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Welcome to
CA NGSS Glossary

STEMscopes Glossary

A Framework for K–12 Science Education – A report produced by the National Research Council (NRC) that 
calls for a new approach to science education. This document is the basis for the NGSS.

Performance Expectations (PEs) – A set of expectations or learning goals for what students should be able to 
do by the end of instruction.

Crosscutting Concepts (CCC) – Concepts that bridge disciplinary boundaries. Their purpose is to help 
students deepen their understanding of the Disciplinary Core Ideas and develop a coherent and scientifically 
based view of the world.

Science and Engineering Practices (SEPs) – Standards that help students emulate behaviors that 
scientists engage in as they investigate and build models and theories about the natural world. These 
standards also include the key set of engineering practices that engineers use as they design solutions and 
build models and systems.

Three-Dimensional Learning – Allowing students to actively engage with the practices and apply the 
Crosscutting Concepts to deepen their understanding of core ideas across science disciplines.

Phenomena – Observable events that students make sense of through their experiences in the  
three dimensions.

STEMscopes – A comprehensive online science curriculum program that is strictly standards-aligned. We offer 
5E + IA lesson plans to teach science concepts to students in grades pre-kindergarten through high school 
biology, chemistry, and physics.

5E + IA – The instructional model used by STEMscopes that includes Engage, Explore, Explain, Elaborate, 
Evaluate, Intervention, and Acceleration.

Segment – A group of scopes organized together with an opening mission and a closing task. Its purpose is to 
provide a coherent storyline between multiple science concepts.

Scope – A 5E + IA lesson plan on the STEMscopes website that addresses a targeted set of standards.

Section – One step in the 5E + IA model, such as Engage or Explore.

Element – Each individual activity; there are multiple elements within each section.

Teacher Toolbox – Various resources and strategies housed on our website for teachers to use at any time.

Visual Glossary – A glossary of all the terms with videos or images used in STEMscopes.

STEMcoach in Action – A section that is dedicated to promoting a culture of STEM education by providing 
real-time embedded professional development, exemplary resources, and support to science teachers.SA
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Element Glossary

Picture Vocabulary – A slide presentation of important vocabulary terms along with a picture and 
definition.

STEMscopedia – Informational text element designed to explain science content.

Linking Literacy – Strategies to help students comprehend difficult informational text.

Communicate Science – A class activity in which students use different forms of communication to 
discuss scientific topics connected to the content of the scope.

Content Connection Videos – Inquiry videos from BBC and STEMscopes that engage students and 
provide contextual meaning to the content of the scope.

Concept Review Game – An interactive game that can be played with a class or individually to help 
students review the science concepts in the scope.

Science Rock – An event in which students can sing standards-based science songs and dance to the tune.

Math Connections – A practice that uses below, at, and above grade-level math activities to address a 
concept.

Reading Science – A reading passage about a concept that includes five comprehension questions 
(available below, at, and above grade-level).

Science Today – Authentic, real-world media provided by Associated Press that allows students to 
interact with and explore connections and applications of science content.

Career Connections – STEM careers come to life with these leveled career exploration videos and student 
guides designed to take learning further.

PhET: Simulation Practice – Embedded simulations from the University of Colorado Boulder.

Multiple Choice Assessment – A standards-based assessment in which students select from a list of best 
possible answers.

Open-Ended Response – A short-answer and essay assessment to evaluate mastery of a concept.

Claim-Evidence-Reasoning Assessment – An assessment in which students use evidence and write a 
scientific explanation to show their understanding of a concept.

EXPLAIN

ELABORATE

EVALUATE

Element Glossary

HOME

ENGAGE

EXPLORE

Student Wondering of Phenomena – Sample questions that students may have of observable  
natural occurrences.

Standards Alignment – A correlation document that shows a scope’s connections to the Next 
Generation Science Standards.

Teacher Background – A resource for the teacher that contains all the essential understandings of 
science content related to the scope.

Answer Keys – A list of answers to various scope activities ranging from multiple choice to open-ended 
response answers.

Materials List – A self-calculating spreadsheet identifying all reusable and consumable materials 
needed in each part of a module.

Investigative Phenomena – An introductory activity that facilitates a connection between the content 
and real-world phenomena and encourages students to ask why or how something happens.

Assessing Prior Knowledge (APK) – A brief probe activity used to gauge students’ understanding and 
uncover preconceptions before starting a lesson.

Graphic Organizer – Note-taking devices that students can use as they move through a scope.

Hook – An engaging activity that motivates students to learn more.

Set-Up Video – A live-shot video that shows the teacher exactly 
how to set up and carry out each Explore hands-on activity.

Explore – Six types of Explore activities (Activity, Engineering 
Solution, Scientific Investigation, Research, Inquiry Investigation, 
and TUVA) that engage students in three-dimensional  
learning activities.

Language Development Strategies – Embedded strategies for 
supporting English language learners during instruction.

Math Moments – Embedded ideas of integrating mathematical 
concepts in your science lessons.

Intervention Strategies – Embedded strategies that can be used 
to help students with communication and physical, cognitive, 
social/emotional, and adaptive development limitations.

STEMCoach In Action – Embedded strategies that support 
teachers in implementing various activities

TUVA Explores 
promote data 
literacy

Intervention Strategies 
Roadblocks

Math Moment

STEMCoach In Action

Language Development 
Strategies

Additional Supports
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A Three-Dimensional Approach
The California Next Generation Science Standards (CA NGSS) are designed to help students build a cohesive 
understanding of STEM concepts. Students learn to see the connections between all concepts and content 
areas. In the CA NGSS, three “dimensions” of learning are combined in order to create a more powerful 
learning experience. These dimensions include Disciplinary Core Ideas (DCIs), Science and Engineering 
Practices (SEPs), and Crosscutting Concepts (CCCs).

Consists of eight 
defined practices 
that scientists and 
engineers use to 
solve problems 
and explain real-
world phenomena

Ideas that cross 
disciplines and link all 
domains of science

Four core domains of 
scientific knowledge

Three-Dimensional Learning
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Crosscutting Concepts

Disciplinary Core Ideas

Element Glossary

INTERVENTION

Guided Practice – A guide that shows the teacher how to administer a small-group lesson to students 
who need intervention on the topic.

Independent Practice – A fill-in-the-blank sheet that helps students master the vocabulary of the scope.

Concept Attainment Quiz – A multi-format quiz that assesses concept mastery after intervention has 
been administered.

Science Art – An activity where students use a form of visual art expression to express mastery of the topic.

Extensions – A set of ideas and activities that can help elaborate on the concept.

Books on Topic – A list of trade books aligned with the lesson.

Segment Glossary

Segment – A group of scopes organized together with an opening mission and a closing task. Its purpose is 
to provide a coherent storyline between multiple science concepts.

Mission Log – A document used as students move through the scopes to link content from the scopes to 
their mission.

Action Plan – A task for the students to complete that uses information learned in their scopes to complete 
the objective set in the opening mission.

Parent/Student Introduction Letter – A letter that can be sent home to introduce the parents and the 
students to the mission they will be completing and an overview of the concepts they will learn.

3D Interactive Assessments – Cumulative assessments that evaluate students on multiple PEs.

ACCELERATION
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A Three-Dimensional Approach
The STEMscopes program contains resources that support teachers as they implement lessons and assess 
learning in all three dimensions. The resources below give teachers the tools they need to help students 
make connections between the Science and Engineering Practices and Crosscutting Concepts as they gain 
understanding of the Disciplinary Core Ideas throughout the year.

Disciplinary Core Ideas

• DCI progression boxes are provided for teachers in each scope so they can see how the content of the 
DCI progresses through the grade bands.

Crosscutting Concepts and Science and Engineering Practices Callouts

• During each scope CCCs and SEPs are called out to help teachers identify opportunities to highlight the 
use of CCCs and SEPs.

Crosscutting Concepts Anchor Charts

• The Teacher Toolbox “3D Supports” section contains a separate chart for each Crosscutting Concept 
that can be displayed in the classroom. When students experience or observe an example of one of the 
Crosscutting Concepts, it can be recorded on the chart. Over time, students can reflect on the charts 
and make connections across science disciplines for each Crosscutting Concept.

• Every scope is aligned to all three dimensions of the standards, meaning an example of a Crosscutting 
Concept can be added to a chart during each scope.

Yearlong Inventories for SEPs and CCCs

• The Teacher Toolbox “3D Supports” section contains an inventory sheet for every Science and Engineering 
Practices and Crosscutting Concepts that the students will encounter during the school year.

• Teachers use scope-specific rubrics (see below) to assess students' mastery of the SEPs and CCCs 
throughout the year and record their progress on the yearlong inventory.

Segment Inventories for SEPs and CCCs

• The Home section for each Instructional Segment contains an inventory sheet for every Science and 
Engineering Practices and Crosscutting Concepts that the students will encounter as they work through 
the segment.

• Teachers use scope-specific rubrics (see below) to assess students' mastery of the SEPs and CCCs 
throughout the segment. This progress can be recorded later on the yearlong inventory to track 
students' growth.

Scoring Rubrics for SEPs and CCCs

• The Home section for each Scope contains a rubric with exemplar students' responses to help teachers 
assess students' mastery of the Science and Engineering Practices and Crosscutting Concepts that are 
addressed within the scope.

• Students' responses are assessed and recorded as novice, emergent, or proficient. As students gain 
more experience with each SEP and CCC, they should progress from novice to proficient.

A Three-Dimensional Approach
Disciplinary Core Ideas (DCIs)
The key organizing concepts, problem-solving tools, or underlying principles of a discipline.

• Life Sciences (LS)
LS1: From Molecules to Organisms: Structures and Processes
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS3: Heredity: Inheritance and Variation of Traits
LS4: Biological Evolution: Unity and Diversity

• Physical Sciences (PS)
PS1: Matter and Its Interactions
PS2: Motion and Stability: Forces and Interactions
PS3: Energy
PS4: Waves and Their Applications in Technologies for Information Transfer

• Earth and Space Sciences (ESS)
ESS1: Earth’s Place in the Universe
ESS2: Earth’s Systems
ESS3: Earth and Human Activity

• Engineering, Technology, and Applications of Science (ETS)
ETS1: Engineering Design
ETS2: Links among Engineering, Technology, Science and Society

Crosscutting Concepts (CCCs)
The underlying themes that have value in all disciplines of science.

• CCC-1: Patterns
• CCC-2: Cause and Effect
• CCC-3: Scale, Proportion, and Quantity
• CCC-4: Systems and System Models
• CCC-5: Energy and Matter
• CCC-6: Structure and Function
• CCC-7: Stability and Change

Science and Engineering Practices (SEPs)
The behaviors that scientists engage in as they investigate and build models and theories about the 
natural world and the key set of engineering practices that engineers use as they design and build 
models and systems.

• SEP-1: Asking Questions and Defining Solutions
• SEP-2: Developing and Using Models
• SEP-3: Planning and Carrying out Investigations
• SEP-4: Analyzing and Interpreting Data
• SEP-5: Using Mathematics and Computational Thinking
• SEP-6: Constructing Explanations and Designing Solutions
• SEP-7: Engaging in Argument from Evidence
• SEP-8: Obtaining, Evaluating, and Communicating Information SA
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Segment Summary PEs Scope

1

Segment 
Organisms and Nonliving Things Are Made of Atoms
Anchoring Phenomena Driving Question 
Do soil samples taken from a newly discovered planet provide enough 
evidence of life and natural resources to support future explorations of this 
planet?
Unit Mission Goal 
Students analyze soil samples taken by a rover on a recently discovered 
planet for evidence of life and other resources. They create an infographic 
of their results and present this infographic to Congress to persuade 
legislators to continue funding NASA and send more missions to this planet.
Suggested Pacing 
9 Weeks

MS-LS2-1
MS-ESS3-1
MS-PS1-1
MS-PS1-4

Competition in Ecosystems
Organism Interactions in 
Ecosystems
Human Dependence on Natural 
Resources
Structure of Matter
Changes in Energy on the 
Molecular Level
Heat and Matter

2

Segment 
Matter Cycles and Energy Flows through Organisms and Rocks
Anchoring Phenomena Driving Question 
How can humans successfully colonize Mars?
Unit Mission Goal 
Students create a proposal for surviving on Mars as part of a design 
challenge. They present their plan to the board committee members.
Suggested Pacing 
11 Weeks

MS-PS1-2
MS-PS1-5
MS-PS1-6
MS-LS1-6
MS-LS1-7
MS-ESS2-1

Characteristics of Chemical 
Reactions
Physical and Chemical 
Properties
Modeling Conservation of Mass
Thermal Energy in Chemical 
Reactions
Introduction to Photosynthesis
Energy Flow in Organisms
Earth Materials

3

Segment 
Natural Processes and Human Activities Shape Earth’s Resources  
and Ecosystems
Anchoring Phenomena Question 
How will the movement of continents affect the matter and energy flow 
within the new ecosystems?
Unit Mission Goal 
Students write a news article that describes how the movement of 
continents in the distant future will alter and affect the matter and energy 
flow within the new ecosystems.
Suggested Pacing 
6 Weeks

MS-LS2-1
MS-LS2-2
MS-LS2-3
MS-ESS2-3
MS-ESS3-1
MS-PS1-2
MS-PS1-5

Relationships in Ecosystems
Flow of Energy in Ecosystems
Plate Tectonics
Seafloor Spreading
Organism Interactions in 
Ecosystems (mentioned)
Competition in Ecosystems 
(mentioned)
Human Dependence on 
Natural Resources (mentioned)
Characteristics of Chemical 
Reactions (mentioned)
Modeling Conservation of 
Mass (mentioned)

4

Segment 
Sustaining Biodiversity and Ecosystem Services in a Changing World
Anchoring Phenomena Driving Question 
How will geoscience processes affect biodiversity in Sunnyville, 
California, 40 years from now?
Unit Mission Goal 
Students analyze a map of a fictitious town, Sunnyville, California, to 
determine any impacts to the biodiversity of the ecosystem in and around 
the city 40 years from now. Students create a poster that summarizes these 
impacts and includes a solution to the possible decrease in biodiversity. 
They present their posters to the International Panel (class) during the 
Biodiversity Protection Conference.
Suggested Pacing 
10 Weeks

MS-LS2-4
MS-LS2-5
MS-ESS2-2
MS-ESS3-2
MS-PS1-3

Dynamic Nature of Ecosystems
Ecosystem Biodiversity
Geoscience Processes
Weathering and Erosion
Natural Hazard Predictions
Synthetic Materials

The Grade 7 Integrated Science Storyline is organized into four segments:

Grade 7 Integrated Science Segments Snapshot
STEMscopes NGSS 3D

Each grade-level in STEMscopes NGSS 3D is organized into four to six segments. These segments contain 
multiple 5E + IA scopes that together inform an overarching Mission Action Plan. The mission provides 
applications of science to real-world problems that students solve through their understanding and 
application of the segment’s Anchoring Phenomena.

Students explore the science concepts, three dimensions, and importance of Anchoring Phenomena 
through the segment’s scopes and their Investigative Phenomena. The cycle below continues through 
all the scopes in a segment. Once all the scopes are covered, the students will be ready to complete their 
Mission Action Plan.

Curriculum Organization
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Organisms and Nonliving Things Are Made of Atoms

Performance Expectations

SEP: Analyzing and Interpreting Data

Crosscutting Concepts

Disciplinary Core Ideas

MS-ESS3-1, MS-LS2-1, MS-PS1-1, MS-PS1-4

• Developing and Using Models 
• Analyzing and Interpreting Data
• Constructing Explanations (for Science) and Designing Solutions (for Engineering) 

• LS2.A: Interdependent Relationships in Ecosystems
• ESS3.A: Natural Resources 
• PS1.A: Structure and Properties of Matter 
• PS3.A: Definitions of Energy

• Cause-and-Effect Mechanisms and Explanations 
• Scale, Proportion, and Quantity 

Grade 7: Segment 1
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Anchoring Phenomena Event: Students will begin by viewing a video of people competing in a marathon, and will 
participate in a teacher-led discussion about how the people are interacting to compete for resources like space 
and water, and that heat is being transferred from the body to the atmosphere during running, through sweat and 
respiration. The teacher should then guide the discussion toward whether soil samples taken from a newly discovered 
planet provide enough evidence of life and natural resources to support future explorations of the planet.

Anchoring Phenomena Driving Question: Do soil samples taken from a newly discovered planet provide enough 
evidence of life and natural resources to support future explorations of this planet?

Mission Goal: The students’ mission is to analyze soil samples taken by a rover on a recently discovered planet for 
evidence of life and other resources. They will use this analysis to persuade Congress to fund further research.

Scope Investigative Phenomena Instructional Focus Connection to Segment Mission

Competition in 
Ecosystems

6 Days
How does the amount of 
resources in an ecosystem affect 
populations?

Describe examples of 
resources that organisms 
compete for. 

Were there any signs of biotic 
resources found in the soil samples? 
List them.

Organism 
Interactions in 

Ecosystems
7 Days How can a change to the 

population of one species affect 
an entire ecosystem?

Explain the effect resource 
availability has on 
populations in ecosystems. 

What effect would abundance or lack 
of resources have on the populations 
that may exist on this planet?

Human Dependence 
on Natural 
Resources

9 Days
Where are natural resources 
located on Earth?

Know that Earth has mineral, 
energy, and water resources.

What does the location of some of 
the abiotic resources tell you about 
geoscience processes that have taken 
place there? What does the location of 
some of the biotic resources tell you 
about geoscience processes that have 
taken place there?

Grade 7: Segment 1 SnapshotSegment 1: Organisms and Nonliving Things Are Made of Atoms is composed of six scopes. Each of these scopes 
provides the students with an opportunity to build their knowledge and start forming ideas that will help them 
complete their mission at the end of this segment and build toward a complete answer to their Anchoring Phenomena 
question. Students will begin with their Anchoring Phenomena, which introduces them to their segment mission to 
analyze soil samples taken by a rover on a recently discovered planet for evidence of life and other resources. Students 
will use this analysis to persuade Congress to fund further research.
The students will then move through multiple scopes in which they will learn the following concepts: 

• Organisms are made mostly of molecules from six different elements. 
• Earth materials are mostly made of eight different elements. 
• Earth has mineral, energy, and water resources.
• The interaction and motions of atoms explain the properties of matter. 
• Thermal energy affects particle motion and physical state. 

The students will also engage in the Science and Engineering Practices and Crosscutting Concepts listed above 
throughout the scopes in this segment.
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Description
Students interact with a video of people running a marathon, as the teacher facilitates a discussion to lead students to 
the Anchoring Phenomena Driving Question of this bundle.

Facilitation
Have students view the video of people running a marathon. Guide them to generate questions about the 
competition, the runners’ dependence on water during the marathon, and how this relates to what organisms need 
in an environment. Sample anticipated students' questions, or questions a teacher can ask, can be found below:

• What natural resources do the runners need?
• Where does the runners’ energy come from?
• How would the number of runners change if the water supply ran out?
• How would the water be affected if the air temperature were below freezing?
• What are the runners competing for?
• What are some ways that other organisms compete?
• What natural resources do other organisms need to survive?

The goal of this discussion is to move students toward the Anchoring Phenomena Driving Question.

Before the class begins the first scope of this bundle, present and post the Anchoring Phenomena Driving Question: 
Do soil samples taken from a newly discovered planet provide enough evidence of life and natural resources to 
support future explorations of this planet? Share the Mission Briefing from the first page of the Mission Log with 
the class. The Mission Briefing introduces students to the performance task they will be completing at the end of the 
bundle by completing the Action Plan.

A recent rover mission to a newly discovered planet has produced three different soil samples. Your task is to analyze 
these samples to determine the possibility of life and any resources that could be beneficial. You will create and 
present an infographic to Congress to receive funding for future missions to this planet.

The Mission Log will be used to link the content from the scopes to the Anchoring Phenomena and the performance 
task found in the Action Plan.

Anchoring Phenomena
Anchoring Phenomena: Do soil samples taken from a newly discovered planet provide enough evidence of life and 
natural resources to support future explorations of this planet?

Mission Goal: The students’ mission is to analyze soil samples taken by a rover on a recently discovered planet for 
evidence of life and other resources. They will use this analysis to persuade Congress to fund further research.

Grade 7: Segment 1 Snapshot (Continued)

Scope Investigative Phenomena Instructional Focus Connection to Segment Mission

Structure of Matter
9 Days

How can matter made of the 
same substances look so 
different?

Know that organisms are 
made mostly of molecules 
from six different elements 
and that Earth materials 
are mostly made of eight 
different elements. 

Look at the chemical formula for 
glucose. How could you use this 
information to help you develop a 
model?

Changes in  
Energy on the  

Molecular Level
7 Days

What happens to substances 
when we change the amount of 
available thermal energy?

Describe how the interaction 
and motions of atoms explain 
the properties of matter.

What does the atomic structure of the 
water in Sample A tell you about its 
state of matter? What does the atomic 
structure of the water in Sample C tell 
you about its state of matter?

Heat and Matter
7 Days

Does something that is hot 
have more thermal energy than 
something that is cold?

Explain how thermal energy 
affects particle motion and 
physical state.

Explain why the water in Sample A 
was found in its current phase. Explain 
why the water in Sample C was found 
in its current phase.SA
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The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-LS2-1: Analyze and interpret data to provide evidence for the effects of resource availability on organisms and 
populations of organisms in an ecosystem.

Clarification Statement: Emphasis is on cause-and-effect relationships between resources and growth of individual 
organisms and the numbers of organisms in ecosystems during periods of abundant and scarce resources.

Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts
LS2.A: Interdependent 
Relationships in Ecosystems 
In an ecosystem, organisms 
and populations with similar 
requirements for food, water, oxygen, 
or other resources may compete with 
each other for limited resources, 
access to which consequently 
constrains their growth and 
reproduction. (MS-LS2-1)

LS2.A: Interdependent 
Relationships in Ecosystems 
Growth of organisms and population 
increases are limited by access to 
resources. (MS-LS2-1)

Analyzing and Interpreting Data 
Analyze and interpret data to provide 
evidence for phenomena. (MS-LS2-1)

Cause and Effect 
Cause-and-effect relationships may 
be used to predict phenomena in 
natural or designed systems. 
(MS-LS2-1)

Disciplinary Core Ideas
• LS2.A: Interdependent Relationships 

in Ecosystems 
In an ecosystem, organisms and populations with 
similar requirements for food, water, oxygen, or other 
resources may compete with each other for limited 
resources, access to which consequently constrains 
their growth and reproduction.

• Growth of organisms and population increases are 
limited by access to resources.

• All the elements found in the Competition in 
Ecosystems scope are designed to address the 
subelements for LS2.A. Students begin the scope by 
observing interactions between biotic and abiotic 
factors in photos of ecosystems. They go on to explore 
competition between organisms and the factors 
organisms interact with within an ecosystem and 
investigate trends of interacting populations that 
depend on limited resources.

Description
Students analyze soil samples taken by a rover on a recently discovered planet for evidence of life and other resources. 
They create an infographic of their results and present this information to Congress during a budget meeting to 
persuade legislators to continue funding NASA so that more missions are sent to this planet.

Materials
1 Mission Log (per student or group)
1 Action Plan (per student or group)
1 Poster paper (per student or group)
1 Marker set or colored pencil set (per student or group)

Facilitation
1.  Before the class begins the first scope of this bundle, remember to do the Anchoring Phenomena Event. Present 

and post the Anchoring Phenomena Driving Question and Mission Briefing. This Mission Log will be used to link 
the content from the scopes to the mission.

2.  Give students the Mission Logs after the completion of the first scope of this bundle, and answer the questions 
that go with that scope. This activity can be led by the teacher, done in groups, or completed individually. This 
process should be repeated at the end of each scope. Consider creating an anchor chart that looks like the Mission 
Log to keep posted in the room. The scopes in this bundle include the following:
•  Competition in Ecosystems
•  Organism Interactions in Ecosystems
•  Human Dependence on Natural Resources
•  Structure of Matter
•  Changes in Energy on the Molecular Level
•  Heat and Matter

3.  After all the scopes have been completed, tell students that they will complete the Action Plan and analyze soil 
samples taken by a rover on a recently discovered planet for evidence of life and other resources. They will create 
an infographic of their results and present this information to Congress during a budget meeting to persuade 
legislators to continue funding NASA so that more missions are sent to this planet.

4. Have students use their completed Mission Logs to help them create their action plans.

5.  Hand out students’ Action Plan pages, and have them complete their tasks. This can be done individually, in pairs, 
or in groups.

Teacher Guide
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Category K–2 3–5 Middle School High School

LS2.A: 
Interdependent 
Relationships  
in Ecosystems

Plants depend on 
water and light 
to grow, and also 
depend on animals for 
pollination or to move 
their seeds around.

The food of almost 
any animal can be 
traced back to plants. 
Organisms are related 
in food webs in which 
some animals eat 
plants for food and 
other animals eat 
the animals that 
eat plants, while 
decomposers restore 
some materials back 
to the soil.

Organisms and 
populations are 
dependent on their 
environmental 
interactions both with 
other living things 
and with nonliving 
factors, any of 
which can limit their 
growth. Competitive, 
predatory, and 
mutually beneficial 
interactions vary 
across ecosystems but 
the patterns  
are shared.

Ecosystems have 
carrying capacities 
resulting from biotic 
and abiotic factors. 
The fundamental 
tension between 
resource availability 
and organism 
populations affects the 
abundance of species 
in any  
given ecosystem.

Prior Knowledge and Progression
By the end of Grade 5, students understand that the food of almost any kind of animal can be traced back to plants. 
Organisms are related in food webs, in which some animals eat plants for food and other animals eat the animals that 
eat plants. Either way, they are consumers. Some organisms, such as fungi and bacteria, break down dead organisms 
(both plants or plant parts and animals) and, therefore, operate as decomposers. Decomposition eventually restores 
(recycles) some materials back to the soil for plants to use. Organisms can survive only in environments in which their 
particular needs are met. A healthy ecosystem is one in which multiple species of different types are each able to meet 
its needs in a relatively stable web of life. Newly introduced species can damage the balance of an ecosystem. 

Science and Engineering Practices 
• Analyzing and Interpreting Data 

Analyze and interpret data to provide evidence for 
phenomena.

• In Explore 2, students use a matching-pairs game to 
investigate trends of interacting populations that 
depend on limited resources. Students then draw 
a conclusion based on the data they recorded and 
support it with evidence from the table.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts
• Cause and Effect 

Cause-and-effect relationships may be used to 
predict phenomena in natural or designed systems.

• In Explore 1, students identify competition between 
organisms and the factors organisms interact with 
within an ecosystem. They then reflect on how 
factors affect organisms and populations.

• In Explore 2, students use a matching-pairs game to 
investigate trends of interacting populations that 
depend on limited resources. Students then draw 
a conclusion based on the data they recorded and 
support it with evidence from the table.

Crosscutting Concepts – Scoring Rubric

Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.
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Phenomena

Scope Timeline

Students begin this scope by viewing a video of a walking perch and are encouraged to try to generate 
questions and answers regarding why a nonnative species would thrive better in an ecosystem than a native 
species. As students move through the scope and investigate the Student Wondering of Phenomena question 
above they will be doing many activities to learn the information needed to describe the events happening in 
the Investigative Phenomena. 
Throughout the scope students will interact with the following everyday phenomena:

• How do biotic and abiotic factors interact in an ecosystem?
• What types of competition exist between organisms?
• What can happen when interacting populations rely on a limited resource?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “How does the amount of resources in an ecosystem affect populations?” 
to complete the Claim-Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use those skills to help them complete their Mission Action Plan.

Student Wondering of Phenomena
How does the amount of resources in an ecosystem affect 
populations?

1 hr

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN EVALUATE

1.5 hrs 2 hrs 1 hr 1 hr
1 2

ELABORATE

Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizer as their note-taking devices to record the information gained in each section as they begin 
to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing Prior 
Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they have 
before beginning the scope. In this Competition in Ecosystems APK, students view three pictures of ecosystems and 
list the resources that are used in each. This will help uncover possible preconceptions students have before beginning 
the lesson. Teachers can keep any such preconceptions in mind as they move through the scope. The final element in 
the Engage section is the Hook. Here, the students start with their first experience with the content. They will build on 
their knowledge as they continue moving through the scope.

Students then dig deeper into the content through the two Explore activities. In Explore 1, they identify competition 
between organisms and the factors organisms interact with within an ecosystem. In Explore 2, students use a 
matching-pairs game to investigate trends of interacting populations that depend on limited resources. Explore 1 also 
includes a formative CER assessment to help the teacher gauge students’ understanding at that point. By the end of 
the Engage and Explore activities, students should be able to analyze and interpret data to provide evidence for the 
effects of resource availability on organisms and populations of organisms in an ecosystem.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain 
and Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have 
limited time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. 
The teacher can then formally assess the students’ understanding by using any of the three summative assessments 
provided in the Evaluate section. If the students require additional help gaining proficiency with the content, 
resources can be found in the Intervention section. Students who have achieved mastery of the concept can move 
over to the Acceleration pieces. 

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on 
these forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and 
on the CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.
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5E Activity Assessment 
Options Notes and Suggestions

Planning Home

Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of which 
Explore activities 
you will assess 
using the CCC and 
SEP rubrics for this 
scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up videos 
for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Briefing from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative 
Phenomena
Hook – Ecosystem 
Resources Images

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-taking 
template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment and 
should not be graded for mastery.

Day 2
Explore Explore 1: Activity 

– Ecosystem Events 
and Relationships
Picture Vocabulary

Student Journal 
Responses
CCC Rubric
Embedded CER in 
Explore 1

Use the Picture Vocabulary resources found under Explain to 
introduce words in the Explore 1 lesson. 
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.Explain

Day 3

Explore
Explore 2: Activity 
– Competition 
Concentration
Content 
Connections Video 
– Competition In 
Ecosystems

Student Journal 
Responses
CCC and SEP Rubric
ELD Strategy:  
Inside Outside

Optional: Use the Content Connection Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
The ELD Strategy activity can be used as closing activity.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 4 Explain

STEMscopedia
Linking Literacy
Communicate 
Science –  
Creative PSA

STEMscopedia – 
Try Now
Linking Literacy 
– Four Corner 
Summary
Communicate  
Science Rubric 

Assign STEMscopedia reading as homework. If there is time 
during class, use the pre-reading strategy Partner Discussion 
from Linking Literacy to prime students for independent 
reading.
The last page of the STEMscopedia contains a ‘Try Now’ 
comprehensive review.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Day 5
*Optional 

Activities for 
Extension/

Differentiation

Elaborate Teacher or student 
choice!

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice

Independent 
Practice
Concept Attainment 
Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment.
Students who need more support can work with the teacher in 
small groups while other students are working on Elaborate or 
Acceleration elements or reviewing material from previous days.

Acceleration Science Art Activity You can also move the summative evaluation up a day, which 
leaves time for Intervention/Acceleration after if necessary.

Day 6 Evaluate

Multiple Choice 
Assessment
Open-Ended 
Response
Claim-Evidence – 
Reasoning

Summative 
Assessments: MCA, 
OER, CER

The Investigative Phenomena introduced on Day 1 and used 
throughout the scope directly ties into the summative CER 
assessment. Use the Investigative Phenomena to prime 
students for this final assessment.
After completing the scope, go back to the Mission Log and 
have students complete the Graphic Organizer – Information 
Gained and Connection to the Mission

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule. 

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

7th Grade | Segment 1: Organisms and Nonliving Things Are made of Atoms | 
Scope 1: Competition in Ecosystems

Competition is an interaction between organisms by which 
one organism gains access to a limited resource at the 
expense of the other organism not gaining the same access 
to the same resource. Competition between species is called 
interspecific competition, while competition within species 
is called intraspecific competition. Competition becomes 
more important as the number of individuals increases or the 
availability of resources decreases.

In an ecosystem, organisms and populations (groups of 
organisms of the same species living within a specific area) will 
compete over:
• Food
• Water
• Oxygen
• Other limited resources

Sufficient access to these resources is needed for organisms 
and populations to successfully grow and reproduce. Since 
these resources are limited, there is a maximum number of 
organisms an ecosystem can support.

In plants, competition can be over nutrients, such as nitrogen, 
water, light, space, and other abiotic factors. For example, 
weeds have infested agricultural fields since the beginning 
of agriculture. Farmers use a variety of techniques to get rid 
of weeds as they compete with crops for resources, lowering 
crop yield.

Teacher Background

These whitetail bucks are demonstrating 
competition within populations.

Plants compete over water, sunlight, and 
nutrients.
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Description
In this activity, students view three pictures of ecosystems and list the resources that are used in each.

Materials
Printed
1 Competition in Ecosystems (per student)
1 Ecosystem Pictures (per group)

Preparation
• Print one set of Ecosystem Pictures for each small group, or display them for all students to observe. 
• Print one copy of Competition in Ecosystems for each student.

Facilitation
1.  Place a set of Ecosystem Pictures on each table or display the pictures for all students to observe. Distribute copies 

of Competition in Ecosystems to each student.
2.  Ask students to consider what resources are needed for the health and survival of organisms within each of the 

ecosystems. 
3.  Have students make a list of all resources that would be competed for in each ecosystem.
4.  As a class, develop a list of the resources that are commonly competed for in all of the ecosystems and lead a 

discussion about why they are important. 
5.  Monitor students’ discussions for preconceptions.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.

• Students may not know that a balance of resources is needed for a healthy population. 
A healthy ecosystem is made up of native plant and animal populations interacting with each other and nonliving 
things. If there are too many predators in an ecosystem, the prey population can be depleted, and the predator 
population will suffer. If there are too many herbivores in an ecosystem, the population of producers can be 
depleted, and the herbivore population will suffer.

• Students may not realize that plants also compete for resources. 
Plants compete for nutrients in the soil. When plants grow close to each other, they deplete the needed elements 
in the soil and have a negative impact on their neighbors. Plants also compete for light. Plants that grow the 
fastest can use their leaves to shade the shorter plants.

Accessing Prior Knowledge

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few 
minutes each day after instruction

In this activity, students view three pictures of 
ecosystems and list the resources that are used 
in each.

Resources/Materials: 
1 Competition in Ecosystems (per student)
1 Ecosystem Pictures (per group)

Time: 15–30 minutes

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then  
a few minutes each day after instruction

Students observe interactions between biotic and 
abiotic factors in photos of ecosystems.

Resources/Materials:  
1 Ecosystem Resources (per student)
1 Ecosystem Resources Images (per group)

Time: 15 minutes

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.

Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.

Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.

Materials List: A self-calculating spreadsheet to identify all reusable and consumable materials needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!
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Hook (Continued)
8. Introduce the following vocabulary term:
 a.  Limited resource: something that is needed by organisms and is not infinite in its abundance in the 

environment; if it is exhausted, then the organisms that need it cannot survive
9. Discuss:
 a.  What do you think happens when food becomes limited in an ecosystem?  

The animals relying on that food source have to compete for limited resources, and some die off. The 
species may even become extinct. Students may also realize that this means the predators now have to 
compete for limited resources and may die off as well. This may allow the prey animals to increase again 
and renew the cycle.

 b.  Can you think of an ecosystem where food resources will always be unlimited? 
Allow students to explore this idea.

Hook
Everyday Phenomena
How do biotic and abiotic factors interact in an ecosystem?

Description
Students observe interactions between biotic and abiotic factors in photos of ecosystems.

Materials
Printed 
1 Ecosystem Resources (per student)
1 Ecosystem Resources Images (per group)

Preparation
• Print one copy of Ecosystem Resources Images in color, if possible, for each group of students. Laminate or place 

in a page protector for repeated use.
• Print one copy of Ecosystem Resources for each student.

Procedure and Facilitation Points
1. Introduce the following vocabulary word:
 a. Ecosystem: a system comprising all the biotic and abiotic factors in an area and all the interactions among them
2. Discuss: What are biotic and abiotic factors? 
 Biotic refers to living things; abiotic refers to nonliving things.
3. Instruct students to observe the first picture on the Ecosystem Resources Images.
4.  Have students list the biotic and abiotic factors on the table found on the Ecosystem Resources handout and then 

describe the interaction they observe. 
5. Repeat for the second picture.
6. Ask students to discuss their observations with their small group.
7. Discuss as a class:
 a.  What biotic and abiotic factors did you observe in the zebra picture (Image 1)? 

Biotic factors include zebra, lion, and grass. Abiotic factors include rocks, dirt, dust, and air.
 b.  What interaction is happening in the zebra picture? 

The zebra is about to be attacked by the lion. This is called predation.
 c.  What biotic and abiotic factors did you observe in the shark picture (Image 2)? 

Biotic factors are sharks, fish, and sea plants. Abiotic factors are water and seafloor.
 d.  What interaction is happening in the shark picture? 

The sharks are swimming up on a school of fish. This is predation by the sharks and schooling by the fish 
for protection.

 e.  In each picture, what food resources appear to be limited? 
In Image 1, the grass appears limited as food for the zebra, and there is only one zebra in the picture. In Image 
2, the fish appear to be unlimited as a food source for the sharks, and the water appears to be full of nutrients 
for the fish because of all the sea plants.
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Activity: Ecosystem Events and Relationships
Everyday Phenomena
What types of competition exist between organisms?

Description
Students identify competition between organisms and the factors organisms interact with within an ecosystem.

Materials
Printed 
1 Ecosystem Events and Relationships (per student) 
1 Ecosystem Events and Relationships CER (per student)
1 Factor Dice and Organism Dice (per group)

Reusable
1 Pair of scissors (per teacher)
1 Glue, stick or tape, roll (per teacher)

Preparation
1.  Print Ecosystem Events and Relationships and Ecosystem Events and Relationships CER for each student.
2.  Print one Factor and Organism Dice for each group. A highlighter or colored pencil can be used to lightly color the 

Factor Dice pages to make them distinctly different from the Organism Dice pages. Optionally, use two different 
colors of paper when copying the Factor Dice pages and the Organism Dice pages for each group. 

3.  Make the dice before the activity. Cut out the dice, and then fold and glue or tape the tabs together to create 
two cubes. 

4. Divide the class into groups of four.
5. Review the Ecosystem Events and Relationships CER Key prior to conducting the CER with students.

Procedure and Facilitation Points
1. Divide the students into groups of four.
2. Lead the following discussion before any materials are distributed.
 a.  What are some examples of abiotic factors? 

Examples of abiotic factors include sunlight, water, oxygen, soil nutrients, temperature, and shelter. 
 b.  What are examples of how an organism depends on a biotic or abiotic factor? 

Fish depend on water to swim; people need oxygen to breathe; plants need nutrients in the soil to grow properly; 
different animals can only live within a certain temperature range—too low and they can freeze to death. 

 c.  What are some examples of biotic factors? 
Accept all examples that include producers, primary consumers, secondary consumers, etc. These terms will 
be introduced after the activity in the reflection questions. 

 d.  What are examples of how an organism competes for a biotic or abiotic factor? 
A snake and a coyote compete for rodents as food; animals living in the African savannah compete for limited 
water resources during the dry season.

Explore 1

Students identify competition between organisms and the factors 
organisms interact with within an ecosystem.

Resources/Materials:  
1 Ecosystem Events and Relationships (per student) 
1 Ecosystem Events and Relationships CER (per student) 
1 Factor Dice and Organism Dice (per group)
1 Pair of scissors (per teacher) 
1 Glue stick or tape, roll (per teacher)

Time: 30 minutes

Students use a matching-pairs game to investigate trends of interacting 
populations that depend on limited resources.

Resources/Materials:  
1 Competition Concentration (per student) 
1 Procedure and Rules (per group) 
2 Organism, Predator, and Invasive Species Cards (per group)
2 Resource Cards (per group) 
1 Plastic bag, resealable (per group) 
1 Pair of scissors (per teacher)

Time: 30 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Math Moment 
Data, Proportions, and Trends

Roadblock 
Difficulty with Math Skills

Math Moment 
Data, Proportions, and Probability

STEMCoach In Action 
Improving Classroom Culture

STEMCoach In Action 
Facilitating Claim-Evidence-Reasoning

Language Acquisition 
Inside and Outside

Language Acquisition 
Claim-Evidence-Reasoning

Explore 1: Activity

Three Dimensional!

Additional Supports

Students work together to construct 
their own understanding of the content.

Hands 
On!

Explore 2: Activity

Additional Supports

Hands 
On!

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

Check out the full facilitation 
instructions online!

Embedded questions and 
sample students' responses!
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 d. Q4:  How do you think these factors relate to ecosystems? 
Both biotic and abiotic factors can drive the relationships between organisms and what combination 
of organisms exist in an ecosystem. For example, if water is limited in an environment, then plants and 
animals that rely on unlimited water as a resource would not be able to live there. This is why we do not 
see seaweed and dolphins living in the desert. 

 e. Q5:  Human societies affect the long-term functioning of natural systems. Brainstorm what factors impact the 
ability of natural systems to adjust to human-caused alterations. 
The capacity of natural systems to adjust to human-caused alterations depends on the nature of the 
system as well as the scope, scale, and duration of the activity and the nature of its by-products.

 f. Q6:  Imagine a property developer wants to create a subdivision outside Sequoia National Park. What must 
be considered about the natural system before deciding to grant permission or not? 
Answers will vary. Sample student response: The developers must consider the natural resources of the 
forest as well as the current competitive and dependent relationships. They must make a plan to ensure 
the resources stay intact.

12.  Give students the Ecosystem Events and Relationships CER and have them write a scientific explanation that 
describes the relationship between organisms and the factors that organisms depend on for life. Students must 
use specific examples from their graphic organizer to support their explanation.

Explore 1 (Continued)
3.  Pass out the Ecosystem Events and Relationships handout to each student and one Factor Dice and Organism Dice 

to each group of four students.
4.  Explain which color dice is which to the class. Have the students write down the coordinating color underneath 

the “Organism” and “Factor” headings on the table on the handout for reference and to eliminate confusion 
throughout the activity.

5.  Instruct the students to follow the procedure on their handout. Students will take turns rolling each dice and 
recording their outcomes in the table. You may wish to model the first one together as a class. At this point, you 
can introduce the following vocabulary words:

 a. Organism: a self-contained living thing
 b. Population: a group of interacting individuals of the same species located in the same area
 c.  Competition: more than one individual or population in an ecosystem relying upon the same limited resources
 d.  Dependent interaction: when an organism depends on a factor for survival. More than one individual or 

population in an ecosystem relies upon the same limited resources.
6. Have groups finish the table and complete the remaining questions on the handout. 
7.   When the rounds of activity are done, have each group count and share how many outcomes show that the 

organisms were dependent upon the factor. 
8.  Ask: What does it mean for an organism to depend upon a biotic or abiotic factor? 

An organism is said to depend on a biotic or abiotic factor if it needs it to survive, whether directly or indirectly. 
Review and provide examples of direct and indirect dependencies.

9. Have the groups count and share how many organisms are in competition with or for a factor. 
10.   Ask: What does it mean for an organism to compete with or for those factors? 

An organism is in competition with or for a biotic or abiotic factor if the factor is limited, so there may or may not 
be enough of it available to survive. 

11.  Discuss the Reflection Questions from the handout as a class. 
 a. Q1:  Reflect on one of your organisms that has a dependent relationship with its factor. If that factor were to 

suddenly get severely diminished, what would the effect be on the organism? 
If sunlight were severely diminished, then it would cause a decline in plants available for rabbits to 
consume. Therefore, the effect would be a decline in the rabbit population.

 b. Q2:  Reflect on one of your organisms that is in competition with or for its factor. If that factor were to get 
severely restricted or become less abundant, what would the effect be on the organism? 
If the meat-eating animals were to become less abundant, the hawks would have less competition with 
those other species for the same resource. However, this would likely result in more hawks and, at some 
point, more competition between hawks.

 c. Q3:  Reflect again on the competition relationships. What would happen if the factor became more abundant 
or unrestricted? 
If additional secondary consumers became more abundant, the effect would be more competition for 
the hawks for the same resources. This could result in a population decline for the hawks.
i. Record this example of a cause-and-effect relationship on the class Crosscutting Concept chart. 

Discuss other examples of cause and effect that the students have previously explored. Charts can be 
found in the Teacher Toolbox.

Explore 1 (Continued)
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Explore 2 (Continued)
 d.  What is an invasive species? Can you give an example of an invasive species and explain the relationship with a 

native species that occupies the same space? 
An invasive species is an organism that is not native to an ecosystem (but was somehow introduced to it) 
and tends to negatively impact an ecosystem by unchecked growth. Examples will vary but can include the 
Japanese beetle, cane toad, common rabbit, and Burmese python. 

 e.  Natural systems proceed through cycles and processes that are required for their functioning. What cycles 
exist in ecosystems? 
Answers will vary. Sample students' responses: Nitrogen cycle, water cycle, carbon-oxygen cycle, cycle 
between organism population sizes, etc.

 f.  Do humans depend on these natural system cycles? 
Yes, human practices depend on and benefit from the cycles and processes that operate within 
natural systems.

2.  Review the vocabulary word “competition”: more than one individual or population in an ecosystem relying upon 
the same limited resources.

3.  Have students work in cooperative groups of four to perform the activity. Allow students to discuss concepts with 
their groups, when appropriate. 

4.  Pass out the Procedure and Rules and a plastic bag of cards to each group. 
5.  Pass out the Competition Concentration handout to each student. 
6.  Depending upon the level of your class, read through the procedure and game rules to facilitate understanding. 
7.  When the game is over, direct students to the question section of the Competition Concentration handout. 
8.  Discuss reflection questions from handout as a class.
 a. Q1:  What percentage of the time did your organism survive? 

Answers will vary based on round. 
 b. Q2:  What percentage of the time did your organism die? 

Answers will vary based on round. 
 c. Q3:  What percentage of the time did the round end before you could determine if your organism survived? 

(Someone else won the round, but your organism was still alive at the time.) 
Answers will vary based on round. 

 d. Q4:  How many times per round (average) did your organism encounter a predator? 
Answers will vary based on round. 

 e. Q5:  How many times per round (average) did your organism encounter an invasive species? 
Answers will vary based on round. 

 f. Q6:  How many times out of three rounds did your organism find all three pairs of resources without 
encountering a single predator or invasive species? 
Answers will vary based on round. 

 g. Q7:  Draw a conclusion based on the data you recorded and support it with evidence from your table. 
Answers will vary based on the data each student collected. The following is an example of what a 
student could have written: It is difficult to avoid predators completely. My organism encountered at 
least one predator in 100% of the four rounds. In two of the four years, my organism encountered one 
predator at least one time and lost a turn. In two of the four years, my organism encountered a pair of 
predators and was killed by them.

Explore 2
Activity: Competition Concentration
Everyday Phenomena
What can happen when interacting populations rely on a limited resource?

Description
Students use a matching-pairs game to investigate trends of interacting populations that depend on limited resources.

Materials
Printed 
1 Procedure and Rules (per group)
1 Competition Concentration (per student)
2 Organism, Predator, and Invasive Species Cards (per group)
2 Resource Cards (per group)

Reusable
1 Plastic bag, resealable (per group)
1 Pair of scissors (per teacher)

Preparation
1.  Print one Competition Concentration handout for each student.
2. Print one Procedure and Rules for each group.
3.  Print two sets of Organism, Predator, and Invasive Species Cards and two sets of Resource Cards on cardstock 

(so pictures do not show through). Cut out the cards uniformly and place them in a resealable bag for each group 
of four students. Only place one set of the four organism cards in each bag.

4. Read through the Procedure and Rules before the lesson. 

Procedure and Facilitation Points
1. Lead in to the activity with some questions.
 a.  What are resources? 

A resource is a substance in an ecosystem needed by an organism for survival—growth, maintenance, 
and reproduction.

  i.  Introduce the formal definition of the term “resource” here, if needed: Source or supply from which benefit 
is produced

 b.  What is the relationship between resources and survival? 
Organisms need sufficient resources to survive and reproduce. 

 c. What is a predator? Give some examples of predator-prey relationships. 
   A predator is an organism that hunts and feeds on other organisms. Answers will vary, but examples of 

predator-prey relationships are sharks and seals, lions and zebras, foxes and rabbits, pelicans and fish, owls 
and mice, etc.
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An interactive game that can be 
played with a class or individually 
to help students review the 
science concepts in the module.

Resources/Materials: 
Computer with Internet access

Time: 10 minutes

Inquiry videos that engage 
students and provide meaning.

Video: Competition In Ecosystems

Time: 5 minutes each

Students will create a PSA to 
educate people about the harmful 
effects of local invasive species.

Resources/Materials: 
Student Handout 
Internet-enabled device

Time: 1 hour

A slide presentation of important vocabulary terms 
along with a picture and definition.

Abiotic
Biotic
Competitive Interaction
Competition
Dependent Interaction
Ecosystem

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Partner Discussion 
During- and Post-Reading: Four Corner Survey

Time: 1 hour

Limited Resources
Organism
Population
Primary Consumer
Resources
Secondary Consumer

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

Concept Review Game Content Connection 
Video Communicate Science

Visit the Teacher Toolbox for additional 
Communicate Science resources!

INTEGRATE TECHNOLOGY

 h. Q8:  Based on the data recorded in the table, does it appear that it is easy for organisms to gain all the 
resources they need for survival while avoiding threats to survival, such as predators and invasive 
species? Support your answer with data evidence 
Answers will vary. The following is a sample answer: Survival in the wild for organisms is a 
low-percentage endeavor. Trying to survive predators and invasive species and find resources necessary 
for survival is challenging. Evidence: Out of four rounds (years), my organism was never proven to 
survive. During two rounds, my organism was eaten by a predator; one year, my organism died due to 
competition with an invasive species; the last year, it could not find all its resources before the round 
was over.

 i. Q9:  What were some challenges your organism faced that translate to real-life ecosystems? 
Predators, invasive species, and the inability to find resources quickly enough or at all.

 j. Q10:  Predict what would happen to an organism if food suddenly became more abundant? 
More food may result in faster growth of the organism.

 k. Q11:  Predict what would happen to a population in an ecosystem that had no predators? 
There could be catastrophic effects. Other organisms overpopulate and drive competition; there is a 
shortage in their food supply, which leads to starvation, and that population dies out. This ultimately 
affects the population’s rate of reproduction. Other answers will vary but could include such impacts as 
more disease, stronger and more frequent wildfires, altering landscapes, etc.

 l. Q12:  Compare the effect of predators on an ecosystem to the effect of invasive species on an ecosystem. 
Although both predators and invasive species may pose a threat to a specific organism in an ecosystem, 
there are several key differences between predators and invasive species. Predators help keep prey 
populations in check. However, predators need their prey populations to continue to survive, because 
their prey is their food source and a key to their own survival. On the other hand, invasive species may 
occupy the same niche as a native species. Invasive species may compete with the native species so 
thoroughly that the native species becomes extinct in that ecosystem—especially if there are no natural 
predators for the invasive species. Invasive species are not part of the native ecosystem and can throw 
the entire system off and threaten the survival of the ecosystem. Predators are a part of the natural 
ecosystem and help keep it healthy and viable.
Record this example of a cause-and-effect relationship on the class Crosscutting Concept chart. Discuss 
other examples of cause and effect that the students have previously explored. Charts can be found in 
the Teacher Toolbox.

 m. Q13:  How could human practices alter the processes that operate within your natural system? 
Answers will vary. Sample student response: Humans could take over land and resources, increasing 
competition significantly in the natural system.

 n. Q14:  If humans extract, harvest, transport, and consume natural resources at too high a rate, what would 
happen to the health of your natural system? 
The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are 
influenced by their relationships with human societies. If humans disrupt the natural system too much, 
the overall health of the system will decrease.

 o. Q15:  Are the goods and ecosystem services directly or indirectly affected by the health of the overall system? 
The quality, quantity, and reliability of the goods and ecosystem services provided by natural systems 
are directly affected by the health of those systems.

Explore 2 (Continued)
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A practice that uses at, below, and above grade-level 
appropriate math activities to address the concept.

Resources/Materials: 
Student Handout

Time: 30 minutes

An at, below, and above grade-level reading passage 
about the concept, which includes five to eight 
comprehension questions.

Resources/Materials: 
Student Handout

Time: 30 minutes

Students will explore connections and applications 
of science content through interactions with 
authentic, real-world media provided by 
Associated Press.

Read It!: Lions Benefit from Elephant 
Poaching in Mozambique Park

Resources/Materials: 
Student Handout

Time: 15 minutes

This Career Connections video is meant to be a 
tool that introduces your students to STEM careers 
and the 21st century skills needed to succeed in 
those fields. Watch the career video with your 
students and discuss how it applies to what they 
have learned. Your students will think like a STEM 
professional in no time!

Career: Zoologist

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Math Connections Reading Science

Career Connections

Real 
World!

Science Today

Use these elements as stations in the 
classroom or assign them for homework!

Linking Literacy
Materials
Printed
1 STEMscopedia (per student)
1 Partner Discussion (per pair)
1 Four Corner Summary (per student)

Pre-Reading Instructions
1. Distribute Partner Discussion pages. 
2.  Instruct students to complete each part of the partner discussion, placing one thing that humans compete for to 

survive in each row, as well as a piece of evidence for each thing.

During-Reading Instructions
1.  Distribute Four Corner Summary pages. 
2.  Have students put one fact about competition in ecosystems in each corner of the summary when they come 

across it in the text.

Post-Reading Instructions
1.  Have students then turn each of those facts into a sentence on the back of a page of their Four Corner Summary, 

resulting in a 4–5 sentence summary of competition in ecosystems.
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A set of ideas and activities that can help elaborate on 
the concept.

Resources/Materials: 
Build a Terrarium 
Invasive Species 
Field Study 

Time: 30 minutes

Relationship Cartoon

Resources/Materials: 
Copy paper 
Ruler 
Various writing utensils  
(map pencils, fine-point markers, 
pen, pencil)  
Computer with Internet access 

Time: 30 minutes

A list of trade books aligned with 
the lesson.

Resources/Materials: 
Links to titles can be found online.

Time: 15 minutes

ACCELERATION

Extensions

Challenge your students to 
think in new ways and extend 

their learning.

Science Art Books on Topic

Visit the Teacher Toolbox 
for additional resources!

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

Students will review how 
competition impacts ecosystems 
by matching word, definition, and 
picture cards.

Resources/Materials: 
1 Definition Cards, Word Cards, and 
Picture Cards (per pair) 
1 Graphic Organizer (per pair)
1 Envelope (per pair)

Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.

Resources/Materials: 
Student Handout

Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.

Resources/Materials: 
Student Handout

Time: 15 minutes

Write a scientific explanation that 
explains how the data may look in 
10 years.

Resources/Materials: 
Student Handout

Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.

Resources/Materials: 
Student Handout

Time: 15 minutes

Short-answer and essay-assessment 
questions to evaluate students' 
mastery of the concept.

Resources/Materials: 
Student Handout

Time: 15 minutes

Student Wondering of Phenomena: How does the amount of resources in an ecosystem affect populations?

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

INTERVENTION

Evaluate student learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content and 
track progress.
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Were there any signs of biotic resources found in the soil samples?
List them below.
Yes
• Sample A: petroleum, methane, glucose
• Sample C: natural gas

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What are examples of resources that organisms compete for?
Organisms compete for food, water, oxygen, and shelter.

Segment 1

7th
grade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

Three-Dimensional Learning

Performance Expectations
MS-LS2-1: Analyze and interpret data to provide evidence for the effects of resource availability on organisms and 
populations of organisms in an ecosystem.

Clarification Statement: Emphasis is on Cause-and-effect relationships between resources and growth of individual 
organisms and the numbers of organisms in ecosystems during periods of abundant and scarce resources.

Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts
LS2.A: Interdependent Relationships in 
Ecosystems 
Organisms, and populations of organisms, 
are dependent on their environmental 
interactions both with other living things and 
with nonliving factors. (MS-LS2-1)

Analyzing and Interpreting Data 
Analyze and interpret data to provide 
evidence for phenomena. (MS-LS2-1)

Cause and Effect 
Cause-and-effect relationships 
may be used to predict 
phenomena in natural or 
designed systems. (MS-LS2-1)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Disciplinary Core Ideas
• LS2.A: Interdependent 

Relationships in Ecosystems 
Organisms, and populations of 
organisms, are dependent on their 
environmental interactions both 
with other living things and with 
nonliving factors.

• All the elements found in the Organism Interactions in Ecosystems 
scope are designed to address the subelement for LS2.A. Students 
begin the scope by studying a photo of a pond to define biotic and 
abiotic interactions. They go on to explore ecosystem interactions, 
effects of biotic and abiotic factors on organisms and populations, 
and how different populations impact others in an ecosystem.

Science and Engineering Practices 
• Analyzing and Interpreting Data 

Analyze and interpret data to provide 
evidence for phenomena. 

• In Explore 2, students analyze and interpret data to provide evidence 
for the effects of biotic and abiotic factors on organisms and 
populations in a schoolyard ecosystem.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts
• Cause and Effect 

Cause-and-effect relationships may 
be used to predict phenomena in 
natural or designed systems.

• In Explore 1, students apply various scenarios to designed 
ecosystems from card sets, then they use cause-and-effect 
relationships to predict possible responses within the components 
of the ecosystems.

Crosscutting Concepts – Scoring RubricSA
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Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizer as their note-taking devices to record the information gained in each section as they begin 
to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing Prior 
Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they 
have before beginning the scope. In this Organism Interactions in Ecosystems APK, students look at population data 
and attempt to draw conclusions about the possible interactions between organisms based on that information. This 
will help uncover possible preconceptions students have before beginning the lesson. Teachers can keep any such 
preconceptions in mind as they move through the scope. The final element in the Engage section is the Hook. Here, 
the students start with their first experience with the content. They will build on their knowledge as they continue 
moving through the scope.
Students then dig deeper into the content through the three Explore activities. In Explore 1, they apply various 
scenarios to designed ecosystems from card sets, then they use cause-and-effect relationships to predict possible 
responses within the components of the ecosystems. In Explore 2, students analyze and interpret data to provide 
evidence for the effects of biotic and abiotic factors on organisms and populations in a schoolyard ecosystem. In 
Explore 3, they create a dot plot to explore how the elk population changed in Yellowstone National Park before and 
after the reintroduction of wolves. Explore 2 also includes a formative CER assessment to help the teacher gauge 
students’ understanding at that point. By the end of the Engage and Explore activities, students should be able to 
analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of 
organisms in an ecosystem.
Students will continue to refine their knowledge of the content as they move through the elements in the Explain 
and Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have 
limited time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. 
The teacher can then formally assess the students’ understanding by using any of the three summative assessments 
provided in the Evaluate section. If the students require additional help gaining proficiency with the content, 
resources can be found in the Intervention section. Students who have achieved mastery of the concept can move 
over to the Acceleration pieces. 
Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on 
these forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and 
on the CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.

Prior Knowledge and Progression
By the end of Grade 5, students understand that the food of almost any kind of animal can be traced back to plants. 
Organisms are related in food webs, in which some animals eat plants for food and other animals eat the animals that eat 
plants. Either way, they are consumers. Some organisms, such as fungi and bacteria, break down dead organisms (both 
plants or plant parts and animals) and, therefore, operate as decomposers. Decomposition eventually restores (recycles) 
some materials back to the soil for plants to use. Organisms can survive only in environments in which their particular 
needs are met. A healthy ecosystem is one in which multiple species of different types are each able to meet their needs 
in a relatively stable web of life. Newly introduced species can damage the balance of an ecosystem.

Category K–2 3–5 Middle School High School

LS2.A: 
Interdependent 
Relationships  
in Ecosystems

Plants depend on 
water and light 
to grow, and also 
depend on animals for 
pollination or to move 
their seeds around.

The food of almost 
any animal can be 
traced back to plants. 
Organisms are related 
in food webs in 
which some animals 
eat plants food and 
other animals eat 
the animals that 
eat plants, while 
decomposers restore 
some materials back 
to the soil.

Organisms and 
populations are 
dependent on their 
environmental 
interactions both with 
other living things 
and with nonliving 
factors, any of 
which can limit their 
growth. Competitive, 
predatory, and 
mutually beneficial 
interactions vary 
across ecosystems but 
the patterns  
are shared.

Ecosystems have 
carrying capacities 
resulting from biotic 
and abiotic factors. 
The fundamental 
tension between 
resource availability 
and organism 
populations affects 
the abundance of 
species in any given 
ecosystem.
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Ecosystems are complex, interactive systems that include both biological (biotic) communities and physical 
(abiotic) components of the environment. Organisms grow, reproduce, and perpetuate their species by 
obtaining necessary resources throughout interdependent relationships with other organisms and the 
physical environment. Organisms (individual members of a species) and populations of organisms (all 
members of a particular species in an ecosystem) are dependent on their environmental interactions with 
both other living things and nonliving factors. 

Organisms rely on physical factors such as light, temperature, 
water, soil, and space for shelter and reproduction. Earth’s 
varied combinations of these factors provide the physical 
environments in which its ecosystems (e.g., deserts, 
grasslands, rain forests, marine, and freshwater) develop and 
in which the diverse species of the planet live.

Resource availability affects individual organisms and 
populations of organisms in an ecosystem. Competition occurs 
when ecological niches overlap and multiple organisms seek the 
same resources; competition is generally more intense when the 
population densities are high. Competition for limited resources 
can be interspecific or intraspecific. Resources may be abiotic 
(sunlight, water, soil, shelter, etc.) or biotic (plants and animals 
that are consumed, lived on, or lived in).

Competition is an interaction between organisms that are 
attempting to obtain the same resource. Organisms compete 
for everything, including space, food, water, mates, and 
anything else that increases their chances for survival and 
reproductive success. The strength of competition—how much 
the interaction affects the survival and reproductive success of the organisms involved—is directly related to 
the scarcity of the resource. When resources are abundant, organisms can obtain resources without competing 
for them. When resources are scarce, however, organisms must compete with other organisms to obtain them.

Teacher Background

Competition for Resources

Fighting over territory Fighting over food

Tundra

Taiga

Grasslands

Desert
Temperate
Deciduous
Forest

Temperate
Rainforest

Tropical
Rainforest

Different environmental factors lead to 
different ecosystems.

Phenomena
Students begin this scope by viewing a video of a Venus flytrap trapping a fly and are encouraged to try to 
generate questions and answers regarding what a Venus flytrap would be considered if producers make their 
own food and consumers eat other organisms for food. As students move through the scope and investigate 
the Student Wondering of Phenomena question above they will be doing many activities to learn the 
information needed to describe the events happening in the Investigative Phenomena. 

Throughout the scope students will interact with the following everyday phenomena:
• What biotic and abiotic interactions can be observed in a pond?
• What are some possible responses to changes within the components of the ecosystem?
• What are some possible effects of biotic and abiotic factors on organisms and populations in a schoolyard 

ecosystem?
• How did the elk population change in Yellowstone National Park before and after the reintroduction 

of wolves?
Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “How can a change to the population of one species affect an entire 
ecosystem?” to complete the Claim-Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
How can a change to the population of one species affect 
an entire ecosystem?

Scope Timeline

1 hr

ENGAGE

APK CER1HOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE2 3

EXPLORE EXPLAIN ELABORATE EVALUATE

3.5 
hrs 2 hrs 1 hr 1 hrSA
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Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

In this activity, students look at population data and 
attempt to draw conclusions about the possible 
interactions between organisms based upon that 
information.

Resources/Materials: 
1 Organism Interactions and Ecosystems 
(per student)

Time: 15–30 minutes

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

Students study a photo of a pond to define biotic 
and abiotic interactions.

Resources/Materials: 
1 The Pond (per class or group)

Time: 15 minutes

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope. 

Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.

Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers. 

Materials List: A self-calculating spreadsheet to identify all reusable and consumable materials needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!

5E Activity Assessment 
Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of which 
Explore activities 
you will assess 
using the CCC and 
SEP rubrics for this 
scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up 
videos for each hands-on activity under Engage and 
Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Briefing from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative Phenomena
Hook – The Pond

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-
taking template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment 
and should not be graded for mastery.

Day 2
Explore

Content Connections 
Video – Organism 
Interactions in 
Ecosystems
Explore 1: Activity – 
Ecosystems Interactions
Picture Vocabulary

Student Journal 
Responses
CCC Rubric
ELD Strategy: 
Public Service

Use the Picture Vocabulary resources found under Explain 
to introduce words in the Explore 1 lesson.
The ELD Strategy can be used as a closing activity or 
assigned for homework.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 3 Explore
Explore 2: Scientific 
Investigation – Finding 
Biotic and Abiotic Factors 
in the Schoolyard

Student Journal 
Responses
Embedded CER in 
Explore 2
SEP Rubric

If necessary, allow Explore 2 to carry over into the next 
instructional day.
Revisit the Investigative Phenomena from Day 1 and 
invite students to connect what they learned to the 
phenomenon.

Day 4 Explain
STEMscopedia
Linking Literacy
Communicate Science: 
Student Debate

Student Journal 
Responses
Linking Literacy 
– Design an 
Ecosystem
Communicate 
Science Rubric

Assign STEMscopedia reading as homework. If there is 
time during class, use the pre-reading strategy Marine 
Ecosystem from Linking Literacy to prime students for 
independent reading.
The last page of the STEMscopedia contains a ‘Try Now’ 
comprehensive review.

Day 5 Explore
Explore 3: TUVA – Wolf 
and Elk in Yellowstone
Concept Review Game

Student Journal 
Responses

Utilize additional fostering data utilization resources in 
STEMCoach in Action: Click on ‘Visit Site’ button. 
If time and/or technology is a factor, project the TUVA 
module and complete the activity whole-group. 
Revisit the Investigative. 
Use the Concept Review Game as a warm-up or bell-
ringer activity.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Day 6
*Optional 

Activities for 
Extension/

Differentiation

Elaborate Teacher or student 
choice!

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice
Independent 
Practice
Concept Attainment 
Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment.
Students who need more support can work with the 
teacher in small groups while other students are working 
on Elaborate or Acceleration elements or reviewing 
material from previous days.

Acceleration Science Art Activity – 
Insect Field Study

You can also move the summative evaluation up a day, which 
leaves time for Intervention/Acceleration after if necessary.

Day 7 Evaluate

Multiple Choice 
Assessment
Open-Ended Response
Claim-Evidence-
Reasoning

Summative 
Assessments: MCA, 
OER, CER

The Investigative Phenomena introduced on Day 1 
and used throughout the scope directly ties into the 
summative CER assessment. Use the Investigative 
Phenomena to prime students for this final assessment.
After completing the scope, go back to the Mission Log 
and have students complete the Graphic Organizer – 
Information Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

7th Grade | Segment 1: Organisms and Nonliving Things Are Made of Atoms |
Scope 2: Organism Interactions in Ecosystems

SA
MP
LE



Organism Interactions 
in Ecosystems

Organism Interactions 
in EcosystemsSC

OP
E

SC
OP

E2 2

© Accelerate Learning Inc. - All Rights Reserved© Accelerate Learning Inc. - All Rights Reserved 5150

SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS

Everyday Phenomena
What biotic and abiotic interactions can be observed in a pond?

Description
Students study a photo of a pond to define biotic and abiotic interactions.

Materials
Printed
1 The Pond (per class or group)*

Preparation
• Write the following on the board or on chart paper:

• Make a T-chart, but leave the column headers unlabeled.
• Prepare a separate single-column header for a list labeled “Defines the Subject of the Image.”
• Prepare a separate single-column header for a list labeled “Interactions.”

• *You may also choose to project The Pond rather than provide paper copies.

Procedure and Facilitation Points
Have students look at the picture on The Pond and lead the following discussion:
1. What you are viewing can be labeled or defined in many different ways. Discuss with your group what you notice in 

the picture. What do you observe? 
Answers include pond, ducks, a larger bird (heron), grass, water, etc. Write students’ answers on the board in the 
unlabeled T-chart; sort their answers as biotic and abiotic factors but don’t tell the students yet how you’re sorting 
the answers. If the terms “biome,” “habitat,” or “ecosystem” are mentioned, place the word under the list labeled 
“Defines the Subject of the Image.”

2. Look at the T-chart columns. What are possible labels for these columns? Discuss your ideas with your group. 
Continue with ideas until students label the columns living and nonliving.

3. “Bio” means life and the prefix “a” means without, so abiotic means without life and biotic means with life. Relabel 
your columns biotic and abiotic. 
Rename the columns biotic and abiotic.

4. Look at the image again. What is happening in the image? Discuss what is happening in the picture with your 
group. What do you observe? 
Record students’ responses under “Interactions” on the board or chart. The ducks are swimming in the water; the 
larger bird is walking in the water; the grass is growing in the soil; plants are collecting energy from the sunlight; etc.

5. Lead a discussion about why these are considered interactions. 
The ducks interact with the water they swim in; the grass interacts with the soil it grows in; etc.

6. What words would you use to define the subject of this image for our discussion? 
Look for words such as “ecosystem,” “habitat,” etc. Copy the list under the heading “Defines the Subject of the 
Image” onto the chart or board.

7. Which do you think is more important to an ecosystem: biotic or abiotic elements? 
Accept all answers. Students should come to the conclusion that both are equally important and they are 
interdependent.

Hook
Description
In this activity, students look at population data and attempt to draw conclusions about the possible interactions 
between organisms based upon that information.

Materials
1 Organism Interactions and Ecosystems (per student)

Preparation
Print one copy of Organism Interactions and Ecosystems for each student.

Facilitation
1. Distribute copies of Organism Interactions and Ecosystems to each student. As you begin the activity, instruct 

students to think about predators and their prey in the wild. Ask students to think about what happens to 
predators when the prey population decreases.

2. Direct students to examine the information found in the graphs included on the handout.
3. Next, have them read the question prompts that follow the graphs and answer each.
4. Allow students to discuss their ideas with a shoulder partner.
5. Monitor students’ discussions for preconceptions.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
• Students may believe that as a predator population increases, the prey population decreases. 

Predator and prey populations tend to follow each other; if prey populations increase, so do predator populations. 
If prey populations decrease, so do predator populations. In most cases, predators do not wipe out their prey 
completely.

• Students may believe that competitor populations will be the same (e.g., behavior, number) since they use the 
same resources. 
When two populations compete for the same resource, their populations may follow a similar trend; however, if 
one organism is more successful, it can outcompete its rival. Its population will increase at the expense of its rival 
(i.e., a decrease in population).

Accessing Prior Knowledge
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ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

STEMCoach In Action  
Fostering Data Utilization

Language Acquisition 
Defensive Writing

Students create a dot plot to explore how the elk population changed in 
Yellowstone National Park before and after the reintroduction of wolves.

Resources/Materials:  
1 Wolf and Elk in Yellowstone (per student)
1 Computer (per student or group)

Time: 45 minutes

Explore 3: TUVA

Additional Supports

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

Check out the Teacher Toolbox for additional 
planning documents, instructional resources, 
and interactives!

Students work 
in collaborative 
groups.

Students work together to construct 
their own understanding of the content.Three Dimensional!

Students apply various scenarios to designed ecosystems from card sets, 
then use cause-and-effect relationships to predict possible responses 
within the components of the ecosystem.
Resources/Materials:  
1 Ecosystem Interactions (per student, group, or class) 
1 Ecosystem Cards (per group) 
1 Ecosystem Interactions Scenarios (per group)
1 Resealable plastic bag, sandwich-size (per group) 
1 Pair of scissors (per class)

Time: 30 minutes

Students analyze and interpret data to provide evidence for the effects of 
biotic and abiotic factors on organisms and populations in a schoolyard 
ecosystem.

Resources/Materials:  
1 Finding Biotic and Abiotic Factors in the Schoolyard 
(per student, group, or class)
1 Finding Biotic and Abiotic Factors in the Schoolyard CER (per student)
1 Thermometer (per group)
1 Camera (per group)
1 Hand lens (per group)
1 Light meter (per group)
1 Trowel (per group)
1 Collection net (per group)
1 Field guides for birds, insects, and 
animal tracks (optional)

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Difficulty Maintaining Attention

Math Moment 
Analyzing Data to Identify Relations 
and Trends

Explore 1: Activity

Explore 2: Scientific Investigation

Three Dimensional!

Additional Supports

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Students work 
in collaborative 
groups.

STEMCoach in Action 
Promoting Scientific Argumentation

Language Acquisition 
Public Service

STEMCoach In Action 
Cultivating Scientific Investigation

Language Acquisition 
Claim-Evidence-Reasoning

Additional Supports

Hands 
On!

Embedded questions and 
sample students' responses!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!

Check out the full facilitation 
instructions online!

3 pH strips or 1 probe ware (per group)
1 Hammer (per group)
4 Stakes (per group)
1 String, 10 m (per group)

Time: 2 hours
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2. Pass out the Ecosystem Cards to each group. Display the Ecosystem Interactions Scenarios to the class, or pass 
out copies to each group. Teacher note: you may choose to assign a scenario and ecosystem to each group to 
ensure that all Ecosystems and Ecosystem Interactions Scenarios are represented.

3. Tell students their challenge is to work as a group to understand the relationships between organisms of an 
assigned ecosystem to determine the effects of changes to the ecosystem.

4. Circulate the room and facilitate discussions among groups. Students should begin to realize that abiotic factors, 
such as flooding, volcanic eruptions, and drought, impact organisms and populations in an ecosystem. Even an 
invasive species (biotic factor) can impact the ecosystem. Possible ecosystem scenarios are below.

African Grassland
Flooding
• Immediate effect: The grasses and trees submerged underwater may die; animals not able to swim or run to 

safety will die.
• Extended effect: Yearly high rainfall causes mass migrations of animals in the African grasslands, but unusually 

high amounts of rain can damage the ecosystem. After the water recedes, the grasses and trees may die and leave 
the soil exposed. The barren soil may wash away during the next rains. The permanent loss of grassland will cause 
the primary level consumers (herbivores) to either leave to find a new food source or die off from lack of food. This 
will affect all of the organisms in the ecosystem so that most will have to leave or they will die.

Volcanic Ash
• Immediate effect: The amount of sunlight is reduced, resulting in less growth of grasses and trees.
• Extended effect: Organisms that feed on the grasses and trees will have less to eat, resulting in a reduction of 

the number of organisms able to survive in the area. This will result in more competition for food in the higher 
level consumers as well. Some organisms will have to leave to find more food, or they will die. This is a short-term 
effect only. Once the amount of sunlight returns to normal, the growth of plants will also return to normal.

Drought
• Immediate effect: The amount of growth of grasses and trees will decrease, and with prolonged drought, all 

plant life will die out. Without water, all other organisms except those able to adapt to drought conditions will 
either leave the area or die.

• Extended effect: The unanchored soils will blow away, leaving a barren landscape.

New Top Consumer
• Immediate effect: If the invasive top consumer is able to adapt to the available food source, it will compete 

directly with the lions, leopards, and cheetahs for food. This will result in the reduction of wildebeests, giraffes, 
baboons, impalas, and zebras, and an increase in the grasses and trees.

• Extended effect: The increase in competition will cause a decrease in the number of top consumers in the area, 
as they either leave to find more food or die. As the number of top consumers decreases, the number of first-level 
consumers (herbivores) will increase, and the amount of grasses and trees will decrease.

Other environments—with the exception of the marine environment—will have similar results.

Explore 1 (Continued)
Activity: Ecosystems Interactions
Everyday Phenomena
What are some possible responses to changes within the components of the ecosystem?

Description
Students apply various scenarios to designed ecosystems from card sets, and then they use cause-and-effect 
relationships to predict possible responses within the components of the ecosystem.

Materials
Printed
1 Ecosystem Interactions (per student, group, or class)
1 Ecosystem Cards (per group)
1 Ecosystem Interactions Scenarios (per group) 

Reusable
1 Resealable plastic bag, sandwich-size (per group)
1 Pair of scissors (per class)

Preparation
1. Ecosystems Interactions can be printed individually for student use, as a reusable class set, or assigned online.
2. Print enough Ecosystem Cards for each group to receive a set of cards for one ecosystem. 

a. Cut out the Ecosystem Cards and place them in a resealable plastic bag for each group. 
3. Print one Ecosystem Interactions Scenarios for each group or plan to project it for whole-class viewing.

Procedure and Facilitation Points
1. Lead a class discussion with the following questions/key points:

a.  What are biotic and abiotic things in this classroom? 
Answers will vary but could include:
1. Biotic: people, bugs, bacteria, wooden furniture (all organic matter living or once living is considered organic)
2. Abiotic: air temperature, lighting, floor tiles

b.  How do the abiotic factors in the room affect the biotic factors? 
If the room is cold, I might put on a jacket or sweater. If it’s dark outside, I might turn on a light, etc.

c.  How would we be affected if a tornado came along and damaged most of our school? 
We might have to go to school somewhere else; we couldn’t learn what we need to; we might have to make up 
school time in the summer.

d.  Is a tornado biotic or abiotic? 
Abiotic

e.  What biotic factors would be affected by the tornado? 
Teachers, students, principals, etc.

f.  Today you will do a few activities to help you understand how abiotic factors influence biotic factors in nature.

Explore 1
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8. Discuss as a class.
a.  How did the interactions change in your ecosystem when the abiotic factors changed? 

Each time an abiotic factor changed, some plants and some animals died, and others were able to survive.
b.  How did the interactions change in your ecosystem when the biotic factors changed? 

Each time a biotic factor changed, some plants and some animals died, and others were able to survive.
c.  Natural systems proceed through cycles and processes that are required for their functioning. Predict how 

your ecosystem would cycle back after undergoing a severe drought. 
Students should discuss how, after a drought, most plants will have died. With the introduction of rain (water) 
back into the system, the ecosystem will begin to grow plants again and then attract animals back. This 
ecosystem will continue cycling between growing back to full strength and then being disrupted again by the 
next natural disaster.

d.  Human practices can also alter the cycles and processes that operate within natural systems. Brainstorm one 
way humans could alter your ecosystem. 
Answers will vary and can include farming practices such as clearing land, overfishing in the marine 
ecosystem, etc.

e.  Brainstorm how the long-term functioning and health of ecosystems are influenced by their relationships with 
human societies. 
The methods used to extract, harvest, transport, and consume natural resources influence the geographic 
extent, composition, biological diversity, and viability of natural systems.

Explore 1 (Continued)
Marine
Flooding: The increase in floodwaters entering the tidal areas will cause an increase in sediments that can block 
out the sunlight, affecting the phytoplankton and in turn the zooplankton and up the food chain. The increase in 
freshwater will also cause a reduction in the salinity of the water, which may cause some organisms to leave the 
area if they cannot adapt to the brackish water. This is a temporary change and will not have a long-lasting effect 
unless the formation of new landforms (sandbars) changes the flow pattern of the freshwater entering the ocean. 
This could cause a change in the immediate ecosystem. Organisms would have to adapt to the change in the flow 
patterns or leave.
Drought: The decrease in freshwater flowing into the ocean will change the salinity of the water. Organisms would 
have to adapt to the increase in salinity or leave. 
5. After students complete the activity, allow groups to share their ideas.
6. Lead a class discussion with the following questions:

• What effect did each scenario have on each ecosystem? 
 Students' answers will vary. Allow each group to share their ideas. Allow other groups to add new ideas.

• Did the scenarios have the same effect on the different ecosystems? Why? 
Students' answers will vary. Droughts will have less effect on a desert ecosystem than on a forest ecosystem 
as the organisms are adapted to low levels of moisture. Floods will have a different effect on a marine system 
than on a desert system due to the amount of water naturally occurring in the systems. The addition of a new 
organism and ash blocking sunlight should have similar effects in all ecosystems. 

• What are some other things that can cause change in an ecosystem? 
Some things that could influence an ecosystem include invasive species, competition, predation, weather, 
and human activity.

• Do the effects of changes always have a negative impact on ecosystems? 
No, the effects of changes to an ecosystem are not always negative. For example, forest fires in Yellowstone 
were once thought to be harmful and negative, but they now are allowed to burn because of their positive 
ecological impacts like clearing out dead underbrush, creation of a new habitat, and seed germination. 
Hurricanes also have some positive impacts on ecosystems. For example, the deposition of sediment in 
wetland marshes provides habitat growth and more nesting opportunity for coastal bird species.

• What cause-and-effect relationships allow you to make predictions of how an event will affect an ecosystem? 
The relationships in ecosystems of organisms and populations of organisms are dependent on their 
environmental interactions both with other living things and with nonliving factors. Predictions can be made 
based on the relationships seen in a food chain, which can be used to show the effects caused by a change in 
an ecosystem.
i.  Record this example of a cause-and-effect relationship on the class Crosscutting Concept chart. Discuss 

other examples of cause and effect that the students have previously explored. Charts can be found in the 
Teacher Toolbox.

7. Instruct students to answer the conclusion questions in their handouts. 

Explore 1 (Continued)
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• When conducting a scientific investigation, be sure to first verify that there is an adequate amount of space in your 
classroom. Refer to: Science Safety Handbook for California Public Schools (CDE 2014)

Technology Suggestion
Have students use various probes to measure environmental factors such as the pH of the soil, the dissolved oxygen in 
the water, and the amount of UV light in a given area. Have students use this data to determine how these parameters 
affect which organisms can live in that environment.
Encourage students to practice using the probeware indoors on various control samples so that they can efficiently 
take data once they get to the desired area.

Procedure and Facilitation Points
1. Lead a class discussion with the following questions:

a. What are abiotic factors? 
Nonliving factors of an ecosystem, such as water, air, sunlight, rocks, and soil

b. What are biotic factors? 
The living factors of an ecosystem, such as plants, animals, bacteria, and fungus

c. What are some examples of interactions between abiotic and biotic factors that may occur in a tropical rainforest? 
Answers will vary. Example answers: Trees and plants and sunlight; monkeys eating fruit; snakes eating mice; 
animals breathing in oxygen from the atmosphere; plants taking in carbon dioxide and water

d. What interactions between biotic and abiotic factors occur in the ecosystem around the school? 
Accept all answers.

e. How can we find out what interactions occur in our immediate ecosystem? 
Accept all answers.

f. What tools might we use? 
Accept all answers.

2. Tell students their challenge is to plan and implement an investigation of an assigned area to determine what 
interactions between biotic and abiotic factors are occurring. Allow two class periods for observations and 
data collection.

3. Students will use Finding Biotic and Abiotic Factors in the Schoolyard to record their observations, but you can 
encourage them to take photos to use with their observations.

4. After students have completed Finding Biotic and Abiotic Factors in the Schoolyard, lead a class discussion with 
the following questions and vocabulary points:
a. What examples of abiotic factors did you find? 

Answers will vary. Examples include rocks, soil, air, water, etc.
b. What examples of biotic factors did you find? 

Answers will vary. Examples include ladybugs, worms, grass, birds, etc.
c. Did you select a spot that represented the biodiversity of our area? Explain. 

Answers will vary. Have students share their findings to see which group had the largest represented 
biodiversity. Talk about common biotic and abiotic factors found in your community.

5. Pass out Finding Biotic and Abiotic Factors in the Schoolyard CER.
6. Have students write a scientific explanation on how abiotic and biotic factors interact.

Explore 2 (Continued)
Scientific Investigation: Finding Biotic and Abiotic Factors in the Schoolyard
Everyday Phenomena
What are some possible effects of biotic and abiotic factors on organisms and populations in a schoolyard ecosystem?

Description
Students analyze and interpret data to provide evidence for the effects of biotic and abiotic factors on organisms and 
populations in a schoolyard ecosystem.

Materials
Printed
1 Finding Biotic and Abiotic Factors in the Schoolyard (per student, group, or class)
1 Finding Biotic and Abiotic Factors in the Schoolyard CER (per student)

Reusable
1 Thermometer (per group)
1 Camera (per group)
1 Hand lens (per group)
1 Light meter (per group)
1 Trowel (per group)
1 Collection net (per group)
1 Field guides for birds, insects, and animal tracks (optional)
1 Hammer (per group)
4 Stakes (per group)

Consumable
1 String, 10 m (per group)
3 pH strips or 1 probe ware (per group)

Preparation
• Print copies of Finding Biotic and Abiotic Factors in the Schoolyard for individual student use, as a reusable class 

set, or to be assigned online. 
• Print one copy of Biotic and Abiotic Factors in the Schoolyard CER for each student.
• Locate a place on your campus where you can measure and stake out areas.

• You should have one area for each lab group. The size of the area will vary with the location you use. 
• An area 2 meters by 2 meters is a good size for four students in a group to work in. 
• Try to choose an area that offers a variety of plants and animals. If time does not allow a detailed study of a 

plot, take the entire group to an area that has the most biodiversity and have them work in their groups and 
record data.

• If stakes and string are not available, toy hoops work well.
• If a large open area is not available, you may choose to have the students do the investigation at home in their 

yards or in a local park. If traveling to the park, have extra supervision for groups that may need it.

Explore 2
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• What do you think people learned from their decision to remove and then bring back the wolf population? 
Decisions affecting resources and natural systems should be based on a wide range of considerations and 
decision-making processes. Instead of just focusing on the immediate problem, the ecosystem as a whole 
must be fully considered before humans impact the resources of a natural system.

• How do people benefit from the cycles that were re-established at Yellowstone? 
When the elk population expanded outside of what the ecosystem could support, elk began to move outside 
of the park onto people’s lands. By re-establishing the cycle inside Yellowstone, people’s farms, crops, and 
ranches were protected from elk infestation.

3. Have another volunteer read the question on their handouts. Let students make reasonable predictions to answer 
the question.

4. Have the students access the dataset and complete the investigation independently. Circulate among the students 
as they work, asking questions and redirecting thinking as necessary.

5. After the students have completed the investigation, go over the journal answers:
• (3) What four attributes are addressed in this dataset? 

The four attributes addressed in this dataset are Year, Elk Population, Wolf Population, and Notes.
• (4) For how many cases was data collected? What do the cases represent? 

Data was collected for 19 cases. Each case represents one year of data collection.
• (7) What conclusion can you draw about the relationship between the wolf population and the elk population 

from 1995 to 2012? 
As the wolf population increased from 1995 to 2012, the elk population decreased.

• (8) What do you think caused the decrease in the population of elk from 1995 to 2012? 
Students' answers will vary but may mention the wolf population increasing. Since wolves are predators, they 
consumed more elks each year.

• (12) What was the wolf population that year? 
449

• What was the wolf population in 2002? 
271

• (14) How much did the wolf population increase from 2002 to 2008? 
66%

• (15) How much did the elk population decrease from 2002 to 2008? 
32%

• (16) If no interventions are made in this ecosystem, what do you predict will happen to the elk population 
during the next 10 years. Explain your answer. 
Students' answers will vary but may include the prediction that the elk population will continue to decrease, 
while the wolf population will continue to increase. There will be more predators. Therefore, more elk will be 
consumed each year.

• (17) What might be done to stabilize the elk population in Yellowstone? 
Students' answers will vary but may include using hunters and other means to decrease the wolf population, 
creating special areas for the elk where wolves cannot prey on them, etc.

• (18) The exchange of matter between natural systems and human society affects the long-term functioning of 
both. How does the wolf-elk case study from Yellowstone exemplify this point? 
The capacity of natural systems to adjust to human-caused alterations depends on the nature of the system as 
well as the scope, scale, and duration of the activity and the nature of its by-products.

Explore 3 (Continued)Explore 3
Tuva: Wolf and Elk in Yellowstone
Everyday Phenomena
How did the elk population change in Yellowstone National Park before and after the reintroduction of wolves?

Description
Students create a dot plot to explore how the elk population changed in Yellowstone National Park before and after 
the reintroduction of wolves.

Materials
Printed
1 Wolf and Elk in Yellowstone (per student)

Reusable
1 Computer (per student or group)

Preparation
1. Wolf and Elk in Yellowstone can be printed individually for student use, as a reusable class set, or assigned online.
2. Students will need access to the Internet. 
3. Make sure they can access the TUVA Data Set “Wolf and Elk in Yellowstone.”

TUVA Data Set: Wolf and Elk in Yellowstone
Go to site to access the interactive TUVA data Set.

Procedures and Facilitation Points
1. Give each student a copy of the Wolf and Elk in Yellowstone. Call on volunteers to read the background.
2. Lead a class discussion. Ask:

• How does this scenario demonstrate that natural systems proceed through cycles? 
By removing the wolves (the predator), the elk population increased. However, when the wolves were brought 
back, the elk population cycled back to the appropriate amount that the ecosystem could support.

• Why do you think humans originally wanted to remove all the wolves? 
The wolves would hunt cattle on their ranches or roam through their towns.

• The continuation and health of individual human lives and human communities and societies depend on the 
health of the natural systems that provide essential goods and ecosystem services. How did removing the 
wolves impact the health of the ecosystem? 
The ecosystem’s health was negatively impacted.

• Do you believe that the quality, quantity, and reliability of the goods and ecosystem services provided by 
natural systems are directly affected by the health of those systems? 
Yes.

• If the ecosystem’s health decreased due to the decimation of the wolf population, what happened to the 
quality, quantity, and reliability of the goods and ecosystem services throughout Yellowstone? 
They also deteriorated.
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Materials
Printed
1 STEMscopedia (per student)
1 Marine Ecosystem (per teacher)
1 One-Word Notes (per student)
1 Design an Ecosystem (per student)

Reusable
1 Set, colored pencils (per student)
1 Projector

Pre-Reading Instructions
1. Instruct students to look at the projected Marine Ecosystem image.
2. Have them list in their science journals three biotic and three abiotic factors seen in this ecosystem. 

(This is something that could be done in partners, on whiteboards, or on note cards.)
3. Predict what the fish might compete over to survive.

During-Reading Instructions
1. Distribute One-Word Notes pages. 
2. Instruct students to choose one word to summarize each main idea of the reading.
3. Have them write their “one-word notes” on the left side of their handout.
4. Immediately after finishing the reading, have the students go back and write as much as they can recall about the 

subject based on their one-word note clues.

Post-Reading Instructions
1. Distribute Design an Ecosystem pages. 
2. Inform students that they will design an ecosystem of their choice.
3. Highlight that there must be at least five biotic factors and five abiotic factors labeled.
4. Instruct students that on the back of the paper, they will justify why they included those items in their ecosystem 

and how the things interact to survive.

Linking Literacy

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.

Resources/Materials: 
Computer with Internet access

Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.

Videos: 
Organism Interactions in 
Ecosystems

Time: 5 minutes each

Students will engage in a debate on 
whether hunting should be used for 
population control of species.

Resources/Materials: 
Student Handout 
Internet-enabled device

Time: 1 hour

A slide presentation of important vocabulary terms 
along with a picture and definition.

Abiotic Factors

Biotic Factors

Ecosystem

Environmental 
Interactions

Organism

Population

Resources

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Marine Ecosystem 
During-Reading: One-Word Notes 
Post-Reading: Design an Ecosystem

Time: 1 hour

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary

Concept Review Game Content Connection 
Video Communicate Science

STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

INTEGRATE TECHNOLOGY

Visit the Teacher Toolbox for additional 
Communicate Science resources!
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Students review definitions for the 
terms “abiotic” and “biotic” factors.

Resources/Materials: 
1 Environmental Factors (per student) 
1 Trait Cards (per pair) 
1 Group T-Chart (per pair) 
1 Group T-Chart Key (per teacher) 
1 Envelope (per pair)

Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.

Resources/Materials: 
Student Handout

Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.

Resources/Materials: 
Student Handout

Time: 15 minutes

Write a scientific explanation 
that explains why factors that are 
harmful to other plant species are 
beneficial for the Venus flytrap.

Resources/Materials: 
Student Handout

Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.

Resources/Materials: 
Student Handout

Time: 15 minutes

Short-answer and essay-assessment 
questions to evaluate students' 
mastery of the concept.

Resources/Materials: 
Student Handout

Time: 15 minutes

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

INTERVENTION

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Evaluate student learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content and 
track progress.

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept.

Resources/Materials: 
Student Handout

Time: 30 minutes

An at, below, and above grade-level 
reading passage about the concept, 
which includes five to eight 
comprehension questions.

Resources/Materials: 
Student Handout

Time: 30 minutes

An overview of a scientist who 
made a contribution to their 
specific field.

Resources/Materials: 
Digital Scientist Profile

Time: 15 minutes

Students will explore connections and applications of 
science content through interactions with authentic, 
real-world media provided by Associated Press.

Read It!: Red Wolf Reintroductions Stopped While 
Changes Considered

Resources/Materials: Student Handout

Time: 15 minutes

Students visualize data on the typical length, speed, and 
body weight of different animals that live in the ocean.

TUVA: Ocean Animals

Resources/Materials: Computer with Internet access

Time: 30 minutes

This Career Connections video is meant to be a tool 
that introduces your students to STEM careers and 
the 21st century skills needed to succeed in those 
fields. Watch the career video with your students and 
discuss how it applies to what they have learned. Your 
students will think like a STEM professional in no time!

Career: Zoologist

Data Literacy – Ocean Animals

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

Use these elements as stations in the 
classroom or assign them for homework!

These elements can be digitally 
assigned to students.

Math Connections

Science Today

Data Literacy

Reading Science

Career Connections

Scientist Spotlight

Real 
World! SA
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Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What effect does resource availability have on populations in ecosystems?
Resource availability determines population sizes in ecosystems. If resources are sparse, population sizes 
decrease. If resources are plentiful, population sizes grow.

What effect would the abundance or lack of resources have on the populations that may exist on 
this planet? 
An abundance of resources would lead to an increase of populations while a lack of resources would increase 
competition and thus decrease populations.

Segment 1

7th
grade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

A set of ideas and activities that can help elaborate on 
the concept.
Resources/Materials: 
Ecosystem Collage
Biosphere Pizza
Explore Extension

Time: 30 minutes

A list of trade books aligned with the 
lesson.

Resources/Materials: 
Links to titles can be found online.

Time: 15 minutes

Insect Field Study
Resources/Materials: 
Drawing paper, white, 9" x 12" 
(per student) 
Jar, glass or plastic, clear, with holes 
in lid for breathing (per student) 
Color pencils, box, assorted colors 
(per student) 
Field Guide to Common California 
Insects (per group)

Time: 30 minutes

Science ArtBooks on Topic

Extensions

Challenge your students to 
think in new ways and extend 

their learning.

ACCELERATION

Student Wondering of Phenomena: How can a change to the population of one species affect an entire ecosystem?

Visit the Teacher Toolbox 
for additional resources!
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Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Science and Engineering Practices 

• Constructing Explanations and  
Designing Solutions 
Construct a scientific explanation based 
on valid and reliable evidence obtained 
from sources (including the students’ own 
experiments) 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. 

• In Explore 2, students research nonrenewable natural 
resources and use collected class information to explain 
the fact that the distribution of Earth’s resources is due 
to past geologic events as well as the assumption that 
these same geologic events will continue to operate in 
the future.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts

• Cause and Effect 
Cause-and-effect relationships may be 
used to predict phenomena in natural or 
designed systems.

• In Explore 1, students use pretzels to simulate cause-and-
effect relationships and then make predictions about 
human use of nonrenewable natural resources. 

• In Explore 3, students play a game using cause-and-effect 
relationships to predict which resource would be most 
vulnerable to a consequence, based on the how the 
resource is used.

Crosscutting Concepts – Scoring Rubric

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-ESS3-1: Construct a scientific explanation based on evidence for how the uneven distributions of Earth’s mineral, 
energy, and groundwater resources are the result of past and current geoscience processes. 

Clarification Statement: Emphasis is on how these resources are limited and typically non renewable, and how 
their distributions are significantly changing as a result of removal by humans. Examples of uneven distributions of 
resources as a result of past processes include but are not limited to petroleum (locations of the burial of organic 
marine sediments and subsequent geologic traps), metal ores (locations of past volcanic and hydrothermal activity 
associated with subduction zones), and soil (locations of active weathering and/or deposition of rock).

Disciplinary Core Ideas Science and Engineering Practices Crosscutting Concepts
ESS3.A: Natural Resources  
Humans depend on Earth’s land, 
ocean, atmosphere, and biosphere 
for many different resources. 
Minerals, fresh water, and biosphere 
resources are limited, and many are 
not renewable or replaceable over 
human lifetimes. These resources 
are distributed unevenly around the 
planet as a result of past geologic 
processes. (MS-ESS3-1)

Constructing Explanations and 
Designing Solutions 
Construct a scientific explanation 
based on valid and reliable evidence 
obtained from sources (including 
the students’ own experiments) 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. (MS-ESS3-1)

Cause and Effect 
Cause-and-effect relationships may 
be used to predict phenomena in 
natural or designed systems. 
(MS-ESS3-1)

Disciplinary Core Ideas

• ESS3.A: Natural Resources  
Humans depend on Earth’s land, ocean, 
atmosphere, and biosphere for many different 
resources. Minerals, fresh water, and biosphere 
resources are limited, and many are not 
renewable or replaceable over human lifetimes. 
These resources are distributed unevenly around 
the planet as a result of past geologic processes.

• All the elements found in the Human Dependence 
on Natural Resources scope are designed to address 
the subelement for ESS3.A. Students begin the scope 
by exploring the difference between renewable and 
nonrenewable natural resources. They go on to explore the 
concept of renewable and nonrenewable resources, how 
they are formed, where they are located, the consequences 
of using up these resources, and how these resources are 
being processed and used by a growing human population.SA
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Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students use 
their Graphic Organizer as their note-taking devices to record the information gained in each section as they begin to 
form a conceptual model of the content as they move through the scope. Teachers use the Accessing Prior Knowledge 
(APK) element to help pull out students’ current knowledge level as well as any preconceptions they have before 
beginning the scope. In this Human Dependence on Natural Resources APK, students attempt to map the locations 
of natural resources. They explain, as best they can, why those resources have the distribution they do. This will 
help uncover the possible preconceptions students have before beginning the lesson. Teachers can keep any such 
preconceptions in mind as they move through the scope. The final element in the Engage section is the Hook. Here, 
the students have their first experience with the content. They will build on their knowledge as they continue moving 
through the scope.

Students then dig deeper into the content through the four Explore activities. In Explore 1, students simulate cause-
and-effect relationships and then make predictions about human use of nonrenewable natural resources. In Explore 2, 
students research nonrenewable natural resources and use collected class information to explain the fact that the 
distribution of Earth’s resources is due to past geologic events as well as the assumption that these same geologic 
events will continue to operate in the future. In Explore 3, students play a game using cause-and-effect relationships 
to predict which resource would be most vulnerable to a consequence, based on how the resource is used. Explore 
3 includes a formative CER assessment to help teachers gauge students’ understanding at that point. In Explore 4, 
students explore changes in world population, production of fossil fuels, and consumption of fossil fuels. By the end of 
the Engage and Explore activities, students should be able to construct scientific explanations based on evidence for 
how the uneven distributions of Earth’s mineral, energy, and groundwater resources are the result of past and current 
geoscience processes.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain and 
Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have limited 
time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. Teachers 
can then formally assess the students’ understanding by using any of the three summative assessments provided 
in the Evaluate section. If the students require additional help gaining proficiency with the content, resources can 
be found in the Intervention section. Students who have achieved mastery of the concept can move over to the 
Acceleration pieces. 

Documents are available to help assess the CCCs and SEPs taught in this scope. These are located in the Home section 
of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as sample answers 
to help teachers plot students’ understanding on the rubric. The information that is gathered on these forms can be 
used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and on the CCC and 
SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.

Category K–2 3–5 Middle School High School

ESS3.A: Natural 
Resources

Living things need 
water, air, and 
resources from the 
land, and they live 
in places that have 
the things they need. 
Humans use natural 
resources for everyting 
they do.

Energy and fuels 
humans use are 
derived from 
natural sources and 
their use affects 
the environment. 
Some resources are 
renewable over time; 
others are not.

Humans depend on 
Earth's land, ocean, 
atmosphere, and 
biosphere for different 
resources, many of 
which are limited 
or not renewable. 
Resources are 
distributed unevenly 
around the planet as a 
result of past geologic 
processes.

Resource availability 
has guided the 
development of 
human society 
and use of natural 
resources has 
associated costs, risks, 
and benefits.

Prior Knowledge and Progression
By the end of Grade 5, students should know that all materials, energy, and fuels that humans use are derived from 
natural sources and their use affects the environment in multiple ways. Some resources are renewable over time, 
while others are not.
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Humans are dependent on many of Earth’s natural 
resources, which can be found in Earth’s land, ocean, 
atmosphere, and biosphere. Clean water to drink, air to 
breathe, and food to eat are natural resources crucial 
to human life. Humans also have developed uses for 
other resources to aid in aspects of life such as health 
and healing, transportation, industry, and human 
comfort. Some of the resources are renewable, in that 
the amount of the resource used can be replaced or 
replenished naturally at the same rate as it is being 
used. Other resources are not renewable, in that the 
amount of the resource is limited and, if used, cannot 
be replaced or replenished at the same rate as it is 
being used.

Many natural resources, such as minerals, fossil fuels, fresh water, and farmable land, are not distributed 
equally around the globe. The locations of the resources are the result of geoscience processes such as 
tectonic plate movement. For example, fossil fuels were formed when large amounts of decaying plant matter 
in tropical areas were buried under layer upon layer of sediment. The extensive oil and gas reserves found in 
the cold and snowy region of Northern Alaska indicate that this portion of the continent must have once been 
located in a lush tropical climate near the equator.

There are many consequences that come from the collection and use of a natural resource. For example, fresh 
water is pumped from aquifers or reservoirs for use in homes and industry. A factory may use the water in the 
production of a product. After the process is complete, wastewater is often run into a river. The river carries the 
water to the ocean, where it becomes undrinkable salt water.

The fossil fuel coal is mined in different ways to remove 
the resource from the surrounding rock layers. These 
processes can be destructive to the ecosystem around 
the mines. As coal is burned to generate electricity, 
sulfur dioxide is released into the air. When sulfur 
dioxide dissolves in water in the atmosphere, sulfuric 
acid forms, which can harm ecosystems and buildings 
when it falls as rain.

Teacher Background

Phenomena

Scope Timeline

Students begin this scope by viewing a video of machines working in an oil field and are encouraged to 
try to generate questions and answers regarding why the Middle East produces so much oil. As students 
move through the scope and investigate the Student Wondering of Phenomena question above they will be 
doing many activities to learn the information needed to describe the events happening in the Investigative 
Phenomena. 
Throughout the scope students will interact with the following everyday phenomena:
• What is the difference between renewable and nonrenewable natural resources?
• What can we predict about the relationship between humans and nonrenewable natural resources?
• How did geological events affect the distribution of natural resources?
• What are the consequences of using natural resources? 
• How does the population affect the production and consumption of fossil fuels?
Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “Where are natural resources located on Earth?” to complete the Claim-
Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
Where are natural resources located on Earth?

1 hr

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

6.5 hrs 2 hrs 1 hr 1 hr
1 2 3 4 SA
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In this activity, students attempt to map the 
locations of natural resources. They explain, as 
best they can, why those resources have the 
distribution they do.

Resources/Materials: 
1 Human Dependence on Natural Resources 
(per student) 
1 Box, colored pencils (per group)

Time: 15–30 minutes

Students use a T-chart to explore the difference 
between renewable and nonrenewable natural 
resources.

Resources/Materials:  
1 Renewable or Nonrenewable? (per student)

Time: 15–30 minutes

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Where are natural resources located on Earth?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.

Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.

Answer Keys: A list of answers ranging from multiple choice to potential 
open ended response answers.

Materials List: A self-calculating spreadsheet to identify all reusable and consumable materials needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!

5E Activity Assessment 
Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of 
which Explore 
activities you 
will assess using 
the CCC and SEP 
rubrics for this 
scope

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up 
videos for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Briefing from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior Knowledge
Investigative Phenomena
Hook – Renewable  
or Nonrenewable

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-
taking template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment 
and should not be graded for mastery.

Day 2

Explore
Explore 1: Activity – It’s Not 
Renewable? So What?
Picture Vocabulary

Student Journal 
Responses
CCC Rubric
ELD Strategy 
– Inside and 
Outside

Use the Picture Vocabulary resources found under Explain 
to introduce words as indicated in the Explore 1 lesson. 
The ELD Strategy can be used as a closing activity. 
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon

Explain

Day 3 + 4

Explore Explore 2: Research – How 
Was It Formed? Where Is It 
Located? How Do We Use It?
Content Connections Video 
– Dependence on Natural 
Resources

Student Journal 
Responses
SEP Rubric

Optional: Use the Content Connection Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 5 Explain
STEMscopedia
Linking Literacy
Picture Vocabulary  
Activity – Bam!

STEMscopedia – 
Try Now
Linking Literacy – 
Survival Island

The last page of the STEMscopedia contains a ‘Try Now’ 
comprehensive review.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon

Day 6 Explore Explore 3: Activity - Use and 
Consequences Game

Student Journal 
Responses
CCC Rubric
Embedded CER in 
Explore 3

If necessary, allow Explore 3 to carry over into the next 
instructional day.
Revisit the Investigative Phenomena from Day 1 and 
invite students to connect what they learned to the 
phenomenon.

Day 7
Explore Explore 4: TUVA – Earth’s 

Overdrawn Account
Concept Review Game

Student Journal 
Responses
SEP Rubric

Utilize additional fostering data utilization resources in 
STEMCoach in Action: Click on ‘Visit Site’ button. 
If time and/or technology is a factor, project the TUVA 
module and complete the activity whole-group.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon

Explain

Day 8
*Optional 

Activities for 
Extension/

Differentiation

Elaborate Teacher or student choice! Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice
Independent 
Practice
Concept 
Attainment Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment.
Students who need more support can work with the 
teacher in small groups while other students are working 
on Elaborate or Acceleration elements or reviewing 
material from previous days.

Acceleration
Science Art Activity – 
Formation of Fossil Fuels 
Jigsaw Puzzle

You can also move the summative evaluation up a day, 
which leaves time for Intervention/Acceleration after if 
necessary. 

Day 9 Evaluate
Multiple Choice 
Assessment
Open-Ended Response
Claim-Evidence-Reasoning

Summative 
Assessments: 
MCA, OER, CER 

The Investigative Phenomena introduced on Day 1 
and used throughout the scope directly ties into the 
summative CER assessment. Use the Investigative 
Phenomena to prime students for this final assessment.
After completing the scope, go back to the Mission Log 
and have students complete the Graphic Organizer – 
Information Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope.  
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule. 

“Essential Track” elements are listed in blue 
and should be prioritized when time is short.

Student Wondering of Phenomena: Where are natural resources located on Earth?

7th Grade | Segment 1: Organisms and Nonliving Things Are Made of Atoms |
Scope 3: Human Dependence on Natural Resources
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Everyday Phenomena
What is the difference between renewable and nonrenewable natural resources?

Description
Students use a T-chart to explore the difference between renewable and nonrenewable natural resources.

Materials
Printed
1 Renewable or Nonrenewable? (per student)

Preparation 
• Print one Renewable or Nonrenewable? for each student.

Procedure and Facilitation Points
1. Ask students the following questions:

a. What do human beings need in order to live? 
Accept all ideas. Students may list food, water, shelter, energy, etc.

b. How are these needs met? 
From the resources available on Earth

2. Review the following vocabulary words:
a. Renewable: able to be replaced or regenerated in a short period of time
b. Nonrenewable: a resource that takes millions of years to form 

3. Be prepared to either project the following list of words one at a time on a projection screen or read them out loud 
to the students.
a. Word list: 

• Minerals 
• Plants 
• Animals
• Oil

• Natural gas
• Fresh water 
• Salt water 
• Air

4. Have students answer the questions on the handout and discuss.
1. What is a natural resource?  

Any kind of substance in its natural form that is needed or wanted by humans
2. What is a renewable natural resource? 

A natural resource that can be replaced or regenerated in a short period of time
3. What is a nonrenewable natural resource? 

A natural resource that takes millions of years to form 

Hook
Description
In this activity, students attempt to map the locations of natural resources. They explain, as best they can, why those 
resources have the distribution they do.

Materials
Printed
1 Human Dependence on Natural Resources (per student)

Reusable
1 Box, colored pencils (per group)

Preparation
• Print one copy of Human Dependence on Natural Resources for each student.

Facilitation
• Distribute copies of Human Dependence on Natural Resources to each student and the box of colored pencils to 

each group. Ask students to reflect on the distribution of Earth’s natural resources.
• On their journal page, ask students to indicate where natural resources are likely to be found.
• After completing the journal page, ask students to pair with a partner and discuss the similarities and differences 

between their maps.
• Allow students to share their ideas with the rest of the class.
• Ask students why they think certain resources have the distribution they do. 

Accept all answers.
• Monitor students’ discussions for preconceptions.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
• Some students may fail to realize that not all locations have easy access to resources, such as fresh water, since 

most students probably live in areas where it is readily available. 
Most resources have rather defined distribution. Humans commonly expend energy moving resources around to 
locations where they are needed.

• Some students may believe that most resources are unlimited since they think the natural cycles on Earth work to 
constantly replace them. 
Fresh water does tend to cycle on a regular basis within a short period. Other resources, such as minerals and 
fossil fuels, take millions of years to replace.

Accessing Prior Knowledge
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Students use pretzels to simulate cause-and-effect relationships and then 
make predictions about human use of nonrenewable natural resources.

Resources/Materials:  
1 It’s Not Renewable? So What? (per student) 
22 Notecards, 5 x 7 in (per teacher)
1 Jar or bowl, large (per teacher)
1 Marker (per teacher) 
15 Bags, paper, lunch size (per class) 
1 Pretzels, large bag (per class)*
*You can replace the pretzels with popcorn or other snacks, if preferred.

Time: 30–45 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Students research nonrenewable natural resources and use collected 
class information to explain that the distribution of Earth’s resources is 
there because of past geologic events and the assumption that these 
same geologic events will continue to operate in the future. Students 
assess credibility, accuracy, and possible bias of resources used during 
their research.

STEMCoach in Action 
Facilitating Questioning  
and Discourse

Math Moment 
Equations

Math Moment 
Variables and Equations

Language Acquisition 
Inside and Outside

STEMCoach in Action 
Building Scientific Literacy

Language Acquisition 
Acrostic

Explore 1: Activity

Explore 2: Reasearch

Three Dimensional!

Additional Supports

Additional Supports

Student Wondering of Phenomena: Where are natural resources located on Earth?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Hands 
On!

Embedded questions and 
sample students' responses!

Resources/Materials:  
1 How Was It Formed? Where Is It Located? How Do We Use It? (per student)
1 Assessing the Credibility, Accuracy, and Possible Bias of Sources (per group)
1 Gathering and Synthesizing Information (per group)
1 Computer, with Internet access and video or presentation software (per group)

Time: 2–3 hours Check out the full facilitation 
instructions online!

5. Discuss the following with the students:
a. What are some examples of substances that humans need or want but that are not natural resources?  

Accept anything that is synthetic or manufactured.
b. What is the source of substances that are not natural resources?  

Everything has its source as a natural resource.
c. What is the difference between a renewable and nonrenewable natural resource? 

A renewable natural resource can reproduce or restock itself; a nonrenewable natural resource cannot renew 
itself within a foreseeable future.

d. Why is it important to pay attention to how we use our natural resources? 
Nonrenewable natural resources can be depleted. Renewable natural resources can be made extinct or 
polluted to the point where they are unusable for us as well.

Hook (Continued)
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Activity: It’s Not Renewable? So What?
Everyday Phenomena
What can we predict about the relationship between humans and nonrenewable natural resources?

Description
Students use pretzels to simulate cause-and-effect relationships and then make predictions about human use of 
nonrenewable natural resources.

Materials
Printed
1 It’s Not Renewable? So What? (per student)

Reusable
22 Notecards, 5" x 7" (per teacher)
1 Jar or bowl, large (per teacher)
1 Marker (per teacher)

Consumable
15 Bags, paper, lunch size (per class)
1 Pretzels, large bag (per class)*

Preparation
• Print one It’s Not Renewable? So What? for each student.
• Use the marker to label 22 notecards as follows:

• 2 - First Generation
• 4 - Second Generation
• 8 - Third Generation
• 8 - Fourth Generation
• More notecards can be added if the class is larger. Add more “Fourth Generation” cards as needed.
• Place the cards in one of the paper bags.
• Place snacks in large jar or bowl.
• Always store food meant for human consumption in a sterile container separate from hazardous chemicals or 

biological materials. Refer to: Science Safety Handbook for California Public Schools (CDE 2014)

Explore 1

*You can replace the pretzels with popcorn or other snacks, if preferred.

Students play a game using cause-effect relationships to predict which 
resource would be most vulnerable to a consequence, based on the how 
the resource is used.

Resources/Materials:  
1 Use and Consequence Game (per student)
1 Use and Consequences Cards (per teacher)
1 Aquifer Data Cards (per student)
1 Use and Consequences CER (per student) 
1 Video about the Dust Bowl (per teacher)*
1 Container or envelope, large (per teacher)
1 Pair of scissors (per student) 
1 Glue, stick (per group)
*Pictures may be used if a video is not available. 
Time: 1–2 hours

Students create dot plots, line graphs, and bar charts to explore changes 
in world population, production of fossil fuels, and the consumption of 
fossil fuels.

Resources/Materials:  
1 Earth’s Overdrawn Account (per student)
1 United States Electricity Generation by Energy Source (per class)
1 Computer (per student or group)

Time: 30 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Difficulty Processing  
Auditory Information

Math Moment 
Expressions and Equations

STEMCoach in Action 
Integrating Technology

Math Moment 
Variables, Equations, 
and Percents

STEMCoach In Action 
Fostering Data Utilization

Language Acquisition 
Wall to Wall

Student Wondering of Phenomena: Where are natural resources located on Earth?

Explore 3: Activity

Explore 4: TUVA

Additional Supports

Additional Supports

Hands 
On!

Hands 
On!

Students work in 
collaborative groups.

Check out the Teacher Toolbox for additional 
planning documents, instructional resources, 
and interactives!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!
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Explore 1 (Continued)
7. Did any of the students who were part of the activity think about those who might come after them?  

Most were just interested in getting as much as they could. 
8. What connections do you see between what happened in the activity and what happens in the real-world?  

Humans are using up many of the nonrenewable resources without planning for future generations.
11. Ask students the following questions:

1. What happened to the nonrenewable resources in your activity?  
Answers may vary. Students should have observed the nonrenewable resource being depleted during the 
activity, and that how quickly it was depleted directly related to how much each person and generation used. 

2. What are two differences between renewable and nonrenewable resources?  
Resources are considered nonrenewable if their quantities are limited or if they cannot be replaced as fast as 
they are used up. Some nonrenewable resources have been formed over millions of years and will eventually 
be depleted altogether if not conserved. 

3. Think of one nonrenewable resource and two renewable resources that could be used to produce electricity. 
Have students list them at the bottom of the Student Journal page.  
Answers may vary. One example is using coal to produce electricity as opposed to wind and water turbines. 

Explore 1 (Continued)
Procedure and Facilitation Points
1. Review the following vocabulary word “natural resource”:

a. Resources that exist in the environment without human intervention
2. Ask students the following questions:

a. What are some examples of nonrenewable natural resources? 
Minerals such as gold, uranium, and copper; fossil fuels such as oil and natural gas

b. Why are these considered nonrenewable natural resources?  
We cannot make anymore. When they are used up, they are gone forever.

3. Pass out the cards to random students.
4. Call the First Generation up to the bowl of snacks.
5. Give each a paper bag and invite the students to take as many of the snacks as they like. Have students place what 

they take in their bag.
6. Tell the class that the bowl of snacks represents the world’s supply of a nonrenewable resource.
7. After the First Generation students have finished, invite the Second Generation students to come to the pretzel jar. 

Give them a paper bag and let them take as much as they want.
8. After the Second Generation students are finished, invite the Third Generation students to the snack bowl and let 

them take what they want.
9. When the Third Generation students are finished, invite the Fourth Generation students to come to the pretzel jar.
10. When the Fourth Generation students are finished, ask students to answer the following questions and discuss the 

answers with the class:
1. What happened to the total amount of the resource?  

It probably was all gone. 
2. How much was left for each successive generation?  

A smaller and smaller amount 
3. Was anything left for a Fourth Generation?  

Probably not 
4. If the pretzels were all the coal in the ground, what would have been the cause of the disappearance of the 

coal? 
The coal disappeared due to humans mining and using it without any regulation or rationing for future 
generations. 

5. What would be the effect on the world’s energy stores?  
The world’s energy stores would continually decrease. 

6. Predict what would happen to the people who depend on coal for their energy source.  
The people who depend on coal for their energy source would have to change the amount they use and 
probably pay higher prices for other energy sources. 
i. Record this example of a cause-and-effect relationship on the class Crosscutting Concept chart. Discuss 

other examples of cause and effect that the students have previously explored. Charts can be found in the 
Teacher Toolbox.
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 Research Questions, Oil:
 • What geologic processes caused oil to form?
 • Where is oil found around the world?
 • How do humans use oil in daily life?
 Research Questions, Aquifers:
 • What geologic processes caused aquifers to form?
 • Where are aquifers found around the world?
 • How do humans use aquifers in daily life?
3. Ask students the following questions:

a. Where is most of the oil we use today located?  
The Middle East 
• Introduce the vocabulary word “energy resource”: a source or supply of energy that can be used to 

generate electrical power to meet people’s needs
b. What other nonrenewable energy resources are used today?  

Natural gas and coal
c. Why do you think the oil is located in the Middle East?  

Most students won’t know the process of oil creation—do not actively discuss this now but just raise the 
question. Many might say it came from the dinosaurs that lived there a long time ago. 

d. Where do the ores that contain minerals such as gold and uranium come from?  
They come from the mountains, but most students will not know this offhand. You may need to explain that an 
“ore” is a rock type that contains a large enough amount of a particular mineral (usually a metal) such that it is 
economically feasible to extract it from the surrounding rock. 

e. Where is the freshwater we use today found?  
It is found in lakes, rivers, and aquifers. Most will not know this before the lesson begins.

4. Introduce the vocabulary word “geoscience processes”: any process that happens on Earth, such as weathering, 
erosion, and plate tectonics

5. Let students know that all the natural resources we have discussed come from geoscience processes. 
6. Pass out the Student Journals and assign groups their research questions.
7. Discuss Gathering and Synthesizing Information with students.
8. Discuss Assessing the Credibility, Accuracy, and Possible Bias of Sources and remind students to keep a list of 

their sources.
9. Once students have gathered the information they need, instruct them to categorize the information and organize 

it to prepare for a presentation.

Share and Critique
1. Instruct students to create a presentation that addresses their questions.
2. Have students present their presentation to the class.
3. Have students record the information from each group on the World Map. 

Explore 2 (Continued)
Research: How Was It Formed? Where Is It Located? How Do We Us It?
Everyday Phenomena
How did geological events affect the distribution of natural resources?

Description
Students research nonrenewable natural resources and use collected class information to explain that the distribution 
of Earth’s resources is there because of past geologic events and the assumption that these same geologic events will 
continue to operate in the future. Students assess credibility, accuracy, and possible bias of resources used during 
their research.

Materials
Printed
1 How Was It Formed? Where Is It Located? How Do We Use It? (per student)
1 Assessing the Credibility, Accuracy, and Possible Bias of Sources (per group)
1 Gathering and Synthesizing Information (per group)

Reusable
1 Computer, with Internet access and video or presentation software (per group)

Preparation
1. Print one copy of How Was It Formed? Where Is It Located? How Do We Use It? for each student.
2. Print one copy of Assessing the Credibility, Accuracy, and Possible Bias of Sources for each group.
3. Print one copy of Gathering and Synthesizing Information for each group.
4. Make arrangements for computer use.

Procedures and Facilitation Points
Introduction
1. Introduce the research topic.

a. A natural resource is any kind of substance in its natural form that is needed and wanted by humans. Natural 
resources are considered valuable because humans rely on them to meet their needs. These include ore, oil, 
and aquifers.

b. While natural resources occur all around the world, specific resources require specific conditions to form, so 
not all natural resources are spread equally around the globe.

2. Have students research one of the following areas:
 Research Questions, Gold Ore:
 • What geologic processes caused gold ore to form?
 • Where is gold ore found around the world?
 • How do humans use gold (recovered from gold ore) in daily life?

Explore 2
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Activity: Use and Consequence Game
Everyday Phenomena
What are the consequences of using natural resources?

Description
Students play a game using cause-and-effect relationships to predict which resource would be most vulnerable to a 
consequence, based on how the resource is used.

Materials
Printed
1 Use and Consequence Game (per student)
1 Uses and Consequences Game Cards (per teacher)
1 Aquifer Data Cards (per student)
1 Use and Consequences CER (per student)

Reusable
1 Video about the Dust Bowl (per teacher)* 
1 Container or envelope, large (per teacher)
1 Pair of scissors (per student)

Consumable
1 Glue, stick (per group)

Preparation
1. Print one copy of Use and Consequence Game for each student.
2. Print one set of Uses and Consequences Game Cards. Print on cardstock and laminate for future use. 
3. Print a copy of Aquifer Data Cards for each student.
4. Print a copy of Use and Consequences CER for each student. 
5. Have a way to project the video or images. 

a. You can use the search terms “Dust Bowl” and preview possible videos (or images) of the Dust Bowl years.

Procedure and Facilitation Points
1. Show the video (or images) of the Dust Bowl.
2. Ask students the following questions:

a. What did you observe in the video/pictures about the Dust Bowl?  
Very little grass, lots of dirt, great clouds of dust 

b. What happened to cause this catastrophe?  
Farmers overused the land with poor farming practices; then a drought hit the area. 

Explore 3

*Pictures may be used if a video is not available.

4. Have students answer the questions and discuss their answers.
a. What geologic processes helped to form gold ore, oil, and aquifers?  

Plate tectonics, volcanic activity, heat and pressure, and sedimentary rock formation are processes that 
helped to form gold ore. Oil is formed slowly over time when organic matter is buried under sediments, 
which causes heat and pressure. Aquifers form when groundwater is able to collect and move through porous 
rock layers. The current locations of gold ore and oil deposits and aquifers are the result of plate tectonic 
movement of landmasses. 

b. When did these geologic processes occur?  
In the past, usually over thousands or millions of years ago

c. Why aren’t the same natural resources found all over the world?  
Different geologic processes happen in different places on the planet depending on the conditions in that 
geologic area. 

d. What is happening to these natural resources?  
Humans are removing them from Earth and using them up.

e. How is the extraction and use of these resources affecting the availability and distribution of these resources?  
The extraction and use of these resources are decreasing the availability and distribution of them all over 
the world.

5. Fill out the rubric for each group’s presentation.
6. Allow other groups to give positive feedback and ask questions after viewing a presentation.

Sample questions may include:
 • What’s the best place to find this resource?  

 Answers will vary.
 • Would you start a company to gather this resource?  

 Answers will vary.
7. Discuss the following as a class:

a. In your research, you found examples of human activity and its effects on natural resources. Choose one 
example of human activity and its effect on natural resources. Why is the resource needed?  
Student answers may vary, but should generally include examples of mines for ore and corrosion of 
waterways, oil wells on land or water and the danger of spills in the transportation of crude oil, and aquifer 
charging and the rate of freshwater consumption exceeding the rate of charging. Resources are used for metal 
production (electronics, jewelry, orthodontics, and money mint production), engines and transportation, and 
recreation and freshwater use, respectively.

1.  Were the consequences all negative or were there positive examples, too?  
Student answers may vary. Encourage students to give examples of both consequences and other ideas.

2.  Give an example of managing a resource from now on. How will the management of that resource change if we 
want it available for the long-term?  
An example includes reducing oil demand by reducing the number of single-vehicle drivers by increasing mass 
transit systems, community-patrolled watershed education programs, and conservation of metals through 
recycling programs of electronics, etc.

Explore 2 (Continued)
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c. Q3:  What caused the destruction of these resources? 
Human use
i. Pause and explain that the long-term functioning and health of terrestrial, freshwater, coastal, and 

marine ecosystems are influenced by their relationships with human societies. The expansion and 
operation of human communities influence the geographic extent, composition, biological diversity, 
and viability of natural systems.

d. Q4:  What positives do you remember hearing?  
Answers will vary.

12. Pass out the Aquifer Data Cards and have students cut them apart. 
13. Have students work in their groups to sort them into positive or negative consequences.
14. Have students glue them on the page in the correct column.
15. Discuss answers with students.
16. Give students the Use and Consequence Game CER and have them write a scientific explanation describing the 

consequences of human behavior on freshwater aquifers.

Explore 3 (Continued)
c. What was the consequence of the overuse of the land?  

During the drought, the soil had no plants to hold it. Thus, when high winds happened, the soil blew away, 
forming dust storms. 
i. Explain that the continuation and health of individual human lives and human communities and societies 

depend on the health of the natural systems that provide essential goods and ecosystem services. 
Highlight that the quality, quantity, and reliability of the goods and ecosystem services provided by natural 
systems are directly affected by the health of those systems.

d. What are the four main parts of the environment?  
Atmosphere, water, land, biosphere

3. Introduce the vocabulary word “atmosphere”:
a. The whole mass of air surrounding Earth; made up of 78% nitrogen, 21% oxygen, and other trace gases

4. Introduce the vocabulary word “biosphere”:
 a. The sum of all living matter on Earth
5. Let students know that when we talk about water, there are two classifications. One is surface water—water found 

in oceans, lakes, rivers, and streams. The other is groundwater.
6. Introduce the vocabulary word “groundwater”:
 a. Water that collects in cracks and pores in underground soil and rock layers
7. Let students know that groundwater collects in large areas underground known as aquifers.
8. Review the following vocabulary word “limited resources”:
 a.  Something that is needed by organisms and is not infinite in its abundance in the environment; if it is 

exhausted, then the organisms that need it cannot survive
9. Ask students if the atmosphere, biosphere, water, or land are limited or unlimited resources.  

They are all limited resources.
10. Explain the game to the students.

1. Draw out a Use and Consequence card and read it to the class.
2. Have students discuss with their lab partners and decide if the resources of the atmosphere, water, 

land, or biosphere are most affected.
3. Have students put an X through one of the BINGO squares for the resource or resources that will be 

most affected.
4. Have students erase or cross out an X if the change is a helpful one for the resources.
5. When all the squares of one resource are gone, the students die!
6. Play the game until all the Use and Consequence cards are used.

11. Have students answer the questions on the next page.
a. Q1:  What resource was destroyed first?  

Answers will vary depending on what cards were drawn the most.
b. Q2:  Why did you die when only one of your resources was gone?  

Without any of the resources, life would not be possible.

Explore 3 (Continued)
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• Discuss students' responses to the following questions on the student handout.
1. By what percentage did the world population increase from 1980 to 2012?  

58%
2. How do you think this increase in world population affects the consumption of fossil fuels, such as petroleum, 

natural gas, and coal?  
Students' answers will vary but may include that more fossil fuels will be consumed as the population 
increases.

3. What do you notice about the two lines in the graph?  
Students' answers will vary but may state that the two lines are very similar. Generally, when production 
increases, consumption increases. When production decreases, consumption decreases.

4. By what percentage did the consumption of coal increase during this time period (1980 to 2011)?  
97%

5. Do you think the change in coal consumption is based solely on the increased population during this time 
period? Why or why not?  
Sample answer: No, I don’t think that only the increase in population accounts for the increased consumption 
of coal. The increase in coal consumption was almost twice as great as the population increase. I think that 
individuals are using more coal now than they did in 1980.

6. Which plot, chart, or graph shows the relationship between year and natural gas consumption most clearly? 
Explain your answer.  
Student answers may vary, but most will likely choose either a dot plot, line graph, or bar chart. Accept all 
reasonable explanations that students can justify with evidence.

• Discuss how the conservation of fossil fuels will benefit future generations of Americans. 

Explore 4 (Continued)
Tuva: Earth's Overdrawn Account
Everyday Phenomena
How does the population affect the production and consumption of fossil fuels?

Description
Students create dot plots, line graphs, and bar charts to explore changes in world population, production of fossil 
fuels, and the consumption of fossil fuels.

Materials
Printed
1 Earth’s Overdrawn Account (per student)
1 U.S. Electricity Generation by Energy Source (per class)

Reusable
1 Computer (per student or group)

Preparation
• Earth’s Overdrawn Accounts can be printed individually for student use, as a reusable class set, or assigned online.
• Print or project United States Electricity Generation by Energy Source pages. 
• Make sure students can access the TUVA Data Set “Earth’s Overdrawn Account.”

TUVA Data Set: Earth’s Overdrawn Account
Go to site to access the interactive TUVA Data Set.

Procedures and Facilitation Points
• Show students the column graph on the United States Electricity Generation by Energy Source page illustrating 

how electricity was commercially generated in the United States by energy source. (This data comes from the U.S. 
Energy Information Administration.) 

• Discuss the graph. 
• Be sure to point out the amount of electricity produced by fossil fuels.

• Discuss how fossil fuels formed. Be sure students understand that these are nonrenewable fuel sources that are 
not replenished by nature in a timely manner. If care is not taken to conserve these fuels, it is generally assumed 
that they will eventually be used up.

• Share the following procedures with students as needed.
• To create a line graph showing population growth over the course of the data collection, drag “Year” to the 

horizontal axis. Drag “World Population (in Millions)” to the vertical axis.
• To calculate the increase in the percentage of world population, first find the difference between the 

population in 1980 and the population in 2012 (7,021 - 4,451 = 2,570). Then divide the difference by the original 
number (2,570 ÷ 4,451 = 0.577). Multiply the quotient by 100 to get the percentage (0.58 x 100 = 58%)

• Create the other line graphs in a similar manner. Use the same formula to calculate the change in 
coal consumption.

Explore 4
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Materials
Printed
1 STEMscopedia (per student)
1 Human Dependence on Natural Resources (per student)
1 Natural Resources (per student)
1 Survival Island (per student)

Pre-Reading Instructions
1. Distribute the Human Dependence on Natural Resources pages to students.
2. Instruct students to list as many renewable and nonrenewable resources as they can think of in the designated 

parts of the H-Venn diagram.
3. Instruct students to list similarities in location, use, need, and composition of each type of resource.

During-Reading Instructions
1. Distribute the Natural Resources pages to students.
2. Instruct students to list each type of resource as it appears in the text.
3. Instruct students to list each type as renewable or nonrenewable.
4. Instruct students to describe where each resource is found on Earth

Post-Reading Instructions
1. Distribute the Survival Island pages to students.
2. Instruct students to brainstorm what it would be like if they were to be transferred to an island for a very long 

period of time, maybe indefinitely, and what they would need to survive.
3. Instruct students to make a list of supplies that they would take with them.
4. Instruct students to devise a plan on how they would use/extend resources throughout their time on the island 

and how they would keep those resources for future generations.

Linking Literacy

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.

Resources/Materials: 
Computer with Internet access

Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.

Video: Dependence on Natural 
Resources

Time: 5 minutes each

Students will engage in a debate 
about fracking, the technique used 
to release natural gas and oil in the 
United States.

Resources/Materials: 
Student Handout 
Internet-enabled device

Time: 1 hour

A slide presentation of important vocabulary terms 
along with a picture and definition.

Atmosphere 
Biosphere
Energy Resources
Geoscience Process
Groundwater
Limited Resource
Natural Resources

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Human Dependence on 
Natural Resources 
During-Reading: Natural Resource 
Post-Reading: Survival Island

Time: 1 hour

Nonrenewable
Renewable

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Where are natural resources located on Earth?

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

Concept Review Game Content Connection 
Video Communicate Science

Visit the Teacher Toolbox for additional 
Communicate Science resources!

INTEGRATE TECHNOLOGY

Sing standards-based science songs and 
dance to the tune with the Science Rock song!
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Students use a card sort to review 
various nonrenewable natural 
resources, where they are located, 
and what geological process 
created them.  

Resources/Materials: 
1 I’m Depending on You Card 
Sort (per pair) 
1 I’m Depending on You Card 
Organizer (per student) 

Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.

Resources/Materials: 
Student Handout

Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.

Resources/Materials: 
Student Handout

Time: 15 minutes

Construct a scientific explanation 
to explain why oil is found in the 
Middle East but not in Hawaii.

Resources/Materials: 
Student Handout

Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.

Resources/Materials: 
Student Handout

Time: 15 minutes

Short-answer and essay-
assessment questions to evaluate 
students' mastery of the concept.

Resources/Materials: 
Student Handout

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Where are natural resources located on Earth?

Evaluate student learning with a 
variety of assessment tools.

Claim-Evidence-Reasoning Multiple Choice Assessment Open-Ended Response

INTERVENTION
Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content and 
track progress.

Guided Practice Independent Practice Concept Attainment Quiz

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Where are natural resources located on Earth?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

A practice that uses at, below, and above grade-level 
appropriate math activities to address the concept.

Resources/Materials: 
Student Handout

Time: 30 minutes

These elements can be digitally 
assigned to students.

Math Connections Reading Science

An at, below, and above grade-level reading passage 
about the concept, which includes five to eight 
comprehension questions.

Resources/Materials: 
Student Handout

Time: 30 minutes

Students will explore connections and applications of 
science content through interactions with authentic, 
real-world media provided by Associated Press.

Read It!: Las Vegas Completing Last Straw to Draw 
Lake Mead Water

Resources/Materials: 
Student Handout

Time: 15 minutes

This Career Connections video is meant to be a 
tool that introduces your students to STEM careers 
and the 21st century skills needed to succeed in 
those fields. Watch the career video with your 
students and discuss how it applies to what they 
have learned. Your students will think like a STEM 
professional in no time!

Career: Farmer

Science Rock – Natural Resources

Time: 15 minutes

Career Connections

Real 
World!

Use these elements as stations in the 
classroom or assign them for homework!

Science Today
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What does the location of some of the abiotic resources tell you about geoscience processes that have 
taken place there? 
Sample B most likely did not have living organisms in the distant past because no biotic matter was found there.

What does the location of some of the biotic resources tell you about geoscience processes that have 
taken place there? 
Samples A and C most likely did have living organisms in the distant past because biotic matter was 
found there.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

How is the distribution of minerals and water resources the result of current and past  
geoscience processes?
The uneven distribution of Earth’s mineral, energy, and groundwater resources is the result of past and current 
geologic processes. These resources are typically limited and nonrenewable due to factors such as the long 
amounts of time required for some resources to form or the environment in which resources were created 
occurring once or only rarely in Earth’s history.

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

Segment 1

7th
grade

A list of trade books aligned with the 
lesson.

Resources/Materials: 
Links to titles can be found online.

Time: 15 minutes

A set of ideas and activities that can 
help elaborate on the concept.

Resources/Materials: 
U.S. Energy Information 
Administration (EIA) 
Talk to an Energy Consultant 
Tour a Power Plant

Time: 30 minutes

This Project-Based Learning Challenge is to solve the problem of determining 
the geoscience processes that create natural nonrenewable resources, such as 
oil, water, and gold. Students are asked to use the Engineering Design Process 
to create a blueprint of a lunar rover that can explore the surface of Saturn’s 
second largest moon, Titan. The rover will need to be able to use geophysical 
landmarks to determine the most probable locations of oil, groundwater, and 
gold. Students will give a short presentation, during which they demonstrate 
their understanding of how the processes that create nonrenewable resources 
work and the types of landmarks involved.

Resources/Materials: 
1 Entry Document and Expert Roles (per student or group) 
1 Expert Mini-Workshops for each Role (per expert/group) 
1 Individual 21st Century Skills Performance Rubric (per student) 
1 Rubric for Problem/Project-Based Learning, Key for Teacher 
1 Computer, with Internet access (per group) 
3 Marker, three colors (per group)
1 Meter stick (per group) 
1 Timer (per class) 
1 Ruler, metric (per student) 
2 Paper, chart (per group) 

Formation of Fossil Fuels  
Jigsaw Puzzle

Resources/Materials: 
Jigsaw Puzzle Template 
Poster board, 8.5"x 11" 
Printer paper, 8.5"x 11" 
Colored pencils 
Scissors 
Glue stick

Time: 30 minutes

Books on Topic

Student Wondering of Phenomena: Where are natural resources located on Earth?

ACCELERATION

Challenge your students to 
think in new ways and extend 

their learning.

Extensions

Science Art PBL

Visit the Teacher Toolbox 
for additional resources!

1 Paper, white, sheet (per student) 
1 Lab journal (per student)

Time: 2–3 hours
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Science and Engineering Practices 

• Developing and Using Models 
Develop a model to predict and/or 
describe phenomena. 

• In Explore 2, students use snap cubes or construction paper to model 
various molecules.

• In Explore 3, students observe various crystals of solids and use 
models of crystals to identify individual atoms, molecules, repeating 
subunits, and extended structures.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts

• Scale, Proportion, and Quantity 
Time, space, and energy phenomena 
can be observed at various scales 
using models to study systems that 
are too large or too small. 

• In Explore 2, students use snap cubes or construction paper to model 
various molecules.

• In Explore 3, students observe various crystals of solids and use 
models of crystals to identify individual atoms, molecules, repeating 
subunits, and extended structures.

Crosscutting Concepts – Scoring Rubric

Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-PS1-1: Develop models to describe the atomic composition of simple molecules and extended structures. 

Clarification Statement: Emphasis is on developing models of molecules that vary in complexity. Examples of simple 
molecules could include ammonia and methanol. Examples of extended structures could include sodium chloride 
or diamonds. Examples of molecular-level models could include drawings, 3-D ball and stick structures, or computer 
representations showing different molecules with different types of atoms. 

Assessment Boundary: Assessment does not include valence electrons and bonding energy, discussing the ionic 
nature of subunits of complex structures, or a complete depiction of all individual atoms in a complex molecule or 
extended structure.

Disciplinary Core Ideas Science and Engineering 
Practices Crosscutting Concepts

PS1.A: Structure and Properties of Matter 
Substances are made from different types of atoms, which 
combine with one another in various ways. Atoms form 
molecules that range in size from two to thousands of 
atoms. (MS-PS1-1)

Solids may be formed from molecules, or they may be 
extended structures with repeating subunits (e.g., crystals). 
(MS-PS1-1)

Developing and Using 
Models 
Develop a model to 
predict and/or describe 
phenomena. (MS-PS1-1)

Scale, Proportion, and 
Quantity 
Time, space, and energy 
phenomena can be 
observed at various scales 
using models to study 
systems that are too large 
or too small. (MS-PS1-1)

Disciplinary Core Ideas

• PS1.A: Structure and Properties of Matter  
Substances are made from different types of atoms, 
which combine with one another in various ways. 
Atoms form molecules that range in size from two to 
thousands of atoms.  
 
Solids may be formed from molecules, or they may 
be extended structures with repeating subunits 
(e.g., crystals). 

• All the elements found in the Structure of Matter scope 
are designed to address the subelement for PS1.A. 

• Students begin the scope by exploring the size of an 
atom by cutting a strip of paper in half as many times 
as possible.

• Students go on to explore the names and symbols 
of the elements on the periodic table; how atoms 
combine to form molecules; how models of crystals 
are used to identify individual atoms, molecules, 
repeating subunits, and extended structures; and 
will create charts to explore various attributes of the 
elements found in the periodic table.SA
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Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students 
will use their Graphic Organizer as their note-taking devices to record the information gained in each section as they 
begin to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing 
Prior Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions 
they have before beginning the scope. In this Structure of Matter APK, students recall their knowledge about matter 
through a mock-texting activity. This will help uncover possible preconceptions students have before beginning the 
lesson. Teachers can keep any such preconceptions in mind as they move throughout the scope. The final element in 
the Engage section is the Hook. Here, the students start with their first experience with the content. They will build on 
their knowledge as they continue moving through the scope.

Students then dig deeper into the content through the four Explore activities. In Explore 1, students become familiar 
with the names and symbols of the elements on the periodic table. In Explore 2, students use interlocking cubes to 
combine atoms to form molecules. In Explore 3, students observe various crystals of solids and use models of the 
crystals to identify individual atoms, molecules, repeating subunits, and extended structures. In Explore 4, students 
create pie charts and bar charts to explore various attributes of the elements found in the periodic table. Explore 3 
includes a formative CER assessment to help the teacher gauge students’ understanding at that point. By the end of 
the Engage and Explore activities, students should be able to develop models to describe the atomic composition of 
simple molecules and extended structures.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain 
and Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have 
limited time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. 
The teacher can then formally assess the students’ understanding by using any of the three summative assessments 
provided in the Evaluate section. If the students require additional help gaining proficiency with the content, 
resources can be found in the Intervention section. Students who have achieved mastery of the concept can move 
over to the Acceleration pieces. 

Documents are available to help assess the CCCs and SEPs taught in this scope. These are located in the Home section 
of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as sample answers 
to help the teacher plot students’ understanding on the rubric. The information that is gathered on these forms can be 
used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and on the CCC and SEP 
Yearlong Inventory of Skills document located in the Teacher Toolbox.

Category K–2 3–5 Middle School High School

PS1.A: 
Structure of Matter 
(includes PS1.C  
Nuclear Processes)

Matter exists as 
different substances 
that have observable 
different properties. 
Different properties 
are suited to different 
purposes. Objects 
can be built up from 
smaller parts.

Because matter 
exists as particles 
that are too small to 
see, matter is always 
conserved even if it 
seems to disappear. 
Measurements of a 
variety of observable 
properties can be used 
to identify  
particular materials.

The fact that matter is 
composed of atoms 
and molecules can 
be used to explain 
the properties of 
substances, diversity 
of materials, states 
of matter, phase 
changes, and 
conservation of 
matter.

The subatomic 
structural model 
and interactions 
between electric 
charges at the atomic 
scale can be used to 
explain the structure 
and interactions of 
matter, including 
chemical reactions 
and nuclear processes. 
Repeating patterns 
of the periodic table 
reflect patterns of 
outer electrons. A 
stable molecule has 
less energy than the 
same set of atoms 
separated; one must 
provide at least this 
energy to take the 
molecule apart.

Prior Knowledge and Progression
By the end of Grade 5, students understand that matter of any type can be subdivided into particles that are too small 
to see, but even then, the matter still exists and can be detected by other means (e.g., by weighing it or observing its 
effects on other objects). For example, a model showing that gases are made from matter particles that are too small 
to see and are moving freely around in space can explain many observations, including the inflation and shape of a 
balloon, the effects of air on larger particles or objects (e.g., leaves in wind, dust suspended in air), and the appearance 
of visible-scale water droplets in condensation, fog, and, by extension, clouds or the contrails of jets. The amount 
(weight) of matter is conserved when it changes form, even in transitions in which it seems to vanish (e.g., sugar in 
solution, evaporation in a closed container). Measurements of a variety of properties (e.g., hardness, reflectivity) 
can be used to identify particular materials. (Boundary: At this grade-level, mass and weight are not distinguished, 
and no attempt is made to define the unseen particles or explain the atomic-scale mechanism of evaporation and 
condensation.)

SA
MP
LE



Structure of Matter Structure of Matter
SC

OP
E

SC
OP

E4 4

© Accelerate Learning Inc. - All Rights Reserved© Accelerate Learning Inc. - All Rights Reserved 103102

SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS

Teacher Background

Matter is composed of atoms with subatomic particles, 
which have characteristic masses, charges, and locations. 
Atoms are different from each other because their numbers 
of subatomic particles are different. Atoms are composed 
of subatomic particles, protons, neutrons, and electrons. 
Subatomic particles are the particles that are smaller than 
an atom. There are two regions in the atom, the nucleus and 
the electron cloud. The protons and neutrons are located 
in the nucleus, and the electrons are located in the electron 
cloud. The masses of atoms and their subatomic particles 
are measured in atomic mass units, or amu. A proton and a 
neutron each have a mass of one amu. An electron is much 
smaller, with a mass of 1/2,000 amu. Because the mass of 
electrons is so small, their mass does not really affect the 
total mass of an atom. Pictured on the right is a helium atom 
with its two electrons in an electron cloud and two protons 
and two neutrons in the nucleus.

The overall charge of the nucleus is positive because the positive protons are located there. The neutral 
neutrons are also located in the nucleus, but with no electrical charge, so they do not affect the overall charge 
of the nucleus. The negative electrons are the only subatomic particles found in the electron cloud, so that 
makes the overall charge of the electron cloud negative.

Atoms are the basic structure of all matter. Atoms can 
be combined to form molecules of various substances. 
Atoms make up all of the different kinds of matter in the 
universe, either as molecules of a single type of atom or in 
combination with other atoms.

Elements are pure substances composed of only one type of 
atom that cannot be broken down into any other substances 
by chemical or physical means. The periodic table of 
elements is a way of organizing all known elements by their 
physical and chemical properties.

An element is identified by its specific chemical and physical properties. Each element has a chemical symbol, 
which is usually one or two letters representing the element. If the symbol for an element is a single letter, 
then the letter is always capitalized. If the symbol has two letters, then the first letter is always capitalized and 
the second letter is lowercase. The most abundant elements on Earth are located within the first 20 elements 
on the periodic table. Elements consist of one type of atom distinguished by its atomic number, which 
represents the number of protons in its nucleus. An atom that has a different number of protons represents a 
completely different element.

1fm

1 Å = 100,000 fm

Phenomena

Scope Timeline

Students begin this scope by viewing a pictures of a pencil, charcoal, and a diamond and are encouraged to try 
to generate questions and answers regarding how diamonds and graphite can have such different properties 
if they are both completely made of pure carbon. As students move through the scope and investigate the 
Student Wondering of Phenomena question above they will be doing many activities to learn the information 
needed to describe the events happening in the Investigative Phenomena. 
Throughout the scope students will interact with the following everyday phenomena:
• How small is an atom?
• What do the symbols on the periodic table tell us?
• What are molecules made of?
• What can crystals tell us about atoms?
• How are elements classified on the periodic table?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “How can matter made of the same substances look so different?” to 
complete the Claim-Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
How can matter made of the same substances look 
so different?

1 hr

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

4.25 
hrs 2 hrs 1 hr 1 hr
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Teacher Background (Continued)
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atom (Cl)

Sodium
atom (Na)
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electron

18 e-

10 e-

Sodium metal chlorine gas table salt

10 e-

17 e-

+

Sodium ions and chlorine ions form salt

When elements are combined to make a compound, the new substance has properties different from those of 
the original elements. For example, table salt is made of two elements, sodium and chlorine. The properties 
of table salt do not represent the properties of the individual elements. In element form, sodium is a highly 
reactive metal and chlorine is usually a yellow-green gas. When combined to make salt, the properties of the 
compound are considerably different. Atoms form molecules that range in size from two atoms, like sodium 
chloride, to thousands of atoms, as in complex polymers. Notice the structure of the solid salt crystal in the 
image below. Solids may be formed from molecules, or they may be extended structures with repeating 
subunits like the crystals that make up the salt.

Teacher Background (Continued)

Only a few elements exist in nature as pure elements. Examples 
include nitrogen gas (N2), oxygen gas (O2), gold (Au), carbon (C), silver 
(Ag), and copper (Cu). Many metals exist in pure element form. Most 
matter consists of atoms combined with other atoms in a set ratio or 
proportion called a compound. For example, water is a compound made 
of the elements hydrogen and oxygen. The ratio of these elements is 
two hydrogen atoms and one oxygen atom (H2O) for each molecule 
of the compound water. Carbon dioxide gas is another example of a 
compound. Any sample of carbon dioxide is always made of one part 
carbon to two parts oxygen (CO2). Salt, or sodium chloride, is made of 
one part sodium to one part chlorine (NaCl).

Periodic Table of the Elements

Lanthanide Series

Atomic masses are not listed for elements with no stable or common isotopes.

Actinide Series

Alkali metals

Poor metals Metalloids

Lanthanides

Nonmetals Halogens

Actinides Transition metals

Noble gases

Alkaline earth metals

1

2

3

4

5

6

7

1
1A

2
2A

3
3B

4
4B

5
5B

6
6B

7
7B

11
1B

12
2B

13
3A

14
4A

15
5A

16
6A

17
7A

18
8A

8B

8 9 10

Key:
atomic number

name
conventional atomic weight

Symbol

1

H
hydrogen

1.008
3

Li
lithium

6.94

4

Be
beryllium

9.0122
12

Mg
magnesium

24.305
20

Ca
calcium

40.078

21

Sc
scandium

44.956

22

Ti
titanium

47.867

23

V
vanadium

50.942

24

Cr
chromium

51.996

25

Mn
manganese

54.938

26

Fe
iron

55.845

27

Co
cobalt

58.933

28

Ni
nickel

58.693

29

Cu
copper

63.546
47

Ag
silver

107.87
79

Au
gold

196.97
111

Rg
roentgenium

30

Zn
zinc

65.38

5

B
boron

10.81

6

C
carbon

12.011

7

N
nitrogen

14.007

8

O
oxygen

15.999

9

F
flurine

18.998

2

He
helium

4.0026
10

Ne
neon

20.180
18

Ar
argon

39.948
36

Kr
krypton

83.798
54

Xe
xenon

131.29
86

Rn
radon

17

Cl
chlorine

35.45
35

Br
bromine

79.904
53

I
iodine

126.90
85

At
astatine

16

S
sulfur

32.06
34

Se
selenium

78.971
52

Te
tellurium

127.60
84

Po
polonium

15

P
phosphorus

30.974
33

As
arsenic

74.922
51

Sb
antimony

121.76
83

Bi
bismuth

208.98
115

Mc
moscovium

116

Lv
livermorium

117

Ts
tennessine

118

Og
oganesson

14

Si
silicon

28.085
32

Ge
germanium

72.630
50

Sn
tin

118.71
82

Pb
lead

207.2
114

Fl
flerovium

13

Al
aluminum

26.982
31

Ga
gallium

69.723
49

In
indium

114.82
81

Tl
thallium

204.38
113

Nh
nihonium

48

Cd
cadmium

112.41
80

Hg
mercury

200.59
112

Cn
copemicium

46

Pd
palldium

106.42
78

Pt
platium

195.08
110

Ds
darmstadtium

45

Rh
rhodium

102.91

44

Ru
ruthenium

101.07
76

Os
osmium

190.23

77

Ir
iridium

192.22
108

Hs
hassium

109

Mt
meitnerium

75

Re
rhenium

186.21

43

Tc
technetium

42

Mo
molybdenum

95.95
74

W
tungsten

183.84
106

Sg
seaborgium

107

Bh
bohrium

41

Nb
niobium

92.906
73

Ta
tantalum

180.95
105

Db
dubnium

40

Zr
zirconium

91.224
72

Hf
hafnium

178.49

57

La
lanthanum

138.91

58

Ce
cerium

140.12

60

Nd
neodymium

61

Pm
promethium

62

Sm
samarium

63

Eu
europium

144.24 150.36 151.96

64

Gd
gadolinium

157.25

65

Tb
terbium

158.93

66

Dy
dysprosium

162.50

67

Ho
holmium

164.93

68

Er
erbium

167.26

69

Tm
thulium

168.93

70

Yb
ytterbium

173.05

71

Lu
lutetium

174.97

59

Pr
praseod
ymium
140.91

90

Th
thorium

232.04

91

Pa
protactinium

232.04

92

U
uranium

93

Np
neptunium

94

Pu
plutonium

95

Am
americium

96

Cm
curium

97

Bk
berkelium

98

Cf
californium

99

Es
einsteinium

100

Fm
fermium

101

Md
mendelevium

102

No
nobelium

103

Lr
lawrencium

238.03

89

Ac
actinum

104

Rf
rutherfordium

39

Y
yttrium

88.906
57-71

Lanthanide
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5E Activity Assessment 
Options Notes and Suggestions

Day 8
*Optional 

Activities for 
Extension/

Differentiation

Elaborate

Teacher or student 
choice!
Simulations – Atomic 
Interactions
Simulations – Build 
an Atom
Simulations – 
Molecule Shapes: 
Basics
Simulations 
– Rutherford 
Scattering

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice

Independent 
Practice
Concept Attainment 
Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment. 
Students who need more support can work with the 
teacher in small groups while other students are working 
on Elaborate or Acceleration elements or reviewing material 
from previous days.

Acceleration
Science Art Activity – 
Element Superhero 
Crest

You can also move the summative evaluation up a day, which 
leaves time for Intervention/Acceleration after if necessary. 

Day 9 Evaluate

Multiple Choice 
Assessment
Open-Ended 
Response
Claim-Evidence-
Reasoning

Summative 
Assessments: MCA, 
OER, CER

The Investigative Phenomena introduced on Day 1 and used 
throughout the scope directly ties into the summative CER 
assessment. Use the Investigative Phenomena to prime 
students for this final assessment.
After completing the scope, go back to the Mission Log and 
have students complete the Graphic Organizer – Information 
Gained and Connection to the Mission.

Student Wondering of Phenomena: How can matter made of the same substances look so different?

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short. 

7th Grade | Segment 1: Organisms and Nonliving Things Are Made of Atoms |  
Scope 4: Structure of Matter (Continued)

5E Activity Assessment 
Options Notes and Suggestions

Planning Home

Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of which 
Explore activities you 
will assess using the 
CCC and SEP rubrics 
for this scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up videos 
for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Briefing from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative 
Phenomena
Hook – The Smallest 
Bit

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-taking 
template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment and 
should not be graded for mastery.

Day 2
Explore Explore 1: Activity – 

Using Symbols
Picture Vocabulary

Student Journal 
Responses

Use the Picture Vocabulary resources found under Explain to 
introduce words as indicated in the Explore 1 lesson. 
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 3

Explore
Explore 2: Activity – 
Combining Atoms
Content Connections 
Video – Structure of 
Matter

Student Journal 
Responses
CCC Rubric
ELD Strategy – Think, 
Draw, Explain

Optional: Use the Content Connection Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
The ELD Strategy can be used as an Exit TIcket.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 4 + 5

Explore Explore 3: Activity – 
Atoms, Molecules, 
Extended Structures, 
and Substances
STEMscopedia
Linking Literacy

Student Journal 
Responses
CCC and SEP Rubric
Embedded CER in 
Explore 3
Linking Literacy –
Structure of Matter

Assign STEMscopedia reading as homework. If there is time 
during class, use the pre-reading strategy Knowledge Transfer 
from Linking Literacy to prime students for independent 
reading.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 6 Explore
Explore 4: TUVA 
– Attributes of 
Elements

Student Journal 
Responses
SEP Rubric

Utilize additional Integrating Technology resources in 
STEMCoach in Action: Click on ‘Visit Site’ button. 
If time and/or technology is a factor, project the TUVA module 
and complete the activity whole-group.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Day 7 Explain

Concept Review 
Game
Communicate 
Science – Student 
Debate

Communicate 
Science Rubric

Use the Concept Review Game as a warm-up or bell-ringer 
activity.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon. 

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule.

“Essential Track” elements are listed in blue 
and should be prioritized when time is short. 

7th Grade | Segment 1: Organisms and Nonliving Things Are Made of Atoms |  
Scope 4: Structure of Matter

Student Wondering of Phenomena: How can matter made of the same substances look so different?
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SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS

Description
In this activity, students recall their knowledge about matter through a mock texting activity.

Materials
Printed
1 Structure of Matter (per student)

Preparation
• Print one copy of Structure of Matter for each student, pair, or group.
• Decide how students will share journal pages.

Facilitation
1. Distribute copies of Structure of Matter to each student, pair, or group. Instruct students to think about matter. 

Using their own knowledge, have students write a text message about matter in the first empty text bubble on the 
journal page.

2. Have them pass the message to the next student. Instruct the next student to write a text message about matter on 
the next empty text bubble and pass the message to the next student.

3. Tell them to continue passing the journal page within their pair or group until all message bubbles are completed 
with information about matter.

4. When the journal page is complete, have the last student return it to the originating student.
5. Monitor students’ discussions for preconceptions. Use the students’ responses to evaluate what they know 

about matter.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
• Students may think that there are more than three kinds of matter. 

Matter comes in three basic states and three basic levels of complexity. All matter, solid, liquid, or gas, is composed 
of atoms. The atom is the basic building block of matter. Atoms bond together to form molecules. A compound is 
a substance consisting of two or more different elements bonded together to form a new substance. A mixture is 
a combination of elements and/or compounds that have each retained their individual identities. (If you have a 
gifted student in the room, they may point out that there is actually a fourth state of matter called plasma, which is 
what you get when you heat a gas up so hot it glows, as in fluorescent bulbs, lightning, and stars. You can tell them 
they are correct but in middle school we will just be focusing on the basic three states of matter most common on 
Earth.)

• Students may think that energy, heat, and/or sound are forms of matter. 
Energy is the ability to do work. It comes in different forms: heat, light, electrical, chemical, motion, nuclear, and 
gravitational. Each form of energy can be transformed into other forms of energy. Energy is not made up of atoms.

• Students may confuse atoms with cells because both are very small building blocks. All matter, both living and 
nonliving, is made up of atoms. 
Only living and once living matter is made up of cells. Cells are made up of atoms. Atoms are much smaller than 
cells. All the compounds that cells are made of, such as DNA, lipids, water, etc., are made up of atoms.

Accessing Prior Knowledge

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

In this activity, students recall their knowledge 
about matter through a mock texting activity.

Resources/Materials: 
1 Structure of Matter (per student)

Time: 15–30 minutes

Students explore the size of an atom by cutting a strip 
of paper in half as many times as possible.

Resources/Materials:  
1 The Smallest Bit (per student)
1 Paper, strip, 2 cm x 28 cm (per student)
1 Ruler, metric (per student) 
1 Pair of scissors (per student)

Time: 15–30 minutes

Hands 
On!

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: How can matter made of the same substances look so different?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.

Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.

Answer Keys: A list of answers ranging from multiple choice to potential open-
ended response answers.

Materials List: A self-calculating spreadsheet to identify all reusable and consumable materials needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook SA
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Students become familiar with the names and symbols of the elements 
on the periodic table.

Resources/Materials:  
1 Using Symbols (per student) 
1 Periodic Table (per student)
1 Pair of scissors (per student) 
1 Bottle glue (per group)

Time: 30–45 minutes

Students use interlocking cubes to combine atoms to form molecules.

Resources/Materials:  
1 Combining Atoms (per student) 
1 Periodic Table (per student) 
1 Pencil, colored, red (per student) 
1 Pencil, colored, blue (per student) 
1 Pencil, colored, yellow (per student) 
1 Pencil colored, black (per student) 
20 Blocks, interlocking, plastic, blue (per group)
20 Blocks, interlocking, plastic, white (per group) 
5 Blocks, interlocking, plastic, black (per group) 
5 Blocks, interlocking, plastic, yellow (per group) 
5 Blocks, interlocking, plastic, red (per group) 
5 Cups, disposable, plastic, any size (per group) 
1 Marker, permanent (per class)

Time: 30–45 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Math Moment 
Ratios and Estimates

Math Moment 
Ratios, Percentages  
and Scientific Notation

STEMCoach In Action 
Addressing Student Misconceptions

STEMCoach In Action 
Establishing Cooperative Learning

Language Acquisition 
Think, Draw, Explain

Roadblock 
Fine Motor Skills

Explore 1: Activity

Explore 2: Activity

Three Dimensional!

Additional Supports

Additional Supports

Student Wondering of Phenomena: How can matter made of the same substances look so different?

Students work together to construct 
their own understanding of the content.

Hands 
On!

Hands 
On!

Embedded questions and 
sample students' responses!

Students work in 
collaborative groups.

Everyday Phenomena
How small is an atom?

Description
Students explore the size of an atom by cutting a strip of paper in half as many times as possible.

Materials
Printed
1 The Smallest Bit (per student)

Reusable
1 Pair of scissors (per student)
1 Ruler, metric (per student)

Consumable  
1 Paper, strip, 2 cm x 28 cm (per student)

Preparation
Cut a standard size sheet of copy paper into 2 cm x 28 cm strips; cut one strip for each student.

Procedure and Facilitation Points
1. Discuss with students:

• What are atoms?  
Atoms are the smallest units of matter.

• What is an element?  
Accept all ideas. An element is a substance made up of only one type of atom.

2. Have students take a strip of paper, measure the length, and record it in their data table.
3. Instruct students to cut the strip into equal halves. 
4. Have students take one of the halves, measure the length, and record.
5. Then ask students to cut the piece into equal halves again.
6. Students should continue steps 2–5 (steps 1–4 on their handout) until they can no longer cut the resulting piece in half.
7. Discuss:

• How many times were you able to cut the paper in half?  
Students’ answers will vary but usually it is 6–8 cuts.

• It would take 31 cuts to get down to the size of an atom. Do you think you would be able to get that small using 
tools other than scissors?  
Accept all answers, but one probably would not be able to without using very special equipment like a 
scanning electron microscope.

• What does this tell us about the size of an atom?  
It is extremely small and cannot be seen without a very powerful microscope.

Hook
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Activity: Using Symbols
Everyday Phenomena
What do the symbols on the periodic table tell us?

Description
Students become familiar with the names and symbols of the elements on the periodic table.

Materials
Printed
1 Using Symbols (per student)
1 Periodic Table (per student)

Reusable
1 Pair of scissors (per student)

Consumable
1 Bottle glue (per group)

Preparation
• Print one Using Symbols page and one Periodic Table per student.
•  The Periodic Table will be needed in the next activity, so you may want to print a class set and laminate them for 

repeated use.

Procedure and Facilitation Points
1. Discuss the following with students:

a.  We all know that all substances are made up of particles that are too small to be seen. What are these 
particles called?  
Atoms
i.  Introduce the vocabulary word atoms: the smallest particle of an element, made of electrons, protons, and 

neutrons.
ii.  Introduce the vocabulary word substance: any form of matter that is uniform throughout and has 

consistent properties.
b. Does anyone know what the different kinds of atoms are called?  
 Elements
c. Ask students to look at the Periodic Table of the Elements. What does this table show ? 
 All of the elements
d. Ask students to find the element carbon. What do you think the letter C stands for?  
 Carbon

Explore 1

Students will create pie charts and bar charts to explore various attributes 
of the elements found in the periodic table.

Resources/Materials:  
1 Attributes of Elements (per student)
1 Computer (per student or group)

Time: 30–45 minutes 

Students observe various crystals of solids and use models of the crystals to 
identify individual atoms, molecules, repeating subunits, and extended structures.

Resources/Materials:  
1 Atoms, Molecules, Extended Structures, and Substances (per student) 
1 Atoms, Molecules, Extended Structures, and Substances CER (per student) 
1 Periodic Table (per student)
1 Microscope (per group) 
3 Glass slides (per group)
3 Small portion cups (per group)
1 Pinch of salt (per group) 
1 Pinch of sugar (per group) 
1 Pinch of playground sand (per group)
(should contain quartz crystals)

Time: 1–2 hours

STEMCoach In Action 
Integrating Technology

Language Acquisition 
Four Square Vocabulary

Explore 4: TUVA

Additional Supports

Hands 
On!

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

STEMCoach In Action 
Facilitating 
Claim-Evidence-Reasoning

Language Acquisition 
Simile

Student Wondering of Phenomena: How can matter made of the same substances look so different?

Explore 3: Activity

Additional Supports

Hands 
On!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!

Check out the Teacher Toolbox for additional 
planning documents, instructional resources, 
and interactives!

Students work in 
collaborative groups.SA
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Activity: Combining Atoms
Everyday Phenomena
What are molecules made of?

Description
Students use interlocking cubes to combine atoms to form molecules.

Materials
Printed
1 Combining Atoms (per student)
1 Periodic Table, available in Teacher Toolbox: Resources (per student)

Reusable
1 Pencil, colored, red (per student)
1 Pencil, colored, blue (per student)
1 Pencil, colored, yellow (per student)
1 Pencil, colored, black (per student)
20 Blocks, interlocking, plastic, blue (per group)
20 Blocks, interlocking, plastic, white (per group)
5 Blocks, interlocking, plastic, black (per group)
5 Blocks, interlocking, plastic, yellow (per group)
5 Blocks, interlocking, plastic, red (per group)
5 Cups, disposable, plastic, any size (per group)
1 Marker, permanent (per class)

Preparation
• Print one Combining Atoms page for each student.
• If needed, print one Periodic Table for each student. It may be reused from the first activity.
• Label a set of cups for each group: hydrogen, oxygen, water, sodium hydroxide. Do not label the fifth cup.
•  Construction paper squares can be used instead of interlocking blocks (cut blue, black, yellow, white, and red 

paper into 3 x 3 cm squares).

Differentiation Points
Group students who need more guided practice together and spend more time with them. Let the other groups work 
more independently.
Group students with mixed needs and have them work together. Monitor all groups equally.

Explore 2Explore 1 (Continued)
2.  Tell students that a fun way to become familiar with the names and chemical symbols for each element is to find 

symbols that can be put together to spell words. Let’s see if we can spell the word BOOK.
3. What element has the symbol B?  
 Boron
4. What element has the symbol O?  
 Oxygen
5. What element has the symbol K?  
 Potassium
6.  Have students look up the names for each symbol in the word TINA and list the element names.  

Ti = Titanium, Na = Sodium
7.  Have students write their own name and try to spell it using element symbols.  

Answers will vary. Some letters are not on the periodic table. Have students find as many letters of their names as 
they can.

8.  Have students write as many words as they can using element symbols. Each word spelled must be followed by 
a list of each element name used in the word. You may use the back of this page if you need more room. Answers 
will vary.

9.  Ask students, “As you looked at the Periodic Table of the Elements, did you notice that the name of some elements 
didn’t match the letters of your symbol? There are 11 of these elements.”

10.  Tell students to match the symbol with the old word for the element in the card sort on the next page.
11.  Have students cut the cards apart and match the modern name and symbol to the original name. 
12. Students may glue the card sort to the back of their Student Journal or another page.
13. Discuss:

a. How many different words were you able to make from the element symbols?  
 Answers will vary.
b.  Why do you think each element has a unique chemical symbol and name?  

Answers will vary. Lead students toward the idea of chemical symbols as a shorthand for expressing 
combinations of elements in molecules and chemical formulas.

c. Which old world name did you find to be the most unusual?  
 Answers will vary. SA

MP
LE



Structure of Matter Structure of Matter
SC

OP
E

SC
OP

E4 4

© Accelerate Learning Inc. - All Rights Reserved© Accelerate Learning Inc. - All Rights Reserved 117116
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Explore 2 (Continued)
e.  Describe the contents of each cup. Which of the cups contain pure substances?  

Each cup that contains only one type of element or only one type of compound represents a pure substance. 
All the labeled cups contain pure substances, either elements or compounds. The unlabeled cup contains a 
mixture, so it does not represent a pure substance. 
Elaboration:
i.  Hydrogen cup: The cup contains models for three molecules of hydrogen. Only atoms of hydrogen are 

present, so this cup represents a pure substance.
ii.  Oxygen cup: The cup contains models for three molecules of oxygen. Only atoms of oxygen are present, so 

this cup represents a pure substance.
iii. Water cup: The cup contains models for three molecules of water. Although both hydrogen and oxygen are 

present, the cup contains identical molecules, so it represents a pure substance.
iv. Sodium hydroxide cup: The cup contains models for two molecules of sodium hydroxide. Although 

sodium, hydrogen, and oxygen are all present, the cup contains identical molecules, so it represents a 
pure substance.

v. Unlabeled cup: The cup contains models for two molecules of hydrogen and two molecules of oxygen. 
The cup does not contain identical molecules, so it does not represent a pure substance.

4.   Remove the hydrogen molecules from the unlabeled cup. Then construct and add one molecule of ozone to the 
oxygen molecules in the cup.

5.   Describe the contents of the unlabeled cup. Is this an example of a pure substance? Explain your answer.  
The contents of the unlabeled cup contains models for two molecules of oxygen and one molecule of ozone. 
Although only oxygen atoms are present in the cup, they represent two different forms of oxygen atoms. The 
molecules are not identical, so the contents of the cup do not represent a pure substance.

6.  Remove the oxygen and ozone molecules from the unlabeled cup and add all five individual carbon model cubes 
to the cup.

7.   Describe the contents of this cup. Is this an example of a pure substance? Explain your answer.  
This cup contains only individual carbon model cubes. Their chemical formulas are just the element symbols. 
Since atoms did not combine, they are not molecules. Only one form of carbon is present. This represents a pure 
substance because it is made of identical units of the same atoms.

8.  (Teacher note: This item is not on the student sheet.) Ask students to describe how simple models assist us in 
understanding the nature of molecules and their chemical formulas.  
Accept all answers. Simple physical models can help us visualize the nature and interaction of particles that are 
too small to be seen.
a. Record this example of scale and proportion on the class Crosscutting Concept chart. Discuss other examples 

of scale, proportion, and quantity that the students have previously explored. Charts can be found in the 
Teacher Toolbox.

Explore 2 (Continued)
Procedure and Facilitation Points
Part I:
1.  Discuss with the students:

a.  When we look at the Periodic Table of Elements, why don’t we see substances such as water listed?  
Water is not an element.

b. The chemical formula for the water molecule is H2O. What do you think the H stands for?  
 Hydrogen
c.  Introduce the vocabulary word molecule: the simplest unit of a chemical compound that can exist, formed 

when two or more atoms join together chemically
d. What do you think the “O” stands for?  
 Oxygen
e.  What do you think the subscript “2” stands for following the “H”?  

Accept all answers, but familiarize students with the use of subscripts to identify the number of atoms of each 
element present in a given molecule.

2.   Have students use their periodic table to fill in the Substance Composition column of the data table. Make sure 
they fill in both the number and type of each atom.

3.  Have each group use the snap cubes or construction paper to make a model of each molecule.
4.  Students should make a drawing of the molecule using the colors in the key.
5.  Discuss:

a.  Review what students have learned about subscripts in a chemical formula. Why does CH4 have only one atom 
of carbon and four atoms of hydrogen, rather than four of carbon and four of hydrogen? 
The subscript only applies to the atom that directly precedes it.

b.  Ask students if they know what a pure substance is?  
Accept all answers, but define the term “pure substance” for students: a substance that is made up of atoms 
from a single element or repeating units of combined atoms. Examples include the element hydrogen (H), 
oxygen gas (O2), or the compound water (H2O). Examples of substances that are not pure substances would be 
lemonade (water, lemon, and sugar mixed together).

Part II:
1.  Have students write a statement that explains the meaning of a subscript in a chemical formula. The subscript is 

the number of a particular kind of atom in a molecule of the substance.
2.  Distribute a set of cups to each group. 
3.  Ask students to work through the second page as a group.

a. Disassemble the molecule models of ozone, methane, nitrous oxide, and carbonic acid.
b.  Place the molecule models of hydrogen gas, oxygen gas, water, and sodium hydroxide into their 

correspondingly labeled cups.
c.  Use the remaining blocks to construct two additional molecules of each substance. Place them in their 

correspondingly labeled cups as well.
d.  Construct models for two molecules of hydrogen gas and two molecules of oxygen gas. Place all four 

molecules in the unlabeled fifth cup.
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Explore 3 (Continued)
Procedure and Facilitation Points
1. If students are not familiar with the microscope, go over their use and focusing procedures.
2. Discuss:

a. What is matter?  
Anything that has mass and takes up space

b. What is a solid?  
A state of matter with definite volume and shape

c.  What state of matter are the salt, sugar, and sand samples? Listen for the preconception that they are liquids 
because they pour.  
These individual grains are solid and collectively known as a granular solid, a material that has different 
properties from other solids.

d. Have students observe the substances under a low-power microscope and draw what they observe in the 
boxes. 

3.  Have students use the Periodic Table to help them fill in the data table with the information. 
4.   Discuss the vocabulary word “crystal”:  

Solid material whose atoms, molecules, or ions are arranged in an ordered pattern.
5.   Have students look at the graphic for the hierarchy of solids. Have each group of students discuss the graphic and 

determine what it means. Have students share their ideas with the class.  
Lead students to the idea that substances can be made of individual atoms, groups of molecules, or repeating 
subunits which are known as crystals.

6.  Have students work individually or in groups to answer the questions.
7.  Go over the circled answers on the crystals with students.
8.  Discuss answers with students.

a.  The picture to the left is the crystal of a piece of salt. Circle an individual atom of sodium and an individual 
atom of chlorine.

b. Are these the same type or different atoms?  
Different

c.  The picture to the right is a crystal of sugar. Circle an individual atom of carbon, an individual atom of 
hydrogen, and an individual atom of oxygen. Are these the same type or different atoms?  
Different

d.  The picture to the left is a crystal of quartz which makes up playground sand. Circle a repeating subunit found 
in this molecule. Hint: the subunit is built from 3 atoms and makes a bent shape. These bent shapes lock 
together to make larger shapes like triangles and hexagons. Are the atoms in the subunit all identical, or is it 
made from different elements?  
Different

e.  The picture to the right is the crystal of a diamond. Circle three individual atoms of carbon. Are these the same 
or different type of atoms?  
Same

Activity: Atoms, Molecules, Extended Structures, and Substances
Everyday Phenomena
What can crystals tell us about atoms?

Description
Students observe various crystals of solids and use models of the crystals to identify individual atoms, molecules, 
repeating subunits, and extended structures.

Materials
Printed
1 Atoms, Molecules, Extended Structures, and Substances (per student)
1 Atoms, Molecules, Extended Structures, and Substances CER (per student)
1 Periodic Table, available in Teacher Toolbox: Resources (per student)

Reusable
1 Microscope (per group)
3 Glass slides (per group)
3 Small portion cups (per group)

Consumable
1 Pinch of salt (per group)
1 Pinch of sugar (per group)
1 Pinch of playground sand (per group) (should contain quartz crystals)

Preparation
•  Print Atoms, Molecules, Extended Structures, and Substances and Atoms, Molecules, Extended Structures and 

Substances CER for each student.
• Use the Periodic Table from previous activities or print one for each student.
•  Prepare the slides for each group ahead of time by placing a few grains of each substance on a glass slide and 

placing a piece of transparent tape over the substance. This will allow you to use the same slides for each class. 
•  If you do not prepare the slides, make sure you have enough for each class and give a small amount of each 

substance to each group.
•  When dealing with hazardous materials, processes, and equipment, always follow proper safety precautions and 

protocols. Refer to: Science Safety Handbook for California Public Schools (CDE 2014)

Technology Suggestion
If microscopes are not available, find pictures of salt crystals, sugar crystals, and sand with quartz crystals to show to 
the class on a projector.

Explore 3
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TUVA: Attributes of Elements
Everyday Phenomena
How are elements classified on the periodic table?

Description
Students will create pie charts and bar charts to explore various attributes of the elements found in the periodic table.

Materials
Printed
1 Attributes of Elements (per student)

Reusable
1 Computer (per student or group)

Preparation
•  Print Attributes of Elements, which can be printed individually for student use, as a reusable class set, 

or assigned online.

TUVA Data Set: Elements in the Periodic Table Part I
Go to site to access the interactive TUVA data Set.

Procedure and Facilitation Points
1.  Show students a video of “The Elements Song.” To find a video, you can do an Internet search of “The Elements 

Song.” Make sure to watch the video before showing it to your students to ensure there is no inappropriate 
content. (There are many different versions. Most versions sing the elements in random order. One version has the 
elements in the same order as they appear on the periodic table.)

2. Discuss the song. Ask the following questions:
• What is the song about? 

This song is about the elements found in the periodic table.
• What is an element? 

An element is a substance made up of only one type of atom.
•  What is an atom? 

An atom is the smallest particle into which an element can be divided and still have the properties of 
that element.

3.  Brainstorm what the students know about the Periodic Table of the Elements, i.e., how it is organized, symbols 
that represent the elements, etc.

4. Have students access the TUVA Elements in the Periodic Table, Part 1 data set.
5. Have students read and briefly discuss the information given at the opening of the activity.
6. Have students then click out of the information page and begin to use the data.

Explore 4Explore 3 (Continued)
9.  Have students answer questions on the third page. Discuss with students.

a. Which of the extended solids had different atoms?  
Salt, sugar, and quartz

b. Which of the extended solids had the same atoms?  
Diamond

c.  What is the order of complexity of solids from least to greatest?  
Atoms, molecules, extended structures, substances

d.  Some molecules such as iodine have two atoms to make up the substance, while others have thousands. A 
molecule of sugar has 45 atoms to make up the substance. If a sugar crystal has 1,000 molecules, how many 
atoms are present?  
 45 x 1,000 = 45,000

e. In each drawing, there are lines between each atom and each molecule. What do you think these lines represent?  
These lines show that the atoms bond to each other and then the molecules connect to each other.

10.   Give students Atoms, Molecules, Extended Structures and Substances CER and have them write a scientific 
explanation about how atoms, molecules, and extended structures make up substances.
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Explore 4 (Continued)
(5) In what physical state do the greatest percentage of naturally occurring elements appear in nature? What is the 

percentage for that physical state?  
The greatest percentage of naturally occurring elements is made up of solids. Solids account for 82.2% of 
the naturally occurring elements.

(6) What trend do you notice in the data displayed as a bar chart?  
As the atomic number increases, the atomic weight of the element also increases.

(7) How many modes are found in this data set? 
There are five modes in this data set.

(8) What element has the same atomic weight as iridium? 
Osmium has the same atomic weight as iridium.

(9) What do you notice about all the mode elements in this data set?  
The atomic numbers of the two elements in each mode are consecutive.

Explore 4 (Continued)
7.  Discuss the following with students to help guide them in testing the modification capabilities of using the data set.

•  This data sample shows quite a few samples. Sometimes you might need to know exactly how many cases 
are in a data set. There are three ways to do this. One way is to click “Count” under the tab “Stats” and then 
click “Count Cases.” A second way to find out how many cases are in the set is to click on “Table View” and 
then scroll down to the bottom the table. The third method is to expand the Case Card by clicking on the small 
arrow after the title. How many cases are in this data set? 
There are 118 cases in this data set.

•  Why do you think there are 118 cases in this set? HINT: Remember, this data set is about the periodic table. 
There are 118 elements listed in the periodic table.

•  How might I find the chemical symbol for seaborgium using this data set?  
Students' answers will vary. One way is to go to Table View and scroll down to find seaborgium. If you click on 
seaborgium in the table, it brings up its case card with all of the information about the element.

•  What other information does the case card give you about seaborgium?  
The case card gives information about seaborgium’s period, group, type, atomic number, atomic weight, 
natural state, year discovered, discoverer, and whether it is naturally forming or man-made.

8. Distribute Attributes of Elements to students.
9. Facilitate a class discussion of the following questions.

•  Are all elements naturally forming? Explain your answer.  
Not all elements are naturally forming. Some are created in laboratory settings.

•  Elements in the periodic table can be classified by their physical state. In what states might the elements be 
found on Earth and in the atmosphere?  
Students will most likely identify solids, liquids, and gases. They might also mention plasma. (This data set 
actually divides the elements into solids, liquids, gases, and unstable.)

•  In what state do the greatest percentage of naturally occurring elements appear in nature?  
Allow students to make inferences about the physical state of the greatest percentage of naturally occurring 
elements. Ask them to explain their thoughts using scientific vocabulary where possible.

10.  Allow students to complete the investigation independently. Circulate among the groups, asking questions and 
redirecting thinking as needed.

11. Have students answer the questions in their Explore Student Journal as they manipulate the data.
12. Discuss answers with students.

(1) How many elements are naturally occurring? 
There are 90 naturally occurring elements.

(2) What are the four physical states into which the elements are classified?  
The elements are classified as solids, liquid, gases, or unstable.

(3) What do you notice about the physical states of man-made and naturally occurring elements?  
Naturally occurring elements can be classified as solids, liquids, or gases, while man-made elements 
are all unstable.

(4) How many naturally occurring elements are solids? Liquids? Gases?  
Of the naturally occurring elements, 74 are solids, 11 are gases, and 5 are liquids.
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Linking Literacy
Materials
Printed
1 STEMscopedia (per student)
1 Knowledge Transfer (per student)
1 Guide with Evidence (per student)
1 Structure of Matter (per class), can be projected

Consumable
Note cards

Pre-Reading Instructions
1. Project the Knowledge Transfer page for students.
2. Have students work in groups to create a list identifying similarities and differences between elements, molecules, 

and compounds.
3. Have students use whiteboards, a page in their journal, or note cards to list their answers.  

Answers will vary. Elements: pure substance, basic unit of matter, not bonded; molecules: composed of more than 
one atom, can be composed of only one element, can be repeating units of different elements, pure substances, 
bonded; compounds: composed of more than one atom of different elements, pure substances, bonded.

During-Reading Instructions
1. Provide the Guide with Evidence page to students while they read the article.
2. Have students determine whether they agree or disagree with the statements provided, and give evidence that 

supports their decision. 

Post-Reading Instructions
1. Provide a Structure of Matter page to students after they read the article.
2. Instruct students to complete the activity by writing a one-sentence summary that describes each type of matter.
3. Have students pair up to share their summarized statements and determine if each summarized statement 

describes the type of matter adequately.

A slide presentation of important vocabulary terms 
along with a picture and definition.

Atom
Crystal
Matter
Molecule
Pure Substance
Solid
Substance

Students use a Pre-, During- and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Knowledge Transfer 
During-Reading: Guide with Evidence 
Post-Reading: Structure of Matter

Time: 1 hour

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

Student Wondering of Phenomena: How can matter made of the same substances look so different?

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.

Resources/Materials: 
Computer with Internet access

Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.

Video: Structure of Matter

Time: 5 minutes each

Students will engage in a debate 
about lab-created diamonds from 
multiple perspectives.

Resources/Materials: 
Student Handout 
Internet-enabled device

Time: 1 hour

Concept Review Game Content Connection 
Video Communicate Science

INTEGRATE TECHNOLOGY
Visit the Teacher Toolbox for additional 
Communicate Science resources!
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Write a scientific explanation about 
how diamonds and graphite can 
both be made of pure carbon yet 
still be so different.

Resources/Materials: 
Student Handout

Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.

Resources/Materials: 
Student Handout

Time: 15 minutes

Short-answer and essay-
assessment questions to evaluate 
students' mastery of the concept.

Resources/Materials: 
Student Handout

Time: 15 minutes

Students use candies to review the 
differences between elements and 
compounds.
Resources/Materials: 
1 Compound Creation Board 
(per student) 
1 Elements and Compounds Review 
Questions (per student)
Plastic snack bag (per pair) 
Permanent marker (per pair)
7–8 Toothpicks (per pair)
10 Pieces of candy that are easy to 
write on; multiple colors would be 
best (per pair) 
Hard candies work well.
Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.

Resources/Materials: 
Student Handout

Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.

Resources/Materials: 
Student Handout

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

INTERVENTION

Evaluate student learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Concept Attainment Quiz

Reteach content and 
track progress.

Student Wondering of Phenomena: How can matter made of the same substances look so different?

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept.

Resources/Materials: 
Student Handout

Time: 30 minutes

An at, below, and above grade-level 
reading passage about the concept, 
which includes five to eight 
comprehension questions.

Resources/Materials: 
Student Handout

Time: 30 minutes

An overview of a scientist who 
made a contribution to their specific 
field.

Resources/Materials: 
Digital Scientist Profile

Time: 15 minutes

A ready-made interactive 
experience to support students’ 
understanding of the science 
concept.

Atomic Interactions

Build an Atom

Molecule Shapes: Basics

Rutherford Scattering

Resources/Materials: 
Computer with Internet access

Time: 15 minutes

Students will explore connections 
and applications of science content 
through interactions with authentic, 
real-world media provided by 
Associated Press.

Watch It!: What Is Our Food  
Made Of?

Resources/Materials: 
Student Handout

Time: 15 minutes

This Career Connections video is 
meant to be a tool that introduces 
your students to STEM careers and 
the 21st century skills needed to 
succeed in those fields. Watch the 
career video with your students 
and discuss how it applies to what 
they have learned. Your students 
will think like a STEM professional 
in no time!

Career: Welder
Science Rock 
Data Literacy–Trends of the 
Periodic Table

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Math Connections Reading Science Scientist Spotlight

Simulation Practice Career Connections

Use these elements as stations in the 
classroom or assign them for homework!

Science Today

Student Wondering of Phenomena: How can matter made of the same substances look so different?

Real 
World!

Sing standards-based science songs and 
dance to the tune with the Science Rock song!
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Look at the chemical formula for glucose. 
How could you use this information to help you develop a model?
I would make a model with six carbon atoms, twelve hydrogen atoms, and six oxygen atoms connecting together.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What information does a chemical formula give you? 
Chemical formulas tell you what elements and how many atoms of each element are present in a substance.

Segment 1

7th
grade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

Element Superhero Crest
Resources/Materials: 
1 Poster board or card stock, white, 8½" x 11" (per student) 
1 Color pencils, box, assorted colors (per student)

Time: 30 minutes

ACCELERATION

Challenge your students to 
think in new ways and extend 

their learning.
A list of trade books aligned with the 
lesson.

Resources/Materials: 
Links to titles can be found online.

Time: 15 minutes

A set of ideas and activities that can 
help elaborate on the concept.

Resources/Materials: 
Element Hunt 
Comic Strip Madness 
Field Trips

Time: 30 minutes

Science Art

ExtensionsBooks on Topic

Visit the Teacher Toolbox 
for additional resources!

Student Wondering of Phenomena: How can matter made of the same substances look so different?
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Science and Engineering Practices 

• Developing and Using Models 
Develop a model to predict and/or describe phenomena. 

• In the Hook, students use rice to model the 
molecular motion of a solid, liquid, and gas and 
discuss that rice grains represent individual 
molecules in a solid substance.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts

• Cause and Effect 
Cause-and-effect relationships may be used to predict 
phenomena in natural or designed systems.

• In Explore 1, students use a simulator to 
visualize cause-and-effect relationships between 
temperature, particle motion, and state of 
matter. 

• In Explore 2, students predict and measure the 
temperature of a mixture of hot and cold water 
and relate the temperature of the mixed water to 
its average kinetic energy. 

Crosscutting Concepts – Scoring Rubric

Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-PS1-4: Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure 
substance when thermal energy is added or removed. 

Clarification Statement: Emphasis is on qualitative molecular-level models of solids, liquids, and gases to show that 
adding or removing thermal energy increases or decreases kinetic energy of the particles until a change of state occurs. 
Examples of models could include drawings and diagrams. Examples of particles could include molecules or inert 
atoms. Examples of pure substances could include water, carbon dioxide, and helium.

Disciplinary Core Ideas Science and Engineering 
Practices Crosscutting Concepts

PS1.A: Structure and Properties of Matter 
Gases and liquids are made of molecules or inert atoms that 
are moving about relative to each other. (MS-PS1-4)
In a liquid, the molecules are constantly in contact with 
others; in a gas, they are widely spaced except when they 
happen to collide. In a solid, atoms are closely spaced and 
may vibrate in position but do not change relative locations. 
(MS-PS1-4)
The changes of state that occur with variations in 
temperature or pressure can be described and predicted 
using these models of matter. (MS-PS1-4)

Developing and Using 
Models 
Develop a model to 
predict and/or describe 
phenomena. (MS-PS1-4)

Cause and Effect 
Cause-and-effect 
relationships may 
be used to predict 
phenomena in natural or 
designed systems. 
(MS-PS1-4)

Disciplinary Core Ideas

• PS1.A: Structure and Properties of Matter 
•  Gases and liquids are made of molecules or 

inert atoms that are moving about relative to 
each other.

• In a liquid, the molecules are constantly in contact 
with others; in a gas, they are widely spaced except 
when they happen to collide. In a solid, atoms are 
closely spaced and may vibrate in position but do not 
change relative locations.

• The changes of state that occur with variations 
in temperature or pressure can be described 
and predicted using these models of matter.

• All the elements found in the Changes in Energy on 
the Molecular Level scope are designed to address 
the subelement for PS1.A.

• Students begin the scope by using rice to model the 
molecular motion of a solid, liquid, and gas.

• Students go on to use a simulator and develop 
models to predict and describe particle motion 
of matter. They also predict and measure 
temperatures and relate temperature to average 
kinetic energy.

• Students will use a simulator to visualize cause-
and-effect relationships between pressure, particle 
motion, and state of matter and develop models to 
predict and describe particle motion of matter.SA
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Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students will 
use their Graphic Organizer as their note-taking devices to record the information gained in each section as they begin 
to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing Prior 
Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions they 
have before beginning the scope. In this Changes in Energy on the Molecular Level APK, students observe molecular 
models of a solid, liquid, and gas and then discuss the relationship between temperature and these models. This 
will help uncover possible preconceptions students have before beginning the lesson. Teachers can keep any such 
preconceptions in mind as they move through the scope. The final element in the Engage section is the Hook. Here, 
the students start with their first experience with the content. They will build on their knowledge as they continue 
moving through the scope.

Students then dig deeper into the content through the three Explore activities. In Explore 1, students use a simulator 
to visualize cause-and-effect relationships between temperature, particle motion, and state of matter. Students 
develop and use models to predict and describe particle motion of matter. In Explore 2, students predict and measure 
the temperature of a mixture of hot and cold water and relate the temperature of the mixed water to its average kinetic 
energy. In Explore 3, students use a simulator to visualize cause-and-effect relationships between pressure, particle 
motion, and state of matter. Students also develop and use models to predict and describe particle motion of matter. 
Explore 1 includes a formative CER assessment to help the teacher gauge students’ understanding at that point. By 
the end of the Engage and Explore activities, students should be able to develop a model that predicts and describes 
changes in particle motion, temperature, and state of a pure substance when thermal energy is added or removed. 

Students will continue to refine their knowledge of the content as they move through the elements in the Explain 
and Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have 
limited time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. 
The teacher can then formally assess the students’ understanding by using any of the three summative assessments 
provided in the Evaluate section. If the students require additional help gaining proficiency with the content, 
resources can be found in the Intervention section. Students who have achieved mastery of the concept can move 
over to the Acceleration pieces. 

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on 
these forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and 
on the CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.

Category K–2 3–5 Middle School High School

PS1.A: Structure 
of Matter (includes 
PS1.C Nuclear 
Processes)

Matter exists as 
different substances 
that have observable 
different properties. 
Different properties 
are suited to different 
purposes. Objects 
can be built up from 
smaller parts.

Matter exists as 
particles that are 
too small to see, and 
so matter is always 
conserved even if it 
seems to disappear. 
Measurements of a 
variety of observable 
properties can be used 
to identify particular 
materials.

The fact that matter is 
composed of atoms 
and molecules can 
be used to explain 
the properties of 
substances, diversity 
of materials, states 
of matter, phase 
changes, and 
conservation 
of matter.

The subatomic 
structural model and 
interactions between 
electric charges at 
the atomic scale can 
be used to explain 
the structure and 
interactions of matter, 
including chemical 
reactions and nuclear 
processes. Repeating 
patterns of the 
periodic table reflect 
patterns of outer 
electrons. A stable 
molecule has  
less energy than the 
same set of atoms 
separated; one must 
provide at least this 
energy to take the 
molecule apart.

Prior Knowledge and Progression
By the end of Grade 5, students understand that matter of any type can be subdivided into particles that are too small 
to see, but even then, the matter still exists and can be detected by other means (e.g., by weighing it or observing its 
effects on other objects). For example, a model showing that gases are made from matter particles that are too small 
to see and are moving freely around in space can explain many observations, including the inflation and shape of a 
balloon, the effects of air on larger particles or objects (e.g., leaves in wind, dust suspended in air), and the appearance 
of visible-scale water droplets in condensation, fog, and, by extension, clouds or the contrails of jets. The amount 
(weight) of matter is conserved when it changes form, even in transitions in which it seems to vanish (e.g., sugar in 
solution, evaporation in a closed container). Measurements of a variety of properties (e.g., hardness, reflectivity) 
can be used to identify particular materials. (Boundary: At this grade-level, mass and weight are not distinguished, 
and no attempt is made to define the unseen particles or explain the atomic-scale mechanism of evaporation and 
condensation.) 
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Differences in kinetic energy (energy of moving matter) explain why matter exists in different states 
(solid, liquid, gas, and plasma). Solid particles have low energy and vibrate in a fixed position. Liquid particles 
have higher energy and move freely past each other. Gas particles are widely spaced, with high energy and 
little attraction to each other. Plasma particles are ionized gas, have the highest energy, and have indefinite 
volume and indefinite shape.

The particles of all matter are in constant motion, so 
they have kinetic energy. The theory that all matter 
consists of constantly moving particles is called the 
kinetic theory of matter. Varying amounts of kinetic 
energy explain the difference in the state of matter of 
a solid, a liquid, and a gas. One assumption in kinetic 
theory is that particles of matter are attracted to each 
other but can move apart if they have enough kinetic 
energy to overcome the attractive force. Another 
assumption in kinetic theory is that matter exists as a 
solid if particles do not have enough kinetic energy to 
overcome the force of attraction between the particles, 
but they still vibrate. This results in solids having a fixed 
volume and a fixed shape. If particles have enough 
kinetic energy to partially resist the attractive forces 
between them, then matter exists as a liquid. Particles 
slide around but cannot pull apart completely. This results in liquids changing shape but having a fixed volume. 
If particles have enough kinetic energy to overcome the force of attraction between them, then matter exists as a 
gas. The gas particles spread out, and resulting gases have neither a fixed volume nor a fixed shape.

Adding or removing thermal energy increases or decreases kinetic energy of the particles until a change of 
state occurs. This is called a phase change.

An increase in thermal energy increases the speed of the movement (kinetic energy) of molecules in a liquid. A 
decrease in thermal energy decreases the speed of the movement (kinetic energy) of the molecules in a liquid. 
What sets these four states apart is the kinetic energy (movement of and distance between the particles) that 
make up the matter.
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Liquid

Has definite
volume and 

shape like wood
 or a rock

Has definite
volume, but no

definite shape like
water or gasoline

Has no definite
volume and no 

definite shape like
air or helium

Solid Liquid Gas

States of MatterPhenomena

Scope Timeline

Students begin this scope by viewing a video of water freezing instantly as it is thrown up into the air and are 
encouraged to try to generate questions and answers regarding why boiling water freezes in extremely cold, 
dry air. As students move through the scope and investigate the Student Wondering of Phenomena question 
above they will be doing many activities to learn the information needed to describe the events happening in 
the Investigative Phenomena. 
Throughout the scope students will interact with the following everyday phenomena:
• How does the molecular motion of a solid, liquid, and gas differ?
• How can we predict and describe particle motion of the different states of matter?
• How is the temperature of a substance related to its average kinetic energy?
• How does pressure affect particle motion in the different states of matter?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “What happens to substances when we change the amount of available 
thermal energy?” to complete the Claim-Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
What happens to substances when we change the 
amount of available thermal energy?

1 hr

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

2.25 
hrs 2 hrs 1 hr 1 hr
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particle movement consists of vibrations only, as the bonds are too strong to allow anything else. A solid has a 
stable, definite shape and a definite volume. Solids can only change their shape by force, as when broken or cut.

If a solid absorbs enough energy, it can melt and change into the liquid state. Solids can also change directly 
into gases through a process called sublimation. Ice cubes in a freezer are an example of this. When left for a long 
period of time, the ice in an ice tray will slowly disappear or sublimate into the freezer air.

Liquid molecules have more energy than solids and can move 
past each other, which allows them to flow and take the shape 
of the container. Although the shape of liquids is indefinite, 
their volume is definite. Liquids are not easily compressible.

The particles in a liquid have higher energy and are able to 
move freely past each other. Liquids will take the shape of the 
bottom of the container they are in, as the particles are free 
to move past each other. Liquids are more compressible than 
solids, but much less compressible than gases. The particles 
in a liquid move around much easier than in a solid. For this 
reason, a liquid will take the shape of whatever container it is 
in. The volume of matter usually increases in the liquid state, 
except water. When water freezes, the volume increases. This 
is why putting a soda bottle in the freezer will cause the bottle 
to break open as the water contained in it freezes. When matter 
changes from a liquid to a gas, it is called vaporization or 
evaporation.

Gas molecules have higher energy than liquids, which results 
in rapid movement. Because gas molecules can expand, gases 
have indefinite volume and indefinite shape and can fill a 
container. Gases are easily compressible.

The particles in a gas are widely spaced, with high energy and 
little attraction to each other. Gases do not have a definite shape 
as the particles have a high degree of freedom to move past each 
other. Gases will expand to fill the (closed) container they are 
in. Due to the wide spacing between particles, gases are highly 
compressible. The particles in a gas have the most movement 
and space between particles. The more energy a gas has, the 
faster and further apart the particles become. This allows 
gases to conform to any container as well as fill it completely. 
A gas can also be compressed, which allows it to be put under 
pressure. If enough pressure is applied to a gas, it can be forced 
into a liquid state. When a gas changes to a liquid, it is called 
condensation. It can also change directly into a solid, which is 
called deposition. If a gas is ionized, it will become a plasma.

Teacher Background (Continued)

Liquid

Molecules in a liquid:

Examples: water, paint, ink, blood, juice

•  have more energy than solids.

•  slide past each other, so they
   take the shape of the container.
•  have indefinite shape.
•  have definite volume.
•  are not easily compressible.

•  move faster than solids.

Gases

Gas

Molecules in a gas:

Examples: oxygen, hydrogen, air, propane

•  have more energy than liquids.

•  expand to fill a container.
•  have indefinite shape.
•  have indefinite volume.
•  are easily compressible.

•  move faster than liquids.

Teacher Background (Continued)

When a substance changes its state of matter, it is still the same 
substance and can revert back if the conditions are right. Phase 
changes can be caused by adding or removing thermal energy 
(change in temperature), changes in pressure, or a combination 
of both. Temperature is a measurement of the average kinetic 
energy of the molecules in an object or system. It does not 
depend on the number of molecules in the system. Heat is a 
measure of the thermal energy transferred from one object or 
system to another. Heat moves from a higher temperature to a 
lower temperature. When there is no difference in temperature, 
no heat flow occurs. Pressure is defined as force per unit area.

The average kinetic energy of the molecules in the solid 
increases as heat is added to a solid. This raises the 
temperature of the substance. Under normal atmospheric 
pressure, the solid will melt into a liquid. While the solid is 
melting, the temperature does not change. Energy goes into 
the phase change, breaking the attractive bonds without an 
increase in molecular speed. This is a change in potential 
energy, not kinetic energy. With continued addition of heat, 
the liquid will turn into a gas. While the liquid is vaporizing, 
the temperature again does not change. The amount of 
energy that must be added to change the temperature of a 
substance depends on the substance and its phase. A phase 
diagram graphing temperature on the x-axis and pressure 
on the y-axis can show the phase transitions of a particular 
substance. At higher pressure, more heat is required to 
produce a phase change. Above a critical temperature and 
pressure, the substance remains in a liquid state and is called a 
“supercritical” fluid.

Solid molecules have the least energy of the four states of 
matter, which results in the slowest movement of particles. 
Solid molecules just vibrate in fixed positions,which give 
them a definite shape and volume. Solids are not easily 
compressible.

The particles in a solid have low energy and vibrate in a 
fixed position. Solids have a fixed shape due to the fixed 
arrangement of the particles. The fixed arrangement of the 
particles in a solid makes them relatively incompressible. 
Matter in the solid state has particles that are tightly packed 
together, usually in some sort of crystalline structure. The 
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Solids

Solid

Molecules in a solid:

Examples: bricks, rocks, metal, bone

•  have the least energy.

•  packed the closest.
•  have definite shape.
•  have definite volume.
•  are the least compressible.

•  move the slowest; just vibrate 
    in place.

80 calories 600 calories

Heat Energy Released

Heat Energy Absorbed

Solid Water Liquid Water Water Vapor
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5E Activity Assessment 
Options Notes and Suggestions

Planning Home
Standards Alignment
Teacher Background
Materials List
Answer Keys

Take note of which 
Explore activities you 
will assess using the 
CCC and SEP rubrics 
for this scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up videos 
for each hands-on activity under Engage and Explore.
Optional: Introduce the Anchoring Phenomena and Mission 
Briefing from the Mission Log within the Segment Resources.

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative 
Phenomena
Hook – Writhing Rice

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-taking 
template throughout the scope.
Accessing Prior Knowledge is a formative pre-assessment 
and should not be graded for mastery.

Day 2

Explore Explore 1: Activity – 
Changes in State
Picture Vocabulary
Content Connection 
Video – Changes 
In Energy On The 
Molecular Level

Student Journal 
Responses
CCC Rubric
Embedded CER in 
Explore 1

Optional: Use the Content Connection Video found under 
Explain to help you review/explain this content to students 
before/during the activity if needed.
Use the Picture Vocabulary resources found under Explain to 
introduce words in the Explore 1 lesson. 
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 3

Explore

Explore 2: Activity – 
Kinetic Energy and 
Temperature
Linking Literacy
STEMscopedia

Student Journal 
Responses
CCC Rubric
ELD Strategy – Think, 
Draw, Explain
Linking Literacy 
– Key Point 
Connections 
and Real-World 
Implications

Use the ELD Strategy as an exit ticket.
Assign STEMscopedia reading as homework. If there is time 
during class, use the pre-reading strategy, Picturesque 
Descriptions, from Linking Literacy to prime students for 
independent reading.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Explain

Day 4 Explore
Explore 3:  
Activity – Changes 
with Pressure

Student Journal 
Responses
CCC Rubric

Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon.

Day 5 Explain

Concept Review Game
Communicate Science 
– Persuasive Speech
Picture Vocabulary 
Activity – Bam!

Communicate 
Science Rubric 

The Concept Review game can be used as a bellringer or 
warm-up activity.
Use the Picture Vocabulary Strategy as a closing activity if 
needed.
Revisit the Investigative Phenomena from Day 1 and invite 
students to connect what they learned to the phenomenon. 

Day 6
*Optional 

Activities for 
Extension/

Differentiation

Elaborate

Teacher or student 
choice!
Simulations – Friction
Simulations – States 
of Matter: Basics

Utilize the Math Connections and Reading Science in your 
designated Math and Reading blocks.

Intervention Guided Practice
Independent 
Practice
Concept Attainment 
Quiz

Building an extra day into your plan allows time to work with 
struggling students using the activities from the Intervention 
element before moving to summative assessment. 
Students who need more support can work with the teacher in 
small groups while other students are working on Elaborate or 
Acceleration elements or reviewing material from previous days.

Acceleration Science Art Activity – 
Manic Molecules

You can also move the summative evaluation up a day, which 
leaves time for Intervention/Acceleration after if necessary. 

Day 7 Evaluate

Multiple Choice 
Assessment
Open-Ended 
Response
Claim-Evidence-
Reasoning

Summative 
Assessments: MCA, 
OER, CER 

The Investigative Phenomena introduced on Day 1 and used 
throughout the scope directly ties into the summative CER 
assessment. Use the Investigative Phenomena to prime 
students for this final assessment.
After completing the scope, go back to the Mission Log and 
have students complete the Graphic Organizer – Information 
Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule. 

“Essential Track” elements are listed in blue 
and should be prioritized when time is short. 

Student Wondering of Phenomena: What happens to substances when we change the amount of available thermal energy?

7th Grade | Segment 1: Organisms and Nonliving Things Are made of Atoms | 
Scope 5: Changes in Energy on the Molecular Level

Plasma has the highest level of energy of the four states of 
matter. Plasma is ionized gas made by heating gas to high 
temperatures or applying a strong electromagnetic field 
that strips the gas of its electrons. Like a gas, plasma has no 
definite shape and no definite volume.

Plasmas, like gases, have indefinite shape and indefinite 
volume. When a gas has electricity running through it or if its 
temperature is raised to an extreme level, the gas becomes a 
plasma. Examples of plasmas are everywhere and include the 
Sun, flames, fluorescent lights, and lightning. A plasma is an 
ionized gas. The plasma state is formed when electrons are 
ripped away from their atoms, causing them to move freely 
around the gas. This is called ionization. Deionization happens 
when plasma goes back to the gaseous state. A plasma is an 
ionized gas. It is a very good conductor of electricity and is 
affected by magnetic fields.

Teacher Background (Continued)

Plasma

Gas

Molecules in a plasma:

Examples: Sun, lightning, flames, aurora

•  have the most energy.

•  are ionized gas atoms stripped
    of electrons.
•  have indefinite shape.
•  have indefinite volume.

•  move faster than gases.
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Description
In this activity, students observe molecular models of solid, liquid, and gas and then discuss the relationship between 
temperature and these models.

Materials
Printed
1 Changes in Energy (per student)

Preparation
• Print one copy of Changes in Energy for each student.

Facilitation
1. Distribute copies of Changes in Energy to each student in class.
2. Tell students they may pair with partners or form small groups to complete this activity.
3. Once they are paired with partners or in groups, direct students to examine the models included on the Changes in 

Energy page.
a. Review the following vocabulary word:

• Matter: anything that has mass and takes up space.
4. Have students discuss the models with their partners or groups and then respond to the questions asked. 
5. Encourage students to think about what they have experienced or previously learned about temperature and how 

it affects matter.
6. Monitor students’ discussions for preconceptions.

Preconceptions
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at this 
point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
• Students may think that the temperature changes are the result of the matter changing states. 

Changes in states are the result of adding and removing thermal energy from matter. Increasing the temperature 
(adding thermal energy) causes an increase in the motion of the particles. If sufficient energy is added, the 
particles will move away from each other enough to change a solid into a liquid and then into a gas. Removing 
energy from the matter has the opposite effect.

• Students may think that heat and cold are different. 
Cold is the absence of heat. Heat and cold can be thought of as opposite ends of a continuum.

Accessing Prior Knowledge

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

In this activity, students observe molecular 
models of solid, liquid, and gas and then discuss 
the relationship between temperature and these 
models.

Resources/Materials: 
1 Changes in Energy (per student)

Time: 15–30 minutes

Students will use rice to model the molecular motion 
of a solid, liquid, and gas.

Resources/Materials:  
1 Writhing Rice (per student)
1 Plate, paper (per group) 
1 Beaker, 250 mL (per group) 
Rice, 5 cm3 (~ 5 g) (per group)* 
*Regular white rice works well for this activity. 

Time: 15–30 minutes

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.

Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.

Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.

Materials List: A self-calculating spreadsheet to identify all reusable and consumable materials needed in each part 
of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!SA
MP
LE
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Hook (Continued)
8. Discuss:

a. What do the added vibrations represent?  
Adding heat (thermal energy)

b. Introduce the following vocabulary term:
i. Thermal energy: the total kinetic (motion) energy of tiny particles that make up matter; the faster the 

particles move, the warmer the matter becomes.
c. We use the words “kinetic energy” when we talk about the energy of motion (energy of movement).

9. Have students use the rice model to draw a diagram of molecular motion and arrangement for a liquid inside the 
square on their handout. 

10. Remind them to add something to represent motion and show relative position of the molecules of the liquid.
11. Have students continue tapping until all of the rice grains separate to model a change from the liquid to gas state. 
12. Tell students to use the rice model to draw a diagram of molecular motion and arrangement for a gas inside the 

square on the next page of their journal. 
13. Discuss:

a. What did the added vibrations represent?  
Even more heat (thermal energy) added

14. Remind students to add something to represent motion and show relative position of the molecules of the gas.
15. Have students repeat the modeling procedure if necessary to complete the drawings for liquid and gas.
16. Discuss:

a. When matter is in a different state such as a solid, a liquid, or a gas, what happens to the motion of the atoms 
and molecules?  
As the atoms and molecules in matter move from a solid to a liquid to a gas, their motion speeds up.

b. What is the energy of motion called?  
Kinetic energy

c. How can kinetic energy be added to a system?  
Pushing, pulling, adding thermal energy

d. What was added to the system to cause a change of motion?  
Heat/Thermal energy

e. What happened to the motion of the particles (rice) when the thermal energy was added to the system?  
They moved around.

f. What happened to the state of matter when the thermal energy was added to the system?  
The state of matter changed from solid to liquid to gas.

Everyday Phenomena
How does the molecular motion of a solid, liquid, and gas differ?

Description
Students will use rice to model the molecular motion of a solid, liquid, and gas.

Materials
Printed
1 Writhing Rice (per student)

Reusable
1 Plate, paper (per group)
1 Beaker, 250 mL (per group)

Consumable  
Rice, 5 cm3 (~ 5 g) (per group)*

Preparation
1. Print one Writhing Rice handout per student.
2. Give each group 5 mL of dry rice measured as 1 standard U.S. teaspoon. The exact amount is not critical.

Procedure and Facilitation Points
1. Discuss:

a. When matter is in a different state such as a solid, a liquid, or a gas, what happens to the motion of the  
atoms and molecules?  
Accept all answers.

b. Review the following vocabulary term:
i. States of matter: distinct forms of matter known in everyday experience as solid, liquid, and gas; 

also referred to as phases of matter
2. Have students place the paper plate on top of the beaker and pile up the rice in the center of the plate (no space 

between the rice grains).
3. Discuss with the students that the rice grains represent individual molecules in a solid substance.
4. Have students use the pile of rice as a model to draw molecular motion and arrangement of a solid inside the 

square on their journal.
5. Discuss with students that even solids have molecular motion due to vibration.
6. Have students loosely hold the plate with one hand so that it does not fall off the beaker.
7. Tell students to model adding thermal energy by gently tapping the surface of the plate with a pencil to model a 

change in the molecular motion from a solid to liquid.

Hook

*Regular white rice works well for this activity
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Students use a simulator to visualize cause-and-effect relationships 
between pressure, particle motion, and state of matter. Students also 
develop and use models to predict and describe particle motion of 
matter. 

Resources/Materials:  
1 Changes with Pressure (per student)
1 Computer, with Internet access (per student or group)

Time: 30–45 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Math Moment 
Positive and Negative Correlations

STEMCoach In Action 
Integrating Technology

Language Acquisition 
Think, Draw, Explain

Explore 3: Activity

Additional Supports

Hands 
On!

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

Check out the full facilitation 
instructions online!

Students use a simulator to visualize cause-and-effect relationships 
between temperature, particle motion, and state of matter. Students 
develop and use models to predict and describe particle motion of 
matter. 

Resources/Materials:  
1 Changes in State (per student) 
1 Changes in State CER (per student)
1 Computer, with Internet access (per student or group) 

Time: 30–45 minutes

Students will predict and measure the temperature of a mixture of hot 
and cold water and relate the temperature of the mixed water to its 
average kinetic energy.

Resources/Materials:  
1 Kinetic Energy and Temperature (per student) 
1 Hot plate (per class)* 
2 Glass beakers, 500 mL (per class) 
1 Graduated cylinder, 50 or 100 mL (per group) 
1 Thermometer (per group)
1 Funnel (per group) 
*A coffee urn may be used to heat water. 
3 Foam cups (per group) 
1 Cup of ice (per class) 
Water, 80 mL (per group)

Time: 30–45 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Failure to Make Connections

STEMCoach In Action 
Fostering Data Utilization

STEMCoach In Action 
Integrating Technology

Language Acquisition 
Agreement Circles

Language Acquisition 
Claim-Evidence-Reasoning

Explore 1: Activity

Three Dimensional!

Additional Supports

Students work together to construct 
their own understanding of the content.

Hands 
On!

Explore 2: Activity

Additional Supports

Hands 
On!

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

Embedded questions and 
sample students' responses!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!
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Explore 1 (Continued)
10.  Have the students predict what they think will happen when they increase the heat (add thermal energy).  

Answers will vary. The molecules will start to move faster; the molecules will start to spread out. 
11.  Students will add heat to the system by adjusting the heat at the bottom of the simulator. As the heat increases, 

they will make a drawing and write their observations in the space below about the behavior of the molecules. 
12. Introduce the vocabulary word “liquid”:
 a. A state of matter with a definite volume but no definite shape
13.  Have the students predict what they think will happen when they continue to increase the heat  

(add thermal energy).  
Answers will vary. The molecules will start to move even faster; the molecules will start to spread out further. 

14. Continue to add heat until the temperature is at its highest point.
15.  Once the highest point has been reached, students will make a drawing and write their observations about the 

molecules’ behavior in the space provided on their student documents. 
16. Introduce the vocabulary word “gas”:
 a. A state of matter in which the matter will take the shape and volume of its container
17.  They will then remove heat from the system by controlling the heat at the bottom of the simulator. As the 

temperature drops, they will make a drawing and write their observations about the behavior of the molecules in 
the space provided in their journals.

18.  When the temperature has decreased to its lowest point, they will make a drawing and write their observations 
about the behavior of the molecules in their journals.

19.  Have the students choose neon from the box on the right side of the simulation. They should observe the behavior 
of the molecules when heated and cooled.

20. Introduce the vocabulary word “pure substance”:
 a. A single substance, either an element or a compound, with definite composition and properties
21.  Neon is considered a pure substance. Have students discuss what they observe about the molecules.  

Neon molecules are all the same size and shape. There are no other types of molecules in the container.
22. Have students click through the other molecules (argon, oxygen, and water).
23.  Could the other molecules in this simulation be considered pure substances?  

Yes, there are no other types of molecules in the container.
24.  Discuss with the students that not only are the molecules pure substances, but they are also inert atoms. 

The term “inert atom” is used to describe a substance that is not chemically reactive.
25. Go over the questions from the student page with the students.
 a.  Our substance started out as a solid. How did the molecules behave?  

Vibrated in place
 b.  What happened to the molecules as heat was added?  

The molecules began to separate, filling the space at the bottom of the container. Also, a few molecules began 
to break away and float up.

 c.  When the heat was at its highest point, how did the molecules behave?  
The molecules filled the entire container with high speed and lots of collisions.

Activity: Changes in State
Everyday Phenomena
How can we predict and describe particle motion of the different states of matter?

Description
Students use a simulator to visualize cause-and-effect relationships between temperature, particle motion, and state 
of matter. Students develop and use models to predict and describe particle motion of matter.

Materials
Printed
1 Changes in State (per student)
1 Changes in State CER (per student)

Reusable
1 Computer, with Internet access (per student or group)

Preparation
• Print the Changes in State page for each student.
• Print the Changes in State CER page for each student.
• Access the PhET website and find the “States of Matter” simulation.

Procedure and Facilitation Points
1.  Students should work individually to complete this task if enough computers are available. Allow students to 

discuss concepts with their group if appropriate. 
2.  Tell students that computer simulations can help us visualize how molecules, which make up a substance, 

move differently as the substance changes state.
3. Access PhET simulation called “States of Matter” through the site.
4. Have students change the temperature indicator from Kelvin to Celsius.
5. Introduce the vocabulary word “temperature”:
 a.  Average kinetic energy of all the particles in a material; measured by a thermometer in degrees (usually Celsius 

or Fahrenheit)
6. Students will start with water in its solid state for the substance.
7.  Have them draw and write their observations about the molecules in the solid in the space provided on their 

journal page.
8. Introduce the vocabulary word “molecule”:
 a.  The simplest unit of a chemical compound that can exist, formed when two or more atoms join 

together chemically
9. Introduce the vocabulary word “solid”:
 a. A state of matter with definite volume and shape

Explore 1
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Explore 2
Activity: Kinetic Energy and Temperature
Everyday Phenomena
How is the temperature of a substance related to its average kinetic energy?

Description
Students will predict and measure the temperature of a mixture of hot and cold water and relate the temperature of 
the mixed water to its average kinetic energy.

Materials
Printed
1 Kinetic Energy and Temperature (per student)

Reusable
1 Hot plate (per class)*
2 Glass beakers, 500 mL (per class)
1 Graduated cylinder, 50 or 100 mL (per group)
1 Thermometer (per group)
1 Funnel (per group)

Consumable
3 Foam cups (per group)
1 Cup of ice (per class)
Water, 80 mL (per group)

Preparation
• Print Kinetic Energy and Temperature for each student.
• Heat enough water on a hot plate or in a coffee urn so that each group will have at least 40 mL of water.
• Make at least 40 mL of ice water for each group
•  Always ensure a clean workspace! Immediately clean up spills and broken glass, and periodically store away 

unnecessary equipment and materials. Refer to: Science Safety Handbook for California Public Schools (CDE 2014)

Procedure and Facilitation Points

Part I
1.  Work with students to complete the math portion of the activity. Stress that they are calculating an 

average temperature.

*A coffee urn may be used to heat water.

Explore 1 (Continued)
 d.  Since we started as a solid, what other states of matter did we observe?  

Liquid and gas
 e.  When you started to remove heat from the container, how did the molecules behave?  

The molecules slowed down and began to fall to the bottom of the container.
 f.  When all the heat had been removed from the container, how did the molecules behave?  

The molecules came back together at the bottom of the container but in a different shape than at the start.
i. Record this example of a cause and effect relationship on the class Crosscutting Concept chart. Discuss 

other examples of cause and effect that the students have previously explored. Charts can be found in the 
Teacher Toolbox.

 g.  When you first started removing heat, the substance was a gas. What states of matter did you see as all the 
heat was removed?  
Liquid and solid

26. Discuss:
 a.  Can you come up with a conclusion sentence to summarize what we just learned?  

Matter can exist in three different states: solid, liquid, and gas. Changes in state for water can be readily 
observed as water boils into steam or freezes into ice.

27.   Give students the Changes in State CER page, and have them write a scientific explanation that explains how the 
addition of heat affects the location and movement of molecules within a substance.
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Explore 3
Activity: Changes with Pressure 
Everyday Phenomena
How does pressure affect particle motion in the different states of matter?

Description
Students use a simulator to visualize cause-and-effect relationships between pressure, particle motion, and state 
of matter.
Students develop and use models to predict and describe particle motion of matter.

Materials
Printed
1 Changes with Pressure (per student)

Reusable
1 Computer with Internet access (per student or group)

Preparation
1. Print Changes with Pressure for each student.
2.  Access the PhET website and find the States of Matter: Basics simulation.

Procedure and Facilitation Points
1.  Have students work individually to complete this task if enough computers are available. Allow students to discuss 

concepts with their group if appropriate.
2.  Tell students computer simulations can help us visualize how molecules, which make up a substance, move 

differently as the substance changes state.
3. Access the PhET simulation called States of Matter: Basics through the site.
4.  Have students start with water as the substance. It will be shown in its solid state.
5.  Have them draw and write their observations about the molecules in the solid in the space provided on their 

journal page.
6. Introduce the vocabulary word “vibrate”:
 a. To move rhythmically and steadily; oscillate
7. Introduce the vocabulary word “pressure”:
 a. Force exerted on matter through contact with other matter; affects melting and boiling points
8.  Have students slowly add pressure to the system by clicking on the finger or pot lid and moving the lid downward. 

As the pressure increases, they should make a series of drawings and write their observations about the behavior 
of the molecules. Have students note the rate of collisions in each stage.

9. Introduce the vocabulary word “collide/collision”:
 a. Strike or hit something with great force
10. Continue to add pressure until the maximum is reached.

Explore 2 (Continued)
Part II
1. Students will work together in a group to complete this activity.
2. Assign students to obtain hot water and cold water in two different cups.
3. Safety concern: Supervise students who are obtaining hot water.
4. Students will obtain half a cup of each temperature of water.
5. After returning to their groups, they will measure the starting temperature of each cup of water.
6. Make sure they record both temperatures in the data table.
7.  Have students complete the calculation, predict the temperature of the mixed water, and record their prediction 

in the data table.
8.  Instruct students to use the funnel to measure 40 mL of hot water into the graduated cylinder and then pour it into 

the empty third cup.
9.  Again, students will use the funnel to measure 40 mL of cold water into the graduated cylinder and then pour it 

into the third cup to mix them.
10. Have students measure the temperature of the third cup of water and record the temperature in the data table.
11. Discuss the following concepts with the students:
 a. Kinetic energy: energy of motion
 b. Average kinetic energy: an average of the kinetic energy of a substance
 c.  As substances are heated, the molecules move faster and faster; but did you know that some molecules move 

slower than others, while some move faster than others? Most of the molecules move at a middle speed. 
Kinetic energy is the energy of motion. When taken all together, the molecules have an average kinetic energy. 
This average kinetic energy is measured by measuring the temperature of the substance. As substances are 
heated, the average kinetic energy increases; as substances are cooled, the average kinetic energy decreases.

12. Go over the questions with the students.
 1.  Describe the motion of the molecules in the hot water in terms of their kinetic energy.  

The molecules in the hot water were moving around very fast, so they had a lot of kinetic energy.
 2.  Describe the motion of the molecules in the cold water in terms of their kinetic energy.  

The molecules in the cold water were moving around very slowly, so they had less kinetic energy.
 3.  What happened to each type of molecule, in terms of kinetic energy, when they were mixed? 

The kinetic energy of the hot water molecules began to slow down, and the kinetic energy of the cold water 
molecules began to speed up, so their kinetic energy began to average out.

 4.  Explain your understanding of average kinetic energy.  
Average kinetic energy is determined by measuring the temperature of a substance. The molecules of a 
substance move at different speeds. Some are fast, some are slow, and some are medium. The average is 
known as the average kinetic energy. SA
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A slide presentation of important vocabulary terms 
along with a picture and definition.

Atom
Average Kinetic Energy
Collide/Collision
Gas
Inert
Kinetic Energy
Liquid
Matter

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading: Picturesque Descriptions 
During-Reading: Concept Definition Map 
Post-Reading: Key Point Connections  
and Real-World Implications

Time: 1 hour

Molecule
Pressure
Pure Substance
Solid
States of Matter
Temperature
Thermal Energy
Vibrate

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.

Resources/Materials: 
Computer with Internet access

Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.

Video: Changes In Energy On The 
Molecular Level

Time: 5 minutes each

Students will present a persuasive 
speech about how non-Newtonian 
fluids could be used to solve 
common problems based on their 
changes in molecular structure.

Resources/Materials: 
Student Handout

Time: 1 hour

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

Concept Review Game Content Connection 
Video Communicate Science

Visit the Teacher Toolbox for additional 
Communicate Science resources!

INTEGRATE TECHNOLOGY

Explore 3 (Continued)
11.  Have students reset the simulation and slowly add pressure again. Have them record their observations about 

how the temperature changes as pressure is increased.
12. Introduce the vocabulary word “molecule”: 
 a.  The simplest unit of a chemical compound that can exist; formed when two or more atoms join 

together chemically
13. Introduce the vocabulary word “atom”:
 a. The smallest particle of an element; made of electrons, protons, and neutrons
14.  Have students look through each type of substance in the simulation. Notice the difference between the 

representation of neon and argon and oxygen and water. Why do you think they are represented differently?
15. Go over the questions from the student page with the students.
 a. Our substance started out as a solid. How did the molecules behave?  
  The molecules were close together and vibrated in place.
 b.  What happened to the molecules as pressure was added?  

The molecules vibrated faster and faster and eventually flew apart from each other. 
 c.  What other states of matter did you observe?  

Liquid and gas
 d.  What happened to the temperature of the system as pressure increased?  

The temperature increased as the pressure increased.
 e.  What do you think caused the change in temperature?  

Increased pressure caused the molecules to have more collisions, which increased their speed and activity and 
generated heat.

 f.  California is fourth in the nation in crude oil production. Crude oil is formed by small plants and animals that 
died, fell to the bottom of the sea, and were covered by mud that hardened. Use what you have just learned 
about the effect of pressure on states of matter to explain how this layer of hardened rock would eventually 
form oil.  
The hardened mud put pressure on the fossils. As more layers were added, temperature increased because of 
the increase in pressure and eventually turned the remains into crude oil. 

16. Discuss:
•  Can you come up with a conclusion sentence to summarize what we just learned?  

Substances change state and molecules vibrate faster when pressure is increased.SA
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Students will explore connections and applications of 
science content through interactions with authentic, 
real-world media provided by Associated Press.

Watch It!: Disappering Ice

Resources/Materials: 
Student Handout

Time: 15 minutes

This Career Connections video is meant to be a 
tool that introduces your students to STEM careers 
and the 21st century skills needed to succeed in 
those fields. Watch the career video with your 
students and discuss how it applies to what they 
have learned. Your students will think like a STEM 
professional in no time!

Career: Welder

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Career Connections

Real 
World!

Science Today

Use these elements as stations in the 
classroom or assign them for homework!

A practice that uses at, below, and 
above grade-level appropriate math 
activities to address the concept..

Resources/Materials: 
Student Handout

Time: 30 minutes

Math Connections Reading Science

A ready-made interactive 
experience to support students’ 
understanding of the science 
concept.

Friction 
States of Matter: Basics

Resources/Materials: 
Computer with Internet access

Time: 15 minutes

An at, below, and above grade-level 
reading passage about the concept, 
which includes five to eight 
comprehension questions.

Resources/Materials: 
Student Handout

Time: 30 minutes

Simulation Practice

Linking Literacy
Materials
Printed
1 STEMscopedia (per student)
1 Picturesque Descriptions (per student)
1 Concept Definition Map (per student)
1 Key Point Connections and Real-World Implications (per student)

Pre-Reading Instructions
1. Have students independently read the first paragraph from Changes in Energy on the Molecular Level 

STEMscopedia. 
2. As a class, discuss possible answers to the questions in the paragraph.
3. Have students complete Picturesque Descriptions before reading the rest of the article to see what they know 

about the three states of matter.

During-Reading Instructions
1. Provide students with a copy of Concept Definition Map. 
2. While they read the article, have students develop one definition for the three states of matter.
3. In the boxes to the right, have students give a description of what happens to each state when thermal energy is 

added or removed.
4. In the boxes at the bottom, have students list examples for each state of matter. 

Post-Reading Instructions
1. Provide students with a copy of Key Point Connections and Real-World Implications. 
2. Instruct students to fill in the molecular description; explain what happens when heat is added and removed, 

making sure to state the change in kinetic energy; and describe any real-world implications or applications for 
each molecular state.
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A set of ideas and activities that can help elaborate on 
the concept.

Resources/Materials: 
Oxidation Investigation
Identifying Matter
What Makes Steel

Time: 30 minutes

Manic Molecules

Resources/Materials: 
Packing peanuts
Hair dryer
2 L bottle
Science journal

Time: 30 minutes

A list of trade books aligned with the 
lesson.

Resources/Materials: 
Links to titles can be found online.

Time: 15 minutes

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

ACCELERATION

Extensions

Challenge your students to 
think in new ways and extend 

their learning.

Science Art Books on Topic

Visit the Teacher Toolbox 
for additional resources!

Student Wondering of Phenomena: What happens to substances when we change the amount of available 
thermal energy?

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Students use a simulator to 
visualize cause-and-effect 
relationships between thermal 
energy, particle motion, and state 
of matter. Students develop and 
use models to predict and describe 
particle motion of matter.

Resources/Materials: 
1 Changes of State (per student) 
1 Computer, with Internet access 
(per student or pair)

Time: 30 minutes

Write a scientific explanation that 
states what happened to the water 
molecules as the boiling water 
turned into snow.

Resources/Materials: 
Student Handout

Time: 15 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.

Resources/Materials: 
Student Handout

Time: 15 minutes

INTERVENTION

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.

Resources/Materials: 
Student Handout

Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.

Resources/Materials: 
Student Handout

Time: 15 minutes

Short-answer and essay-
assessment questions to evaluate 
students' mastery of the concept.

Resources/Materials: 
Student Handout

Time: 15 minutes

Evaluate student learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content and 
track progress.

SA
MP
LE



Heat and Matter

SC
OP

E6

© Accelerate Learning Inc. - All Rights Reserved 159

SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS
Changes in Energy on 
the Molecular LevelSC

OP
E5

© Accelerate Learning Inc. - All Rights Reserved158

SEGMENT 1: ORGANISMS AND NONLIVING THINGS ARE MADE OF ATOMS

What does the atomic structure of the water in Sample A tell you about its state of matter?
The atomic structure of water in Sample A shows it is a liquid.

What does the atomic structure of the water in Sample C tell you about its state of matter?
The atomic structure of water in Sample C shows it is a solid.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

What does the space between the molecules tell you about the substance? 
The space between the molecules tells you the phase of the substance. If there is very limited space between 
molecules, it is a solid. If there is some space in between molecules, it is a liquid. If there is a lot of space between 
molecules, it is a gas.

Segment 1

7th
grade

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.

Three-Dimensional Learning

Performance Expectations
MS-PS1-4: Develop a model that predicts and describes changes in particle motion, temperature, and state of a pure 
substance when thermal energy is added or removed. 

Clarification Statement: Emphasis is on qualitative molecular-level models of solids, liquids, and gases to show that 
adding or removing thermal energy increases or decreases kinetic energy of the particles until a change of state occurs. 
Examples of models could include drawings and diagrams. Examples of particles could include molecules or inert 
atoms. Examples of pure substances could include water, carbon dioxide, and helium.

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts

Developing and Using Models  
Develop a model to predict and/or 
describe phenomena. (MS-PS1-4)

PS3.A: Definitions of Energy  
The term “heat” as used in everyday language 
refers both to thermal energy (the motion of 
atoms or molecules within a substance) and 
the transfer of that thermal energy from one 
object to another. In science, heat is used only 
for this second meaning; it refers to the energy 
transferred due to the temperature difference 
between two objects. (secondary) (MS-PS1-4)
The temperature of a system is proportional 
to the average internal kinetic energy and 
potential energy per atom or molecule 
(whichever is the appropriate building block 
for the system’s material). The details of that 
relationship depend on the type of atom or 
molecule and the interactions among the 
atoms in the material. Temperature is not a 
direct measure of a system's total thermal 
energy. The total thermal energy (sometimes 
called the total internal energy) of a system 
depends jointly on the temperature, the total 
number of atoms in the system, and the state 
of the material. (secondary) (MS-PS1-4)

Cause and Effect 
Cause-and-effect 
relationships may be used 
to predict phenomena 
in natural or designed 
systems. (MS-PS1-4)
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Category K–2 3–5 Middle School High School

PS3.A: Definitions  
of Energy N/A

Moving objects 
contain energy. The 
faster the object 
moves, the more 
energy it has. Energy 
can be moved from 
place to place by 
moving objects, 
or through sound, 
light, or electrical 
currents. Energy can 
be converted from one 
form to another form.

Kinetic energy can be 
distinguished from 
the various forms 
of potential energy. 
Energy changes to and 
from each type can 
be tracked through 
physical or chemical 
interactions. The 
relationship between 
the temperature and 
the total energy of a 
system depends on 
the types, states, and 
amounts of matter.

The total energy 
within a system is 
conserved. Energy 
transfer within and 
between systems 
can be described and 
predicted in terms 
of energy associated 
with the motion 
or configuration of 
particles (objects).

Prior Knowledge and Progression
By the end of Grade 5, students should understand that the faster a given object is moving, the more energy it 
possesses. Energy can be moved from place to place by moving objects or through sound, light, or electric currents. 
(Boundary: At this grade-level, no attempt is made to give a precise or complete definition of energy.) Disciplinary Core Ideas

• PS3.A: Definitions of Energy
•  The term “heat” as used in everyday language refers 

both to thermal energy (the motion of atoms or 
molecules within a substance) and the transfer of 
that thermal energy from one object to another. In 
science, heat is used only for this second meaning; 
it refers to the energy transferred due to the 
temperature difference between two objects.

•  The temperature of a system is proportional to the 
average internal kinetic energy and potential energy 
per atom or molecule (whichever is the appropriate 
building block for the system’s material). The details 
of that relationship depend on the type of atom or 
molecule and the interactions among the atoms in 
the material. Temperature is not a direct measure of 
a system's total thermal energy. The total thermal 
energy (sometimes called the total internal energy) 
of a system depends jointly on the temperature, the 
total number of atoms in the system, and the state 
of the material.

• All the elements found in the Heat and Matter 
scope are designed to address the subelement 
for PS3.A. 

• Students begin the scope by debating whether 
a pot of boiling water or an iceberg has more 
heat energy. 

• Students go on to complete an activity 
demonstrating molecular kinetic energy 
transfer. Then students observe the effects of 
temperature, thermal energy, and conductivity 
on the ability of a substance to heat or 
be heated

Science and Engineering Practices 

• Developing and Using Models 
Develop a model to predict and/or  
describe phenomena. 

• In Explore 1, students complete an activity 
involving a model of molecular kinetic energy 
transfer, using airsoft BBs, a paper plate, and an 
empty plastic water bottle. 

• In Explore 2, students use models to observe 
the effects of temperature, thermal energy, and 
conductivity on the ability of a substance to heat 
or be heated.

Science and Engineering Practices – Scoring Rubric

Crosscutting Concepts

• Cause and Effect 
Cause-and-effect relationships may be used to predict 
phenomena in natural or designed systems.

• In Explore 2, students discuss the factors that 
affect the ability of a substance to transfer the 
energy of its vibrating particles or thermal energy 
to heat or be heated by its surroundings.

Crosscutting Concepts – Scoring Rubric

Three-Dimensional Learning (Continued)

The above illustrates how we integrate the three dimensions through the scope. As we know that opportunities 
naturally occur to model other Crosscutting Concepts and Science and Engineering Practices in many ways, we only 
call out the ones directly aligned by the NGSS Framework here.
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Phenomena

Scope Timeline

Students begin this scope by viewing videos of dye spreading throughout hot and cold water and are 
encouraged to try to generate questions and answers regarding if food coloring will spread through a beaker of 
hot and a beaker of cold water the same or differently. As students move through the scope and investigate the 
Student Wondering of Phenomena question above they will be doing many activities to learn the information 
needed to describe the events happening in the Investigative Phenomena. 
Throughout the scope students will interact with the following everyday phenomena:
• Does a pot of boiling water or an iceberg have more heat energy?
• How can we model molecular kinetic energy?
• What effects do temperature, thermal energy, and conductivity have on the ability of a substance to heat 

or be heated?

Students will then apply what they have learned and how their thinking has changed on the Student 
Wondering of Phenomena question, “Does something that is hot have more thermal energy than something 
that is cold?” to complete the Claim-Evidence-Reasoning assessment.
The knowledge and skills students gain during this scope will be anchored to their Mission using the Mission 
Log, and students will use it to complete their Mission Action Plan.

Student Wondering of Phenomena
Does something that is hot have more thermal energy 
than something that is cold?

1 hr

ENGAGE

APK CERHOOK OER MCTEACHER 
CHOICE

TEACHER 
CHOICE

EXPLORE EXPLAIN ELABORATE EVALUATE

2.5 
 hrs 2 hrs 1 hr 1 hr

1 2

Scope Overview
This scope begins with the introduction to the student Investigative Phenomena in the Engage section. Students 
will use their Graphic Organizer as their note-taking devices to record the information gained in each section as they 
begin to form a conceptual model of the content as they move through the scope. The teacher uses the Accessing 
Prior Knowledge (APK) element to help pull out students’ current knowledge levels as well as any preconceptions 
they have before beginning the scope. In this Heat and Matter APK, students observe illustrations depicting four sets 
of solids, liquids, and gases and decide if the change that is represented is due to the addition of heat or the removal 
of heat. This will help uncover possible preconceptions students have before beginning the lesson. Teachers can keep 
any such preconceptions in mind as they move through the scope. The final element in the Engage section is the 
Hook. Here, the students start with their first experience with the content. They will build on their knowledge as they 
continue moving through the scope.

Students then dig deeper into the content through the two Explore activities. In Explore 1, students complete an 
activity involving a model of molecular kinetic energy transfer, using airsoft BBs, a paper plate, and an empty plastic 
water bottle. In Explore 2, students observe the effects of temperature, thermal energy, and conductivity on the 
ability of a substance to heat or be heated. Explore 2 includes a formative CER assessment to help the teacher gauge 
students’ understanding at that point. By the end of the Engage and Explore activities, students should be able to 
develop a model that predicts and describes changes in particle motion, temperature, and state of a pure substance 
when thermal energy is added or removed.

Students will continue to refine their knowledge of the content as they move through the elements in the Explain 
and Elaborate sections. Teachers can use any or all of the provided elements. We know that most classrooms have 
limited time, so teachers should choose the Explain and Elaborate elements that best fit the needs of their students. 
The teacher can then formally assess the students’ understanding by using any of the three summative assessments 
provided in the Evaluate section. If the students require additional help gaining proficiency with the content, 
resources can be found in the Intervention section. Students who have achieved mastery of the concept can move 
over to the Acceleration pieces. 

Documents are available to help the teacher assess the CCCs and SEPs taught in this scope. These are located in the 
Home section of each scope. Question prompts or artifacts to look for throughout the scope are provided, as well as 
sample answers to help the teacher plot students’ understanding on the rubric. The information that is gathered on 
these forms can be used to track progress on the CCC and SEP Segment Inventory of Skills found in each segment and 
on the CCC and SEP Yearlong Inventory of Skills document located in the Teacher Toolbox.
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5E Activity Assessment Options Notes and Suggestions

Planning Home

Standards 
Alignment
Teacher Background
Materials List
Answer Keys

Take note of which 
Explore activities you will 
assess using the CCC and 
SEP rubrics for this scope.

In addition to the Home elements listed on the left, it is 
essential to read the lesson plans and watch the set-up 
videos for each hands-on activity under Engage and 
Explore.
Optional: Introduce the Anchoring Phenomena and 
Mission Briefing from the Mission Log within the Segment 
Resources

Day 1 Engage

Graphic Organizer
Accessing Prior 
Knowledge
Investigative 
Phenomena
Hook – Thermal 
Energy

Accessing Prior 
Knowledge

The Graphic Organizer is just introduced on this day and 
can serve as a class anchor chart or as a student note-
taking template throughout the scope.
Accessing Prior Knowledge is a formative pre-
assessment and should not be graded for mastery.

Day 2
Explore

Explore 1:  
Activity – Modeling 
Temperature  
and Heat
Picture Vocabulary

Student Journal 
Responses
SEP Rubric
ELD Strategy – Compare 
and Contrast

Use the ELD Strategy as an exit ticket.
Revisit the Investigative Phenomena from Day 1  
and invite students to connect what they learned to  
the phenomenon.Explain

Day 3 + 4 Explore
Explore 2: Scientific 
Investigation –  
Energy Transfer

Student Journal 
Responses
CCC and SEP Rubric
Embedded CER in 
Explore 2

Have students complete two stations on the first 
day, followed by the remaining station and the 
demonstration on the second day.
Revisit the Investigative Phenomena from Day 1 and 
invite students to connect what they learned to the 
phenomenon.

Day 5 Explain

STEMscopedia
Linking Literacy
Picture Vocabulary 
Activity – Triple Play
Concept  
Review Game

STEMscopedia – Try Now
Linking Literacy – Heat 
and Matter Frayer Model

The last page of the STEMscopedia contains a ‘Try Now’ 
comprehensive review.
Assign Concept Review Game for homework.
Revisit the Investigative Phenomena from Day 1 and 
invite students to connect what they learned to the 
phenomenon. 

Day 6
*Optional 

Activities for 
Extension/

Differentiation

Elaborate
Teacher or 
student choice!
Simulations – 
Friction

Utilize the Math Connections and Reading Science in 
your designated Math and Reading blocks.

Intervention Guided Practice
Independent Practice
Concept Attainment Quiz

Building an extra day into your plan allows time to 
work with struggling students using the activities 
from the Intervention element before moving to 
summative assessment. 
Students who need more support can work with the 
teacher in small groups while other students are 
working on Elaborate or Acceleration elements or 
reviewing material from previous days.

Acceleration
Science Art Activity 
– Flipping Over Heat 
and Matter

You can also move the summative evaluation up a day, 
which leaves time for Intervention/Acceleration after if 
necessary.

Day 7 Evaluate

Multiple Choice 
Assessment
Open-Ended 
Response
Claim-Evidence-
Reasoning

Summative Assessments: 
MCA, OER, CER

The Investigative Phenomena introduced on Day 1 
and used throughout the scope directly ties into the 
summative CER assessment. Use the Investigative 
Phenomena to prime students for this final assessment.
After completing the scope, go back to the Mission Log 
and have students complete the Graphic Organizer – 
Information Gained and Connection to the Mission.

This sample lesson plan is intended to illustrate one way to implement the scope. 
STEMscopes CA NGSS 3D is a flexible curriculum that can be modified to fit practically any schedule. 

“Essential Track” elements are listed in blue 
and should be prioritized when time is short. 

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that is cold?

7th Grade | Segment 1: Organisms and Nonliving Things Are made of Atoms | 
Scope 6: Heat and Matter

It is important to distinguish between heat, temperature, and total 
internal energy. Heat is not a form of energy. Rather, it is energy 
being transferred from an object with a higher temperature to 
an object with a lower temperature. Heat always travels from 
higher to lower temperatures. When two objects are at the same 
temperature, no heat flows. Note that cold does not flow from one 
object to another, heat does.

Temperature is easy to experience but difficult to define. 
Temperature can be measured by a thermometer and is related 
to an object’s ability to transfer heat to another object. Scientists 
use scales of Celsius and Kelvin to measure temperature. Total 
internal energy is energy on the molecular scale. It includes both 
molecular kinetic energy and potential energy. The temperature 
of a system is proportional to the average internal kinetic energy and potential energy per 
atom or molecule—whichever is the appropriate building block for the system’s material. 
The details of this relationship depend on the type of atom or molecule and the interactions 
among the atoms in the material. Temperature is not a direct measure of a system’s total 
thermal energy. The total thermal energy (sometimes called the total internal energy) of 
a system depends on the temperature, the total number of atoms in the system, and the 
state of the material. So if two different substances are at the same temperature, they may 
not have the same internal energy.

For example, the total internal energy of one gram of water at 5°C is much greater than 
that of one gram of copper at the same temperature. Water molecules stick to each other 
more strongly and, therefore, have more potential energy than copper atoms. It takes 
more energy to change the temperature of water by one degree than it does to raise 
the energy of copper. A larger amount of substance has more atoms or molecules and, 
therefore, more total internal energy.

Teacher Background
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Description
In this activity, students observe illustrations depicting four sets of solids, liquids, and gases and decide if the 
change that is represented is due to the addition of heat or the removal of heat.

Materials
Printed
1 Heat and Matter Interacting (per student)

Preparation
• Print one copy of Heat and Matter Interacting for each student, pair, or group.

Facilitation
1.  Distribute copies of Heat and Matter Interacting to each student, pair, or group. Direct students to consider 

what they already know about solids, liquids, and gases and how each responds to heat exchange. 
2. Remind students that solids, liquids, and gases are called states of matter.
3.  Explain to the students that they will be looking at illustrations that depict sets of materials, and they should 

decide whether each change shown is due to the temperature increasing or decreasing as it moves from one 
object to the next.

4.  Allow students time to consider their responses and to work with a partner if needed. Remind them to justify 
their responses in the space beside each image.

5. Have students share their thoughts with table partners and pick one of their responses to share with the class.
6. Monitor students’ discussions for preconceptions.

Preconceptions 
These preconceptions can be addressed as students move through the scope; they do not need to be clarified at 
this point. Be sure to keep in mind the preconceptions uncovered during this APK as you move through the scope.
•  Students may not realize that a change of state is related to a specific temperature. 

  Water changes state at 0°C and at 100°C. Other materials have melting and boiling points, or temperatures at 
which they change states.

•  Students may confuse heat with thermal energy.  
Thermal energy is a measure of the total kinetic energy of all the moving particles in a substance. Heat is the 
transfer of thermal energy from a warmer material to a cooler one. 

•  Students may confuse temperature with thermal energy.  
Temperature is a measure of the average kinetic energy of the particles in a substance. Thermal energy is the 
total kinetic energy of all the moving particles in a substance. Thermal energy can be increased by increasing 
the mass of the sample without changing the temperature.

•  Students may not realize that all pure substances can exist as solids, liquids, or gases. Students have experience 
observing water in three states but may find it difficult to imagine other substances in different states, like solid 
carbon dioxide, liquid iron, or gaseous mercury.  
All elements and compounds can be cooled enough to solidify or heated enough to melt or even evaporate under 
the proper conditions.

Accessing Prior Knowledge

In this activity, students observe illustrations 
depicting four sets of solids, liquids, and gases and 
decide if the change that is represented is due to 
the addition of heat or the removal of heat.

Resources/Materials: 
1 Heat and Matter Interacting (per student)

Time: 15–30 minutes

Students debate whether a pot of boiling water or an 
iceberg has more heat energy.

Resources/Materials:  
1 Thermal Energy (per teacher, student, or group)
1 Whiteboard (per student or group)
If whiteboards are not available, the teacher may 
substitute with index cards. 
1 Erasable marker (per student or group) 

Time: 15–30 minutes

Set the stage for learning with real-world 
phenomena that students make sense of 
throughout the scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

The Graphic Organizer is a note-taking device 
students can use as they move through this scope.

Resources/Materials: Student Handout

Time: 10-minute introduction, then a few minutes 
each day after instruction

ENGAGE

HOME

EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that 
is cold?

Teacher Background: A resource for the teacher that contains all the essential 
understandings related to the scope.

Standards Alignment: A correlation document that shows a scope’s 
connections to NGSS and the Common Core.

Answer Keys: A list of answers ranging from multiple choice to potential 
open-ended response answers.

Materials List: A self-calculating spreadsheet to identify all reusable and consumable materials needed in each 
part of the module.

This section provides 
all of the resources 
needed to understand 
the content covered and 
prepare for instruction.

Launch the scope with these 
engaging resources!

Give context for student learning with 
real-world phenomena!

Investigative Phenomena

Accessing Prior Knowledge

Graphic Organizer

Hook

Hands 
On!
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Students will be placed in groups and complete an activity involving 
a model of molecular kinetic energy transfer using airsoft BBs, a 
paper plate, and an empty plastic water bottle. The teacher will 
lead the students through the setup of the model in order to guide 
observation points.

Resources/Materials:  
1 Modeling Temperature and Heat (per group) 
24 Airsoft BBs (per group) 
1 Paper plate (per group)
1 Empty plastic water bottle with its label removed (per group)

Time: 15–30 minutes

Students will observe the effects of temperature, thermal energy, and 
conductivity on the ability of a substance to heat or be heated. 
Resources/Materials:  
1 Energy Transfer (per student) 
1 Energy Transfer CER (per student) 
Ice water, 200 mL (per group) 
Hot water, 300 mL (per group) 
1 Bag of ice (per class) 
1 Cooler (optional) (per teacher) 
12 Beakers, 500 mL (per teacher) 
6 Beakers 250 mL (per teacher) 
6 Heat-resistant gloves (per teacher)
3 Laser thermometers (per teacher) 
3 Ceramic tiles (per teacher) 

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Roadblock 
Sensory Overload

Math Moment 
Integers and  
Mathematical Reasoning

STEMCoach In Action 
Establishing Cooperative Learning

STEMCoach In Action 
Cultivating Scientific Investigations

Language Acquisition 
Compare and Contrast

Language Acquisition 
Claim-Evidence-Reasoning

Explore 1: Activity

Three Dimensional!

Additional Supports

Students work together to construct 
their own understanding of the content.

Hands 
On!

Explore 2: Scientific Investigation

Additional Supports
Hands 

On!

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that 
is cold?

Check out the full facilitation 
instructions online!

Don’t forget to use the Explain 
elements to support student 
learning as they explore!

1 Hot plate (per teacher)
2 Large buckets (per teacher) 
3 Sheets of aluminum foil (per teacher) 
3 Sheets of construction paper (per teacher) 
3 Sheets of sandpaper (per teacher)
3 Sheets of wax paper (per teacher) 
2 Large beakers, 1,000 mL (per teacher) 
Room temperature water, 400 mL (per group) 
12 Traditional or digital thermometers (per teacher) 

Time: 1–2 hours

Hook
Everyday Phenomena
Does a pot of boiling water or an iceberg have more heat energy?

Description
Students debate whether a pot of boiling water or an iceberg has more heat energy.

Materials
Printed
1 Thermal Energy (per teacher, student, or group)

Reusable  
1 Whiteboard (per student or group)
• If whiteboards are not available, the teacher may substitute with index cards.
1 Erasable marker (per student or group)

Preparation
Decide if you want to project the scenario for the class or print one Thermal Energy per group or per student. 

Procedure and Facilitation Points
1.  Project the scenario to the students. You may also choose to give each student a copy or one copy for each 

group of students.
2.  After students have had a chance to read through the scenario and discuss with a partner or group, ask them 

to write down which student they think gave the worst answer in the scenario.
3. Instruct students to hold up their answers at the same time.
4.  Instruct students to then write down which student they think gave the best answer in the scenario and then 

hold up their answers at the same time. 
5. Discuss the following questions after students have held up their answers:
 •  Which student gave the most incorrect answer and why do you think this? 

Groups may give varying answers; Jason, Valerie, and Jaden are all incorrect. 
 •  Which student gave the best answer and why do you think this? 

Becki is correct in this scenario. Heat is the total energy of particle motion in a substance and temperature 
is a measure of that average energy. Thermal energy depends on the speed of the particles, the total number 
of particles (the mass), and the type of particles in an object.

Teacher note: Most students will not know the correct answer at this point, and the teacher should not give them 
the answers. These are just questions for students to debate at this time. SA
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BEFORE TRANSFER OF HEAT DURING HEAT TRANSFER

Warmer
Temperature

Cooler
Temperature

H
e
a
t

Explore 1 (Continued)
 c.  If you were to take the temperature of the two samples, which one would be warmer? Use this question 

to remind students of the definition of temperature and how it can change depending on the addition or 
removal of kinetic energy from the matter itself. 
The matter in the bottle is warmer since it contained more kinetic energy.

7.  Have each group illustrate the system in the “Before” column and label the matter in the bottle and “warmer 
temperature (more kinetic energy)” and “cooler temperature (less kinetic energy).”

8.  Now instruct the students holding the water bottles to gently shake up the BBs again. They’re going to then 
pour out BBs from the bottle onto the BBs on the plate. Instruct students to make sure they observe the modeling.

9.  Now have students illustrate what they observe in the “During” column. Remind them that we use arrows 
and labels in scientific illustrated models to show movement. 
Students should label heat as the movement of the kinetic energy from the material in the bottle to the material 
on the plate (warming it up).

  Introduce heat and energy transfer at this time. Heat is the transfer of energy between objects of different 
temperatures. Energy transfer is the movement of energy from one system to another. Thermal energy, which is 
the energy of motion in particles, is being transferred.

10. Now instruct the students to place all of the BBs in the bottle and shake it again. 
 a. Discuss: 
  i.  What is different? Is the temperature different? 

No, because the particles are still vibrating at the same speed as before.
  ii.  Is the total amount of energy in the bottle different? 

Yes, even though they are not going any faster, there is more thermal energy because there are 
more particles.

  iii.  What has more thermal energy, a pot of boiling water or a large iceberg? Discuss your answer and be 
prepared to answer while using your bottle and BBs to explain. 
The iceberg has more particles like this (bottle with all BBs), but they are moving very little because it is 
cold (gently shaking the bottle). The boiling water has much fewer particles (bottle with few BBs), but they 
are moving a lot because the water is very hot (shaking bottle quickly). We think the iceberg has more 
thermal energy because even though it is colder, it has a lot more particles. The iceberg has more total 
internal energy.

11. Finally, have students answer the questions at the bottom of the Student Journal.
12. Save the bottles of BBs to use in the “Model It” section of Explore 2.

Explore 1
Activity: Modeling Temperature and Heat
Everyday Phenomena
How can we model molecular kinetic energy?

Description
Students will be placed in groups and complete an activity involving a model of molecular kinetic energy transfer 
using airsoft BBs, a paper plate, and an empty plastic water bottle. The teacher will lead the students through the 
setup of the model in order to guide observation points.

Materials
Printed
1 Modeling Temperature and Heat (per group)

Reusable
1 Empty plastic water bottle with its label removed (per group)
24 Airsoft BBs (per group)
1 Paper plate (per group)

Preparation
• Print off copies of Modeling Temperature and Heat and separate students into groups. 
• Have the plates, bottles, and BBs set out so that groups can gather materials to get started. 

Procedure and Facilitation Points
1. Start the activity by explaining to students that they will be performing this modeling activity as a group.
2. Have the student groups gather materials for the activity.
3. Groups should then equally split their BBs between the plate and the water bottle.
4. Have each group pick someone to hold the water bottle containing the BBs.
5.  Instruct the students holding the bottles to start shaking up the BBs inside gently. All the students should observe 

the motion of the BBs within the water bottle compared to those on the plate. Discuss the definition of kinetic 
and potential energy at this point. Kinetic energy is energy of motion, and potential energy is stored energy in a 
system. Thermal energy is the kinetic and potential energy of the particles (atoms or molecules) that make up a 
substance, the kinetic energy being related to the motion of the particles and the potential energy being related to 
the positions of the particles as they are momentarily forced against each other.

6. As a class, use these questions as a point of discussion:
 a.  If this activity is modeling matter, what could the BBs represent? 

The BBs represent particles such as atoms or molecules. 
This would be a good time to review the difference between atoms and molecules: atoms are the smallest 
particle of an element, made of electrons, protons, and neutrons; molecules are the simplest unit of a 
chemical compound that can exist, formed when two or more atoms join together chemically. You could 
also review the definition of matter: anything that takes up space and has mass.

 b.  What was different about the particles in the bottle versus the plate? 
The particles in the bottle had kinetic energy; the BBs on the plate did not.
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Explore 2 (Continued)
Preparation
•  Proper precautions must be adhered to when dealing with anything that might cause a burn. Refer to: Science 

Safety Handbook for California Public Schools (CDE 2014)
•  The lab is designed to be set up as three sets of three stations. The materials list assumes you will need three 

sets of three stations, which would accommodate a class of up to 27 students working in groups of three, or 18 
students working in pairs, or something in between as most of our classes are. Decide how many sets of the three 
stations will best accommodate your classes and adjust accordingly. 

 • Set up a teacher station for students to pick up hot water, cold water, and room temperature water. 
 •  For the hot water, you will need a hot plate and two large (1,000 mL) beakers so that one can be heating at all 

times. If you do not have access to large beakers, you can use two pans instead. 
  • Just bring it to hot, but not boiling hot. This will help in the time it takes to show the results later.
 •  For the cold water, you will need ice and a bucket to chill the water in. Optionally, you may want to have a 

cooler to hold the ice for use in later class periods. 
 • For the room temperature water, simply fill a large bucket with tap water, preferably the day before, and let it sit.
• Set up the lab stations:
 • Station 1: Set out two 500 mL beakers, one glove, and two thermometers.
 • Station 2: Set out two 500 mL beakers, two 250 mL beakers, one glove, and two thermometers.
  • Label one of the 250 mL beakers “A” and the other “B.”
 •  Station 3: Set out a sheet each of aluminum foil, sandpaper, wax paper, construction paper, ceramic tile, and 

one laser thermometer. You may want to tape the sheets down so they do not wander off!
•  Make copies of Energy Transfer and Energy Transfer CER for each student. Review the CER Key prior to conducting 

the CER with students.
Procedure and Facilitation Points
1. Discuss with your students:
 •  What is heat? 

The transfer of thermal energy from one object to another 
 •  Do some materials transfer heat more than others? 

Yes
 •  Can you name a few examples of substances that would transfer a lot of thermal energy into or out of you 

if you touched them? 
Answers will vary greatly but might include a hot stove, ice cube, fire, straightening iron, freezer, etc.

 •  What are some of the characteristics these substances have in common? (The students will probably not be 
able to identify all of the following factors, which is perfectly fine.) 
They have a really high or low temperature. They are metals that conduct heat well. They have a very large 
or very small amount of thermal energy in them.

2.  Introduce the investigation question: What factors affect the ability of a substance to transfer the energy of its 
vibrating particles or thermal energy to heat or be heated by its surroundings?

3.  Allow students time to form a hypothesis to the investigation question and write it on their student sheet. 
They will probably be able to identify one or two of the three factors the lab will address, such as: 
The temperature of a substance controls how easily heating will occur, or The thermal conductivity of a substance 
controls how easily heating will occur.

Explore 2
Scientific Investigation: Energy Transfer
Everyday Phenomena
What effects do temperature, thermal energy, and conductivity have on the ability of a substance to heat or be heated?

Description
Students will observe the effects of temperature, thermal energy, and conductivity on the ability of a substance to heat 
or be heated. 

Materials
Printed
1 Energy Transfer (per student)
1 Energy Transfer CER (per student

Reusable
Ice water, 200 mL (per group)
Hot water, 300 mL (per group)
Room temperature water, 400 mL (per group) 
1 Bag of ice (per class)
1 Cooler (optional) (per teacher)
12 Beakers, 500 mL (per teacher)
6 Beakers 250 mL (per teacher)
6 Heat-resistant gloves (per teacher)
12 Traditional or digital thermometers (per teacher)
3 Laser thermometers (per teacher)
3 Sheets of aluminum foil (per teacher)
3 Sheets of construction paper (per teacher)
3 Sheets of sandpaper (per teacher)
3 Sheets of wax paper (per teacher)
3 Ceramic tiles (per teacher)
1 Hot plate (per teacher)
2 Large beakers, 1,000 mL (per teacher)
2 Large buckets (per teacher) SA
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A slide presentation of important vocabulary terms 
along with a picture and definition.

Atom
Energy Transfer
Heat
Kinetic Energy
Matter
Molecule
Potential Energy

Students use a Pre-, During-, and Post-Reading 
strategy to help comprehend the STEMscopedia 
informational text.

Resources/Materials: STEMscopedia  
Pre-Reading and During: Heat and Matter Before 
and During 
Post-Reading: Heat and Matter Frayer Model

Time: 1 hour

States of Matter
Temperature
Thermal Energy
Total Internal Energy

An interactive game that can be 
played with a class or individually 
to help students review the science 
concepts in the module.

Resources/Materials: 
Computer with Internet access

Time: 10 minutes

Inquiry videos that engage students 
and provide meaning.

Video: Heat And Matter

Time: 5 minutes each

Students will engage in a Socratic 
circle discussing fire walking and 
strategies to avoid burning.

Resources/Materials: 
Student Handout 
Internet-enabled device

Time: 1 hour

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that 
is cold?

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Use these resources to connect hands-on 
learning experiences to science content.Embedded Strategies!

Picture Vocabulary STEMscopedia and Linking Literacy

Close reading strategies paired with informational text!

Concept Review Game Content Connection 
Video Communicate Science

Visit the Teacher Toolbox for additional 
Communicate Science resources!

INTEGRATE TECHNOLOGY

Explore 2 (Continued)
4.  Show the students the teacher station and where the cold, hot, and room temp water are located. Instruct them 

to use the heat-resistant glove when dealing with the hot water. Point out the safety rules on their lab sheet.
5.  Explain the lab stations and instruct students where they should go and how they should rotate to move from 

station to station in an organized and efficient way.
 •  You can adjust the intervals if you like. The longer you have the students wait between readings, the more 

dramatic the results will be.
6. Show the students where to find the procedure and data table for each station on their lab sheets.
7. Instruct students to stay at their stations until you tell them it is time to switch. 
8. Tell each group which station to start at and instruct them to move to their stations and get started.
9. As students work at their stations, listen to their interactions and intervene as needed to help the lab groups.
10.  Allow students an appropriate amount of time to complete the stations, and then instruct them as a class to 

move to the next station. 
11. After all stations are complete, instruct students to write their conclusions.
12.  Share conclusions and discuss their observations and surprises as they conducted this lab investigation first in 

their small groups and then together as a class.
 • Discuss:
  •  What factors affect the ability of a substance to transfer the energy of its vibrating particles or thermal 

energy to heat or be heated by its surroundings? 
The difference in temperature, the total thermal energy, and the thermal conductivity all affect the 
ability of a substance to heat or be heated by its surroundings.
i. Record this example of a cause and effect relationship on the class Crosscutting Concept chart. Discuss 

other examples of cause and effect that the students have previously explored. Charts can be found in 
the Teacher Toolbox.

  •  Compare your hypothesis to your conclusion and discuss what you have learned in this lab. 
Discussions will vary but are an excellent way to reinforce learning.

  •  Think about your lab observations, and together we will use your particle bottles to demonstrate 
each phenomenon.

   •  Use your particle bottles to show what was happening to the hot water in station 1. 
Start fast, and then gradually slow down to medium speed.

   •  Use your particle bottles to show what was happening to the ice water in station 1. 
Start slow, and then gradually speed up to medium speed.

   •  Use your particle bottles to show what was happening to the water at station 2 in beaker A. 
Start medium, and then gradually speed up to faster.

   •  How was the water in beaker B be different? Demonstrate. 
Start medium, and then gradually speed up to even faster.

   •  Use your particle bottle to demonstrate what happened to the particles in your skin as you 
touched the aluminum foil at station 3. 
Start medium, and then gradually slow down.

13.  Give students the student CER and have them write a scientific explanation about what factors affect the ability 
of a substance to transfer thermal energy to heat or be heated by its surroundings.
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A practice that uses on, below and 
above grade-level appropriate 
math activities to address the 
concept.

Resources/Materials: 
Student Handout

Time: 30 minutes

An at, below, and above 
grade-level reading passage about 
the concept, which includes five to 
eight comprehension questions.

Resources/Materials: 
Student Handout

Time: 30 minutes

A ready-made interactive 
experience to support 
students' understanding of 
the science concept.

Friction

Resources/Materials: 
Computer with Internet access

Time: 15 minutes

Students will explore connections and applications of 
science content through interactions with authentic, 
real-world media provided by Associated Press.

Watch It!: Temperature Changes and Color Patterns

Resources/Materials: 
Student Handout

Time: 15 minutes

This Career Connections video is meant to be a 
tool that introduces your students to STEM careers 
and the 21st century skills needed to succeed in 
those fields. Watch the career video with your 
students and discuss how it applies to what they 
have learned. Your students will think like a STEM 
professional in no time!

Career: Heat Shield Engineer

Time: 15 minutes

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that 
is cold?

This section includes numerous differentiation and extension 
opportunities to help teachers connect to other content areas!

These elements can be digitally 
assigned to students.

Math Connections Reading Science Simulation Practice

Career Connections

Real 
World!

Science Today

Use these elements as stations in the 
classroom or assign them for homework!

Material
Printed
1 STEMscopedia (per student)
1 Heat and Matter Before and During (per student)
1 Heat and Matter Frayer Model (per student)

Pre-Reading Instructions
1.  Before reading the STEMscopedia, have students complete the “Before Reading” section on Heat and 

Matter Before and During.

During-Reading Instructions
1.  Instruct students to underline sentences that provide evidence to support or disprove the statements from 

Heat and Matter Before and During.
2. Have students then fill in the “During Reading” section.

Post-Reading Instructions
1.  After reading the STEMscopedia, have students develop a better understanding of heat and matter by using 

Heat and Matter Frayer Model.

Linking Literacy
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A set of ideas and activities that can help elaborate on 
the concept.

Resources/Materials: 
Measures of Energy
Food Energy
Heat Pumps

Time: 30 minutes

A list of trade books aligned with the lesson.

Resources/Materials: 
Links to titles can be found online.

Time: 15 minutes

Flipping Over Heat and Matter

Resources/Materials: 
1 Flipping Over Heat and Matter (per student)
30 Index cards (per student)
1 Set colored pencils (per student)
1 Pencil (per student)
1 Eraser (per student)

Time: 30 minutes

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that 
is cold?

ACCELERATION

Extensions

Challenge your students to 
think in new ways and extend 

their learning.

Science Art

Books on Topic

Visit the Teacher Toolbox 
for additional resources!

Students will review thermal energy 
with a ranking and classifying 
activity.

Resources/Materials: 
1 Thermal Energy Ranking Task 
(per student) 
1 Two Facts and a Fib (per pair) 
1 Envelope (per pair)

Time: 30 minutes

A fill-in-the-blank intervention 
activity that helps students master 
the vocabulary of this scope.

Resources/Materials: 
Student Handout

Time: 15 minutes

A multi-format quiz that assesses 
concept mastery after intervention 
has been administered.

Resources/Materials: 
Student Handout

Time: 15 minutes

Write a scientific explanation that 
explains why the red coloring was 
dispersed through the water at a 
faster rate than the blue coloring.

Resources/Materials: 
Student Handout

Time: 15 minutes

Five standards-based assessment 
questions designed to gauge 
students’ understanding of the 
science concept using their 
selections of the best possible 
answers from a list of choices.

Resources/Materials: 
Student Handout

Time: 15 minutes

Short-answer and essay-
assessment questions to evaluate 
students' mastery of the concept.

Resources/Materials: 
Student Handout

Time: 15 minutes

Student Wondering of Phenomena: Does something that is hot have more thermal energy than something that 
is cold?

ENGAGE EXPLAIN ELABORATE EVALUATEEXPLORE

INTERVENTION

Evaluate student learning with a 
variety of assessment tools.

Guided Practice

Claim-Evidence-Reasoning

Independent Practice

Multiple Choice Assessment

Concept Attainment Quiz

Open-Ended Response

Use the elements in the 
Evaluate section to determine 
if students need intervention.

Reteach content and 
track progress.
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Don’t Forget to Assess Students Learning 
with our 3D Interactive Assessments!

Wrapping Up Segment 1

Students Will Take Action!

Segment Interactive 3D Assessment

Students analyze soil samples taken by a rover on a recently discovered planet for evidence of life and 
other resources. They create an infographic of their results and present this information to Congress 
during a budget meeting to persuade legislators to continue funding NASA so that more missions are sent 
to this planet.
Here’s what we know:
• This is a “Goldilocks” planet, which is similar to Earth in its distance from its Sun. It is not too far nor 

too close to its sun.
• Evidence of water has been found.
• Sample A was taken near in an area that was once an ocean basin.
• Sample B was taken near mountains.
• Sample C was taken in an area similar to the Arctic region of Earth.
• Organisms are made mostly of molecules from six different elements: carbon, hydrogen, oxygen, nitrogen, 

phosphorus, and sulfur.
A recent rover mission to a newly discovered planet has produced three different soil samples. The students’ 
task is to analyze these samples to determine the possibility of life and any resources that could be beneficial. 
They will create an infographic and present it to Congress to persuade legislators to continue funding missions 
to this planet. 

Students will assess their learning on the PEs associated with the segment. These assessments can be 
assigned and completed on the computer and were written to mirror the CAST assessments students will take 
in Grade 8.

Segment 1

7th
grade

Explain why the water in Sample A was found in its current phase. 
This sample was taken from a former ocean basin (warmer area) and the molecules are spread out and less 
structured than if they were in a solid state.

Explain why the water in Sample C was found in its current phase. 
This sample was taken from an Arctic-like region (an extremely cold climate) and the molecules are much closer 
and more structured than if they were in a liquid state.

Connection to Segment 1 Mission

Information We Have Gained

Connection to Our Mission

How does adding or removing thermal energy affect the physical states of matter?
Adding thermal energy changes a substance from a solid to a liquid to a gas. Removing thermal energy turns a 
gas into a liquid and then a solid.

Don’t Forget to Anchor the Learning 
of the Scope to the Mission!

Segment 1

7th
grade
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