscle groups: arms, shoulders, chest, back, core,
and legs.

They are the body's preferred and fastest source of energy for physical activity —
Carbohydrates are broken down into glucose, which muscles use as their primary fuel during
moderate-to-high intensity exercise. The body stores carbs as glycogen in muscles and the liver.
When glycogen runs low during extended exercise, you feel fatigued — this is why endurance
athletes 'carb load.'

Aerobic uses oxygen for sustained moderate activity; anaerobic works without oxygen for
short, intense bursts — Aerobic exercise (jogging, swimming, cycling) uses oxygen to produce
energy and can be sustained for long periods. Anaerobic exercise (sprinting, heavy lifting) exceeds
the oxygen supply, using stored energy for short, intense bursts (typically under 2 minutes). Both
improve different aspects of fitness.

Gradually increasing exercise demands (intensity, duration, or frequency) over time to
continue improving fitness — Progressive overload means systematically increasing exercise
stress to force continued adaptation. If you always jog the same speed for the same time, your
body adapts and stops improving. By gradually adding speed, distance, time, or resistance, you
push your body to continue developing. The increase should be gradual — typically 5-10% per
week.

The heart, blood vessels, and blood working together to deliver oxygen and nutrients
throughout the body — The cardiovascular system consists of the heart (pump), blood vessels
(arteries, veins, capillaries — the delivery network), and blood (the transport fluid). Together they
deliver oxygen and nutrients to every cell and carry away carbon dioxide and waste products.
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At least 60 minutes (1 hour) per day — The WHO and CDC recommend children and adolescents
get at least 60 minutes of moderate-to-vigorous physical activity daily. This can include walking to
school, PE class, sports, playing outside, or any activity that gets the heart pumping. It doesn't need
to happen all at once.

Your heart rate when you're calm and still; you can feel your pulse on your wrist (radial
artery) or neck (carotid artery) — Resting heart rate is measured when you're calm, still, and
haven't exercised recently. The easiest pulse points are the radial artery (thumb side of wrist) and
the carotid artery (side of neck). Count beats for 15 seconds and multiply by 4 to get your beats per
minute.

Breakfast B — it has complex carbs (oatmeal), protein (milk, nuts), healthy fat (nuts), and
micronutrients (berries) for sustained energy — Breakfast B is superior because it provides all
three macronutrients: complex carbs (oatmeal for sustained energy), protein (milk, nuts for muscle
support), and healthy fats (nuts for lasting fuel), plus vitamins and antioxidants (berries). Breakfast
A provides mainly simple sugars, causing a quick energy spike followed by a crash.

Eat mostly whole foods (fruits, vegetables, whole grains, lean proteins), drink water as your
main beverage, and eat slowly to recognize when you're full — Sustainable healthy eating
follows simple principles: (1) Eat mostly whole, minimally processed foods — they naturally provide
good nutrition. (2) Make water your primary drink — it has zero calories and perfect hydration. (3)
Eat mindfully — slowing down helps your brain register fullness, preventing overeating. These rules
are flexible, forgiving, and backed by nutrition science.

Whole grains contain the entire grain kernel (bran, germ, endosperm), providing more fiber,
vitamins, and sustained energy than refined grains which remove the bran and germ — A
whole grain contains all three parts of the grain kernel: the fiber-rich bran (outer layer), the
nutrient-dense germ (seed), and the starchy endosperm (energy store). Refining removes the bran
and germ, stripping away fiber, B vitamins, iron, and other nutrients. Examples of whole grains:
brown rice, whole wheat bread, oats, quinoa.

Minerals like sodium, potassium, and magnesium lost through sweat that help muscles
contract and nerves function — Electrolytes are minerals (sodium, potassium, magnesium,
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calcium) dissolved in body fluids that conduct electrical signals for muscle contractions, nerve
impulses, and fluid balance. Sweat contains electrolytes, so extended exercise depletes them. For
workouts over 60 minutes, electrolyte replacement (sports drinks or electrolyte-rich foods)
becomes important.

Micronutrients needed in small amounts for immune function, bone health, energy
production, and hundreds of body processes — Vitamins and minerals are micronutrients —
substances needed in small quantities but essential for health. Vitamin C supports immune
function, vitamin D and calcium build bones, iron carries oxygen in blood, and B vitamins help
convert food to energy. A varied diet with fruits, vegetables, whole grains, and proteins typically
provides all needed micronutrients.

Exercise burns additional energy, so athletes need more calories to fuel activity, recover,
and maintain body weight — Physical activity burns calories beyond what the body needs for
basic functions. A sedentary person might need 1,800-2,000 calories daily, while an active teen
athlete might need 2,500-3,500 or more. Without enough calories, the body lacks fuel for exercise
and recovery, leading to fatigue, muscle loss, and impaired performance.

It guarantees you will never get sick — Regular exercise provides numerous real benefits:
improved mood, stronger bones and muscles, better sleep, reduced disease risk, and more.
However, it does NOT guarantee you'll never get sick. Exercise reduces illness risk but cannot
eliminate it entirely. Be wary of absolute claims about any health behavior.

To cool the body down — as sweat evaporates from the skin, it removes heat — Sweat is your
body's cooling system. During exercise, muscles generate heat, raising body temperature. Sweat
glands release moisture onto the skin surface, and as it evaporates, it carries heat away — cooling
you down. Sweating does NOT burn fat or indicate workout quality.

Alternating between high-intensity and low-intensity exercise periods, which improves both
aerobic and anaerobic fitness efficiently — Interval training alternates bursts of high-intensity
effort with recovery periods. Example: sprint 30 seconds, walk 90 seconds, repeat 8 times. This
trains both aerobic (during recovery) and anaerobic (during sprints) systems, burns more calories in
less time, and improves VO2 max faster than steady-state cardio alone.

No — it's mostly simple sugars, refined flour, and artificial ingredients with few real
nutrients for sustained exercise — This ingredient list (typical of processed snack foods) shows
sugar as the primary ingredient, followed by refined flour and more sugar (corn syrup). It lacks
protein, healthy fats, fiber, or significant micronutrients. For exercise fuel, choose foods with whole
ingredients: whole grains, fruits, nuts, lean proteins.
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< Question (fold

-)

What is the
recommended
amount of daily
physical activity
for adolescents
according to
health guidelines?

Why does exercise
help reduce
feelings of
anxiety?

What are signs
that you might be
dehydrated
during exercise?

Create a simple
plan to help
someone who has
never exercised
start a fitness
routine safely.

What role do
mitochondria play
in exercise, and
how does training
affect them?

Evaluate the
claim: 'You must
exercise in the fat-
burning zone (low
intensity) to lose
body fat.' Is this
accurate?

Design a training

Answer

At least 60 minutes of moderate-to-vigorous physical activity per day — The CDC, WHO,
and SHAPE America all recommend that children and adolescents get at least 60 minutes of
moderate-to-vigorous physical activity every day. This can include structured exercise, active
play, sports, and active transportation. It doesn't have to be continuous — it can be
accumulated throughout the day.

Exercise burns off stress hormones like cortisol and adrenaline, releases calming
neurotransmitters, distracts from worrying thoughts, and builds confidence in handling
physical stress — Exercise reduces anxiety through multiple pathways: it metabolizes stress
hormones (cortisol, adrenaline) that drive anxious feelings, stimulates production of calming
neurotransmitters (serotonin, GABA), provides cognitive distraction from worry, and builds self-
efficacy by demonstrating you can handle physical stress. Regular exercise has been shown to
be as effective as medication for mild-to-moderate anxiety.

Dark yellow urine, dizziness, headache, dry mouth, and decreased performance —
Dehydration warning signs include dark yellow urine, thirst, dry mouth, headache, dizziness,
fatigue, decreased performance, and muscle cramps. Even mild dehydration (1-2% body weight
loss) impairs physical and mental performance. Monitoring urine color is the simplest
hydration check.

Start with short, low-intensity sessions (10-15 min of walking), gradually increase time
and intensity over weeks, include rest days, and choose activities they enjoy — A safe
beginner plan follows the principle of progressive overload — gradually increasing exercise
demands. Start with enjoyable, low-intensity activities for short durations. Add 5-10% more
time or intensity each week. Include rest days for recovery. The most important factor for
beginners is consistency, which comes from choosing activities they actually enjoy.

Mitochondria are the cell's powerhouses that produce ATP aerobically — Mitochondria
are organelles within cells that produce ATP through aerobic metabolism. Endurance training
triggers mitochondrial biogenesis — the creation of new mitochondria and enlargement of
existing ones. This adaptation increases the muscle's oxidative capacity, allowing it to produce
more ATP from oxygen, delay fatigue, and utilize fat as fuel more efficiently. It's one of the most
important adaptations to endurance training. — endurance training increases both the number
and size of mitochondria in muscle cells, improving the body's capacity to generate energy
using oxygen.

This is misleading — while a higher percentage of calories come from fat at low intensity,
higher-intensity exercise burns more total calories (including fat calories) per unit of
time and produces greater EPOC, making it more efficient for overall fat loss — The 'fat-
burning zone' (typically 60-70% max HR) does use a higher percentage of fat for fuel. However,
higher-intensity exercise burns significantly more total calories per minute, resulting in more
absolute fat calories burned despite a lower percentage. Additionally, high-intensity exercise
produces greater EPOC (post-exercise calorie burn) and stimulates metabolic adaptations that
enhance fat oxidation at rest. For fat loss, total caloric expenditure matters more than the fuel
ratio during exercise. The best approach combines both intensities.



program for a
student who
wants to prepare
for their school's
fitness test (1-mile
run, push-ups, sit-
ups, and sit-and-
reach). They have
8 weeks and
currently struggle
with all four
components.

A supplement
company targets
teens with ads
saying their
protein shake is
'essential for
anyone who
exercises' and 'the
only way to get
enough protein.'
Evaluate these
marketing claims
and the ethics of
marketing
supplements to
adolescents.

Plan a day of
meals and snacks
for a student who
has a soccer game
in the afternoon.

Apply your
knowledge of
biomechanics and
injury prevention
to analyze why
ACL (anterior
cruciate ligament)
injuries are more
common in
female athletes.
What training
interventions can
reduce this risk?

A basketball
player wants to
jump higher for

Weeks 1-4: Build base with 3 days/week of run-walk intervals (gradually increasing run
time), 2 days of bodyweight circuits (push-ups, planks, sit-ups with modifications), and
daily stretching. Weeks 5-8: Increase running to continuous jogging, add push-up and sit-
up volume progressively, and include PNF stretching for sit-and-reach. Include rest days
and a taper in week 8 — An 8-week program should apply progressive overload across all
four fitness domains. Phase 1 (weeks 1-4) builds a foundation: run-walk intervals progress from
mostly walking to majority running, bodyweight exercises start with modifications and build
volume, daily stretching improves flexibility. Phase 2 (weeks 5-8) increases intensity: continuous
running at test pace, higher-volume strength circuits, PNF stretching for deeper range. Week 8
includes a taper (reduced volume, maintained intensity) so the body is recovered for test day.
Rest days are essential for adaptation.

Both claims are false — most teens easily meet protein needs through regular food, and
whole food protein sources are nutritionally superior to supplements. Marketing
supplements as 'essential’ to teens is ethically questionable because it creates
unnecessary dependency, may displace whole foods, and exploits insecurities about
body image — Protein supplements are not 'essential' for active teens — typical Western diets
provide 1.0-1.5 g/kg/day, meeting or exceeding recommendations for active adolescents (1.2-
1.6 g/kg/day). Whole food protein sources provide additional micronutrients, fiber, and
phytochemicals that supplements lack. Marketing supplements to teens is ethically concerning
because: the supplement industry is poorly regulated (claims don't require FDA verification),
teens are psychologically vulnerable to body image messaging, it creates the false belief that
food is insufficient, and it can lead to excessive intake or displacement of balanced meals. The
ethical standard is education about real food, not product sales.

Oatmeal with fruit for breakfast, turkey sandwich for lunch (3 hrs before game), banana
30 min before game, water during game, chocolate milk after game — Good game-day
nutrition: complex carbs at breakfast (oatmeal with fruit for sustained energy), a balanced
lunch 2-3 hours before the game (sandwich provides carbs, protein, moderate fat), a light carb-
rich snack 30 minutes before (banana), water throughout the game, and a recovery meal/drink
after (chocolate milk provides carbs + protein).

Female athletes have wider hip-to-knee angle (Q-angle), often land with knees caving
inward (valgus), and have hormonal factors affecting ligament laxity. Prevention
includes neuromuscular training, landing mechanics drills (knees over toes), hip/glute
strengthening, and proprioception exercises — Female athletes have 2-8x higher ACL injury
rates due to anatomical factors (wider pelvis creating a larger Q-angle, smaller ACL cross-
section), hormonal factors (estrogen fluctuations affect ligament stiffness), and neuromuscular
factors (tendency toward knee valgus during landing and cutting). Evidence-based prevention
programs like FIFA 11+ reduce ACL injuries by 50-70% through: landing mechanics training
(emphasizing 'soft' landings with knees tracking over toes), hip and gluteal strengthening
(controlling femoral rotation), hamstring strengthening (counteracting quadriceps dominance),
and proprioceptive balance training.

Specificity — training should mimic the explosive leg movements used in jumping — The
specificity principle states that training adaptations are specific to the type of exercise



rebounds. Which
training principle
should guide their
program design?

Design a
comprehensive,
personalized 4-
week fitness
program for
yourself. Include
goals (SMART
format), weekly
schedule,
progression
strategy, nutrition
considerations,
rest/recovery
plan, and how you
would track
progress.

Calculate the
approximate
caloric
expenditure for a
60 kg person
running ata
moderate pace
for 45 minutes,
given that
moderate running
burns
approximately 8
calories per kg per
hour.

What does it
mean when we
say muscles work
in 'antagonistic
pairs'?

Why do
endurance
athletes often
have very low
resting heart rates
(sometimes below
50 BPM)?

Compare how
different types of
exercise (aerobic,

performed. To jump higher, training should include explosive movements like plyometrics,
squats, and box jumps that target the same muscle groups and movement patterns used in
vertical jumping.

Example: SMART goal: 'Improve mile time from 10:00 to 9:15 in 4 weeks.' Week 1-2: 3x
cardio (run-walk intervals 25 min), 2x strength (bodyweight circuits), daily stretching.
Week 3-4: Progress to 30 min running with tempo intervals, add resistance to strength
work. Nutrition: emphasize carbs before workouts, protein after. Rest: 1-2 full rest
days/week, 8+ hours sleep. Track: log workouts, weekly mile time test, daily
energy/mood rating — A comprehensive program integrates all concepts from this course:
SMART goals provide direction, FITT variables structure each session, progressive overload
drives improvement, specificity matches training to goals, nutrition supports energy and
recovery, rest prevents overtraining, and progress tracking enables evidence-based
adjustments. The program should be realistic for the individual's schedule, starting fitness
level, and available resources. Tracking both objective measures (time, weight, reps) and
subjective measures (energy, mood, motivation) provides a complete picture of how the body is
responding.

360 calories — calculated as 60 kg x 8 cal/kg/hour x 0.75 hours = 360 calories — Caloric
expenditure = body weight (kg) x MET-based calorie rate (cal’kg/hr) x duration (hours). For a 60
kg person running at 8 cal/kg/hr for 45 minutes (0.75 hours): 60 x 8 x 0.75 = 360 calories. This is
an estimate — actual expenditure varies with individual fitness level, running efficiency, terrain,
and temperature.

When one muscle contracts (shortens), its opposing muscle relaxes (lengthens) — like
biceps and triceps — Muscles can only pull (contract), not push. So they work in antagonistic
pairs: when the bicep contracts to bend the elbow, the tricep relaxes and lengthens. When the
tricep contracts to straighten the elbow, the bicep relaxes. Other pairs: quadriceps/hamstrings
(knee), chest/upper back (shoulders).

Their hearts are so strong and efficient that each beat pumps a large volume of blood,
requiring fewer beats per minute — Endurance training causes cardiac hypertrophy — the
heart's left ventricle grows larger and stronger, pumping more blood per beat (increased stroke
volume). Since each beat delivers more blood, the heart doesn't need to beat as often. This
'athlete's heart' is a healthy adaptation, not a medical concern. Miguel Indurain (cyclist) had a
resting HR of 28 BPM.

Aerobic exercise is strongest for reducing anxiety and depression through endorphins
and cardio benefits; strength training builds self-efficacy and body confidence;



strength training,
yoga/mindfulness-
based) affect
mental health
differently. What
unique benefits
does each
provide?

Name three good
sources of protein
that don't come
from meat.

What does
'balanced diet'
mean?

You notice that
you always feel
more focused and
perform better on
tests on days
when you had PE
class in the
morning. Apply
exercise science
to explain why
this might be
happening.

Compare aerobic
exercise and
strength exercise.
How do they
benefit the body
differently?

Explain how the
aerobic energy
system works and
why it's the
primary energy
source for
endurance
activities.

Why is it
important to train
both sides of an
antagonistic
muscle pair

yoga/mindfulness exercises reduce stress through breath control, present-moment
focus, and parasympathetic activation — Each exercise modality provides distinct mental
health benefits. Aerobic exercise has the strongest evidence for reducing anxiety and
depression through endorphin release, cardiovascular improvements, and cortisol metabolism.
Strength training uniquely builds self-efficacy (mastering progressively heavier loads) and body
confidence. Yoga and mindfulness-based exercises activate the parasympathetic nervous
system through breath control, promoting stress reduction, emotional regulation, and body
awareness. An ideal program combines all three.

Beans/lentils, nuts/seeds, and eggs — Many non-meat foods are excellent protein sources:
beans and lentils (black beans, chickpeas), nuts and seeds (almonds, peanut butter, chia seeds),
eggs, dairy (Greek yogurt, cheese), tofu and soy products, and quinoa. These options work for
vegetarians and anyone wanting dietary variety.

Eating a variety of foods from all food groups in appropriate proportions to get all the
nutrients your body needs — A balanced diet includes appropriate portions from all food
groups: fruits, vegetables, grains (preferably whole), protein sources, and dairy or alternatives.
'Balanced' doesn't mean equal — you need more of some groups than others. It also means no
single food group is eliminated entirely and treats are enjoyed in moderation.

Morning exercise increases blood flow to the brain, releases neurotransmitters
(dopamine, serotonin, norepinephrine) that enhance focus and memory, and reduces
restless energy that interferes with concentration — Exercise boosts cognitive function
through several mechanisms: increased cerebral blood flow delivers more oxygen and glucose
to the brain, neurotransmitter release (dopamine, norepinephrine, serotonin) enhances
attention and working memory, brain-derived neurotrophic factor (BDNF) supports neural
plasticity and learning, and physical activity reduces excess energy and anxiety that impair
concentration. Studies show even a single bout of moderate exercise improves cognitive
performance for 1-2 hours afterward.

Aerobic exercise strengthens the heart and lungs and builds endurance, while strength
exercise builds muscle mass and bone density — Aerobic exercise primarily benefits the
cardiovascular system — strengthening the heart, improving lung capacity, and building
endurance. Strength exercise primarily builds skeletal muscle mass, increases bone density,
and improves joint stability. Both burn calories and improve mental health, but through
different mechanisms.

The aerobic system uses oxygen to break down carbohydrates and fats in the
mitochondria, producing large amounts of ATP slowly but sustainably — making it ideal
for activities lasting longer than 2-3 minutes — The aerobic energy system uses oxygen in
the mitochondria to completely metabolize carbohydrates (glucose) and fats (fatty acids)
through the Krebs cycle and electron transport chain. It produces approximately 36-38 ATP per
glucose molecule — far more than anaerobic glycolysis (2 ATP). While slower to activate, it
provides virtually unlimited energy supply for sustained activity, making it dominant during
endurance exercise like distance running, cycling, and swimming.

Imbalanced training creates unequal pull on joints, leading to poor posture, reduced
range of motion, and increased injury risk — When opposing muscles are unbalanced (e.g.,
strong chest with weak upper back), the stronger muscles pull joints out of alignment. This
causes poor posture (rounded shoulders), decreased mobility, and increased injury risk.
Common imbalances: strong quads/weak hamstrings, strong chest/weak back. Balanced



equally?

What is the
difference
between hunger
and appetite?

What is the largest
muscle in the
human body?

Assess whether
competitive
sports are always
good for
adolescent mental
health. What
factors determine
whether
competition helps
or harms well-
being?

training protects joint health.

Hunger is a physical need for food (stomach growling, low energy), while appetite is a
psychological desire to eat (seeing food, boredom, emotion) — Hunger is your body's
physical signal that it needs fuel — stomach growling, low blood sugar, difficulty concentrating.
Appetite is the psychological desire to eat — triggered by seeing food, smelling it, stress,
boredom, or habit. Understanding the difference helps you eat when your body needs food
rather than just when you want food.

The gluteus maximus — The gluteus maximus is the largest muscle in the body. It's
responsible for hip extension — the movement that propels you forward when walking,
running, and climbing. It also helps you stand up from sitting and maintains upright posture.
The muscle in your buttocks.

Competition can build resilience, teamwork, and achievement motivation, but it can also
cause anxiety, burnout, and low self-worth — the outcome depends on coaching style,
parental pressure, whether winning is overemphasized, and the athlete's personality —
The mental health impact of competitive sports depends heavily on contextual factors: a
mastery-oriented climate (emphasizing improvement and effort) promotes well-being, while an
ego-oriented climate (emphasizing winning and comparison) increases anxiety. Supportive
coaching, age-appropriate expectations, balanced schedules with rest, athlete autonomy, and
emphasis on enjoyment are protective factors. Risk factors include parental overinvestment,
early specialization pressure, and coaches who tie athlete worth to performance outcomes.
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< Question (fold

-)

A friend says, 'Fat is
bad for you and
you should avoid it
completely.' Is this
accurate?

What is the correct
way to breathe
during strength
exercises?

Your friend says,
'I'm not good at
sports, so exercise
isn't for me.' How
would you
respond?

A product claims to
be a 'superfood'
that will make you
instantly healthier.
How should you
evaluate this claim?

What is the
difference between
heart rate and
blood pressure as
measures of
cardiovascular
health?

Why does body
weight on a scale
not accurately
reflect fitness
improvements?

Name three body
systems that work
together during
exercise.

Answer

No — healthy fats are essential for brain function, hormone production, and absorbing
certain vitamins — Dietary fat is essential — not harmful. Healthy fats (unsaturated, found in
avocados, nuts, olive oil, fish) support brain function, hormone production, and help absorb
vitamins A, D, E, and K. Trans fats and excessive saturated fats should be limited. The key is
choosing healthy fats, not eliminating all fat.

Exhale during the effort phase (lifting) and inhale during the return phase (lowering) —
Proper breathing during strength training: exhale during the concentric (effort) phase and
inhale during the eccentric (lowering) phase. For example, during a squat: inhale going down,
exhale pushing up. Never hold your breath — this causes the Valsalva maneuver, which
dangerously increases blood pressure. Rhythmic breathing provides oxygen and stabilizes the
core.

Exercise isn't just sports — walking, dancing, biking, swimming, yoga, and many other
activities count as exercise and don't require athletic skill — Exercise encompasses any
physical activity that improves health and fitness. Dancing, hiking, gardening, swimming,
cycling, martial arts, and even brisk walking all provide excellent exercise benefits. Everyone
can find a form of movement they enjoy, regardless of athletic ability.

Be skeptical — no single food provides all nutrients; health comes from overall dietary
patterns, not individual 'superfoods' — 'Superfood' is a marketing term, not a scientific
classification. While some foods are very nutritious (blueberries, salmon, spinach), no single
food provides everything your body needs. Health comes from overall dietary patterns —
eating a variety of whole foods consistently. Be skeptical of products that promise dramatic
results from one ingredient.

Heart rate measures how fast the heart beats; blood pressure measures the force of
blood against artery walls — both indicate different aspects of heart health — Heart
rate and blood pressure measure different things. Heart rate (BPM) reflects how fast the heart
beats. Blood pressure (systolic/diastolic, measured in mmHg) reflects the force on artery walls
during and between beats. A person can have a normal heart rate but high blood pressure
(indicating stiff arteries or high blood volume). Both are important cardiovascular health
indicators.

Muscle is denser than fat, so someone can lose fat and gain muscle while staying the
same weight or even gaining weight — body composition changes matter more than
scale weight — Muscle tissue is approximately 18% denser than fat tissue. When someone
begins an exercise program, they often simultaneously lose fat and gain muscle. The scale
may show little change — or even an increase — despite significant improvements in body
composition, strength, and health markers. This is why body composition assessments (waist
circumference, skinfold measurements, how clothes fit) are more informative than scale
weight alone.

Muscular system (moves the body), cardiovascular system (delivers oxygen), and
respiratory system (brings in oxygen) — Exercise requires coordinated effort from multiple
body systems: the muscular system contracts to produce movement, the cardiovascular
system (heart and blood vessels) delivers oxygen and nutrients to muscles, and the
respiratory system (lungs) brings in oxygen and expels carbon dioxide. The nervous system



Create an
educational
infographic concept
explaining the
three energy
systems. For each
system, specify: the
fuel source,
duration it
dominates, an
example
sport/activity, and
what limits its
output.

A swimmer's coach
tells them to
reduce drag in the
water. Analyze
which of these
changes would
most effectively
reduce drag and
explain why.

What does a
nutrition label's
'serving size' tell
you?

Why should sports
drinks generally be
reserved for
exercise lasting
longer than 60
minutes?

Why is proper
footwear important
for injury
prevention during
physical activity?

What is the
difference between
an acute injury and
an overuse injury?

A student wants to
get stronger but is
worried about

also coordinates all of these.

PCr System: creatine phosphate, 0-10 seconds, 100m sprint/shot put, limited by PCr
stores; Anaerobic Glycolysis: glucose/glycogen, 10 sec-2 min, 400m run/wrestling,
limited by H+ accumulation (acidosis); Aerobic System: carbs and fats with oxygen, 2+
minutes, marathon/cycling, limited by oxygen delivery and mitochondrial capacity —
The three energy systems form a continuum: the PCr system provides instant energy by
splitting creatine phosphate (no oxygen needed), but stores deplete in ~10 seconds.
Anaerobic glycolysis partially breaks down glucose without oxygen, producing ATP quickly but
generating hydrogen ions that cause fatigue by ~2 minutes. The aerobic system fully oxidizes
carbs and fats in mitochondria, producing abundant ATP sustainably, limited by oxygen
delivery (cardiac output, capillary density) and mitochondrial capacity. All three systems are
always active — the dominant system depends on exercise intensity and duration.

Streamlining body position (keeping the body horizontal and elongated) reduces frontal
area, which is the biggest factor in water resistance — Hydrodynamic drag depends
primarily on frontal area (the cross-section pushing through the water), body position, and
surface texture. Streamlining — keeping the body horizontal, elongated, and aligned —
minimizes the frontal area, reducing form drag, which is the dominant type of drag in
swimming.

The amount of food that all the nutrition numbers on the label are based on — eating
more means multiplying those numbers — Serving size is the reference amount for all
nutrition information on the label. If you eat more or less than the serving size, you need to
adjust all numbers proportionally. A bag of chips might list 150 calories per serving — but if
the bag contains 3 servings, eating the whole bag means 450 calories.

For shorter workouts, water is sufficient — sports drinks add unnecessary sugar and
calories when electrolyte loss is minimal — During short workouts (<60 minutes), water
adequately replaces lost fluids and electrolyte loss is minimal. Sports drinks contain sugar (20-
34g per bottle) and calories that aren't needed for short activities. For extended exercise (>60
min), especially in heat, sports drinks help replace both fluids and electrolytes lost through
heavy sweating.

Appropriate shoes provide support, cushioning, and traction specific to the activity,
reducing impact forces on joints — Activity-specific footwear is designed to handle the
unique forces of each sport. Running shoes cushion repetitive forward impacts, basketball
shoes provide ankle support for lateral cuts, and cleats offer traction on grass. Proper fit
reduces blisters, stress fractures, and joint strain.

An acute injury happens suddenly from a single event, while an overuse injury develops
gradually from repetitive stress — Acute injuries result from a single traumatic event (a fall,
collision, or twist), while overuse injuries develop gradually from repetitive microtrauma when
tissues don't have enough time to recover between bouts of activity.

No — significant muscle bulk requires very specific training, diet, and genetics;
moderate strength training builds lean muscle and functional strength without
excessive size — Getting extremely muscular requires years of dedicated heavy lifting,
specific nutrition protocols, and favorable genetics. Moderate strength training 2-3 times per



getting 'too bulky.'
Should they be
concerned?

Why is it important
to eat a variety of
colorful fruits and
vegetables?

Design a simple 30-
minute workout
that includes all
three types of
exercise (aerobic,
strength, and
flexibility).

Why is rest
importantin a
fitness routine?

What is cardiac
output, and how
does it increase
during exercise?

Analyze the
physiological
reasons why an
unfit person
becomes
breathless during
exercise much
faster than a fit
person performing
the same activity.

What is a calorie?

Where is your heart
located in your
body?

What is your
maximum heart

week produces lean muscle, improved definition, and functional strength — not bodybuilder-
level bulk. This misconception prevents many people from enjoying the benefits of strength
training.

Different colors contain different vitamins, minerals, and antioxidants — The colors in
fruits and vegetables come from different phytonutrients: red (lycopene in tomatoes), orange
(beta-carotene in carrots), green (folate in spinach), blue/purple (anthocyanins in berries).
Eating a variety of colors ensures a broad spectrum of vitamins, minerals, and protective
antioxidants.

5-min warm-up walk, 10-min jogging (aerobic), 10-min bodyweight exercises like push-
ups and squats (strength), 5-min stretching (flexibility) — A balanced 30-minute session
might include: warm-up (5 min of walking), aerobic (10 min of jogging or jumping rope),
strength (10 min of push-ups, squats, planks), and flexibility/cool-down (5 min of stretching).
This covers all three exercise types in a manageable time frame.

Muscles repair and grow stronger during rest — Rest is when the body actually adapts to
exercise. During rest, muscles repair the tiny tears caused by exercise and grow back
stronger. Bones become denser. Energy stores are replenished. Without adequate rest, the
body can't recover, leading to overtraining, injuries, and decreased performance. — without
recovery time, the body breaks down instead of building up.

The total amount of blood the heart pumps per minute; it increases through both
faster heart rate AND more blood per beat — Cardiac output = Heart Rate x Stroke Volume
(blood per beat). During exercise, both increase: heart rate rises from ~70 to 180+ BPM, and
stroke volume increases as the heart fills more completely and contracts more forcefully.
Resting cardiac output (~5 L/min) can increase to 20-25 L/min during maximal exercise in fit
individuals.

An unfit person has lower stroke volume (less blood per heartbeat), fewer
mitochondria, lower capillary density, less efficient oxygen extraction by muscles, and
reaches anaerobic threshold sooner — forcing the body to rely on anaerobic energy and
rapid breathing to compensate for oxygen deficit — Breathlessness reflects oxygen
demand exceeding supply. In unfit individuals: lower cardiac stroke volume means less blood
(and oxygen) delivered per heartbeat, fewer capillaries in muscle tissue mean less oxygen
exchange area, fewer mitochondria limit aerobic ATP production, and muscles extract oxygen
less efficiently. These individuals reach their anaerobic threshold at lower exercise intensities,
producing more CO2 and lactate, triggering rapid breathing. Trained individuals have adapted
every link in the oxygen delivery chain, maintaining aerobic metabolism at higher intensities.

A unit of measurement for the energy food provides to the body — A calorie is a unit of
energy. When we say food has 200 calories, we mean it provides 200 units of energy for your
body to use for movement, thinking, growing, and all bodily functions. Your body needs a
certain number of calories daily — too few means low energy, too many means the excess is
stored as fat.

In the center of your chest, slightly to the left — The heart is located in the center of the
chest (mediastinum), tilted slightly to the left. This is why you feel your heartbeat more on the
left side. It sits between the two lungs, protected by the ribcage and breastbone.

The fastest your heart can beat during all-out exercise; estimated by subtracting your
age from 220 — Maximum heart rate (MHR) is the upper limit of your heart rate during



rate, and how is it
estimated?

Create a
presentation
outline that would
convince your
school principal to
add a daily 15-
minute movement
break for all
students. Include
scientific evidence,
practical
implementation,
and expected
outcomes.

Looking at all the
topics we've
covered — fitness
fundamentals,
nutrition,
cardiovascular
health, muscular
fitness, sports
science, mental
health, and
exercise physiology
— identify the
THREE most
important concepts
you believe every
person should
understand for
lifelong health.
Justify each choice.

What does 'intrinsic
motivation' mean
in the context of
exercise?

maximum exertion. The standard estimate is 220 minus your age (e.g., a 12-year-old: 220 - 12
=208 BPM). This is an estimate — actual MHR varies between individuals. MHR is used to
calculate training zones.

Outline: 1) Problem: sedentary classroom time impairs focus; 2) Evidence: studies show
movement breaks improve academic performance by 10-20%, reduce behavioral issues,
and increase on-task time; 3) Implementation: teacher-led 15-min activities (walking,
stretching, active games) between 2nd and 3rd period; 4) Cost: zero — requires no
equipment; 5) Expected outcomes: improved test scores, better behavior, reduced
nurse visits; 6) Pilot proposal: try it for one semester and measure results — Effective
advocacy requires speaking the audience's language: principals care about academic
performance, behavior management, and budget. Research provides compelling evidence:
the CDC's Comprehensive School Physical Activity Program literature shows movement breaks
improve on-task behavior by 20%, a University of Illinois study found aerobic fitness predicts
academic achievement, and Harvard research links exercise to improved executive function
and memory consolidation. A zero-cost pilot proposal with measurable outcomes reduces
risk. Including student testimonials and building teacher buy-in through simple
implementation plans addresses practical concerns.

1) Progressive overload and consistency matter more than intensity — sustainable
habits beat extreme efforts; 2) Exercise directly impacts mental health through
measurable biological pathways — it's medicine, not just fitness; 3) Your body is an
integrated system — nutrition, sleep, stress, and exercise are interconnected, and
neglecting any one undermines the others — Lifelong health literacy depends on
understanding durable principles rather than specific exercises. The consistency principle
(progressive overload and habit formation) ensures someone can adapt their fitness
approach across decades of changing life circumstances. The exercise-mental health
connection motivates activity beyond appearance-based goals, which fade with age. The
integrated systems understanding prevents the common mistake of addressing only one
health dimension while neglecting others. These three concepts create a framework for
making good health decisions in any context, at any age, with any resources.

Exercising because you genuinely enjoy it or find it personally satisfying, not for
external rewards — Intrinsic motivation comes from internal satisfaction — enjoying the
activity itself, feeling accomplished, or valuing personal health. It's contrasted with extrinsic
motivation, which is driven by external rewards like trophies, grades, or social approval.
Research consistently shows intrinsic motivation leads to more sustained, long-term exercise
habits.



16. Benefits of Exercise

< Question (fold

-)

Analyze why
extreme calorie
restriction (crash
dieting) is
counterproductive
for improving
body composition,
even though it
causes rapid
weight loss.

Why should you
never bounce
during a static
stretch?

Which snack
would be the best
choice to eat 30
minutes before a
workout?

Compare steady-
state cardio
(jogging at the
same pace for 30
minutes) with
interval training
(alternating
sprints and
walking for 20
minutes). What
are the
advantages of
each?

You're coaching a
friend on their
throwing
technique. Using
biomechanics,
what should you
tell them about
generating power
in a throw?

Answer

Severe calorie restriction causes the body to lose muscle along with fat, lowers BMR
(metabolic adaptation), triggers hormonal changes that increase hunger and fat storage,
and the resulting weight regain is predominantly fat — leaving body composition worse
than before — Severe calorie restriction triggers a survival response: the body downregulates
BMR (adaptive thermogenesis) to conserve energy, increases cortisol (promoting fat storage),
breaks down muscle tissue for amino acids (losing metabolically active tissue), increases ghrelin
(hunger hormone), and decreases leptin (satiety hormone). When normal eating resumes, the
lowered BMR means fewer calories are burned, leading to rapid fat regain — often exceeding
the starting point. This 'yo-yo' cycle progressively worsens body composition with each cycle.

Bouncing triggers the stretch reflex, causing the muscle to contract protectively, which
can cause tears and reduces the stretch's effectiveness — Ballistic (bouncing) stretching
triggers the muscle spindle stretch reflex — a protective mechanism that contracts the muscle
when it detects rapid lengthening. This contraction while stretching can tear muscle fibers.
Static stretching (holding a gentle stretch for 15-30 seconds) allows the muscle to gradually
relax and lengthen safely.

A banana with a small amount of peanut butter — A banana with peanut butter provides
quick carbohydrates for energy (banana) plus a small amount of protein and healthy fat for
sustained fuel (peanut butter). A heavy meal would cause discomfort. A candy bar provides
only sugar with a quick crash. Exercising on empty can cause low energy and dizziness.

Steady-state builds aerobic base endurance and is easier for beginners; intervals
improve both aerobic and anaerobic fitness in less time — Steady-state cardio excels at
building aerobic base fitness, fat oxidation efficiency, and is gentler on joints — ideal for
beginners and recovery days. Interval training improves VO2 max faster, trains both energy
systems, and is time-efficient but more demanding. A balanced program includes both: steady-
state for foundation and intervals for improvement.

Power comes from the ground up through a kinetic chain — The kinetic chain describes
how force is generated from the ground and transferred sequentially through body segments.
In throwing, the legs push off the ground, the hips rotate, the trunk follows, then the shoulder,
elbow, and wrist each add speed. This sequential transfer maximizes velocity at the hand.



Name the three
types of muscles
in the human
body.

Which exercise
primarily targets
the quadriceps
(front thigh
muscles)?

Explain the
concept of 'energy
balance' and how
it relates to
changes in body
composition.

Compare and
contrast the
biomechanics of a
vertical jump and
a long jump. How
does the angle of
force application
differ between
them?

Which of these
activities is the
best example of
aerobic exercise?

What are heart
rate training

zones, and why
are they useful?

Calculate the
target heart rate
zone (60-80% of
max) for a 15-
year-old using the
age-predicted
maximum heart
rate formula (220
- age). Show your
work.

Skeletal (voluntary movement), cardiac (heart), and smooth (internal organs like
stomach and blood vessels) — The body has three muscle types: skeletal muscles (attached
to bones, voluntary control — used for movement), cardiac muscle (found only in the heart,
involuntary — pumps blood continuously), and smooth muscles (in walls of organs and blood
vessels, involuntary — controls digestion, blood flow, etc.).

Squats — Squats primarily target the quadriceps — the four muscles on the front of the thigh
that extend the knee. They also work the glutes, hamstrings, and core as secondary muscles.
Squats are considered one of the most fundamental strength exercises because they mimic
natural movements like sitting and standing.

Energy balance is the relationship between calories consumed and calories expended —
a surplus leads to weight gain, a deficit leads to weight loss, and balance maintains
current weight, though the quality of food and type of exercise affect whether changes
are in fat or muscle — Energy balance is the relationship between energy intake (food/drink)
and energy expenditure (BMR + activity + thermic effect of food). A caloric surplus provides
extra energy that can be stored as fat or used to build muscle (with adequate protein and
strength training). A deficit forces the body to use stored energy. However, the composition of
diet and type of exercise significantly influence whether weight changes come from fat, muscle,
or both.

A vertical jump applies force straight down for maximum upward height, while a long
jump applies force at an angle (about 45°) to maximize horizontal distance — In a vertical
jump, the goal is maximum height, so force is directed straight down through the feet to propel
the body upward. In a long jump, the goal is maximum distance, requiring force at an optimal
takeoff angle (approximately 20-25° in practice, less than the theoretical 45° due to speed). The
long jump also converts horizontal running speed into launch velocity.

Jogging at a steady pace for 20 minutes — Aerobic exercise is sustained activity that raises
your heart rate over an extended period, requiring your body to use oxygen for energy. Jogging
for 20 minutes is aerobic. Lifting a heavy box is strength, touching toes is flexibility, and a single
sprint is anaerobic (too short for aerobic benefits).

Percentage ranges of maximum heart rate that target different fitness benefits — fat
burning, endurance, performance, or maximum effort — Heart rate zones divide exercise
intensity into ranges based on percentage of max HR: Zone 1 (50-60% — light warm-up), Zone 2
(60-70% — fat burning, endurance base), Zone 3 (70-80% — aerobic fitness), Zone 4 (80-90% —
speed, performance), Zone 5 (90-100% — maximum effort). Training in different zones
develops different capabilities.

Max HR =220 - 15 = 205 BPM. Lower target (60%) = 205 x 0.60 = 123 BPM. Upper target
(80%) = 205 x 0.80 = 164 BPM. Target zone: 123-164 BPM — Using the age-predicted formula:
220 - 15 =205 BPM (estimated maximum heart rate). The moderate-to-vigorous training zone is
60-80% of this maximum: 205 x 0.60 = 123 BPM (lower bound), 205 x 0.80 = 164 BPM (upper
bound). This 123-164 BPM range is where cardiovascular training adaptations occur most
efficiently. Note: this formula is an estimate; the Karvonen method (which accounts for resting
heart rate) is more precise but more complex.



How would you
modify a running
program for
someone who has
asthma?

Design a school-
wide initiative that
uses physical
activity to improve
student mental
health. Include
specific programs,
scheduling, and
how you would
measure success.

Your friend has
been doing only
long, slow jogging
for 3 months and
has plateaued in
their VO2 max
improvements.
Using
periodization
principles, suggest
how they should
modify their
training.

A classmate who
is vegetarian asks
you for advice on
meeting their
protein needs for
muscle recovery
after workouts.
Using your
nutrition
knowledge, what
would you
recommend?

A person wants to
improve their
body composition
by gaining muscle
and losing fat.
Design a basic
weekly plan that
includes exercise
type, frequency,

Include longer warm-ups, prefer interval training over continuous running, carry rescue
inhaler, exercise in warm humid air when possible, and avoid cold dry conditions —
Exercise is beneficial for people with asthma when properly managed. Longer warm-ups help
airways adjust gradually. Interval training allows recovery breaks for breathing. Warm, humid
air irritates airways less than cold, dry air. Having a rescue inhaler available provides safety.
Many world-class athletes have asthma — it shouldn't prevent exercise participation.

Implement daily 15-min movement breaks between classes, weekly group fitness
options (yoga, dance, sports), peer-led walking clubs at lunch, staff training on exercise-
mental health connection, and measure success through student well-being surveys,
attendance rates, and academic performance tracking before and after implementation
— An effective school-wide initiative addresses diverse needs: structured movement breaks
boost attention and reduce sitting time, diverse activity options (yoga, dance, sports, walking)
ensure every student finds something appealing, peer leadership creates ownership and social
connection, staff education ensures adults model and support active behavior, and evidence-
based measurement (pre/post well-being surveys, attendance data, academic metrics)
demonstrates impact for continued funding and support.

Introduce training variety through periodization: add interval training (tempo runs,
fartlek), include one long run per week, add hill work, and cycle between high-intensity
and recovery weeks to provide new stimuli — Periodization is the systematic planning of
training variety to optimize adaptation and prevent stagnation. For a plateaued runner: tempo
runs (at lactate threshold) improve lactate clearance, intervals (at VO2 max intensity) stimulate
maximum oxygen uptake, long slow runs build aerobic base and fat oxidation, hill repeats
develop power and running economy, and recovery weeks prevent overtraining. Cycling
between these stimuli forces continuous adaptation — the body can't plateau because the
demands keep changing.

Combine complementary plant proteins throughout the day: beans with rice, lentils,
tofu, tempeh, quinoa, nuts, seeds, Greek yogurt, and eggs (if lacto-ovo vegetarian). Aim
for 1.2-1.6 g protein per kg bodyweight, spread across meals, especially within 30-60
minutes post-workout — Vegetarians can absolutely meet protein needs for muscle recovery.
Key strategies: combine complementary plant proteins (legumes + grains provide all essential
amino acids), include high-protein plant sources (tofu 20g/cup, lentils 18g/cup, quinoa 8g/cup,
Greek yogurt 20g/cup), distribute protein across 3-4 meals, prioritize post-workout nutrition
(protein within 30-60 minutes), and aim for slightly higher total intake (1.2-1.6 g/kg/day) since
plant proteins are slightly less bioavailable than animal proteins.

3-4 days of strength training targeting major muscle groups, 2-3 days of moderate cardio,
adequate protein intake (1.6-2.2 g/kg/day), slight caloric surplus or maintenance calories,
and sufficient sleep (8-9 hours) for recovery — Body recomposition requires a strategic
combination: resistance training 3-4 days/week provides the muscle-building stimulus,
moderate cardio 2-3 days/week supports cardiovascular health and caloric expenditure,
adequate protein (1.6-2.2 g/kg/day) provides amino acids for muscle protein synthesis, total
calories near maintenance level (slight surplus for muscle gain or slight deficit for fat loss), and
quality sleep enables hormonal recovery (growth hormone, testosterone). This process is



and nutritional
strategy.

Explain how the
cardiovascular
system,
respiratory
system, and
muscular system
work together
during a 30-
minute jog.

Your teammate
complains of pain
on the outside of
their knee after
increasing their
running mileage
by 50% in one
week. What likely
happened and
what principle did
they violate?

Evaluate this
training plan: A
runner increases
their weekly
mileage from 10
miles to 25 miles
in one week. Is
this safe?

A runner has been
doing the same 3-
mile jog at the
same pace for 6
weeks but
stopped
improving. What
training principle
explains this, and
what should they
change?

What does the
principle of
progressive
overload mean in
training?

Explain the

slower than pure weight loss but produces healthier, more sustainable results.

The respiratory system takes in oxygen and expels CO2, the cardiovascular system
transports oxygen-rich blood to working muscles and carries waste products away, and
the muscular system uses the oxygen to produce ATP aerobically for sustained
contraction — During sustained exercise, the three systems form an integrated delivery chain:
the respiratory system ventilates the lungs, exchanging CO2 for fresh oxygen across the
alveolar membranes; the cardiovascular system (heart, blood vessels, blood) transports
oxygen-bound hemoglobin to active muscles and removes metabolic waste (CO2, lactate); the
muscular system uses the delivered oxygen in mitochondria to produce ATP via aerobic
metabolism, powering continued muscle contraction. The efficiency of this chain determines
endurance capacity.

They likely developed an overuse injury (like IT band syndrome) by violating the 10% rule
— increasing training volume too quickly — The 10% rule is a guideline that recommends
increasing training volume (distance, duration, or intensity) by no more than 10% per week. A
50% increase dramatically exceeds this, not giving tendons, ligaments, and bones enough time
to adapt, leading to overuse injuries like IT band syndrome or stress fractures.

No — this is a 150% increase, far exceeding the 10% rule; it risks overuse injuries like
stress fractures and tendinitis — This 150% increase violates the 10% rule — a widely
accepted guideline that weekly training volume should increase by no more than 10%. Going
from 10 to 25 miles dramatically increases stress on bones, tendons, and joints before they've
adapted, risking stress fractures, shin splints, and tendinitis. Safe progression: 10 - 11 — 12 —
13 miles over weeks.

They've hit a plateau because they haven't applied progressive overload — When the
body fully adapts to a training stimulus, improvement stops (plateau). The progressive overload
principle requires gradually increasing the challenge — adding distance, increasing pace,
incorporating hill sprints, or adding interval training — to continue making gains. — they should
increase distance, speed, or add intervals.

Gradually increasing the stress placed on the body over time to improve fitness —
Progressive overload is a fundamental training principle stating that the body must be
challenged with gradually increasing demands (weight, reps, duration, or intensity) to continue
making fitness gains.



relationship
between exercise
intensity, energy
systems, and fuel
sources. How
does increasing
intensity change
which fuel the
body primarily
uses?

A fitness
magazine claims:
"This 7-minute
workout burns as
many calories as
an hour of
jogging!' Analyze
whether this is
physiologically
possible and what
the article might
be
misrepresenting.

After running for
10 minutes, your
breathing
becomes faster
and deeper. Why
does this happen?

At low intensity, the aerobic system dominates using fat as the primary fuel. As intensity
increases, the body shifts to burning more carbohydrates. At very high intensity,
anaerobic systems take over using only carbohydrates (glycogen), producing lactate as a
byproduct — The fuel crossover concept describes how energy substrate use changes with
intensity. At rest and low intensity (<40% VO2 max), the aerobic system primarily oxidizes fat.
As intensity increases, carbohydrate (glycogen) contribution rises progressively. At the
'crossover point' (typically 60-75% VO2 max), carbs become the dominant fuel. Above lactate
threshold, virtually all energy comes from carbohydrate oxidation. This is why endurance
athletes emphasize 'carb loading' — their high-intensity efforts depend on glycogen stores.

While high-intensity interval training (HIIT) is time-efficient and produces significant
EPOC, a 7-minute session cannot match the total caloric expenditure of a 60-minute jog.
The claim likely conflates calorie burn rate per minute with total calories, or exaggerates
EPOC effects, or compares peak intensity moments rather than full sessions — A 7-
minute HIIT session might burn 10-15 calories per minute (70-105 total) plus EPOC of perhaps
30-50 additional calories over the next few hours. A 60-minute jog at moderate pace burns
approximately 7-10 calories per minute (420-600 total). Even with EPOC added, the 7-minute
workout produces roughly 100-150 total calories versus 420-600 — the math doesn't work. The
magazine likely cherry-picks the per-minute burn rate, exaggerates EPOC magnitude, or uses
misleading comparisons. HIIT is genuinely time-efficient and has real health benefits, but
misrepresenting it undermines scientific credibility.

Your muscles need more oxygen during exercise, so your lungs work harder to bring in
more air — During exercise, muscles consume more oxygen to produce energy. Your
breathing rate increases to bring more oxygen into the lungs, where it's transferred to the
blood and delivered to working muscles. Faster breathing also helps remove carbon dioxide, a
waste product of energy production.
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