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Introduction 
 
The test questions included here are from the online practice test, PASS (Practice 
Assessment/Strengthen Skills at www.louisianapass.org).  These short lessons for high school 
students in English language arts and mathematics (grade 10) and science and social studies 
(grade 11) are designed to give students who may not have easy access to a computer an 
opportunity to become familiar with the test format and a sample of the skills that are assessed on 
the GEE 21.  Student worksheets consist of information resources or a passage and two 
questions.  Also included are several writing prompts, which may be used for longer lessons. 
 
Teachers may use these worksheets as short (about 20 minutes) warm-up activities to assist 
students in their test-taking and thinking skills. Some lessons also contain follow-up information 
or activities.  It is not recommended that these activities be used more than three times a week in 
a classroom.  Links contained in PASS on Paper were operable at publication.  Please contact the 
LDE at 1-877-453-2721 with any questions.   
 
This Teachers’ Guide contains answers to the multiple-choice questions and exemplary responses 
to the constructed-response items, along with an overview of the skills addressed in the items, and 
test-taking tips. 
 

• Teachers may read aloud to students text that is in bold.  Text in regular-type is 
information for the teacher.  

• Each short lesson contains an introduction to students that may be read aloud before 
students have answered the questions.   

• The standard and benchmark are noted, and the lesson number corresponds to the lesson 
and the question.  For example, for those lessons based on two multiple-choice test 
questions, the first student worksheet for science is Lesson 1.  The corresponding Teachers’ 
Guide lesson is 1.1 (for Lesson 1, question 1) and 1.2 (for Lesson 1, question 2).   

 
Below are suggested routines for reviewing the worksheets with students: 
 
Hand out the student worksheet (and any accompanying passage or resources).  After students 
are given time to read and answer the questions, teachers may read aloud the question, and then 
read aloud or summarize the introduction to students before each test question. 
 
In general, when reviewing the multiple-choice test questions, teachers may 
9 read aloud the test question. 
9 discuss the incorrect responses first, noting why they are incorrect.  
9 review the correct or best answer last, including the clues about why the answer is the best 

choice.  
 
In general, when reviewing the constructed-response questions, teachers may 
9 read aloud the test question, noting significant aspects about what is being asked. 
9 have a few individual students read aloud their responses.  (Or, you may want to ask 

students to swap papers or to write their response on the board.) 
9 discuss the strengths and possible improvements to each student’s response. 
9 read aloud or write on the board an exemplary response (included in this guide). 
9 focus on the components necessary to a successful response rather than on the exemplary 

response itself.    
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1. Which of the following organisms is responsible for more than 70% of the photosynthesis 

on Earth? 
A.    algae 
B.    trees 
C.    grasses 
D.    fungi 
 
If you answered B, C, or D your answer was incorrect.  Let's talk about why. 
B. Trees do conduct photosynthesis, but most species are found only on land 

surfaces. 
 Remember that oceans cover approximately three quarters of Earth’s surface. 

What group of organisms that conducts photosynthesis is abundant in the 
upper layer of the oceans throughout the world?  (algae) 

C. Grasses do conduct photosynthesis, but most species are found only on land 
surfaces. 

 Remember that oceans cover approximately three quarters of Earth’s surface. 
What group of organisms listed here are in the ocean, abundant, and produce 
their own food? (algae) 

D. Fungi are decomposer organisms that do not photosynthesize. 
Photosynthetic organisms use energy from the sun to produce their own food. 
Which organism is the most abundant and produces its own food?  (algae) 

 
Algae are responsible for more than 70% of the photosynthesis that occurs on Earth. 
Algae are abundant in the upper layer of the oceans throughout the world. 

Algae use carbon dioxide, water, and the energy in sunlight to create their own food.  
So, the answer is A, algae. 

Grade/Subject Content Standard Lesson 

11 Science LS-H-E1:  Comparing and contrasting photosynthesis and cellular 
respiration; emphasizing their relationships. 

1.1 

Introduction to Students:  

What is photosynthesis and where does it take place?  (plants, how plants make food) 
What is cellular respiration and where does it take place?  (energy metabolism, in cells) 
Photosynthesis and cellular respiration are both necessary processes that must occur in order 
for plants and animals to sustain life.  Without each other, neither could survive.  
Photosynthesis is the process by which plants take in carbon dioxide gas, liquid water, and 
energy from the sun to produce oxygen gas and a sugar called glucose. Cellular respiration is 
the process by which animals take in oxygen gas and decompose the sugar called glucose to 
produce carbon dioxide gas, liquid water, and energy.  The two processes are exact opposites 
of each other, with photosynthesis producing products needed for cellular respiration, and 
vice versa.  Photosynthesis takes place in the chloroplasts of plant cells and cellular 
respiration takes place in the mitochondria of animal cells. 
(Use these chemical equations to explain fully.) 
Photosynthesis —  CO2(g) +H2O(l)  + energy from the sun                  O2(g)  + C6H12O6 
(glucose) 
Cellular respiration   O2 (g) + C6H12O6                 CO2 (g) + H2O(l) + energy 
g = gas, l = liquid 

chlorophyll 

enzymes
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2. Each of 25 students measures the length of the science lab room. Which of the following 

will be closest to the actual length? 
A. the average of the ten largest results 
B. the average of all 25 results 
C. the average of the ten smallest results 
D. the largest result 

 
If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 

 
A, C, D. There were 25 measurements. If you averaged just the ten largest 

measurements (as in A), or the ten smallest measurements (as in C), or even 
the single largest measurement (as in D), the average would be incorrect in 
giving too much weight to the extremes in the students' measurements.  

  
How many measurements should be included in the average? (all of them) 
 
Twenty-five students measured the length of the science lab room. Of the 
methods given, using the average of all 25 measurements would probably be 
closest to the actual length.  Since all the measurements would probably not be 
the same, using the average will be more precise and accurate.  So the answer 
is B, the average of all 25 results. 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A3: using technology and mathematics to improve 
investigations and communications 

1.2 

Introduction to Students:  

When a teacher says that your grades are averaged, what does that mean? (She takes all the 
grades, adds them up, and then divides by the total number of grades.)  Why do you think your 
teacher uses all of your grades instead of just some of them?  (so that all student work is 
considered and thus is more of a measurement of what all students are capable of) 

In science, we are always measuring things—volume, mass, length, density, temperature, and 
time, to name a few.  Suppose I wanted to know what time it is.  I could ask one student the 
time and take his word for it.  But what if his watch is wrong?  What should I do to make sure 
that his watch is not wrong? (Ask another student.)  Yes, I could ask another student.  To get a 
more accurate reading of the time, I could ask everyone in the room who has a watch to tell 
me the time.  What then should I do to those numbers?  (average them)  Averaging the times 
given by the students would give a more accurate time.   

In a lab situation, we always measure our substances more than once so that we can get more 
accurate measurements. 
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1.   A researcher selected several pairs of hamsters so that the hamsters in each pair were 

identical to each other in size, mass, general health, and age. The researcher then 
assigned one hamster from each pair to Group 1 and the other to Group 2. The two 
groups were put on different diets. The tables below show the data that were collected 
from the study. 

       

 
 
What is the best conclusion the researcher can make based on these data? 
A. Mass gain in hamsters is related to diet. 
B. Heavier hamsters seem to prefer a carbohydrate diet to vitamins and protein. 
C. The carbohydrate diet produced slower mass gain in hamsters than the 

vitamin/protein diet. 
D. The hamsters in Group 1 were heavier than the hamsters in Group 2. 

 
If you answered B, C, or D, your answer was incorrect.  Let's talk about why. 

B. The hamsters were not given a choice of which diet they preferred. Group 1 
received one diet, and Group 2 received a different diet.  What do the results 
of the study show about mass gain and diet in hamsters?  (Diet has a direct 
influence on mass gain) 

C. Compare the results of study for each week.  Actually, the group 1 hamsters 
increased mass faster than group 2 hamsters.  What do the results of the 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A5 recognizing and analyzing alternative explanations and 
models 

2.1 

Introduction to Students:  
Suppose I asked you directions to the cafeteria.  How would you tell me to get to the 
cafeteria? (Accept logical explanations.)  Can anyone else tell me a way to get to the cafeteria? 
(Accept logical answers.)  So as you can see, there is more than one way to get to the cafeteria 
from here.  It depends on how you look at the situation. 
In science, all explanations can be seen in different ways.  For example, there are many 
theories about the cause of the extinction of the dinosaurs because scientists interpret the data 
and evidence available in different ways and new evidence continues to surface.  
Understanding that scientific data can be interpreted in many ways is the focus today.  Not all 
scientists agree on the same explanations for everything in science.  
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study show about mass gain and diet in hamsters?  (Hamsters that eat 
carbohydrates gain more mass than hamsters that eat protein and vitamins.) 

D. The hamsters in Group 1 were not heavier than the hamsters in Group 2 
during Week 1 of the study.  What do the results of the study show about 
mass gain and diet in hamsters?  (Carbohydrates cause more mass gain than 
protein and vitamins do.) 

 

The only difference between Group 1 and Group 2 was the diet that was fed to the 
hamsters. Based on the results of the study, the diet did affect the average mass gain 
of the hamsters. For Weeks 2 through 4, the hamsters in Group A had a higher 
average mass.  So, The correct answer is A. Mass gain in hamsters is related to diet. 

 



Grade 11 Teachers Guide:  PASS on Paper 
 
 
 

Louisiana Department of Education 
 

 
Use the graph below to answer question 2. 
 

               
 
2. The star on the graph that has about the same temperature as star E is 

A. star A. 
B. star B. 
C. star C. 
D. star D. 

 
If you answered A, B, or C, your answer is incorrect.  Let’s look again at the graph. 
 
Find the x-axis labeled TEMPERATURE. 
Now find Star E. It is above the Low temperature region. 
 
According to the graph (make a transparency of the next page, or draw the graph on the 
board), Star D has about the same temperature as Star E.  The dotted line shows 
where Star E is located on the temperature scale. Star D is closest to this location. 
 
Follow-up: 
Access an Internet web site and go through an interactive program to examine spectra of 
elements, compare those to spectra from stars, and identify the elements detected in the 
star’s spectra.  Go to http://www.learner.org/teacherslab/science/light/color/spectra, 
read the background information on spectrographs and complete the online activity.  . 
 
 

Grade/Subject Content Standard Lesson 

11 Science ESS-H-D3  identifying the elements found in the sun and other 
stars by investigating the spectra 

2.2 

Introduction to Students:  
The brightness of stars is assumed to be in relation to the temperature of the star.  The brighter 
the star, the higher the temperature.  Though we cannot go to a star and measure its 
temperature, we can look out at night and judge the brightness of stars in relationship to other 
stars and determine or hypothesize or guess about the temperature based on the brightness. 

Sometimes in science, we are not able to get hard evidence of the phenomenon that we observe.  
Scientists make models to explain what is observed.  Star brightness versus temperature is one 
of them. 
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Use the figures below to answer question 1. 

 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-C7  using the kinetic theory to describe the behavior of 
atoms and molecules during phase changes and to 
describe the behavior of matter in different phases 

3.1 

Introduction to Students:  
The kinetic molecular theory of matter explains how the particles in matter (any substance 
that has mass and volume) move.  It states that the particles in matter are in constant 
motion.  There are three types of matter or states of matter: solid, liquid, and gas.  Solid 
matter has the least amount of movement of its particles.  Liquid matter particles move 
more than solid but less than gas.  Gas matter particles move the most and more rapidly.  
There is very little space between solid particles for movement.  Liquid particles are more 
spread out than solid particles but less than gas. Gas particles randomly move far apart.  
(Use diagrams to help explain.) 
Solid                                  Liquid              Gas 
 
 
 
When matter particles are heated, the particles contain more energy and move based on 
the temperature (average kinetic energy).  The higher the temperature, the faster the 
particles move.  The opposite is true for cold temperatures.   
Matter can change states.  Heating to change into a liquid can melt solids.  A liquid can be 
heated to evaporate into a gas.  Gases can be cooled to condense to be a liquid.   Liquids 
can be cooled to freeze to become solids. 
All the changes of matter require an increase or decrease in temperature—thus a change 
in energy. 
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1. Two identical beakers containing water at room temperature are shown above. Both are 
heated on the same hot plate for two minutes. At the end of the two minutes, how will 
the temperature of the water in each of them compare? 
A.  It will be higher in Beaker I than in Beaker II. 
B.   It will be higher in Beaker II than in Beaker I. 
C.  It will be the same in both beakers. 
D.  None of the above 

 
 
If you answered B, C, or D, your answer is incorrect.  Let's discuss why A is the best 
answer. 
 
Beaker I has approximately half the volume of water as Beaker II.  If the same 
amount of heat is applied to both beakers, which one will increase in temperature the 
quickest? (Not sure)  Beaker I will because it contains less volume.  It will heat up 
faster causing more water to change into a gas easier than the Beaker II.  The change 
of the liquid into the gas will cause a decline in the volume of water in Beaker I.  
Beaker II has a greater volume, and thus requires a longer time for the liquid to 
convert to a gas, leaving more volume in the beaker in the two minutes. 
 
If the same amount of heat is applied to both beakers, Beaker I will increase in 
temperature more quickly than Beaker II.  This is because there are fewer water 
molecules in Beaker I. Each individual molecule will have greater average kinetic 
energy than the individual water molecules in Beaker II. 
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2. Studies have shown that environmental factors, such as exposure to radiation, increased 

temperature, and exposure to certain chemicals, may cause spontaneous changes in DNA 
molecules.  These spontaneous changes are called 
A. birth defects. 
B. hybridization. 
C. mutations. 
D. spontaneous generations. 
 

If you answered A, B, or D, your answer is incorrect.  Let's discuss why. 
 

A. Birth defects sometimes result from spontaneous changes in DNA molecules or 
chromosomes, but not all changes result in birth defects.  

B. Hybridization refers to the mixing of different forms of genetic traits between 
parent organisms and offspring.  

D. Spontaneous generation refers to the once-believed theory that living 
organisms spontaneously appeared from non-living organisms. 

C. Correct.  Spontaneous changes to DNA molecules are called mutations. 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-C3 discussing patterns, mechanisms, and rate of 
evolution 

3.2 

Introduction to Students:  

What would happen if your parents moved and you had to change schools? (You would 
have to find new friends, meet new people, find new places to hang out and eat out, change the 
way you do things, etc.)  You would have to change.  In nature, things change based on 
their surroundings.   
 
Evolution is the natural process by which organisms adapt to their surroundings, and 
those that exhibit traits better suited to those surroundings survive and reproduce, thus 
affecting change in future generations.  Changes in the DNA sequence (genes) will 
gradually occur over time, resulting in new species.  Suppose you took a polar bear and 
moved him to the desert.  In order for him to survive, what must happen over time? (He 
must change, lose weight, lose hair, and change his diet.)  
 
When organisms are exposed to certain conditions, those organisms possessing genetic 
traits that allow them to survive will produce more offspring and cause a gradual change 
in the prevalent traits in future populations.  The polar bears in the example above which 
have less hair or a leaner body type are more likely to survive and reproduce thus 
affecting traits in future generations. 
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1.  The process that converts a sodium atom (Na) to a sodium ion (Na+) involves 
  A. losing a proton. 
  B. losing an electron. 
  C. gaining a proton. 
  D. gaining an electron. 
 

If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 
 
  A. Protons have a positive charge. If the sodium atom lost a proton, it would have 

more electrons than protons. That would result in a sodium ion with a negative 
charge (Na–). 

  C. If an atom of Na gained a proton, it would no longer be sodium.  It would 
become a magnesium ion. 

  D. Electrons have a negative charge. If the sodium atom gained an electron, it 
would have more electrons than protons. That would result in a sodium ion 
with a negative charge (Na–). 

Grade/Subject Content Standard Lesson 

11 Science PS-H-C5    understanding that chemical bonds are formed between 
atoms when the outermost electrons are transferred 
or shared to produce ionic and covalent compounds 

4.1 

Introduction to Students:  
       What does neutral mean? (Not taking sides; unbiased)  What does electrically neutral 
mean?  (Number of positive and negative charges equal)  Atoms are made of tiny indivisible 
particles that cannot be seen with a naked eye.  They are composed of protons and neutrons 
(found in the nucleus) and electrons that are outside the nucleus.  Protons are positively 
charged, neutrons are neutral and have no charge, and electrons are negatively charged.  An 
atom is considered to be electrically neutral, having no charge. If it has the same number of 
positive and negative charges,  they cancel each other out.  The number of positive charges 
and the number of negative charges equal zero.  Suppose we are talking about the element 
helium, like in balloons. If helium has two protons and is electrically neutral, how many 
electrons does helium have?  (2 electrons)  That applies to any element on the periodic table. 
       Now why do we need to know about charges?  Well, when atoms come in contact with 
each other, depending on how many electrons they have, they can lose, gain, or share 
electrons.  If an atom loses electrons, it will become a positive ion.  For example:  Magnesium 
has 12 electrons that are negative and 12 protons that are positive.  Magnesium (symbol Mg) 
rends to give electrons away when bonding.  If it loses two electrons, how many electrons does 
it have left? (12 electrons– 2 electrons = 10 electrons)  So, what is magnesium’s overall charge? 
(+12 and –10 = Positive 2 or +2)  Remember to find the charge, consider the number of positive 
protons and the number of negative electrons.  12 +  protons and 10 - electrons = a charge of 
positive 2.   
       (If students need more examples, use the following: 
Chlorine has 17 protons, 17 electrons, and it tends to gain 1 electron, so + 17 (protons), – 18 
(electrons) = -1 or a negative 1 charge for chlorine’s ion. 
Aluminum has 13 protons, 13 electrons, and tends to lose 3 electrons, so +13 (protons) – 10 
(electrons) = positive 3 charge for aluminum’s ion.) 
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What change would result in a sodium ion with a positive charge (Na+)? (Losing an 

electron) 
 

The correct answer is:  B.  Losing an electron. 
 
When a sodium atom (Na) loses an electron, it becomes a sodium ion with a positive 

charge (Na+). 
 
A single sodium atom has a neutral charge. There are an equal number of positively 
charged protons in the nucleus as there are negatively charged electrons outside the 
nucleus. Each positive charge is balanced by a negative charge, but when the atom loses 
a negatively charged electron, the charges in the atom are no longer balanced. The 
atom now has a positive charge (Na+) and is called an ion. 
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2.    Which is the best evidence of the movement of Earth’s crustal plates? 

A.  an increasing number of high tides 
B.   shifts in climate patterns  
C.   beach erosion 
D.   earthquakes 

 

If you answered A, B, or C, your answer was incorrect.  Let’s discuss why. 
 
A. Tides are not a result of the movement of Earth’s crustal plates.  They are a 

result of the gravity from the moon. 

B. Shifts in climate patterns are not a result of the movement of Earth’s crustal 
plates. 

C.  Beach erosion is not typically a result of the movement of Earth’s crustal 
plates.  That’s a result of tides. 

 
D.  Correct.  The location of earthquakes around the world and the changes they 

cause to Earth’s surface are evidence of the movement of Earth’s crustal 
plates.  

 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science ESS-H-A7 modeling the transfer of the Earth’s internal heat by 
way of convection currents in the mantle that powers 
the movement of the lithospheric plates 

4.2 

Introduction to Students:  

The earth is made of a series of plates that are all connected to each other.  The layer of 
the earth that makes up the plates is called the lithosphere.  The lithosphere encompasses 
the rocks, land, soil, mountains, hills, and valleys of the earth.  The lithosphere is also 
called the crust of the earth.  The inside of the earth is made of the crust, the mantle, and 
the core.  The core is an area of very hot, molten lava.  When the core gets too hot, what 
happens?  (A volcano erupts)  Sometimes when the heat of the core is transferred to the 
mantle,  it causes the mantle to rise and apply an upward force on the crust’s plates.  This 
causes a shift in plates, thus creating an earthquake.  When the mantle cools, it sinks back 
down.  This process is called mantle convection and causes both volcanoes and 
earthquakes.  The majority of the time this happens, nobody realizes it.  Sometimes 
though, it results in a major catastrophic event killing many people.  
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1. Mitosis, the process by which the nucleus of a cell divides into two nuclei, each containing 
a complete set of the cell’s chromosomes, is essential to life because it 
A.   contains four stages for gametes. 
B.  maintains genetic continuity from one generation to the next. 
C.   controls cell functions to ensure successful development. 
D.   provides energy for the cells. 
 

If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 

A, C, D. As a cell divides during mitosis, each daughter cell receives a complete set of 
chromosomes that match the parent cell. 

 

B.   Correct.  How does this process of passing chromosomes from parent cell to 
daughter cells help the organism?  (It maintains genetic continuity from one 
generation to the next.) 
 

 
 

 

Grade/Subject Content Standard Lesson 

11 Science LS-H-B2  comparing and contrasting mitosis and meiosis 5.1 

Introduction to Students:  

Cellular division happens in all cells.  What do you think I mean when I say cellular 
division? (Cells divide or split into two cells.)  In all of your cells except your sex cells, 
mitosis is the form of cell division that occurs.  What are sex cells called?  (Sperm and 
egg) Your sex cells are called gametic cells after the term gametes that describes the egg 
and sperm.  All of your other cells except your gametic cells are called somatic cells.  
Mitosis occurs in somatic cells.  Mitosis is the process by which one cell divides to form 
two identical cells.  Before mitosis occurs, the DNA in the cell replicates, or makes a 
duplicate copy.  When the original cell splits in half,  each new cell has identical DNA.  
DNA is found inside the nucleus, center of the cell, and is tightly wound up in the form 
of chromosomes.   

Meiosis is cell division that occurs in gametic cells.  Meiosis is similar to mitosis except 
meiosis has two stages, Meiosis I and Meiosis II.  Meiosis I is similar to mitosis in that 
the one cell makes two cells, but in prophase of Meiosis I, the matched (homologous) 
chromosomes pair up.  The chromosomes do not split, but one of each matched pair 
ends up in each new cell formed.  Meiosis II is like mitosis except that it begins with 
those two cells and produces four cells, each containing one-half the original number of 
chromosomes.  Summary:  One cell  divides into four cells with half the original number 
of chromosomes.   

If you think about it, it makes sense.  Mom donates an egg with one copy of mom’s DNA, 
and dad donates one sperm with one copy of dad’s DNA.  When they come together, 
they make one cell with one complete set of chromosomes. 
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Grade/Subject Content Standard Lesson 

11 Science SI-H-A4  formulating and revising scientific explanations and 
models using logic and evidence 

5.2 

Introduction to Students: 

Suppose you wanted to test whether plants need fertilizer to grow.  How would you set 
up an experiment with plants and fertilizers?  (Get pairs of several different kinds of 
plants, and use the same amount and type of fertilizer on one of each pair, same amount of 
light, same soil, and same amount of water)  Is there another way to set up this 
experiment? (Use the same type and size of plant, same amount of fertilizer, same amount 
of light, same soil, and same amount of water but vary the type of fertilizer. Do not use 
fertilizer on one plant, the control.)  Any others? (Same plant, same soil, same amount of 
light, same fertilizer, same amount of water, but vary the amount of fertilizer.  Do not use 
fertilizer on one plant, the control.)  What type of data would we collect from these 
experiments to determine if plants need fertilizer for growth?  (Height of plant, width or 
diameter of plant, number of leaves, and the size of leaves)   
How did you decide on what to test and what to measure?  (used logic and previous 
knowledge of experiments)  Sometimes in science we have to use common sense and logic 
to explain the events that were observed. 

Suppose we tested the fertilizer story from earlier, and our plants did not grow.  What 
could we conclude? (The plants did not need fertilizer.)  Did you use some known 
scientific theory to determine that? (No)  No, that’s right—you used your logic and 
common sense. 

We are going to look at another example of using logic to explain scientific evidence 
today. 

Question 2 refers to the experiment described in the box below. 

One hundred pea seeds were put in Petri dishes and covered with wet paper 
towels. The dishes were put inside black plastic sacks and carefully divided 
between two temperature-controlled incubators set to different temperatures. 

2. 	 After six days of incubation, 5 of 50 pea seeds had germinated at 10°C, whereas 41 of 50 
pea seeds had germinated at 30°C. Which of the following conclusions can be correctly 
drawn on the basis of these data? 
A. 	 Pea seeds need light to germinate. 
B. 	 At 50oC almost all of the seeds would germinate. 
C. 	 Within a certain temperature range, more pea seeds will germinate in a warmer 

incubator. 
D. 	 In order for any germination to occur, moisture must be present. 

If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 

A. 	 Based on the results of the experiment, all of the pea seeds were kept in dark 
plastic sacks, so they did not need light to germinate. 

Based on the results, what caused only 5 pea seeds to germinate in one 
incubator and 41 pea seeds to germinate in the other incubator? (Temperature) 

Louisiana Department of Education 
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B. The pea seeds were tested at only 10°C and 30°C. Based on the results of the 
experiment, it’s not plausible to predict how many pea seeds will germinate at 
50°C. 

D. Moisture was present during the experiment, but we don’t know for sure that 
it was required because the amount of moisture was not tested. 

 
C.   Within a certain temperature range, more pea seeds will germinate in a 

warmer incubator. 
 
The experiment tested the germination of pea seeds at two temperatures—10°C and 
30°C. Within this temperature range, more seeds germinated in the warmer 
incubator. 
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1. Suppose that evidence collected worldwide covering a hundred year period indicates that 
glaciers had increased in size, sea levels had become lower, and biomes had moved toward 
the equator. Which is the best possible explanation? 
A.   Earth moved closer to the Sun. 
B.   The Northern Hemisphere tilted away from the Sun. 
C.   Less total energy from the Sun reached Earth’s surface. 
D.  The Moon came between the Sun and Earth. 
 

If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 

A.   If Earth moved closer to the Sun, global temperatures would become warmer.  

B.   The Northern Hemisphere is tilted away from the Sun during the winter 
months. The cooler conditions that result are only seasonal. Warmer 
temperatures return with the spring and summer seasons. 

D. The moon does occasionally come between Earth and the Sun during solar 
eclipses, but this event only lasts for a short period of time and causes 
temporary darkness to fall on only small portions of Earth’s surface.  

  
The question describes conditions that would result if global temperatures 
became cooler for an extended period of time.  

 
C. Correct.  Less total energy from the Sun reached Earth’s surface. 

If less total energy from the Sun reached Earth’s surface, global temperatures 
would become cooler. Over time, the results may include glaciers increasing in 
size, sea levels becoming lower, and biomes moving towards the equator. 

 
 

Grade/Subject Content Standard Lesson 

11 Science ESS-H-A2  modeling the seasonal changes in the relative position 
and appearance of the sun and inferring the 
consequences with respect to earth’s temperature 

6.1 

Introduction to Students:  
What seasons do we have on Earth?  (4—spring, summer, fall, and winter) Why do we have 
seasons?  (Rotation of Earth, Earth's tilt on its axis, different positions of Earth relative to the 
sun.) Do all hemispheres of Earth have the same seasons at the same time?  (No, depends 
on the position of Earth relative to the sun.)  That’s right.  Different countries have different 
seasons at different times of the year based on their position relative to the sun.  Where 
does the sun hit Earth directly?  (the equator)  Data indicate that Earth's temperature is 
rising at this time. What is the commonly used name for this gradual increase in Earth's 
temperature?  (Global warming, greenhouse effect)  What would happen to Earth if its 
temperature increased too much?  (Plants and animals would die, polar ice caps would melt, 
and Earth would be flooded.)   
Today we are going to look at an opposite phenomenon, a decrease in Earth’s 
temperature. 
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2.  In the late 1700s most moths in England were light-colored. During the Industrial 

Revolution pollution from factories darkened tree trunks. By 1886 dark-colored moths 
were common and light-colored moths were rare. What caused this change in the moth 
population? 
A. Dark-colored moths were attracted to the dark tree trunks. 
B.   Factory pollution killed the light-colored moths. 
C.   Dark-colored moths fed on the pollution. 
D.   Birds ate more light-colored moths because they were easy to see on dark trunks. 
 

If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 
 

A, B, C.   Think of the process of natural selection.  How would the environmental 
conditions during the Industrial Revolution be favorable to dark-colored 
moths and unfavorable to light-colored moths? 

 
D.   Correct:  Birds ate more light-colored moths because they were easy to see on 

dark trunks. 
 
Based on the process of natural selection, the dark-colored moths were harder for 
predators to see and eat. More dark-colored moths than light-colored moths were 
able to survive and reproduce.  
 
The population of dark-colored moths was able to increase, while the population of 
light-colored moths decreased. 

Grade/Subject Content Standard Lesson 

11 Science SE-H-A8 analyzing evidence that plant and animal species have 
evolved physical, biochemical, and/or behavioral 
adaptations to their environments 

6.2 

Introduction to Students:  

Can anyone explain natural selection?     Natural selection is a term used to describe the 
unequal survival and reproduction that results from the presence or absence of 
particular traits.  A change in the genetic characteristics of a population from 
generation to generation is called biological evolution.  The theory of biological evolution 
also states that organisms produce more offspring than can survive.  The environment is 
hostile and contains limited resources.  Organisms within a species often differ in the 
traits they have.  Some inherited traits provide organisms with an advantage.  Each 
generation contains proportionately more organisms with advantageous traits due to the 
survival and reproduction of organisms with those traits. 

An example of evolution is a herd of deer.  These deer live in a warm climate.  Some deer 
in the herd have thicker fur than others.  Some deer get separated from the herd.  They 
move to a mountain where the temperature is much colder.  The deer with thicker fur 
survive and are able to reproduce and pass along the genes for thicker fur, the 
advantageous gene.   
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Use the information below to answer question 1. 

Species A  Species B      Species C        Species D 
 
 
 
 
 

1. Which two species are most closely related? 
 
Correct answer: 
Based on the traits shown in the table, Species A and Species D are most closely 
related. Both species are mammals. They both have hair for their body covering, and 
they both give live birth to offspring. 
 
Species A could be any 4-legged mammal that lives on land. Species D is most likely a 
bat because it has two legs and two wings. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4 formulating and revising scientific explanations and 
models using logic and evidence 

7.1 

Introduction to Students:  
Recall our earlier discussion on using logic to explain scientific evidence.  Not all 
scientific evidence can be explained based on a theory or a fact.  For example, using logic, 
where would you think a polar bear would live?  (In a cold environment.)  Do you think it 
could survive in a hot environment?   
(No, too much fur.)  You did not use any scientific theory or fact to explain that—you 
simply used your logical reasoning. 

In today’s activity, you will be using your logical reasoning to determine which two 
species are most similar based on certain characteristics. 

hair 
4 legs 

lives on land 
has live offspring 

scales 
no legs 

lives on land 
lays eggs on land

slimy skin 
4 legs 

lives in water 
lays eggs in water 

hair 
2 legs, 2 wings 
flies in the air 

has live offspring
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2.   A marble is placed into a graduated cylinder filled with heavy oil. The series of illustrations 

below shows the marble’s motion.  Which word best describes the change in the marble’s 
motion during the time shown? 

 

 
 
Correct answer: 
The pictures show that the marble is accelerating as it drops through the cylinder 
filled with heavy oil. 

Notice that the time interval between each picture is the same, 1.5 seconds. But notice 
that the distance the marble falls in 1.5 seconds is increasing in each picture. 

Follow-up:  

Velocity is speed in a given direction.  Therefore, in acceleration and deceleration we 
use the term velocity instead of speed. 

There is a formula to calculate acceleration.  Acceleration is final velocity minus 
original velocity, divided by the time it took to speed up. 

Acceleration = Vf – Vo / t  
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-E3 understanding effects of forces on changes in motion as 
explained by Newtonian mechanics 

7.2 

Introduction to Students: 

How can you tell if you are moving?  (Something appears to be moving in reference to 
yourself.) How can you tell how fast you are going?  (By the speed you are going.) What is 
the unit for speed?  (Miles per hour.)  What does per mean?  (Divided by, miles divided by 
hour) What are miles a measurement of?  (Distance)  And hours? (Time)  In science, we 
use the metric system.  Our units for speed are meters/second.   

Using speed, we can figure out how fast something is speeding up or how slowly 
something is slowing down.  Speeding up is called acceleration.  You are starting from an 
original speed and increasing that speed in a given amount of time.  Slowing down is 
called deceleration or negative acceleration.  You are starting from an original speed and 
decreasing that speed in a given amount of time. 

Today we are going to look at an example of motion using a marble and a graduated 
cylinder. 
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There is also a formula to calculate deceleration.  Deceleration is original velocity 
minus final velocity, divided by the time it took to slow down. 

Deceleration = Vo – Vf / t 
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TASK DESCRIPTION 

 
Your class must monitor two local lakes bi-weekly from August to May. The class is 
divided into two groups. Both groups must collect the same data, but one group will 
monitor Lake A, while the other group will monitor Lake B. Each student is required to 
record the measurements and personal observations throughout the year. To initiate this 
experiment, your teacher invited a local scientist to discuss with your class some general 
background information about the two lakes. You recorded the following information from 
the scientist’s lecture: 

LAKE A LAKE B 

1. Area of lake = 32.4 square kilometers 1. Area of lake B = 2.6 square kilometers 

2. Greatest depth of lake = 65 meters 2. Greatest depth of lake B = 10 meters 

3. It has a rocky bottom. 3. It has a sandy bottom 

4. Located in wildlife reserve; popular 
area for recreational fishing 

4. Located among farms and fields 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A1 identifying questions and concepts that guide scientific 
investigations 

SI-H-B1 communicating that scientists usually base their 
investigations on existing models, explanations, and 
theories 

8  

Introduction to Students:  

In today’s activity, you will be analyzing scientific data based on your knowledge of 
descriptions of experimentation, data collection, eutrophication, microscopic organisms, 
and techniques, such as using various instruments, to provide answers to the questions.  
We know that accurate data collection is extremely important in a scientific experiment.  
Without the data from the experiment, there can be no conclusion and thus no answer to a 
question or hypothesis.   

Certain techniques must also be used to perform the experiment.  In this experiment, 
students used a thermometer.  What is a thermometer used for?  (to collect temperature 
readings)  Yes, what about an oxygen meter?  (to measure the amount of dissolved oxygen in 
water)  What is a microscope used for?   (to see tiny things)  What about a pH meter?  (to 
test the acid level in something)  What about a Secchi disk?  (to see how far down you can 
see—turbidity, which is explained in the task)  Why would we want to use these in this 
experiment?  (We are looking at water quality and the effect it has on the organisms that live in 
the water.)  

One key term that will be discussed is microscopic organisms.  What are they?  (tiny beings 
that cannot be seen without the aid of a microscope)  Another term is eutrophication.  What is 
eutrophication?  (Eutrophication is the build up of nutrients so much that algae bloom, then 
die, taking all the oxygen out of the water, leaving none for fish to breathe.) 
In this activity, you are going to read the task description of the information gathered and 
the techniques that were used to study two lakes in order to draw some conclusions.  
(Ensure that each student has a copy of the task description.) 
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At the first and third week of each month, the groups are shuttled by boat to the middle of 
the assigned lake for sampling. Each group is provided with the following equipment: 

 
• oxygen meter 
• thermometer 
• pH meter 
• Microscope 

A Secchi disk is a tool used to measure how deep an observer can see into the water, thus 
determining the water’s transparency or clarity. It is a weighted circular disk 20 centimeters 
in diameter with four alternating black and white sections painted on the surface and 
attached to a marked, measured line. It is lowered into the lake by the measured line until 
the observer loses sight of it. The disk is then raised until it reappears. The depth of the 
water where the disk vanishes and reappears is the Secchi disk reading. An oxygen meter is 
simply a tool that can measure the water’s dissolved oxygen content when the attached 
electrode is lowered into the water. Each group also collects one liter of lake water to take 
back to the classroom for microscopic observation and to measure the acidity of the lake 
water with the use of a pH meter. 

The averaged class results of the two-lake monitoring program are shown below. 

LAKE A LAKE B 

1. Water transparency ranged 6–10 meters 1. Water transparency ranged 0–3 meters 

2. pH range 7.5–8.2 2. pH range 8.7–9.6 

3. High abundance of microscopic algae, 
but no algal mats forming on water. 

3. Very high abundance of microscopic algae, 
large algal mats lying on water surface. 

 
1. Eutrophication is the aging of a lake due to increased accumulation and cycling of 

nutrients, sediments, silt, and organic matter in the lake.  From the class observations of 
the two lakes, which lake, Lake A or Lake B, could be considered eutrophic? 

 
 
2. Lake B contained many microscopic organisms but did not contain as many fish as 

Lake A.  This is mostly because the water in Lake B has less ___________________ 
than Lake A. 

 
 
Correct answers: 

1. Lake B 
Lake B has large algal mats on the surface of the water indicative of large 
amounts of nutrients in the water, ultimately leading to a low oxygen level. 

2. Oxygen gas 
Large algal mats use up all the oxygen, leaving none for the fish. 
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Use the following charts to answer question 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A1 identifying questions and concepts that guide scientific 
investigations 

9.1 

Introduction to Students:  
Recall our earlier discussions about scientific investigations and that we can use logic 
and evidence to answer scientific questions.  What is the method that scientists may 
follow when they perform experiments?  (Scientific method)  Does anyone know the steps 
to the scientific method?  (Hypothesis, observation, experimentation, data collection, 
analysis, and conclusion)  Do scientists always investigate in that order?  (No.) They all 
use the same types of processes that we call inquiry, but they rarely follow the steps in 
the scientific method exactly.  However, scientists usually begin with an observation, 
question, or problem for which they form a hypothesis.  Today’s lesson focuses on 
interpreting data displayed in graphs to determine the hypothesis used in the 
experiment.   
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1.  Which statement is the best hypothesis about the temperature of the lakes? 
A. Due to its shallow depth, the temperature of Lake B remains constant throughout 

the year. 
B. The temperature variability of Lake A is smaller than that of Lake B throughout the 

year. 
C. There is no temperature difference between Lake A and Lake B. 
D. Lake A reaches moderate temperatures during the winter months. 

 
If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 
 
A, C, D.    Look at the graph Temperatures of two lakes from August to May.  The 

temperatures of both lakes changed throughout the period of August 
through May.  How are the temperature changes in Lake A different from 
Lake B? 

 
B.        The temperature variability of Lake A is smaller than that of Lake B 

throughout the year. 
 

According to the graph below, the temperature of Lake A ranges from 
approximately 42°F to 71°F, but the temperature range of Lake B is much 
greater. It ranges from approximately 32°F to 75°F. 

 

    
 
 

 

 

 
 
 
 
 

Lake A

Lake B
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2. Upon viewing your water sample under the microscope, you observe numerous 

microscopic organisms moving about. Which is evidence that you are observing 
eukaryotic organisms rather than bacteria? 
A. The organisms are small and difficult to find. 
B. The organisms contain DNA. 
C. The organisms have flagella for motility. 
D.  The organisms have membrane-bound organelles. 

 
If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 

 
A.  The internal cellular structure of eukaryotic organisms is different from the 

cellular structure of bacteria. 
B.  Both eukaryotic organisms and bacteria contain DNA. 
C.  Both eukaryotic organisms and bacteria may have external flagella for 

motility. 
 

The internal cellular structure of eukaryotic organisms is different from the 
cellular structure of bacteria. 

 
D.  Correct.  The organisms have membrane-bound organelles.  Membranes bind 

the nucleus and organelles of eukaryotic organisms. That is not true for 
bacteria, which are prokaryotic organisms. 

 
 

 

 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-C5 distinguishing between the kingdoms 9.2 

Introduction to Students:  
Today we are going to look at characteristics of organisms to distinguish between the 5 
main kingdoms.  Can anyone tell me the kingdoms?  (Bacteria, Monera, Plantae, Animalia, 
and Fungi)  What is the main difference between bacteria and the rest of the kingdoms?  
(Bacteria are prokaryotic and unicellular, have only one cell and have no membrane-bound 
nucleus that encloses their DNA.)  What is one main difference between Animalia and 
Plantae?  (Plants have cell walls and chloroplasts with chlorophyll in them.)   
 
In today’s lesson, we are going to look at some of those characteristics to determine 
which kingdom an organism belongs to. 
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Use the graph below to answer question 1. 

 

 
1. This graph represents a typical logistic growth curve of an aquatic microorganism or insect 

population. Which of the following most likely explains why the population decelerates 
after exponential growth? 
A. There was a decrease in female-bearing organisms. 
B. The environment’s resources became limited. 
C. Predation exceeded growth of the prey population. 

 D.  There was an increase in population survivorship. 
 

If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 
A.   Notice that the population grew rapidly, declined slightly, and then leveled off. 
 A decrease in female-bearing organisms would show a steady decrease in 

population. 
C. An excess of predators would cause a longer period of declining population. 

Grade/Subject Content Standard Lesson 

11 Science SE-H-A4  understanding that change is a fundamental 
characteristic of very ecosystem and that ecosystems 
have varying capacities for change and recover 

10.1 

Introduction to Students: 

If I say that this classroom’s carrying capacity is 30, what does that mean?  (It is the 
maximum number of students that can stay, live, and work in the classroom based on the 
resources in this room.)  What are some of the resources in here that students would use?  
(Desks, books, goggles, air, and workbooks, which are limiting factors.  They will limit the 
number of students that can be in this classroom.) 

In the environment, resources such as water, food, and shelter are limiting factors that 
limit the number of organisms that can exist in one area.  Changes in an environment, such 
as overgrazing, fires, and floods, would affect its carrying capacity and its ability to return 
to its original state. 

Today, we are going to interpret a graph of population and population growth to possibly 
see why there is a decline in the growth.  



Grade 11 Teachers Guide:  PASS on Paper 
 
 
 

Louisiana Department of Education 
 

D. An increase in survivorship would result in a steady population increase. 
 

 
What factor could cause the population to stop growing but then remain level over time? 

 
B. Correct.  The environment’s resources became limited.  The population of 

organisms stopped growing and then leveled off because the resources in the 
environment became limited. The resources that may have become limited 
include food, space, oxygen, minerals, etc. 

 
In theory, if a population of organisms has unlimited resources, it will continue to grow 
indefinitely. In reality, all populations of living organisms face some limitation of the 
resources available to them in the environment. 
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2. Which food chain is representative of a food chain in a lake? 

A. zooplankton → phytoplankton → fish → turtles 
B. bacteria → fish → turtles → birds 
C. phytoplankton → zooplankton → fish → birds 
D. birds → fish → phytoplankton → bacteria 

 
 

If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 
 
A food chain always begins with producer organisms that manufacture their own food. 
 
The correct answer is: C.  phytoplankton → zooplankton → fish → birds 
This food chain represents a food chain in a lake. The chain begins with phytoplankton, 
which produce their food through photosynthesis. 
 
Each level of organism in the food chain provides food for the next level of organism in 
the chain. For example, the phytoplankton provide food for the zooplankton. 

 

 
 

 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-D2  describing trophic levels and energy flows 10.2 

Introduction to Students:  

What is a food chain?   (A bunch of animals that feed off each other)  Are these organisms that 
make up a food chain in any particular order?    (Yes, in order of consumption.)  There are 
names for the different organisms in a food chain.  A producer is the first organism.  Food 
chains always start with producers.  Anyone know what a producer is?  (Something that 
produces its own food.)  What is an example of a producer?  (Grass)  The next organisms are 
considered consumers.  They must consume their food to get the energy from the plants.  
Depending on how large the food chain is, the number of consumers can vary.  There are 
different types of consumers:  herbivores that eat only producers, carnivores that eat only 
consumers, omnivores that eat both producers and consumers, and decomposers that break 
down dead and decaying organisms. 

Using the following organisms, create a food chain at your desk:  Seal, algae, shrimp, killer 
whale, cod fish.  (Algae, shrimp, cod fish, seal, killer whale) 

Now we will look at a food chain in a lake. 
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1.   In which way does a lake system contribute to the carbon cycle? 

A. nitrification 
B. atmospheric precipitation 
C. aquatic animal excretion 
D.   algal photosynthesis 
 

If you answered A, B, or C, your answer was incorrect.   
 
The correct answer is:   D.  algal photosynthesis 
 
Algae contribute to the carbon cycle in a lake system through the process of 
photosynthesis. During photosynthesis, algae use the carbon in carbon dioxide to 
manufacture glucose. The glucose is then stored in the tissue of the algae. Some of the 
algae may be eaten by animals for food. 
 
Some of the carbon in glucose is released as carbon dioxide during the process of 
respiration in the algae or animal cells. Decomposer organisms release additional 
carbon when the algae or animal dies. 
 

 

 
 

 

 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-D1  illustrating the biogeochemical cycles and explaining their 
importance 

11.1 

Introduction to Students:  

What is a cycle?  (Something that repeats itself)  Is there a beginning or an end?  (No.  It just 
cycles around from one to the next.)  Have you ever heard of the water cycle?  Water is cycled 
from oceans, lakes, and ponds to the clouds in the sky, to the ground, and back to bodies of 
water.  There is no end and no beginning.  There is also a carbon cycle.  Carbon in carbon 
dioxide (CO2) is cycled from the atmosphere or from dissolved CO2 in water to the plants.  
Animals eat plants and give off CO2, plus plants and animals decay and form fossil fuels.  
Animals and the combustion of fuels produce carbon dioxide that goes back into the 
atmosphere.  Humans, through aerobic respiration, and factories are included in the cycle by 
using fuels that produce carbon dioxide. 

In today’s activity, we are going to look at how a lake contributes to one of the above-
mentioned cycles. 
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2. Your class recorded higher pH levels in Lake B; thus it was more basic than Lake A. 

Which of the following most likely caused the higher acidity in Lake A? 
A. fertilizer from the fields surrounding the lake 
B. the combustion of fossil fuels, which created acid rain 
C. a higher abundance of algae in Lake B 
D. the limited nutrient cycling in Lake B 

 
If you answered B, C, or D, your answer was incorrect.  Let's talk about why. 

B. If acid rain was the cause of the acidity in Lake B, it would also have affected 
Lake A in a similar way, since both lakes are located near the school. 

C. Lake B did have lower dissolved oxygen for many months of the year, but that 
is not the most likely cause of the lower pH levels. 

D. Lake B was much smaller and shallower than Lake A, but that is not the most 
likely cause of the lower pH levels. 

 
Based on the information from the scientist’s lecture, which answer describes 
something that could cause lower pH levels (higher acidity) in Lake B? 
 

A.   Correct:  fertilizer from the fields surrounding the lake 
 
Fertilizer runoff from the fields surrounding Lake B most likely caused the lower pH 
levels. 
 
The fertilizer nitrate (NO3

–) can pick up a hydrogen ion (H+) to become nitric acid 
(HNO3). The nitric acid in fertilizer runoff could have lead to lower pH levels (higher 
acidity) in  
Lake B. 

 

Grade/Subject Content Standard Lesson 

11 Science SE-H-A11  understanding how pollutants can affect living systems 11.2 

Introduction to Students:  
Pollution can cause organisms to die, to move to a cleaner area, or to become extremely sick.  
pH level in the environment is one type of pollution.  What is pH a measure of?    (The 
amount of acid in the environment)  What do you think would happen if the pH level was too 
high or too low?  (Animals could die.) What would cause a change in the pH? (Acid rain)  
Also, an increase in nutrients from fertilizers could alter the pH.   
In today’s lesson, we will look back to our lakes, Lake A and Lake B.  Your class went out 
to them and recorded pH values.  Using your knowledge of the previous lake activity and 
today’s discussion, explain why the pH levels would have changed. 
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As a part of your project, your group had to monitor the lake for one full 24-hour 
period, taking dissolved oxygen readings every hour. Use the graph of the data 
collected, which is shown below, to answer question 1. 

 

 
 

1. Which process caused the decrease in dissolved oxygen during nighttime? 
A. photoreception 
B. respiration 
C. ionization 
D. fermentation 

 
If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 
 
Both day and night, all the living organisms in the lake use oxygen to break down the 
glucose molecule for energy for their cellular functions. 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-E1  comparing and contrasting photosynthesis and cellular 
respiration; emphasizing their relationships 

12.1 

Introduction to Students:  
Does anyone remember what the process of photosynthesis is?  (Plants make their own 
food.)  In photosynthesis, plants take sunlight, water, and carbon dioxide gas from the 
atmosphere to make glucose (a sugar) and oxygen gas.  Can anyone explain cellular 
respiration?  (Cellular respiration is the opposite process of photosynthesis.  In cellular 
respiration, animals take in oxygen gas and eat plants, which contain glucose.  When they break 
down the glucose, they release energy and produce carbon dioxide gas, and water.)  Without 
plants, animals could not live.   
Let’s look at a graph of a lake for one full 24-hour period and try to analyze what is 
happening. 



Grade 11 Teachers Guide:  PASS on Paper 
 
 
 

Louisiana Department of Education 
 

During the day, photosynthetic organisms such as plants and algae produce more 
oxygen than they use. That causes the amount of dissolved oxygen to increase during 
the day. 
 
But during the night, no oxygen is being produced, though it is being used to break 
down glucose. That causes the amount of dissolved oxygen to decrease during the 
night. 
 
Which process uses oxygen to break down glucose? 
 
The correct answer is:  B.  respiration 
 
All living organisms in the lake use oxygen during respiration. This results in 
decreased dissolved oxygen at night because the producers must use the process of 
respiration to gain energy for life functions when there is no sunlight available to 
carry out the process of photosynthesis. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Grade 11 Teachers Guide:  PASS on Paper 
 
 
 

Louisiana Department of Education 
 

 
 
Phytoplankton           zooplankton         fish          birds 
 

2. In this lake food chain, which trophic level is considered the primary consumer? 
 

Correct:  In this aquatic food chain, the zooplankton are considered the primary 
consumers. The phytoplankton are the producer organisms since they carry out 
photosynthesis to produce food molecules. The zooplankton feed directly on the 
phytoplankton, so they are considered the primary consumers. 

Grade/Subject Content Standard Lesson 

11 Science LS-H-D2  describing trophic levels and energy flows 12.2 

Introduction to Students:  
Recall our discussion of food chains.  Which organism starts the food chain?  
(Producers, or plants)   Which organisms follow in the food chain, what are they 
called?   (Consumers) The first animal to eat the plants or producers is called the 
primary consumer.  The second animal to eat the primary consumer is called the 
secondary consumer.  And the third animal that eats the secondary consumer is 
called the tertiary consumer.   
Using our example before of the algae, shrimp, codfish, seal, killer whale, which 
animal is the secondary consumer?    (Cod fish)   Which animal is the producer?  
(algae) 
Now let’s look at an aquatic food chain from a lake and determine which organism 
is which. 
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1.  The results from the lake monitoring experiment showed that Lake B’s transparency was 

much less than the transparency of Lake A.  Give three valid explanations as to what could 
have affected the water transparency of Lake B when using the Secchi disk. 
 
 

Teacher Notes: 
Scoring rubric and explanations of points for the rubric: 

 
Rubric Notes: 

A 4-point response must include three of the following explanations: 
• High abundance of algae and algae mats forming on water surface 
• Lake B had a sandy bottom, which could have caused an increase in suspended 

sediments 
• Run-off from nearby fields could have increased the amount of inorganic and 

organic material in the water 
• Will also accept the following two explanations: 

o Angle of sun during measurement 
o Water surface conditions at time of measurement (i.e., waves) 

 

Grade/Subject Content Standard Lesson 

11 Science SE-H-C1  evaluating the dynamic interaction of land, water, and air and 
its relationship to living things in maintaining a healthy 
environment 

13 

Introduction to Students: 

 (Ensure that students have copies of the Task Description from Lesson 8.)  
Recall the previous activities we have done to look at problems in Lake A and Lake B.  In 
the two lakes, we used an oxygen meter, a thermometer, a pH meter, a microscope, and a 
Secchi disk.   
Do you remember what tasks each of these items were used for?  (An oxygen meter to 
measure the oxygen in the water, a thermometer to measure the temperature, a pH meter to 
measure the acidity of the water, a microscope to see what tiny microscopic organisms lived in 
the water, and a Secchi disk to see the level of turbidity or muddy appearance)   Then we looked 
at data to determine if the lakes were experiencing eutrophication or not.   
Today you will write a short response looking at results from the lake monitoring 
experiment to determine what could affect the cloudiness of each of the lakes when we used 
the Secchi disk.  First, read the question carefully, review the task description materials, 
and consider what valid—or forceful and effective—explanations you can make. 

Score Description 
4 Identifies three transparency deterrents.  Response contains no errors. 
3 Identifies two transparency deterrents and the response contains no errors. 
2 Identifies two transparency deterrents and the response contains minor errors.
1 Identifies only one transparency deterrent; must be correct. 
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A 3-point response can include any two of the above explanations but must be correct.  An 
example of a three-point response is below. 

• Lake B had a sandy bottom, thus increasing the amount of suspended particles.  
Also, Lake B had large algae mats forming on the water’s surface, which made it 
difficult to measure the transparency. 

A 2-point response can include any two of the above explanations but includes some minor 
error or does not fully explain the answer.  An example: 

• Lake B had more material in it and more waves than Lake A. 
A 1-point response must include one of the above correct explanations. 
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Use the diagram below to answer question 1. 

  
 
1. Three people of equal mass climb a mountain using paths A, B, and C. Along which 

path(s) does a person gain the greatest amount of gravitational potential energy by the 
time he or she finishes? 
A.  Path A only 
B.  Path B only 
C.  Path C only 
D.  The gain is the same for paths A, B, and C. 

 
If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 
 
Gravitational potential energy is measured by the following formula: 
        PEgrav = mass * gravity * height 
What would the gravitational potential energy for each of the three climbers at the 
finish point? 
 
The correct answer is: D. The gain is the same for paths A, B, and C. 
 
Gravitational potential energy is measured by PEgrav = mass * gravity * height. We 
know that the three people have the same mass, and that the gravity acting on each of 
them is the same. As the people climb up the different paths, their gravitational 
potential energy varies because the height at which they are located on the mountain 
varies. But, at the finish point, they are all at the same height, and therefore would 
have the same gravitational potential energy. 

Grade/Subject Content Standard Lesson 

11 Science PS-H-G2  analyzing the relationship and interaction of magnetic 
and electrical fields and the forces they produce 

14.1 

Introduction to Students:  

Does anyone know the two main types of energy?  (Kinetic and potential)  What is kinetic 
energy?   (Energy of motion)  What is potential energy? (Energy of position or stored energy) 
You can change potential energy into kinetic energy by causing an object to move.   

There is a form of potential energy called gravitational potential energy.  It is the potential 
energy experienced by an object when going against the force of gravity.  There is a 
formula to calculate gravitational potential energy: 
PEgrav = mass * gravity * height.  The mass of the object times gravity (9.8m/s2) times the 
height the object traveled. 
 
Today we will look at a rack to determine which person exhibited the greatest amount of 
gravitational potential energy. 
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Use the diagrams below to answer question 2. 

 

 
2.   Sandy connected two batteries to a bulb (Figure A). Next she connected two batteries to 

two bulbs (Figure B). Finally, she connected two batteries to three bulbs (Figure C). Sandy 
used the same total length of wire for all the connections. Sandy’s experiment was most 
likely designed to determine 
A. if adding more batteries would make the bulbs brighter. 
B. how many batteries are needed to light a bulb. 
C. if the brightness of a bulb changes as more bulbs are connected. 
D. how the length of the wires affects the brightness of the bulbs. 
 
If you answered A, B, or D, your answer was incorrect.  Let’s look at why. 
 
Sandy used the same number of batteries for all three connections. 
Did Sandy ever change the number of batteries?  (No.) So the correct answer is: C. 
Sandy’s experiment was most likely designed to determine if the brightness of a bulb 
changes as more bulbs are connected. 
 
The difference between the three connections Sandy made was the number of light 
bulbs. You can therefore reasonably assume that Sandy’s experiment had something 
to do with the light bulbs. One question this experiment could answer is whether light 
bulb brightness changes as more bulbs are connected together. 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A2:  designing and conducting scientific investigations 14.2 

Introduction to Students:  
In scientific investigations, there are variables and constants.  What is a constant? 
(Something that does not change)  What is a variable?  (Something that can be changed in an 
experiment)  In conducting a scientific experiment, you want to only change one variable at 
a time and keep the rest constant.  Why do you think you need to only change one variable 
at a time?  (For consistency of results and to know which change caused the results)   
Let’s look at an example.  If I want to test if fertilizer is enhances plant growth, what must 
I keep constant?  (Type of plant, amount of sunlight, amount of water, amount and type of soil, 
type of fertilizer)  What must I change?  (Amount of fertilizer) 

We are going to look at another example of a scientific experiment, but this one is dealing 
with electricity. 



Grade 11 Teachers Guide:  PASS on Paper 
 
 
 

Louisiana Department of Education 
 

 
1.  The arrow in the diagram below represents the direction of a stream flowing around a bend. 

 
 

At which point does the greatest bank erosion occur? 
A. point A 
B. point B 
C. point C 
D. point D 
 

If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 
 

At which point is the water in the stream moving the fastest, and against which side?  
 

 
The correct answer is: C. The greatest bank erosion occurs at point C. 

 

 
 

Grade/Subject Content Standard Lesson 

11 Science ESS-H-C5 explaining that natural processes and changes in 
the Earth system may take place in a matter of 
seconds or develop over billions of years 

 

15.1 

Introduction to Students:  
In Earth’s systems, processes of change are continuously happening.  Some we can see 
change over a few years, while other changes take thousands of years to be noticed.  Land 
forms evolve and change over time.  Land erosion, such as the land loss along the coast of 
Louisiana, can be seen in one’s lifetime.   
Today we are going to look at an example of a stream flowing around a bend and the 
process of erosion. 

The greatest erosion of the bank in the picture would happen at the point at which the 
water is moving the most quickly. As the stream comes around the bend, the water 
moves fastest toward the outside of the curve. Therefore, point C would be the site of 
the greatest bank erosion. 
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Use the graph below to answer question 2. 

2. Which date on the graph above is most likely the date of the full moon? 
A. July 1 
B. July 4 
C. July 8 
D. July 12 

 
If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 
 
The correct answer is: B. According to the graph, the date of the full moon is most 
likely July 4.   Tides are affected by the pull of the moon. High tides are at their lowest 
during a new moon and at their highest during a full moon. The highest high tide on 
the graph is shown at 2.60 meters, from July 3–5. Therefore you can assume that the 
full moon occurred between these dates, or on July 4.  High tides are at their highest 
during the full moon. 

Grade/Subject Content Standard Lesson 

11 Science SI-H-B1  communicating that scientists usually base their 
investigations on existing models, explanations, and 
theories 

15.2 

Introduction to Students:  
In order for scientists to make a decision about something they have observed, they first use 
their logical reasoning.  Then, once they make a logical guess at what happened, they use 
models and/or theories that already exist to explain the phenomenon that occurred. 
For example, consider the greenhouse effect.  The greenhouse effect on Earth is due to an 
increase in carbon dioxide in the atmosphere trapping heat in the atmosphere and acting 
like a greenhouse.  When scientists named this effect, they did not create a new name; they 
used something that was preexisting and modified it to fit their phenomenon. 
Today we are going to look at data to describe the phenomenon of tides aligning with moon 
phases, an existing explanation based on data. 
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Use the biomass pyramid below to answer question 1. 
 

             
 

1. More of the world’s people could be fed with available food if people ate more organisms 
from the bottom of the food pyramid. Which best explains why this is correct? 
A.  Producers are more nutritious than consumers. 

   B.  Less energy is transferred with each step up on the pyramid. 
C.  Agricultural pests would have less opportunity to destroy food. 
D.  There is less biomass at the lower levels. 

 
If you answered A, C, or D, your answer is incorrect.  Let’s look at why. 

A.    This statement may be true for some types of producers and consumers, but 
not all. Think about the relationship between the producers at the bottom of 
the pyramid and the consumers higher up on the pyramid. 

C. The problems associated with eating higher on the food pyramid do not have 
to do with agricultural pests. Think about the relationship between the 

Grade/Subject Content Standard Lesson 

11 Science SE-H-A2  investigating the flow of energy in ecological systems 16.1 

Introduction to Students:  
Energy flow in ecosystems happens every time an organism eats another organism.  What 
did you eat for breakfast?  (cereal)  Okay, what is cereal made from?  (grains)  Which type 
of organism is a grain?  (a plant—a producer)  So, when you eat your cereal in the morning, 
you gain energy.   
The higher you go in a food chain, the more energy that is consumed because between 
trophic levels, some energy is transferred to the environment rather than passed on.  What I 
mean by that is, if a cow eats grass, it gains energy, but it must also use energy to chew and 
digest the grass to get that energy.  When we eat the cow meat, we gain energy, but we must 
also use energy to chew and digest the cow meat to get that energy.   
We are going to look at a biomass pyramid.  A biomass pyramid shows the energy 
relationships in a food chain.  Once we are familiar with the pyramid, we will answer a 
question. 
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producers at the bottom of the pyramid and the consumers higher up on the 
pyramid. 

D. There is more biomass concentrated at the bottom of the pyramid than at the 
top. Think about the relationship between the producers at the bottom of the 
pyramid and the consumers higher up on the pyramid. 

 
The correct answer is: B. Less energy is transmitted to the next organism with each step 
up on the pyramid. 
 
Producers (such as corn, wheat, and rice) at the bottom of the pyramid contain the 
greatest biomass. When these producers are fed to first level consumers (such as cows 
and chickens), some energy is transferred to the environment or given off as heat.. When 
higher-level consumers (such as people) eat the first level consumers, additional energy is 
transferred to the environment or given off as heat. However, if people skip the first level 
consumers and eat lower on the biomass pyramid, it is a more efficient use of energy. 
Only approximately 10% of the energy from one level is transferred to the next level. 
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2.  When water is added to solid ammonium chloride (NH4Cl), the temperature of the resulting 
solution decreases. Which of the following terms best describes this kind of change? 
A. endothermic (gains energy) 
B. decomposition 
C. exothermic (loses energy) 
D. nuclear 
 

If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 
A. An endothermic change is one in which the solution gains energy. 
B. Decomposition refers to the breakdown of something into smaller parts (e.g., 

fungi and bacteria help a dead plant to decompose). 
D. A nuclear change is one in which subatomic particles are rearranged. 
 
The correct answer is: C. Exothermic best describes the change in which energy 
is lost. 
 
In the example, the temperature of the water decreases when it is added to solid 
ammonium chloride (NH4Cl). An exothermic change describes one in which the energy
of the products is less than the energy of the reactants. 

 

 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D6  comparing and contrasting the energy changes 
that accompany changes in matter 

16.2 

Introduction to Students:  
What happens when ice melts?  (Water is formed.)  What must happen to the temperature of 
ice in order for it to melt?  (The temperature must increase.)  Ice melting is a physical 
change.  A physical change is one in which a change happens to the physical state of the 
substance. 
What happens when sugar is burned?  (It turns brown or black.)  Burning sugar is a 
chemical change.  A chemical change is when the original substance changes into 
something totally different.  Is the sugar still sugar?  (No, it is now caramel.) 
In chemical changes, sometimes heat must be added to get to the new substance.  This type 
of change is called an endothermic reaction.   If heat is given off during the reaction, the 
change is called exothermic. 
I know the words are similar but let’s see how we can remember the differences.  What 
type of skeleton does a crawfish have?  Where is it?  (It is on the outside, it is called an 
exoskeleton.) The prefix exo- means “out” or “external.”  So, where is our skeleton or what 
is our skeleton called?  (An endoskeleton, on the inside.)  So, the prefix endo- means “on the 
inside” or “internal.”   
Let’s look at a chemical reaction and determine what type of change it is based on our 
discussion. 
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Use the chemical equation below to answer question 1. 

2 H2O2 
2MnO

⎯⎯⎯⎯→  2H2O + O2 

 
1. In the above reaction, manganese dioxide (MnO2) serves as a catalyst. Why isn’t it 

listed as one of the reactants or products of the reaction? 
A.      It is consumed in the reaction. 
B.      It plays no role in the reaction. 
C.      It remains unchanged in the reaction. 
D.     It contributes oxygen to the reaction. 

 
If you answered A, B, or D, you answer was incorrect.  Let’s look at why. 

A.     Catalysts can often be recovered from chemical reactions and used again.  
B. Catalysts help increase the rate of chemical reactions. Why would the 

catalyst not be included in a chemical equation? 
D.    Catalysts do not contribute additional atoms in chemical reactions.  

Think about the role a catalyst plays in a chemical reaction and why it 
would not be included in a chemical equation. 

The correct answer is: C. The catalyst manganese dioxide is not listed in the chemical 
equation because it remains unchanged in the reaction. 
 
A catalyst in a chemical reaction speeds the rate of the reaction without being changed. A 
chemical equation shows how the reactants are converted to products. 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D4 analyzing the factors that affect the rate and 
equilibrium of a chemical reaction 

17.1 

Introduction to Students:  
Chemical reactions occur  when two or more substances come together to form one or more 
totally different substances.  Ex.  Sodium plus chlorine gas react to produce sodium 
chloride.  
 ( 2Na (s) + Cl2 (g)  2NaCl (s) )  Solid sodium is a very reactive alkali metal that will react 
violently with water.  Chlorine gas is a poisonous, yellow gas that can harm breathing.  
Those two substances react to form table salt.  Chemical reactions take substances 
and change them into new substances. 
There are factors that affect the rate of chemical reactions.  One of these factors is 
temperature.  Most reactions speed up if you increase the temperature, and vice versa they 
slow down if you decrease the temperature.  Another is concentration.  If you increase the 
concentration  of substances you put into a chemical reaction, reactants, the reaction will 
speed up.  Another is surface area.  The more surface area that is available to react, the 
faster the reaction will go.  And the last one is a catalyst.  A catalyst is a substance that helps 
to speed up a reaction, without the catalyst being altered.  The catalyst lowers the energy 
required for the reaction to occur. 
We are going to look at a chemical reaction today in which a catalyst is used to speed up a 
reaction. 
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2 H2O2 
2MnO

⎯⎯⎯⎯→  2H2O + O2 
 

In the example given, 2 H2O2 (hydrogen peroxide) is the reactant and 2 H2O + O2 (water 
and oxygen) are the products. Hydrogen peroxide naturally decomposes into water and 
oxygen; using manganese dioxide simply speeds up this process. 
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2.  The graph below shows the relative amount of genetic variation in two populations of foxes. 

Which of the following statements about survival is correct? 

 

 
A. Population 1 is more likely to survive a change in the environment. 
B. Population 2 is more likely to survive a change in the environment. 
C. Both populations are equally likely to survive a change in the environment. 
D. Genetic variation does not affect survival in a changing environment. 
 

If you answered B, C, or D, your answer is incorrect.  Let’s look at why. 
Think about what would happen if a major change occurred in the foxes’ 
environment (e.g., a multi-year drought). What relationship between genetic variation 
and ability to survive would be most helpful to survive such a change? 

Grade/Subject Content Standard Lesson 

11 Science LS-H-B3  describing the transmission of traits from parent to 
offspring and the influence of environmental factors on gene 
expression   

17.2 

Introduction to Students:  
Recall what you learned about genetics in your biology class.  What does the term genetics 
refer to? Genes and heredity.   Yes, that is correct.  What are genes?  (DNA, tiny things in 
your cells that control your cells and tell them what to do)  Genes are the message in your cells 
that tell your cells what to do.  If you look around this room, there is a variation in the genes 
that are expressed.  We all exhibit human characteristics, but we have different colored 
skin, hair, eyes, some of us are short, some are tall.  Genes are responsible for what traits an 
organism has. 
 In nature, a population of organisms can also exhibit a variety of traits.  Look at dogs.  
There are tall and short dogs, some with long hair, some with short, some with long bodies, 
some with short bodies, etc.  The traits that the animals exhibit make it so that they are 
adapted to a certain task or environment.  Short, long bodied dogs burrow and dig in the 
ground for food.   
In a given population, if the variety of traits is great, this is said to be high genetic variance.  
If the variety of traits is less, this is said to be low genetic variance.  If there was a sudden 
change in climate, which population do you think would survive?   
Well, let’s look at some data of fox populations and determine which population would 
survive. 
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The correct answer is: A. Population 1 is more likely to survive a change in the 
environment. 
 
Population 1 has a greater degree of genetic variation than does Population 2. 
Imagine a multi-year drought was to strike the foxes’ environment. Those foxes with 
the ability to go for longer periods of time without water would be more likely to 
survive over those that could not. Population 1 would be more likely to have a larger 
number of foxes with such ability, because there is more variation in their genetic 
makeup. Population 2 is mostly made up of individuals with similar genetics, and 
therefore would be less likely to have individuals with the ability to survive such a 
major environmental change. 
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1. Which of the following provides the best evidence that light is a form of energy? 
A. Light reflects from a smooth surface such as glass. 
B. Light increases the temperature of an object on which it falls. 
C. Light usually travels in straight lines. 
D.  Light diffracts when it passes through a narrow opening. 
 
 

If you answered A, C, or D, your answer was incorrect.  Let's talk about why. 
A, C, D:  While this is true, it does not give evidence that light is a form of energy. 

What is a byproduct of light energy passing through a medium? 
 
The correct answer is: B. Of the choices given, the best evidence that light is a form of 
energy is that light increases the temperature of an object on which it falls. 
 
One byproduct of energy transformation is heat. If light increases the temperature of 
an object on which it falls, it must be producing heat, and therefore must be a form of 
energy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-G1  giving examples of the transport of energy through wave 
actions 

18.1 

Introduction to Students:  
Does any one know what a wave is?   (a wave in the ocean, sound waves, light waves)  Today 
we will talk about light traveling in waves. 
There is energy associated with waves.  Waves must pass through a medium or substance.  
The medium that light passes through is usually air.  When the light wave travels through 
air, it must move the particles so that its energy can pass through.  In this motion, there is a 
transfer of energy.  All waves exert energy.   
If you are sitting next to a window, how can you tell that light is traveling through the 
window?  (You see the light.  You can feel the heat from the sun.)  Heat is one form of energy 
that results from light waves striking or moving through a substance. 
Today we will look at examples of light and light as a form of energy. 
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2.        What is the major purpose of a contractile vacuole in the unicellular organism, the 

amoeba? 
A. osmoregulation 
B. excretion 
C. mobility 
D. phagocytosis 

 
If you answered B, C, or D, your answer is incorrect.  Let’s look at why. 

B. Waste products are excreted out of the amoeba’s body by a process 
called diffusion. 

C. Amoebas move by using their pseudopodia. 
D. Phagocytosis is a process by which amoebas ingest their food and which 

involves the food vacuole (not the contractile vacuole). 
 

The correct answer is: A. The major purpose of a contractile vacuole in a unicellular 
organism, such as an amoeba, is osmoregulation. 
 
Osmoregulation is the process by which an amoeba collects excess water and then 
expels it via the contractile vacuole. 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-A1  observing cells, identifying organelles, relating 
structure to function, and differentiating among cell 
types   

 

18.2 

Introduction to Students:  
Today we are going to talk about a unicellular organism called an amoeba.  Does anyone 
remember from biology what an amoeba looks like?  (Like a ball of slime.) They are 
slimy, unicellular organisms.  Does anyone remember how they move?  (By using a 
pseudopod.) A pseudopod is a false foot for the amoeba to move from place to place.  
They also have other organelles that enable them to function.  They have a nucleus.  
What is the function of a nucleus?  (To store DNA or it's the control center for the cell.)  
They have vacuoles, both food and contractile.  Do you remember what a vacuole 
does in an organism?  (It stores substances.)  A food vacuole stores food.  How about a 
contractile vacuole?  (Contractile vacuoles are cavities in the cytoplasm that are specialized 
to collect and excrete excess water.)  The process of maintaining stable concentrations of 
solutes in water is called osmoregulation.  It is a process of osmosis that causes the 
storage and release of water based on the salt content external to the organism. 
What is phagocytosis?   (Phagocytosis is a process by which an organism actively takes in 
food particles.)  Where would an amoeba store this food?  (In a food vacuole)  
Let’s look at a question based on our discussion of amoebas. 
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1.   Beth wants to find out if the lake in her town contains pollutants. The best way for Beth 

to gather data related to her problem would be to collect 
A. one surface sample near shore. 
B. one surface sample and one deep sample from the middle of the lake. 
C. several surface samples from different areas of the lake. 
D. several samples from many different areas and depths of the lake. 

 
If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 
A, B, C. One surface sample would not give Beth enough information to make an 

accurate assessment of the pollution in the lake. 
 
The correct answer is: D. The best way for Beth to gather data related to her problem 
would be to collect several samples from many different areas and depths of the lake. 
 
Beth wants to know if the lake contains pollutants. Since some pollutants can reside 
near the top of the water, and others near the lake bottom, she should take samples 
from different depths. Similarly, she should take samples from near the shore as well 
as from near the middle of the lake, because different pollutants may tend to be found 
in different places. 
 
Beth also needs to take several samples from each area and depth in order to be sure 
of her results. If she only took one sample near the shore, it might or might not 
contain pollutants, but without additional samples, she could not know whether the 
sample was unique or a good representation of that area. 

Grade/Subject Content Standard Lesson 

11 Science SE-H-A11 understanding how pollutants affect living systems 19.1 

Introduction to Students:  
Recall our discussion on Lakes A and B and the problem of eutrophication.  Remember 
that eutrophication did not only affect one area of the lake, but it affected the entire 
lake.   
Pollution affects all the organisms in an area.  If it is land pollution, it can affect the 
organisms that live on land, in water, and in the air.  If it is air pollution, it can affect the 
organisms that live in the air, on land, or in the water.   
If you wanted to test which organisms were affected by water pollution, what and where 
would you test?  Let’s look at a situation and see what we can discover about water 
pollution affects on organisms. 
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Use the diagram below to answer question 2. 

  

                                     
 

2. In the central United States at 8:00 A.M. on September 23, it is sunny and the vertical 
pole shown in the diagram above casts a shadow.  Which picture below best 
approximates the position of the shadow? 

 

       
 

       
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science ESS-H-A2  modeling the seasonal changes in the relative position and 
appearance of the sun and inferring the consequences with 
respect to the earth’s temperature 

19.2 

Introduction to Students:  
Today we are going to look at the position of the sun relative to a pole.  In which 
directions does the sun rise and set?  (It rises in the east and sets in the west.)  So at what 
time would the sun be in the eastern sky?  (from sunrise to about 12 noon)  At about what 
time would the sun be in the western sky?  (from 12 noon to sunset)   
Let’s look at the pole shadow relative to the sun’s position in the following example and 
try to determine where the shadow would be at a certain time of day. 
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If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 
In A, B, and C, the sun appears to rise in the east and set in the west. Where would 
the sun’s position in the sky be at 8:00 a.m.? 
 
The correct answer is: D. The approximate position of the shadow is shown by:  

 
 
Each day, the sun appears to rise in the east and set in the west. At 8:00 in the 
morning, the sun would be low in the eastern sky. This would cause the shadow from 
the pole to fall toward the west. 
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Use the food chain below to answer question 1. 

Phytoplankton → zooplankton → fish → birds 

1.  In this lake food chain, which trophic level is considered the primary consumer? 

 
Correct answer: 
 
In this lake food chain, zooplankton is considered the primary consumer. 
 
Phytoplankton → zooplankton → fish → birds 

Primary consumers get their energy from producers, such as green plants. In this 
food chain, phytoplankton is the producer. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-D2  describing trophic and energy levels 20.1 

Introduction to Students:  
Recall our discussion of food chains, food webs, and trophic levels.  We also discussed 
producers, primary consumers, secondary consumers, and tertiary consumers.  Does anyone 
remember what each is and where they would fit into a food chain, web, or trophic level?   
(A producer makes its own food and would be at the start of the chain, web, or level.  A primary 
consumer would come next.  It eats producers.  A secondary consumer would eat a primary 
consumer and would be after the primary consumer in the chain, web, or level.)   What about 
tertiary consumers?  (They eat secondary consumers and come after secondary consumers.)   
Can anyone tell me what comes after a quartenary consumer?   (A decomposer)    
Today we are going to look at a food chain to determine which organism is a primary 
consumer. 
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2.  What gas is released by a plant cell in the process of cellular respiration? 
 
 
Correct answer: 
 
Carbon dioxide (CO2) is released by a plant cell in the process of respiration. 

Cellular respiration is the process by which plants take in oxygen to make food and 
release carbon dioxide and water 

Photosynthesis formula: 

6CO2 (g) + 6H20 (l) + sunlight  C6H12O6 (s) + 6O2(g) 

Cellular respiration formula: 

C6H12O6 (s) + 6O2(g)  6CO2 (g) + 6H20 (l) + energy (ATP) 

 

 
 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science LS-H-E1  comparing and contrasting photosynthesis and cellular 
respiration; emphasizing their relationships 

20.2 

Introduction to Students:  
Recall our discussion about photosynthesis and cellular respiration.  Which of these
processes is associated only with plants? (Photosynthesis)  Can you tell me what 
happens in photosynthesis?   (Plants take in carbon dioxide and water in sunlight and 
make glucose and oxygen gas.)  Where does this take place in the plant’s cells?   
(In the chloroplasts)  Now, can you tell me where cellular respiration takes place and 
what happens in that process?   (Cellular respiration takes place in animal and plant cells, 
in the mitochondria of those cells.  The cells take in oxygen gas, water, and glucose to 
produce carbon dioxide and energy.)  Do you remember the name of the compound that 
traps this energy in the cells?  It is called ATP, adenosine triphosphate.   
Today we are going to look at a question dealing with either photosynthesis or cellular 
respiration. 
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3.   Name two tools that would be necessary to determine the speed of a ball rolling slowly 
across the floor. 
 
 

Correct answer: 
 
Two tools necessary to determine the speed of a ball rolling slowly across the floor are a 
stopwatch (or other watch with a second hand) and a measuring device (such as a 
yardstick, meter stick, or tape measure). 
 
You would need a measuring device to measure how far the ball rolls. You would also 
need a stopwatch to measure the starting and stopping times for the experiment in order 
to tell how long it took the ball to travel a certain distance (or how far the ball could roll 
in a specified period of time). 
 

 
 

 

 

 

 

. 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A3  using technology and mathematics to improve investigations 
and communications 

20.3 

Introduction to Students:  
In science, technology is used to communicate scientific investigations to others.  When 
something is observed or tested, materials must be used to test the discovery.  For example, if 
we were monitoring plant growth, what materials would we use to measure the growth?  (A 
ruler and a calendar) Why a calendar?  (Daily measurements) 
   
Today we are going to look at another experiment and which tools would be necessary to 
communicate the outcome of the experiment to others. 
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Task Description 
 

Use the information and graphics below to answer the following related questions in 
Lessons 21 through 26. 

Amber and Trevor performed an investigation using the following equipment and 
materials: 

• Plastic well plate      
• Plastic disposable pipettes 
• Wash bottle with distilled water 
• 6.0 M hydrochloric acid (HCl) 
• 6.0 M sulfuric acid (H2SO4) 
• 0.6 M sulfuric acid (H2SO4) 
• 6.0 M nitric acid (HNO3) 
• 4 small pieces of marble (CaCO3) 
• 4 small strips of zinc (Zn) 
• 4 small strips of copper (Cu) 
• 1 small paper clip cut into 4 pieces 
• 4 small strips of aluminum (Al) 
• egg white 

 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D3  writing balanced chemical equations to represent a 
variety of chemical reactions (acid/base, 
oxidation/reduction) 

21.1 

Introduction to Students:  
In the next few lessons, we will be looking at a chemical reaction lab in which a well plate is 
used.  You will be using information and graphics for the task description.  The well plate has 
six columns going down with four rows across.  The columns are numbered 1-6 and the rows 
are A-D.  In column 1 marble chips will be added all the way down, column 2 zinc chips, 
column 2 copper pieces, column 4 paper clips, column 5 aluminum strips, and column 6 egg 
white.  In row A, hydrochloric acid, HCl, will be added; in row B, sulfuric acid (H2OS4) at a 
concentration of 6 M; in row C, sulfuric acid at a concentration of 0.6 M; and in row D, nitric 
acid, HNO3. 
Recall from physical science, that when acids react with bases, a neutralization reaction 
occurs.  Neutralization means that there are no more acid or base substances, everything 
produced is at or around a neutral pH of 7.  When acids and bases are combined, the reaction 
products are a salt and water.  Both of these substances are neutral.  That’s why acid plus 
base reactions are called neutralization reactions. Technically, any reaction that neutralizes 
an acid or base may be called neutralization. 
Let’s look at the experiment to see the results that the students observed. 
(Ensure that students have the Task Description materials for Lessons 22–27.) 
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Procedure: 
First, they labeled the well plate as shown below. 

 

Then, they added 20 drops of each acid to the appropriate wells: 

• 20 drops of 6.0 M HCl to each well in Row A 
• 20 drops of 6.0 M H2SO4 to each well in Row B 
• 20 drops of 0.6 M H2SO4 to each well in Row C 
• 20 drops of 6.0 M HNO3 to each well in Row D 
 

Then they added samples to the appropriate wells and recorded their results: 
• 1 piece of marble to each well in Column 1 
• 1 piece of Zn to each well in Column 2 
• 1 piece of Cu to each well in Column 3 
• 1 piece of paper clip to each well in Column 4 
• 1 piece of Al to each well in Column 5 
• 5 drops of egg white to each well in Column 6  

 
They recorded the results in the tables below: 

 
Well Acid Observations with Marble 
A-1 6.0 M HCl Lots of bubbling; marble gets smaller 
B-1 6.0 M H2SO4 Lots of bubbling; marble gets smaller 
C-1 0.6 M H2SO4 Small amount of bubbling; marble gets smaller 
D-1 6.0 M HNO3 Lots of bubbling; marble gets smaller 
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Well Acid Observations with Zinc 
A-2 6.0 M HCl Lots of bubbling; some smoke emitted 
B-2 6.0 M H2SO4 Lots of bubbling; some smoke emitted 
C-2 0.6 M H2SO4 Small amount of bubbling 
D-2 6.0 M HNO3 Vigorous bubbling; brown gas emitted 

 
Well Acid Observations with Copper 
A-3 6.0 M HCl No reaction 
B-3 6.0 M H2SO4 No reaction 
C-3 0.6 M H2SO4 No reaction 
D-3 6.0 M HNO3 Some bubbling; solution turns blue; some smoke

 
Well Acid Observations with Paper Clip 
A-4 6.0 M HCl Nothing at first; then bubbling; turns gray 
B-4 6.0 M H2SO4 Nothing at first; then bubbling 
C-4 0.6 M H2SO4 No reaction 
D-4 6.0 M HNO3 No reaction 

 
Well Acid Observations with Aluminum 
A-5 6.0 M HCl Nothing at first; then lots of bubbling; turns gray
B-5 6.0 M H2SO4 Nothing at first; then some bubbling 
C-5 0.6 M H2SO4 No reaction 
D-5 6.0 M HNO3 No reaction 

 
Well Acid Observations with Egg White (Protein) 
A-6 6.0 M HCl Turns somewhat cloudy white 
B-6 6.0 M H2SO4 Turns cloudy white 
C-6 0.6 M H2SO4 Stays clear 
D-6 6.0 M HNO3 Turns cloudy white 

 
 
1. When a secondary neutralization reaction takes place in Well A-1, which substance is 

produced? 
A. NaCl 
B. NO2 
C. SO2 
D. H2O 

 
If you answered A, B, or C, your answer was incorrect.  Let’s look at why. 

A. NaCl (sodium chloride) cannot be a substance that is produced because neither 
the acid nor the base in A-1 contains Na (sodium).  

B. NO2 (nitrogen dioxide) cannot be a substance that is produced because neither 
the acid nor the base in A-1 contains N (nitrogen).  

C. SO2 (sulfur dioxide) cannot be a substance that is produced because neither 
the acid nor the base in A-1 contains S (sulfur).  

 
What is a substance that is always produced when an acid reacts with a base? 
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The correct answer is: D. When the secondary neutralization reaction takes place in 
well A-1, H2O (water) is produced.   
 
Bases react with most acids to form a salt and water. In this case, HCl (hydrochloric 
acid) reacts with CaCO3 (calcium carbonate) it neutralizes the acid to form H2O 
(water), along with other substances. 
 
Balanced chemical equations: 
 
2HCl (aq) + CaCO3 (s)  H2CO3 (aq)+ CaCl2(s)   
 
H2CO3 (aq)  H2O (l) + CO2 (g) 
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2. A comparison of Wells A-2 and D-2 shows which of the following? 

A. the effect of different acids on the corrosion of zinc 
B. the effect of the concentration of an acid on the corrosion of zinc 
C. the effect of HCl on the corrosion of zinc versus copper 
D. the effect of temperature on the corrosion of zinc 

 
If you answered B, C, or D, your answer was incorrect.   Let’s look at why. 

B. The acids used in rows A and D are the same concentration. 
C. The reactant used in column 2 is zinc. 
D. There is no difference in temperature between wells A-2 and D-2. 

 
The correct answer is: A. A comparison of Wells A-2 and D-2 shows the effect of 
different acids on the corrosion of zinc. 
 
Zinc is the substance used in all wells in column 2. Well A-2 shows the effect of HCl 
(hydrochloric acid) on zinc, and well D-2 shows the effect of HNO3 (nitric acid) on 
zinc. 
 
Balanced chemical equations: 
 
A-2 
 2HCl (aq) + Zn (s)  ZnCl2 (s) + H2 (g) 
D-2 
 2HNO3 (aq) + Zn (s)  Zn (NO3) 2 (s) + H2 (g) 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4 formulating and revising scientific explanations and 
models using logic and evidence 

21.2 

Introduction to Students:  
We are still using the well-plate chemical reaction experiment.  When looking at the 
students’ results, we need to determine what happened in relationship to other wells.  
Using your logical reasoning and observation skills, let’s look at the results and see if we 
can determine what happened in Wells A-2 and D-2.  
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1.  What is the most likely identity of the gas produced in Well A-1? 

A. CO2 
B. N2 
C. SO2 
D. Ca 
 

If you answered B, C, or D, your answer was incorrect.  Let's talk about why. 
B. N2 (nitrogen) cannot be a substance that is produced because neither the acid 

nor the base contains N (nitrogen).  
C.        SO2 (sulfur dioxide) cannot be a substance that is produced because neither the 

acid nor the base contain S (sulfur). 
D. Ca (calcium) is not likely to be the gas that is produced. Except in very unusual  
 circumstances calcium is not a gas, it is a solid. 
 
Determining the products of the chemical reaction in Well A-1 can help you answer 
this question.  The correct answer is: A. The most likely identity of the gas produced 
in Well A-1 is CO2. 
 
In Well A-1, HCl (hydrochloric acid) reacts with CaCO3 (calcium carbonate) to form 
H2O (water), CaCl2 (calcium chloride, a salt), and CO2 (carbon dioxide, a gas). 

Balanced chemical reaction: 

2HCl(aq) + CaCO3(s)  H2O (l) + CO2 (g) + CaCl2 (s) 

 
 
 
 
 
 
 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D3  writing balanced equations to represent a variety of chemical 
reactions (acid/base, oxidation/reduction) 

22.1 

Introduction to Students:  
Recall our previous discussion about acids and bases.  What were the chemical reactions 
called? (neutralization reactions)  In the reaction of HCl and CaCO3 we learned that the acid 
was neutralized and water and a salt were produced.  There was something else produced, a 
gas.  Does anyone remember?  (carbon dioxide)  What is carbon dioxide?  (a gas that we 
breathe out)   
Today we are going to look at the results of the experiment to see if we can determine which 
gas is produced in one or more of the wells. 
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2.        To determine how the concentration of H2SO4 affects the degree to which marble 

(CaCO3) is corroded, it would be best to compare the results of which two wells? 
A. Well A-1 and Well D-1 
B. Well B-1 and Well B-2 
C. Well B-1 and Well C-1 
D. Well C-1 and Well D-1 

If you answered A, B, or D, your answer was incorrect.  Let’s look at why. 
A. Well A-1 contains HCl (hydrochloric acid) and CaCO3 (marble), and Well D-1 

contains HNO3 (nitric acid) and marble. 
B. Well B-1 contains H2SO4 (sulfuric acid) and CaCO3 (marble), and Well B-2 

contains H2SO4 (sulfuric acid) and zinc.  
D.  Well C-1 contains H2SO4 (sulfuric acid) and CaCO3 (marble), and Well D-1 

contains HNO3 (nitric acid) and marble.  
 
Find the two wells that contain both H2SO4 (sulfuric acid) and CaCO3 (marble). 
The correct answer is: C. To determine how the concentration of H2SO4 affects the 
degree to which marble is corroded, it would be best to compare the results of Well B-
1 and Well C-1. 
 
The concentration of H2SO4 (sulfuric acid) in Well B-1 is 6 moles per liter of solution; 
in Well C-1, it is 0.6 moles per liter. Therefore, the concentration of H2SO4 in Well B-
1 is greater than in Well C-1. Comparing the results of these two wells should show a 
difference in the degree to which marble is corroded. 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4   formulating and revising scientific explanations and models 
using logic and evidence 

22.2 

Introduction to Students:  
We are still using the well-plate chemical reaction experiment.  When looking at the 
students’ results, we need to determine what happened in relationship to other wells.  Using 
your logical reasoning and observation skills, lets look at the results and see if we can 
discover how the concentration of sulfuric acid affects the degree to which marble is 
corroded. 
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1.      Prior to adding egg white, which of the following wells had the highest pH? 

A.      A-6 
B.      B-6 
C.      C-6 
D.             D-6 

 
If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 

A. Prior to adding egg white, Well A-6 contained only HCl (hydrochloric acid) 
in a 6M solution.  

B. Prior to adding egg white, Well B-6 contained only H2SO4 (sulfuric acid) in 
a 6M solution.  

D. Prior to adding egg white, Well D-6 contained only HNO3 (nitric acid) in a 
6M solution. 

 
Find the well that contains the most basic solution. 
The correct answer is: C. Prior to adding egg white, Well C-6 had the highest pH. 
 
Remember that on the pH scale, 7 is neutral, <7 is acidic, and >7 is basic. The highest pH 
would be the solution that is the most basic. Since the concentration of acids in Wells A-6, 
B-6, and D-6 are so high (more than 1M per liter), they would be off the low end of the 
pH scale in acidity.  Dilute solutions of acids (such as the 0.6M solution of H2SO4 in Well 
C-6) and bases can be measured using the pH scale. Compared to the other three wells, 
the acid solution in Well C-6 would have the highest pH. 

 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D4  analyzing the factors that affect rate and equilibrium of a 
chemical reaction 

23.1 

Introduction to Students:  
We are still looking at the well-plate chemical reaction experiment.  Today we are going 
to look at 1 factor that can affect the rate and equilibrium of the chemical reactions.  
Recall that when we discussed rates of chemical reactions, we discussed using a catalyst.  
Do you remember what a catalyst does?  (It speeds up the rate of the reaction without the 
catalyst being changed.)   Do you remember other factors that can affect the rate of a 
reaction?   (concentration, surface area, and temperature)  Today we are going to look at 
concentration, but not what you are used to.  We are going to look at pH as a measure of 
the concentration of the acid. 
Remember from physical science that pH is a measure of the hydrogen ion 
concentration.  If we are talking about an acid/base reaction, which one releases 
hydrogen ions into solution, a base or an acid?  (an acid; they start with H)  Acids release 
hydrogen ions in solution.  So, when we are looking at pH, we use the pH scale 0-14.  0-
6.9 is an acid, 7 is neutral like water, and 7.1-14 is a base.  The lower the number for an 
acid, the higher the acid concentration.  The higher the number for a base, the higher 
the base concentration. In looking at concentration, the higher the concentration of an 
acid, the lower the pH value. The higher the concentration of the base, the higher the pH 
value. 
Let’s look at the experimental data to determine which of the wells had the highest pH. 
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2. NO2 is a toxic gas that was produced in one of the wells containing zinc. In which well 
was it produced? 
A.       A-2 
B.       B-2 
C.        C-2 
D.        D-2 

 
If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 

     A. Well A-2 shows the effect of adding HCl to zinc. Neither N (nitrogen) nor O 
(oxygen) are found in HCl or zinc, so NO2 cannot be produced from this 
well. 

     B. Well B-2 shows the effect of adding H2SO4 to zinc. N (nitrogen) is not found 
in either H2SO4 or zinc, so NO2 cannot be produced from this well. 

     C. Well C-2 shows the effect of adding H2SO4 to zinc. N (nitrogen) is not found 
in either H2SO4 or zinc, so NO2 cannot be produced from this well. 

 
The correct answer is: D. NO2 is a toxic gas that was produced in well D-2. 
NO2 (nitrogen dioxide) is only produced when nitrogen and oxygen are present in the 
reactants. Of the acids used in the experiment, the only one containing nitrogen is nitric 
acid (HNO3). Nitric acid is combined with zinc in well D-2. 

 

 

 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D5  applying the law of conservation of matter to chemical 
reactions 

23.2 

Introduction to Students:  
Recall the law of conservation of matter in physical science.  Does anyone remember 
what it states?  (Matter cannot be created nor destroyed.)  What ever you put into a 
chemical reaction, you must get as a product.  The elements in the compounds may be 
rearranged, but they are still present.  Let’s look at an example. 
2Na (s) + Cl2(g)  2NaCl (s)  Matter is conserved because we put 2 Na’s and 2 Cl’s 
into the reaction and 2 of each were produced.  They were rearranged, but not created 
nor destroyed. The total remained the same. 
Let’s look at the student’s chemical reaction experiment to determine that the law of 
conservation of matter was observed. 
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1.   Copper appears to have been oxidized in which of the following wells? 

A.     A-3 
B.     B-3 
C.     C-3 
D.     D-3 
 

If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 
Look carefully at the table that shows “Observations with Copper.”  
 
The table recording “Observations with Copper” shows that there was no reaction in 
wells A-3, B-3, and C-3. There was only a reaction in well D-3, the well with nitric acid. 
Therefore, the answer is D.  Oxidation must have taken place in well D-3. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4  formulating and revising scientific explanations and 
models using logic and evidence 

24.1 

Introduction to Students:  
We are still using the well-plate chemical reaction experiment.  When looking at the students’ 
results, we need to determine what happened in relationship to other wells.  Using your logical 
reasoning and observation skills, lets look at the results and see if we can determine if and 
where copper was oxidized, meaning a reaction with copper took place.  
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2.   At least one substance studied by Amber and Trevor contains an oxide coating that 

protects it from damage by acid.  Once the coating has been decomposed, however, the 
substance reacts readily with most acids.  Of the substances used in the well plate 
experiment, identify a substance with an oxide coating. 
 

Correct answer: 
 
The two substances likely to have an oxide coating are aluminum and the paper clip. 
 
The tables recording “Observations with Aluminum” and “Observations with Paper 
Clip” show in many cases that there was at first no reaction, but that eventually a 
reaction began to occur. 

This is what you should expect when an object has a protective coating that prevents 
immediate reaction with acids. 

 
 
 
 
 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4  formulating and revising scientific explanations and 
models using logic and evidence 

24.2 

Introduction to Students:  
We are still using the well-plate chemical reaction experiment.  When looking at the students’ 
results, we need to determine what happened in relationship to other wells.  Using your 
logical reasoning and observation skills, lets look at the results and see if we can determine if 
one or more of the substances were coated for protection against damage by an acid.  
Remember that a reaction will probably take place, but the coating has to be eaten through 
first, so the reaction may take a while. 
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1.   If Trevor and Amber want to determine how the concentration of acid affects egg 

white, which wells should they compare? 
 

 
Correct answer: 
 
Trevor and Amber should compare wells B-6 and C-6 if they want to determine how 
the concentration of acid affects egg whites. 

Column 6 contains egg whites, and rows B and C contain different concentrations of 
H2SO4 (sulfuric acid)—6M and 0.6M, respectively. Therefore, by comparing wells B-6 
and C-6, Trevor and Amber could find out how the different concentrations of 
sulfuric acid affect egg whites. 
 

 

 

 

 

 

 

 

 

 

 

 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4    formulating and revising scientific explanations and models 
using logic and evidence 

25.1 

Introduction to Students:  
We are still using the well-plate chemical reaction experiment.  When looking at the 
students’ results, we need to determine what happened in relationship to other wells.  Using 
your logical reasoning and observation skills, lets look at the results and see if we can 
determine how the concentration of acid affects egg white.  Remember that egg whites are 
considered bases and you are observing acid/base reactions.  You may not want to compare 
different acids to the egg white because different acids affect substances differently.  You 
may want to compare the same acids at different concentrations. 
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2.  One chemical element was present in all of the acids used in the experiment. What is the 

name of this element? 
 

Correct answer: 
 
The element that is present in every acid used in the experiment is Hydrogen (H). 
 
The acids used were HCl, H2SO4, and HNO3. You can see from the chemical formulas 
that each of these acids includes hydrogen (H). 
 

Grade/Subject Content Standard Lesson 

11 Science SI-H-A4    formulating and revising scientific explanations and 
models using logic and evidence 

25.2 

Introduction to Students:  
We are still using the well-plate chemical reaction experiment.  When looking at the 
students’ results, we need to determine what happened in relationship to other wells.  Using 
your logical reasoning and observation skills, lets look at the results and see if we can 
determine which element was used in all the reactions.  We are observing acid/base and 
oxidation/reduction reactions.  If every reaction used an acid, which element must be 
present at the start of a compound in order for that compound to be an acid?  Let’s look at 
the results to find out. 
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Use the graphic below to answer the following question. 
 

 
 
1. Write a balanced chemical equation for the reaction that takes place in Well A-1. 
 
 
The balanced equation is as follows: 
 
2 HCl + CaCO3 → H2O + CO2 + CaCl2 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D3  writing balanced chemical equations to represent a 
variety of chemical reactions (acid/base, 
oxidation/reduction) 

26 

Introduction to Students:  
Today’s activity is the last using the students’ chemical reaction well-plate experiment data.  
This is an extended-constructed response item like you will find on the GEE 21 exam.  Today 
you will have to remember the last 5 lessons and our discussions to help you in the task.  You 
are going to have to write a balanced chemical equation for one of the well plates.  Remember 
the law of conservation of matter: Matter cannot be created nor destroyed.  You must have 
the same number and types of elements on both sides of the arrow.  The compounds can be 
rearranged, but they need to be present.  Remember that acid/base reactions yield neutral 
products, water, salt, and sometimes carbon dioxide gas.  Remember that oxidation/reduction 
reactions yield hydrogen gas and a compound. 
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Score Description 

4 The student satisfies the following criteria:  1) identifies reactants, 2) identifies 
products, 3) balances equation.  The response contains no errors 

3 The student provides at least FOUR reactants/products but need not balance the 
equation.  The response may contain errors. 

2 The student identifies at least THREE reactants/products but need not balance the 
equation.  The response may contain errors. 

1 The student identifies at least ONE reactant/product but need not balance the 
equation.  The response may contain errors. 

0 The student’s response is incorrect, irrelevant, too minimal to evaluate, or blank. 
 
Rubric notes: 
 
A 4-point answer includes the following information: 

• Reactants are identified 
• Products are identified 
• The equation is balanced 

 
A 3-point answer includes at least FOUR reactants/products, but the reaction need not be 
balanced.  Example:   HCl + CaCO3 → H2O + O2 + CaCl2 
 
A 2-point answer includes at least THREE reactants/products, but the reaction need not be 
balanced.  Example:   HCl + CaCO3 → H2O + CaCl 
 
A 1-point answer includes at least ONE reactant/product, but the reaction need not be 
balanced.  Example:   HCl + CaOH → ? 

Example:  HCl→ H2O  
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1. The chemical properties of an element are determined by its 
 A.  atomic mass. 
 B.  proton number. 
 C.  electron arrangement. 
 D.  atomic size. 
 
If you answered A, B, or D, your answer was incorrect.  Let's talk about why. 

A.  The atomic mass is determined by the sum of the masses of the protons and neutrons in 
the nucleus of the atom. 

B. The proton number is the number of protons in the nucleus of the atom and 
determines the identity of the element. 

D. The atomic size is determined by the number of energy levels filled by electrons in the 
atom. 

C. Correct.  The electron arrangement or configuration in the atom determines the 
atom’s ability to participate in a chemical reaction. This ability of an atom to 
participate in a chemical reaction depends on the number of electrons in the 
outermost energy level of the atom. The outermost level will hold 1 to 8 electrons, with 
8 electrons filling the level and thus making the atom stable.  The number of electrons 
in the outermost level also helps determine whether the atom will attract or release 
electrons easily and how many electrons will be released or attracted. 

Follow-up:  
1. Look at the chart below that shows electron arrangements for several atoms. Which of the 

atoms have similar electrons arrangements?  
 

 
“Electron Configuration.”  29 July 2004 <http://www.chem.purdue.edu/chm125/pproblems/e3115f97.gif)> 

Grade/Subject Content Standard Lesson 

11 Science PS-H-B3  understanding that an atom’s electron configuration, 
particular that of the outermost electrons determines 
the chemical properties of that atom 

27.1 

Introduction to Students: 

The chemical property of an element is a description of a substance’s ability to participate in a 
chemical reaction.  Some elements react very easily with other elements, while some elements will 
not react with certain other elements.  The elements listed in the Periodic Table of Elements are 
grouped by their similar chemical properties. For example, hydrogen will react violently with 
oxygen, but hydrogen will not react with sodium. 
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2.  Observe the electron configuration (picture) for each atom of the third energy level 

(Period 3) of the Periodic Table of Elements, and compare the number of electrons in the 
outermost level.  
 
 

 

 

“Period 3, Periodic Table of Elements.”  29 July 2004 
<http://www.schoolresult.com/chemistry/classification> 
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2. Some air was pumped out of a closed can, and the can collapsed. Which of the following 

best explains why this happened? 
A. Air molecules inside the can condensed. 
B. Pumping out the air molecules weakened the can. 
C. Pumping air out of the can made the can hotter and caused it to collapse.  
D. Pumping air out of the can created a large difference between the pressures inside and 

outside the can. 
 

If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 

A. Removing air molecules from the can would reduce the pressure inside the can but 
the temperature would remain almost the same.  Condensation would require a 
decrease in temperature or increase in pressure. 

B. Removing air molecules from the can would not affect the strength of the can. 

C. Pumping air out of the can would reduce the number of air molecules inside the 
can and reduce the pressure but not increase the temperature. 

D.  Correct.  A number of the moving air molecules inside the can collide with the 
sides of the can each second.  This continuous collision of air molecules exerts an 
outward force on the walls of the can that results in creating pressure on the can 
walls. The air molecules on the outside of the can also exert pressure. As long as 
the two pressures are equal, the can walls remain stable. However, when air 
molecules are removed from the inside of the can, the inside pressure decreases 
and the outside pressure is greater. When the pressure difference becomes large, 
the pressure of the outside air molecules pushes the walls and the can collapses. 

Follow-up:  

1. Hold a paper bag or plastic bag over your mouth but do not breathe through your mouth. 
Notice the sides of the bag.  Now, breath in through the mouth, inhaling the air molecules in 
the bag.  Notice the bag’s movement. 

 
2. Draw a picture of the pressure balance in blowing-up a balloon. 
 
 

Grade/Subject Content Standard Lesson 

11 Science PS-H-C7 using the kinetic theory to describe the behavior of     
atoms and molecules during phase changes and to 
describe the behavior of matter in its different phases 

27.2 

Introduction to Students:  
Gases are described as matter particles that move rapidly and fully occupy their container.  
Gases do not have a definite shape or definite volume.  This question involves the result of one of 
the gas properties. 
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1.   Given the reaction: 

Mg(s) + 2HCl(aq)→ MgCl2(aq) + H2(g) 

The reaction occurs more rapidly when a 10-gram sample of Mg is powdered, rather than solid. 
This is because, compared to the solid piece, the powdered Mg has more 
 
A. surface area. 
B. mass. 
C. potential energy. 
D. volume. 

 
If you answered B, C, or D your answer was incorrect.  Let's talk about why. 

B.  The powdered Mg has the same mass as the solid piece of Mg. 

C.  The potential energy of powdered Mg and solid Mg is the same. 

D.  Although turning the solid Mg into powdered Mg may result in a smaller volume, this 
will not affect the reaction. 

 
A.   Correct.  Reactions take place at the surface of solids. By increasing the amount of 

surface area by powdering the Mg, there are more surfaces for the reaction to occur 
resulting in an increase in the reaction rate. 

Follow-up:  

1. How would each of the following factors affect the rate of a reaction? 

1. Surface area 

2. Temperature 

3. Stirring 

4. Presence of a catalyst 

5. Removing the product as is formed. 

2. Take a sugar cube and measure each side to find the total surface area.  Next mark off on a 
piece of graph paper the area determined from the sugar cube.  Now grind the sugar cube 
into a powder and spread on the graph paper as thin a layer as possible.  Observe how the 
sugar now easily covers the area and more. 

Grade/Subject Content Standard Lesson 

11 Science PS-H-D4  analyzing the factors that affect the rate and 
equilibrium of a chemical reaction 

28.1 

Introduction to Students:  
For a chemical reaction to occur, the reactant molecules must separate and collide with each other 
to form the products. There are several factors that can increase the rate of these collisions and 
thereby make the reaction occur faster. Consider the following question regarding reaction rate. 
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2. Which of the following events occurs in meiosis but not in mitosis? 

A. pairing up of homologous chromosomes 
B. duplication of chromosomes before division 
C. separation of chromosomes into two cells 
D. separation of chromosomes into chromotids 

 

If you answered  B, C, or D your answer was incorrect.  Let's talk about why. 

B. Both mitosis and meiosis must duplicate chromosomes before cell division can 
occur to pass on a set of chromosomes to the daughter cells. 

C. Both mitosis and meiosis must separate the chromosomes into the daughter cells in 
order for each daughter cell to have a set of chromosomes. 

D.  Both mitosis and meiosis must separate chromotids after duplication. 

A.  Correct.  Meiosis consists of two stages: Meiosis I and Meiosis II. The pairing up 
of homologous chromosomes occurs in the meiosis I stage of cell division where the 
chromosome number remains diploid.  Meiosis I stage does not occur in mitosis. 

 
Follow-up: 
 
Compare mitosis and meiosis features in the chart below. 
 

MITOSIS MEIOSIS 
1. Occurs in somatic cells. 1. Occurs in reproductive cells. 
2. Consists of only one nuclear division. 2. Consists of two nuclear divisions M-

I and M-II. 
3. Cytokinesis takes place only once. 3. May take place only once 

(simultaneous type) or twice 
(successive type). 

4. Involves division of chromosomes. 4. Involves separation of homologous 
chromosomes in M-I and division of 
chromosomes in M-II 

5. Dividing cells can be haploid or 
diploid. 

5. Dividing cells are diploid. 

6. Does not involve either pairing of 
homologous chromosomes or crossing 
over. 

6. Pairing of homologous chromosomes 
and crossing over occur during 
Prophase-I. 

Grade/Subject Content Standard Lesson 

11 Science LS-H-B2   comparing and contrasting mitosis and meiosis 28.2 

Introduction to Students:  
Mitosis and meiosis are both a type of cell division.  Mitosis provides cells for growth, cell 
replacement, and asexual reproduction.  Meiosis produces cells for sexual reproduction.  Mitosis 
maintains the chromosome number while meiosis reduces the chromosome number by half. 
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7. Two daughter cells are formed. 7. Four daughter cells are formed. 
8. Number of chromosomes present in 
the mother cell is maintained in both the 
daughter cells. Therefore it is an 
equational division. 

8. Diploid number of chromosomes is 
reduced to haploid in each daughter 
cell. Therefore it is a reduction 
division. 

9. Original characters of the 
chromosomes are maintained in the 
daughter cells. 

9. Chromosomal characters are altered 
due to "crossing over" causing 
recombination of genes. 

10. Daughter cells are similar to each 
other and also to the original mother cell. 

10. Daughter cells differ from each 
other as well as from the original 
mother cell. 

11. Helps in growth and body repairs. 11. Helps in the sexual reproduction 
and regulation of chromosome number 
in the life cycle of sexually reproducing 
organism. 

 
 
“PinkMonkey.com Study Guides, 6.4.” Pink Monkey.com. 29 July 2004 

<http://www.pinkmonkey.com/studyguides/subjects/biology-edited/chap6/b0606401.asp> 
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1. It gets hotter in the summer and colder in the winter in the middle of a continent than it 

does near an ocean. Which statement best explains this observation? 
A. It rains more in the middle of a continent. 
B. Land warms up and cools off faster than water. 
C. Land has hills, so it traps more air. 
D. Water reflects more heat in the summer than in the winter 

 

If you answered A, C, or D your answer was incorrect.  Let's talk about why. 

A.  There is more rain near the ocean shores than in the middle of the continent. 

C.   Hills are not tall enough to trap sufficient air to cause this kind of condition. 

D.  If water reflected heat in the summer, it would be cooler.  Water absorbs heat. 

B.   Correct.  Water has one of the highest heat capacities of all known substances and 
thus absorbs a tremendous amount of heat energy from solar radiation (the Sun).  
Water and water vapor absorb, transport, and redistribute the heat energy from 
the sun.  During the summer, hot, moist air (from the south) releases its water as it 
moves across the hot land as rain nears the ocean coasts and the hot dry air 
continues to the middle of the continent. During the winter, the cold dry air (from 
the north) continues to the middle of the continent.  Without the water to absorb 
and transport heat, the middle of the continent gets cooler. 

Grade/Subject Content Standard Lesson 

11 Science ESS-H-A6 describing the energy transfer from the sun to the 
earth and its atmosphere as it relates to the 
development of weather and climate patterns 

29.1 

Introduction to Students:  
Weather and climate patterns develop because of the transfer of energy from the sun to Earth 
and its atmosphere.  There is a dynamic relationship in the transfer of this energy between land 
and air that determines the weather and climate.  
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2. A wetland area was drained for development. Over the next two years, the toad population 

slowly decreased. The best possible explanation for this change is that 
A. the toads relied on the water for most of their food. 
B. the toads moved into nearby woods or other isolated areas. 
C. the toads died because they could not live long out of water. 
D. the toads could not reproduce in the same numbers without nearby water. 

 

If you answered A, B, or C, your answer was incorrect.  Let's talk about why. 

A. If this were true, the toad population would have dropped immediately, not 
over a period of two years.  They could not survive very long without food. 

B. If this were true, the toads would have moved to the same kind of environment 
they need to survive.  Nearby woods and other isolated areas are not the same 
environments. 

C. If this were true, the toad population would have declined immediately, not 
over a period of two years. 

D.   Correct.  Toads need an aquatic environment to reproduce.  They lay their 
eggs in water, and the tadpoles begin their lives in water.  Without the 
wetlands, the toads would have been unable to reproduce in the same numbers 
as before the area was drained. 

Follow-up:  
 
1. Living things have basic needs to survive, reproduce, and maintain their population.  List the 

basic needs for all living things. 
 
2. Make a list of what a healthy environment would look like for a rabbit. 
 
 

Grade/Subject Content Standard Lesson 

11 Science SE-H-C1  evaluating the dynamic interaction of land, water, and air 
and its relationship to living things in maintaining a 
healthy environment 

29.2 

Introduction to Students:  
Living things depend on a healthy environment to furnish their basic needs to live.  When their 
environment is changed and their basic needs are no longer met, their population declines. 
Consider the following question about a change in population of living things in a region. 
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Use the graphs below to answer question 1. 

 

 
 
1. Which is the best interpretation that can be made from the graphs about the changes in 

temperature and carbon dioxide levels between 1870 and 1955?  
A. The amount of carbon dioxide steadily increased, and the temperature showed an 

overall increase. 
B. The amount of carbon dioxide steadily increased, and the temperature also steadily 

increased. 
C. The amount of carbon dioxide steadily decreased, and the temperature showed an 

overall decrease. 
D. The amount of carbon dioxide steadily increased, causing decreasing changes in 

temperature. 
 

If you answered B, C, or D your answer was incorrect.  Let's talk about why. 

B. If this were true, the graph line would be a smooth line.  Here, the temperature 
fluctuated greatly at some points over the time period shown. 

C. If this were true, both graph lines would overall rise to the right.  Here, neither 
the amount of carbon dioxide nor the temperature showed overall decreases 
over the time period. 

Grade/Subject Content Standard Lesson 

11 Science SI-H-B2  communicating that scientists conduct investigations for 
a variety of reasons, such as exploration of new areas, 
discovery of new aspects of the natural world, 
confirmation of prior investigations, evaluation of 
current theories, and comparison of models and theories 

30.1 

Introduction to Students:  
Scientists conduct investigations for many reasons, such as monitoring our environment, and often 
organize their findings into graphs.  Graphs provide much information as a “picture.” This 
informational “picture” then must be interpreted according to prior models or theories.  Consider 
the following graphs for interpretation. 




