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Dear Family Member, 

HMH Science Dimensions™ Biology is the curriculum that RUSD acquired and your son or daughter has 
access to this text online through the RUSD dashboard as an app called Ed-Your Friend in Learning.  
This text has been designed to make this year of science more convenient. 

This packet is to provide formative and summative assessments that let students explore a variety of 
concepts related to the topic of study. These lessons provide your student opportunities for enrichment 
and actively participate in their learning.  

HMH Science Dimensions™  has been a great guide all year and will continue to help your student build 
a foundation for how to evaluate evidence, make valid claims, use critical thinking skills, and synthesize 
information from a variety of sources.   

Sincerely, 

 

RUSD 



Teacher Resources  

Unit Performance Task Worksheet 1 Ecosystems: Stability and Change 
Original content copyright © Houghton Mifflin Harcourt. Alterations to the original content are the responsibility of the instructor. 

 

UNIT PERFORMANCE TASK 

Analyzing Red Squirrel Population Dynamics 
TIME REQUIRED  (Three 30 Minute Sessions) 

 
Using Mathematics and Computational Thinking 

Students use Mount Graham red squirrel population data to determine trends and to explain 
changes in the red squirrel population and its habitat. 

  
 
 
 
 
 
 
 
 
 

 
 
  

Points CRITERIA 

0-4 guiding questions are answered 

0-4 a graph clearly shows the population of Mount Graham squirrels over time 

0-4 Explanation of the squirrels’ current population status, their habitat, and distrubances is 
given 

0-4 Images and data are provided to support explanations 
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UNIT PERFORMANCE TASK 

Analyzing Red Squirrel Population Dynamics 
The Mount Graham red squirrel (Tamiasciurus 
hudsonicus grahamensis) is an endangered red squirrel 
subspecies that is endemic to the Pinaleño Mountains in 
southeastern Arizona. Population data for this squirrel is 
shown in the Data Table. Use this information and 
independent research to determine population trends for 
the red squirrel. Investigate whether the red squirrel 
habitat is declining and what natural or human-caused 
disturbances may be responsible for fluctuations in the 
red squirrel population. Based on your investigation, 
decide whether you think the Mount Graham red squirrel 
population is resistant or resilient to disturbance. 

Use your Evidence Notebook to record your notes, 
statements, questions, and data. 

1.  ASK A QUESTION 
Develop a set of questions to help guide your research 
and data analysis. Focus your inquiry on population 
trends for the Mount Graham red squirrel, how those 
trends relate to habitat loss, and how the causes of the 
habitat decline are affecting  the red squirrel  population. 

2.  CONDUCT RESEARCH 
Investigate the Mount Graham red squirrel population. 
Use library and Internet resources to explore how this 
species has done over the last half-century. 

3.  ANALYZE DATA 
Analyze your research and the population data provided. 
Graph the population data in order to visualize the red 
squirrel population trends. Is there evidence of 
disturbances, ecosystem decline, or the resilience or 
resistance of the squirrel population? 

4.  CONSTRUCT AN EXPLANATION 
Use your analysis to answer your questions and 
construct an explanation for the changes in the 
population of the Mount Graham red squirrel and its 
habitat. 
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UNIT PERFORMANCE TASK 

Comparing Normal Cells and Cancer Cells 
TIME REQUIRED  90 (Three 30 Minute Sessions) 
 

 
Developing and Using Models 

Students formulate a plan for analyzing data showing the relationship between the stage of the cell 
cycle in the cells of a tissue sample and the presence of cancerous cells in that tissue. After 
analyzing the data and making calculations, students write a report explaining their conclusions and 
develop a model (graph) to incorporate into it. 

SCORING RUBRIC  
 
 
 
 
 
 
 
 

 
  

Points CRITERIA 

0-4 plan is clearly defined. Calculations and type and number of graphs are described 

0-4 calculations and graphs are made correctly and accurately from data 

0-4 reasonable conclusions are made from analysis of data 

0-4 reports should include a discussion of possible disrupted cellular processes as well 
as possible genetic and environmental factors, as supported by evidence 
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UNIT PERFORMANCE TASK 

Comparing Normal Cells and Cancer Cells 
Cancer arises in cells due to abnormal genetic changes 
and can lead to other genetic, structural, and molecular 
alterations. Typically, the cell cycle of cancerous cells is 
disrupted compared with that of normal cells from the 
same tissue. The data shown in the Data Table are from 
six different tissue samples. The samples were collected 
to determine whether the tissue in question contains 
cancerous cells. In this activity, your task is to analyze 
the data and make a claim for which samples are most 
likely to contain cancerous cells. 

1.  PLAN AN INVESTIGATION 
With your team, formulate a plan for analyzing the data. 
Decide how you will compare the data, what calculations 
you will need to perform, and which type of graph would 
be best for displaying these data. You may want to make 
multiple graphs or sets of calculations to compare the 
data in multiple ways. 

2.  ANALYZE DATA 
On your own, show the work for the calculations 
performed. Construct the necessary graph(s) based on 
what your group decided. You may use a computer 
program if necessary. 

3.  EVALUATE DATA 
Based on your findings, which samples are more likely to 
contain cancerous cells? Compare your findings with the 
group. Are there any other patterns you can identify? 

4.  COMMUNICATE  
Write a report explaining your conclusions, including a 
claim, evidence, and reasoning. Your claim should state 
which samples are most likely to contain cancerous 
cells, and you should explain, in detail, how your 
analysis of the data supports your claim. In addition, 
describe some of the factors that might have caused the 
cancerous cells to become cancerous. How is the cell 
cycle related to the development of these types of cells? 
How is a person’s genetic material and external 
environment related to the development of cancer? 

DATA TABLE: For each tissue sample, the number of 
cells in each phase were counted and recorded. 

 

 

 CHECK YOUR WORK 

A complete report should include the following 
information: 
• a clearly defined plan for analyzing and  

evaluating the data 
• a clear conclusion based on evidence and 

supporting analysis 
• one or more graphs displaying the data you 

evaluated in your investigation 
• an explanation of which cells are most likely to be 

cancerous cells using evidence to support your 
claims 
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UNIT PROJECT WORKSHEET 

Bottle Biome 
TIME REQUIRED  One class period to construct closed system; several weeks of observation 

LAB RATINGS   
Teacher Prep–2 
Student Setup–3 
Concept Level–2 
Cleanup–2 

SAFETY INFORMATION 
Review the plant and animal materials that students intend to place in their ecosystem. Make sure 
they exercise the appropriate cautions when handling organisms and wash their hands immediately 
after handling the ecosystem model. 

SCORING RUBRIC  
 
 
 
 
 
 
 
 
 
 
 

Points CRITERIA 

0 – 5 The worksheet, lab write-up, and/or presentation states a claim supported with 
detailed evidence to show how matter and energy cycled through the eco-column. 

0 – 5 Each model created accurately shows how the process cycles energy and matter 
through the eco-column. 

0 – 5 The worksheet, lab write-up, and/or presentation presents work in a well-organized 
format that is logical, easy to understand, and informative. 

0 – 5 The worksheet, lab write-up, and/or presentation uses photos or art pieces as 
evidence to show how energy and matter cycled through the eco-column over the 
course of the project. 
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UNIT PROJECT WORKSHEET  

Bottle Biome 
You know that you share the world around you with many other organisms, 
but have you ever had a close-up view of those neighbors in action? We 
tend to think of ecosystems as enormous areas such as deserts and 
beaches, where plants, animals, and other organisms are seen from a 
broad perspective. But ecosystems don’t have to be large, and the 
relationships of organisms to each other and to the environment can be 
fascinating to watch on a small scale. 

Over the course of the next six weeks, you will build and make observations 
about your self-sustaining bottle biome. 

PREDICT 

1. How will the abiotic and biotic factors interact in this ecosystem? 
 _______________________________________________  
 _______________________________________________  
 _______________________________________________  

2. Do you think the ecosystem will remain self-sustaining until the end 
of the project? Why? 
 _______________________________________________  
 _______________________________________________  

3. What evidence do you need to gather to answer Questions 1 and 2? 
 _______________________________________________  
 _______________________________________________  

PROCEDURE 

1. Inspect the bottles to be sure they are clean. Cut the base off one bottle (Bottle A), about 1 
cm below where it tapers downward. Cut the top off of the same bottle, about 1 cm below 
where it flares outward. 

 
  

MATERIALS 
• bottle, clear plastic, 2 L (2 

identical) 
• pointed tool  
• scissors  
• selection of living and nonliving 

components: soil, soil nutrients, 
water, grass, compost, insects, 
snails, etc. 

• silicone sealant, clear 
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2. Cut the top off the second bottle (Bottle B), at the same spot where you cut the top off  
Bottle A. 

3. Slide the top of Bottle A, cap side up, down into the lower portion of Bottle A. 

4. If you want your ecosystem to hold water, seal with silicone the joint where the top of Bottle A 
now meets the sides of the lower portion. 

5. Poke drainage/air holes all the way around the top portion of Bottle A. 

6. Stack the Bottle A “unit” into Bottle B, to create a two-chambered ecosystem. 

7. Determine which habitats you want to make in your chambers by using your choice of the 
ecosystem “ingredients” supplied. The bottom habitat can be aquatic (water-based) or 
terrestrial (land-based). Set up the habitats by adding nonliving components (soil, water, etc.) 
as well as the appropriate organisms. 

8. Once you have set up your bottle ecosystem, monitor it for six weeks, noting all observed 
changes in your Evidence Notebook. 

DATA COLLECTION 
Over the course of six weeks, you will collect both qualitative and quantitative data. You will need to 
observe your bottle biome for a few minutes every day. Write up a data collection plan for your 
teacher to approve. Include sample data tables and explain which data you can graph at the end of 
the experiment. 

Examples of qualitative data to record: 
• what the biome looks like every day and how it changes 
• the colors and textures in the biome 
• how the plants and animals look and change over time 
• daily or weekly photos 

Examples of quantitative data to record: 
• the number of organisms that are alive and dead in your biome 
• the temperature of the room where your bottle biome is located 
• water level over time in an aquatic ecosystem 

LESSON 1: PHOTOSYNTHESIS 
In your Evidence Notebook, draw a model demonstrating how photosynthesis transforms light 
energy into stored chemical energy in your bottle biome. In your model, explain the role of light-
dependent and light-independent reactions in photosynthesis. 

Answer the following questions in your Evidence Notebook: 

1. Did you maintain a specific range of temperatures and light? Was your ecosystem kept on a 
dark/light cycle that simulated night and day? How could this affect photosynthesis in your 
ecosystem? 

2. Predict  Where does the carbon dioxide needed for photosynthesis come from in this closed 
ecosystem? Use evidence to support your claims. 
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LESSON 2: CELLULAR RESPIRATION 
In your Evidence Notebook, draw a model demonstrating how cellular respiration breaks bonds to 
release energy in your bottle biome. In your model, explain the roles of glycolysis, the Krebs cycle, 
and the electron transport chain in cellular respiration. 

Answer the following questions in your Evidence Notebook: 

1. Explain how photosynthesis and cellular respiration form a cycle of energy storage and use. 
Use examples from your ecosystem to support your claims. 

2. Use the following equations to explain how the plants and animals are able to survive in  
your bottle biome: 
     6CO2 + 6H2O → C6H12O6 + 6O2 
    C6H12O6 + 6O2 → 6CO2 + 6H2O 

LESSON 3: MODELING MATTER AND ENERGY IN ECOSYSTEMS 
In your Evidence Notebook, make a food web for the organisms in your bottle biome. Explain which 
trophic level each organism occupies and its role in supporting the rest of the web. 

Answer the following questions in your Evidence Notebook: 

1. How is Earth similar to the ecosystem that you constructed? Are Earth and your bottle 
ecosystem truly closed systems? 

2. Which organism, if removed, would impact your ecosystem the most? Explain you answer. 

LESSON 4: CYCLING MATTER AND ENERGY IN ECOSYSTEMS 
Answer the following questions in your Evidence Notebook: 

1. Describe the movement of water in your bottle biome. What parts of the water cycle appear 
to be represented in the bottle? 

2. Choose one of the biogeochemical cycles (oxygen, carbon, nitrogen, or phosphorus) and 
explain how that element cycles through your bottle biome. 

CONCLUDE 
Write a conclusion demonstrating your findings from this experiment in your Evidence Notebook. 
Include all data you collected, and create at least one graphic representation of your data. In your 
conclusion, answer the following questions: 

1. Which nonliving components did you include in your ecosystem? Did you include soil 
nutrients at the start? 

2. Which organisms did you choose to include? How many of each type did you add initially? 

3. How many of each organism did your ecosystem eventually support? 

4. What changes or interactions within the system did you notice over time? 

5. Which changes in your ecosystem surprised you the most? What did you learn from 
observing the changes? 
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UNIT PERFORMANCE TASK 

Genetic Diversity in Cheetahs 
TIME REQUIRED  90 (Three 30 Minute Sessions) 
 

 

Constructing Explanations and  
Designing Solutions 

Construct an explanation based on valid and reliable evidence to explain the decrease in genetic 
variation over time of cheetah populations. 
.  

SCORING RUBRIC  
 
 
 
 
 
 
 
 
 

 
 
  

Points CRITERIA 

0-4 problem statement is clearly defined and identifies supporting questions to be 
answered 

0-4 analysis accurately describes how the mass extinction event in the past affects 
genetic variation in today’s cheetah population 

0-4 explanation clearly describes the evolutionary mechanism 

0-4 predictions describe specific ways genetic variation in cheetahs may be affected in 
the future 
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UNIT PERFORMANCE TASK 

Genetic Diversity in Cheetahs 
Today, there are fewer than 20,000 African cheetahs 
(Acinonyx jubatus). Before the last ice age, cheetah 
species could be found in North America, Europe, Asia, 
and Africa. Around 10,000 to 12,000 years ago, a mass 
extinction event occurred that caused the extinction of 
almost 75 percent of the world’s large mammals. A 
single cheetah species survived this extinction event, 
with a range limited to parts of eastern, central, and 
southern Africa. What effect did this mass extinction 
event have on cheetah diversity? 

Use your Evidence Notebook to record your notes, 
statements, questions, and data. 

1.  DEFINE THE PROBLEM 
With your team, write a statement outlining the problem 
you’ve been asked to solve. Record any questions you 
have on the problem and the information you need to 
solve it. 

2.  ANALYZE DATA  
With your team, analyze the graph Changes in 
Population Size and Genetic Variation. What effect does 
a sudden decrease in population size have on genetic 
variation? Does genetic variation within a species 
recover as the species’ population recovers? 

3.  CONDUCT RESEARCH 
On your own, use library and Internet resources to 
research how the mass extinction event affected genetic 
variation in cheetahs. How does a change in genetic 
variation affect modern-day cheetah populations? 

4.  CONSTRUCT AN EXPLANATION  
Write an explanation of the evolutionary mechanism that 
affected genetic diversity in cheetah populations. Can 
cheetah populations recover lost genetic diversity? 
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UNIT PROJECT WORKSHEET 

Wetlands at Your Service 
TIME REQUIRED  Three or four class periods; one for planning and two or three for conducting 
experiments 

LAB RATINGS   
Teacher Prep–2 
Student Setup–3 
Concept Level–2 
Cleanup–2 

SAFETY INFORMATION 
Review the plant materials that students intend to place in their wetlands model. Make sure they 
exercise the appropriate cautions when handling organisms and wash their hands immediately after 
handling the wetlands model. Check to see if any students have an allergy to foam rubber and cover 
it with cloth or plastic. A student without an allergy may also handle the foam rubber. Tell students to 
clean up any spills immediately. 

SCORING RUBRIC  
 
 
 
 
 
 
 
 
 
 

Points CRITERIA 

0 – 5 The worksheet and presentation describe observations and provide evidence to 
support conclusions. 

0 – 5 The model wetland demonstrates properties of wetlands, such as filtering of water, 
storage of floodwater, nutrients, and complex interactions of numerous species. 

0 – 5 The model wetland demonstrates how wetlands impact population dynamics and 
contribute to ecosystem resilience and stability. 

0 – 5 The mathematical model demonstrates how wetlands affect carrying capacity, 
biodiversity, and populations within the wetland. 
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UNIT PROJECT WORKSHEET  

Wetlands at Your Service 
Wetlands often form along the border of aquatic environments, such as 
lakes and oceans. As you’ve probably noticed if you’ve spent time near a 
beach, river, or lake, humans often build near water. This makes wetlands 
especially vulnerable to ecosystem disturbances. Wetlands can resist small 
disturbances. However, draining of wetlands is becoming common. This 
has huge environmental significance because wetlands act to stabilize 
neighboring ecosystems. In addition, high biodiversity leads to complex 
community interactions and population dynamics within the wetlands, which 
allows wetlands to provide many ecological services. 

Throughout this project, you will design and build a model wetland to 
investigate how wetlands respond to ecosystem changes. You will also 
construct mathematical models based on your observations to explain 
factors that affect carrying capacity, biodiversity, and populations within the 
wetland ecosystem. 

PREDICT 

1. What ecosystem services and functions do wetlands provide? How 
do disturbances to wetlands affect these functions? 
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  

2. What types of factors affect populations within wetland ecosystems? How do wetlands 
influence the stability of neighboring land and water ecosystems?  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  

3. What evidence do you need to gather to answer Questions 1 and 2? 
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  

  

MATERIALS 
• aluminum pan, long and shallow 
• clumps of grass, small plants, 

and weeds 
• dirt or potting soil 
• modeling clay 
• muddy water 
• selection of materials for model 

testing, such as sponges, foam 
rubber, cotton balls, craft sticks, 
vegetable oil, toothpicks 

• small stones or gravel 
• watering can 
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PROCEDURE 

1. Obtain an aluminum pan. Mold a slope with modeling clay in one half of the pan as  
shown in Setup A. Press the clay firmly around the edges to make a seal with the pan.  
The clay represents land next to a body of water. The empty side of the pan represents  
a body of water. 

 

2. Use a watering can to sprinkle water along the top of the sloping clay to represent rain. 
Observe what happens to the “rain.” Think about how land and water habitats interact in the 
absence of wetlands. Record your observations in your Evidence Notebook. 

3. Think about how the presence of wetlands affects the relationship between land and water 
ecosystems. Determine which type of wetlands you want to model. Consider different types 
of wetland organisms and the ecological functions they perform. Record your wetlands 
design plans in your Evidence Notebook. 

4. After your teacher approves your design, gather the materials you need. Pour off the water 
from the rain simulation. Build your wetlands at the base of your land slope. Place the 
materials in layers similar to what you would find in a real wetland. For example, gravel 
should go on the bottom, and plant material should go on the top. A sample wetland design is 
shown in Setup B. 

5. Determine which question you will address with your test. Consider the available materials, 
and be creative. Muddy water or vegetable oil can represent pollution. Potting soil can be 
used to test sediment runoff. Different plants can be used to test the effects of biodiversity. 
Decreasing the wetlands size can represent habitat destruction. 

6. Record your questions and the plan for your experiment in your Evidence Notebook. 

7. Once your teacher approves your plan, conduct your experiment. 

8. If time allows, you can plan and conduct a second experiment. 
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DATA COLLECTION 
Over the course of two or three class periods, you will collect both qualitative and quantitative data. 
Write up a data collection plan for your teacher to approve. Include sample data, and explain how it 
addresses your experimental question. 

Examples of qualitative data to record: (Your data will vary based on your question.) 
• whether water, soil, or pollution made it through your wetlands buffer 
• how the plant material looked or changed when exposed to the treatment 
• how the wetlands responded to changes in either the land or water ecosystems 

Examples of quantitative data to record: (Your data will vary based on your question.) 
• amount of time it takes for water, soil, or pollution to seep through different types of wetlands 
• change in temperature or acidity of wetlands or neighboring ecosystems 
• amount of rain required to cause sediment runoff in the presence and absence of wetlands 

LESSON 1: POPULATION DYNAMICS 
In your Evidence Notebook, draw a graph to model how populations grow when resources are 
limited. Include carrying capacity in your model. 

Answer the following questions in your Evidence Notebook: 

1. How does the carrying capacity of a wetland ecosystem change as humans drain sections to 
put up buildings? Use your graph to assist with your explanation.  

2. Describe density-dependent and density-independent limiting factors that are likely to affect 
wetland ecosystems. How might each of these factors affect populations within the 
ecosystem? 

3. How do wetlands help to stabilize the populations of neighboring land and water 
ecosystems? Use evidence from your project to support your claims. (Note: If your group did 
not directly address this question, use evidence gathered by another group.) 

LESSON 2: ECOSYSTEM DYNAMICS 
In your Evidence Notebook, draw a model demonstrating how disturbances affect an ecosystem that 
is resistant to change. Include in the same model a demonstration of an ecosystem that is resilient 
following a disturbance. 

Answer the following questions in your Evidence Notebook: 

1. Explain which factors cause a wetland ecosystem to be resistant to small or moderate 
disturbances. Use evidence and examples to support your claims. 

2. Do wetlands make neighboring ecosystems more resistant to disturbances or more resilient? 
Use evidence and examples to support your claims. 
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CONCLUDE 
Write a conclusion demonstrating your findings from this experiment in your Evidence Notebook. 
Include all data you collected and create at least one graphic representation of your data. In your 
conclusion, answer the following questions: 

1. What type of wetland ecosystem did you model? 

2. Which question did you address with your test? 

3. How were the neighboring water and land ecosystems changed during your test? 

4. What changes or interactions within the wetlands part of your system did you notice over 
time? 

5. Which observations surprised you the most? What did you learn from your observations? 
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UNIT PROJECT WORKSHEET 

Chemistry of Soap and Stains 
TIME REQUIRED Four 45-minute class periods 

LAB RATINGS   
Teacher Prep–3 
Student Setup–3 
Concept Level–3 
Cleanup–2 

SAFETY INFORMATION 
Detergents can burn or irritate skin and eyes. Make sure that students exercise the appropriate 
cautions when handling these products. Students should wash their hands immediately after 
handling each type of detergent to avoid cross contamination of the stains, as well getting 
detergent in their eyes. Students should wear safety goggles, aprons, and gloves while working 
with the chemicals. Check to see if any student has a latex allergy, and supply non-latex gloves. 
• Remind students that their procedures need to be repeatable. Therefore, they need to pay very 

close attention to every detail of what they use during their experiments and how they use it.  

SCORING RUBRIC  
 
 
 
 
 
 
 
 
 
 
 

Points CRITERIA 

0 – 5 The worksheet, lab write-up, and/or presentation includes a prediction about which soaps and 
stains are ionic, covalent, polar, and nonpolar. 

0 – 5 The worksheet and/or presentation includes notes collected from student research into soap 
properties. 

0 – 5 The worksheet, lab write-up, and/or presentation includes data and observations from an 
investigation of the effectiveness of different soaps on various stains. 

0 – 5 The advertisement for a specific brand of soap uses facts and evidence collected in student 
research. 
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UNIT PROJECT WORKSHEET  

Chemistry of Soap and Stains 
What makes some stains on clothing harder to remove than others? Why do 
certain soaps and cleaners work on some types of stains but not others? 
Discover the chemical properties of different stains and how cleaners act on 
chemical bonds and structures to clean them. Can you predict which 
cleaners will wash away each stain?  

In this activity, you will design and conduct an experiment that tests the 
effectiveness of different laundry detergents to see if the claims made on 
their labels are true. Your final observations will be presented in a formal 
lab report. You will then create an advertisement that tells about a 
particular brand of detergent. 

PREDICT 

1. Do you think the detergents will perform better on all stains than plain 
soap and water? Why? 
 _______________________________________________  
 _______________________________________________  
 _______________________________________________  

2. How does the molecular structure of each stain relate to its ability to 
be broken down?  
 _______________________________________________  
 _______________________________________________  

3. What evidence do you need to gather to answer Questions 1 and 2? 
 _______________________________________________  
 _______________________________________________  

PROCEDURE 
To conduct this experiment, you will design your own procedure and carry it out. Be sure to get 
approval from your teacher before starting to work. The list below provides some guidelines you 
should follow as you design your procedure. 

1. Cut the T-shirt into several identical squares, approximately 8 cm on each side. These will be 
used as your test surfaces. Use a different square for each type of stain. 

2. Use a sponge to apply a small amount of each of the staining substances to the pieces of 
fabric. Use a different sponge for each type of stain. Be sure to apply pressure to really press 
the stain into the cloth. Also, take care not to cross-contaminate the stain samples.  

3. You may want to let the stains set before testing the detergents. Use a clock or stopwatch to 
keep track of time. 

4. Be sure to identify which variables you are testing. Include and identify a control setup. The 
temperature of the water used with the detergent and the concentration of the detergent are 
two variables you might consider.  

  

MATERIALS 
• detergents, various types 

including some with enzymes 
and some without enzymes,  
surfactant, vinegar, dish soap  

• scissors  
• sponges for applying stains 
• stain materials, such as 

chocolate, ketchup, mud,  
soil, coffee grounds, oil 

•  timer or stopwatch  
• white T-shirt cut into 8 cm 

squares 
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5. Remember that experimental results need to be repeatable. Someone else should be able to 
replicate your experiment exactly as you did it. Include specific details about everything you 
did (amounts, how long, what size, how many times, etc.). 

6. Always wear your safety goggles, an apron, and gloves when working with the detergents. 
These can irritate your skin.  

7. Decide how you will analyze and present your data. This will help you determine what data 
you want to collect during the experiment. Record all your data in your Evidence Notebook. 

DATA COLLECTION 
Over the course of your testing, you will collect both qualitative and quantitative data. You will 
need to record how long it takes to remove the stain using each of the different detergents. Write 
up a data collection plan for your teacher to approve. Include sample data tables and explain 
which data you can graph and how you can present the data at the end of the experiment. 

Examples of qualitative data to record: 
• what the stain looks like before the detergent is applied 
• how the stain changes as you apply the detergent 

Examples of quantitative data to record: 
• the number of strokes with the sponge it takes before the stain starts to disappear or change 
• the amount of time it takes for each of the detergents to make a change in the stain 
• the performance of detergents with enzymes versus detergents that do not have enzymes, or 

the performance of surfactants against vinegar or soap and water 

LESSON 1: CHEMICAL BONDS AND REACTIONS 
In your Evidence Notebook, draw a model of an enzyme breaking a bond between atoms in a 
compound. Label the starting materials and end products and indicate how they are different. 

Answer the following questions in your Evidence Notebook: 

1. How do enzymes alter the rate of chemical reactions in living things? Why do you think some 
laundry detergents have enzymes added? 

2. Soap is made up of molecules with both a polar and a nonpolar region. How does this 
explain why soap dissolves in water and breaks apart oil stains? 

3. Some enzyme-containing detergents are labeled as “coldwater” detergents. How do you 
think the enzymes in these detergents differ from those in detergents not designed for  
use in cold water? 

Answer the following questions in your Evidence Notebook: 

1. Investigate the ingredients in the stain materials used in your investigation. What types  
of biomolecules are present in each stain type? Provide evidence and examples to  
support your claims.  

2. Investigate the ingredients in the detergents you tested. How does the chemical makeup of 
each detergent relate to the conditions under which they work best and the stains they clean 
most effectively? Provide evidence and examples to support your claims. 

3. Predict  Detergent also disrupts the cell membranes of bacteria, which is why soap is used 
to kill bacteria on hands. How do you think the structure of soap molecules allows for the 
destruction of the bacterial cell membrane? 



Name: Date: 

Unit Project Worksheet 3 Chemistry in Living Systems 
Original content copyright © Houghton Mifflin Harcourt. Alterations to the original content are the responsibility of the instructor. 

CONCLUDE 
Write a conclusion demonstrating your findings from this experiment in your Evidence Notebook. 
Include all data you collected, and create at least one graphic representation of your data. In your 
conclusion, answer the following questions: 

1. Which brand of detergent works the best for each type of stain? Support your claims  
with evidence. 

2. How did the molecular structure of the materials used encourage or prevent each stain from 
being broken down by each type of detergent? Support your claims with evidence.  

3. Did you test any other variables such as temperature or detergent concentration? If so,  
what patterns can you identify? If not, what other variables could be tested to determine  
the effectiveness of the detergents, and how would you change your procedure to test  
these variables? 

4. Were your predictions correct? Why or why not? Provide evidence to support your answer 
and give possible explanations as to why you got this outcome.  

5. Is every detergent right for every kind of stain? Consider surfactants, enzymes, “green 
detergents,” and others when writing your answer. 
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UNIT PROJECT WORKSHEET  

To Dam or Not to Dam 
TIME REQUIRED  3–4 class periods 

LAB RATINGS   
Teacher Prep–2 
Student Setup–3 
Concept Level–2 
Cleanup–2 

MATERIALS 
For Lesson 2, students are asked to make a model of a dam to exemplify how it can change the 
flow of water. To construct their models, students should use the following materials: clay, sand, 
soil, pebbles, a large aluminum pan, a water container (such as a beaker), and water. They may 
also use other materials if necessary, such as sections of gutter material. 

SAFETY INFORMATION 
Students should exercise caution when modeling the dam. Water may spill, and soil and pebbles 
may get washed onto the floor. All spills should be cleaned up immediately to prevent injury. Be sure 
students wear safety goggles when performing the modeling part of the investigation.  

SETUP AND PROCEDURE 
• Students should have a basic understanding of what a dam is and why dams are used. 
• Encourage students to investigate various dams found around the country and which waterway 

each type regulates.  
• For the debate, have students take opposite sides of an argument between a company that 

wants to build a dam to solve a human concern and an environmental group wanting to prevent 
the dam’s construction. 

• Provide students with a sample infographic to show them how dams meet global challenges. 
• Discuss with students the importance of biodiversity. Have them explain why maintaining a 

variety of species is important to global health. 
• Remind students that most problems can be solved. Their papers should discuss logical and 

realistic ways of building a dam that could still maintain the natural environment. 

SCORING RUBRIC 

Points CRITERIA 

0–5 The worksheet, model, and research paper state claims supported with detailed 
evidence about the pros and cons of building dams.  

0–5 The debate presentation presents work in a well-organized format that is logical, 
easy to understand, and informative.  

0–5 Students’ models clearly demonstrate how dams affect ecosystems and 
biodiversity, as well as how dams can solve problems associated with increased 
human populations.  

0–5 The worksheet, model, and presentation present ways engineers try to reduce 
negative impacts on the environment while still designing solutions to solve human-
based concerns.  
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UNIT PROJECT WORKSHEET  

To Dam or Not to Dam 
Dams are important structures that provide energy and water for many 
human populations. Dams may also negatively impact the environment. 
How can the impact of dams be assessed? How can humans reduce the 
negative impacts and restore ecosystem function in landscapes affected by 
dams? Investigate the advantages and disadvantages of dams to 
understand how these structures can help and harm the modern world.  
To begin, you are going to debate an issue. A local electric company wants 
to build a dam on a powerful river to harness the water for the generation of 
electricity. Hydroelectric power is much cleaner than burning fossil fuels and 
is a renewable source of energy. While the cost of the dam is reasonable, 
civil engineers have said that the water flow will be disrupted and flood a 
nearby salamander breeding ground. These animals are on the state’s 
threatened species list and are under protection. Additionally, the 
construction of the dam will interfere with the migratory route of a species of 
fish.  

Form two teams, each one will take a side of the argument. Research the impact of building dams 
(both positive and negative), and then debate the issue. Be sure to support any claims you make 
with evidence.  

In the second part of this activity, you will model how a dam can change the flow of a river and the 
impacts it may have on natural habitat. This will lead to an investigation of how damming a river can 
impact biodiversity.  

PREDICT 

1. What would happen to the surrounding areas if the water levels behind a dam were to 
increase? 
 ___________________________________________________________________________  
 ___________________________________________________________________________  

2. What are the costs and benefits to building a dam across a river? 
 ___________________________________________________________________________  
 ___________________________________________________________________________  

3. What questions might scientists ask to discover the answers to Questions 1 and 2? 
 ___________________________________________________________________________  
 ___________________________________________________________________________  
 ___________________________________________________________________________  

  

MATERIALS  
• aluminum pan 
 
• clay 
• pebbles 
• sand 
• soil 
• water  
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BACKGROUND 
To further research the effects of building a dam across a river, design and conduct an experiment 
that will investigate how dams change the courses of rivers and impact the surrounding habitats. 
After the investigation, research further the dam’s impact on biodiversity. Use the same scenario 
presented during the debate as the framework for your experiment.  

A local electric company wants to build a dam on a powerful river to harness the water for generating 
electricity. Hydroelectric power is much cleaner than burning fossil fuels and is a renewable source 
of energy. While the cost of the dam is reasonable, environmental engineers have said that the 
water flow will be disrupted and flood a nearby salamander breeding ground. These animals are on 
the state’s threatened species list and are under protection. Additionally, the construction of the dam 
will interfere with the migratory route of a species of fish.  

PROCEDURE 
To conduct this experiment, you will design your own procedure and carry it out. Be sure to get 
approval from your teacher before starting to work. The list below provides some guidelines you may 
want to follow as you design your protocols. As you plan, think about how you will store and organize 
your data so you can later include it in a summary report about the impacts of dams and how they 
can be built to minimize environmental impact. 

1. The clay, sand, soil, and pebbles can be used to build a model of a landscape with hills and 
valleys. There should be an area designated as a river flowing through the landscape.  

2. Use the large aluminum pan to catch the water as it flows. Find a place along your river that 
would be suitable for a dam.  

3. Gently pour water onto your landscape, and observe the flow of the water. Do not pour it too 
hard or you will wash away your substrate. 

4. Use the clay to build a dam across your river. Repeat adding water to the landscape and 
observing the flow of water.  

5. Pay attention to how the flow of the water changes and where the water builds up. If there is 
time, you may also test additional factors, such as how sediment flows through the river 
before and after the dam is built. 

DATA COLLECTION 
Over the course of your testing, you will collect both qualitative and quantitative data. You will need 
to record the path the water takes before and after the construction of the dam, as well as any other 
relevant observations. Write up a data collection plan for your teacher to approve. You may want to 
include labeled illustrations about how the water flows during each of your tests.  

Examples of qualitative data to record: 
• what the ground looked like before you poured the water onto it 
• how the water buildup caused the ground to change 
• how sediment (or silt) flow changed before and after the dam was constructed 
• photos of the different features of the landscape before and after the water is poured onto it and 

before and after the dam is built. 

Examples of quantitative data to record: 
• how far from the original water source the water travels 
• the distance from the dam to where the water stops flowing 
• the amount of sediment that flows to the bottom of the river before and after dam construction 
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You can build your models out of any materials you think are appropriate. Be sure your model: 
• is scientifically accurate and to scale 
• shows differences between before the dam and after the dam  

ANALYZE 
To help you understand what happened with your models, consider each of the following: 
• When a dam is built, a new lake forms. How and where did this lake form based on  

your model? 
• Did each of the different materials work the same way? Explain. 
• What changes to the environment do you think would happen in the areas surrounding the 

dam, based on your model?  
• Were there any patterns that formed with each of the different trials you did?  
• How did you put your model together to show the impact of a dam on the environment?  

LESSON 1: HUMAN POPULATION GROWTH AND THE ENVIRONMENT 
Imagine that a community has a river flowing through it and also wants a renewable source of 
electricity. How could they harness the power of the river to solve this problem? Research reasons 
why people decide to build dams. In your Evidence Notebook, draw an infographic that details how 
damming a river can meet global challenges. Include some of the criteria and constraints involved 
with building a dam in your illustration.   

Answer the following questions in your Evidence Notebook: 

1. What would be a connection between the growth of human population in an area and the 
construction of a dam across a river? 

2. How does the construction of dams help humans in some areas? Support your claims  
with evidence. 

LESSON 2: HUMAN IMPACTS ON BIODIVERSITY 
One of the impacts of building a dam across a river is habitat fragmentation. In your Evidence 
Notebook, draw a model of what this would look like, and refer to specific examples to support  
your drawing. 

Answer the following questions in your Evidence Notebook: 

1. What could be an outcome on biodiversity of building a dam?  

2. How could the construction of a dam impact the ability to protect habitats? Support your 
answer with examples and evidence. 

LESSON 3: ENGINEERING SOLUTIONS TO ENVIRONMENTAL IMPACTS 
In your Evidence Notebook, write an outline of what should be included in a report that describes 
how a dam could be built that minimizes environmental impact. This will be used as the framework 
for an explanatory essay to be written later. 

Answer the following questions in your Evidence Notebook: 

1. How would the construction of a dam across a major river help to lower carbon emissions 
into the atmosphere? 

2. Predict  How could the building of a dam across a river actually help a fragmented habitat? 
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CONCLUDE 
Write a conclusion demonstrating your findings from this experiment in your Evidence Notebook. 
Include all data you collected, and make at least one graphic representation of your data. In your 
conclusion, answer the following questions: 

1. How did the flow of water change after you added the dam to the model?  

2. How could the presence of a dam impact the surrounding habitats? Include evidence to 
support your claim.  

3. What other variables could be tested to see what kind of impact the construction of a dam 
has on the ecosystem? 
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UNIT PERFORMANCE TASK 

Analyzing a Disease Outbreak 
TIME REQUIRED  90 minutes (Three 30 Minute Parts) 

 

Constructing Explanations and 
Designing Solutions 

Students gather evidence to support their explanation of how a small town can avoid further 
outbreaks of the disease. They will also construct and use a model as part of their proposed solution 
that describes how the disease is transmitted and the human immune response. 

SCORING RUBRIC  
 

Points CRITERIA 

0-4 problem statement is clearly defined and identifies supporting questions to be 
answered 

0-4 model clearly and accurately represents how the disease is transmitted and explains 
the human immune response to infection; any limitations of the model are identified 

0-4 relevant images and data are included to support the solution 

0-4 recommendation clearly explains the solution and uses evidence effectively to 
support the proposed solution 
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UNIT PERFORMANCE TASK 

Analyzing a Disease Outbreak 
Greenfield, a small town in south Texas, has seen a   
recent outbreak of sickness involving unexplained high 
fevers. All symptoms reported are shown in the Data 
Table. The town lacks the medical expertise and 
laboratory resources to properly diagnose the medical 
cause of the high fevers. Town residents need 
information about what is causing the outbreak, why the 
symptoms are occurring, and how further cases can be 
prevented. The only other thing that seems out of place 
in Greenfield is the large flea population. What 
information can you provide to the residents of 
Greenfield? 

Use your Evidence Notebook to record your notes, 
statements, questions, and data. 

1.  DEFINE THE PROBLEM 
With your team, write a statement outlining the problem 
you’ve been asked to solve. Record any questions you 
have on the problem and the information you need to 
solve it. 

2.  CONDUCT RESEARCH 
With your team, investigate all of the information you’ve 
been given about the outbreak in Greenfield. What is the 
most likely disease causing the outbreak? 

3.  DEVELOP A MODEL 
On your own, analyze the problem you’ve defined along 
with your research. Make a model that demonstrates 
how the disease is transmitted and how the body 
systems are working together to combat the infection. 
Your model should also show why the symptoms are 
occurring and how homeostasis is involved in the 
immune response. 

4.  IDENTIFY A SOLUTION  
Provide a range of solutions for how the town can avoid 
further outbreaks of this disease.  


