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GEE 21 Science Review
Part I: Science as Inquiry
1. Scientific investigations are conducted in controlled environments to discover more about the natural world.
2. These investigations, which we commonly refer to as experiments, may be tests about which we know nothing
(NASA’s experiments into the far reaches of space), or they may build upon currently available knowledge (new
recipes for baby formula for infants’ nutritional needs).
3. Scientists perform investigations in a systematic way so that they may reproduce an investigation, or so that
another person can reproduce that same experiment. This systematic method is called the “Scientific Method”
and is used by scientists throughout the world.
4. The Scientific Method consists of the following steps, although not all steps are followed in all cases:
a. Pose a question
b. Formulate a hypothesis (a prediction of the outcome of the experiment)
c. Design and conduct the experiment (controlled conditions) to test the hypothesis
i. Gather and record data
ii. Analyze the data
d. Formulate a conclusion - was your hypothesis correct and why or why not?
e. Repeat to verify results
f. Alter the hypothesis, experiment, etc. to obtain a more knowledgeable answer if the conclusion did not
match the hypothesis
5. Scientific investigations are also conducted to present alternative explanations and/or models to/for natural
phenomena. Once a person understands the purpose, procedures, and sometimes the conclusions of scientific
investigations, then (s)he can defend a scientific argument. This is accomplished through basing the argument
upon research that (s)he has conducted or studied.
6. Students and scientists alike must obey safety precautions in the laboratory.
7. As new areas are explored, scientists publish their findings in peer-reviewed journals, and eventually scientific
ideas and theories become altered based upon the new-found information.
*** At the end of this review in Appendix A, you will find case scenarios in which you will have to read information
gathered during experiments and answer questions based upon the information available. You will also be asked to
design an experiment. There is also a worksheet on lab equipment and safety in the science laboratory.
Back to Top

3

CPHS Science/GEE 21 Prep

Part II: Physical Science
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Chemistry
1.

The seven SI base units are: length – meter, mass – kilogram, volume – cubic meter, luminous intensity –
candela, electric current – ampere, temperature – Kelvin, and amount of substance – mole.
2. The metric system is a system of measurement based upon multiples of 10 in which prefixes are added to a
central “base” unit to identify how much larger or smaller that unit is than the “base” unit. Table 1, below,
identifies these prefixes and their respective values.
Table 1: Metric Prefixes
Prefix (and abbreviation)
Tera- (T)
Giga- (G)
Mega- (M)
Kilo- (k)
Hecto- (H)
Deka – (D)
Base Unit
deci- (d)
centi- (c)
milli- (m)
micro- (µ)
nano- (n)
pico- (p)
3.

Value with Respect to Base
Unit
1012
109
106
103
102
10
1
10-1
10-2
10-3
10-6
10-9
10-12

Larger or Smaller than Base Unit
Larger – 1012 base units fit into 1 Teraunit
Larger – 109 base units fit into 1 Gigaunit
Larger – 106 base units fit into 1 Megaunit
Larger – 103 base units fit into 1 kilounit
Larger – 102 base units fit into 1 hectounit
Larger – 10 base units fit into 1 Dekaunit
Same
Smaller – 10 deciunits fit into 1 base unit
Smaller – 102 centiunits fit into 1 base unit
Smaller – 103 milliunits fit into one base unit
Smaller – 106 microunits fit into 1 base unit
Smaller – 109 nanounits fit into 1 base unit
Smaller – 1012 picounits fit into 1 base unit

All matter is made up of particles. These particles are built upon to create things that we can perceive through
our senses.
a. Compound or molecule – a group of atoms of one or more element(s).
b. Element – simplest type of matter; all atoms of one element are alike and have the same number of
protons.
c. Atom – the smallest particle of an element that still retains all the properties of that element.
d. Proton – subatomic particle that exists in the nucleus of an atom and has a positive charge; the number
of protons in the nucleus of an atom equals its atomic number and thus defines that atom as an atom of
a particular element.
e. Neutron – subatomic particle that exists in the nucleus of an atom and does not have an electrical
charge. It is the equivalent of a proton and an electron. This particle helps to stabilize the atom and keep
it from entering radioactive decay. Two or more atoms of the same element can have differing numbers
of neutrons in their nuclei.
f. Electron – subatomic particle that “encircles” the nucleus of the atom and has a negative electric
charge. These electrons exist in “layers” around the nucleus, and the outer “layer” – valence electrons –
are responsible for how atoms of different elements behave. Electrons have virtually no mass and move
at very high speeds.
g. Quark – makes up subatomic particles.
4. An ion is an atom or a molecule that has either gained or lost electrons. The result is that the number of protons
and the number of electrons are not the same, and the particle has a positive charge if electrons have been lost
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5.

6.

7.

8.

9.

10.

and a negative charge if electrons have been gained. Metals form positive ions and nonmetals form negative
ions. Noble gases (Group 8A elements) do not ionize.
An isotope is any atom of an element that has the same number of protons but a different number of neutrons.
The atoms are still the same element, but one atom may have a higher mass than another one. One atom may
be stable, and one may enter spontaneous (radioactive) decay.
There are three basic types of radioactive decay:
a. Alpha (α) radiation – which has a +2 charge and a mass of 4 amu; it is the equivalent of a helium
nucleus. It is the weakest form of emission, as it can be stopped by paper. This is the least damaging
form of radiation to human tissue. The emission of an alpha particle from the nucleus of an atom causes
a change in the element; it changes to the element with an atomic number of 2 less than the original
element.
b. Beta (β) radiation – which has a -1 charge and virtually no mass. It is the equivalent of a high speed
electron. It is stronger than alpha radiation; it can be stopped by heavy clothing. This radiation often
causes sunburns in humans.
c. Gamma (γ) radiation – is high energy radiation having no mass or charge. It is stronger than X-Ray
radiation, and it can be stopped by lead. This radiation has the potential to do large amounts of damage
to human tissue.
Radioactive isotopes are atoms of elements whose nuclei are unstable and break apart. As the nucleus breaks
apart, a tremendous amount of energy is released. When this happens in a controlled environment, this energy
can be captured and used to generate electricity (hence the purpose of nuclear power plants). If the reaction
maintains itself in the core (reaction chamber) and no radiation escapes, nuclear power is one of the cleanest
forms of generating electricity. Without burning fossil fuels such as coal to produce electricity, there is no air
pollution which could lead to respiratory problems in humans and animals and reduced chance of acid rain,
which harms plants and can disrupt the global climate.
When a nucleus breaks apart in conditions that are not controlled as well as they are in a nuclear power plant,
then an explosion occurs. This is the basis of the nuclear arms program. The bombs that were detonated over
Hiroshima and Nagasaki, Japan, during the Second World War operated under this principle. The characteristic
“Mushroom Cloud” is a visual representation of the amount of energy that is released when the nucleus of an
atom splits.
There are two types of nuclear reactions, fission and fusion. Fission involves the splitting of an atom’s nucleus
into two atoms of approximately equal size. This is the basis of all man-made nuclear power. The amount of raw
materials needed is decreased from traditional methods, but the radioactive substance used to create the
reaction is a harmful byproduct that continues to produce heat for hundreds of years to come. The “spent”
(used) fuel must be stored in thick concrete casing until it can be properly disposed. Fusion involves the
combination of two small atoms into a single, larger atom. This is how our Sun continues to fuel itself. In fusion,
there are no harmful byproducts, but the process requires so much heat that we currently have no way to
contain the reaction (the heat melts the reaction chamber).
The outermost electrons of an atom determine how it behaves. Metals tend to give up electrons to nonmetals
to form ionic compounds. When two or more atoms of the same metal combine, the whole sample shares
“delocalized” electrons, and this explains why metals conduct heat and electricity so well, and also why they can
be molded into a particular shape. Nonmetals share valence electrons with one another so that they can each
become stable. Molecules of nonmetals come together in a covalent bond. Acids are special covalent
compounds. Their components share valence electrons, but when acids are dissolved in water, they can conduct
an electric current the same way that solutions of ionic compounds can.
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11. An element is a pure substance of only one kind of atom. A compound is a pure substance composed of at least
two different types of elements that are chemically combined and can only be separated by a chemical reaction.
A mixture is a substance that is composed of two or more different things, and they can be separated by
physical means. For example, a solution of salt water can be separated by evaporating the water, coffee grinds
can be separated from water or coffee by filtration, iron filings can be separated from sand by using a magnet.
Other forms of physical separation techniques include chromatography, fractional distillation, and settling of
solids/separation based upon density.
12. Periodic properties of elements:
a. Metals are located on the left side of the periodic table; nonmetals are located on the right side; and
semimetals, or metalloids, straddle the “stairway” that separates the metals from the nonmetals.
b. Electronegativity and ionization energy increase as you go up and to the right across the periodic table.
c. Atomic size increases as you go down and left across the periodic table.
d. Ion size decreases as you go from left to right across a period and increases as you go down groups, BUT
metallic ions are smaller than nonmetallic ones are.
e. To determine electrical charges of monatomic ions from Group A (s- and p-block elements), use Table 2,
below:
Table 2: Ionic Charge Trends for Group A Elements
Group Number
1
2
3
4
5
6
7
8

Charge on Ion
+1
+2
+3
±4
-3
-2
-1
0

13. Carbon atoms can bond in a variety of ways, including straight-chain compounds, branched-chain compounds,
and cyclic (ringed) compounds. Types of organic compounds include carboxylic acids, alcohols, aldehydes,
ketones, esters, and others.
14. Atoms and molecules are always moving, even in the solid state. As temperature increases, the particles in the
substance move faster. (This faster movement actually causes the increase in temperature.) As the particles
move faster, they tend to collide with other moving particles, which, in turn, increases the movement of
particles throughout the whole system. This increased movement is the result of increased energy. Increased
energy causes more movement and thus an increase in temperature. This results in a change of phase from solid
to liquid to gas. The more energy a system has, the less structured its components are. This explains why solids
have a defined shape, while liquids and gases do not. In addition, as the motion of particles increases, the
number of collisions between particles also increases, leading to an increase in volume. In liquids, there is
enough tension between the molecules to allow them to continue to adhere to one another. However, the
molecules in gases are moving so rapidly that they move freely of their own accord, resulting in gases having no
set volume. As temperatures of gases increase, so do their volume. However, when pressure on a gas increases,
the volume decreases.
15. Physical changes of matter involve changing the physical state of matter (melting, vaporizing, condensing, and
freezing). The actual chemical makeup of the substance does not change. Chemical changes involve changing
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16.

17.

18.

19.

the chemical structure of the substances. Some indications of chemical change include: release of gas, change in
color, and sudden release or absorption of heat.
Acids are substances whose pH is 0-7. pH is an indicator of the amount of the hydronium ion present, more
specifically, the log [H+]. Acids are corrosive in nature, and (if they are strong) they generally burn human flesh
when they come in contact with it. The closer the pH is to 0, the stronger the acid. A good indicator of an acid is
that its chemical formula always begins with H. Inorganic acids (those not consisting of carbon) are the strongest
acids. Hydrochloric acid, the acid in your stomach responsible for chemical digestion, is the strongest of all acids.
Although acids are covalent compounds, when dissolved in water, they become strong electrolytes (substances
that can conduct an electric current. Sulfuric acid, another strong inorganic acid, is found in car batteries
because of its relative inexpensive cost and its strong ability to conduct an electric current.
Bases are substances whose pH is 7-14. Bases are also corrosive in nature, and they can also burn human flesh,
but unlike acids, the effects are not immediately noticeable. There may be a reaction occurring with human flesh
for 15 minutes before a person has noticed they have been exposed by contact. Properties of bases include
bitter taste and slippery texture, and their chemical formulas almost always end with OH. Bases can also conduct
an electric current when dissolved in water. Pastes of basic compounds are inside disposable batteries.
A pH of 7 indicates a neutral compound. Pure water is the benchmark for comparison of neutral compounds; its
formula is HOH, which means that for every hydrogen ion, there is one hydroxide ion present (and this shows
how acids and bases neutralize one other).
A titration is a method of adding acids to bases (or vice versa) in a controlled manner in an effort to neutralize
the two compounds. An indicator is a chemical that indicates whether a reaction has taken place (but the
indicator does not participate in the reaction). Indicators are most often used in acid-base titrations. In the
common high school science laboratory, a dilute solution of hydrochloric acid is neutralized using sodium
hydroxide. Phenolphthalein is an indicator that is colorless and then turns pink when the pH reaches 9.
Phenolphthalein is added to the acid, and then sodium hydroxide is added in small amounts until the acid turns
pink. Once this happens, the acid has been neutralized. The chemical reaction that has occurred is represented
by:
HCl (aq) + NaOH (aq)  H2O + NaCl (aq)
This is read as “Hydrochloric acid in solution reacts with sodium hydroxide in solution to produce water and
sodium chloride in solution.” Sodium chloride is common table salt. The products of acid-base neutralization
reactions are always water and salt, provided the acid and base are of the same relative strength. [Strong bases
completely neutralize strong acids, and weak bases (such as hand soap) completely neutralize weak acids (such
as vinegar).]

20. When strong acids react with weak bases, the result is a weaker acid and a salt; when strong bases react with
weak acids, the result is a weaker base and a salt.
21. Different indicators can narrow pH identification even more – methyl orange is bright red-orange at low pH;
bromothymol blue is blue-green between pH 4 and 7; and there are several other indicators that can narrow the
search for pH without actually using a pH meter.
22. Litmus indicator: red = acid; Blue = Base.
23. Law of Conservation of Matter: The mass of reactants in a chemical reaction is preserved; the total mass of all
reactants should equal the total mass of all the products in the same reaction. The number of atoms of each
element on the reacting side of the equation should be equal to the number of atoms of that same element on
the product side. You should have the same type of atoms on each side of the equation unless it is a nuclear
equation.
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24. Reaction rates are affected by temperature within the system, use of catalysts, and available energy to start the
reaction (activation energy). A catalyst changes the activation energy before or during a reaction, but, like an
indicator, it is not involved in the chemical reaction.
25. Photosynthesis and cellular respiration (metabolism) are two chemical reactions that are vital to life. If there
were no producers, there could be no consumers. These two reactions are exact opposites of one another, and
they can be represented by:
Photosynthesis
6 CO2 (g) + 6 H2O + energy  C6H12O6 + 6 O2
Cellular Respiration
C6H12O6 + 6 O2  6 CO2 + 6 H2O + energy
Plants use carbon dioxide and water on the surface of leaves in the presence of sunlight to produce glucose in
the chloroplasts. Oxygen is a byproduct of this reaction. Consumers then eat the plants and any complex
carbohydrates are then converted back to the simple sugar glucose in the process of metabolism, and they take
up oxygen and exhale carbon dioxide and water vapor in the process of respiration. (Plants also conduct cellular
metabolism, in which they also use up some of the food stores they helped to create.)
26. The osmotic pressure inside and outside cells changes in response to the amounts of various ions or other
solutes present. If a cell needs more of a given ion, then water concentrations inside the cell are usually higher
than outside (a condition called a hypertonic state), and water tends to leave the cell to equilibrate. If the water
rushes out too quickly, the cell can dehydrate. Conversely, if the cell has too much of a given solute, water will
enter the cell to equilibrate. If this process happens too quickly, the cell will burst.

Back to Top
Physics
1. The following are the three forces of nature, listed in order of their strengths:
a. Nuclear force – holds the nucleus of the atom together. Overrides the electromagnetic force since the
charge on the nucleus of the atom is positive. This force is only effective over short distances (diameter
of the nucleus) because if it weren’t, atoms would not be able to exist since electrons would not be able
to orbit the nucleus.
b. Electromagnetic force – Electrical and magnetic forces behave in similar manners, and an electric
current can be generated by running a copper wire through a magnetic field. Both of these forces obey
the “opposites attract” rule; electrons are attracted to protons, cations are attracted to anions, and
opposing poles of magnets will align while like poles will repel. This force can vary in its strength and the
stronger the force, the greater the area that it will cover.
c. Gravitational force – the attraction between the centers of gravity of two particles. The larger the
object, the greater the tendency it will have in pulling other objects toward it. The following are ranked
according to their gravitational forces: (Notice how the greater the mass, the closer to the beginning it is
listed.) Sun, Jupiter, Earth, Earth’s Moon
2. Displacement is the difference in distance between an object’s starting point and where it is located when it
stops moving. For example, if you stand at a given point, “X 1” and walk 10 m northward (Point “X2”), your
displacement between Point X1 and Point X2 is 10 m north. If you then return to Point X 1, your displacement is 0
m, even though you have actually traveled a total of 20 m.
3. Rate of motion describes the speed at which an object moves. A change in the rate of motion would include
acceleration or negative acceleration (commonly erroneously referred to as “deceleration”) of an object, and
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4.

5.

6.

7.

8.

9.

both friction and inertia would be a factor in both of these changes. The formula for constant motion (speed or
velocity) is v = d/t, where v = velocity, d = distance, and t = time. The formula for acceleration or negative
acceleration is a = v/t, where a = acceleration, v = velocity, and t = time.
On a graph, acceleration or “deceleration” would be indicated by an increase or decrease in the slope (slanted
line) over time on a distance vs. time graph, while constant speed would be indicated by a flat, horizontal line
(slope = 0). (Hint: Most high school problems dealing with change of rate of motion assume uniform
acceleration.)
Forces acting on objects tend to change their motility. For example, a kite needs wind to help it move. If friction
is not available to slow an object down, it will continue to accelerate, or at least, travel at the same rate of
speed. A car needs more fuel and oxygen in its combustion chamber in order to accelerate. Without these
external forces acting upon objects, they would not experience a change in motion or direction.
A frame of reference is something to which you compare the rate of motion of another object. For example, you
are traveling 70 mph in a car on I-10. The car in which you are traveling passes a semi traveling 60 mph. How did
you know you needed to pass the semi?
Energy is needed for any change to take place. The effects of the change in any system are a direct comparison
to the energy supplied by the system. For example, you burn calories by simply breathing. However, if you
expend more energy, such as by playing football, you burn more calories.
Energy is required for both work and power. Energy may be expelled without actually doing any work. You could
push on the wall of the school lobby all day and never move it. In this case, plenty of energy is given off, but no
work gets done. Work is a force applied over a given distance. I can move a desk having a force (weight) of 5 N
over a distance of 15 m. If the desk moves, work has been done. The equation for work is: W = Fd, where W =
work, F = force, and d = distance. So, I have applied the following force to the desk: (5N)(15 m) = 75 N·m (75 J).
Power is the amount of work done in a specified time frame. If it took me 5 seconds to move the desk described
above, I would have given up 15 W of power. The formula for power is P = W/t, where P = power, W = work, and
t = time.
Efficiency is the ability to use power without wasting energy. Every machine (including the human body) must
use energy to do work. The net power given off after taking usage into account is described as a machine’s
efficiency. Efficiency is calculated and reported as a percentage. No object can operate at 100% efficiency (and
>100% efficiency is impossible). However, the closer the object gets to 100% efficiency, the better it performs
work. The formula for efficiency is % Efficiency = [Work produced/Work used] (100).
Nothing, not matter, nor energy, nor momentum is lost in any system. If an object changes composition or loses
energy, the amount that was there to begin with must have been transferred elsewhere. Energy can change
form.
Think of fossil fuels. We constantly hear that our petroleum reserves are shrinking, and there may be no more
energy reserves for future generations. The energy will be there, though, just not in the form of fossil fuels.
Furthermore, energy available may not be in usable form. We get petroleum products from deep within the
Earth’s crust (sometimes as much as 3 miles deep or more). These products come to us as either crude oil or
natural gas. We send them to refineries to be processed into things that we can use (gasoline, diesel, kerosene,
etc. – by fractional distillation). The gasoline is then placed into our cars, where it is literally burned. The
chemical potential energy that was stored in the gasoline has been transferred to mechanical kinetic energy ( a
change in form), which then changes back into potential energy as the products of the reaction re-enter the
atmosphere. The last change in form has rendered it useless as fuel for our cars at this time, but the by-products
of the reaction (CO2 and H2O) will then be available for plants to make glucose. If the plant is corn and we eat it,
we metabolize the energy stored in the glucose. And the chain goes on and on and on throughout time.
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10. Energy is transported through wave action. Think of tides. If you have ever gone to a beach or large lake and
spent time in the intertidal zone, you are aware of the physical energy that exists there. Several strong, athletic
people who were excellent swimmers have drowned by being overcome by the power of water rushing on and
offshore in rip currents. In some places in the world, the power of the tide is harnessed for the purpose of
generating electricity.
Light and electricity travel in waves. The shorter the wavelength, the greater its frequency. The greater the
frequency, the greater the energy. Although electromagnetic waves travel at the same speed (3 · 10 m/s), waves
with shorter wavelengths appear to move faster. These shorter wavelengths include X-rays and gamma rays.
Both of these are harmful to living tissue, with gamma rays being more harmful than X-rays.
Electrical waves can cause electrocution, and the amount of energy transferred from the object sending the
current and the recipient is directly linked to the amount of damage done.
Back to Top

Part III: Biology/Life Science
1.

The cell is the basic building block of life; it is the smallest unit that carries out all the functions of life. Two types
of cells are prokaryotic (no nucleus) and eukaryotic (has a nucleus).
2. Plant cells contain chloroplasts and cell walls, but animal cells do not. Animal cells have centrioles, but plant cells
do not. Both animal and plant cells have vacuoles, but plant cells tend to have one large vacuole (to store food
produced during photosynthesis). See Figures 1 and 3 on pages 11 and 13 and Table 3, below.
Table 3: Parts of a Cell

Organelle

Function

Plasma Membrane
Cell Wall
Ribosome
Chloroplast
Cytoskeleton
Endoplasmic reticulum
Golgi apparatus
Lysosome
Mitochondrion
Nucleus
Vacuole

Maintains homeostasis
Supports and protects cell
Makes proteins
Produces food
Provides internal structure
Chemical reactions in cell
Sorts and transports things made in the cell
Digests material (recycling center)
Transforms energy; contains some DNA
Cell control center; contains much DNA
Storage center

3. Through selective permeability, the plasma membrane controls what enters and leaves a cell, keeping out
harmful things while allowing good things to enter. The fluid mosaic model describes the plasma membrane as a
phospholipid bilayer with embedded proteins. The outer sides of the plasma membrane are hydrophobic (deter
water), while the insides are hydrophilic (like water). See Figure 2 on page 12.
4. If the ionic concentration inside the cell is greater than it is outside of the cell, water will rush into the cell, which
could cause the cell to burst. If the ionic concentration outside the cell is greater, the water will rush outside the
cell and cause the cell to dehydrate (osmotic pressure).
5. The proteins embedded in the plasma membrane act as carriers to allow certain particles into and out of the
cell.
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6. DNA is the genetic material that allows traits to be passed down from parents to offspring throughout
generations. DNA is located within the nucleus (more specifically, in the chromosomes) of the cell, and to a
lesser extent, the mitochondria of cells. It provides the instructions for protein production.

Figure 1: Diagram of Animal Cell courtesy of Paul Horn http://www.flickr.com/photos/cooljerk/285390364/

Figure 2: Diagram of the cell membrane courtesy of http://library.thinkquest.org/C004535/cell_membranes.html
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Figure 3: Diagram of the Plant Cell courtesy of http://www.lclark.edu/~seavey/bio210/plant_cell_OH.html

Hydrogen bonds are here

Figure 4: Diagram of DNA courtesy of http://www.cswnet.com/~duxrow/Wisdom.htm
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7. There are three major components of DNA: the two sugar-phosphate backbones, the four nitrogenous bases
that connect the two backbones, and the hydrogen bonds that bond the bases together and thus link the two
backbones. See Figure 4 on page 12.
8. The four nitrogenous bases are adenine (A), guanine (G), cytosine (C), and thymine (T). A and T can bond with
each other but not with either of the other two bases, and C and G can bond with each other but not with either
of the other two bases.
9. When the two backbones align, there will only be bonding if the complimentary base pairs oppose one another.
10. When DNA replicates, the helix unwinds, the hydrogen bonds are broken by enzymes, and the backbones
separate (“unzip”), leaving two single strands. Free-floating nucleotides around the site bind with the newly
separated ones.
11. A gene is a segment of DNA that controls protein production in the cell cycle.
12. DNA  genes  chromosomes
13. RNA is a single-strand nucleotide that actually assembles proteins. It also consists of four nitrogenous bases:
adenine, cytosine, guanine, and uracil (U). U and A will form bonds with one another, and C and G will form
bonds with one another.
14. There are three types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA), and transfer RNA (tRNA). mRNA
brings information from DNA to rRNA. rRNA assembles amino acids in the correct order to assemble proteins.
tRNA delivers amino acids to the ribosome, where proteins are actually assembled.
15. Three bases sequenced together make an amino acid. There are only 21 amino acids that make up all proteins.
Like letters in the alphabet join in different sequences to make up words, amino acids join together in different
sequences to make different proteins. One amino acid may appear several times in the same protein.
16. Mitosis is cell division, the cloning of cells. All cells except sex cells undergo mitosis. Mitosis occurs in five stages:
prophase, metaphase, anaphase, telophase, and cytokinesis. Two cells are produced (the original parent cell and
a daughter cell), each with the same number of chromosomes as the parent cell. See Figure 5 on page 14.
17. Meiosis is cellular reproduction of gametes. Meiosis occurs in nine steps; the first four steps of mitosis occur
twice, then cytokinesis occurs. Four cells are produced, but they all have half the number of chromosomes as a
regular cell. An increased or decreased number of chromosomes results in deformity or death of the offspring.
See Figure 6 on page 15.
18. Traits are passed down from parents to offspring. These traits can either be dominant or recessive. Recessive
traits are only observed if both parents contribute the recessive gene for a given trait. For example, brown eye
color is dominant to other eye colors. A brown-eyed man can only father a blue-eyed child if his own genotype is
heterozygous and if his partner contributes a recessive gene for blue eyes. Blood typing is common in
determining paternity of children because blood types are passed down from parents to offspring.
Environmental factors will affect gene expression if it will insure survival of the species. For example, snow hares
have adapted white fur throughout the course of a few generations so that they can traipse through the snow
without being readily spotted by predators.
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14

Figure 5: Stages of Mitosis courtesy of www.accessexcellence.org/RC/VL/GG/mitosis.html
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15

Figure 6: Stages of Meiosis courtesy of www.accessexcellence.org/RC/VL/GG/meiosis.html

19. Several advances have been made in biotechnology over the past 10 years. The entire human genome has been
mapped. Significant advances in DNA technology have also been made. Because of these advances, we are able
to confidently introduce DNA evidence in criminal trials and re-open cold murder and rape cases. We are also
facing grand advancements in treatment and eradication of diseases, especially cancer and genetic disorders.
Identify some possible negative effects of “playing God” with genetic codes of humans and other organisms.
20. Recognize evidence for evolution such as similarity in structure of fish fins, bird wings, and human arms; gill slits
in human fetuses; and the overall complexity of life increasing as geologic time increases.
21. Note patterns and mechanisms of evolution and their rates. (For example, major extinctions at the end of each
geologic era and less significant mass extinctions or emergence of new forms of species at the close of each
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geologic period. What are some causes of these extinctions, and how was the world repopulated after each
one?)
22. Use the phylogenetic taxonomic classification system to identify organisms. See Table 4, below.
Table 4: Phylogenetic Classification System

Kingdom
Archaebacteria

Eubacteria

Protista

Fungi
Plantae

Animalia

Common Characteristics
Live in extreme environments such as areas with high salt content, deep
water environments, and swamps
Prokaryotic
Complex genetic makeup
Can be photosynthetic, chemosynthetic, or heterotrophic
Live almost anywhere except for places for places occupied by eubacteria
Prokaryotic
Less complex genetic makeup than archaebacteria and eukaryotes
Can be photosynthetic or heterotrophic
Some are harmful but most are not
Eukaryotic
Lacks complex organ system
Lives in moist environments
Can be unicellular or multicellular
Can be animal-like, fungus-like, or plant-like
Sessile or mobile heterotrophs that aid in breaking down organisms
Eukaryotic
Absorb nutrients from organic materials in the environment
Multicellular
Photosynthetic
Eukaryotes
Produce oxygen and consume carbon dioxide
Sessile (except for floaters)
Multicellular
Heterotrophic
Eukaryotes
Almost all are mobile (Corals are examples of sessile animals.)
Largest kingdom

23. Unicellular organisms have short life spans and thus reproduce very easily. These organisms reproduce by cell
division (mitosis). Insects also have very short life spans (many live less than a month – flies or mosquitoes that
cross my path have even shorter life spans). The lifespan of the average human is between 72 and 78 years of
age. Generally, the more complex the organism, the longer its lifespan. This is not always the case, though, as
several specimens of various species of sea turtles are estimated at 120 years old!
24. We are familiar with bacterial and viral infections, as we, as humans, are subject to attack from both. Bacteria
can reproduce without a host because they have the capacity to do so. Their chance of survival is much greater
than that of a virus. Viruses can only reproduce inside another living host. The virus injects its DNA into the cell
of a living organism, and when that cell divides, its own genetic code is messed up. The alteration of the genetic
makeup of some cells is the cause of some types of cancers, and these viruses are often referred to as
“oncoviruses”. (The prefix “onco-“ refers to cancer.)
25. Because viruses cannot reproduce on their own, they are not considered living organisms.
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Biogeochemical Cycles
26. Since matter is neither created nor destroyed, elements MUST recycle through the environment. See the
following diagrams for visual explanations of the:
Water Cycle
Nitrogen Cycle
Carbon Cycle
Phosphorus Cycle – Phosphorus cycles through the environment as phosphate. It doesn’t break down.

Figure 7: The Water Cycle courtesy of http://ga.water.usgs.gov/edu/watercycle.html

Figure 8: The Nitrogen Cycle courtesy of http://www.neuse.ncsu.edu/nitrogen/
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Figure 9: The Carbon Cycle courtesy of http://en.wikipedia.org/wiki/Carbon_cycle

Figure 10: The Phosphorus Cycle courtesy of http://arnica.csustan.edu/carosella/Biol4050W03/figures/phosphorus_cycle.htm
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27. Trophic levels are feeding levels. Organisms that are at the base trophic level in a biomass pyramid are
autotrophs. These organisms are producers, and without them, no other organisms could exist. The closer an
organism is to the autotrophic level, the more of those organisms there must be to feed organisms at higher
trophic levels. The primary trophic level consists of plants. The secondary trophic level consists of herbivores
and/or omnivores. The third trophic level consists of carnivores and/or omnivores. Detrivores exist at all trophic
levels. See Figure 11, below.

Wolf (1)

Rabbits (25)
Cows (5)

Grasses (1,000,000 each of 5 varieties)
Shrubs (1,000 each of 20 varieties)

Figure 11: Typical Terrestrial Biomass Pyramid

Energy flows from organisms belonging to lower trophic levels to organisms belonging to higher trophic levels. Below
you will find an example of a food chain (Figure 12, below – explains one feeding relationship in an ecosystem) and an
example of a food web (Figure 13, p. 20 – explains all combinations of feeding relationships in an ecosystem).

Sun

grass

Figure 12: Typical Terrestrial Food Chain

mouse

hawk

snake
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Sun

Phytoplankton

Reeds

Cricket

Berries

Rabbit

Fish

Person

Bear
Figure 13: Typical Food Web

Remember: The arrow points to the thing receiving the energy (the one doing the eating!)
28. All organisms are interdependent upon one another. Applying a nonselective herbicide to grasses in ditches kills
grasses. When grasses die, organisms such as insects and snakes are left without a habitat and must move to
find protection and food sources. Birds that eat sprayed seeds of these grasses or shrubs may eat enough of the
contaminated seeds to kill them. If they are eaten by a predator after they become sick but before they die,
their predators may become sick and die. Soon, there will be nothing at the lower trophic levels for organisms at
the top of the food pyramid to eat. All organisms will either die or become displaced, and the area will change
its biotic (and maybe also its abiotic) characteristics.
29. Humans have impacted ecosystems through economic development, stream diversion, polluting air, soil, and
water resources. In the beginning of industrialization, it was believed that if you dumped waste into a stream,
the water in that stream would dilute the pollution and no problems would occur. We now know that aquatic
plant and animal life gets affected, as do all organisms that depend upon the environment for food and shelter.
Even humans can be affected by drinking contaminated water supplies or eating tainted fish. It is now required
of companies and governmental agencies that an environmental impact study be done before implementing any
development projects. It is important for societies to plan for all potential problems that implementation of any
kind of project can have and develop ways to minimize negative impacts before they cause problems.
30. Photosynthesis and cellular respiration are exact opposites. Without photosynthesis, oxygen would not be
returned to the environment. If not for cellular respiration, there would be an abundance of oxygen in the
atmosphere, and plants would no longer be able to produce glucose for lack of available carbon dioxide.
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Photosynthesis produces glucose, which is the fuel that cells use to conduct cellular respiration.
Photosynthesis

Cellular Respiration
Light

6 CO2 + 6 H2O

C6H12O6 + 6 O2 + ATP

31. Adenosine triphosphate (ATP) is produced by the breakdown of glucose in the mitochondria. Glycolysis (the
breakdown of glucose) is anaerobic; two molecules of ATP are required to start glycolysis, and only 4 molecules
of ATP are produced. (A net of 2 molecules of ATP get produced from glycolysis.) The citric acid (Krebs) cycle is a
series of chemical reactions that produce one molecule of ATP and two molecules of carbon dioxide in each
turn. The electron transport chain is the final stage of cellular respiration. Electrons are transported along the
mitochondrial membrane through “carrier proteins”, and as these electrons are passed along the membrane,
energy is released (some of which is used to form ATP). ATP is the molecule that provides us with energy, and
the entire process of cellular respiration is commonly referred to as metabolism.
32. All cells use ATP in metabolic processes. It is the molecule that gives organisms energy.
33. Organ Systems are made up of two or more organs to carry out a specific function within a body. Table 5, below,
details the major organ systems within the human body and identifies functions of the systems.
Table 5: Organ Systems within the Human Body

Organ System

Organs

Functions

Skeletal

Maintains body structure

Muscular

Flat bones, long bones, short
bones, cartilage
Skeletal muscle, tendons, ligaments

Cardiovascular

Heart, blood vessels, lungs

Respiratory

Nasal passages, sinuses, trachea,
larynx, bronchial tubes, lungs,
diaphragm
Brain, spinal cord, sensory organs,
peripheral nerves

Nervous

Digestive

Esophagus, stomach, small
intestine

Excretory

Blood vessels, lungs, liver, kidneys,
urinary bladder, large intestine,
rectum, anus
Skin, hair, nails, sweat glands

Integumentary
Endocrine

Pituitary gland, thyroid,
hypothalamus, parathyroid, adrenal
medulla, adrenal cortex, ovary or
testis

Allows movement of body
parts/appendages
Carries nutrients and oxygen to
body cells and carries waste
products to excretory organs
Allows for O2 – CO2 exchange in the
bloodstream
Communication between body
organs and cells; response to
internal changes or external stimuli
to maintain body health
Uses chemical and physical means
to break food down into simpler
compounds to be absorbed into the
bloodstream
Filters blood to rid the body of
dissolved waste products, rids body
of solid waste
Outer protective coating for the
body
Produce chemicals to aid in life
processes such as growth, ability to
reproduce, etc.
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Organ System

Organs

Functions

Immune

Bone marrow, lymphatic system,
blood stream
Male: Scrotum, testis, epididymis,
vas deferens, seminal vesicle,
prostate gland, urethra, penis
Female: Ovaries, oviducts (fallopian
tubes), uterus, cervix, vagina

Body’s response to killing or
inactivating pathogens
Continue species survival

Reproductive

34. Homeostasis is the body’s ability to maintain optimal conditions. For example, the pH of human blood is 7.5 –
7.7, body temperature is 98.6° F, electrolyte balance must be maintained, etc. All of these controls have
unforgiving ranges. If the body temperature drops below 92° F or exceeds 104° F, then death is almost
guaranteed. High or low blood pH results in almost sure death, and an excess in electrolytes leads to an increase
in osmotic pressure (which causes cells to swell and burst), while too little leads to dehydration. There are
buffers in the blood to help maintain correct pH, and the plasma membrane of cells allows selective passage of
electrolytes into and out of the cells to maintain optimal ion concentrations. When ion concentration gets
disrupted, muscle spasms may result to slow the body down during physical activity. When the body gets too
cold, shivering begins to increase kinetic energy through the cells of the body in an effort to bring the body
temperature back up to 98.6° F. If the body gets too hot, sweat glands begin secreting water to cool the body
surface and bring the body temperature back down to 98.6° F. The body has many more systems of checks and
balances to help maintain these optimal conditions, and all contribute to maintaining the homeostatic
regulation. When something gets out of range, then illness or general function problems result.
35. Behavior is a response to an internal or external stimuli. When an organism is hungry, grumpiness results, and
more aggressive behavior will eventually be manifested in order to gain food. (Bears usually live on a diet of
berries and fish, but if food supplies are limited, hungry bears may hunt humans.) Another example of
responding to stimuli would be to touch a hot pot and immediately move your hand to get away from the
burning sensation.
36. Behavior patterns adapt according to the needs of the individual. (See # 35.)
37. The better a person cares for him/herself, the better (s)he is able to maintain a healthy body, which, in turn,
tends to last longer and contributes to a longer life expectancy.
38. Pathogens (things that cause disease) can only can only cause disease if their host is compromised enough to
allow the pathogen to take over. This happens if there are enough pathogenic cells to overtake a healthy
organism or if the organism is sick or just recovering from an illness (compromised) and isn’t strong enough to
fight off disease. This usually occurs because the white blood cell count has dropped from fighting the previous
illness and hasn’t yet rebuilt to pre-illness concentration.
39. Medical treatment used to only concentrate on fixing what was broken. We now know that the body is like a
well-oiled and maintained machine – we have developed enough knowledge to learn how to prevent diseases
and structural problems. Health care professionals now concentrate on teaching patients how to diet, to
exercise, and to develop an overall healthy lifestyle that will lead to an increase in longevity. This increase in
health of the overall population leads to economic growth in that money that may be spent on healthcare can
be free to be spent on other things.
40. New forms of technology are available to see inside the human body. We now have nuclear medicine, X-rays,
and scopes to diagnose disease, and these less-invasive means of diagnosis result in less instances of infection
and more accurate diagnoses.
Back to Top
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Part IV: Earth and Environmental Science
1.

The Earth’s axis is tilted 23.5° off perpendicular. This means that for half the year, the Northern hemisphere
is tilted toward the Sun, producing warmer temperatures and more hours of sunlight daily (spring and
summer seasons). The Southern hemisphere is tilted away from the Sun during this same time, and the
hours of available sunlight are less in this time period than they are in the Northern hemisphere. During this
time frame, the Southern hemisphere is in the autumn and winter seasons. The process switches once a
year, resulting in 4 seasons per year for temperate regions.
2. The Earth’s external heat source is the Sun, which is fueled by fusion – the combination of two Hydrogen
nuclei and neutrons to make a Helium nucleus, resulting in a huge release in energy in the forms of heat and
light. The Earth also has radioactive elements which undergo decay and release heat. We have found a way
to harness heat from fission and have created induced fission reactions – the breaking of a larger atomic
nucleus into two smaller nuclei, which also releases a large amount of heat. The fission process is the basis
of our nuclear power and nuclear arms industries.
3. The Earth’s core is hot because of radioactive decay releasing heat into the internal parts of the Earth (all
heavy radioactive metals and gases).
4. Radiant energy from the Sun results in convection currents within the oceans and the atmosphere. (See
Figure 14, below.) These currents generate the Earth’s weather patterns. If there are extremely warm ocean
currents, then more water evaporates back into the atmosphere, causing greater chances of strong storms.

Figure 14: Convection Currents courtesy of http://www.ucar.edu/learn/1_1_2_7t.htm

5.

Heat is transferred through the mantle of the Earth by convection currents. (See Figures 15 and 16, p. 24.)
At vent areas (“hot spots” and subduction zones), heat rises up, sometimes to the surface, and the
lithospheric plates move, either by spreading or sinking into the subduction zone. This action creates
volcanic activity (See Figure 17 – “Ring of Fire”, p. 25) and sometimes geysers at plate boundaries or
spreading centers. You can view an animation of convection currents and read up on the basics of plate
tectonics at http://www.indiana.edu/~geol105/images/gaia_chapter_3/plate_tectonics_basics.htm.
6. The age of the Earth has been estimated by dating fossils. Certain life forms are known to have existed at
certain times in geologic history and do not display evidence of existing at other times. These life forms are
known as index fossils, and other fossils or life forms have been compared to them to have their ages
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estimated.
Convection Current Diagrams

Figure 15: Lithospheric Convection Currents courtesy of http://www.ngcsu.edu/academic/sciences/physics/jones/astr1010home/platetect.htm

Figure 16: Convection Current over a Larger Area courtesy of http://teach.fcps.net/trt20/projects/EKU/plate%20tectonics/convection%202.htm
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Ring of Fire Diagram

Figure 17: Map of the Global "Ring of Fire" courtesy of USGS;
http://vulcan.wr.usgs.gov/Glossary/PlateTectonics/Maps/map_plate_tectonics_world.html

Geology of Louisiana
7.

Louisiana was formed during the time of the Pleistocene Ice Ages. Great dust storms swept across the ice
sheets, forming loess (wind-blown silty sediment) which was later deposited where we now stand. There
were 4 major ice ages, and each one progressed farther southward on the North American continent.
Louisiana has four terraces, each corresponding to a different ice age. The edge of the most recently
deposited terrace, the Prairie Terrace, can be seen on the eastern side of I-49 across from Doctor’s Hospital
in Opelousas. I-49 is on the hill, and the floodplain at the bottom was carved by the Mississippi River after
the terrace was deposited. There is a drop in elevation of approximately 50 feet from the edge of the terrace
to the floodplain below. The land below the most recently formed terrace was deposited in recent time, and
it consists of a mixture of sand, silt, and mud. The sources include remnant beaches, overflow of streams,
marshes, and swamps, and particles from wind and water transport.
8. There is very little consolidated rock in Louisiana, but there are a few places north of Alexandria that have
sandstone outcrops. These are usually found in the hilly regions of the Kisatchie Forest. In south Louisiana,
the only consolidated rock is found approximately 2 miles below the surface.
9. Salt domes form parallel to the coast, and most are found south of I-10. There is a salt formation
approximately 1 mile thick in some places (the Lou Ann Salt) that exists below Louisiana. Salt is less dense
than its overlying layers, and pillars of salt form and migrate toward the surface. Some areas in which there
are salt domes are Week’s Island, Avery Island, Hackberry, Bosco, and Jefferson Island. See Figure 18, p. 26.
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Figure 18: Cross-Sectional Diagram of a Salt Dome and its Accessory Minerals courtesy of http://www.saltinstitute.org/images/saltdome.gif

Miscellaneous Earth, Space, and Environmental Science Notes
10. We use the fossil record to identify evolutionary changes. As more atmospheric oxygen became available
throughout time, the life forms on Earth changed from anaerobic bacteria to larger oxygen-consuming
animals. The increase in oxygen-consuming organisms also called for a need for more photosynthetic
organisms to recycle carbon dioxide into pure oxygen and other carbonic compounds.
11. Natural processes may take place over short periods of time, or they may take billions of years. For example,
movement of the Earth’s crust over the period of about 6 seconds can cause 20 feet of displacement. We
call this an earthquake. Mudslides, forest fires, tornadoes, and wave action can also cause considerable
damage over short periods of time. Tsunamis, volcanoes, and hurricanes can also cause considerable
damage in 24-48 hours. However, major geologic changes take millions of years to occur. For example, one
of the Earth’s youngest mountain chains, the Himalayas, was formed when India (which was once a
continent by itself) collided into the Asian tectonic plate. Mountain chains take millions of years to form and
millions of years to be torn down.
12. With help from the Hubble telescope, we know that the Universe is much larger than we once thought. As
new knowledge is gathered, we are constantly being presented with new “stuff” that we once knew nothing
about. This confirms that science is a constant quest for knowledge. As we learn more about our Sun and
other stars, physicists study spectral emission to identify the gases that make them up. All stars are basically
huge balls of hydrogen gas that undergoes fusion in order to keep it burning.
13. Renewable resources are those that can be replenished within the average human lifetime (food, trees,
water, etc.). Nonrenewable resources are those which take thousands of years to form (oil and gas,
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14.
15.

16.

17.
18.

19.
20.

21.

Back to Top

beaches, aluminum, etc.). We must learn to sustain our nonrenewable resources and manage our renewable
resources in order to maintain the standard of living to which we have become accustomed.
Conserving resources is using resources wisely to limit or eradicate waste. Preservation is not exploiting
resources at all; keeping a natural area pristine.
Earth’s resources are not distributed equally throughout the world. More food and prepared medicine is
available in areas of higher population, especially if people have the means to acquire it. This means that
heavily populated areas may not have as much access to resources as more industrialized nations. Some
third-world countries have high populations but also suffer from hunger. This can be attributed to the fact
that Western nations are typically more industrialized and earn a higher per capita income. The people in
Western Regions of the globe have greater access to food because of their ability to pay for it. In addition,
the more affluent people in third-world nations tend to have their needs served before the poorer people
do. We need to find a way to manage resources so that necessities can be distributed more equally. This
could include finding more economic ways to ship food or training people of third world nations how to
grow their own sustainable crops to feed their own people.
When developing ways to manage resources, long-term effects must be considered. For example, weather
patterns tend to occur in cycles (10 year floods, etc.), and these must be considered for grain storage, etc.,
in order for countries to avoid being stricken by famine.
Be able to identify good and bad effects of resource management scenarios.
Environmental decisions include analyses that incorporate ecological, health, health, social, and
environmental factors. For example, if a real estate developer decides that (s)he wants to develop property
for any use, an environmental impact study must be performed. Here, aesthetic properties of the proposal
are considered, along with the effects of the health and well-being of not only humans and their pets, but
also of native flora and fauna. In addition, projects are usually positively if they provide possible social
and/or economic factors.
Environmental laws are made by considering past problems, future solutions, and available technology to
maintain a clean and safe environment that will be conducive to supporting life and socioeconomic wealth.
Public support affects the creation and enforcement of environmental laws and regulations. Most laws are
only made if enough support is provided to representatives by their voting public. For example, if the
majority of people in an entire town make their living by working at the local petroleum refinery, voters are
not likely to support stricter emission standards for oil refineries since doing so would impose on the
company’s profits, including lay-offs, or reduction in future employee raises. On the other hand, voters near
Yellowstone National Park tend to make their livings from the tourism industry, and if the park gets polluted,
tourists may no longer visit. This would infringe on the well-being of the economy of Northwest Wyoming
and Southwest Montana. The population in this area would tend to vote for stricter emission standards.
Personal choices affect environmental health. For example, if you choose to change your own oil on your
vehicle, you must have a responsible way of disposing of spent oil. You can no longer “pour it into the ditch”
without the threat of being fined if you are caught. We, as a society, have learned the hard way that
pollutants don’t just dissolve away or dilute down in water. The more irresponsible behavior we show, the
less able the environment will be to support healthy life for future generations. This problem may not
become evident in the next two generations, but the longer it remains left untended, the more damage will
be done, and the harder it will be to reverse problems.
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Analysis and Evaluation of Laboratory Experiment
Directions: Read the following passage and answer the questions that follow.
Rob liked to help his grandfather, an avid gardener. Rob’s grandfather wanted to enter the “biggest gourd” contest in
the county fair. Rob and his grandfather decided to try to grow summer squash for the competition.
Rob’s grandfather had four planting beds to try to grow these vegetables. Each of the beds had 4 feet between it and
the next planting bed. (See Figure 1A, below.) All beds receive the same amount of sunlight daily.

A

4’

B

4’

C

4’

D

Rob and his grandfather decided to prepare these beds before planting them. To each planting bed, they decided to till
the soil to a coarse consistency, and all grass clippings and roots were removed from the planting beds. Then, to each
bed, they added 10.0 pounds of peat moss and 40.0 pounds of cow manure. The peat moss and manure were purchased
at the same store, and they were made by the same company. The peat moss and manure were tilled in with the tiller.
They then covered each of the beds with a 2” thick layer of oak leaf mulch and watered thoroughly.
One week later, they sowed the seeds for the squash, planting each seed to a depth of 0.5” and watering thoroughly
when done.
Rob and his grandfather watered the seeds according to the manufacturer’s instructions (every day from planting until
three weeks after sprouting, and water deeply every third day as needed until harvest).
Three weeks after the seeds sprouted, Rob and his grandfather fertilized the plants. They fertilized with a water-soluble
fertilizer, and each bed received a dose of fertilizer with different nitrogen-phosphorus-potassium (N:P:K) ratios, but the
same manufacturer made all fertilizers. As they expected, the fertilizer formulas had different effects on the size of the
resulting plants at harvest time 4 weeks after fertilization. Table 1 summarizes the results of the experiment.
Table 1: Weight of Gourds from Different Planting Beds
Sample ID
Planting Bed A
Planting Bed B
Planting Bed C
Planting Bed D

N:P:K Ratio
No fertilizer added
8:8:8
12:18:12
24:12:24

Rob and his grandfather won third place for the specimen from planting bed C.

Average Weight of Gourd
1.1 pound
2.0 pounds
5.0 pounds
3.0 pounds
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Questions:
1.
2.
3.
4.
5.
6.

What is a hypothesis that you could make for this experiment?
Which bed would you conclude produced the biggest gourds?
What was the independent variable in this experiment?
What was the dependent variable?
Which sample was the control sample? Why?
Look at the graph (Figure 1) below. Identify the planting beds from which each sample came.
Figure 1: Weights of Gourds from Unidentified Planting Beds
6

5

4

3

2

1

0

7. Did any data sets surprise you? If so why? If not, why not?
8. If your answer to #7 was “yes”, what hypothesis could you formulate to conduct an experiment to find out why
this set was different?

