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Designed with the Tennessee Academic Standards for Science 
in mind, Tennessee Science provides the structure for students 
to develop a solid background of foundational 
science knowledge while they learn to practice 
problem solving and critical thinking skills inherent  
in science.

Welcome to Tennessee Science 
High School Series
Engaging, Flexible, Cross-Curricular Learning

Student eBook  
and assignments  

can be accessed from 
anywhere on a mobile 
device using the K–12 

Portal App!
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Develop Students to Become  
Critical Thinkers and Problem Solvers
Our Tennessee Science High School Series—including Tennessee Biology, Tennessee Chemistry, 
Tennessee Earth & Space Science, Tennessee Physical Science, and Tennessee Physics—provides 
an in-depth, collaborative, and project-based learning experience designed to interest students and 
empower them to ask questions and think critically. A new generation of innovators is ready to take 
on today’s challenges to become tomorrow’s scientists. Are you ready to help guide them to be 
prepared to meet the problem-solving demands of the 21st Century?
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Tennessee Science



 

Module 5: Biodiversity and Conservation

 Tennessee Academic Standards for Science
Students will explore content and develop skills related to the following Tennessee Academic 
Standards for Science. Mastery can be assessed using the associated online Applying 
Practices activities.

BIO1.LS2.3 Obtain, evaluate, and communicate information based on evidence to describe how the impact of varying levels 
of disturbance is related to the resilience of an ecosystem.

 Science and Engineering Practices

Engage in Argument from Evidence

 Disciplinary Core Ideas

BIO1.LS2 Ecosystems: Interactions, Energy, 
and Dynamics

 Crosscutting Concepts

Stability and Change

BIO1.LS4.5 Obtain, evaluate, and communicate information about how changes in environmental conditions may result in  
(1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the extinction 
of other species.

  Science and Engineering Practices

Engaging in Argument from Evidence

 Disciplinary Core Ideas

BIO1.LS4 Biological Change: Unity and 
Diversity

 Crosscutting Concepts

Cause and Effect

BIO1.LS2.4 Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and 
biodiversity.

  Science and Engineering Practices

Constructing Explanations and Designing 
Solutions

 Disciplinary Core Ideas

BIO1.LS2 Ecosystems: Interactions, Energy, 
and Dynamics

 Crosscutting Concepts

Cause and Effect
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96A Module 5 • Biodiversity and Conservation

Designed to Meet Tennessee 
Academic Standards for Science
Tennessee Science ensures that Tennessee educators have the resources and tools 
to deliver high-quality instruction to help students meet the rigor and challenge of the 
Tennessee Academic Standards for Science.

Comprehensive 
Tennessee Academic 
Standards for Science 
Planning
At the beginning of each 
module, Tennessee Academic 
Standards for Science 
codes and descriptions 
help teachers quickly see 
performance expectations 
addressed in the module.

Three Dimensions at 
a Glance Building to 
Tennessee Academic 
Standards
Use this chart to identify the 
focus of the three dimensions 
that build to the Tennessee 
Academic Standards 
expectations within the module.
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Integrate Geology
Discourse: Engage students in a discussion of the idea 
that the geology of an area might make it more susceptible 
to disturbance. For instance, hillsides erode more quickly 
than level areas if all other variables are the same. Human 
activities might also contribute to succession. 

Ask: What would be the effect of overgrazing a grassland 
or clear cutting a forest? Both activities would disturb the 
plant community, resulting in ecological succession.

Critical Thinking
Analyze Have students use their knowledge of pioneer 
species to explain why these species are often able to 
adapt to a greater range of tolerance than some other later 
species. A community of many species tends to buffer the 
range of some factors. Pioneer species lack such a buffer 
and must survive extreme ranges in factors such as heat 
and humidity.

Differentiated Instruction

AL  Providing structure will help students who are 
 approaching level succeed. Review concepts from previ-
ous lessons, summarize main ideas, and model activities 
that students will be expected to perform.

 Stability and Change
Assign this task as weekend homework and follow up 
during the next class. Ask students to use the questions 
in their text to guide their observations. Remind students 
to ensure that their activities do not negatively affect the 
ecosystem that they are observing.

 Quick Practice
Obtaining, Evaluating, and Communicating 
 Information Have the class research abnormal weather 
patterns for their region. Then have them summarize their 
findings and identify any abnormal weather pattern they 
have  experienced. Students should present their informa-
tion and identify the abiotic factors that may have contrib-
uted to the abnormal weather.

Explore and Explain: 
Ecological Succession

INTERACTIVE CONTENT

  GO ONLINE

Lesson 1 • Community Ecology 51

Pioneer stagesPioneer stages Intermediate stages Mature community 

Bare rock Lichens Mosses Herbs and
weeds 

Grasses Shade-tolerant treesShrubs Shade-intolerant 
trees
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Ecological Succession
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. 
However, ecosystems are constantly changing. They might be modified in small ways, 
such as a tree falling in the forest, or in large ways, such as a forest fire. Such changes 
might alter the communities that exist in the ecosystem. Forest fires can be good and 
even necessary for the forest community. Forest fires return nutrients to the soil. Some 
plants, such as fireweed, have seeds that will not sprout until they are heated by fire. 
Some ecosystems depend on fires to get rid of debris. If fires are prevented, debris 
builds up to the point where the next fire might burn the shrubs and trees completely. 
A forest fire might change the habitat so drastically that some species can no longer 
survive, but other species might thrive in the new, charred conditions.

The change that occurs in an ecosystem when one community replaces another as a 
result of changing abiotic and biotic factors is known as ecological succession. There are 
two types of succession—primary succession, shown in Figure 2, and secondary  
succession, shown on the next page in Figure 3. Both result in a changed ecosystem.

Figure 2  The formation of soil is the first step in primary succession. Once soil formation starts, there is 
progressive succession toward a climax community.

VOCABULARY:  
SCIENCE USAGE v. COMMON USAGE
primary
Science usage: first in rank, importance, value, or 
order A doctor’s primary concern should be the patient.
Common usage: the early years of formal education 
Elementary grades, up to high school, are considered 
to comprise a student’s primary education

CROSSCUTTING CONCEPTS
Stability and Change Over the weekend spend some time outside in 
the local area around your school, home, or nearby park. Observe the 
biotic and abiotic factors present in the area. Do you think succession 
is taking place in the area? What evidence suggests that things are 
changing? What evidence suggests that things haven’t changed for a 
long time? Use your phone or other video camera to record the 
evidence.

Lesson 1 • Community Ecology  51 
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Teacher Presentation: 
Community Ecology

Launch the Lesson: 
Community Ecology

Presentation: Teacher-Facilitated Pathway
Use the Teacher Presentation to support classroom  
instruction and spark discourse. Obtain data to 
inform your instruction by assigning the Interactive 
Content, Additional Resources, and Assessment.

Interactive Content: Student-Led Pathway
Students can use the online Interactive Content, 
along with the Student Edition, Science Notebook, 
projects, and labs, to collect evidence to support 
their claim. They can record their evidence in their 
Science Journals and the class Summary Table.

IMPLEMENTATION OPTIONS

INTERACTIVE CONTENTPRESENTATION

  GO ONLINE
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Lesson 1: Community Ecology

 BIO1.LS2 Ecosystems: Interactions, 
Energy, and Dynamics

 BIO1.LS2.3 Obtain, evaluate, and communicate 
information based on evidence to describe how the 
impact of varying levels of disturbance is related to the 
resilience of an ecosystem.

Engage
Launch the Lesson Interactive Content can be assigned 
the night before class as a lesson preview, during class 
to spark discussion, as a resource during inquiry, or as 
homework.

 Driving Question Board
Have students revisit the DQB to remind themselves of the 
Unit and Module questions. Have them identify the sticky 
note questions they think will be answered in this lesson. 
Then, have students read the Focus Question and add it 
to the DQB. Students will revisit the Focus Question at the 
end of the lesson.

Explore and Explain
 Science Journal Remind students to keep records of 

their investigations in their Science Journals. Additionally,  
be sure that each reading or activity is added to the  
class Summary table.

C C C

SE
P DCI  Three-Dimensional Thinking The activities called out 

in the Student Edition will allow students to practice three-
dimensional thinking. Worksheets for these activities can 
be found online.

Activate Prior Knowledge
Ask: What are some changes you associate with the 
change of seasons? Answers may include changes in 
length of day, temperatures, and precipitation patterns. 
Why do these changes occur? the tilt of Earth’s axis, lower 
temperature, Earth’s annual revolution around the Sun, 
amount of rainfall, humidity, or sunlight.

50 Module 3 • Communities, Biomes, and Ecosystems
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Communities
When you describe your community, you 
probably include your family, the students in 
your school, and the people who live nearby. A 
biological community is a group of interacting 
populations that occupy the same area at the 
same time. Therefore, your community also 
includes other people, plants, animals, bacteria, 
and fungi. Not every community includes the 
same variety of organisms. An urban commu-
nity is different from a rural community, and a 
desert community is different from a polar 
community.

You have learned that organisms living in the 
same ecosystem depend on one another for 
survival. You also learned about abiotic factors 
and how they affect individual organisms. 
Recall that limiting factors can influence an 
organism’s ability to survive or to reproduce. 

How might abiotic factors affect communities? 
For example, consider soil, which is an abiotic 
factor. If soil becomes too acidic, some species 
might die or become extinct. This might affect 
food sources for other organisms, resulting in a 
change in the community.

Organisms can adapt to the conditions in 
which they live. For example, a wolf’s heavy fur 
coat enables it to survive in harsh winter 
climates, and a cactus’s ability to retain water 
enables it to tolerate the dry conditions of a 
desert. Depending on which factors are pres-
ent, and to what extent, organisms can survive 
in some ecosystems but not in others. For 
example, the camel and trees shown in Figure 1 
have adaptations that enable them to thrive in 
desert conditions, but would not be useful in 
colder climates.

Figure 1 Plants and animals in a desert community have 
adaptations to help them survive periods of drought.

FOCUS QUESTION

What is an ecological community?

LESSON 1
COMMUNITY ECOLOGY

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

  Applying Practices: Local Ecosystem Dynamics

50  Module 3 • Communities, Biomes, and Ecosystems
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Point of Use  
Standards-Based Instruction
Within the lesson, find the call outs focused on 
Tennessee Disciplinary Core Ideas, to focus 
student learning by standard as well as call outs 
for Cross Cutting Concepts and Science and 
Engineering Practices.

Tennessee Science High School Series 5
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Module 
Launch

Lesson 
1

Lesson 
2

Lesson 
3

Module  
Wrap-Up

Pacing 
(min) 45 65 45 90 45

CER
Claim, Evidence, 
Reasoning

Encounter the 
Phenomenon 
Make Your Claim

Collect Evidence Collect Evidence Collect Evidence Revisit the 
Phenomenon
Go Further: Data 
Analysis Lab

Labs and 
Investigations

LL: What lives 
here?

QI: Investigate 
Threats to 
Biodiversity

BioLab: How 
do we measure 
biodiversity?
VI: Assessing Water 
Quality

BioLab: How can 
surveying a plot 
of land around 
your school help 
you understand 
the health of your 
ecosystem?

Media and OER

Beyond the 
Classroom: 
Google Expedition

Beyond the 
Classroom: Google 
Expedition

Beyond the 
Classroom: Google 
Expedition

Assess

Module Pretest Lesson Check Lesson Check Lesson Check Module Vocabulary 
Practice
Module Test

Applying 
Practices 

Biodiversity in Leaf 
Litter
BIO1.LS2.1

Evaluating Impacts 
of Environmental 
Change on 
Populations  
BIO1.LS2.3

Microbeads, Mega-
Problem  
BIO1.LS2.4
Cleaning Up an Oil 
Spill 
BIO1.LS2.4

KEY: LL: Launch Lab QI: Quick Investigation VI: Virtual Investigation PT: Personal Tutor

Module Planner
 GO ONLINE to curate your presentations, interactive content, additional resources, and 

media library, and find answer keys, materials lists, rubrics, differentiated instruction, and more.   

Module Resources

Three-Course Model
 GO ONLINE If teaching a 3-course model, go online to find associated Earth and Space 

Science content.

Module 5 • Biodiversity and Conservation 96B

Optimized for Teacher Success and Student Content Mastery
Structured for flexibility, Tennessee Science supports experienced teachers to quickly assess 
what adaptations fit the needs of their classes, while new teachers or those with non-traditional 
certification will find a clear, recommended lesson path with necessary supporting information.

Resource Overviews in  
every module and lesson can help 
curriculum writers recommend specific 
resources to cover the Tennessee 
Academic Standards for Science. 

Pacing included 
for every lesson 
allow you to plan 
out modules.

View the Labs, Investigations, and 
Media associated with the module 
to think through which will most 
resonate in your classroom.

Applying Practices are 
tied to every standard 
to ensure mastery 
throughout the module.

PROGRAM 
FEATURE!
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Teacher Presentation: 
Biodiversity

Launch the Lesson: 
Biodiversity

Presentation: Teacher-Facilitated Pathway
Use the Teacher Presentation to support classroom  
instruction and spark discourse. Obtain data to 
inform your instruction by assigning the Interactive 
Content, Additional Resources, and Assessment.

Interactive Content: Student-Led Pathway
Students can use the online Interactive Content, 
along with the Student Edition, Science Notebook, 
projects, and labs, to collect evidence to support 
their claim. They can record their evidence in their 
Science Journals and the class Summary Table.

IMPLEMENTATION OPTIONS

INTERACTIVE CONTENTPRESENTATION

  GO ONLINE
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rt
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 BIO1.LS2 Ecosystems: Interactions, 
Energy, and Dynamics

Lesson 1: Biodiversity

Engage
Launch the Lesson Interactive Content can be assigned 
the night before class as a preview, during class to spark 
discussion, as a resource during inquiry, or as homework.

 Driving Question Board
Have students revisit the DQB to remind themselves of the 
Unit and Module questions. Have them identify the sticky 
note questions they think will be answered in this lesson. 
Then, have students read the Focus Question and add it 
to the DQB. Students will revisit the Focus Question at the 
end of the lesson.

Explore and Explain
 Science Journal Remind students to keep records of 

their investigations in their Science Journals. Additionally,  
be sure that each reading or activity is added to the  
class Summary table.

C C C

SE
P DCI  Three-Dimensional Thinking The activities called  

out in the Student Edition will allow students to practice 
three-dimensional thinking. Worksheets for these activities 
can be found online.
Caption Question Fig. 1: number of spots, size.
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What is Biodiversity?
The loss of an entire species in a food web is not an imaginary situation. Entire species 
permanently disappear from the biosphere when the last member of the species dies in 
a process called extinction. As species become extinct, the variety of species in the 
biosphere decreases, which decreases the health of the biosphere. Biodiversity is the 
variety of life in an area that is determined by the number of different species in that 
area. It is increased by the formation of new species and decreased by the loss of species 
(extinction). Biodiversity increases the stability of an ecosystem and contributes to the 
health of the biosphere. There are three types of biodiversity to consider: genetic 
diversity, species diversity, and ecosystem diversity.

Genetic diversity
The variety of genes or inheritable characteristics that are present in a population 
comprises its genetic diversity. Figure 1 shows characteristics that are shared by Asian 
ladybird beetles, such as general body structure. 

Figure 1 These Asian ladybird beetles, Harmonia axyridis, 
demonstrate some visible genetic diversity because of their 
different colors.
Suggest some other characteristics that might vary among the 
beetles.

FOCUS QUESTION

Why is biodiversity important?

LESSON 1
BIODIVERSITY

 Disciplinary Core Ideas  Crosscutting Concepts  Science & Engineering Practices3D THINKING
C C C

SE
P DCI

COLLECT EVIDENCE
Use your Science Journal to 

record the evidence you collect as 
you complete the readings and 
activities in this lesson.

INVESTIGATE 
 GO ONLINE to find these activities and more resources.

  Applying Practices: Biodiversity in Leaf Litter

98  Module 5 • Biodiversity and Conservation
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Vocabulary Flashcards: 
Biodiversity

Lesson Check: Biodiversity

  GO ONLINE
ADDITIONAL RESOURCEADDITIONAL RESOURCE

Lesson 1: Biodiversity

Evaluate

 

Formative Assessment Check

Have students list and describe three types of 
biodiversity. genetic diversity–variety of alleles of 
genes present in the gene pool of a species; species 
biodiversity–number and abundance of species in a 
small area; ecosystem biodiversity–overall number of 
species in an ecosystem

Remediation Write the following phrases: dogs in a 
neighborhood, tropical rain forest, microorganisms in a 
pond, vegetable garden, and students in school.

Ask: Which type of biodiversity does each of these 
represent? dogs–genetic; tropical rain forest–
ecosystem; pond–species; vegetable garden–species; 
students–genetic

Check Your Progess
  1. Biodiversity maintains a healthy biosphere and provides 

both direct and indirect benefits to humans.
2. Extinction reduces the variety of species.
3. Humans depend on various species for food,  medicines, 

clothing, and shelter.
4. direct economic value—apparent and often recognized 

immediately; indirect economic benefit—not obvious  
and/or realized after time

5. Scientists have analyzed only a fraction of species 
for the medicines they can provide. It is important to 
 maintain biodiversity to preserve species that might 
prove valuable.

6. Students should address measures that will conserve 
biodiversity, such as replanting species of plants, and 
keeping water sources clean.

7. disadvantage—maintaining undesirable traits; 
 advantage—increases chances of survival during 
times of environmental change

 Elaborate 
Return to the DQB and have students determine what 
questions they can answer. At this point, they should be 
able to answer the Focus Question.

ADDITIONAL RESOURCE

Formative Assessment: Lesson Check

 GO ONLINE You might want to assign from the 
Additional Resources the pre-made Lesson Check based 
on key concepts and disciplinary core ideas, or you can 
customize your own using the customization tool.

104 Module 5 • Biodiversity and Conservation
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Go online to follow your personalized learning path to review, practice, 
and reinforce your understanding.

Summary
• Biodiversity is important to the 

health of the biosphere
• There are three types of 

biodiversity: genetic, species, 
and ecosystem 

• Biodiversity has aesthetic and 
scientific values, and direct and 
indirect economic value.

• It is important to maintain 
biodiversity to preserve the 
reservoir of genes that might 
be needed in the future.

• Healthy ecosystems can 
provide some services at a 
lesser expense than the use of 
technology.

Demonstrate Understanding
  1. Explain why sustaining biodiversity is essential to 

supporting and enhancing life on Earth. 
2. Explain how extinction affects biodiversity.
3. Generalize why maintaining biodiversity has a direct 

economic value to humans.
4. Differentiate between the direct and indirect economic 

value of biodiversity.
5. Evaluate and discuss the importance of maintaining 

biodiversity for future medical needs.

Explain Your Thinking
6.  Design a course of action for the development of a 

building project in your community, such as a housing 
development, city park, or highway, that provides for 
the maintenance of biodiversity in the plan.

7. ConnectionWRITING  Write an argument that 
describes the importance of maintaining genetic 
diversity in domesticated animals, such as dogs, cats, 
pigs, cattle, and chickens. Include the advantages and 
disadvantages in your report.

Check Your Progress

The body of water shown in Figure 8 is Lake Tahoe’s Emerald Bay in California. This area is an 
environment with many aesthetic qualities. Lake Tahoe was once pristine, but urbanization, 
increased runoff, and other forms of pollution have harmed the environment’s health. Invasive 
species such as clams, pond weed, and even domestic goldfish have also upset the lake’s ecosys-
tem. Many groups are working together to remedy these problems, and to try to keep Lake 
Tahoe healthy and beautiful.

There is also value in scientific study of the environment. Every human on the planet is part of  
Earth’s biosphere, so study of the environment has the potential to benefit everyone. Attempting 
to solve a problem often brings diverse groups of people together. Each group can have their own 
ideas about how to approach the situation. Bringing together these different perspectives not only 
increases the likelihood of finding a solution, it can also lead to a greater understanding of other 
cultures or groups. Bringing together people to study the environment can also lead to the 
 formation and development of new technologies.  

Sometimes the scientific benefits of biodiverse ecosystems can be difficult for people to see or 
understand. However, many scientists are finding ways to show the value in protecting and study-
ing the environment.
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Biology LearnSmart

Engage: In the Engage phase, students are 
introduced to the science topic and establish links 
with their existing knowledge. This stage piques 
their interest and fosters their curiosity, motivating 
them to delve deeper into the subject matter.

Explore and Explain: The Explore and Explain phase 
encourages students to get involved and investigate 
through a related, common experience. Students will 
carry out an investigation and collect and interpret 
data as they reveal answers to their questions to build 
understanding using different types of inquiry activities.

Evaluate: In the Evaluate phase, 
teachers gauge student progress. A 
question is provided to assess students’ 
knowledge and offer remediation 
suggestions if additional help is needed. 

Elaborate: Students will 
apply knowledge to new 
situations to develop a deeper 
understanding of the lesson 
concepts, use the skills they are 
learning, and make connections.

Tennessee Science High School Series 7
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Teach Your Way With 
Phenomena-Driven 5E Lessons
The Tennessee Science High School Series provides two pathways for learning, 
teacher-facilitated and student-led. Each pathway provides teachers and students 
flexibility dependent on the preferred method of learning, day, or topic.

Teacher-Facilitated Pathway 
Use the Teacher Presentation to support 
classroom instruction and spark discourse. 
Obtain data to inform your instruction by 
assigning the Interactive Content, Additional 
Resources, and Assessment.

Student-Led Pathway
Students can use the online Interactive Content, 
along with the Student Edition, Science 
Notebook, and printable projects and labs, to 
collect evidence to support their claims and 
demonstrate 3D thinking. 



ELABORATEEVALUATE

ENGAGE
EXPLORE

AND
EXPLAIN
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Each Tennessee Science High School Series unit phenomenon sets the stage for the STEM Unit 
Project. Each module within the unit supports the STEM Unit Project with phenomena-driven 5E 
lessons to support a variety of learning pathways.

Encounter the Phenomenon

C C C

SE
P DCI  STEM Unit Project Launch

SCIENCE
PROBES Formative Assessment Science Probe

C C C

SE
P DCI  Complete STEM Unit Project

ENGAGE: 
Encounter the Phenomenon
Phenomenon Question

EXPLORE/EXPLAIN: 
Virtual Labs
PhET Simulations
Labs
Applying Practices 
Supporting Resources 

ELABORATE: 
Environmental Connection 
STEM Career Connections 

EVALUATE: 
Lesson Review

C C C

SE
P DCI  Three-Dimensional 

	  Assessment

Encounter the Phenomenon
CER  Claim, Evidence, Reasoning

Revisit the Phenomenon

C C C

SE
P DCI  State Assessment Practice

CER  Claim, Evidence, Reasoning
Labs/Projects

Revisit STEM Unit Project 
Module Test

Vocabulary Review

UNIT  OPE NE R MODULE OPE NE R

LESSON

MODULE CLOSE UNIT  CLOSE

 Go Online
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Illustrate
Have students read the text under the heading Segmenta-
tion. Then, in pairs, have them make a one-frame cartoon 
that depicts the advantages of segmentation to the animal 
mentioned in the reading. Encourage them to be creative, 
but to be sure to present accurate biology. They might 
want to make a talking box for the animal to explain what is 
going on in the cartoon.

Formative Assessment Check

Make three transparencies or pictures of the three body 
plans shown in Figure 9. (Page 548 is  available electron-
ically in the Teacher Center online.) Be sure your images 
do not contain captions or labels. Project the images for 
the students to see. For each image: 

Ask: What body plan does this represent? Answers 
should reflect the body plan shown. 

Remediation Have students make color diagrams of 
cross sections of acoelomate, pseudocoelomate, and 
coelomate body plans, using the same colors as the text 
for the endoderm,  ectoderm, and mesoderm.

Writing Support
Creative Writing Have students write a narrative and 
descriptive story for children about the life cycle of a 
marine vertebrate, noting its birth, physical characteristics 
and its habitat. Make sure to include a list of predators 
that might end its life or a list of prey that might become 
its food. Include what you are learning about the biology 
of fishes in your story.

Rubric Use the modifiable rubric found online on your 
Teacher Center to assess writing assignments.

 Quick Practice 
Planning and Carrying Out Investigations Have students 
assume that they found some tadpole-like animals in a tide 
pool at the seashore and begin to study them in a labora-
tory. Instruct students to design an investigation in which 
they could tell if the animals are larvae or adults. Make sure 
they observe the animals for several weeks and note any 
changes in their body structures and symmetry and look 
for reproductive behavior and release of gametes.

Caption Question Fig. 13: dorsal tubular nerve cord, 
 notochord, pharyngeal pouches, postanal tail, and a 
 thyroid gland
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Figure 13 Segmentation enables a scorpion to move its stinger in different directions to attack prey.

Segmentation
As shown on the evolutionary tree in Figure 13, segmentation is an important feature in 
the evolution of coelomate animals. Segmentation has two advantages. First, segmented 
animals can survive damage to one segment because other segments might be able to 
carry out the damaged section’s function. Second, movement is more effective because 
 segments can move independently. Therefore, the scorpion in Figure 13 has more 
flexibility and can move in ways that are very complex. 

Figure 14 Chordates have a dorsal 
tubular nerve cord, a notochord, 
pharyngeal pouches, a postanal tail, 
and, possibly, some form of a thyroid 
gland.
Infer which of these features you had 
when you were an embryo.

The Chordates
Chordates are deuterostomes belonging to the phylum Chordata (kor DAH tuh). These 
animals have four distinctive features at some point in their development—a dorsal 
tubular nerve cord, a notochord, pharyngeal pouches, and a postanal tail. Recent 
evidence suggests that all chordates also might have some form of a thyroid gland. In 
addition, they have a coelom and are segmented. Study Figure 14 to see the main 
features of chordates. Recall that vertebrates are animals with backbones. Most chor-
dates are vertebrates.
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Explore and Explain: Body 
Plans–Symmetry

INTERACTIVE CONTENT

Reading Strategy
Before students read the text under the heading Sym-
metry, put them in groups of three or four and have them 
agree on a definition of the term symmetry. Once they 
have discussed their definition, have students read the text 
under the heading Symmetry. Students should then com-
pare their definition to what they have read in the text. 

Ask: What kind of symmetry do a rock and tree branch 
have? asymmetry A daisy or dandelion flower and a 
wheel? radial symmetry A chair and a table? Both have 
bilateral symmetry.

Demonstration

Symmetry Bring in household items such as a bowl, a 
fork, a spoon, and a straight drinking straw. 

Ask: What kind of symmetry does the bowl and straw 
have? radial symmetry Show them the fork and spoon. 
What kind of symmetry do these items have? Bilateral 
symmetry Explain that symmetry is related to function 
in objects and animals. For example, a screwdriver with 
radial symmetry turns to drive in screws and an animal 
with radial symmetry can obtain food or perceive danger 
coming from any direction.

Est. time: 5 min

Caption Question Fig. 9: Answers will vary, but might 
 include desks, chairs, and other people.
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Symmetry
Move along the tissue branch on the evolutionary tree in Figure 8, and you will find the 
next branching point to be symmetry. Symmetry (SIH muh tree) describes the similar-
ity or balance among body structures of organisms. The type of symmetry an animal 
has enables it to move in certain ways.

Asymmetry 
The sponge in Figure 9 has no tissue and has asymmetry. It is irregular in shape and has 
no symmetry or balance in its body structures. In contrast, animals with tissues have 
either radial or bilateral symmetry.

Radial symmetry 
An animal with radial (RAY dee uhl) symmetry can be divided along any plane, 
through a central axis, into roughly equal halves. The jellyfish in Figure 9 has radial 
symmetry. Jellyfishes and most other animals with radial symmetry develop from only 
two embryonic cell layers—the ectoderm and the endoderm.

Bilateral symmetry
The dolphin in Figure 9 has bilateral symmetry. In contrast to radial symmetry, bilateral  
(bi LA tuh rul) symmetry means the animal can be divided into mirror image halves 
along only one plane through the central axis. All animals with bilateral symmetry 
develop from three embryonic cell layers—the ectoderm, the endoderm, and the 
mesoderm.

Figure 9 Animals have different arrangements of body structures. The sponge has an irregular shape and is 
asymmetrical, the jellyfish has radial symmetry, and the dolphin has bilateral symmetry.
List objects in the classroom that have bilateral symmetry.

SCIENCE USAGE V. COMMON USAGE
plane
Science usage: an imaginary line that divides a body form into two parts 
The dog’s body can be divided into its ventral and dorsal parts by a plane. 
Common usage: an aircraft 
The pilot flew the plane from Cleveland to Chicago.
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agree on a definition of the term symmetry. Once they 
have discussed their definition, have students read the text 
under the heading Symmetry. Students should then com-
pare their definition to what they have read in the text. 

Ask: What kind of symmetry do a rock and tree branch 
have? asymmetry A daisy or dandelion flower and a 
wheel? radial symmetry A chair and a table? Both have 
bilateral symmetry.

Demonstration

Symmetry Bring in household items such as a bowl, a 
fork, a spoon, and a straight drinking straw. 

Ask: What kind of symmetry does the bowl and straw 
have? radial symmetry Show them the fork and spoon. 
What kind of symmetry do these items have? Bilateral 
symmetry Explain that symmetry is related to function 
in objects and animals. For example, a screwdriver with 
radial symmetry turns to drive in screws and an animal 
with radial symmetry can obtain food or perceive danger 
coming from any direction.

Est. time: 5 min
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Demonstrations & Hands-on Activities

ResearchSimulations

Empower Students With  
Inquiry-Based Learning 
Investigate questions and solve problems from a variety of angles. Inquiry-driven 
instruction gives students the practice they need to succeed in developing solutions 
to whatever challenges they may encounter.

Types of Inquiry Activities
Each course in the High School Series of Tennessee Science includes inquiry that builds beyond 
hands-on activities. With Tennessee Science, students will investigate phenomena through several 
techniques reflective of the way science and engineering are done in the real world.

Engineering

10 Program Overview



 
 

Copyright © McGraw-Hill Education 
McGraw-Hill cannot assume responsibility for changes made to these lab procedures. McGraw-Hill can make no representation or 

warranty as to the effectiveness or safety of the labs if the full lab procedure, as set forth in labs, is not followed as directed. 

Name _____________________________ 

continued Investigation 
  
 

1. Observe a rock sample provided by your 
teacher and determine whether the texture is 
fine-grained or coarse-grained. Record this 
data in the table. 

2. Estimate and record the percentage of dark 
minerals. This percentage will allow you to 
classify the rock as felsic (few dark minerals, 
light-colored or gray), intermediate (about 50 
percent dark minerals, dark gray), or mafic 
(more than 70 percent dark minerals, very 
dark or black). 

3. Estimate and record the percentage of 
feldspar. Classify the feldspar as potassium 
(pink, white, or gray) or plagioclase (white or 
gray with striations). 

 4. Estimate and record the percentage of quartz. 
If the sample has no quartz, it belongs in the 
gabbro-basalt group. If it has less than 10 
percent quartz, it belongs in the diorite-
andesite group. If it has 10–40 percent quartz, 
it belongs in the granite-rhyolite group.  

5. Using the igneous-rock key on page 33, 
identify the unknown igneous-rock sample. 
Write the correct name of the sample in the 
table.  

6. Repeat steps 1–5 for the other rock samples.  
7. Look at pictures of lunar rocks, and use your 

observations to answer the questions in 
Analyze and Conclude and Apply. 

 

Table 

Rock Sample Texture 
Estimated % of 
Dark Minerals 

Felsic, Mafic, or 
Intermediate Name of Rock 

1     

2     

3     

4     

 

P R O C E D U R E  

D A T A  A N D  O B S E R V A T I O N S  
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warranty as to the effectiveness or safety of the labs if the full lab procedure, as set forth in labs, is not followed as directed. 

Date _____________________________ Period _____________________________ Name ______________________ 

Investigation 
 

MODULE 4 
 

COMPARING LUNAR ROCKS TO EARTH ROCKS 
Igneous rocks form when molten rock called magma or lava cools. Igneous rocks are classified by 
mineral composition and texture. Their mineral composition indicates the nature of the magma. 
Texture indicates how the magma cooled. Rocks collected from the Moon have characteristics like 
those of igneous rocks on Earth. These characteristics provide insight about the composition of the 
Moon and how it was formed. 

 

Problem 
How do lunar rocks compare with Earth rocks? 

Objectives 
• Estimate mineral percentages in igneous 

rock samples. 
• Identify types of igneous rocks. 
• Compare lunar rocks to Earth rocks. 

 Materials 
4 igneous rocks from Earth 
igneous-rock key 
pictures of lunar rocks 

Safety Precautions 

  

Use caution when handling rocks; edges can be 
sharp. Do not wear sandals during the lab 
procedure. 

 
IGNEOUS-ROCK KEY 

 

  

P R E P A R A T I O N  
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continued Mapping 
 

Name ____________________________ 

 
 

Problem 
What information can a topographic map 
provide about a river and its surroundings? 

Objectives 
• Use a topographic map to answer questions 

about a river and its valley. 

 Materials 
ruler 

 

1. The topographic map has a contour interval 
of 5 feet. The scale is 1 inch for 2000 feet. 
Study the map and answer Questions 1–4 in 
the table. 

2. The river drops about 2 feet in elevation 
across the map. Determine the gradient and 
answer Questions 5–7. 

3. Examine the floodplain of the river. Notice 
that the contour lines along the river run into 
one another. This indicates that natural 
levees occur and that at some places they are 
at least 5 feet high. Answer Questions 8–10. 

 4. Notice that there are numerous elongated 
depressions in the floodplain. Answer 
Question 11. 

5. Examine the structures across the top of the 
map in sections 32, 33, and 34. Answer 
Questions 12 and 13. 

 

P R O C E D U R E  

P R E P A R A T I O N  

 

Photo Credit: U.S. Geological Survey 
Copyright © McGraw-Hill Education 
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warranty as to the effectiveness or safety of the labs if the full lab procedure, as set forth in labs, is not followed as directed. 
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Mapping 
 

MODULE 7 
 

 

INTERPRETING A RIVER’S HABITS 
All stream systems generally start from rain running off the land. A stream develops further, 
depending on the amount of available water, the slope of the land, and the underlying type of 
bedrock. Fast-moving streams follow a straighter path than do slow-moving streams, which tend to 
form meanders. Oxbow lakes often form from meandering streams and rivers. Below is a 
topographic map of the Souris River valley in north-central North Dakota. This area was under a 
continental glacier during the ice ages. The surface is largely covered with moraine deposits. 

Contour interval: 5 feet 

Scale: 1 inch = 2000 feet 
    
    

2000 ft 4000 ft 6000 ft 8000 ft 

Hands-On Inquiry 
Tennessee Science is centered around inquiry. 
The program provides several opportunities in 
each module for student exploration. 

All inquiry activities in Tennessee Science 
promote student engagement and allow 
each student to develop inquiry, science, 
and engineering skills. Activities range from 
simple investigations to more complex lab 
explorations, and cover the full range of the 
inquiry spectrum. 

Investigations offer students the ability to 
quickly dive into a topic with simple questions 
in single or group settings. Lab activities 
provide more complex explorations with  
hands-on approaches to learning.

The Tennessee Science 
Inquiry Spectrum
Not all inquiry activities are the same. 
Depending upon the available time and student 
readiness, structured inquiry might be perfect, 
or your class may be ready for open inquiry. The 
Tennessee Science Inquiry Spectrum provides 
flexible options to adjust the inquiry level to 
align with the learning needs of each student.
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Why Go Online?
	■ Engaging Interactive 
Content

	■ Science Content Videos

	■ Text Read Aloud and  
Highlighting Features

	■ Dynamic Search Tools

Drag and Drop activities 
offer students the chance to 
manipulate new concepts.

Vocabulary flashcards deliver 
focused support for key words.

Teach Your Way With  
Innovative Digital Resources
Transport students beyond the walls of your classroom with cutting-edge 
digital content, including interactives, simulations, videos, and more. 

Fun and easy-to-use, these 
features align with lesson 
topics to spark scientific 
curiosity, support discussion, 
enhance review, and  
deepen understanding.

Simulations allow students 
to manipulate variables in a 
scenario beyond the limits of 
the classroom.

Interactive Visual Literacy 
features prepare students to 
identify visual representations 
of scientific phenomena.

Phenomena videos showcase 
ultra-engaging, content-related 
examples of science in real life.

Infographics provide an 
engaging graphic to foster 
collaborative and hands-
on learning in the world 
surrounding them.
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Adaptive Learning With SmartBook®

Each student enters the classroom with different strengths, interests, and abilities. 
Eliminate guesswork and get to the heart of their learning needs with adaptive, 
comprehensive differentiation.

The secret is SmartBook, the first 
and only adaptive reading experience 
designed to change the way students 
read and learn. As the student 
progresses, SmartBook highlights the 
most impactful concepts the student 
needs to learn. When SmartBook detects 
what a student is most likely to forget, that 
content is presented for review to improve 
the student’s knowledge retention.

Real-Time 
Reporting Tools
Find efficiencies by managing 
and tracking individual student 
progress and the progress of 
the whole class. Teachers can 
focus on what students don’t 
understand or still need to 
learn, rather than what they’ve 
already mastered.

See the duration students take 
to complete the assignment 
compared to the estimate.

Challenging concepts are revealed as 
students wrap up assignments, giving 
teachers the chance to reinforce 
topics before the next lesson.

Track progress on the 
assignment as students 
work through the questions.

Breakdown reporting 
to the individual 
student level.
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Basic Cell Types 
You have learned, according to the cell theory, that cells are the basic units of all living 
organisms. By observing your own body and the living things around you, you might 
infer that cells must exist in various shapes and sizes. You also might infer that cells 
di�er based on the functions they perform for an organism. However, all cells have at 
least one physical trait in common: they all have a structure called a plasma membrane. 
A plasma membrane,  shown in Figure 4 , is a boundary that helps control what enters 
and leaves the cell. Each of your skin cells has a plasma membrane, as do the cells of a 
rattlesnake. 

Cells generally have a number of functions in common. 

• Most cells have genetic material in some form that provides instructions for making sub -
stances that the cell needs.

• Cells also break down molecules to generate energy. 

Two basic cell types Scientists group cells into two basic types. These types are 
prokaryotic (pro kar ee AW tik) cells and eukaryotic (yew kar ee AW tik) cells. 
 Eukaryotic cells generally are one to one hundred times larger than prokaryotic cells. 
When you compare the prokaryotic and eukaryotic cells in Figure 4  you will notice that 
both have a plasma membrane, but one cell contains many distinct internal structures 
called organelles—specialized membrane-bound structures that carry out speci�c cell 
functions in di�erent parts of the cell at the same time. 

Figure 4 The prokaryotic cell on the left is smaller and appears less complex than the eukaryotic cell on the 
right. The prokaryotic cell has been enlarged for the purpose of comparing each cell’s internal structures.

CROSSCUTTING CONCEPTS
Structure and Function An analogy is a comparison of two things that can help 
to explain a concept. A cell’s genetic material provides instructions for making 
what the cell needs. An analogy for this genetic material, then, might be a recipe. 
Using evidence from the text, decide on something that could serve as an 
analogy for the plasma membrane. Justify your analogy in a short paragraph. 

WORD ORIGINS
eukaryotic
prokaryotic
eu- prefix; from Greek, meaning 
true
pro- prefix; from Greek, meaning 
before
-kary from Greek, meaning nucleus
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Observe and Infer
Have students view slides or micrographs of at least one 
prokaryotic cell, such as a bacterium, and eukaryotic cells, 
such as Euglena or skin cells. 
Ask: 
cells? Students should observe that the eukaryotic cells 
are larger and have organelles. They might observe the 
movement of the Euglena and various structures within 
the Euglena cell, such as the red eyespot, the flagella, and 
chloroplasts depending on the slides viewed. Contrast 
these two basic cell types while discussing prokaryotic and 
eukaryotic cells.

 Structure and Function 
Get students thinking about the relationship between 
structure and function by asking them to identify how the 
form of an everyday object helps to make it suitable for its 
intended function.
TK

 Using Mathematics and Computational 
Thinking
Have students calculate how many cells could line up end-
to-end in 1 cm if each cell is 100 μm in length. 100 cells This 
would represent a large eukaryotic cell. Many bacteria are 
only 1 μm in length. Say to Students:  Many viral particles 
are only about 100 nanometers in diameter. Ask students 
to arrange the size of bacteria, eukaryotic, and viral struc-
tures in order from largest to smallest. [virus, bacterial cell, 
eukaryotic cell.)

EL Support
Support students in understanding compare/
contrast structures to interpret the paragraph 
“Two basic cell types.”

EMERGING LEVEL Ask students to highlight the 
two sentences that contain a comparison. Elicit 
the comparison words in these two sentences 
(one hundred times larger than, both have…but…). 
Create a Venn diagram together and elicit from 

include in the diagram. 

BRIDGING LEVEL Elicit compare/contrast words from 
students using the classroom environment/realia. 
Then, direct students to use the text and images to 

Diagram.

Explore and Explain: Basic 
Cell Types

ADDITIONAL RESOURCE

  GO ONLINE

Program: HSS Component: BIO_TE
PDF Pass

Vendor: Lumina Module: 07
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Lesson 2: Motion with Constant Acceleration

Applying Physics
Explain to students that when a racecar driver is trying to 
achieve maximum acceleration, the weight distribution and 
the traction of the vehicle are affected. Draw a graph that 
shows as acceleration increases, the weight on the front 
wheels decreases, while the weight on the rear wheels 
increases. The weight that must be placed on the front 
wheels in order for the tires to grip, called the traction limit, 
also increases during acceleration. Thus, as the force in-
creases during acceleration, the reaction force and traction 
decrease in the front of the car and increase in the rear. 
The limit to acceleration is the point at which the traction 
is reached, or when the front wheels lift off the ground and 
there is a loss of directional control.

PRACTICE Problems
16. a. 1.0 m/s
 b. −1.0 m/s
 c.  The ball’s velocity decreased in the first case. In the 

second, the ball slowed to a stop and then began 
rolling back down the hill. See Online Solutions 
 Manual.

 17. 67 km/h east
18. 5.1 s
19. 9.0 s

 Crosscutting Concepts
Scale, Proportion, and Quantity Have students consider 
what quantities must be the same in order to have a valid 
set of final positions to  compare.

How should the initial positions compare?
How should the time of travel compare?

Differentiated Instruction

AL  Most students have calculated the surface area 
of a block by multiplying two perpendicular length 
 measurements. Point out that any rectangular area has a 
 dimension that is the product of the dimension displayed 
along the  x-axis and the dimension displayed along the 
y-axis. In a v-t graph, the x-axis displays time and the 
y-axis  displays a rate (velocity).

The dimension of this area is (m/s) · s = m, which is a 
 physical quantity. Thus, the area represents a  physical 
quantity. Have students consider another rate-time 
graph—one in which pay rate ($/h) is plotted on the 
y-axis and daily hours worked in a week (h) is plotted 
on the x-axis. Ask students what the area of this graph 
 represents and what is its  dimension. weekly pay, dollars  
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If you know an object’s average acceleration during a time interval, you can 
use it to determine how much the velocity changed during that time. 

You can rewrite the definition of average acceleration   (  ̄  a   ≡   ∆v
 ___ ∆t  )   as follows:

The equation for final velocity with average acceleration can be written:

In cases when the acceleration is constant, the average acceleration (  ̄  a  ) is the 
same as the instantaneous acceleration (a) at any point within the time 
interval. This equation can be rearranged to find the time at which an object 
with constant acceleration has a given velocity. You can also use it to calcu-
late the initial velocity of an object when both a velocity and the time at 
which it occurred are given.

PRACTICE Problems  

16. A golf ball rolls up a hill toward a miniature-golf 
hole. Assume the direction toward the hole is 
positive.

   a.  If the golf ball starts with a speed of 2.0 m/s 
and slows at a constant rate of 0.50 m/s2, what 
is its velocity after 2.0 s?

   b.  What is the golf ball’s velocity if the constant 
acceleration continues for 6.0 s?

   c.  Describe the motion of the golf ball in words 
and with a motion diagram.

17. A bus traveling 30.0 km/h east has a constant 
increase in speed of 1.5 m/s2. What is its velocity 
6.8 s later?

18. If a car accelerates from rest at a constant rate of 
5.5 m/s2 north, how long will it take for the car to 
reach a velocity of 28 m/s north?

19. CHALLENGE A car slows from 22 m/s to 3.0 m/s 
at a constant rate of 2.1 m/s2. How many seconds 
are required before the car is traveling at a 
forward velocity of 3.0 m/s?

Final Velocity with Average Acceleration
The final velocity is equal to the initial velocity plus the product 
of the average acceleration and the time interval.

vf = vi +    ̄  a   ∆t

 ADDITIONAL PRACTICE

Real-World Physics

DRAG RACING A dragster driver tries 
to obtain maximum acceleration over a 
course. The fastest U.S. National Hot Rod 
Association time on record for the 402-m 
course is 3.771 s. The highest final speed 
on record is 145.3 m/s (324.98 mph).

∆v =    ̄  a   ∆t

vf - vi =    ̄  a   ∆t

  CROSSCUTTING CONCEPTS
Scale, Proportion, and Quantity Using algebraic thinking, draw a conclusion 
about how changes in the initial velocity of an object affects the final position of 
the object. Make a table that provides evidence to support your conclusions.
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Lesson 2: Motion with Constant Acceleration

 Quick Practice
Using Mathematics and Computational Thinking  
Draw students’ attention to the position with average 
 acceleration equation. 

Ask: What change should you make to this equation if you 
want to apply it to a time interval that does not have an 
initial time of zero? Replace tf

2 with Δt2. 

Explore and Explain: Motion 
with an Initial Nonzero 
Velocity

Explore and Explain: An 
Alternative Equation

INTERACTIVE CONTENT INTERACTIVE CONTENT

  GO ONLINE

Differentiated Instruction

BL  Graph Skills On the board, sketch the graph below.
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Have students explain what the displacement is for the 
time interval ta - tb. The displacement is 0 m. The areas 
bounded by v and the t-axis during the first half and 
second half of the time interval are equal, which indicates 
equal distances traveled. However, the first displacement 
is positive, while the second is negative. The total dis-
placement for the interval is the sum of two equal-sized 
displacements in opposite directions, which is 0 m.   

Clarify a Preconception
Average Acceleration and Constant Acceleration  
Students might think that they can only  apply the  average 
acceleration equation for a certain time interval if the 
acceleration during the time interval remains  unchanged. 
Remind students that an acceleration that does not change 
is constant acceleration.  Average acceleration is  different 
because it might change many times during the time 
 interval.
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Figure 15 For motion with constant acceleration, if the initial 
velocity on a velocity-time graph is not zero, the area under the 
graph is the sum of a rectangular area and a triangular area.

Motion with an initial nonzero velocity The 
graph in Figure 15 describes constant acceleration that started 
with an initial velocity of vi. To determine the displacement, 
you can divide the area under the graph into a rectangle and 
a triangle. The total area is then:

An Alternative Equation
Often, it is useful to relate position, velocity, and constant acceleration without including time.

Rearrange the equation vf = vi + atf to solve for time: tf =    
vf - vi _____ a   .

You can then rewrite the position with average acceleration equation by substituting tf to obtain 
the following:

     Δx = Δxrectangle + Δxtriangle = vi(Δt) +   (  1 __ 2  )  ΔvΔt

Substituting aΔt for the change in velocity in the equation 
yields:

     Δx = Δxrectangle + Δxtriangle = vi(Δt) +   (  1 __ 2  )  a(Δt)2

When the initial or final position of the object is known, the 
equation can be written as follows:

xf – xi = vi(Δt) +   (  1 __ 2  )  a(Δt)2 or xf = xi + vi(Δt) +   (  1 __ 2  )  a(Δt)2

If the initial time is ti = 0, the equation then becomes the 
following.

This equation can be solved for the velocity (vf) at any position (xf).

Position with Average Acceleration
An object’s final position is equal to the sum of its initial position, the product of the initial 
velocity and the final time, and half the product of the acceleration and the square of the  
final time.

xf = xi + vi tf +   (  1 __ 2  )  atf
2

Velocity with Constant Acceleration
The square of the final velocity equals the sum of the square of the initial velocity and twice the 
product of the acceleration and the displacement since the initial time.

vf
2 = vi

2 + 2a(xf - xi)

xf = xi + vi   (  
vf - vi _____ a  )   +   (  1 __ 2  )  a  (  

vf - vi _____ a  )  
2
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Support Every Learner
Tennessee Science incorporates the research-based Universal Design Learning 
Principles to ensure that all students have access to rigorous curriculum. 

Support with practical strategies is found at the module and lesson level at multiple points.  
The Leveled text aligns with the Lexile ranges appropriate for each grade level.

Differentiated 
Instruction 
Robust differentiation support 
including guiding questions 
for different student levels, 
as well as differentiation 
guidance is found in the 
Teacher’s Edition. Module 
and lesson level practice 
strategies are also found  
at multiple points.

English Language Support
Tennessee Science applies the best 
instructional practices for teaching EL students. 
Each module and lesson have scaffolded 
activities that offer students of any level of 
English language proficiency the opportunity 
to engage in academically challenging science 
and engineering content while supporting 
language acquisition.
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TIP Note that 
the lines to the 
chromosome show 
that this is one of 
many chromosomes 
in the nucleus of 
a cell. The lines to 
the gene show that 
a gene is part of a 
chromosome.

History Connection  How did scientists discover DNA? Rosalind 
Franklin and Maurice Wilkins were scientists who used X-rays to study 
DNA. James Watson visited Franklin and Wilkins. He saw one of the 
X-rays. He realized that the X-ray gave clues about DNA’s structure.
Watson worked with scientist Francis Crick to build a model of DNA
based on Franklin’s and Wilkins’ X-rays. The model showed how the
smaller molecules of DNA bond together and form a double helix.

Genes and Alleles
Scientists have discovered that each chromosome can have 
information about hundreds or even thousands of traits. A gene 
(JEEN) is a section on a chromosome that has genetic information 
for one trait. For example, a gene of a pea plant might have 
information about flower color.

Recall that an offspring inherits two genes (factors) for each trait, 
one from each parent. The genes can be the same or different. 
An example is purple or white for pea flower color. The different 
forms of a gene are called an allele (uh LEEL). Pea plants can 
have two purple alleles, two white alleles, or one of each allele. A 
chromosome pair has information about different pea plant traits. 
Examples are flower color, pod shape, and stem length.

ChromosomeChromosomes in
nucleus

Gene

9. Write About It What is the relationship between chromosomes
and genes?

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________

Over time, scientists learned that chromosomes contain genetic 
information that controls traits. We now know that Mendel’s 
“factors” are part of chromosomes. And, each cell in offspring 
contains chromosomes from both parents. These exist as pairs, one 
chromosome from each parent.

Program: Taxas Science

Vendor: Aptara
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ENCOUNTER THE PHENOMENON
Write the Encounter the Phenomenon question for this module. 

Use the “What I Know” column to list the things you know about the Encounter the Phenomenon 
question. Then list the questions you have about the Encounter the Phenomenon question in the 
“What I Want to Find Out” column. As you read the module, fill in the “What I Learned” column.

K 
What I Know

W 
What I Want to Find Out

L 
What I Learned

19 Chemical Reactions

Science Notebook • Chemical Reactions
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Chemical Reactions
1 Chemical Changes

REVIEW 
VOCABULARY
chemical formula

NEW VOCABULARY
chemical reaction

reactants

products

chemical equation

coefficient

balanced chemical 
equation

mole

molar mass

Recall the definition of the Review Vocabulary term.

chemical formula 

Use your book to define each term.

chemical reaction 

reactants 

products 

chemical equation 

coefficient 

balanced chemical equation 

mole 

molar mass 

Science Notebook • Chemical Reactions
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CHECK YOUR PROGRESS (CONTINUED)
17. Math Connection The following chemical reaction is balanced, but the coefficients 

used are larger than necessary. Rewrite this balanced equation using the smallest 
coefficients possible.

9Fe(s) + 12H2O(l) → 3Fe3O4(s) + 12H2(g)

18. Math Connection Sulfur trioxide (SO3), a pollutant released by coal-burning plants, 
can react with water (H2O) in the atmosphere to produce sulfuric acid (H2SO4). 
Write the balanced equation for this reaction.

2 Classifying Chemical Reactions (continued)

Science Notebook • Chemical Reactions
307

Supporting Reading Comprehension in Science
Tennessee Science empowers all students to succeed in science—no matter their starting point.  
The Science Reading Essentials for Tennessee Biology and Tennessee Physical Science provide 
reading and writing support for students in need of a little extra help, including:

	■ Content written two Lexile levels lower than the 
on-level content

	■ Teacher tips to provide ample student support

Science Notetaking Support
Note booking is vital to success in the science classroom. The digital Science Notebook is 
your students’ Cornell Notetaking Guide, ensuring they are writing down and keeping track of 
the important vocabulary, new ideas, and all of the progress along the way!

Reading 
Essentials 
include visual 
supports to 
enhance 
learning for 
all types of 
students.

Tips and questions throughout 
the margins of the lesson provide 
support for students at point of use.

Every module starts out 
with a KWL chart tied to the 
new module phenomena.

Vocabulary support gives 
students the opportunity 
to find the new words 
in the text and write the 
definitions themselves.

Check Your Progress asks 
questions reflecting on the new 
content covered in the lesson.
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Guiding Questions
• How does matter move through biotic and abiotic parts of an ecosystem? 
• Why are nutrients important to living organisms? 
• What are the biogeochemical cycles of nutrients and how are they alike?

LESSON 3

Cycling of Matter

Cycles in the Biosphere
The law of conservation of mass states that 
matter is not created or destroyed. All new life 
on the Earth is built from existing atoms. There-
fore, natural processes cycle matter through the 
biosphere. Matter—anything that takes up space 
and has mass—provides the nutrients needed for 
organisms to function. A nutrient is a chemical 
substance that an organism must obtain from its 
environment to sustain life. All organisms 
contain water and nutrients such as carbon, 
nitrogen, and phosphorus.

The exchange of matter through the biosphere 
is called a biogeochemical cycle. These cycles 
involve living organisms (bio), geological 
processes (geo), and chemical processes (chemi-
cal). Chemical elements that make up the 
molecules of organisms pass through food webs 
and biogeochemical cycles, combining and 
recombining in different ways.

CHEMISTRY Connection  Refer back to 
the energy and biomass pyramids in Figure 16. 
At each link upward in a food web, only a 
fraction of the matter and energy consumed is 
transferred to produce growth and release 

energy in cellular respiration at the higher level. 
Given this inefficiency, fewer organisms are 
found at higher levels of the food web.

Algae and plants are the lowest level of the food 
chain. As the matter and energy move through 
an ecosystem like that in Figure 17, some 
matter reacts to release energy for life func-
tions, some is stored, and much is discarded. 
Regardless of how the matter and energy 
change, they are conserved. 

Figure 17 Chemical elements are cycled through the 
biosphere through organisms. As producers, grasses begin 
the cycle by capturing energy from the Sun.
Explain how chemical elements continue to be cycled 
through the biosphere in this photo.

DISCIPLINARY CORE IDEAS
LS1.C Organization for Matter and Energy Flow in Organisms
LS2.B Cycles of Matter and Energy Transfer in Ecosystems

CROSSCUTTING CONCEPT
Systems and systems models

SCIENCE & ENGINEERING PRACTICES
Constructing explanations and designing solutions

APPLYING PRACTICES
When you complete this 
lesson, you are ready for 
the Applying Practices 
project The Cycling of 
Matter and Flow of Energy 
in Aerobic and Anaerobic 
Conditions.

C C C

SE
P DCI

Lesson 3 • Cycling of Matter  39 

THIS INFORMATION IS PROVIDED FOR INDIVIDUAL EDUCATIONAL PURPOSES ONLY AND MAY NOT BE DOWNLOADED OR FURTHER DISTRIBUTED.

Ja
vi

er
 L

ar
re

a/
Pi

xt
al

/a
ge

 fo
to

st
oc

k

Guiding Questions
• How does matter move through biotic and abiotic parts of an ecosystem? 
• Why are nutrients important to living organisms? 
• What are the biogeochemical cycles of nutrients and how are they alike?
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Cycles in the Biosphere
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on the Earth is built from existing atoms. There-
fore, natural processes cycle matter through the 
biosphere. Matter—anything that takes up space 
and has mass—provides the nutrients needed for 
organisms to function. A nutrient is a chemical 
substance that an organism must obtain from its 
environment to sustain life. All organisms 
contain water and nutrients such as carbon, 
nitrogen, and phosphorus.

The exchange of matter through the biosphere 
is called a biogeochemical cycle. These cycles 
involve living organisms (bio), geological 
processes (geo), and chemical processes (chemi-
cal). Chemical elements that make up the 
molecules of organisms pass through food webs 
and biogeochemical cycles, combining and 
recombining in different ways.

CHEMISTRY Connection  Refer back to 
the energy and biomass pyramids in Figure 16. 
At each link upward in a food web, only a 
fraction of the matter and energy consumed is 
transferred to produce growth and release 

energy in cellular respiration at the higher level. 
Given this inefficiency, fewer organisms are 
found at higher levels of the food web.

Algae and plants are the lowest level of the food 
chain. As the matter and energy move through 
an ecosystem like that in Figure 17, some 
matter reacts to release energy for life func-
tions, some is stored, and much is discarded. 
Regardless of how the matter and energy 
change, they are conserved. 

Figure 17 Chemical elements are cycled through the 
biosphere through organisms. As producers, grasses begin 
the cycle by capturing energy from the Sun.
Explain how chemical elements continue to be cycled 
through the biosphere in this photo.

DISCIPLINARY CORE IDEAS
LS1.C Organization for Matter and Energy Flow in Organisms
LS2.B Cycles of Matter and Energy Transfer in Ecosystems

CROSSCUTTING CONCEPT
Systems and systems models

SCIENCE & ENGINEERING PRACTICES
Constructing explanations and designing solutions

APPLYING PRACTICES
When you complete this 
lesson, you are ready for 
the Applying Practices 
project The Cycling of 
Matter and Flow of Energy 
in Aerobic and Anaerobic 
Conditions.
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Cross-Curricular Connections
Tennessee Science has been designed 
to seamlessly integrate science content 
across disciplines within each course  
to help students make connections  
within them.  

By integrating Literacy and Mathematics, STEM 
Careers, and integrated Engineering students 
approach a single phenomenon from different 
perspectives.

16 Program Overview



Math and Literacy 
Tennessee Science High School series 
supports students with literacy and math access 
through the Literacy Handbook and the Math 
Handbook. Each of these handbooks provides 
background information, student support, and 
examples that get students ready to make the 
connections they need to science.

 Go Online 
to find the 
Science and 
Engineering 
Handbook to 
learn more 
about each of 
the eight SEPs. 

 Go Online 
to find the  
Math and 
Literacy 
Handbook. 

 Integrated Engineering 
Tennessee Science High School series supports 
teachers and students with the integration of 
engineering into the science curriculum.  
For broad support, teachers and students can 
access the Science and Engineering Handbook, 
which provides simple, approachable 
descriptions of science and engineering 
practices. Students can also practice these  
skills as they read through the handbook.

STEM Career Connections 
allow students to connect with 
science by seeing potential 
career paths, as well as how 
what they’re studying connects 
to the real world.

Tennessee Science High School Series 17
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Student Advantages

Simulations
Simulations offer a chance to experience  
real-life scenarios that depict true events.  
These proven tools improve learning and  
create safe and engaging learning environments 
where failure is possible–something that is often 
missed when students are learning.

Bring Science to Life
Tennessee Science transports students beyond the walls of your classroom with 
cutting-edge digital content, including interactives, simulations, videos, and more. 

Fun and easy-to-use, these features align with lesson topics to spark scientific curiosity, support 
discussion, enhance review, and deepen understanding.

Inspire Science 3D App
Inspire Science 3D application provides 
students the ability to explore through the 
wonders of augmented virtual reality and 
provides students the opportunity to engage 
with science topics in a 3D environment rather 
than just a 2D image found on a page.

Poptips Plus
Poptips Plus is an interactive tool with a single 
image or an array of text and images with 
markers that define clickable hot spots.  
This engaging resource allows students to 
interact with images and connect them to 
related information to support understanding  
of core content.

18 Program Overview



Interactive Text
Engage students in online literacy learning with 
tools like text-to-speech, note-taking, and text 
highlighting. and text highlighting. Interacting 
with learning creates a dynamic experience 
that’s more engaging and will improve student 
learning and retention.

Videos
Enhance teaching and learning with videos 
that reinforce concepts and spark discussion. 
Videos encourage students to hone their 
analytical skills by analyzing media using the 
theories and concepts they are studying while 
experiencing worlds beyond their own. 

McGraw Hill K–12 Portal App
Students can access their content anywhere, 
any time, on any device—with or without 
internet access—using the McGraw HIll K–12 
Portal App.

Kahoot! 
Help students review important material in an 
engaging way with fun, game show-like quizzes 
using Kahoot!
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Drive Deeper Science Learning  
With Actively Learn
As educators, we know how important it is to keep students engaged. 

That’s why each Tennessee Science module and lesson is designed to tap into students’ natural 
curiosity about the world around them through the investigation of real-world phenomena.  
Student engagement is further fueled through an innovative digital experience, and connections  
to real-world applications. 

	■ Engaging, relevant, standards-based 
content for all learners

	■ Science texts, articles, and videos at 
each student’s level

	■ Inquiry-driven science simulations 
that bring natural phenomena to life

	■ Interactive reading and study aids 
that promote active collaboration

	■ Rich, cross-curricular connections to 
literature and history

	■ Powerful tools that let teachers 
customize content or upload their own

	■ Access to student data to inform 
instructional decisions
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Biology Unit 5: The Diversity of Life 
How did the study of genetics impact species classification? 

 
 

 
A student found their grandmother’s 

high school biology textbook from 1963 in 
the attic. They noticed that the section on 
classification of life forms looked different 
than their current biology text.  As the 
student shared their discovery with 
friends, they all wondered why the 
classification of protists had changed.  
This is what they said: 
 

Zane: “I think scientists discovered 
so many more protists, they needed new 
categories.” 
 

Hattie: “I think it’s different because 
different characteristics are used for 
classification today.” 
 

Bodhi: “I think it’s because of 
adaption. Protists have changed in the last 
50 years.” 
 
 
 
 

 
 
Which friend do you agree with the most? Explain why you agree. 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Look for Evidence
As you go through this unit, use the information and your 
experiences to help you answer the phenomenon question as 
well as your own questions. For each activity, record your 
observations in a Summary Table, add an explanation, and 
identify how it connects to the unit and module phenomenon 
questions.

Solve a Problem
STEM UNIT PROJECT

Biomimetics Investigate how biology and the diversity of life 
can inspire designs for buildings and structures.

 GO ONLINE In addition to reading the information in your 
Student Edition, you can find the STEM Unit Project and other 
useful resources online.

  Ask Questions
What questions do you have about 
the phenomenon? Write your 
 questions on sticky notes and add 
them to the driving question board 
for this unit.

UNIT 5
THE DIVERSITY OF LIFE

ENCOUNTER THE PHENOMENON

Mudskippers are 
amphibious fish that 
have adapted to live in 
the water and on land. 
How is this possible? 

How do
organisms
change

over time?

Unit 5 • The Diversity of Life  421
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Science Probes
Science Probes are module 
launch questions centered 
around relevant phenomena 
designed to interest and get 
students talking about their 
ideas. When students do the 
talking, it is evidence that they 
are thinking and provides 
you an avenue to uncover 
and resolve commonly-
held preconceptions or 
misconceptions.

Fuel Student Engagement Using  
the World Around Them

Visualizing 
Phenomena in Action
Encounter the Phenomenon 
Videos enable students to 
observe scientific topics in 
action, providing a visual 
experience that encourages 
thinking and collaborative 
conversations.

Virtual Investigations
Extend experiments beyond the 
classroom setting. With Virtual 
Lab, students have an engaging, 
alternative, digital interaction to 
interact with an experiment.

STEM Unit Projects
Students assume the role of a 
scientist or engineer and are 
charged with the task of designing 
a solution in the STEM Unit Project. 
Each project relates to a specific 
standard correlating to the unit.
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Tennessee Assessment Strategies
Tennessee Science includes a variety of assessment options to support teachers 
with differentiation strategies and support students on their journey to mastery of the 
Tennessee Academic Standards for Science and culminating with success on the End 
of Course Assessment and the ACT.

Formative Assessment
Formative assessment, embedded at many points throughout each module and lesson, facilitates 
student reflection on their thinking (metacognition) and allows teachers to dynamically differentiate 
instruction. The table below shows the types of formative assessment resources in Tennessee 
Science found online and in print.

FEATURE INSTRUCTIONAL PURPOSE

With the CER Framework (Claim, Evidence, Reasoning) students will 
make claims and document their reasoning during the EXPLORE 
phase and add evidence and adjust their claims as needed later in 
the lesson.  

Claim, Evidence, 
Reasoning

Science Probes Found at the beginning of each unit in the online resources, Science 
Probes reveal student preconceptions to guide instruction.

Within each lesson you will find Appling Practices Projects to 
help you apply the Science and Engineering Practices and build 
understanding of the Disciplinary Core Ideas so that you can 
complete each STEM Unit Project.

Applying Practices 

Students will encounter questions that address the 3 dimensions  
of the Tennessee Academic Standards for Science check progress 
with the SEPs, DCIs, CCCs, and Performance Expectations.

Three-Dimensional 
Thinking Questions
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Summative Assessment
Summative assessment tools at the module and lesson level help ensure lasting learning and 
alignment of student skills to the Performance Expectations with the following summative assessment 
tools found in Tennessee Science in print Student Editions and online.

FEATURE INSTRUCTIONAL PURPOSE

At the end of the lessons, students will demonstrate their understanding 
of at least two of the three dimensions of Tennessee Academic 
Standards for Science to develop three-dimensional thinking skills.

Three-Dimensional 
Thinking Questions

Module Pretest The Module Pretests, found at the beginning of each 
module, assess prerequisite knowledge of Disciplinary Core 
Ideas from prior grades to evaluate student readiness are 
ready for the module.

Found at the end of each module online, Module Tests evaluate 
student proficiency against the performance of the module with 
multiple choice, extended response, constructed response, 
and performance-task items. 

Through online interactives, students practice and check their understand of 
science language. Immediate feedback from the system provided!

With each STEM Module Project, found at the end of each module, students 
will complete performance-based rubrics and answer summative questions 
to demonstrate how they've applied their knowledge and understanding of 
the performance expectations to their project.

Module Test

Module Vocabulary 
Practice

STEM Unit Project

Found in every lesson online, Lesson Checks determine how 
students are building a progression of learning toward the 
performance expectations.

Lesson Check
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State Assessment Guide
Organized by the Tennessee Science High School Series scope and sequence for each 
program, the State Assessment Guide provides guided and independent practice for 
both discrete items and performance tasks with teacher support for each. Also included 
are standards alignment correlations, DOK levels, evidence statements, answer keys with 
rationale for correct and incorrect answers, and scoring rubrics for performance tasks.

Use this guide in your classroom in a variety of ways to meet the needs of your students.

✓	 Use the Guided Practice and Practice sections prior to a  
	 Module Test to provide extra support or as preassessment  
	 to serve as a benchmark.

✓	 Use the Guided Practice and Practice sections after a  
	 Lesson Check, but prior to a Module Test for remediation.

✓	 Choose an approach by administering the Guided Practice  
	 section first and then give students the Practice section.

Seamless Integration Services
We are proud to work with schools across 
Tennessee to implement our programs into 
a range of classroom environments using 
different platforms. Both our Integration team 
and our Digital Technical Support team are 
ready to support you and your implementation.

To learn more, visit  
mheducation.com/tennessee.
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Preparing Students for the ACT
Tennessee Science is an inquiry-based program that leads students to be able to think, reason, and 
problem solve. The science portion of the ACT measures the interpretation, analysis, evaluation, 
reasoning, and problem solving skills.

Interpretation of Data 40–50%
Applying Practices, Go Further Activities, and 
Practice Problems all give students opportunities 
to interpret data to answer questions.

Scientific Investigation 20–30%
With well over 100 Labs, Projects, and Demos in 
the Tennessee Science program, students will 
have a thorough understanding of experimental 
tools, procedures, and design and compare, 
extend, and modify experiments.

Evaluation of Models, Inferences, 
and Experimental Results 25–35%
With real-world articles and data, students are 
able to make inferences, think critically and 
problem solve.
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Continued 
Professional 
Learning
Professional Development
We know it can be a challenge to implement a 
new science program with new standards. That’s 
why Tennessee Science comes with a library of 
relevant, self-paced, professional learning videos 
and modules to support you from implementation 
through instructional progression and mastery, all 
available 24/7, from any device.

Program Implementation Support
Implementation support provides everything 
you need to know to get up to speed on the 
first day of school.

Digital Platform Support
In the Technical Support Resource Library, you 
will find step-by-step instructions for each of 
your digital tools to help you feel confident 
planning, teaching, and assessing in the digital 
experience. Step-by-step instructions for each 
of your digital tools help you feel confident 
planning, teaching, and assessing with digital.

Quick Start Videos explain program basics  
to help get you started.
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Ongoing Pedagogy Support
With Tennessee Science, you will find a wide 
range of resources on key instructional and 
pedagogical topics, including videos from our 
program authors and consultants.

	■ STEM Classroom Videos model lessons 
from real classrooms

	■ Science Preconceptions Videos review 
common preconceptions and strategies to 
overcome them  

	■ Instructional Coaching Videos discuss 
best practice strategies and the “Why” 
behind the success 

	■ Teacher Activity Videos show planning tips 
and expected results to help with hands-on 
activity time

	■ Science Pedagogy Micro-Courses provide 
facilitation guides for both self-guided or 
small group courses
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Learn More at mheducation.com/tennessee
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