
High School Science
Three-Dimensional Learning Guide to



2

Three-Dimensional Learning Guide to High School Science

Look for these icons throughout this 
guide to show where to find the NGSS 
tools of the High School Programs.

McGraw-Hill Education is your partner in delivering a balanced learning experience to meet the 
needs of your diverse 21st century classroom and students. This Three-Dimensional Learning Guide 
is your blueprint for a hands-on, student inquiry classroom to meet the new science standards.

This Guide will take you through the programs by highlighting how to implement Inquiry and  
Student-led exploration, disciplinary core ideas, crosscutting concepts, and science and  
engineering practices.

Each chapter starts with a visual phenomenon, online guiding questions in the Phenomenon Bank, 
and a Launch Lab to spark student inquiry. Multiple opportunities for Student Exploration and 
Investigation foster collaboration throughout each lesson. Formative assessment and student 
self-evaluation guide learning.



3

High School Science helps ease the transition to Next Generation Science Standards (NGSS)*. Our  
high school science programs ensure you are fully aligned to:

•	 Performance Expectations
•	 Science and Engineering Practices
•	 Disciplinary Core Ideas (DCIs)
•	 Crosscutting Concepts

We are committed to ensuring that you have the tools and resources necessary to meet the 
expectations for the Next Generation Science Standards.
 
What is NGSS?
The purpose of A Framework for K-12 Science Education and the NGSS is to act as the foundation for 
science education while describing a vision of what it means to be proficient in science. It emphasizes 
the importance of the practices of science and engineering to learning critical thinking skills as well as 
content.
 
Why NGSS?
The NGSS were developed in an effort to create unified standards in science education that consider 
content, practices, pedagogy, curriculum, and professional development. The standards provide all 
students with an internationally benchmarked education in science.

*Next Generation Science Standards is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that  
developed the Next Generation Science Standards was involved in the production of, and does not endorse, this product.

Code Title/Text Location

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics continued
HS-LS2-3 Construct and revise an explanation based on evidence for the cycling of matter and flow of energy 

in aerobic and anaerobic conditions.
Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic 
respiration in different environments. 
Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic 
or anaerobic respiration.

Activity: The Cycling of 
Matter and Flow of Energy 
in Aerobic and Anaerobic 
Conditions, 
Chapter 2 Section 1, 
Chapter 2 Section 2, 
Chapter 2 Section 3

The performance expectation above was developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices

Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-generated sources of evidence consistent with scientific ideas, principles, 
and theories.

• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of 
sources (including students’ own investigations, models, theories, simulations, peer review) and the 
assumption that theories and laws that describe the natural world operate today as they did in the past 
and will continue to do so in the future.

Science and Engineering 
Practices Handbook: 
Practice 6

 Connections to Nature of Science
Scientific Knowledge is Open to Revision in Light of New Evidence

• Most scientific knowledge is quite durable, but is, in principle, subject to change based on new 
evidence and/or reinterpretation of existing evidence. 

Science and Engineering 
Practices Handbook: 
Practice 6, Practice 7
Student Edition: 11–14, 
16–20

Disciplinary Core Ideas

LS2.B Cycles of Matter and Energy Transfer in Ecosystems

• Photosynthesis and cellular respiration (including anaerobic processes) provide most of the energy for 
life processes.

Student Edition: 
41–44, 47, 197, 219–220, 
222–227, 228–233, 235

Crosscutting Concepts

Energy and Matter

• Energy drives the cycling of matter within and between systems.

* Next Generation Science Standards is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that developed the Next Generation Science 
Standards was involved in the production of, and does not endorse, this product.
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Code Title/Text Location

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics continued
HS-LS2-2 Use mathematical representations to support and revise explanations based on evidence about 

factors affecting biodiversity and populations in ecosystems of different scales.
Clarification Statement: Examples of mathematical representations include finding the average, 
determining trends, and using graphical comparisons of multiple sets of data. 
Assessment Boundary: Assessment is limited to provided data.

Activity: Biodiversity in 
Leaf Litter, 

Chapter 5 Section 1, 
Chapter 5 Section 2, 
Chapter 5 Section 3

The performance expectation above was developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices

Using Mathematics and Computational Thinking
Mathematical and computational thinking in 9–12 builds on K–8 experiences and progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear functions including trigonometric functions, exponentials and logarithms, and computational 
tools for statistical analysis to analyze, represent, and model data. Simple computational simulations are created and used based on 
mathematical models of basic assumptions.

• Use mathematical representations of phenomena or design solutions to support and revise 
explanations.

Science and Engineering 
Practices Handbook: 
Practice 5

 Connections to Nature of Science
Scientific Knowledge is Open to Revision in Light of New Evidence

• Most scientific knowledge is quite durable, but is, in principle, subject to change based on new 
evidence and/or reinterpretation of existing evidence.

Science and Engineering 
Practices Handbook: 
Practice 6, Practice 7
Student Edition: 11–14, 
16–20

Disciplinary Core Ideas

LS2.A Interdependent Relationships in Ecosystems

• Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations 
they can support. These limits result from such factors as the availability of living and nonliving 
resources and from such challenges such as predation, competition, and disease. Organisms would 
have the capacity to produce populations of great size were it not for the fact that environments and 
resources are finite. This fundamental tension affects the abundance (number of individuals) of species 
in any given ecosystem. 

Student Edition: 94–99, 
105

LS2.C Ecosystem Dynamics, Functioning, and Resilience

• A complex set of interactions within an ecosystem can keep its numbers and types of organisms 
relatively constant over long periods of time under stable conditions. If a modest biological or physical 
disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem 
is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or 
the size of any population, however, can challenge the functioning of ecosystems in terms of resources 
and habitat availability. 

Student Edition: 60–64, 
94–99, 122–128, 134–135

Crosscutting Concepts

Scale, Proportion, and Quantity

• Using the concept of orders of magnitude allows one to understand how a model at one scale relates to a model at another scale.

* Next Generation Science Standards is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that developed the Next Generation Science 
Standards was involved in the production of, and does not endorse, this product.
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Ease the Transition to Meeting the  
Next Generation Science Standards
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The Science and Engineering Practices Handbook, found in the Student Center and  
Teacher Center online ConnectEd, introduces students to the skills they will use in science  
investigations and engineering projects. It explains the Crosscutting Concepts as well as the  
eight Science and Engineering Practices defined by A Framework for K-12 Science Education. 

This useful tool eases the transition to the NGSS by providing definitions, examples, and  
Quick Practice activities to be used as reference while students develop their projects and  
meet performance expectations.

Science and Engineering Practices Handbook
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Chapter Opener

Start with the Big Idea, the hands-on LaunchLab, and an engaging 
phenomenon to spark student investigation and collaboration.

The Big Idea is the overarching concept for chapter. It helps 
provide the framework for understanding the details that follow. 
The phenomenon photo generates student interest, prompting 
them to ask their own questions. The LaunchLab provides a 
hands-on start to the inquiry process.
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Section Opener

Each section provides multiple opportunities for student exploration, investigation,  
and collaboration with:
•	 PBLs
•	 Applying Practices
•	 WebQuests
•	 Mini Labs
•	 Labs
•	 Virtual Labs
Each section opener builds on the framework started by the Chapter Opener Big Idea with the 
Main Idea and Essential Questions. Reading begins with a link to the student’s real-world or to 
prior knowledge.

Support three-dimensional learning with opportunities 
question, explore, gather evidence, conclude, and apply.

The Reading Guide supports student 
reading and literacy in science and 
technical subjects.
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Student Investigation and Solution Design

Student exploration, investigation, and solution design options are throughout  
the Student Edition and the online Student Center and Teacher Center.

1.	Project Based Learning
2.	Applying Pracices built on NGSS performance expectations
3.	Labs and Mini Labs
4.	Virtual Labs
5.	Webquests
6.	Research and writing activities on each chapter’s feature
7.	Document - based questions and data analysis activities
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Investigation and Solution Design: PBL

PBLs correlate to NGSS performance expectations  
and spark student inquiry and solutions design.

Real-world student-led projects, such as the PBL’s found online in 
ConnectED, engage students to apply three-dimensional learning. 
Project rubrics provide key information for assessing students’ work.
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Investigation and Solution Design: Applying Practices

APPLYING
PRACTICES

Evaluating Impacts of Environmental 
Change on Populations

The Isthmus of Panama

Introduction
Anthropogenic is a term used to describe human influences on nature. Anthropogenic 
and natural changes to the physical environment, such as deforestation or application of 
fertilizers, contribute to the expansion of some species, the emergence of new distinct 
species, and the decline – and sometimes the extinction – of some species.  Panama has 
experienced both natural and anthropogenic changes during its existence (the age of 
Panama is currently a hot topic of debate among scientists). 

The formation of the Isthmus of Panama created a bridge between North America and 
South America – and a wall between the Pacific and Atlantic oceans. This made the 
migration of land plants and animals between the continents possible, but separated 
populations of marine organisms that once swam in the same waters.

The year 2014 AD celebrated the centennial birthday of the Panama Canal, a 
waterway constructed to help ships travel more efficiently between the Atlantic and 
Pacific Oceans. The canal cuts through the Isthmus of Panama, allowing ships to avoid 
the dangerous and lengthy trip around the southern tip of South America. The 
constructed canal also connected the Rio Chagres and Rio Grande rivers of Panama, 
providing an opportunity for once-isolated fish communities to come to come together 
and share the space as invasive species.

Task
Your task is to research how the natural formation of the Isthmus of Panama and the 
anthropogenic construction of the Panama Canal changed the local environments, and 
what impacts these changes had on populations of organisms. Take detailed notes on 
examples of (1) increasing population size of a species, (2) speciation or (3) extinction 
events. 

Once you have finished your research, you will engage in a Socratic Seminar as a form 
of an interactive presentation to evaluate the claims and evidence presented by your 
peers regarding the argument that natural and anthropogenic environmental changes 
can cause changes in populations of species.

Process
Use your resources to answer the following questions. 
1.  Would the separation caused by land formation lead to changes in a population’s 

gene pool over time? Make a claim and back it up with evidence regarding a 
specific species.

Copyright © McGraw-Hill Education. Permission is granted to reproduce for classroom use.
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2.  How might the migration of organisms have impacted land populations in terms of 
speciation? Make a claim and back it up with evidence regarding a specific species.

3.  What changes are currently being observed in fish populations of the Rio Chagres 
and Rio Grande rivers? Make a claim and back it up with evidence regarding specific 
species. 

Presentation: Socratic Seminar
Once you have completed your research, you should have several claims and evidence 
to use in response to the overall theme question: “Can environmental changes cause 
changes in the distribution or disappearance of traits in species?” You will use this 
question to aid in preparing for your contributions to a Socratic Seminar discussion held 
within a small group of your peers, to evaluate the strength of the claims and evidence 
presented by your peers, and to promote question-asking and thoughtful discussion. 

“The aim [of a Socratic discussion] is a mutual search for a clearer, wider and deeper 
(‘enlarged’) understanding of the ideas, issues and values in the text at hand. It is shared 
inquiry, not debate; there is no opponent save the perplexity all persons face when they try to 
understand something that is both difficult and important.” Walter Parker, Ph.D., University 
of Washington

The Socratic Seminar format that you will engage in is referred to as a “fishbowl” 
because while one group is engaged in discussing the theme question by making claims 
to answer the question and backing those claims up with evidence, the second group is 
sitting outside of the conversation observing, listening, and taking notes. At the end of 
the first group’s discussion, the observing group shares their observations about how the 
conversation went. Then, the groups switch seats so that the observing group becomes 
the discussion group, and the first discussion group has the opportunity to listen and 
observe. The key point here is that the students, not the teacher, drive the discussion of 
the Socratic Seminar.

Common norms for Socratic Seminars include:
• Use sensitivity to take turns and not interrupt others
• Monitor “air time” so that all have an opportunity to contribute
• Base claims contributed on researched evidence
•  Be courageous in presenting your own thoughts and reasoning, but be flexible and 

willing to consider the compelling evidence of others
• Address comments to the group (not the teacher) and avoid side conversations 

Evaluating Impacts of Environmental Change on Populations CONTINUED

Copyright © McGraw-Hill Education. Permission is granted to reproduce for classroom use.
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Evaluating Impacts of Environmental Change on Populations CONTINUED

Resources
Many resources can be used to assist your research. These include journal articles, 
websites, and scientific news and magazines. You might also visit a university, science 
museum, or a laboratory or interview an expert in the field.

Evaluation
Read the following rubric to see how you will be scored on your research and 
presentation.

Criteria Points

0 5 10 15

Task The tasks were 
not completed.

Some effort 
was made to 
complete the 
tasks, but the 
major ideas are 
missing.

The tasks were 
completed but 
some 
information 
was omitted or 
incorrect.  

The tasks were 
completed with 
great attention 
to detail. 

Process The process 
was not 
followed.

The process 
was begun but 
not all 
questions were 
answered.

The process 
was followed 
but some 
answers were 
incorrect.

The project 
showed 
thorough 
research and 
a deep 
understanding 
of the topic.

Socratic 
Seminar

There was no 
attempt to 
participate in 
the Socratic 
Seminar.

There was 
minimal effort 
to participate in 
the Socratic 
Seminar.

Good material 
and ideas were 
contributed to 
the Socratic 
Seminar, but 
perhaps 
evidence or 
reasoning 
could have 
been stronger.

The contribu-
tion was excel-
lent, showed 
knowledge of 
the topic, and 
used evidence 
and reasoning 
to back up 
claims.

Total Score

Copyright © McGraw-Hill Education. Permission is granted to reproduce for classroom use.
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Applying Practices activities correlate to NGSS 
performance expectations and apply specific 
science and engineering practices to DCIs.
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Investigation and Solution Design: Labs

Skill Practice 20 minutesInterpreting Data

How do populations change in size?
 Birthrate and death rate change the size
of a population. In the 1700s the death
rate of sea otters in central California was 
extremely high because many people hunted 
them. By the 1930s only about 
50 sea otters remained. Today, the Marine 
Mammal Protection Act protects sea otters from 
being hunted. Every spring, scientists survey 
the central California Coast to determine the 
numbers of adult and young sea otters (called 
pups) in the population. The numbers on the 
graph indicate population sizes at the end of a 
breeding season. 

Learn It 
Most scientists collect some type of data 
when testing a hypothesis. Once data are col-
lected, scientists look for patterns or trends in 
the data and draw conclusions. This process 
is called interpreting data.    

Try It
1  The above graph shows changes in adult 

and pup sea otter populations over many 
years. Assume that the number of pups 
seen during the survey represents all the 
pups that were born and survived in one 
year—the birthrate. For example, in the 1997 
breeding season, the birthrate was 300.

2 In your Science Journal, make a table 
showing the population size and the 
birthrate for the 2001 breeding season. 
Repeat for 2002, 2003, and 2004.

3 In each breeding season, the population 
increases by the number of pups born and 
decreases by the number of sea otters 
that die. Use the following equation to find 
the death rate for 2002. 

  Death rate in 2002 = population size in 2001 
+ birthrate in 2002 – population size in 2002

Apply It
4 Calculate the death rate in 2004 and 

compare it to the death rate in 2002. 

5 What environmental factors might account 
for the difference in the death rate 
between 2002 and 2004?

6  How do you think the population size 
changed in 2009 and 2010?

7  Key Concept Determine how the 
birthrate compared to the death rate in 2002 
and 2004. Explain how these rates affected 
the population sizes in 2002 and 2004.

Lesson 2
 •

EXTEND
757

B
eh

in
dT

he
Le

ns
/iS

to
ck

/3
6

0
/G

et
ty

 Im
ag

es

0748_0757_LS_MS_S_C21_L2_677284.indd   757 5/19/16   6:03 PM

Labs, MiniLabs, and Data Analysis Labs 
require students to use the science practices 
to investigate, explain, and apply disciplinary 
core ideas and cross-cutting concepts.

Labs require students to use the science practices 
and apply claim, evidence, and reasoning skills.
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WebQuests

WebQuests require students to apply select Science and 
Engineering Practices (SEPs), DCIs, and Cross-cutting 
Concepts to new situations. WebQuests also are found 
online within ConnectED.

Home Away from Home 
A WebQuest for Ecology 

Introduction
Wildlife biologists perform scientific research to study how species interact with each 
other and the environment. They work to protect animals and to try to maintain their 
populations. Wildlife biologists sometimes work with zoos to help them construct proper 
habitats for the animals that live there. They must take many factors into consideration 
when they design a habitat for an animal. In this WebQuest, you will select an animal and 
learn about what it needs to live. Then, you will design a zoo habitat for it. 

Task
The local zoo is about to receive four animals of the same species. Your task is to design 
a habitat for the animals. The habitat should take into account all of the animals’ needs. 
You will select the animal species for your project. 

Process
Use the resources listed in the Resources section to begin your research. The Web sites 
listed are good starting points, but further internet research will be necessary. Record 
your answers to the following questions. You might want to create a chart to help you 
organize your information. You will use your answers to the questions to design a habitat 
at the end of the project. 

1. What do the animals eat? 
2. Do the animals live in rainforests, grasslands, or another kind of 

biome? 
3. Do the animals fly or swim in water? 
4. Do the animals live in trees or on the ground? 
5. What kind of climate do the animals require? 
6. Are they social animals, or do they live alone? 
7. How do the animals respond to the presence of people? 

Model or Drawing
Once you have completed your research, design a habitat for the animals. The zoo will 
use your design to construct a habitat for the four animals that are coming to live there. 
You can create either a physical model of the habitat or a drawing of the habitat. Make 
sure to include a list of plants or animals that the species requires in its diet. When you 
present your model or drawing to the class, explain which species you chose, the scope of 
the animals’ needs, and how the habitat meets all of the animals’ needs. 

Resources
Discover Life
U.S. National Biological Information Infrastructure

Animal Diversity WebThe National Council for Science and the Environment’s 
Encyclopedia of Earth

Evaluation
Read this rubric to see how you will be scored on this activity. 

Criteria Points

0 5 10 15

Task 
The task 
was not 
completed. 

It appears that 
some effort 
was made to 
complete the 
task, but 
major ideas 
are missing. 

The task was 
completed as 
assigned, but 
some of the 
rationale for 
the design of 
the habitat 
was faulty. 

The task was 
completed 
with great 
attention to 
detail.

Process
The process 
was not 
followed. 

The process 
was followed, 
but not all of 
the questions 
were
answered.

The process 
was followed, 
and the 
rationale for 
the design of 
the habitat 
was based on 
sound
evidence.

It is clear that 
much
research went 
into the 
project. The 
ideas show a 
high degree 
of originality 
and
imagination. 

Model or 
Drawing 

The model 
or drawing 
was sloppy, 
and the 
rational for 
the design 
of the 
habitat was 
not sound. 

The model or 
drawing
included
some 
important 
aspects of the 
species’ 
habitat, but 
left others 
out.

The model or 
drawing was 
carefully
done, and it 
included most 
of the 
important 
aspects of the 
species’ 
habitat. 

The model or 
drawing was 
outstanding,
and all of the 
important 
aspects of the 
species’ 
habitat were 
addressed.

Total Score

Home Away from Home 
A WebQuest for Ecology 

Introduction
Wildlife biologists perform scientific research to study how species interact with each 
other and the environment. They work to protect animals and to try to maintain their 
populations. Wildlife biologists sometimes work with zoos to help them construct proper 
habitats for the animals that live there. They must take many factors into consideration 
when they design a habitat for an animal. In this WebQuest, you will select an animal and 
learn about what it needs to live. Then, you will design a zoo habitat for it. 

Task
The local zoo is about to receive four animals of the same species. Your task is to design 
a habitat for the animals. The habitat should take into account all of the animals’ needs. 
You will select the animal species for your project. 

Process
Use the resources listed in the Resources section to begin your research. The Web sites 
listed are good starting points, but further internet research will be necessary. Record 
your answers to the following questions. You might want to create a chart to help you 
organize your information. You will use your answers to the questions to design a habitat 
at the end of the project. 

1. What do the animals eat? 
2. Do the animals live in rainforests, grasslands, or another kind of 

biome? 
3. Do the animals fly or swim in water? 
4. Do the animals live in trees or on the ground? 
5. What kind of climate do the animals require? 
6. Are they social animals, or do they live alone? 
7. How do the animals respond to the presence of people? 

Model or Drawing
Once you have completed your research, design a habitat for the animals. The zoo will 
use your design to construct a habitat for the four animals that are coming to live there. 
You can create either a physical model of the habitat or a drawing of the habitat. Make 
sure to include a list of plants or animals that the species requires in its diet. When you 
present your model or drawing to the class, explain which species you chose, the scope of 
the animals’ needs, and how the habitat meets all of the animals’ needs. 

Resources
Discover Life
U.S. National Biological Information Infrastructure

Animal Diversity WebThe National Council for Science and the Environment’s 
Encyclopedia of Earth

Evaluation
Read this rubric to see how you will be scored on this activity. 

Criteria Points

0 5 10 15

Task 
The task 
was not 
completed. 

It appears that 
some effort 
was made to 
complete the 
task, but 
major ideas 
are missing. 

The task was 
completed as 
assigned, but 
some of the 
rationale for 
the design of 
the habitat 
was faulty. 

The task was 
completed 
with great 
attention to 
detail.

Process
The process 
was not 
followed. 

The process 
was followed, 
but not all of 
the questions 
were
answered.

The process 
was followed, 
and the 
rationale for 
the design of 
the habitat 
was based on 
sound
evidence.

It is clear that 
much
research went 
into the 
project. The 
ideas show a 
high degree 
of originality 
and
imagination. 

Model or 
Drawing 

The model 
or drawing 
was sloppy, 
and the 
rational for 
the design 
of the 
habitat was 
not sound. 

The model or 
drawing
included
some 
important 
aspects of the 
species’ 
habitat, but 
left others 
out.

The model or 
drawing was 
carefully
done, and it 
included most 
of the 
important 
aspects of the 
species’ 
habitat. 

The model or 
drawing was 
outstanding,
and all of the 
important 
aspects of the 
species’ 
habitat were 
addressed.

Total Score

WebQuests are found within our  
online resources in ConnectED.
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Additional Student Activities

Real-World Biology: 
Analysis 

CHAPTER 4 

Population Research 

Name    Date    Class   
 
 
 
 
 
 

Isle Royale is considered by biologists to be a unique setting for the study of popula- 
tion dynamics. It is a 72-km-long, 14-km-wide wilderness island located in the western 
part of Lake Superior and accessible to visitors only from June through August. The 
island can be reached only by boat or seaplane, and travel is limited to hiking on land 
and canoes and boats on water. Most travelers to Isle Royale are hikers and wilderness 
campers. Because of the island’s isolated location, relatively few species have colonized 
Isle Royale. On the island, wolves are the only predator of moose (mostly calves and 
adults over ten years of age), and moose are nearly the only prey of wolves. Moose eat 
lichens and twigs of woody trees (almost 75 percent balsam fir), shrubs, and aquatic 
plants. Because the visitor season is short, and there is no hunting of wolves or moose, 
there is little human impact to complicate this simple terrestrial ecosystem. Another 
condition that favors Isle Royale as a natural laboratory is the simplification of the 
growth rate formula. Because there are no wolf or moose immigrations or emigrations, 
those variables can be eliminated from the growth rate calculations. 
 

Part A: Biotic Distribution 
The ecological study of wolves and moose 
on Isle Royale began in 1958. Data are gathered 
by aerial survey and by ground study teams. 
Table 1 shows data gathered in 2004. 

Table 1 
Territory Wolves Moose Carcasses 
East Pack 6 10 

Chippewa Harbor Pack 10 15 

Middle Pack 12 12 
 

Analyze and Conclude 
Use Table 1 to respond to each question and statement. 

1. Diagram On a sheet of plain paper, draw a rectangle 15 cm long and 3 cm wide to 
represent the area of Isle Royale at a scale of 1 cm = 5 km. Label the right end of 
the rectangle East and the left end West. Nine centimeters from the west end, draw 
a vertical line to mark the border of the Middle Pack territory. Three centimeters 
from that border, draw a vertical line to represent the border between the Chippewa 
Harbor Pack territory to the west and the East Pack territory to the east. Outline 
each of the territories in a different color, and label them. Indicate the number of 
wolves in each territory with an X for each wolf. 

2. Explain What type of spatial distribution do the wolves illustrate? Is the wolf 
density the same in all territories of the island? 

  

3. Calculate the average number of moose killed by one wolf in each territory. 

  

4. Predict In which territory would you expect to find the most balsam firs? 
The fewest balsam firs? Explain. 

  

  
 
 

Unit 1 CHAPTER 4 Population Ecology 115

Enrichment 
CHAPTER 4 
Group Project: Human Population Controls 

Name    Date    Class   
 
 
 
 
 
The size of human populations can vary considerably, depending on natural factors and 
decisions made by humans. For example, populations might diminish significantly in nations 
ravaged by war or epidemics. Or they might increase significantly if governments adopt 
laws that encourage couples to have more children. In some nations, governments might use 
demographic information to decide which policies it should adopt. In other nations, the growth 
or decline in populations seems to be largely a chance event to which governments pay little 
attention. 

In this activity, you will form a group of classmates to advise a national legislature about 
actions it should take to influence future population patterns. The table below lists population 
data for six different nations. Choose one nation to study in more detail. 
 

Analyze Begin by using the data provided to calcu- 
late the nation’s population growth rate. Then draw 
a graph that shows projected changes in population 
over the next decade, assuming the growth rate 
remains the same. Talk with other members of your 
group to decide whether you think the projected 
trend is desirable or undesirable. 

Recommend Choose any one of the four variables 
given in the table (number of births, deaths, immi- 
grants, or emigrants) to change. Suggest a mecha- 
nism—natural or human-made—by which that 
change might come about. 

For example, you might want to study the effects 
of decreasing the number of births in the nation by 
one-quarter. Calculate the new birthrate from the 
new data, and draw a new graph (but on the same 
axes as the original graph) to see how the change 
you made alters your original projections for popu- 
lation growth or decline. Compare your results with 
those of other groups. Find out how altering one 
variable or another affects short-term and long-term 
population changes in the nations being studied. 

 
 

Nation Population 
Size in 2006 

Population Data for 2007 

Births Deaths Immigrants Emigrants 

A 100,000 4000 1000 50 100 

B 100,000 4000 2000 50 50 

C 100,000 4000 3000 100 50 

D 100,000 4000 4000 250 50 

E 100,000 4000 5000 50 300 

F 100,000 4000 6000 150 100 
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Optional student activities such as Enrichment 
Resources, Real-World Biology, Environmental 
Explorations, and other help further understanding 
of the core disciplinary ideas..

These are all found online in 
ConnectED in the chapter and 
lesson resources.

Student Activities online help students foster 
engagement, and extend understanding.
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Assessment

Evaluating Impacts of Environmental Change on Populations CONTINUED

Resources
Many resources can be used to assist your research. These include journal articles, 
websites, and scientific news and magazines. You might also visit a university, science 
museum, or a laboratory or interview an expert in the field.

Evaluation
Read the following rubric to see how you will be scored on your research and 
presentation.

Criteria Points

0 5 10 15

Task The tasks were 
not completed.

Some effort 
was made to 
complete the 
tasks, but the 
major ideas are 
missing.

The tasks were 
completed but 
some 
information 
was omitted or 
incorrect.  

The tasks were 
completed with 
great attention 
to detail. 

Process The process 
was not 
followed.

The process 
was begun but 
not all 
questions were 
answered.

The process 
was followed 
but some 
answers were 
incorrect.

The project 
showed 
thorough 
research and 
a deep 
understanding 
of the topic.

Socratic 
Seminar

There was no 
attempt to 
participate in 
the Socratic 
Seminar.

There was 
minimal effort 
to participate in 
the Socratic 
Seminar.

Good material 
and ideas were 
contributed to 
the Socratic 
Seminar, but 
perhaps 
evidence or 
reasoning 
could have 
been stronger.

The contribu-
tion was excel-
lent, showed 
knowledge of 
the topic, and 
used evidence 
and reasoning 
to back up 
claims.

Total Score
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Built-in assessment strands throughout the High School Science 
programs will inform instruction and keep students on track.

A variety of assessment types offer “pen and 
paper” assessment, online quizzes and tests, and 
performance task assessment.

Numerous options for formative and summative 
assessment help provide comprehensive insight 
into student learning.
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Professional Development

NGSS Implementation videos provide guidance for teaching Science and 
Engineering Practices. These valuable videos are found online within the 
Professional Development menu in ConnectED.

Professional Development around NGSS is 
Found under the Professional Development 
menu item in ConnectED.

Professional development resources provide  
teaching strategies and implementation support.
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