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1. Cell Processes

< Question (fold —)

Why do plants release more
oxygen during the day than at
night?

Why do both plant and animal
cells need to perform cellular
respiration?

Trace the path of a carbon atom
from the atmosphere through
photosynthesis and then
through cellular respiration
back to the atmosphere.

Explain why cellular respiration
is considered an exothermic
reaction.

How does the structure of a leaf
help it perform photosynthesis
efficiently?

What is the primary source of
energy for photosynthesis?

Examine this data: Plant A in
bright light produced 20
bubbles per minute. Plant B in
dim light produced 5 bubbles
per minute. Both were the same
species in the same water
temperature. What can you
conclude?

A student places an aquatic
plant in a beaker of water under
bright light and observes
bubbles forming on the leaves.
What gas is being produced,
and what process is creating it?

Answer

During the day, photosynthesis produces more oxygen than respiration
consumes, but at night only respiration occurs, so oxygen is consumed
without being replaced — During the day, photosynthesis rate exceeds
respiration rate, so net O2 is released. At night, without light, only respiration
occurs, consuming O2 and releasing CO2. Plants respire 24/7 but only
photosynthesize with light.

All cells need ATP energy to carry out life processes, and cellular respiration
is how cells convert glucose into usable ATP — Both plant and animal cells
require ATP to power cellular activities like growth, repair, and transport. Plants
make glucose via photosynthesis but still must break it down via respiration to
get ATP.

A CO2 molecule is absorbed by a leaf, the carbon is built into a glucose
molecule during photosynthesis, then the glucose is broken down in
cellular respiration and the carbon is released back as CO2 — Carbon cycles:
CO2 enters through stomata -> carbon is fixed into glucose (C6H1206) during
photosynthesis -> glucose is consumed by any organism -> cellular respiration
breaks it down, releasing carbon as CO2 back to the atmosphere.

Cellular respiration releases energy that was stored in glucose molecules,
making it an energy-releasing (exothermic) process — Cellular respiration
breaks chemical bonds in glucose, releasing the stored energy as ATP and heat.
This makes it exothermic (energy-releasing), unlike photosynthesis which is
endothermic (energy-absorbing).

Leaves are thin and flat to maximize surface area for absorbing sunlight,
and they have stomata to allow gas exchange — The flat, broad shape
maximizes light absorption. Stomata (tiny pores) on the leaf surface allow CO2 in
and O2 out. The thin structure ensures light reaches most chloroplasts inside.

Sunlight — Photosynthesis uses light energy from the sun, captured by
chlorophyll in chloroplasts, to convert CO2 and water into glucose and oxygen.

Light intensity directly affects the rate of photosynthesis, with brighter
light producing more oxygen (bubbles) — Since all other variables were
controlled (same species, same temperature), the difference in bubble
production (oxygen) is due to light intensity. More light energy drives faster
photosynthesis and more oxygen output.

Oxygen gas is being produced by photosynthesis — Under bright light, the
plant is actively photosynthesizing, producing oxygen gas that forms visible
bubbles in the water. This is a classic way to observe and measure the rate of
photosynthesis.



Evaluate which would have a
greater negative impact on
Earth's ecosystems: losing all
photosynthetic organisms or
losing all organisms that
perform cellular respiration.
Explain your reasoning.

Compare the energy
transformations in
photosynthesis and cellular
respiration. What form of
energy goes in and comes out
of each process?

During exercise, your muscle
cells need more energy. How
does your body respond to
meet this demand through
cellular respiration?

Some scientists propose
growing algae in large tanks
near factories to reduce CO2
emissions. Evaluate whether
this is a good idea based on
your understanding of
photosynthesis.

What gas do plants absorb from
the air during photosynthesis?

In what way do stomata help
balance photosynthesis and
water loss?

What molecule is produced by
mitochondria during cellular
respiration?

What are the two main products
of photosynthesis?

Write the simplified equation for
photosynthesis and use it to
predict what happens if CO2
levels in the atmosphere
increase.

Design an investigation to
determine whether

Losing photosynthetic organisms would be more devastating because they
are the primary producers that convert sunlight into food for nearly all
other life and generate most of Earth's oxygen — Photosynthetic organisms
(plants, algae, cyanobacteria) are the foundation of food webs and produce most
atmospheric oxygen. Without them, food chains would collapse and oxygen
would gradually deplete. However, photosynthetic organisms also respire, so this
is @ nuanced question.

Photosynthesis converts light energy into chemical energy stored in
glucose; cellular respiration converts chemical energy in glucose into ATP
energy and heat — Photosynthesis transforms light energy into chemical energy
(glucose bonds). Cellular respiration transforms chemical energy (glucose) into
ATP (usable energy) plus heat. Energy changes form but is never created or
destroyed.

You breathe faster and your heart beats faster to deliver more oxygen and
glucose to muscle cells for increased cellular respiration — Increased
physical activity demands more ATP. The body responds by increasing breathing
rate (more O2 intake) and heart rate (faster delivery of O2 and glucose to
muscles) to sustain higher rates of cellular respiration.

This is a promising idea because algae perform photosynthesis, absorbing
CO2 and producing 02, but it would require sufficient light and nutrients to
sustain the algae at scale — Algae are efficient photosynthesizers that absorb
CO2. Growing them near CO2-emitting factories could help reduce emissions.
Challenges include maintaining light, nutrients, and managing the algae biomass
produced.

Carbon dioxide — Plants absorb carbon dioxide (CO2) through tiny pores called
stomata. They release oxygen as a byproduct. Nitrogen makes up most of the
atmosphere but isn't used in photosynthesis.

Stomata open to let CO2 in for photosynthesis but close when the plant
needs to conserve water, balancing gas exchange with water retention —
Guard cells around stomata regulate their opening. When open, CO2 enters for
photosynthesis but water vapor escapes (transpiration). In dry conditions,
stomata close to conserve water, temporarily reducing photosynthesis.

ATP (adenosine triphosphate) — ATP is the energy molecule cells use to power
their activities. Mitochondria produce ATP by breaking down glucose. DNA stores
genetic info, glucose is the input, and chlorophyll captures light.

Glucose and oxygen — Photosynthesis converts CO2 and water into glucose
(C6H1206) and oxygen (02). Carbon dioxide and water are the inputs, not
outputs.

6CO2 + 6H20 + light energy -> C6H1206 + 602; with more CO2 available, the
rate of photosynthesis could increase up to a point — Since CO2 is a reactant
in photosynthesis, increasing its concentration can boost the reaction rate (up to
a limit where other factors become limiting). This is why some greenhouses add
co2.

Place yeast-sugar solutions at different temperatures (cold, room temp,
warm) in sealed containers with balloons; measure balloon inflation rate
since yeast respiration produces CO2 that inflates the balloon — This



temperature affects the rate of
cellular respiration in yeast.
Describe your setup and what
you would measure.

How are photosynthesis and
cellular respiration related to
each other?

If you wanted to increase the
rate of photosynthesis in a
plant, which of these changes
would be most effective?

A student claims that plants
don't need oxygen because they
produce it. Evaluate whether
this claim is correct.

Calculate: If a plant produces 12
molecules of oxygen during
photosynthesis, how many
molecules of carbon dioxide did
it likely use?

What role does chlorophyll play
in photosynthesis?

A sealed jar contains a plant and
a mouse. The jar has light
shining on it. Analyze how these
two organisms depend on each
other for gas exchange.

A plant is placed in a dark room
for several days. Based on your
understanding of
photosynthesis, what would you
predict happens to its glucose
production?

controlled experiment uses CO2 production (balloon inflation) as a measurable
indicator of respiration rate. By varying only temperature while keeping sugar
concentration, yeast amount, and time constant, you can isolate temperature's
effect.

They are opposite processes: photosynthesis stores energy in glucose using
CO2 and water, while respiration releases that energy by breaking glucose
down into CO2 and water — Photosynthesis and cellular respiration are
complementary. Photosynthesis uses CO2 and H20 to make glucose and 02;
respiration uses glucose and O2 to release energy, producing CO2 and H20.

Increase the amount of light the plant receives — Light is the primary energy
source for photosynthesis. More light (up to a saturation point) increases the
rate. Freezing slows reactions, removing water eliminates an input, and blocking
stomata prevents CO2 entry.

The claim is incorrect; plants produce oxygen during photosynthesis but
also consume oxygen during cellular respiration, which they perform
continuously to generate ATP — Plants perform both photosynthesis and
cellular respiration. They need oxygen for respiration, just like animals. During
the day, they produce more O2 than they use, but at night they are net
consumers of oxygen.

12 molecules of carbon dioxide — In the photosynthesis equation, CO2 and 02
have a 1:1 ratio (6CO2 produces 602). So 12 O2 molecules means 12 CO2
molecules were consumed.

Chlorophyll is the green pigment that absorbs light energy from the sun to
power the photosynthesis reaction — Chlorophyll absorbs red and blue light
and reflects green light (which is why leaves appear green). The absorbed light
energy drives the chemical reactions of photosynthesis.

The plant produces oxygen through photosynthesis that the mouse
breathes, and the mouse produces carbon dioxide through respiration that
the plant uses for photosynthesis — This is Joseph Priestley's classic
experiment. The plant and mouse create a gas exchange cycle: O2 from
photosynthesis supports the mouse's respiration, and CO2 from respiration
supports the plant's photosynthesis.

Glucose production stops because photosynthesis requires light energy —
Photosynthesis requires light energy to convert carbon dioxide and water into
glucose. Without light, this process cannot occur, so glucose production stops.



2. Human Body Systems

< Question (fold —)

Analyze why the small
intestine is much longer
(about 20 feet) than the
large intestine (about 5
feet), even though the
large intestine has a
bigger diameter.

Evaluate whether
artificial organs (like a
mechanical heart) can
fully replace natural
organs. What advantages
and limitations might
they have?

Explain how the
circulatory and
respiratory systems work
together to deliver
oxygen to cells.

If a person damages
their spinal cord in a car
accident, explain why
they might lose
movement and sensation
in their legs.

Why do doctors check a
patient's blood pressure,
heart rate, and breathing
rate during a checkup?
What information do
these measurements
provide about body
systems?

A friend says that the
most important body
system is the nervous
system because it
controls everything. Do
you agree or disagree?
Support your answer
with evidence about
system interdependence.

What is the primary
function of red blood

Answer

The small intestine needs to be long to maximize the surface area available for
nutrient absorption, which is its primary function; the large intestine mainly
absorbs water and doesn't need as much length — The small intestine's length
provides enormous surface area (further increased by villi and microvilli) for absorbing
nutrients from food. The large intestine primarily absorbs water and compacts waste,
requiring less surface area.

Artificial organs can perform basic mechanical functions (like pumping blood) but
cannot fully replicate all natural organ functions like hormone production, self-
repair, and complex regulatory feedback — Artificial hearts can pump blood but
don't produce hormones, adapt to exercise, or self-repair. They require external power
and anti-rejection medications. Natural organs have millions of years of evolutionary
optimization that current technology cannot fully replicate.

The respiratory system brings oxygen into the lungs, where it passes into the
blood; the circulatory system then pumps this oxygen-rich blood through vessels
to cells throughout the body — The respiratory system inhales air and transfers O2 to
blood in the alveoli. The heart pumps this oxygenated blood through arteries and
capillaries, delivering O2 to cells and picking up CO2 for return to the lungs.

The spinal cord carries nerve signals between the brain and the lower body;
damage interrupts these signals, preventing the brain from sending movement
commands or receiving sensory information from the legs — The spinal cord is the
main communication highway between the brain and body. Damage severs nerve
pathways, blocking motor signals (movement) and sensory signals (touch, pain) below
the injury site.

These vital signs reveal how well the circulatory and respiratory systems are
functioning; abnormal readings can indicate heart disease, lung problems, or
other system failures — Vital signs are windows into body system health. Blood
pressure reveals cardiovascular health, heart rate shows how hard the heart is working,
and breathing rate indicates respiratory function. Abnormalities can detect diseases
early.

While the nervous system is crucial for coordination, no single system is most
important because all systems depend on each other; the nervous system cannot
function without oxygen from the respiratory system and nutrients from the
digestive system delivered by the circulatory system — All body systems are
interdependent. The nervous system needs oxygen (respiratory), nutrients (digestive),
and blood delivery (circulatory). Similarly, the heart needs nerve signals, the lungs need
muscle contractions, etc. No system can function in isolation.

To carry oxygen from the lungs to the rest of the body — Red blood cells contain
hemoglobin, a protein that binds oxygen in the lungs and releases it to body tissues.



cells?

Evaluate this health
claim: 'Drinking lots of
water is good for your
kidneys.' Is this accurate
based on your
understanding of the
excretory system?

Describe the path food
takes through the
digestive system from
mouth to elimination.

Examine the relationship
between the excretory
system and the
circulatory system. How
do the kidneys depend
on blood flow to do their
job?

Why does your heart rate
increase when you
exercise?

On a cold day, you notice
goosebumps on your
arms and you begin to
shiver. Which body
systems are involved,
and what are they trying
to accomplish?

What are the tiny air sacs
in the lungs where gas
exchange occurs?

How does the muscular
system interact with the
skeletal system to
produce movement?

How does the skeletal
system protect vital
organs in the body?

Compare the roles of
arteries, veins, and
capillaries. Why does the
circulatory system need

White blood cells fight infections, platelets help clotting, and kidneys filter waste.

This is generally accurate because adequate water helps kidneys flush waste
products efficiently and prevents kidney stones, though excessively large
amounts could dilute blood electrolytes — Water is essential for kidneys to dilute and
flush waste products as urine. Adequate hydration prevents concentrated urine that can
form kidney stones. However, extreme overhydration (hyponatremia) is dangerous,
diluting blood sodium levels.

Mouth (chewing) -> esophagus -> stomach (acid digestion) -> small intestine
(nutrient absorption) -> large intestine (water absorption) -> rectum -> elimination
— Food follows a one-way path: mechanical digestion in the mouth, chemical digestion
in the stomach, nutrient absorption in the small intestine, water absorption in the large
intestine, and waste elimination.

The kidneys filter waste products from the blood as it flows through them;
without continuous blood supply from the circulatory system, the kidneys cannot
remove toxins and excess substances from the body — About 20% of blood pumped
by the heart goes to the kidneys. They filter waste (urea, excess salts) and excess water
from the blood, producing urine. The filtered blood returns to circulation. Without blood
flow, waste accumulates dangerously.

Muscles need more oxygen and glucose during exercise, so the heart beats faster
to pump more blood and deliver these resources — During exercise, muscles
perform more cellular respiration, requiring more O2 and glucose. The heart increases
its rate to deliver more oxygenated blood and remove CO2 and waste products faster.

The nervous system detects the cold and triggers responses; the muscular system
causes shivering to generate heat; the integumentary system (skin) produces
goosebumps to trap air for insulation — This is homeostasis in action. The nervous
system senses temperature drop and coordinates responses: rapid muscle contractions
(shivering) generate heat, and tiny muscles in the skin contract causing goosebumps
(vestigial fur-raising response).

Alveoli — Alveoli are tiny air sacs where oxygen passes into the blood and CO2 passes
out. Bronchi are larger airways, the trachea is the windpipe, and capillaries are blood
vessels (not air sacs).

Muscles are attached to bones by tendons; when muscles contract, they pull on
bones, causing them to move at joints — Muscles generate force by contracting.
Tendons connect muscles to bones. When a muscle contracts, it pulls the bone, creating
movement at the joint. Muscles work in pairs (one contracts while the other relaxes).

Bones form protective enclosures around organs: the skull protects the brain, the
rib cage protects the heart and lungs, and the vertebrae protect the spinal cord —
The skeleton has a dual role: support and protection. Hard bones form shields around
delicate organs. The skull, rib cage, and vertebral column are specifically shaped to
encase and protect the most vital organs.

Arteries carry oxygen-rich blood away from the heart under high pressure,
capillaries are tiny vessels where gas and nutrient exchange occurs with cells, and
veins return oxygen-poor blood to the heart under low pressure — Each vessel type
has a specialized role: arteries (thick walls for high pressure, carry blood away from



all three types of blood
vessels?

Create a diagram
description showing how
at least four body
systems interact when a
person runs a marathon.
Identify each system's
role and how they
communicate.

What is homeostasis, and
why is it important for
the human body?

A doctor tells a patient
they have a blockage in
their small intestine.
Predict how this would
affect the patient's
nutrition.

A person eats a
sandwich. Describe how
at least three body
systems work together to
process the food and
deliver nutrients to cells.

Use your knowledge of
the respiratory system to
explain why a person at
high altitude breathes
faster than at sea level.

When you touch a hot
stove, you pull your hand
away before you feel the
pain. Analyze how this
reflex arc works
differently from a
conscious decision to
move your hand.

Which organ is the main
control center of the
nervous system?

Which organ system is
responsible for breaking
down food into nutrients
the body can absorb?

heart), capillaries (thin walls one cell thick for exchange), veins (contain valves, return
blood to heart). All three are needed for a complete circulation loop.

Muscular system contracts leg muscles for running; respiratory system increases
breathing to supply 02; circulatory system speeds up heart rate to deliver 02 and
glucose while removing CO2; nervous system coordinates all responses and
monitors fatigue; digestive system provides stored glucose energy — Running a
marathon demonstrates whole-body integration: muscles generate movement, lungs
increase gas exchange, the heart accelerates blood delivery, the nervous system
coordinates everything, and stored glycogen from digestion provides fuel. Sweat glands
(integumentary) cool the body.

Homeostasis is the body's ability to maintain stable internal conditions like
temperature and pH, which is essential because cells can only function properly
within narrow ranges — Homeostasis maintains stable internal conditions
(temperature ~37C, blood sugar levels, pH) despite changing external conditions.
Without it, enzymes would malfunction and cells would die.

The patient would not be able to absorb most nutrients from food because the
small intestine is where most nutrient absorption occurs — The small intestine is
the primary site of nutrient absorption, with its large surface area from villi and
microvilli. A blockage would prevent food from reaching the absorptive surface, leading
to malnutrition despite eating.

The digestive system breaks down the sandwich into nutrients, the circulatory
system absorbs and transports nutrients via blood, and the respiratory system
provides oxygen for cells to use those nutrients for energy — Multiple systems
collaborate: digestive (breaks down food), circulatory (transports nutrients and oxygen),
respiratory (provides oxygen for cellular respiration). The nervous system also
coordinates digestion through involuntary muscle contractions.

At high altitude, air has less oxygen per breath, so the body increases breathing
rate to take in enough oxygen for cellular respiration — At higher altitudes,
atmospheric pressure is lower, meaning each breath contains fewer oxygen molecules.
The body compensates by increasing breathing rate to maintain adequate oxygen
delivery to cells.

A reflex arc sends the signal directly through the spinal cord to the muscles
without waiting for the brain to process it, which is faster than a conscious
decision that must travel to the brain and back — In a reflex arc, sensory neurons
send signals to the spinal cord, which immediately sends motor signals back to muscles,
bypassing the brain. This is faster (milliseconds) than conscious processing. You feel the
pain after your hand has already moved.

Brain — The brain processes information, controls voluntary and involuntary actions,
and coordinates body functions. The spinal cord relays signals between the brain and
body but isn't the main control center.

Digestive system — The digestive system breaks food into small molecules (nutrients)
that can be absorbed into the blood. The respiratory system handles breathing,
circulatory moves blood, and nervous controls signals.



After running a race, a
student notices their
heart beats faster and
they breathe more
rapidly. Which body
systems are working
together to meet the
increased demand?

The circulatory and respiratory systems work together to deliver more oxygen to
muscles — During exercise, the respiratory system increases breathing rate to take in
more oxygen, while the circulatory system increases heart rate to pump oxygen-rich
blood to working muscles faster.



3. Reproduction & Growth

< Question (fold —)

Compare the life cycles of a
frog (metamorphosis) and
a human (direct
development). What are
the key differences in how
each organism develops
from birth to adulthood?

What is the process by
which a single cell divides
into two identical daughter
cells?

Analyze the pattern:
bacteria divide every 20
minutes. Starting with one
bacterium, how many
would exist after 2 hours if
no cells die?

Alizard loses its tail and
grows a new one. Which
type of cell division is
primarily responsible for
regenerating the tail, and
why?

Apply your knowledge of
cell division to explain why
children grow faster than
adults.

Design a model or analogy
to explain cell
differentiation to a younger
student. Describe what
everyday object represents
the stem cell and how it
'differentiates’ into
specialized cells.

What role do hormones
play in the growth and
development of
organisms?

Answer

Frogs undergo dramatic metamorphosis (tadpole with gills in water transforms
into frog with lungs on land), while humans develop gradually with no dramatic
body plan change, just growing larger and maturing — Frog metamorphosis
involves a complete body redesign: losing tail, growing legs, developing lungs,
changing diet. Human development is gradual — babies have the same basic body
plan as adults but are smaller and less mature. Both involve cell division and
differentiation.

Mitosis — Mitosis produces two genetically identical daughter cells from one parent
cell. Meiosis produces sex cells with half the chromosomes. Osmosis is water
movement. Photosynthesis makes food.

64 bacteria (1->2->4->8 -> 16 -> 32 -> 64 after 6 divisions) — In 2 hours (120
minutes), there are 6 division cycles (120/20 = 6). Starting with 1: after each cycle the
number doubles. 1 ->2->4->8 -> 16 -> 32 -> 64. This is 26 = 64. This exponential
growth explains why bacterial infections spread rapidly.

Mitosis, because it produces new identical cells to replace the lost tissue and
rebuild the tail structure — Tail regeneration is a repair process requiring many new
identical cells. Mitosis provides this by duplicating cells to rebuild muscle, bone, nerve,
and skin tissue. Meiosis is only for producing sex cells.

Children's cells divide more rapidly through mitosis, producing new cells faster
than old ones die, leading to net growth; in adults, cell division mostly just
replaces worn-out cells — Growth hormones are more active in children, stimulating
rapid mitosis. The rate of new cell production exceeds cell death, causing growth. In
adults, growth hormones decrease and cell division primarily maintains existing tissue
rather than adding new mass.

A lump of clay (stem cell) can be shaped into a cup, plate, or vase (specialized
cells); once shaped and fired, each object has a specific function and cannot
easily become another shape, just as differentiated cells are locked into their
roles — Clay is an effective analogy: it starts with unlimited potential (like stem cells),
can be shaped into specialized forms (differentiation), and once fired/hardened
cannot easily change back (permanent specialization). This helps younger students
grasp an abstract concept.

Hormones are chemical messengers that regulate growth rate, trigger puberty
and development stages, and control processes like bone growth and tissue
maturation — Hormones like growth hormone, testosterone, and estrogen regulate
development. Growth hormone controls height, sex hormones trigger puberty, and
thyroid hormones regulate metabolism. They coordinate complex developmental
programs.



How many chromosomes
do human body cells
typically contain?

What is the term for an
organism's complete life
cycle from birth to death?

Examine why cancer is
sometimes described as
'uncontrolled cell division.'
What has gone wrong in
the normal process of
mitosis?

A student observes cells
under a microscope and
sees cells in various stages
of division. Some cells have
chromosomes lined up in
the middle. Predict what
stage of mitosis these cells
arein.

Why is it important that
DNA is copied exactly
before a cell divides during
mitosis?

Describe the stages of
complete metamorphosis
in a butterfly and explain
what happens during each
stage.

A scientist claims that
understanding cell division
could lead to a cure for
cancer. Evaluate this claim
using what you know
about how cancer
develops.

A farmer wants to produce
many genetically identical
copies of a high-yielding
strawberry plant. Should
the farmer use sexual or
asexual reproduction, and
what method might work?

How does the process of
differentiation allow a
single fertilized egg to

46 chromosomes (23 pairs) — Human body cells (somatic cells) have 46
chromosomes in 23 pairs. Sex cells (gametes) have 23 chromosomes (one from each
pair). The 23 pairs include 22 autosomal pairs and 1 pair of sex chromosomes.

Life span — Life span is the total period from birth to death. A food chain shows
feeding relationships. An ecosystem is a community plus its environment.
Metamorphosis is a specific developmental transformation.

In cancer, mutations damage the genes that regulate cell division, causing cells
to divide uncontrollably without stopping, forming tumors that can invade
surrounding tissue — Normal cells have checkpoint proteins that regulate division.
Mutations in genes controlling these checkpoints (like tumor suppressors and proto-
oncogenes) remove the brakes on cell division. Cells divide endlessly, forming tumors.

Metaphase, when chromosomes align along the cell's equator before being
pulled apart — During metaphase, chromosomes line up along the cell's metaphase
plate (middle). In prophase, chromosomes condense. In anaphase, they separate. In
telophase, they reach opposite poles. Interphase is not a division stage.

Exact DNA copies ensure each daughter cell receives a complete set of genetic
instructions needed to function properly — DNA contains all the instructions for

making proteins and running cell processes. If DNA isn't copied accurately, daughter
cells could malfunction, produce defective proteins, or develop into cancerous cells.
Proofreading mechanisms minimize errors.

Egg (laid on plant) -> larva/caterpillar (eating and growing) -> pupa/chrysalis
(transformation inside a case) -> adult butterfly (reproduction) — Complete
metamorphosis has four distinct stages: egg, larva (caterpillar eats to store energy),
pupa (body is reorganized inside the chrysalis), and adult (butterfly emerges to
reproduce). Each stage looks dramatically different.

This claim has strong support because cancer results from uncontrolled cell
division; understanding the mechanisms that regulate division (checkpoints,
tumor suppressors) could lead to targeted therapies that restore normal control
— Cancer is fundamentally a disease of cell division regulation. Research into cell cycle
checkpoints, proto-oncogenes, and tumor suppressor genes has already led to
targeted therapies. Deeper understanding could lead to more precise treatments that
stop cancer without harming healthy cells.

Asexual reproduction, using methods like runners or stem cuttings, because it
produces genetically identical copies of the parent plant — Asexual reproduction
(cloning via runners, cuttings, or grafting) produces genetically identical plants,
preserving the desirable high-yield traits. Sexual reproduction would introduce genetic
variation, and offspring might not share the parent's traits.

Differentiation is when cells become specialized for specific functions (like nerve
cells, muscle cells, blood cells) by activating different genes, even though all
cells contain the same DNA — Every cell has the same DNA, but differentiation



develop into a complex
organism with many cell
types?

Compare stem cells to fully
differentiated cells. What
makes stem cells special,
and why are scientists
interested in them?

Analyze why organisms
that reproduce asexually
are more vulnerable to
environmental changes
than those that reproduce
sexually.

A gardener wants to
produce identical copies of
a prized rose bush. Which
method of reproduction
should they use and why?

Why is mitosis important
for a growing organism?

Evaluate whether it would
be a good strategy for a
species to reproduce only
asexually. Consider both
short-term and long-term
consequences.

Explain the difference
between sexual and
asexual reproduction in
terms of genetic variation.

Some people believe that
cloning humans would be
beneficial for society.
Evaluate this claim by
considering both potential
benefits and ethical
concerns.

If a human body cell has 46
chromosomes, how many

activates specific gene combinations, producing specialized cells. A nerve cell activates
nerve-related genes while a muscle cell activates muscle genes. This creates the ~200
cell types in the human body.

Stem cells can divide indefinitely and develop into many different cell types,
unlike differentiated cells that are specialized and cannot change; scientists
want to use them to replace damaged tissue and treat diseases — Stem cells are
undifferentiated and pluripotent (can become many cell types). Differentiated cells
(nerve, muscle, etc.) are locked into their role. Scientists hope to direct stem cell
differentiation to repair spinal injuries, replace heart tissue, or cure blood diseases.

Asexual organisms produce genetically identical offspring, so if the environment
changes in a way that is harmful, all individuals are equally vulnerable; sexual
reproduction creates genetic diversity, so some offspring may have traits that
help them survive — Genetic clones share all vulnerabilities. A single disease or
environmental shift could eliminate an entire asexual population. Sexual
reproduction's genetic variation means some individuals likely have resistance or
tolerance, allowing the population to survive.

Asexual reproduction (like stem cuttings) because it produces genetically
identical offspring — Asexual reproduction produces genetically identical offspring
(clones). Methods like stem cuttings allow gardeners to replicate a plant with desirable
traits exactly.

Mitosis allows an organism to grow by increasing its number of cells and to
repair damaged tissue by replacing cells — Mitosis produces new identical cells for
growth (more cells = larger organism) and repair (replacing dead or damaged cells).
Without mitosis, organisms could not grow beyond a single cell or heal wounds.

Short-term it is efficient because one parent can reproduce quickly without
finding a mate, but long-term it is risky because lack of genetic diversity makes
the entire species vulnerable to diseases or environmental changes — Asexual
reproduction is fast and energy-efficient (no mate needed), advantageous in stable
environments. But it creates populations of clones. One pathogen or environmental
shift could wipe out the entire population. Most successful species use sexual
reproduction for long-term adaptability.

Sexual reproduction combines genetic material from two parents, producing
offspring with genetic variation; asexual reproduction uses one parent,
producing genetically identical offspring — Sexual reproduction (meiosis +
fertilization) shuffles genes from two parents, creating unique offspring. Asexual
reproduction (mitosis-based) copies one parent's DNA exactly, producing clones with
no variation unless mutations occur.

Potential benefits include growing replacement organs and studying genetic
diseases, but ethical concerns include treating clones as less than human,
reducing genetic diversity, and the high failure rate of current cloning
technology — Human cloning raises complex issues. Therapeutic cloning (for
organs/tissue) could save lives. However, reproductive cloning raises concerns about
clone welfare, identity, genetic diversity loss, and exploitation. Current technology also
has very high failure rates.

23 chromosomes, because meiosis divides the chromosome number in half so
that when sperm and egg combine at fertilization, the offspring has 46 — Meiosis



chromosomes would be in
a sperm cell? Explain your
reasoning.

What type of cell division
produces sex cells (sperm
and egg) with half the
normal number of
chromosomes?

reduces the chromosome number from 46 to 23 in gametes. At fertilization, sperm
(23) + egg (23) = zygote (46). This maintains the species' chromosome number across
generations.

Meiosis — Meiosis reduces the chromosome number by half, producing gametes (sex
cells). When sperm and egg unite, the full chromosome number is restored. Mitosis
maintains chromosome number. Binary fission is for bacteria.



4. Ecosystems & Food Webs

< Question (fold —)

A farmer introduces
ladybugs to their garden
to control aphids instead
of using chemical
pesticides. What type of
ecological relationship is
the farmer utilizing?

Explain the difference
between a habitat and a
niche.

Assess whether a coral
reef or an open ocean
has a more stable food
web. Consider
biodiversity, species
connections, and

resilience to disturbance.

How does a food web
differ from a food chain
in terms of accuracy in
representing an
ecosystem?

Design a food web for a
pond ecosystem that
includes at least 8
organisms across all
trophic levels. List the
organisms and describe
their feeding
relationships.

Which level of a food
chain typically has the
most energy available?

Why does only about
10% of energy transfer
from one trophic level to
the next?

Compare the roles of

Answer

Predator-prey relationship, as ladybugs are natural predators of aphids — The
farmer is using the predator-prey relationship between ladybugs and aphids as a form of
biological pest control. Ladybugs eat aphids, naturally reducing the pest population.

A habitat is the physical place where an organism lives, while a niche is the
organism's role in the ecosystem including what it eats, what eats it, and how it
interacts with its environment — A squirrel's habitat might be an oak forest (where it
lives), but its niche includes eating acorns, being prey for hawks, dispersing seeds, and
nesting in tree cavities (what it does). Two species can share a habitat but not an
identical niche.

Coral reefs have more stable food webs due to higher biodiversity and more
interconnected feeding relationships, which provide redundancy; if one species
declines, others can fill similar roles, making the web more resilient — Coral reefs
are among Earth's most biodiverse ecosystems. High biodiversity creates redundancy in
food webs — if one herbivore declines, others continue grazing. Open oceans have
fewer species and simpler food webs, making them more vulnerable to disruptions at
any single level.

A food web is more accurate because it shows that most organisms eat and are
eaten by multiple species, while a food chain only shows a single linear pathway —
Real ecosystems have complex feeding relationships. A rabbit eats many plants, and a
fox eats rabbits, mice, and birds. Food webs capture this complexity, while food chains
oversimplify by showing only one feeding pathway.

Producers: algae, water lilies; Primary consumers: tadpoles (eat algae), water
snails (eat water lilies), zooplankton (eat algae); Secondary consumers: dragonfly
nymphs (eat zooplankton, tadpoles), small fish (eat zooplankton, snails); Tertiary
consumer: heron (eats fish, frogs); Decomposer: bacteria (break down all dead
organisms) — A realistic pond food web shows interconnected feeding relationships
across all trophic levels. Multiple producers support various herbivores, which feed
multiple predators. Cross-connections (fish eating both zooplankton and snails) make it
a web, not just parallel chains.

Producers (the first trophic level) — Producers capture the most energy from sunlight.
Only about 10% of energy transfers to each successive level. Top predators receive the
least energy, which is why they are less abundant than organisms at lower levels.

Most energy (about 90%) at each level is used for the organism's own life processes
(movement, growth, body heat) and is lost as heat, leaving only 10% available to
the next level — At each trophic level, organisms use most of their energy for
metabolism (cellular respiration, movement, maintaining body temperature). This energy
is released as heat. Only the energy stored in their body tissues is available to the next
consumer.

Biotic factors (living things and their interactions) and abiotic factors



biotic and abiotic factors
in shaping an ecosystem.
Which type of factor do
you think has a greater
overall impact, and why?

What do decomposers
do in an ecosystem?

How does competition
for resources affect
populations within an
ecosystem?

Describe how matter is
recycled but energy
flows in one direction
through an ecosystem.

A new invasive species of
insect arrives in a forest
ecosystem. It has no
natural predators and
eats the same plants as
native caterpillars. Use
food web concepts to
predict the
consequences.

An energy pyramid
shows that producers
have 10,000 kcal of
energy. How much
energy would be
available to the
secondary consumers
(third level)?

Analyze how the concept
of carrying capacity
relates to resource
availability in an
ecosystem.

What is the role of the

(temperature, water, sunlight, soil) both fundamentally shape ecosystems; abiotic
factors often set the conditions that determine which biotic communities can
exist — Abiotic factors (climate, water, sunlight) determine what can live in an area — a
desert has different organisms than a rainforest. Within those constraints, biotic
interactions (predation, competition, symbiosis) shape community structure. Both are
essential and interconnected.

Break down dead organisms and waste, returning nutrients to the soil —
Decomposers (bacteria, fungi) break down dead organisms and waste into simpler
nutrients, recycling them back into the soil where producers can use them. Without
decomposers, dead material would accumulate and nutrients would be locked away.

When two species compete for the same limited resources, the population of the
weaker competitor may decline or adapt to use different resources, limiting
growth of both populations — Interspecific competition (between species) can lead to
competitive exclusion (one species outcompetes the other) or resource partitioning
(species divide up resources). This limits population sizes and shapes community
structure.

Matter (like carbon and nitrogen) is recycled through biogeochemical cycles and
reused by organisms, while energy enters as sunlight, flows through trophic levels,
and is eventually lost as heat to the environment — Atoms are neither created nor
destroyed, so matter cycles: carbon, nitrogen, and water atoms are reused endlessly.
Energy, however, is converted to heat at each trophic level and radiates away.
Ecosystems need continuous energy input from the sun.

The invasive insect would outcompete native caterpillars for food, reducing
caterpillar populations, which would then reduce food for birds that eat
caterpillars, and the invasive insect population would grow unchecked without
predators — Without predators, the invasive insect's population explodes. Competition
reduces native caterpillars. Birds that ate caterpillars may decline. Plants may be
overeaten. Invasive species disrupt food webs because the ecosystem's checks and
balances don't apply to them.

100 kcal (10,000 x 10% = 1,000 for primary consumers, then 1,000 x 10% = 100 for
secondary consumers) — Using the 10% rule: Producers (10,000 kcal) -> Primary
consumers get 10% = 1,000 kcal -> Secondary consumers get 10% of that = 100 kcal.
Energy decreases by a factor of 10 at each trophic level.

Carrying capacity is the maximum population size an environment can sustain
long-term; it is determined by available resources like food, water, space, and
shelter, and populations that exceed it will decline — Every ecosystem has finite
resources. Carrying capacity depends on food, water, space, and other resources. When
a population exceeds carrying capacity, competition increases, food runs short, and the
population declines through starvation, disease, or emigration.

The carbon cycle moves carbon between the atmosphere, living organisms,
oceans, and soil through processes like photosynthesis, respiration,
decomposition, and combustion — Carbon cycles continuously: plants absorb CO2



carbon cycle in an
ecosystem?

What is the term for an
organism that makes its
own food using sunlight?

In a forest food web,
rabbits eat grass, foxes
eat rabbits, and hawks
eat both rabbits and
snakes. If a disease kills
most of the rabbits,
predict what would
happen to the fox and
hawk populations.

Evaluate whether
introducing a non-native
predator to control an
invasive species is a
good management
strategy. What are the
potential risks?

Analyze why removing
decomposers from an
ecosystem would be
catastrophic, even
though they are at the
'bottom' of the food
web.

A study shows that the
biomass of insects in a
grassland is much
greater than the
biomass of birds. Does
this pattern support or
contradict the energy
pyramid model? Explain.

Some people argue that
everyone should eat a
vegetarian diet to reduce
environmental impact.
Evaluate this claim using
the concept of energy
transfer through food
chains.

What is the term for a
diagram that shows all

(photosynthesis), animals eat plants (incorporating carbon), all organisms release CO2
(respiration), decomposers release carbon from dead matter, and fossil fuels store
ancient carbon released by combustion.

Producer (autotroph) — Producers (autotrophs) like plants and algae convert sunlight
into food through photosynthesis. Consumers eat other organisms, decomposers break
down dead matter, and predators are a type of consumer.

Fox populations would decline because they depend mainly on rabbits; hawk
populations might decline less because they can also eat snakes as an alternative
food source — Foxes, with fewer food options, would be hit harder by rabbit decline.
Hawks, as generalist predators eating both rabbits and snakes, have an alternative food
source and would be less affected. This shows why food web complexity provides
ecosystem stability.

While it might control the invasive species, the introduced predator could itself
become invasive, eat native species, disrupt existing food webs, or fail to control
the target species, potentially making the problem worse — Biological control has a
mixed record. The cane toad introduction in Australia is a cautionary tale: the toads
ignored the target pest and instead became a devastating invasive species. Non-native
predators may prefer easier native prey or have their own negative impacts.

Without decomposers, dead organisms and waste would pile up, nutrients would
be locked in dead matter and never returned to the soil, eventually starving
producers and collapsing the entire food web — Decomposers are the ecosystem's
recyclers. They break down dead matter, releasing nitrogen, phosphorus, carbon, and
other nutrients back into the soil. Without this recycling, nutrients would be permanently
locked away, soil would become infertile, and producers would fail.

This supports the energy pyramid because insects (primary consumers) have more
available energy than birds (secondary consumers), so their total biomass should
be greater — The energy pyramid predicts that lower trophic levels support more
biomass. Insects (primary consumers eating plants) have access to more energy than
birds (secondary consumers eating insects), so the total mass of insects exceeds that of
birds. The data supports the model.

This claim has scientific support because eating plants directly (one trophic level)
is more energy-efficient than eating animals that ate plants (two levels), since 90%
of energy is lost at each level; however, other environmental and nutritional
factors should also be considered — Eating plants directly captures 10% of producer
energy vs. 1% if eating herbivores (two 10% transfers). A vegetarian diet supports more
people per acre of farmland. However, some land is only suitable for grazing, and
nutritional needs vary.

Food web — A food web shows the complex network of feeding relationships in an
ecosystem. Unlike a single food chain (linear), a food web shows how organisms are



the interconnected food
chains in an ecosystem?

Examine the relationship
between predator and
prey population sizes
over time. Why do their
populations tend to cycle
rather than staying
constant?

Use the 10% energy rule
to explain why there are
fewer top predators (like
lions) than herbivores
(like zebras) in a savanna
ecosystem.

Wolves were removed
from Yellowstone
National Park and later
reintroduced. Use the
concept of trophic
cascades to predict what
happened to the elk and
plant populations after
wolves returned.

connected through multiple food chains.

When prey is abundant, predator populations grow; more predators reduce prey
numbers; fewer prey then causes predator decline; with fewer predators, prey
recovers, and the cycle repeats — This is the Lotka-Volterra predator-prey cycle.
There's a time lag between cause and effect: prey increase leads to predator increase
(with delay), which leads to prey decrease, then predator decrease. The classic example
is the lynx-hare cycle in Canadian fur trade data.

Each trophic level has only 10% of the energy from the level below, so there is far
less energy to support top predators than herbivores, meaning fewer individuals
can survive at the top — The energy pyramid explains population patterns. Grass has
the most energy, supporting many zebras. Zebras transfer only 10% to lions. Less energy
means fewer organisms can survive. This is why top predator populations are always
smaller than prey populations.

Wolves reduced elk populations and changed elk behavior (avoiding certain areas),
allowing overgrazed plants and trees to recover in those areas — This is a famous
trophic cascade: wolves reduced elk numbers and scared surviving elk away from river
valleys. Vegetation recovered, stabilizing riverbanks, benefiting beavers, songbirds, and
even changing river courses. Top predators have outsized ecosystem effects.



5. chemistry

< Question (fold —)

Two students disagree:
one says color is a reliable
way to identify minerals,
the other says hardness is
better. Which student's
reasoning is stronger, and
why?

How would you separate a
mixture of sand and salt
using water?

What is the term for how
much matter is packed
into a given space?

What property describes
how easily a material can
be scratched?

Explain why a metal spoon
feels cold when you touch
it, but a wooden spoon
does not.

Which of the following is a
physical property of
matter?

A classmate says that a
heavy object always sinks
in water. Evaluate this
claim using what you know
about density.

A company wants to make
a cooking pot. Evaluate
whether glass or
aluminum is a better
choice based on thermal
conductivity and durability.

Describe what happens to
sugar when it dissolves in
water. Does the sugar
disappear?

Answer

Hardness is more reliable because many different minerals can share the same
color — Hardness is more reliable because each mineral has a characteristic hardness
value, while many different minerals share the same color. For example, quartz,
feldspar, and calcite can all appear white. Ease of observation does not equal
reliability. Both properties have value, but hardness is more diagnostic. Minerals can
definitely be identified using measurable properties.

Dissolve the salt in water, filter out the sand, then evaporate the water — Salt
dissolves in water but sand does not, so adding water and filtering separates them.
Evaporating the water recovers the salt. A magnet would not attract salt or sand. Sand
melts at about 1,700 degrees Celsius, which is not practical. A filter alone would not
separate the salt from the sand because both are solid particles.

Density — Density is mass per unit volume, describing how tightly packed the matter
is. Volume is just the amount of space an object takes up. Mass is the amount of
matter alone. Weight is the force of gravity on an object, which depends on location.

Hardness — Hardness measures how resistant a material is to being scratched.
Density measures mass per unit volume. Flexibility describes how easily something
bends. Conductivity describes how well a material transfers heat or electricity.

Metal conducts heat away from your hand faster than wood — Metal is a good
thermal conductor, so it transfers heat away from your warm hand quickly, making it
feel cold. Wood is a poor conductor. Both spoons are at room temperature. Neither
material creates heat or absorbs cold; it is all about the rate of heat transfer.

Boiling point — Boiling point is a physical property because measuring it does not
change the substance's chemical identity. Flammability, rusting, and reactivity with
acid are all chemical properties because they describe how a substance changes into a
different substance.

The claim is incorrect because sinking depends on density, not just weight — The
claim is incorrect. A large steel ship is very heavy but floats because its overall density
(including air inside) is less than water. What determines sinking is density relative to
water, not weight alone. Heavy things do not always sink. Water is not especially light.
Many things do sink in water.

Aluminum is better because it conducts heat well and is more durable than glass
— Aluminum conducts heat efficiently, distributing it evenly for cooking, and is
resistant to breaking when dropped. Glass conducts heat poorly and can shatter. Not
conducting heat is actually a disadvantage for cooking. They are not equally good
because their properties differ significantly. Both can technically be used, but
aluminum is clearly the better practical choice.

The sugar breaks into tiny particles too small to see but is still there — When
sugar dissolves, it breaks into particles too small to see, but the sugar is still present in
the water. You can confirm this by tasting the sweet water. Sugar is not destroyed
(matter is conserved), does not turn into water (it keeps its identity), and dissolving is
different from melting.



A student heats ice until it
becomes water, then
continues heating until it
becomes steam. Which
properties changed and
which stayed the same?

A student places an object
in water and it sinks. What
can you conclude about
the object's density?

Why can you use a magnet
to separate iron filings
from sand?

Design a simple
experiment to determine
which of two unknown
white powders is sugar
and which is baking soda.

Compare the physical
properties of copper and
rubber. Which property is
most useful for choosing
wire material?

You have a block that is 2
c¢cm by 3 cm by 5 cm and
has a mass of 90 grams.
What is its density?

Why is density a better
property than mass for
identifying an unknown
substance?

You have three unknown
metals. How could you use
density to help identify
each one?

Which tool would you use
to measure the mass of a
rock?

Why does oil float on top
of water instead of
sinking?

The state and volume changed, but the chemical identity stayed the same — Ice,
liquid water, and steam are all the same substance (H20). The state of matter and
volume change, but the chemical identity remains the same. The substance did not
become three different chemicals. Temperature also changed, but so did state and
volume. Not everything changed; the molecular composition was unchanged.

Its density is greater than 1 g/cm cubed — Water has a density of about 1 g/cm
cubed. Objects that sink in water must have a greater density. Less dense objects
would float. An object with exactly the same density would remain suspended in the
middle. This test does tell you something specific about density.

Iron is magnetic but sand is not — Iron is a magnetic material, so a magnet attracts
it, while sand is not magnetic and stays behind. Weight does not matter here because
the magnet pulls regardless of weight. Sand does not dissolve in magnets. Ironis a
solid at room temperature, melting at 1,538 degrees Celsius.

Dissolve each in water and taste, or add vinegar and see which one fizzes —
Sugar tastes sweet and does not react with vinegar, while baking soda tastes bitter or
salty and fizzes with vinegar (producing carbon dioxide gas). These are testable
differences. They look very similar, so visual inspection is unreliable. Equal masses
would be the same since both are white powders. Heating alone would not clearly
distinguish them at low temperatures.

Electrical conductivity — Copper is chosen for wires because it has excellent
electrical conductivity, while rubber does not conduct electricity. Color does not affect
function. Although hardness and flexibility matter for practical handling, the primary
reason copper is used for wire is its ability to conduct electricity.

3 g/cm cubed — Volume =2 x 3 x 5 =30 cm cubed. Density = mass / volume =90/ 30
=3 g/cm cubed. 30 g/cm cubed reverses the formula (volume / mass is wrong). 0.33
g/cm cubed divides volume by mass. 10 g/cm cubed divides by only one dimension.

Density stays the same regardless of sample size, but mass changes with the
amount — Density is an intensive property, meaning it stays the same regardless of
sample size. A small piece of gold has the same density as a large piece. Mass is an
extensive property that changes with the amount. Density is not always bigger than
mass. Mass can be measured very accurately. The equipment used is not the reason.

Measure each metal's mass and volume, calculate density, and compare to a
reference table — To find density you need both mass and volume, then calculate
density = mass / volume and compare to known values. The heaviest sample is not
necessarily the densest because a larger piece of a less dense metal can weigh more.
Color is unreliable because many metals look similar. Volume alone tells nothing about
identity.

A balance or scale — A balance or scale measures mass. A ruler measures length, a
thermometer measures temperature, and a graduated cylinder measures liquid
volume. Each tool is designed for a specific property of matter.

Oil is less dense than water — Oil floats because it is less dense than water. Density,
not color, determines floating. A cup of oil actually has less mass than the same
volume of water. Molecule size alone does not determine whether a substance floats.



A student wants to find out
if a mystery liquid is water
or rubbing alcohol. Which
property would be most
useful to test?

Why does a balloon
expand when you heat it?

Explain in your own words
what solubility means.

Examine these
observations: substance A
dissolves in water,
substance B does not.
Substance A is white,
substance B is also white.
What can you conclude?

A metal cube and a
wooden cube are the same
size. The metal cube sinks
in water but the wooden
cube floats. What does this
tell you about the two
materials?

A student measures the
mass of a cup of water
before and after dissolving
sugar. How would you use
the masses to show that
matter was conserved?

Boiling point — Boiling point is a characteristic property that differs between
substances. Water boils at 100 degrees Celsius and rubbing alcohol at about 82
degrees Celsius. Both liquids are colorless, so color does not help. Volume depends on
how much liquid there is, not what it is. Shape depends on the container, not the
liquid.

The gas particles inside move faster and push outward more — Heating makes
gas particles move faster and spread apart, increasing pressure and expanding the
balloon. No new gas is created; the same particles just need more space. Rubber does
not create air. The balloon does not become lighter; it gains no mass from heating.

How well a substance can dissolve in a liquid — Solubility is the ability of a
substance to dissolve in a liquid (usually water). Melting is a phase change, not
dissolving. Heaviness relates to mass or weight. Hardness relates to resistance to
scratching, not dissolving.

Solubility is a more useful property than color for distinguishing these
substances — Since both substances share the same color, color cannot distinguish
them. Solubility reveals a real difference, making it more useful for identification. They
cannot be the same material because they behave differently in water. Color is not
always the best identifier. These observations do tell us something meaningful about
the substances.

The metal has a greater density than water, and the wood has a lower density
than water — Since both cubes are the same size, the difference must be in density.
The metal is denser than water so it sinks; the wood is less dense so it floats. They are
the same size, not different. The wood has less mass per volume. Water exerts
buoyant force equally based on volume displaced.

The mass of water plus sugar before mixing should equal the mass of the
solution after mixing — Conservation of matter means the total mass does not
change. The mass of water plus sugar before dissolving equals the mass of the
solution after. Sugar does not disappear; it is still there as dissolved particles.
Dissolving does not create new matter. Mass can absolutely be measured for liquids
using a balance.



6. chemistry

< Question (fold —)

Analyze why hydrogen (1
proton) and helium (2
protons) have very
different chemical
behaviors even though
they only differ by one
proton.

If a sodium atom (11
protons, 11 electrons)
loses one electron, what
charge does the resulting
ion have?

Explain how isotopes of
the same element differ
from each other.

What are the three main
subatomic particles found
in an atom?

Distinguish between a
physical change and a
chemical change at the
atomic level.

Assess whether it is
possible to turn lead into
gold by changing the
number of protons. Why
has this been so difficult
historically?

What is the difference
between an element and a
compound?

Write the chemical
formula for a molecule
that contains 2 hydrogen

Answer

One extra proton gives helium a full outer electron shell, making it unreactive —
Helium has 2 electrons completely filling its first shell, making it extremely stable and
unreactive (noble gas). Hydrogen has only 1 electron in a shell that can hold 2, making
it reactive. They behave very differently. Mass is not the primary reason. Hydrogen
typically has 0 neutrons; helium has 2.

+1 — With 11 protons (+11) and now only 10 electrons (-10), the net charge is +1.
Losing a negative electron makes the atom positive, not negative. The atom is no
longer neutral (0). +11 would be the total proton charge, not the net charge after losing
just one electron.

They have the same number of protons but different numbers of neutrons —
Isotopes of an element have the same number of protons (same atomic number, same
element) but different numbers of neutrons. This gives them different atomic masses.
Different proton numbers would make them different elements. Electron number
affects charge (ions), not isotope identity. Isotopes are the same element, not different
ones.

Protons, neutrons, and electrons — Atoms contain protons (positive charge, in
nucleus), neutrons (no charge, in nucleus), and electrons (negative charge, orbiting
nucleus). Photons are particles of light, not parts of atoms. Molecules are groups of
atoms. Atoms themselves are not subatomic particles.

In a physical change atoms rearrange their positions; in a chemical change atoms
form new bonds with different atoms — In physical changes (like melting), atoms
stay bonded to the same partners but change arrangement. In chemical changes (like
burning), bonds break and new bonds form between different atoms. Atoms are never
created or destroyed in ordinary chemical processes. Both types of changes can
happen in any state of matter. There is a clear difference.

It is theoretically possible but requires nuclear reactions with enormous energy,
far beyond chemical reactions — Changing proton numbers requires nuclear
reactions (not chemical ones), which demand particle accelerators and enormous
energy. It has been done on tiny scales. Elements can be transmuted, but not easily.
No chemical reaction can change one element to another. Alchemists never succeeded
at transmutation; modern physics has done it on an atomic scale.

An element contains only one type of atom; a compound contains atoms of two
or more different elements bonded together — An element contains only one type
of atom (like gold, which is only Au). A compound is a substance made of atoms from
two or more different elements chemically bonded (like water, H20). Elements and
compounds can be solids, liquids, or gases. Compounds are more complex, not
simpler. Both can be natural or human-made.

H20 — H20 means 2 hydrogen atoms and 1 oxygen atom. The subscript follows the
element symbol. HO2 would mean 1 hydrogen and 2 oxygens. H202 is hydrogen
peroxide with 2 hydrogens and 2 oxygens. 2HO would mean 2 separate molecules of



atoms and 1 oxygen atom.

Why can you not see
individual atoms with a
regular microscope?

Carbon has an atomic
number of 6 and an
atomic mass of
approximately 12. How
many neutrons does a
carbon-12 atom have?

The chemical symbol for
gold is Au. What does the
symbol Na represent?

An atom has 8 protons, 8
neutrons, and 8 electrons.
Identify this element.

Compare a helium atom (2
protons, 2 neutrons, 2
electrons) with a lithium
atom (3 protons, 4
neutrons, 3 electrons).
Which has greater atomic
mass and why?

A student claims that iron
and rust are the same
substance because rust
comes from iron. Evaluate
this claim.

Explain the difference
between an atom and a
molecule.

Carbon-12 and carbon-14
are both carbon. Why do
they behave the same
chemically despite having
different masses?

Summarize what the
atomic number tells you
about an element.

HO, which is a different substance.

Atoms are much smaller than the wavelength of visible light — Atoms are roughly
0.1 to 0.3 nanometers wide, far smaller than visible light wavelengths (400-700 nm).
Optical microscopes cannot resolve anything smaller than the light waves they use. It is
not about color. Electron microscopes and scanning tunneling microscopes can image
atoms. While atoms do move, that is not the main limitation.

6 neutrons — Neutrons = atomic mass - atomic number =12 - 6 = 6 neutrons. 12
neutrons would mean adding the proton count to the mass instead of subtracting. 18
neutrons adds them together. 0 neutrons would mean the mass equals only the
protons, which is not the case.

Sodium — Na is the symbol for sodium, derived from the Latin word natrium.
Nitrogen's symbol is N, neon's is Ne, and nickel's is Ni. Like gold (Au from aurum),
sodium's symbol comes from its Latin name rather than its English name.

Oxygen — An atom with 8 protons has atomic number 8, which is oxygen. Carbon has
6 protons, nitrogen has 7, and neon has 10. The number of protons alone determines
the element.

Lithium has greater atomic mass because it has more protons and neutrons —
Helium: 2 + 2 = mass number 4. Lithium: 3 + 4 = mass number 7. Lithium is heavier
because mass comes from protons and neutrons. Equal particle ratios do not
determine mass. They have different masses. Electrons have negligible mass
compared to protons and neutrons.

The claim is incorrect because rust is iron oxide, a different substance with
different properties — Rust (iron oxide, Fe203) is a different chemical substance
from iron (Fe). It forms when iron reacts with oxygen. Rust is not just aged iron; it has
different properties (color, hardness, conductivity). Rust is not a metal; it is a brittle
compound. Rust is definitely not a type of paint; it is a chemical compound.

An atom is a single particle of an element; a molecule is two or more atoms
bonded together — An atom is the smallest unit of an element. A molecule is formed
when two or more atoms bond together. Atoms are smaller than molecules. Molecules
are found in all matter, not just living things. They are distinct concepts: atoms are
components, molecules are combinations.

Chemical behavior depends on the number of protons and electrons, which are
the same in both isotopes — Chemical behavior is determined by electron
arrangement, which depends on proton count. Both carbon-12 and carbon-14 have 6
protons and 6 electrons, so they react the same way. They behave nearly identically in
chemical reactions. They have the same number of protons (both are carbon).
Neutrons have almost no effect on chemical behavior.

It tells you the number of protons in each atom of that element — The atomic
number equals the number of protons, which defines the element. It does not count all
particles (that would include neutrons and electrons too). Atomic mass (not atomic
number) relates to weight. Neutron count varies between isotopes of the same
element and is not given by the atomic number.



Explain why atoms are
normally electrically
neutral.

Design a model using
everyday objects to
represent the structure of
a carbon atom with 6
protons, 6 neutrons, and 6
electrons. Describe what
you would use for each
part.

What determines the
identity of an element?

Use the periodic table to
determine how many
protons and electrons a
neutral aluminum atom
has. Aluminum's atomic
number is 13.

Calculate the number of
neutrons in an iron atom
that has an atomic
number of 26 and an
atomic mass of 56.

What is the smallest unit
of an element that still has
the properties of that
element?

Describe the structure of
an atom, including where
each subatomic particle is
located.

Which model of the atom
do you think is more
useful for understanding
chemistry: the solid
sphere model or the
electron cloud model?
Justify your answer.

They have equal numbers of positive protons and negative electrons — Atoms
have equal numbers of protons (+1 each) and electrons (-1 each), so the charges
balance to zero. Protons and electrons are charged particles. Neutrons are neutral, but
they do not cancel out charges from other particles. Protons and electrons remain as
separate particles; they do not combine.

Use 6 red balls for protons and 6 blue balls for neutrons clustered in the center,
with 6 small beads on strings orbiting around them — A good model uses distinct
objects for protons, neutrons, and electrons, clusters protons and neutrons in a central
nucleus, and places electrons around the outside. Identical scattered balls do not show
structure. Missing electrons ignores a key part. Same-color objects do not distinguish
particle types. The key is showing the spatial arrangement and particle types.

The number of protons in its atoms — The number of protons (atomic number)
defines which element an atom is. Carbon always has 6 protons; oxygen always has 8.
Electrons can be gained or lost (forming ions) without changing the element. Neutrons
can vary (creating isotopes) without changing the element. Mass is a result of protons
and neutrons combined.

13 protons and 13 electrons — Atomic number 13 means 13 protons. In a neutral
atom, electron count equals proton count, so 13 electrons. 27 is aluminum's
approximate atomic mass, not its electron count. 14 neutrons (27 - 13) is the neutron
count, often confused with electron count.

30 neutrons — Neutrons = 56 - 26 = 30. 26 confuses neutrons with protons. 56 is the
mass number (protons + neutrons combined), not the neutron count alone. 82 adds
the two numbers instead of subtracting.

An atom — An atom is the smallest unit of an element that retains the element's
chemical properties. A molecule is made of two or more atoms bonded together. A cell
is a biological unit, not a chemical one. An electron is a subatomic particle, only one
part of an atom.

Protons and neutrons are in the central nucleus; electrons orbit in shells around
it — The nucleus at the center contains protons (positive) and neutrons (neutral).
Electrons (negative) orbit the nucleus in energy levels or shells. Particles are not evenly
spread; the atom is mostly empty space. Electrons are outside, not inside the nucleus.
Neutrons are in the nucleus, not orbiting it.

The electron cloud model, because it shows where electrons are likely found,
which determines chemical bonding — The electron cloud model is more useful
because it shows electron probability distributions, which are essential for
understanding bonding and reactions. Atoms are not solid; they are mostly empty
space. Both models have value, but the electron cloud is more informative. Both
models are directly relevant to chemistry.



7. chemistry
< Question (fold —)

Fluorine and iodine are
both in Group 17. Predict
which one is more
reactive and explain why.

Lithium, sodium, and
potassium all react
vigorously with water.
Use periodic table trends
to predict which reaction
would be the most
vigorous.

Why do noble gases
rarely form compounds
with other elements?

Evaluate whether
element 118 (oganesson),
which is in Group 18, is
likely to behave exactly
like other noble gases.
Consider that it is much
heavier.

Describe what happens
to the atomic radius as
you move from left to
right across a period.

Explain why metals are
good conductors of
electricity.

Assess whether the
periodic table would still
be useful if elements
were arranged
alphabetically instead of
by atomic number.

Use the periodic table to
find the element with 17

Answer

Fluorine is more reactive because its smaller size allows it to attract electrons
more strongly — Fluorine is smaller than iodine, so its nucleus pulls more strongly on
incoming electrons, making it more reactive. For nonmetals, reactivity increases going
up a group. Bigger size actually decreases reactivity in nonmetals. Same group means
similar but not identical reactivity. Halogens are among the most reactive nonmetals.

Potassium, because alkali metal reactivity increases going down the group —
Alkali metal reactivity increases down the group because the valence electron is farther
from the nucleus and easier to lose. Potassium is below sodium and lithium, so it reacts
most vigorously. Lithium is the least reactive of the three. Middle position does not
mean moderate reaction. Their reactions differ significantly in vigor.

Their outer electron shells are already completely filled — Noble gases have full
outer electron shells (stable electron configurations), so they have no drive to gain, lose,
or share electrons. Mass does not determine reactivity. While noble gases exist in
smaller amounts, their abundance is not why they are unreactive. Temperature is
unrelated to their chemical stability.

It may not behave like a typical noble gas because relativistic effects in very
heavy atoms can alter electron behavior — For superheavy elements like oganesson
(element 118), relativistic effects on electrons can significantly alter expected properties.
Scientists predict oganesson may actually be more reactive than expected for a noble
gas. It would not behave exactly like helium. Being at the bottom does not guarantee
being the most unreactive. Periodic trends can break down at extreme atomic numbers.

The atomic radius generally decreases — Across a period, more protons are added to
the nucleus, pulling electrons closer despite being in the same shell, so the radius
decreases. The radius does not increase because the stronger nuclear charge pulls
electrons inward. It does not stay the same because the nuclear charge increases. The
trend is consistent, not alternating.

Metals have loosely held outer electrons that can move freely — Metals have
valence electrons that are loosely bound and can flow freely through the material,
carrying electrical current. Shininess is unrelated to electrical conduction. Magnetism
and conductivity are different properties. Mass has no direct relationship to electron
mobility.

It would be much less useful because alphabetical order does not reveal patterns
in chemical properties — The periodic table's value lies in grouping elements with
similar properties together. Alphabetical order would scatter related elements
randomly: lithium would not be near sodium or potassium. While the elements would
not change, the arrangement's predictive power would be lost. Ease of finding a name is
less important than revealing chemical patterns. Alphabetical order would not create
meaningful chemical patterns.

Chlorine, a nonmetal — Atomic number 17 is chlorine, located in Group 17 on the



protons. Identify it and
predict whetheritis a
metal, nonmetal, or
metalloid.

Analyze why elements in
the same period have
different properties even
though they have the
same number of electron
shells.

Summarize the
relationship between an
element's group number
and its number of
valence electrons for
Groups 1, 2, and 13-18.

What are the horizontal
rows of the periodic table
called?

Where are metals
generally located on the
periodic table?

Design a simple rule that
a younger student could
use to predict whether an
element is a metal or
nonmetal based only on
its periodic table position.

Explain why sodium (Na)
and potassium (K) are in
the same group on the
periodic table.

Compare the reactivity of
lithium (Group 1) with the
reactivity of neon (Group
18). What accounts for
the dramatic difference?

Describe how
electronegativity changes
as you move down a
group in the periodic
table.

What do elements in the

right side of the periodic table, making it a nonmetal. Chlorine is not a metal; itis a
reactive gas. Argon is atomic number 18, not 17. Sulfur is atomic number 16, not 17,
and is a nonmetal, not a metalloid.

They have different numbers of valence electrons, which determines chemical
behavior — While elements in the same period share the same number of electron
shells, they have different numbers of valence electrons (1 through 8 across the period),
giving them different chemical properties. Elements in the same period do not have the
same properties. Shell number matters but is not the only factor. Neutron count does
not determine chemical behavior.

For main group elements, the ones digit of the group number equals the number
of valence electrons — For main group elements, the ones digit of the group number
matches the valence electron count: Group 1 has 1, Group 2 has 2, Group 13 has 3, and
so on up to Group 18 with 8 (or 2 for helium). Group number does not equal total
electrons. There is a clear relationship. Neutrons are not related to group number.

Periods — Horizontal rows are called periods. Groups (also called families) are the
vertical columns. Series is sometimes used informally but is not the standard term for
rows. Elements in the same period have the same number of electron shells.

On the left side and center — Metals occupy the left and center of the periodic table,
making up about 75% of all elements. Nonmetals are on the far right. The bottom rows
(lanthanides and actinides) are metals, but metals are not limited to those rows.
Elements are organized systematically, not randomly.

If the element is to the left of the staircase line, it is a metal; to the right, it is a
nonmetal — The staircase (zigzag) line from boron to astatine divides metals (left) from
nonmetals (right), with metalloids along the line. This simple visual rule works well for
most elements. Atomic number alone does not determine metal/nonmetal status.
Name length has nothing to do with classification. The periodic table is specifically
designed to show this information.

Both have one valence electron and react similarly with other elements — Sodium
and potassium are both in Group 1 because they each have 1 valence (outer shell)
electron. This makes them react similarly, both being highly reactive metals. Sodium has
11 total electrons, potassium has 19. They are both silvery but look slightly different.
Their atomic masses differ significantly (23 vs 39).

Lithium has 1 valence electron it easily loses; neon has a full outer shell and no
need to react — Lithium has 1 valence electron in an incomplete shell, making it eager
to lose it. Neon has 8 valence electrons in a full, stable shell, giving it no drive to react.
Size affects reactivity within a group but is not the main reason here. Being a gas does
not prevent reactions; many gases are reactive. Neutrons do not determine chemical
reactivity.

Electronegativity generally decreases going down a group — Electronegativity
decreases down a group because the valence electrons are farther from the nucleus
and more shielded by inner electron shells, so the atom attracts bonding electrons less
strongly. It does not increase because the nuclear pull on outer electrons weakens with
distance. It does not stay the same because atom size changes. It does not double; the
change is gradual.

Similar chemical properties — Elements in the same group have similar chemical



same group (column) of
the periodic table have in
common?

Examine why ionization
energy generally
increases across a period
from left to right.

A student says that all
elements in Group 1 are
dangerous because
sodium explodes in
water. Evaluate this
claim.

Silicon is classified as a
metalloid. Use its position
on the periodic table to
explain why it has
properties of both metals
and nonmetals.

Based on its position in
Group 2 of the periodic
table, predict whether
magnesium is more likely
to gain or lose electrons
when it reacts.

Scientists recently
discovered new elements
113-118. Justify why
these elements were
placed where they are on
the periodic table rather
than at the end of an
existing period.

The periodic table was
first arranged by
Mendeleev in 1869. He
left gaps for
undiscovered elements.
Why were scientists
confident those elements
existed?

Which group of elements
is known for being
extremely unreactive?

properties because they have the same number of valence electrons. Each element has
a different number of protons (that is what makes them different elements). Atomic
masses increase down a group. Neutron counts vary independently.

More protons create a stronger nuclear charge that holds electrons more tightly
— Across a period, increasing proton count creates stronger nuclear pull on electrons in
the same shell, requiring more energy to remove them. Atoms actually get smaller
across a period, not bigger. The number of electrons increases, not decreases. While
neutron counts may increase, neutrons do not affect ionization energy.

The claim is partially correct; all Group 1 metals are reactive with water, but
lithium reacts gently while cesium reacts explosively — All alkali metals react with
water, but reactivity increases down the group. Lithium reacts gently, sodium more
vigorously, and cesium explosively. The reactions are not identical in intensity. Other
alkali metals besides sodium also react. Hydrogen is technically in Group 1 butis a
special case; it does not react with water under normal conditions, which is a valid
nuance.

Silicon sits on the staircase border between metals and nonmetals, so it shares
characteristics of both — Metalloids like silicon sit on the staircase line dividing metals
from nonmetals. Their intermediate position means intermediate properties: silicon
conducts electricity but not as well as metals (semiconductor). Silicon is not just in the
middle of a period; its group position matters. Silicon is not a noble gas or a transition
metal.

Lose 2 electrons — Magnesium (Group 2) has 2 valence electrons. Losing 2 achieves a
stable configuration much more easily than gaining 6. Metals typically lose electrons.
Gaining electrons is what nonmetals do. Losing 6 would remove electrons from a stable
inner shell. Magnesium is reactive and does participate in reactions.

Their atomic numbers and electron configurations determine their group
placement and the properties they are predicted to have — Elements are placed
according to atomic number and predicted electron configuration, which determines
their group and predicted properties. Placement is systematic, not random. Physical
properties like color are results of electron structure, not the basis for placement. New
elements fill the next available position based on atomic number, which may complete
a period or start a new one.

The patterns in properties of known elements predicted specific properties for
the missing elements — Mendeleev noticed periodic patterns in element properties
and used them to predict specific properties (density, melting point, reactivity) of
undiscovered elements. When gallium and germanium were later discovered, they
matched his predictions closely. Elements are not detected with telescopes. The gaps
were deliberate scientific predictions. Mendeleev used systematic reasoning, not
random guessing.

Noble gases (Group 18) — Noble gases (Group 18) are extremely unreactive because
their outer electron shells are completely full. Alkali metals are among the most reactive
metals. Halogens are very reactive nonmetals. Transition metals vary in reactivity but
are generally more reactive than noble gases.



Chlorine has 7 valence
electrons. Use this to
predict how many
electrons chlorine is most
likely to gainin a
chemical reaction.

1 electron — Chlorine has 7 valence electrons and needs 8 for a full outer shell, so it
gains 1 electron. Gaining 7 would be energetically unfavorable compared to gaining just
1. Gaining 2 would exceed the stable octet. Gaining 0 would leave it with an incomplete
shell and unstable.



8. chemistry

< Question (fold —)

Design an experiment
to test whether mixing
two specific
household liquids
produces a chemical
reaction. Describe
what evidence you
would look for.

Balance this equation:
Fe + 02 -> Fe203

Justify why scientists
prefer balanced
chemical equations
over word equations
when communicating
about reactions.

Analyze why rusting is
considered a chemical
reaction even though

it happens very slowly.

What are the
substances on the left
side of a chemical
equation called?

What does it mean
when we say a
chemical equation is
balanced?

Summarize what
happens during a
combustion reaction.

Name the type of
reaction where two or
more substances
combine to form a

Answer

Mix small amounts in a clear container and look for color change, bubbles,
temperature change, or solid forming — A well-designed experiment uses small, safe
amounts in a clear container to observe multiple types of evidence: color change, gas
bubbles, temperature change (use a thermometer), or precipitate formation. Smelling
chemicals can be dangerous and provides limited information. Using large amounts is
unsafe and unnecessary. Many safe experiments can test for chemical reactions at home
with adult supervision.

4Fe + 302 -> 2Fe203 — 4Fe + 302 -> 2Fe203: Left has 4 Fe and 6 O; right has 4 Fe and 6 O.
Balanced. 2Fe + 302 -> Fe203: 2 Fe left, 2 Fe right works for iron, but 6 O left and 3 O right
is unbalanced. The unbalanced equation has 1 Fe and 2 O left versus 2 Fe and 3 O right.
4Fe + 202: 4 O on the left but 6 O on the right.

Balanced equations show exact quantities, conserve atoms, and are understood
universally across languages — Balanced chemical equations convey precise quantitative
information (ratios of reactants and products), demonstrate conservation of matter, and
use universal chemical symbols understood by scientists worldwide. Word equations are
useful introductions but lack precision. Balanced equations can actually be quite long.
There are clear advantages to symbolic notation over words.

Speed does not determine whether something is a chemical reaction; rusting
produces a new substance (iron oxide) — Rusting is a chemical reaction because iron
reacts with oxygen and water to form iron oxide (rust), a completely different substance.
Reaction speed does not determine whether a change is chemical or physical. Rusting is
absolutely a real chemical reaction. Chemical reactions can be fast (explosions) or slow
(rusting).

Reactants — Reactants are the starting substances that undergo chemical change.
Products are the new substances formed (right side). Catalysts speed up reactions but are
not consumed. Coefficients are numbers placed before formulas to balance equations.

The number of atoms of each element is the same on both sides of the equation — A
balanced equation has equal numbers of each type of atom on both sides, reflecting
conservation of matter. The number of molecules (reactants and products) does not need
to be equal. While mass conservation is related, balancing specifically means atom counts
match. The two sides show different substances, so they do not look the same.

A substance reacts with oxygen and releases energy, usually producing carbon
dioxide and water — Combustion involves a fuel reacting with oxygen, releasing energy
(heat and light), and typically producing CO2 and H20. Breaking apart without help
describes decomposition. Combining metals into an alloy is a physical process, not
combustion. Absorbing energy describes an endothermic change, not combustion which is
exothermic.

Synthesis reaction — A synthesis (combination) reaction joins two or more substances
into one product: A + B -> AB. Decomposition is the opposite: one substance breaks into
two or more. Single replacement swaps one element for another. Combustion involves



single new substance.

In the equation 2H20 -
>2H2 + 02, what type
of reaction is taking
place and what might
be needed to make it
happen?

Classify this reaction:
Zn + CuS0O4 -> ZnSO4
+ Cu

Explain the difference
between a synthesis
reaction and a
decomposition
reaction.

Balance this equation:
CH4 + 02 ->CO2 +
H20

A classmate claims
that burning wood is a
physical change
because you can still
see the wood
changing. Evaluate
this claim.

In a chemical
equation, what does
the arrow symbol
represent?

Describe what a
catalyst doesin a
chemical reaction.

Examine why
increasing
temperature usually
increases the rate of a
chemical reaction.

Which of the following
is evidence that a
chemical reaction has

burning with oxygen.

Decomposition reaction, requiring energy input such as electricity — Water
decomposing into hydrogen and oxygen is a decomposition reaction. It requires energy
input (electrolysis) because water is stable. Synthesis would combine substances. This is
not spontaneous; it requires energy. Combustion produces CO2 and H20; this is the
reverse.

Single replacement reaction — Zinc replaces copper in copper sulfate, forming zinc
sulfate and freeing copper metal. This is single replacement: an element swaps with
another in a compound. Synthesis would combine two substances into one.
Decomposition would break one substance apart. Combustion requires oxygen as a
reactant.

Synthesis combines substances into one product; decomposition breaks one
substance into multiple products — Synthesis (A + B -> AB) builds a compound from
simpler substances. Decomposition (AB -> A + B) breaks a compound apart. Both can
involve heat. Speed varies by specific reaction. Both can involve any type of substance, not
just metals or gases.

CH4 + 202 -> CO2 + 2H20 — CH4 + 202 -> CO2 + 2H20: Left has 1C, 4H, 40. Right has 1C,
4H, 40. Balanced. The first distractor has only 2 O on the left but 4 O on the right. The
second has 6 O on the left but 4 on the right. The third has 2C and 8H on the left but only
2H on the right.

Burning wood is a chemical change because it produces new substances like carbon
dioxide, water vapor, and ash — Burning wood is a chemical change (combustion) that
produces CO2, H20 vapor, and ash, all new substances. The change is irreversible. Burning
does not just change shape; it completely transforms the substance. Ash has completely
different properties from wood. All changes are either physical or chemical; burning is
definitively chemical.

Yields or produces — The arrow means yields or produces, showing that reactants
transform into products. It is not the same as equals because reactions may not be easily
reversible. The plus sign connects multiple reactants or products on the same side. Reacts
with is indicated by the plus sign between reactants, not the arrow.

It speeds up the reaction without being consumed or permanently changed — A
catalyst speeds up a reaction by lowering the activation energy without being consumed. It
is not used up; it can be recovered after the reaction. It does not slow reactions (that would
be an inhibitor). It does not add atoms; it only affects the rate at which existing atoms
rearrange.

Higher temperature makes particles move faster and collide more often with more
energy — Higher temperature increases particle kinetic energy, causing more frequent
and more energetic collisions. More collisions with sufficient energy means faster reaction
rates. Heat does not create new atoms. Temperature does not change the type of reaction.
The number of particles stays the same; only their speed increases.

A new substance with different properties is formed — A chemical reaction produces
new substances with different properties. Changing shape, moving to a new container, or
cutting are all physical changes that do not create new substances. Evidence of chemical
reactions includes color change, gas production, temperature change, or precipitate



occurred?

Classify this reaction:
2Na + CI2 -> 2NaCl

A student writes the
equation N2 + H2 ->
NH3 and says it is
balanced. Evaluate
this claim.

Explain the difference
between an
exothermic and an
endothermic reaction.

A student mixes two
clear solutions and a
yellow solid forms at
the bottom. Analyze
what type of evidence
this provides for a
chemical reaction.

Balance this equation:
H2 + 02 -> H20

Explain why bubbles
forming when vinegar
is added to baking
soda is evidence of a
chemical reaction.

Compare a single
replacement reaction
with a double
replacement reaction.
How do their products
differ?

Assess which reaction
type would be most
appropriate for
producing table salt
(NaCl) from sodium
metal and chlorine
gas.

formation.

Synthesis reaction — Two substances (sodium and chlorine) combine to form one
product (sodium chloride), which is the definition of synthesis. Decomposition would have
one reactant breaking into multiple products. Single replacement would have an element
replacing another in a compound. Double replacement would have two compounds
swapping partners.

The equation is not balanced; it should be N2 + 3H2 -> 2NH3 — N2 + H2 -> NH3 has 2N
and 2H on the left but 1N and 3H on the right. The balanced equation is N2 + 3H2 -> 2NH3
(2N and 6H on each side). The student's equation is not balanced. N2 + H2 -> 2NH3 still has
2H on the left but 6H on the right. All equations, including those with nitrogen, can be
balanced.

Exothermic releases energy to the surroundings; endothermic absorbs energy from
the surroundings — Exothermic reactions release energy (feel warm), while endothermic
reactions absorb energy (feel cold). Speed is independent of energy direction. Both types

can involve any state of matter. Catalysts can be used in either type of reaction.

Formation of a precipitate (insoluble solid) is evidence that a new substance was
created — When a solid (precipitate) forms from mixing two clear solutions, it indicates a
new, insoluble substance was created by a chemical reaction. Yellow solids are not
necessarily gold. If both solutions were clear, neither contained a visible solid to settle out.
Clear solutions absolutely can and do undergo chemical reactions.

2H2 + 02 -> 2H20 — 2H2 + 02 -> 2H20 gives 4 H atoms and 2 O atoms on each side. H202
is hydrogen peroxide, a different substance (changing subscripts changes the substance).
H2 + 02 -> 2H20 has 2 H on the left but 4 on the right. H4 changes the subscript of
hydrogen, which is not allowed.

The bubbles are carbon dioxide gas, a new substance not present in either the
vinegar or baking soda — When vinegar (acetic acid) reacts with baking soda (sodium
bicarbonate), carbon dioxide gas is produced. This is a new substance, which is evidence of
a chemical reaction. The bubbles are not trapped air, the mixture is not boiling, and the
reaction is actually endothermic (absorbs heat) so no steam is produced.

In single replacement one element replaces another; in double replacement two
compounds exchange partners — In single replacement (A + BC -> AC + B), one element
swaps with another in a compound. In double replacement (AB + CD -> AD + CB), two
compounds swap partners. Either type can produce gases, solids, or liquids. Speed
depends on the specific reaction. Either type may or may not require heat.

Synthesis reaction: 2Na + Cl2 -> 2NaCl — Combining sodium and chlorine directly to
form NacCl is a synthesis reaction. Decomposition would break NaCl apart, not form it.
NaClO2 is not a product of burning NaCl. While single replacement with HCl could produce
NaCl, the question asks about sodium metal and chlorine gas specifically, which is a direct
synthesis.



9. world-history

< Question (fold —)

Describe how the concept
of 'citizenship' in ancient
Rome was different from
citizenship in Athens.

Examine why the Roman
Empire eventually split into
Western and Eastern
halves. What underlying
problem made it difficult
to govern as one unit?

How did Athenian
democracy differ from
modern democracy in the
United States?

How did the assassination
of Julius Caesar in 44 BCE
affect the Roman Republic?

If Alexander the Great had
not spread Greek culture
across his conquered
territories, how might the
ancient world have been
different?

Using your knowledge of
Spartan society, predict
what daily life would be
like for a seven-year-old
Spartan boy.

Why were Roman roads so
important to the success of
the Roman Empire?

Which ancient Greek city-

Answer

Rome extended citizenship to conquered peoples; Athens restricted it to native-
born men — Rome gradually extended citizenship to conquered peoples throughout
its territories, which helped maintain loyalty. Athens restricted citizenship to free men
born to Athenian parents, excluding foreigners (metics). Roman citizenship was not
limited to soldiers. Both civilizations had clear citizenship concepts. Athens was
actually more restrictive than Rome.

The empire was too large and diverse to govern effectively from a single capital
— The Roman Empire's vast size, diverse populations, multiple threats on different
borders, and slow communications made centralized governance increasingly
impractical. Emperor Diocletian formally divided administration in 285 CE. The goal
was not to create identical empires. The split was a gradual process, not caused by
one battle. The military faced challenges, but the core issue was administrative, not
purely about troop numbers.

In Athens, citizens voted directly on laws; in the US, citizens elect
representatives — Athens practiced direct democracy where eligible citizens voted
on laws themselves, while the US uses representative democracy where citizens elect
officials to vote on their behalf. Athens had no president. Only free adult men could
vote in Athens; women, foreigners, and enslaved people could not. The two systems
differ significantly.

It led to civil wars that eventually ended the Republic and created the Empire —
Caesar's assassination triggered civil wars between his supporters and assassins.
Ultimately, his adopted son Octavian became Augustus, the first Roman emperor in 27
BCE, ending the Republic. Democracy was not restored; the Republic collapsed. The
effects were profound and lasting. Greece did not conquer Rome; it was already under
Roman control.

Greek ideas about philosophy, science, and art would have spread more slowly
to other regions — Alexander's conquests created the Hellenistic world, rapidly
spreading Greek philosophy, science, art, and language across a vast area. Without
him, this cultural exchange would have happened more slowly through trade. Greek
culture was highly influential. Other civilizations would have continued independently.
Rome's rise had many causes beyond Greek cultural spread.

He would leave home to begin harsh military training in a state school — At age
seven, Spartan boys entered the agoge, a rigorous state-run military training program
that emphasized discipline, combat skills, and endurance. Art-focused education was
more characteristic of Athens. Farming was done by helots (conquered people), not
Spartan citizens. Priesthood was not the standard path for Spartan boys.

They allowed the army to move quickly and helped trade flow across the empire
— Roman roads enabled rapid military movement to trouble spots and facilitated
trade throughout the empire, binding distant provinces together. Roads served
practical purposes, not just racing. While trade routes connected East and West,
Roman roads did not extend to China. Roman roads were highly functional
engineering achievements, not decorations.

Athens — Athens developed the first known democratic government around 508 BCE



state is credited with
creating the first known
democratic government?

Apply the concept of
checks and balances from
the Roman Republic to
explain why Rome had two
consuls instead of one.

A dispute arises between
two Roman merchants.
Based on the Roman legal
principle that accused
persons are 'innocent until
proven guilty,' who bears
the responsibility of
proving wrongdoing?

Name the ancient Greek
philosopher who taught by
asking questions rather
than giving lectures, a
method still used in
classrooms today.

Analyze why the Athenian
playwright Aristophanes
wrote comedies that
mocked powerful
politicians. What does this
tell us about Athenian
society?

Compare the roles of
women in ancient Athens
and ancient Sparta. What
was the most significant
difference?

What does the fall of the
Western Roman Empire in
476 CE suggest about the
relationship between
military strength and the
survival of a civilization?

Was Alexander the Great's
policy of blending Greek
culture with conquered
peoples' cultures a wise

under Cleisthenes. Sparta was known for its military culture, not democracy. Corinth
was a major trading city but not the birthplace of democracy. Troy is famous from
mythology, not for government innovation.

Two consuls could veto each other, preventing any one person from gaining too
much power — Rome's dual-consul system was a deliberate check on power -- either
consul could veto the other, preventing tyranny. This was an early form of checks and
balances. While Rome was large, the two-consul system was about power-sharing, not
geographic coverage. It was a carefully designed system with clear political purpose.
Both consuls held equal, real authority.

The person making the accusation must prove the other is guilty — Under the
Roman legal principle of 'innocent until proven guilty,' the burden of proof falls on the
accuser -- they must present evidence of wrongdoing. The accused does not need to
prove innocence. The emperor did not handle individual merchant disputes. Finding
both parties automatically guilty contradicts the presumption of innocence.

Socrates — Socrates developed the Socratic method of teaching through questioning.
Aristotle was his student's student who focused on logic and classification. Plato was
Socrates' student who wrote down many of his ideas. Homer was a poet who
composed the lliad and Odyssey, not a philosopher.

Athens valued free speech and allowed citizens to publicly criticize leaders —
The fact that Aristophanes could publicly mock leaders like Cleon at state-funded
festivals demonstrates Athens' remarkable commitment to free expression and
political satire. Athenian leaders held real power; mocking them was bold.
Aristophanes was not severely punished; his plays won prizes. Comedy was a major
art form in Athens, with annual competitions.

Spartan women had more physical freedom and could own property; Athenian
women were mostly confined to the home — Spartan women exercised, owned
property, and had more public freedom because the state wanted them to raise
strong warriors. Athenian women were largely confined to domestic roles with limited
rights. Women's roles differed significantly between the two city-states. Women could
not vote in either Athens or Sparta. Women participated in society in both places, just
differently.

Military strength alone cannot sustain a civilization facing economic decline and
political instability — Rome's fall demonstrates that military power alone cannot
sustain a civilization when combined with economic collapse, political corruption,
overextension, and external pressures. Rome once had an extremely powerful military
but still fell. The fall shows that many factors beyond military strength determine a
civilization's survival.

Yes, because it reduced resistance and created a lasting cultural legacy called
Hellenism — Alexander's cultural blending strategy was generally effective -- it
reduced resistance to Greek rule and created Hellenistic culture that lasted centuries
after his death, blending the best of Greek, Persian, Egyptian, and Indian traditions.
Non-Greek cultures were not destroyed; they merged with Greek elements.



strategy? Evaluate the
evidence.

You are a Roman engineer
tasked with bringing fresh
water to a city 30 miles
away. Based on Roman
engineering achievements,
what structure would you
design?

Assess which Roman
achievement -- their legal
system, their road
network, or their
aqueducts -- has had the
greatest lasting impact on
the modern world. Justify
your choice.

What was the Roman
system of government
called during the period
before it became an
empire?

What role did Greek
mythology play in everyday
Athenian life?

Design a monument that
combines one
achievement from ancient
Greece and one from
ancient Rome to represent
their combined legacy to
the modern world. What
would you include and
why?

Evaluate whether Athenian
democracy was truly
'‘democratic' by modern
standards. What is the
strongest argument that it
was not?

Analyze how the
geographic location of
Rome -- on seven hills near
the Tiber River in central

Conquered peoples adopted many Greek practices. Alexander actively engaged with
local cultures, even adopting Persian customs.

An aqueduct using gravity to carry water across valleys and hills — Roman
aqueducts used gravity and arched bridges to transport fresh water over long
distances -- some spanning over 50 miles. Electricity did not exist in ancient Rome.
Wells every mile would be unreliable and insufficient for a city. Ocean transport would
not work for an inland destination and would contaminate freshwater with salt.

Their legal system, because principles like 'innocent until proven guilty' still
form the basis of modern law — Roman law established principles like presumption
of innocence, the right to a trial, and written legal codes that form the foundation of
legal systems worldwide today. Modern highways are inspired by but not built on
Roman roads. Modern water systems are new constructions, not original Roman
aqueducts. All three achievements were influential, but legal principles have the most
direct ongoing impact.

A republic — Rome was a republic from 509 BCE to 27 BCE, where elected officials
(senators, consuls) governed. It was not a direct democracy like Athens -- citizens
elected representatives rather than voting directly on laws. Rome overthrew its
monarchy to become a republic. A theocracy is rule by religious leaders, which Rome
was not.

Myths explained natural events and guided moral behavior through stories of
gods and heroes — Greek mythology was woven into every aspect of life -- explaining
natural phenomena (seasons, earthquakes), guiding moral choices, and shaping
festivals, art, and civic life. Myths were far more than entertainment. Greeks genuinely
believed in and worshipped their gods. Myths were publicly shared through festivals,
theater, and education, not kept secret.

A building with Greek columns (representing philosophy) and a Roman arch
(representing engineering and law) — Combining Greek columns (symbolizing
democracy, philosophy, and artistic ideals) with Roman arches (symbolizing
engineering, law, and practical organization) would represent their complementary
legacies -- which is exactly what many government buildings around the world already
do. Neither Greece nor Rome built pyramids; those were Egyptian. Both civilizations
produced remarkable architecture. Both created lasting artistic traditions.

Only free adult men could vote, excluding women, foreigners, and enslaved
people — The most powerful critique of Athenian democracy is its exclusion of the
majority: women, foreigners (metics), and enslaved people could not vote, meaning
only about 10-20% of the population participated. Athens clearly had significant
exclusions. The issue was too few voters, not too many. The frequency of voting was
not the democratic shortcoming.

Hills provided defense, the river provided trade access, and central Italy allowed
expansion in all directions — Rome's seven hills provided natural defensive
positions, the Tiber River enabled trade and access to the Mediterranean, and its
central Italian location allowed expansion north and south. Geography strongly



Italy -- contributed to its
growth as a powerful city.

Imagine you are a citizen
of ancient Athens. An
assembly vote is being
held on whether to go to
war. How would you
participate in this decision?

Explain why the ancient
Greeks organized the
Olympic Games every four
years. What purpose did
the games serve beyond
athletics?

Which Roman structure,
completed around 80 CE,
could hold about 50,000
spectators and was used
for gladiator contests and
public spectacles?

influenced Rome's development. The hills did not prevent farming; the surrounding
plains were fertile. While religion was important, geography was a fundamental factor
in Rome's strategic advantages.

Attend the assembly in person and cast your vote directly — In Athenian direct
democracy, eligible citizens (free adult men) attended the assembly (Ekklesia) in
person on the Pnyx hill to debate and vote on major decisions including war. There
were no elected representatives for lawmaking. Technology for remote voting did not
exist. Athens had no king; citizens collectively made decisions.

They honored the god Zeus and brought rival city-states together peacefully —
The Olympic Games honored Zeus and served as a unifying event where Greek city-
states declared a truce and competed athletically rather than militarily. The games did
not determine political control. They were a celebration, not a punishment. Beyond
entertainment, they had deep religious and diplomatic significance.

The Colosseum — The Colosseum (Flavian Amphitheatre) in Rome held approximately
50,000 spectators for gladiatorial combat and other events. The Pantheon was a
temple to all gods. The Forum was an open marketplace and civic center. The
Parthenon is in Athens, Greece, not Rome.



10. world-history

< Question (fold —)

During the Islamic
Golden Age (8th-14th
centuries), scholars in
Baghdad preserved and
expanded upon
knowledge from which
earlier civilizations?

What does the
establishment of
universities in cities like
Bologna (1088), Paris
(1150), and Oxford (1167)
suggest about how
European society was
changing during the High
Middle Ages?

Apply the concept of
feudal obligations to
explain what would
happen to a European
peasant who refused to
work on their lord's land
during harvest time.

Describe the role of
monasteries in
preserving knowledge
during the early medieval
period in Europe.

Explain why the feudal
system developed in
Europe after the fall of
the Roman Empire.

Assess whether the
Crusades ultimately
helped or harmed
relations between
Christian Europe and the
Islamic world. What
evidence supports your

Answer

Ancient Greece, Persia, and India — Islamic scholars at the House of Wisdom in
Baghdad translated and expanded upon Greek philosophy, Persian administration and
literature, and Indian mathematics (including the numeral system we use today). They
drew from multiple civilizations, not just one. Medieval Europe was actually receiving
knowledge from the Islamic world, not the other way around.

Growing demand for educated professionals and a shift from purely religious to
broader intellectual pursuits — The founding of universities reflected a growing need
for educated professionals (lawyers, physicians, theologians) as European society
became more complex, with expanding trade, stronger governments, and renewed
interest in classical learning. Society was becoming more interested in formal learning.
Universities trained scholars and professionals, not soldiers. Access was limited
primarily to men from wealthier families.

The peasant could be punished or expelled because serfs were legally bound to
work for their lord — Under feudalism, serfs were legally bound to their lord's land
and owed labor service, especially during critical times like harvest. Refusal could result
in punishment, fines, or loss of their tenancy. Serfs had very limited freedom of
movement or choice. Refusing work would not earn promotion. Lords had legal
authority over their serfs and did not simply hire replacements.

Monks copied ancient manuscripts by hand, preserving classical learning through
the Dark Ages — Medieval monasteries served as centers of learning where monks
painstakingly copied ancient Greek, Roman, and religious texts by hand in scriptoriums,
preserving knowledge that might otherwise have been lost. Monasteries preserved
books, not destroyed them. While monasteries did farm, scholarship was equally
important. While merchants spread ideas, monasteries were the primary institutions for
preserving written knowledge.

Without a strong central government, people turned to local lords for protection
and order — After Rome's collapse, the absence of centralized authority left people
vulnerable to raids and lawlessness. They pledged loyalty to local lords who offered
protection in exchange for labor and military service, creating feudalism. The Pope did
not create feudalism. While similar systems existed elsewhere, European feudalism
developed independently from local conditions. Feudalism was highly unequal, with
peasants having few rights.

They caused lasting damage to relations but also led to increased trade and
cultural exchange — The Crusades created deep wounds and lasting mistrust between
Christian and Muslim communities, but they also opened trade routes and cultural
exchange that introduced Europeans to advanced Islamic science, medicine, and luxury
goods. The Crusades profoundly affected Christian-Muslim relations. They did not bring
peace -- the conflicts reinforced divisions. Despite the violence, significant cultural



conclusion?

Analyze how the
geography of Japan -- an
island nation --
influenced the
development of its feudal
society differently from
feudalism in continental
Europe.

Based on evidence from
medieval trade patterns,
how would you use the
Silk Road to explain the
spread of the Black Death
from Asia to Europe?

You are a scholar at the
House of Wisdom in
Baghdad during the
Islamic Golden Age. A
newly translated Greek
text on geometry arrives.
How would you
contribute to advancing
this knowledge?

Examine the role of the
Mongol Empire under
Genghis Khan in
connecting different
parts of the medieval
world. How did conquest
paradoxically promote
exchange?

What does the
construction of Chartres
Cathedral, which took
decades to complete, tell
us about medieval
European society?

Imagine you are a
merchant traveling the
Silk Road in the 12th
century. You need to
protect your goods from
bandits. Based on your
knowledge of Silk Road
trade practices, what

exchange occurred as ideas, goods, and technologies flowed between civilizations.

Japan's island isolation led to a more culturally unified feudal system with less
foreign influence — Japan's island geography provided natural defense against
invasion (the Mongols failed twice to invade), allowing a more culturally homogeneous
feudal system to develop with less external disruption. European feudalism was
constantly shaped by migrations, invasions, and cross-border conflicts. Geography
profoundly shapes social development. While similar in structure, Japanese and
European feudalism had distinct characteristics. Japan had a well-documented feudal
system with shoguns, daimyo, and samurai.

Rats carrying plague-infected fleas traveled along trade routes on merchant ships
and caravans — The Black Death spread along Silk Road trade routes as rats carrying
plague-infected fleas traveled on merchant ships and caravans from Central Asia to the
Mediterranean and then throughout Europe. The plague spread through natural
disease transmission, not intentional weaponization. The plague moved from East to
West, not the reverse. Trade routes were the primary vectors for the plague's rapid
spread across continents.

Study the Greek ideas, correct errors, add new proofs, and write expanded
commentaries — Islamic scholars at the House of Wisdom actively engaged with
translated texts -- correcting errors, adding new discoveries, and writing expanded
commentaries that advanced the original knowledge. This is how algebra, optics, and
medicine were advanced. The House of Wisdom celebrated knowledge from all cultures.
Scholars analyzed and improved upon texts, not merely copied them. Mathematics was
highly valued in Islamic scholarship.

Mongol control of vast trade routes created the Pax Mongolica, enabling safe
passage for merchants and ideas — Despite the violence of Mongol conquests, their
control of territory from China to Eastern Europe created the Pax Mongolica -- a period
of relative peace and stability along trade routes that enabled unprecedented exchange
of goods, ideas, and technologies. The Mongols actually improved and secured trade
routes. The Mongol Empire was the largest contiguous land empire in history. While
Mongol conquests were destructive, the resulting unified empire facilitated enormous
cultural exchange.

Religion was central to community life, and communities invested enormous
resources in churches — The enormous investment of time, money, and skilled labor
in cathedrals like Chartres demonstrates that Christian faith was the organizing force of
medieval European society. Medieval people were busy with farming, crafts, and trade;
they prioritized cathedrals despite competing demands. Cathedrals were built by
communities including skilled craftspeople. While faith was sincere, fear was not the
primary motivation -- pride and devotion drove construction.

Join a large caravan with other merchants and hire armed guards — Silk Road
merchants traveled in large caravans for safety, often hiring armed guards and staying
at caravanserais along the route. Traveling alone would make you a target. Air travel did
not exist in the 12th century. Leaving goods unguarded would virtually guarantee losing
them to bandits in the lawless stretches between cities.



strategy would you use?

If you were Mansa Musa
planning your famous
pilgrimage to Mecca in
1324, how would your
distribution of gold along
the way demonstrate
both your faith and your
empire's wealth?

How did the samurai
code of bushido in feudal
Japan compare to the
European code of
chivalry for knights?

In the feudal system,
what did a vassal receive
from a lord in exchange
for military service and
loyalty?

Which medieval
civilization -- the Islamic
Golden Age caliphates,
the Byzantine Empire, or
Song Dynasty China --
made the most
significant contributions
to science and
technology? Defend your
answer.

Analyze why the city of
Timbuktu in the Mali
Empire became a world-
renowned center of
learning and trade during
the medieval period.

How did the Black Death
(1347-1353) change the
economic power of
surviving peasants in
Europe?

Using what you know
about medieval guilds,
explain what would
happen if a young person

Giving gold to the poor and at mosques showed religious devotion while
advertising Mali's vast wealth — Mansa Musa's legendary generosity during his hajj
fulfilled the Islamic duty of charity while putting Mali on the world map as an immensely
wealthy empire. Hoarding gold would not demonstrate the Islamic value of charity.
While the gold distribution did cause temporary economic disruption in Cairo, it
achieved its broader political and religious goals. The pilgrimage was fundamentally a
religious journey (hajj is a pillar of Islam).

Both emphasized honor, loyalty, and martial skill, but in different cultural
contexts — Both bushido and chivalry were codes of conduct for warrior classes that
emphasized honor, loyalty to one's lord, martial skill, and duty, though they developed
independently in very different cultural contexts. They shared many core values despite
developing independently. Neither was about trading or farming. Both codes developed
during overlapping medieval periods in their respective regions.

A fief (grant of land) — In feudalism, lords granted fiefs (land) to vassals in exchange
for military service and loyalty. Crowns and royal titles were inherited, not given to
vassals. Universities existed but were not part of the feudal exchange. Merchant
licenses were a separate economic matter, not part of the feudal relationship.

All three made transformative contributions; arguing one was 'most significant'
depends on the field examined — All three civilizations made enormous scientific
contributions: Islamic scholars advanced mathematics, astronomy, and medicine; the
Byzantine Empire preserved classical knowledge; Song China invented gunpowder, the
compass, movable-type printing, and paper money. Ranking them depends on which
field you examine. All three made profound contributions. Scientific advances occurred
across many civilizations, not just Europe. Medieval scholars in many cultures actively
pursued scientific inquiry.

Its location at the intersection of Saharan trade routes attracted scholars,
merchants, and wealthy patrons — Timbuktu's strategic position at the junction of
trans-Saharan trade routes and the Niger River made it a natural hub for commerce,
attracting wealth that funded mosques, libraries, and universities like Sankore.
Timbuktu had no connection to the Roman Empire. It was one of the most important
intellectual centers in the medieval world. While Mali had military power, Timbuktu was
famous primarily for scholarship and trade.

With fewer workers available, surviving peasants could demand higher wages and
better conditions — The Black Death killed approximately one-third of Europe's
population, creating a severe labor shortage. Surviving peasants could demand higher
wages and better treatment because lords competed for scarce workers. Food
production initially dropped, but peasants' bargaining power increased. The plague had
profound economic effects. Peasants did not become nobles, but their economic
position improved significantly.

They would serve as an apprentice, then a journeyman, before possibly becoming
a master craftsperson — Medieval guilds required aspiring craftspeople to progress
through apprentice (learning basic skills under a master), journeyman (working for
wages and traveling), and finally master (creating a masterpiece to prove skill) stages.



wanted to become a
silversmith in a medieval
European city.

What was the Magna
Carta, signed in 1215,
and why is it considered
an important document
in the history of
government?

Why was the Silk Road
important to both
Eastern and Western
civilizations during the
medieval period?

Design a medieval trade
route that connects three
different civilizations you
have learned about.
Explain what goods each
civilization would trade
and why this route would
benefit all three.

Compare the reasons for
the Crusades from both
Christian European and
Muslim perspectives.
How did each side view
the conflict?

Evaluate the claim that
the medieval period in
Europe was entirely a
'Dark Age' of ignorance
and decline. Is this
characterization
accurate?

Which West African
empire, at its height in
the 14th century, was
known as one of the
wealthiest in the world,
largely due to its control
of gold and salt trade
routes?

Opening a shop without guild membership was not permitted. Guild membership was
based on skill, not noble birth. Universities taught theology and law, not crafts; guilds
handled vocational training.

A charter limiting the king's power, establishing that even rulers must follow the
law — The Magna Carta was a charter that English barons forced King John to sign,
establishing that the monarch's power was limited by law. It was not a peace treaty; the
Hundred Years' War began over a century later. It was a political document, not a
religious text. It was a legal document, not a map.

It facilitated trade of goods, ideas, religions, and technologies between distant
cultures — The Silk Road was a vast network of trade routes connecting China to the
Mediterranean, facilitating exchange of silk, spices, paper, gunpowder, religions
(Buddhism, Islam, Christianity), and scientific knowledge. It was a network of routes, not
a single road, and was not made of silk. Many goods beyond silk were traded.
Merchants from many cultures -- Chinese, Persian, Arab, Indian, Turkish -- used these
routes.

A route connecting Song China (silk, porcelain), Islamic caliphates (spices,
knowledge), and European kingdoms (wool, timber) benefits all through exchange
of unique resources — A viable trade route could connect Song China (producing silk,
porcelain, tea, paper), Islamic caliphates (producing spices, glassware, and translating
knowledge), and European kingdoms (producing wool, timber, and metals). Each
civilization had unique resources others desired. Medieval trade routes spanned
enormous distances. No civilization was entirely self-sufficient. All major medieval
civilizations produced valuable trade goods.

Europeans saw them as holy wars to reclaim Jerusalem; Muslims saw them as
unprovoked invasions of their lands — European Christians viewed the Crusades as
religiously justified efforts to reclaim the Holy Land, while Muslims saw them as violent
invasions of territories they had governed for centuries. Both perspectives have validity.
While economics played a role, religious motivation was central for both sides. The First
Crusade was initiated by Pope Urban Il in response to a Byzantine request, not a Muslim
attack on Europe. The Crusades involved extensive warfare and loss of life.

No, because significant achievements occurred in architecture, universities,
trade, and law during this period — The 'Dark Ages' characterization is largely
inaccurate -- medieval Europe saw Gothic cathedral construction, university founding,
legal innovations like the Magna Carta, agricultural advances, and vibrant trade
networks. Numerous significant achievements occurred. Focusing only on Rome ignores
centuries of development. The medieval period is well-documented history. Historians
now generally reject the term 'Dark Ages' as misleading.

The Mali Empire — The Mali Empire under Mansa Musa (r. 1312-1337) was enormously
wealthy from gold and salt trade. The Roman Empire had fallen centuries earlier. The
Aztec Empire was in the Americas, not Africa. The Byzantine Empire was in southeastern
Europe and Anatolia, not West Africa.



11. world-history

< Question (fold —)

Evaluate whether
Christopher Columbus
should be celebrated
as a 'discoverer' of the
Americas. What are
the strongest
arguments on each
side?

Using your knowledge
of the Columbian
Exchange, explain how
a European farmer in
1600 might use a crop
from the Americas to
feed more people than
traditional European
crops allowed.

What was the
'triangular trade," and
how did it connect
Europe, Africa, and the
Americas?

What does the rapid
adoption of American
crops like corn and
potatoes across Africa,
Europe, and Asia tell
us about the
interconnectedness of
the post-1492 world?

How did the
introduction of the
potato from the
Americas change life in
Europe?

Imagine you are an
Aztec citizen in
Tenochtitlan in 1519
when Hernan Cortes
and his soldiers arrive.

Answer

His voyages opened lasting contact between hemispheres, but millions of people
already lived in the Americas, and his arrival led to devastating consequences for
Indigenous peoples — Columbus's legacy is complex: his voyages established lasting
contact between the Eastern and Western hemispheres, which was historically significant,
but the Americas were already home to millions of people in advanced civilizations, and
European colonization caused devastating epidemics, enslavement, and cultural
destruction. The Americas were densely populated before Columbus. His voyages were
enormously significant in world history. Historians recognize this is a topic requiring
nuanced evaluation of multiple perspectives.

Grow potatoes, which produce more calories per acre than wheat and thrive in poor
soil — Potatoes from the Americas produce roughly 2-4 times more calories per acre than
wheat and grow in cold, poor soils unsuitable for grain, making them ideal for feeding
Europe's growing population. Coconuts require tropical climates and cannot grow in
northern Europe. Bananas are tropical and did not grow in European forests. Rice requires
flooded paddies, not dry Mediterranean conditions.

A trade pattern where Europe sent goods to Africa, Africa sent enslaved people to
the Americas, and the Americas sent raw materials to Europe — The triangular trade
connected three continents: European manufactured goods (textiles, weapons) went to
Africa; enslaved Africans were transported to the Americas (the horrific Middle Passage);
American raw materials (sugar, tobacco, cotton) went to Europe. The route was
transatlantic, not limited to Europe. Different goods moved on each leg. It was a trade
pattern across oceans, not a physical building.

It shows that the Columbian Exchange created a truly global network where
changes in one region affected all others — The rapid global spread of American crops
demonstrates that after 1492, the world became interconnected in unprecedented ways --
changes in one hemisphere quickly affected populations worldwide. This was the
beginning of globalization. Crops clearly did travel between continents on a massive scale.
American crops like corn, potatoes, and cassava were enormously successful worldwide.
This transformation was one of the most significant events in global history.

It became a reliable food crop that helped feed growing European populations — The
potato, originating in South America, became one of Europe's most important food crops.
Its ability to grow in poor soil and cold climates helped feed growing populations,
particularly in Ireland, Germany, and Eastern Europe. While Europeans were initially
suspicious, they eventually adopted it widely. It supplemented rather than replaced
existing crops. While initially grown as a curiosity, it became a critical food source.

With amazement or fear, because horses did not exist in the Americas — Horses had
been extinct in the Americas for approximately 10,000 years, so Indigenous peoples had
never seen them. The sight of mounted Spanish soldiers on these large, unfamiliar
animals would have provoked strong reactions. Horses were completely unknown in the



Based on your
knowledge, how might
you initially react to
seeing Spanish horses?

Why did Portugal
become a leading
force in early
European exploration
before larger nations
like Spain, France, and
England?

Create a timeline
exhibit showing three
key moments in the
Age of Exploration
from the perspective
of an Indigenous
American, an African,
and a European. How
would each
perspective highlight
different aspects of the
same events?

How did the
Columbian Exchange
affect global food
diversity?

Assess the claim that
the Age of Exploration
was the beginning of
globalization. What
evidence supports or
challenges this view?

Explain why the
introduction of
European diseases like
smallpox had such a
devastating effect on
Indigenous American
populations.

If you were a Spanish
missionary arriving in
the Americas in the

1500s, how would the

pre-contact Americas. Without prior experience, riding them would not be instinctive.
There were no horses in the Americas to trade.

Prince Henry the Navigator invested in navigation technology, mapmaking, and
shipbuilding decades before others — Portugal's early investment in navigation schools,
improved ship designs (the caravel), and systematic exploration of the African coast under
Prince Henry the Navigator (1394-1460) gave it a decades-long head start. Portugal had a
relatively small military. Portugal was actually one of the smaller European nations. No
land bridge to Asia existed; sea routes were the innovation.

Each perspective would emphasize different impacts: Europeans might highlight
discovery and trade; Indigenous Americans might highlight invasion and disease;
Africans might highlight enslavement and cultural disruption — A multi-perspective
timeline would reveal how the same events had dramatically different meanings:
Europeans might highlight exploration and economic opportunity; Indigenous Americans
might emphasize invasion, disease, and cultural destruction; Africans might focus on the
slave trade and its devastating effects on communities. Different groups experienced
these events very differently. All perspectives are essential for understanding history.
Indigenous and African perspectives are vital historical sources that have been increasingly
recognized by historians.

It dramatically increased food variety worldwide as crops spread between
hemispheres — The Columbian Exchange dramatically increased food variety globally:
potatoes, tomatoes, corn, and chocolate went to Europe/Asia; wheat, rice, sugarcane, and
coffee came to the Americas. Italian cuisine without tomatoes or Irish cuisine without
potatoes would have been very different. While some local crops were displaced, overall
diversity increased. The exchange affected diets worldwide. All continents gained new food
options.

Strong support: it created permanent economic, biological, and cultural connections
between all inhabited continents for the first time — The Age of Exploration created
permanent, ongoing connections between all inhabited continents through trade,
migration, biological exchange, and cultural contact -- hallmarks of globalization. While
earlier trade routes like the Silk Road connected parts of Eurasia, the Americas were
largely isolated. The Age of Exploration's effects on global connections are among the
most significant in history. Globalization predates the internet; it describes
interconnectedness that began centuries ago.

Indigenous peoples had no prior exposure or immunity to these diseases —
Indigenous Americans had never been exposed to European diseases like smallpox,
measles, and influenza, so they had no immunological resistance. Epidemics killed an
estimated 90% of some populations. Indigenous peoples had their own medical traditions
but no defense against novel pathogens. Climate did not strengthen diseases. Indigenous
peoples were not physically inferior; they simply lacked immunity to specific pathogens.

The system granted Spanish colonists control over Indigenous labor in exchange for
'Christianizing' them — The encomienda system granted Spanish colonists



concept of the
'encomienda system'
shape your
interactions with
Indigenous people?

Describe the impact of
the Atlantic slave trade
on West African
societies during the
Age of Exploration.

Analyze the
perspective of
Bartolome de las
Casas, a Spanish priest
who documented the
mistreatment of
Indigenous peoples.
Why was his voice
unusual for his time?

Which 1494 agreement
divided newly
discovered lands
outside Europe
between Spain and
Portugal?

Examine how the
Treaty of Tordesillas
reflected European
attitudes toward the
rest of the world in the
15th century.

You discover a journal
entry from a sailor on
Magellan's voyage. He
writes about extreme
hunger and describes
eating leather and rats.
What does this tell you
about the challenges
of early ocean
exploration?

Which Portuguese
explorer became the
first European to reach
India by sailing around

(encomenderos) the right to demand labor from Indigenous people, ostensibly in
exchange for religious instruction and 'protection.' In practice, it often amounted to forced
labor. The system did not provide equal rights. It placed Spanish colonists in direct control
of Indigenous labor. Religious conversion was the official justification for the system.

It devastated communities by removing millions of people, disrupting families and
economies — The Atlantic slave trade forcibly removed an estimated 12.5 million Africans
from their homelands, devastating communities, breaking apart families, depopulating
regions, and fueling inter-group warfare as some leaders participated in the trade for
European goods. The slave trade had profound and lasting effects on African societies. It
caused enormous harm, not equal benefit. The vast majority of enslaved Africans were
captured and transported against their will.

Most Europeans justified colonization; las Casas challenged the morality of how
colonizers treated Indigenous peoples — Bartolome de las Casas was remarkable
because he publicly denounced Spanish cruelty toward Indigenous peoples at a time when
most Europeans saw colonization as their right. His writings documented atrocities and
argued for Indigenous rights. Las Casas was a strong advocate for Indigenous peoples, not
their oppressor. His views were deeply controversial and opposed by many colonists.
Many people in Europe could read and write; las Casas was unusual for his moral stance,
not his literacy.

The Treaty of Tordesillas — The Treaty of Tordesillas (1494) divided the non-European
world between Spain and Portugal along a meridian in the Atlantic. The Treaty of Versailles
ended World War | (1919). The Magna Carta (1215) limited the English king's power. The
Treaty of Paris ended various wars, none related to this division.

It showed that European powers believed they had the right to divide and claim non-
European lands — The Treaty of Tordesillas, which divided the non-European world
between Spain and Portugal without consulting any of the peoples living there, reveals
European assumptions of superiority and entitlement to claim others' lands. It did not
respect the sovereignty of existing populations. Indigenous peoples were never consulted.
The treaty directly expressed European attitudes about their perceived right to colonize
the world.

Long voyages faced severe food shortages because there was no way to preserve
food for months at sea — Early oceanic voyages faced extreme challenges including
limited food storage, spoilage without refrigeration, scurvy from lack of fresh fruits and
vegetables, and voyages lasting far longer than expected. Magellan's crew genuinely
suffered severe deprivation crossing the Pacific. Eating leather and rats was a desperate
survival measure, not a choice. Food shortages were a constant and serious danger. These
accounts are well-documented historical facts.

Vasco da Gama — Vasco da Gama sailed from Portugal around Africa's Cape of Good
Hope to reach Calicut, India in 1498. Columbus sailed west for Spain and reached the
Americas, not India. Magellan's expedition circumnavigated the globe but started later



the southern tip of
Africain 1498?

Judge whether the
Columbian Exchange
was ultimately more
beneficial or more
harmful to the world.
Support your
assessment with
specific examples.

Analyze why the Aztec
Empire fell to a small
Spanish force under
Cortes despite having
a much larger army.
What factors beyond
military technology
contributed?

What was the
'Columbian Exchange'?

Apply your
understanding of
mercantilism to
explain why European
nations wanted
colonies to produce
raw materials rather
than finished goods.

What was the primary
economic motivation
that drove European
nations to explore and
establish overseas
colonies?

You are a navigator on
a Portuguese ship in
1488. Your captain
wants to find a sea
route to India. Using
your knowledge of
available technology,
which navigational tool
would you rely on to
determine your
latitude?

(1519). Marco Polo traveled overland to China centuries earlier and was a merchant, not a
sea explorer.

It brought both benefits (new food crops reduced famine) and devastating harm
(disease epidemics, slavery), making a simple judgment difficult — The Columbian
Exchange defies simple judgment: new crops like potatoes and corn helped feed growing
world populations, but diseases killed an estimated 90% of some Indigenous populations,
and the exchange facilitated the Atlantic slave trade. Its effects were both transformative
and devastating. There were clear negative consequences. There were genuine benefits in
food diversity. Extensive historical records document the exchange from multiple
perspectives.

Disease, alliances with Aztec enemies, and internal political divisions all weakened
the Aztecs — The Aztec Empire fell due to a combination of factors: smallpox epidemics
killed thousands, discontented subject peoples (like the Tlaxcalans) allied with Spain,
political confusion within the Aztec leadership, and Spanish military technology (steel,
horses, guns). The Aztecs fought fiercely and even drove the Spanish out of Tenochtitlan
temporarily. Cortes had only about 600 soldiers initially. The Aztec Empire was thriving
when Cortes arrived.

The transfer of plants, animals, diseases, and ideas between the Americas and the
Old World after 1492 — The Columbian Exchange describes the widespread transfer of
plants (tomatoes, potatoes, corn to Europe; wheat, rice to the Americas), animals (horses,
cattle to the Americas), diseases (smallpox to the Americas), and ideas following
Columbus's 1492 voyage. It was not a financial market, treaty, or currency.

Colonies providing raw materials ensured the home country profited from
manufacturing and selling finished products — Under mercantilism, colonial powers
wanted colonies to supply cheap raw materials (cotton, sugar, timber) that the home
country would manufacture into more valuable finished goods for sale, keeping the
profits. Finished goods were generally more valuable than raw materials. Colonies were
often restricted from developing their own manufacturing. Colonial economic output was
the entire purpose of the colonial system under mercantilism.

Access to valuable spices, gold, and new trade routes to Asia — European exploration
was primarily driven by the desire for direct access to Asian spices, gold, and trade goods,
bypassing expensive middlemen on existing overland routes. Democracy was not a
concept Europeans sought to spread during this era. Farmland was not the primary
motivation for oceanic exploration. Language study was not a driver of costly and
dangerous voyages.

An astrolabe, which measures the angle of the sun or stars above the horizon — The
astrolabe measured the angle of celestial bodies above the horizon, allowing navigators to
calculate latitude. GPS did not exist until the 20th century. Telescopes were not invented

until 1608, over a century later. Ocean temperature does not indicate geographic position.



Compare the goals of
Spanish conquistadors
like Cortes with the
goals of Portuguese
traders in Africa and
Asia. How did their
approaches to
colonization differ?

Spain focused on conquering territory and extracting gold; Portugal focused on
establishing coastal trading posts — Spain pursued territorial conquest (destroying the
Aztec and Inca empires) and resource extraction (gold, silver). Portugal, with fewer
soldiers, established coastal trading posts (factories) in Africa, India, and Southeast Asia to
control maritime trade routes. Their strategies differed significantly based on resources
and geography. Spain actually conquered far more territory than Portugal in the Americas.
Economic gain was central to both nations' efforts.



12. world-history

< Question (fold —)

Using the principles of
the Declaration of
Independence, explain
how a citizen today
might argue against an
unjust law.

What was the main
argument of the colonial
slogan 'No taxation
without representation'?

What did Thomas
Paine's pamphlet
'‘Common Sense' (1776)
argue, and why was it so
influential?

Which document,
adopted onJuly 4, 1776,
formally announced the
American colonies'
separation from Britain?

Analyze how the
experiences of Deborah
Sampson, who disguised
herself as a man to fight
in the Revolution, and
Phillis Wheatley, an
enslaved poet who
wrote about liberty,
challenge the idea that
the Revolution was only
about white men's
freedom.

Evaluate whether the
Articles of
Confederation was a
reasonable first attempt
at governing the new
nation or a fundamental
failure. What evidence

Answer

Argue that the law violates natural rights and that government must serve the
people's interests, not act against them — The Declaration's principles -- that
governments exist to protect natural rights and derive power from the people's consent -
- provide a framework for challenging unjust laws through petitions, protests, court
challenges, and democratic processes. The Declaration explicitly argues that
governments can be wrong. Peaceful democratic processes should be used before any
extreme measures. The Declaration supports challenging unjust laws, not ignoring all
laws.

Colonists should not pay taxes to Britain if they had no elected representatives in
Parliament — The slogan expressed colonists' belief that being taxed by a government
where they had no elected representatives was unjust. They did not want higher taxes.
They wanted representation, not necessarily to move to London. They supported self-
governance, not anarchy.

It argued in plain language that independence from Britain was logical and
necessary, reaching a wide audience — Common Sense used clear, accessible
language to argue that American independence was both logical and morally right,
reaching an enormous audience and shifting public opinion toward revolution. Paine
argued forcefully against monarchy and for independence. It was a political argument,
not a scientific paper. It was written in English and deliberately made accessible to
common people.

The Declaration of Independence — The Declaration of Independence, primarily
written by Thomas Jefferson, was adopted on July 4, 1776. The Constitution was written
in 1787, after independence. The Magna Carta was a 1215 English document. The Bill of
Rights was added to the Constitution in 1791.

Their stories show that women and African Americans also fought for and believed
in revolutionary ideals of liberty — Deborah Sampson (who fought as a soldier) and
Phillis Wheatley (whose poetry advocated universal liberty) demonstrate that the
Revolution's ideals resonated beyond white male colonists. Women, African Americans,
and Indigenous people participated in and were affected by the Revolution in complex
ways. Many groups contributed to the Revolution. The Revolution was fundamentally
about liberty and self-governance. Both are real historical figures.

It was a reasonable first attempt reflecting fear of centralized power, but its
weaknesses -- no taxing power, no executive, no national currency -- made it
unsustainable — The Articles of Confederation were understandable given colonists'
fear of tyranny, but critical weaknesses -- no power to tax, no executive branch, no
national currency, and requiring unanimous consent for amendments -- made effective
governance impossible. Events like Shays' Rebellion demonstrated the need for reform.
The Articles had significant structural problems. They governed the nation from 1781-



supports your view?

Examine why France's
support was essential to
the American victory.
What specific forms of
assistance did France
provide?

Analyze the
contradiction between
the Declaration of
Independence's claim
that 'all men are created
equal' and the existence
of slavery in the new
nation.

Using what you know
about colonial boycotts,
explain how refusing to
buy British tea was an
effective form of
political protest.

Describe the 'Great
Compromise' at the
Constitutional
Convention. What
problem did it solve?

Why did the Founders
include the system of
'checks and balances' in
the Constitution?

Explain how the Stamp
Act of 1765 helped unify
the American colonies
against Britain.

Which battle in October
1781 effectively ended
the American
Revolutionary War when
British General

1789. The Articles deliberately avoided concentrating power, creating a very weak central
government.

France provided soldiers, a navy, weapons, loans, and military expertise that
proved decisive, especially at Yorktown — France provided critical military support:
thousands of soldiers (including General Rochambeau's forces), a powerful navy (Admiral
de Grasse's fleet at Yorktown), weapons and supplies, substantial loans, and military
expertise from officers like Lafayette. France provided extensive material and military
assistance. France was America's crucial ally. While American forces were essential,
French support was decisive in the final victory.

The Founders proclaimed equality while denying it to enslaved people, revealing a
fundamental moral contradiction that would haunt the nation — The Declaration's
promise of equality while slavery persisted represents a profound contradiction that
many recognized at the time. Jefferson himself owned over 600 enslaved people
throughout his life. This tension between ideals and reality fueled debates that ultimately
led to the Civil War. Slavery was widespread in the colonies. The Declaration did not
address slavery directly. Some prominent voices, including Quakers, already opposed
slavery in 1776.

Boycotts hurt British merchants financially, pressuring Parliament to repeal
unpopular taxes — Colonial boycotts were effective because they reduced profits for
British merchants, who then lobbied Parliament to repeal unpopular taxes to restore
trade. This economic pressure was a key tool of colonial resistance. Boycotts significantly
impacted British trade revenues. While some colonists did prefer coffee, the boycotts
were politically motivated. Boycotts were a form of protest, not a criminal act.

It created a two-chamber Congress: the Senate (equal state representation) and
the House (representation by population) — The Great Compromise resolved the
dispute between large and small states by creating a bicameral legislature: the Senate
(two senators per state regardless of size) and the House of Representatives (based on
population). Slavery was not abolished at the Convention. The compromise balanced
power rather than concentrating it. Congress was central to the compromise, not
eliminated.

To prevent any one branch of government from becoming too powerful, based on
fear of tyranny — Having experienced what they viewed as tyranny under British rule,
the Founders designed checks and balances so no single branch could dominate. The
president can veto laws, Congress can override vetoes, and courts can declare laws
unconstitutional. The goal was effective balanced government, not inefficiency. Power
was distributed among three branches. The system was deliberately different from the
British monarchy.

It was the first tax affecting all colonies equally, giving them a common grievance
that sparked coordinated resistance — The Stamp Act was the first direct tax imposed
on all thirteen colonies, creating a shared grievance that encouraged inter-colonial
cooperation for the first time. The Stamp Act Congress (1765) was an early example of
colonial unity. The act affected all colonies. Colonists strongly opposed it through
boycotts and protests. The Stamp Act was specifically a tax on printed materials.

The Battle of Yorktown — The Battle of Yorktown (1781) saw Cornwallis surrender to
Washington with crucial French assistance, effectively ending the war. Lexington (1775)
was the first battle. Saratoga (1777) was the turning point that brought French support.
Gettysburg (1863) was a Civil War battle, not Revolutionary War.



Cornwallis surrendered?

What event in 1773
involved colonists
dumping tea into
Boston Harbor to
protest British tax
policies?

Apply the concept of
federalism to explain
why Anti-Federalists
demanded the addition
of the Bill of Rights to
the Constitution.

Why was the Battle of
Saratoga (1777)
considered the turning
point of the American
Revolution?

Compare the roles of
Patriots and Loyalists
during the American
Revolution. Why did
some colonists remain
loyal to Britain?

Judge which freedom
protected by the First
Amendment -- speech,
religion, press,
assembly, or petition --
is most essential to a
functioning democracy.
Defend your choice.

Design a museum
exhibit that tells the
story of the American
Revolution from three
different perspectives: a
Patriot, a Loyalist, and
an enslaved person.
What would each
section emphasize?

How did Enlightenment

The Boston Tea Party — The Boston Tea Party (December 1773) was a protest against
the Tea Act. The Boston Massacre (1770) was a separate incident where British soldiers
killed five colonists. The Stamp Act Congress (1765) was a meeting of colonial delegates.
The Battle of Bunker Hill (1775) was a military battle.

They feared a strong central government would trample individual liberties unless
specific rights were guaranteed in writing — Anti-Federalists demanded explicit
protections for individual rights because they feared the new federal government could
become as tyrannical as the British Crown without written guarantees of freedoms like
speech, religion, and fair trials. Anti-Federalists wanted to protect states' rights, not
eliminate them. They wanted more rights, not fewer. They opposed British authority over
American affairs.

The American victory convinced France to formally ally with the colonies and
provide military support — The American victory at Saratoga convinced France that the
colonists could actually win, leading to a formal Franco-American alliance (1778) that
provided crucial military and naval support. The first battles were Lexington and
Concord. Britain did not surrender until Yorktown in 1781. Saratoga was enormously
important as the diplomatic turning point.

Loyalists feared disorder from revolution, benefited from British trade, or
genuinely believed in the monarchy — Loyalists remained loyal for various reasons:
economic ties to British trade, fear of social disorder, genuine belief in monarchical
government, or skepticism that independence would succeed. An estimated 15-20% of
colonists were active Loyalists. The colonial population was deeply divided. Loyalists
were a significant portion of the population. Patriots and Loyalists held fundamentally
different views about independence.

All are interconnected, but freedom of speech is often considered foundational
because it enables all other forms of democratic participation — While all First
Amendment freedoms are interconnected and essential, freedom of speech is often
considered foundational because it enables citizens to debate, criticize, and advocate --
the core activities of democratic governance. Without free expression, the other
freedoms become difficult to exercise. All five freedoms are vital to democracy. They
work as an integrated system. The First Amendment protects five distinct rights: speech,
religion, press, assembly, and petition.

Patriots would emphasize liberty and self-governance; Loyalists would show fear of
disorder and loyalty to the Crown; enslaved people would highlight the
contradiction between freedom rhetoric and slavery — A comprehensive exhibit
would show: Patriots emphasizing liberty, tyranny, and self-governance; Loyalists
showing loyalty to the Crown, fear of mob rule, and economic concerns; and enslaved
people highlighting the hypocrisy of fighting for freedom while maintaining slavery, and
the complex choices they faced (some fought for Britain's promise of freedom, others for
the American cause). Each group experienced the Revolution very differently. All
perspectives are historically valid and important. Enslaved people were deeply affected
by and actively participated in the Revolution.

Jefferson drew on Locke's ideas that people have natural rights to life, liberty, and
property that governments must protect — Jefferson drew heavily on Enlightenment
philosophers, especially John Locke, who argued that people possess natural rights that



ideas about natural
rights influence the
Declaration of
Independence?

Assess whether the
American Revolution
truly represented a
revolution in ideas
about government, or
whether it mainly
preserved the power of
wealthy colonial elites.
Which interpretation do
you find more
convincing?

You are a colonial
merchant in 1770
Boston. British soldiers
have just killed five
colonists in what
becomes known as the
Boston Massacre. How
would you use this
event to build support
for the patriot cause?

You are a delegate at
the Constitutional
Convention in 1787.
Your state has a small
population. Which plan
would you support and
why?

If you were George
Washington at Valley
Forge during the harsh
winter of 1777-1778,
how would you use the
training of Baron von
Steuben to improve
your army?

What does the Three-
Fifths Compromise
reveal about the
priorities of delegates at
the Constitutional
Convention?

governments must protect, and that people can overthrow governments that violate
those rights. The Enlightenment profoundly influenced the Declaration. Many
Enlightenment thinkers supported the right to revolution against tyranny. While
influenced by multiple sources, Enlightenment philosophy was the Declaration's primary
intellectual foundation.

Both are partially true: the Revolution introduced groundbreaking ideas about
self-governance while largely preserving existing social hierarchies — The American
Revolution was genuinely revolutionary in its ideas about popular sovereignty, written
constitutions, and individual rights, yet it preserved significant inequalities including
slavery, restricted suffrage, and concentrated wealth. Both perspectives capture
important truths. The Revolution brought significant changes to governance. Full equality
was not achieved immediately. Historical events often require examining multiple valid
interpretations.

Create and distribute images and pamphlets depicting the event to stir outrage
against British rule — Patriots like Samuel Adams and Paul Revere used propaganda --
engravings, pamphlets, and public speeches -- to shape public perception of the Boston
Massacre and build anti-British sentiment. Revere's famous engraving exaggerated the
event for maximum emotional impact. Praising British soldiers would not advance the
patriot cause. The event was highly significant for colonial politics. The colonies were not
yet ready for war in 1770.

The New Jersey Plan, because it gave each state equal representation regardless of
population size — A small-state delegate would logically support the New Jersey Plan,
which proposed equal representation for all states, preventing large states from
dominating the legislature. The Virginia Plan would disadvantage small states by basing
representation on population. Small states actively participated and successfully
influenced the Convention. There was no 'British Plan'; the Convention was designing an
American government.

Have von Steuben drill the troops in European military techniques to transform
them into a disciplined fighting force — Baron von Steuben transformed the
Continental Army at Valley Forge through rigorous drilling in European military tactics,
turning an undisciplined militia into a professional fighting force. The army that emerged
from Valley Forge was dramatically improved. Sending soldiers home would dissolve the
army. Washington and the Continental Congress were committed to the cause.
Washington's perseverance at Valley Forge became legendary.

It reveals that political power and state representation took priority over the
moral question of slavery — The Three-Fifths Compromise, counting enslaved people
as three-fifths of a person for representation and taxation purposes, reveals that
delegates prioritized preserving the union and balancing state power over confronting
slavery's injustice. Delegates held widely varying views on slavery. It was fundamentally
about political representation. Enslaved people did not receive any voting rights; the
count affected their enslavers' representation in Congress.



13. civics

< Question (fold —)

What is the difference between a
democracy and a dictatorship?

A town council is debating
whether to build a new park or
repair old roads. Both are needed
but the budget only covers one.
Which approach is the best way
to make this decision?

Country A lets all citizens vote on
laws. Country B only lets the
ruling family make decisions.
What is the most important
difference between these two
governments?

A democracy and a republic both
give power to the people. What is
one key difference between
them?

Do you think 'consent of the
governed' is the most important
principle of government? Explain
your reasoning.

What word describes a
government where the people
choose their leaders through
elections?

In a monarchy, who typically
holds the highest power?

Imagine your school has no rules
at all. Which problem would most
likely happen?

Answer

In a democracy, people vote for leaders; in a dictatorship, one person
holds all power — The key difference is who holds power: citizens share power
in a democracy through elections, while one person controls everything in a
dictatorship. Both systems have laws. Country size doesn't determine
government type. Dictators aren't necessarily kings — that's a monarchy.

Gather community input, weigh the costs and benefits of each option, and
vote as a council — Democratic governance involves community input, cost-
benefit analysis, and collective decision-making. One person deciding alone isn't
democratic. Random chance ignores citizen needs. Doing nothing fails the
community. The deliberative process is what makes government effective.

Who has the power to make decisions — The fundamental difference
between government types is who holds decision-making power — citizens
(democracy) or a ruling family (monarchy). Size, language, and number of laws
don't determine government type.

In a direct democracy, citizens vote on every issue; in a republic, they elect
representatives to vote for them — In a direct democracy, every citizen votes
on each decision. In a republic, citizens elect representatives who make
decisions on their behalf. Both can have presidents. Republics do hold
elections. Country size doesn't define government type.

Yes, because government only has legitimate authority when citizens
agree to it, which prevents tyranny — Consent of the governed is
foundational to legitimate government because it means power comes from
the people. A government doing 'whatever it thinks is right' without consent is
authoritarian. This principle doesn't prevent all mistakes. Citizens are capable of
informed participation in democracy.

Democracy — Democracy means 'rule by the people' — citizens elect their
leaders. A monarchy is ruled by a king or queen. A dictatorship is ruled by one
person with absolute power. Anarchy means no government at all.

A king or queen — A monarchy is led by a king or queen, often through
hereditary succession. Citizens voting describes democracy. Elected senators
are part of a republic. Military generals leading describes a military dictatorship.

Students wouldn't know what's expected, leading to chaos and unfairness
— Without rules, there's no shared standard of behavior, leading to confusion
and unfairness. People don't automatically act kindly without structure.
Learning requires some organization. Rules clearly do matter for a functioning
community.

Everyone, including leaders, must follow the same laws — Rule of law
means the law applies equally to everyone — citizens and leaders alike. It's the



What does 'rule of law' mean?

Some people argue that a strong
leader making quick decisions is
better than a democracy where
decisions take longer. What is the
strongest argument in favor of
democracy despite this
disadvantage?

Your town needs a new
community center but doesn't
have enough money. Which
action best shows how
government solves this problem?

If your class were creating a
government, which step should
come first?

Your class creates a new rule:
'Everyone must clean up after
lunch.' Which feature of
government does this most
resemble?

How is a constitutional monarchy
different from an absolute
monarchy?

A student says: 'We don't need
government — people should just
be free to do whatever they
want." Write a response that
explains why some form of
government is necessary.

Why do governments collect
taxes from citizens?

Some people say taxes are unfair.
Others say taxes are necessary.
Which statement best explains
both viewpoints?

opposite of a leader making rules alone or being exempt from them. Laws
follow a formal process to change, not a leader's whim.

Democracy protects against one person making harmful decisions that
affect everyone — Democracy's strength is shared power — multiple voices
prevent one person from causing harm. Democracy is actually slower, not
faster. Strong leaders aren't always wrong. Democracy doesn't require
unanimous agreement, just majority rule with minority rights protected.

Town leaders hold a public meeting to discuss budgets and options with
citizens — Governments solve community problems through democratic
processes like public meetings and budget discussions. Mayors don't use
personal funds for public projects. Private companies charging admission isn't a
government solution. Ignoring problems isn't governing.

Agree on basic rules that everyone must follow — Establishing basic rules (a
constitution) is the foundation of government. Electing leaders before rules
exist means there's no framework. Choosing by height is arbitrary. Skipping
rules leads to disorder. Rules provide the structure for everything else.

Making a law to solve a shared problem — Creating a cleanup rule mirrors
how legislatures make laws to address community problems. It's not taxation
(collecting money), an election (choosing leaders), or a declaration of war
(foreign policy). It's the lawmaking function of government.

A constitutional monarchy limits the ruler's power with laws; an absolute
monarchy does not — A constitutional monarchy has a king or queen, but
their power is limited by a constitution and often a parliament. An absolute
monarchy gives the ruler unlimited power. Both have monarchs. A
constitutional monarchy isn't purely a democracy. They are genuinely different
systems.

Without government, there would be no system to resolve disputes,
protect property, or provide shared services like roads and schools —
Government provides essential functions: resolving disputes through courts,
protecting rights, maintaining infrastructure, and delivering shared services.
Complete freedom without any structure leads to the 'law of the jungle' where
the strongest dominate. Government balances freedom with order.

To pay for public services like roads, schools, and police — Taxes fund
public services that benefit everyone — roads, schools, police, and fire
departments. Tax money isn't meant to enrich leaders, punish earners, or
prevent saving. It's a shared contribution for shared services.

Taxes fund important services but take money from what people earn, so
citizens debate how much is fair — This question asks you to consider
multiple perspectives. Taxes fund essential services (roads, schools) but reduce
personal income, creating a genuine debate about fairness. Saying taxes are
'always' fair or unfair ignores the complexity. Wealth alone doesn't determine
fairness.

The people agree to give the government its power — 'Consent of the



What does 'consent of the
governed' mean?

Which of these is a service that
local governments commonly
provide?

In some countries, citizens cannot
choose their leaders or criticize
the government. In the United
States, citizens can do both. Why
is this difference important?

Why do communities need laws?

Why might a country choose to
have a written constitution
instead of relying on traditions
and customs?

Your school is creating a new
student council. What three
features should it include to
make it a fair and effective
government?

A new student from another
country asks you to explain how
American government works.
Which statement best describes
it?

What is the main purpose of
government?

governed' means government gets its authority from the people. The
government doesn't tell people what to think. It's not about presidential
approval of laws. Citizens in a democracy have the right to question their
government.

Public libraries and fire departments — Local governments run libraries, fire
departments, and schools. Printing money, declaring war, and signing treaties
are all powers of the national (federal) government, not local government.

Freedom to choose leaders and speak freely helps protect citizens from
government abuse of power — Democratic freedoms like elections and free
speech prevent leaders from abusing power. This doesn't mean other countries
are bad or that the U.S. is perfect. No country's leaders are always fair. All
governments face challenges; the difference is in citizens' ability to address
them.

To protect people’'s rights and keep everyone safe — Laws exist to protect
rights, maintain safety, and create a fair system for everyone. Laws should not
target people for being different, benefit only leaders, or remove all personal
choice — those describe unjust or authoritarian systems.

A written constitution clearly states the rules so everyone can refer to the
same document — A written constitution provides clarity and a shared
reference point when disputes arise. Written constitutions aren't necessarily
shorter. The U.K. is a democracy without a single written constitution. Traditions
can work but may be interpreted differently.

A written set of rules, fair elections for leaders, and a way for all students
to voice concerns — A fair student government needs written rules
(constitution), fair elections (democratic participation), and channels for all
voices (representation). Limiting who can run, keeping rules secret, or having
one person decide everything undermines democratic principles.

Citizens elect leaders who make laws and run the government on their
behalf — The U.S. is a representative democracy (republic) where citizens elect
leaders. A ruling family describes a monarchy. Military control describes a
military dictatorship. No rules describes anarchy. None of these describe the
American system.

To make and enforce rules that keep order and protect people —
Government exists to create laws, maintain order, and protect citizens' rights.
Collecting money (taxes) is a tool, not the purpose. Total control describes a
dictatorship, not government's purpose. Governments don't assign jobs in a
free society.



14. civics

< Question (fold —)

What is the Bill of Rights?

A citizen wants to change a law they
believe is unjust. According to the
First Amendment, which action can
they legally take?

Which amendment protects freedom
of speech, religion, and the press?

The Eighth Amendment prohibits
'cruel and unusual punishment.'
Should the definition of what counts
as 'cruel and unusual' change over
time? Explain your reasoning.

What is the U.S. Constitution?

Why did the Founders include the
ability to amend (change) the
Constitution?

What does the Preamble to the
Constitution begin with?

Why is the amendment process
intentionally difficult, requiring
approval from two-thirds of Congress
and three-fourths of state
legislatures?

Answer

The first ten amendments to the Constitution that protect individual
freedoms — The Bill of Rights is the first 10 amendments, ratified in 1791,
protecting individual liberties. It's not rules for the president. The original
Constitution had 7 articles, not 10 amendments. The Bill of Rights protects
all people, not just property owners.

Organize a peaceful protest and petition the government — The First
Amendment protects peaceful assembly and the right to petition the
government for change. Tax refusal is illegal regardless of motivation.
Physical removal of officials is not legal. Encouraging law-breaking isn't
protected speech. Legal channels exist to challenge laws.

The First Amendment — The First Amendment protects five freedoms:
speech, religion, press, assembly, and petition. The Second Amendment
covers the right to bear arms. The Fifth protects against self-incrimination.
The Tenth reserves powers to states and the people.

Yes, because society's understanding of cruelty evolves —
punishments once considered normal may now be seen as inhumane
— The Supreme Court has ruled that 'cruel and unusual' evolves with 'the
evolving standards of decency.' Rigid 1791 definitions would allow practices
now considered inhumane. This doesn't mean eliminating all punishment.
The Eighth Amendment applies to all criminal punishments, not just violent
crimes.

The supreme law of the United States that establishes the
government's structure — The Constitution is the supreme law that
establishes the framework of the U.S. government. It's not a list of all laws
(Congress passes those separately). It wasn't signed by a president initially.
It applies to the entire nation, not just the military.

They knew society would change and the Constitution needed to adapt
over time — The Founders designed the amendment process so the
Constitution could evolve with changing times (like ending slavery or
granting women the vote). The process is deliberately difficult — not easy.
They didn't forget sections. Amendments address major issues, not typos.

We the People — 'We the People' establishes that the Constitution's
authority comes from the citizens, not a president, Congress, or monarch.
This phrase embodies the principle of popular sovereignty — government
by the people.

To ensure broad agreement before changing the nation's fundamental
law and prevent hasty decisions — The difficult process ensures
amendments reflect broad national consensus, not temporary passions. It's
not impossible — 27 amendments have passed. The Founders wanted to
protect rights, not withhold them. The process doesn't favor small or large
states specifically; it requires supermajorities from both Congress and
states.



Compare the Fifth Amendment's
protection against self-incrimination
with the Sixth Amendment's right to a
lawyer. How do these two
amendments work together?

The Second Amendment protects the
right to bear arms, but the
government still regulates firearms.
What principle explains how a right
can exist but still have limits?

If a new amendment were proposed
to lower the voting age to 16, what
arguments for and against would you
expect in the debate?

Police arrive at someone's home and
demand to search it without a
warrant. The homeowner refuses.
Which amendment supports the
homeowner's right to refuse?

A city passes a law requiring all
residents to follow one specific
religion. Using your knowledge of the
Bill of Rights, explain why this law
would be unconstitutional.

The 19th Amendment gave women
the right to vote. How would you use
this example to explain what an
amendment is to a younger student?

What does the Fourth Amendment
protect citizens from?

What is the main idea of the Tenth
Amendment?

Both protect accused people: the Fifth prevents forced confessions and
the Sixth ensures they have legal help — The Fifth (right to silence) and
Sixth (right to a lawyer) Amendments complement each other — both
protect the accused during legal proceedings. They don't contradict each
other. Neither replaced the other. They protect all accused people —
innocence is presumed until guilt is proven.

No right is absolute — rights can be limited when they conflict with
public safety or others' rights — Constitutional rights are fundamental
but not unlimited — the Supreme Court has ruled they can be reasonably
regulated for public safety. The government doesn't ignore the Second
Amendment. No right is completely unlimited. Both federal and state
governments can set constitutional limits.

For: teens are affected by laws and should have a voice. Against:
younger voters may lack experience to make informed decisions —
Both sides have valid points: teens are affected by government decisions
and deserve representation, but some argue they lack sufficient life
experience. There are valid arguments on both sides. The Constitution can
be amended for voting age (the 26th Amendment did this). The current
voting age is 18, not 21.

The Fourth Amendment, which protects against unreasonable
searches — The Fourth Amendment requires warrants for searches,
supported by probable cause. The First (speech), Sixth (speedy trial), and
Eighth (cruel punishment) amendments don't address search and seizure.
There are exceptions to the warrant requirement, but a home search
generally requires one.

The First Amendment prohibits the government from establishing an
official religion or restricting religious freedom — The First
Amendment's Establishment Clause prohibits government at any level from
mandating a religion. The Constitution absolutely addresses religion. City
laws cannot override the Constitution. Through the 14th Amendment, the
Bill of Rights applies to state and local governments too.

An amendment is an official change to the Constitution that fixes
something unfair or updates the rules for a changing society —
Amendments are formal changes that become part of the Constitution, like
the 19th Amendment extending voting rights to women. They aren't
suggestions — they have full legal force. They modify the Constitution, not
replace it. They apply to the entire nation, not individual states.

Unreasonable searches and seizures by the government — The Fourth
Amendment requires the government to have a warrant based on probable
cause before searching your property. Paying taxes, jury duty, and
attending school are civic responsibilities, not things the Bill of Rights
protects against.

Powers not given to the federal government are reserved for the
states or the people — The Tenth Amendment reserves all non-federal
powers to the states or the people, establishing federalism. The right to
own weapons is the Second Amendment. Presidential term limits come
from the 22nd Amendment. The Tenth specifically prevents all power from
concentrating federally.



Why is the phrase 'We the People'
significant in the Preamble?

How does the Constitution prevent
any one part of government from
becoming too powerful?

Some people believe the Constitution
is a 'living document' that should be
interpreted flexibly. Others believe it
should be interpreted exactly as
written. Which perspective better
serves a changing society, and why?

A school principal bans a student
newspaper because it criticizes
school policies. Which amendment
does this most likely violate?

What does 'due process of law' mean,
as protected by the Fifth
Amendment?

The Constitution has been amended
27 times in over 230 years. Is this the
right number of changes — too
many, too few, or about right? Explain
your reasoning.

A student says the Fifth
Amendment's right against self-
incrimination means guilty people
can avoid punishment. How would
you explain why this right is still
important?

The Constitution originally counted
enslaved people as three-fifths of a
person for representation purposes.
The 13th, 14th, and 15th
Amendments later abolished slavery
and guaranteed equal rights. What

It shows that government authority comes from ordinary citizens, not
from rulers or the military — 'We the People' declares popular
sovereignty — government power comes from citizens. It's not decorative
or poetic filler. It means all citizens, not just wealthy ones. It's a statement of
authority, not a casual greeting.

By dividing power among three branches and giving each checks on
the others — The Constitution uses separation of powers (three branches)
and checks and balances to prevent tyranny. The president cannot override
any law — that's what checks prevent. One branch would concentrate
power dangerously. The president serves four-year terms, not one.

Both perspectives have merit — flexible interpretation allows
adaptation while strict interpretation preserves the Founders' intent
— This is a real constitutional debate. Both perspectives contribute: strict
interpretation provides stability and predictability; flexible interpretation
allows adaptation to new circumstances. The Founders weren't always right
or always wrong. No modern leader can ignore the Constitution — it
remains binding law.

The First Amendment, which protects freedom of the press — Banning
a newspaper for critical content raises First Amendment press freedom
concerns. The Second Amendment (arms), Third Amendment (quartering
soldiers), and Seventh Amendment (civil jury trials) are unrelated to press
freedom. Note: student press rights have some limits in schools per
Supreme Court rulings.

The government must follow fair legal procedures before taking away
someone'’s life, liberty, or property — Due process means the
government must follow fair, established legal procedures (like a trial)
before depriving anyone of rights. Punishing without a trial violates due
process. All people have rights in court, not just judges. 'Process' refers to
legal procedures, not speed.

About right — the difficult process ensures only the most important
changes pass, keeping the document stable yet adaptable — The
relatively few amendments (27 out of thousands proposed) shows the
system works: important changes like abolishing slavery and extending
voting rights passed, while frivolous proposals didn't. Never changing would
ignore injustices. Complete rewrites would cause instability. Amendments
have had enormous impact (13th-15th, 19th, 26th).

It protects everyone from being forced to confess, which prevents
false confessions and government abuse — The right against self-
incrimination prevents coerced confessions, which have historically led to
innocent people being convicted. Removing it would endanger everyone's
rights. It applies to all accused people — guilt or innocence is determined at
trial. The Fifth Amendment is fully in effect today.

The Constitution was imperfect at its creation but can be improved
through the amendment process — The Reconstruction Amendments
(13th-15th) corrected a deep moral failing in the original Constitution,
showing it was imperfect but improvable. The Constitution was not perfect



does this change reveal about the
Constitution?

Imagine you are a delegate at the
Constitutional Convention in 1787.
Write a short argument for why the
new Constitution needs a Bill of
Rights.

originally. These amendments strengthened it. The original Constitution
directly addressed enslaved people through the three-fifths clause.

Without a Bill of Rights, the government could abuse its power by
restricting citizens' freedoms with no legal protection — Anti-
Federalists successfully argued that without explicitly listed rights, future
governments could infringe on freedoms. History shows governments can
abuse power. Rights belong to all citizens, not officials. The original
Constitution didn't enumerate individual rights — that's exactly why the Bill
of Rights was added.



15. civics
< Question (fold —)

Name one power that belongs to
state governments but NOT to the
federal government.

Why might two neighboring states
have very different approaches to
the same issue, such as education
standards or environmental
regulations?

Who is the chief executive of a state
government?

What does a state constitution do?

Imagine you're a new resident
choosing between two neighboring
towns. Town A has higher taxes but
excellent schools and parks. Town
B has lower taxes but fewer public
services. How would you use this to
explain why local government
matters?

A state legislature passes a law that
many residents oppose. Should the
governor sign it or veto it? What
factors should the governor
consider?

Your city has received a grant to
improve one of three areas: public
transportation, after-school
programs, or road repairs. Which
would you recommend and why?

Which government body typically
oversees public schools in a

Answer

Issuing driver's licenses — Driver's licenses are issued by state governments
— each state sets its own requirements. Printing money, declaring war, and
managing foreign relations are all exclusively federal powers listed in the
Constitution.

Each state's elected officials reflect different voter priorities, and
federalism gives states autonomy on many policy areas — Different state
policies reflect different voter priorities under federalism's framework. States
do communicate and often cooperate. The federal government doesn't assign
different rules to different states on reserved powers. State differences reflect
deliberate democratic choices, not randomness.

The governor — The governor leads the state's executive branch. The mayor
leads a city, not a state. Senators are legislators. The President leads the
federal government, not individual states.

It establishes the structure of the state government and protects the
rights of the state's residents — State constitutions establish state
government structure and can grant additional rights beyond federal
protections. They don't replace the U.S. Constitution — both apply
simultaneously. They cover many overlapping issues, not just gaps. Each state
constitution is unique and often much longer than the U.S. Constitution.

Local government decisions about taxes and spending directly shape the
quality of life in a community — Local government tax and spending
decisions directly impact community quality. Tax levels clearly affect available
services. While the federal government provides some funding, most local
services are locally controlled. Different local government choices create
genuinely different communities.

The governor should weigh whether the law serves the public interest,
its constitutionality, and public opinion before deciding — Governors
should consider public interest, constitutionality, and public opinion. They
don't have to sign everything — the veto is a legitimate check. Personal
opinion alone is insufficient for governance. Vetoes are an essential part of
checks and balances, even in a democracy.

The best choice depends on the community's greatest need — effective
governance requires assessing data about which issue most affects
residents — Responsible governance requires assessing community needs
through data and resident input before allocating resources. Not everyone
drives — some communities need transit more. Community input is essential
to democratic decision-making. Government spending on public services is a
core function, and grants represent earned funding.

The local school board — Local school boards set policies for public schools
in their district. Congress makes federal laws, not local school decisions. The
Supreme Court interprets laws, not school policies. The United Nations is an



community?

Design a plan for how your city
could involve more young people in
local government decisions.

Local governments often face
budget shortfalls. Analyze the
tradeoff between raising property
taxes and cutting public services.

Your school board is considering
cutting the art program to save
money. How would you use your
knowledge of local government to
advocate for keeping it?

What is the Supremacy Clause and
how does it affect state laws?

A state passes a law that conflicts
with a federal law. A citizen affected
by both laws asks you which one
they should follow. What do you tell
them?

Your town's fire department needs
a new truck costing $500,000. As a
council member, propose two
different ways to fund this
purchase and explain the tradeoffs
of each.

Compare the responsibilities of a
mayor and a governor. How are
their roles similar and how do they
differ?

Your city council is deciding
whether to build a new community

international organization with no authority over local schools.

Create a youth advisory council, hold town halls at schools, lower the
age for serving on boards, and use social media for outreach — Multiple
strategies can increase youth engagement: advisory councils, school-based
events, age-appropriate board positions, and digital outreach. Young people
are affected by government decisions and deserve a voice. Youth perspectives
are valuable on many issues beyond education. People of all ages can
understand and contribute to governance.

Higher taxes maintain services but burden residents financially; cuts
save money but reduce quality of life — leaders must balance both —
Budget decisions involve genuine tradeoffs — higher taxes fund services but
cost residents more; cuts save money but reduce services people rely on.
Neither is always right. Local governments cannot print money — only the
federal government can. Effective governance requires thoughtful balancing.

Attend school board meetings, organize a petition, present evidence of
art education's value, and rally community support — Local advocacy —
attending meetings, petitions, presenting evidence, and community
organizing — is the most effective approach for school board decisions. The
Supreme Court handles constitutional issues, not local budget decisions.
Governors typically don't overrule school boards. Citizens have many effective
tools for local advocacy.

It establishes that the U.S. Constitution and federal law are the supreme
law of the land, overriding conflicting state laws — The Supremacy Clause
(Article VI) means federal law prevails when it conflicts with state law. It's
about the hierarchy of laws, not the power of the Supreme Court specifically.
States cannot simply ignore federal laws. It applies at all times, not just
wartime.

The federal law takes priority under the Supremacy Clause, so they must
follow the federal law — Under the Supremacy Clause, federal law prevails
over conflicting state laws. Citizens can't choose which to follow. State law
doesn't automatically override federal law. Both laws apply until the conflict is
resolved, but federal law takes precedence.

Option 1: Raise taxes slightly — reliable but unpopular. Option 2: Issue
municipal bonds — spreads cost over time but adds debt with interest —
Tax increases and municipal bonds are real funding tools with genuine
tradeoffs. Federal funding for local equipment is limited and unreliable.
Emergency equipment is a core government responsibility. Employees aren't
expected to fund their own equipment — public services are publicly funded.

Both lead executive branches, but mayors govern cities while governors
govern entire states, with governors having broader authority — Mayors
and governors both lead executive branches but at different scales — city vs.
state. Governors typically have broader authority than mayors. Their core
functions (leadership, budgeting, appointing officials) overlap significantly.
Mayors are elected by their city's voters, not appointed by governors.

Attend the city council meeting, speak during public comment, and
contact your council representative — Local government offers direct



center or upgrade the water
treatment plant. As a resident, how
could you participate in this
decision?

Why is it important for citizens to
participate in local government, not
just national politics?

How does a city council differ from
the U.S. Congress?

What is the term for the system
where power is shared between the
federal government and state
governments?

Some argue that state governments
should have more power than the
federal government. Others argue
the federal government should be
stronger. Which position would you
take for the issue of environmental
protection?

Why do different states sometimes
have different laws about the same
issue, like the minimum driving
age?

Is it better for important decisions
like education policy to be made at
the state level or the local level?
Defend your position.

What role does a county
government play that is different
from a city government?

Some states allow citizens to vote
directly on laws through ballot

participation through public meetings and contact with representatives. The
mayor doesn't decide alone — council votes matter. The President has no role
in local infrastructure decisions. Waiting for others undermines democratic
participation — your voice matters.

Local government decisions directly affect daily life — schools, roads,
parks, and public safety in your community — Local government controls
the services you use every day — schools, roads, parks, water. Both local and
national government matter. National politics absolutely affect individuals.
Students can participate in local government through public meetings, school
boards, and community involvement.

A city council makes laws for a single city while Congress makes laws for
the entire nation — City councils legislate for their city; Congress legislates
for the nation. Congress has broader authority on national issues. City council
members are typically elected by local voters. While both are legislative
bodies, they operate at very different scales and with different powers.

Federalism — Federalism is the division of power between national and state
governments. Communism is an economic system. Imperialism is expansion
through colonization. Nationalism is strong identification with one's nation.
Only federalism describes shared governmental power between levels.

Federal standards may be needed because pollution crosses state lines,
but states should be able to set stricter local standards — Environmental
protection illustrates federalism's complexity: pollution crosses borders
(requiring federal standards) but local conditions vary (supporting state
flexibility). Exclusively federal or state control misses this nuance.
Environmental protection clearly requires government action — unregulated
pollution has well-documented harms.

Federalism gives states the power to make their own laws on issues not
controlled by the federal government — Under federalism, states have
sovereignty over many policy areas, leading to different laws reflecting
different communities. It's deliberate, not accidental. All states have
lawmaking power. Congressional disagreement isn't the cause — states
independently choose their own policies on reserved powers.

Both levels play important roles — states ensure minimum standards
while local control allows communities to address their unique needs —
Education benefits from both state standards (ensuring equity and minimum
quality) and local control (adapting to community needs). Local boards have
valuable community knowledge. States provide important statewide
perspective. While the federal government plays a role (funding, civil rights),
education has traditionally been a state/local responsibility.

County government covers a larger geographic area, serving both cities
and rural areas within the county — Counties serve broader areas than
cities, including unincorporated rural areas. Counties and cities are different
levels of local government. Counties serve both urban and rural areas, not
just non-city areas. County government exists in most states (though some,
like Connecticut, have eliminated county government functions).

Direct voting increases citizen participation but can lead to complex
issues being oversimplified on a ballot — Direct democracy through



initiatives and referendums. Other
states do not. What are the
advantages and disadvantages of
direct citizen voting on laws?

A developer wants to build a
shopping mall on land currently
used as a public park. Which local
government body would most likely
review this request?

initiatives/referendums empowers citizens but can oversimplify complex
issues into yes/no votes. Neither 'always better' nor 'always worse' — both
have tradeoffs. Citizens are capable of informed decisions with good
information. Many states (about half) allow ballot initiatives.

The city's planning or zoning commission — Local planning and zoning
commissions review land use changes. The U.S. Senate deals with national
legislation, not local land use. State courts handle legal disputes, not initial
zoning decisions. Police enforce laws but don't make zoning decisions.



16. civics

< Question (fold —)

Some countries have
mandatory voting laws,
requiring all citizens to vote or
face a fine. What are the
strengths and weaknesses of
mandatory voting?

Design a plan to make
elections more accessible for
people with disabilities, elderly
citizens, and those living in
rural areas.

It's Election Day, but your
neighbor says they don't know
anything about the candidates
and is thinking of not voting.
What advice would you give?

During a school election, a
candidate spreads false
information about their
opponent. How does this
relate to real elections, and
what should voters do?

How would you organize a
voter registration drive at your
school to encourage eligible
students to register?

A candidate makes a campaign
promise to eliminate all taxes.
How would you evaluate this
promise using your knowledge
of government?

Which amendment abolished
poll taxes, which had been
used to prevent poor and
minority citizens from voting?

Voter turnout in the United
States is often lower than in

Answer

It ensures high participation but may force uninformed voting and conflicts
with personal freedom — Mandatory voting increases turnout but raises
concerns about forced uninformed participation and personal liberty. It doesn't
automatically produce better leaders. Many countries use it (Australia, Belgium,
Brazil). It doesn't eliminate disagreement — it increases the number of voices in
the debate.

Expand mail-in voting, provide accessible polling places, offer transportation
assistance, extend early voting periods, and use mobile voting units —
Multiple accessibility solutions address different barriers: mail voting for mobility
issues, ADA-compliant polls for disabilities, transportation for rural areas, and
extended hours for schedule flexibility. Every citizen deserves to vote for
themselves. Restricting options creates barriers. Proxy voting undermines
individual choice.

Encourage them to research candidates using nonpartisan voter guides, then
make an informed choice — informed voting strengthens democracy —
Encouraging informed voting through nonpartisan resources strengthens
democracy. Campaign signs don't reflect policy positions. All citizens' participation
matters, but informed voting is ideal. Telling others how to vote undermines their
independent judgment — providing resources is better.

Misinformation in elections is a real problem — voters should fact-check
claims using multiple reliable sources before making decisions —
Misinformation in elections is a serious problem that requires active fact-checking
by voters. False claims absolutely matter — they can sway election outcomes.
Campaign spending doesn't correlate with truthfulness. Critical evaluation of all
claims is essential for informed voting.

Partner with nonpartisan organizations, set up tables at school events,
provide registration forms, and share deadlines through social media —
Effective registration drives are nonpartisan, accessible, and informative. Targeting
only one party is partisan and inappropriate. Registration must be voluntary, not
coerced. The voting age is 18, not 21 — many high school seniors are eligible. Pre-
registration is available in many states at 16 or 17.

This promise is unrealistic because taxes fund essential services like schools,
roads, and emergency services that government cannot provide for free —
Eliminating all taxes would defund every government service — schools, police,
roads, military. Campaign promises must be evaluated critically. Taxes fund
essential services. Campaign promises often aren't fully achievable. Tax laws are
changed by legislatures, not courts, though Congress is the primary actor.

The 24th Amendment — The 24th Amendment (1964) banned poll taxes in
federal elections. The 1st Amendment covers speech and religion. The 15th
Amendment prohibited racial discrimination in voting. The 19th Amendment gave
women the right to vote. Each addressed different barriers to civic participation.

Making Election Day a national holiday would remove work-related barriers,
one of the most commonly cited reasons for not voting — A national Election



other democracies. What
reform do you think would be
most effective at increasing
voter participation?

Campaign spending in U.S.
elections has increased
dramatically. Analyze how
large campaign donations
might affect the relationship
between elected officials and
ordinary citizens.

Why is voter registration
required before someone can
vote in most states?

A state requires voters to show
a photo ID at the polls. Some
people support this law and
others oppose it. Explain both
perspectives.

What are the two major
political parties in the United
States?

What is the difference between
a primary election and a
general election?

Your friend says they aren't old
enough to vote, so there's
nothing they can do to
participate in politics. Name
three ways young people can
participate without voting.

What is the minimum age to
vote in a U.S. federal election?

The United States has a two-
party system, but some
democracies have many
parties. How does having only

Day holiday addresses work-schedule barriers, a major turnout obstacle. Higher
turnout strengthens democratic legitimacy. Restricting who can vote is anti-
democratic. Jail time for non-voting is extreme — there are gentler ways to
encourage participation (early voting, mail voting, automatic registration).

Large donations may give wealthy donors more influence over officials than
average citizens, potentially undermining equal representation — Research
suggests large donors gain greater access to officials, raising equality concerns.
Donations clearly influence politics through access and relationship-building.
Campaigns rely heavily on private donations, not just public funding. Donor
influence varies — larger donations often yield more access, creating an unequal
dynamic.

To verify that the person is eligible to vote and to prevent fraud by ensuring
each person votes only once — Registration verifies eligibility (age, citizenship,
residency) and prevents duplicate voting. While some argue it creates barriers, its
purpose is ensuring election integrity. Registration is free. Nearly all states require
it, though North Dakota does not and some states offer same-day registration.

Supporters say it prevents fraud and protects election integrity; opponents
say it creates barriers for citizens who lack IDs, especially the poor and
elderly — Voter ID is genuinely debated. Supporters emphasize fraud prevention;
opponents highlight barriers for those without IDs (disproportionately low-income,
elderly, and minority citizens). The debate is real and ongoing. IDs often cost
money and require documents some people lack. Courts have reached different
conclusions in different states.

The Democratic Party and the Republican Party — The Democratic and
Republican parties are the two major U.S. parties. The Federalists and Whigs were
early American parties that no longer exist. Labor and Conservative are major UK
parties. The Green and Libertarian parties are smaller U.S. third parties.

A primary election chooses party candidates; a general election is the final
vote between candidates from all parties — Primaries select each party's
nominee; the general election is the final contest between all parties' candidates.
Both types occur at every level of government. All eligible voters can participate in
general elections. They serve different but connected purposes in the electoral
process.

Volunteer for campaigns, attend public meetings, write to elected officials,
organize awareness events, or join civic organizations — Young people can
volunteer, attend meetings, contact officials, organize events, and join civic groups.
Participation goes far beyond voting. Political engagement takes many forms at
any age. Young people's voices shape communities — from school board decisions
to national movements like March For Our Lives.

18 years old — The 26th Amendment (1971) set the voting age at 18 for all
elections. Some localities allow 16-year-olds to vote in local elections, but 18 is the
federal minimum. It was lowered from 21. You must be 25 to serve in the House,
but only 18 to vote.

Voters may feel unrepresented, leading some to not vote, support third
parties, or push for changes within existing parties — The two-party system
can leave moderate or independent voters feeling unrepresented. No one agrees
perfectly with any party. Third parties do exist (Libertarian, Green) but face



two major parties affect voters

who don't agree with either
one?

How does the number of
Electoral College votes for
each state get determined?

Throughout U.S. history,
various barriers have been

used to prevent certain groups
from voting: poll taxes, literacy

tests, grandfather clauses, and
intimidation. What do all of
these barriers have in
common?

Should the Electoral College be

replaced with a direct popular
vote for President? Evaluate
both sides of this debate.

Why might some citizens
choose not to vote even
though they have the right?

What is the Electoral College?

Is social media a positive or
negative force in elections?
Support your position with at
least two reasons.

What role do political parties
play in American democracy?

structural barriers. Political issues are far more nuanced than a binary choice —
people hold diverse views across many topics.

Each state gets one elector per member of Congress (House representatives
plus two senators) — Electoral votes equal a state's total Congressional
representation (House seats based on population + 2 senators). States don't get
equal votes — population matters through the House. The Constitution
determines the formula, not the President. Land area doesn't determine electoral
votes — population does.

They all targeted specific groups (especially African Americans) to deny them
political power while appearing neutral on the surface — All these barriers
were designed to disenfranchise African Americans while appearing race-neutral.
Many were eventually ruled unconstitutional or banned by legislation. They were
concentrated in southern states, not northern ones. They disproportionately
affected African Americans, not all citizens equally — that was their purpose.

A popular vote would be more directly democratic, but the Electoral College
ensures smaller states have a meaningful voice in presidential elections —
Both sides have valid points: popular vote advocates emphasize 'one person, one
vote'; Electoral College supporters value state-based representation. No system is
perfect. Urban voters are a minority of the total electorate — rural areas matter
too. The Founders debated this extensively and chose the Electoral College
deliberately.

Reasons include feeling their vote doesn't matter, not knowing the
candidates, or facing practical barriers like work schedules — Non-voting has
many causes: disillusionment, lack of information, work conflicts, transportation
barriers, and more. Most citizens are eligible to vote. Labeling non-voters as lazy
oversimplifies real barriers. Every election matters — local races often decided by
very few votes. Understanding barriers helps increase participation.

A system where electors from each state cast votes to officially elect the
President — The Electoral College is a constitutional system where state electors
formally choose the President. It's not a school. The Cabinet advises the President.
It's not a direct popular vote — electors cast the official votes, which is why a
candidate can win the popular vote but lose the election.

Both: it democratizes information sharing and political organizing, but also
spreads misinformation and can create echo chambers — Social media has
both positive effects (democratizing information, enabling grassroots organizing)
and negative ones (spreading misinformation, creating filter bubbles). More
information isn't always better if it's false. Banning it would restrict speech. Social
media demonstrably influences elections and political engagement.

They organize candidates, develop policy platforms, mobilize voters, and
provide a framework for political debate — Political parties organize
candidates, create platforms, mobilize voters, and structure political debate. The
Constitution doesn't mention parties — George Washington warned against them.
Parties don't control judicial review. They operate continuously, not just during
presidential elections.



Compare how expanding
voting rights through the 15th
Amendment (race), 19th
Amendment (gender), and
26th Amendment (age)

changed American democracy.

What pattern do you notice?

What is 'gerrymandering' and
why is it controversial?

Each amendment expanded democracy by including previously excluded
groups, showing a trend toward greater inclusion over time — These
amendments show a consistent pattern: expanding who can participate in
democracy. They expanded rights, not restricted them. They apply to all elections,
not just presidential. Each faced significant opposition and required years of
activism — the women's suffrage movement lasted over 70 years.

Drawing voting district boundaries to give one political party an unfair
advantage in elections — Gerrymandering is the manipulation of district
boundaries to favor one party, undermining fair representation. It's not
fundraising, vote counting, or voter registration. It's controversial because it allows
politicians to choose their voters rather than voters choosing their representatives.
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