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WAYNE TOWNSHIP PUBLIC SCHOOL DISTRICT
ELEMENTARY SCIENCE CURRICULUM (JULY 2017)
I.

COURSE OVERVIEW
The Wayne Township Public School elementary science program supports the philosophy of the New Jersey Science Learning Standards.
Our students will develop an understanding of the disciplinary core ideas rela ve to physical sciences, life sciences, and earth and space
sciences. and life science through experien al learning and engineering and technology, and through exposure to rich non-ﬁc on text.

II.

FRAMEWORK
Instruc on is framed around 3-Dimensional learning as outlined in the Next Genera on Science Standards including:
a. Disciplinary Core Ideas
i. Physical Sciences
1. Ma er and its interac ons
2. Mo on and stability: Forces and interac ons
3. Energy
4. Waves and their applica ons in technologies for informa on transfer
ii. Life Sciences
1. From molecules to organisms: Structures and processes
2. Ecosystems: Interac ons, energy, and dynamics
3. Heredity: Inheritance and varia on of traits
4. Biological evolu on: Unity and diversity
iii. Earth and Space Sciences
1. Earth’s place in the universe
2. Earth’s systems
3. Earth and human ac vity
iv. Engineering, Technology, and Applica ons of Science
1. Engineering design
2. Links among engineering, technology, science, and society
b. Scientific and Engineering Practices
i. Asking ques ons (for science) and deﬁning problems (for engineering)
ii. Developing and using models
iii. Planning and carrying out inves ga ons
iv. Analyzing and interpre ng data
v. Using mathema cs and computa onal thinking
vi. Construc ng explana ons (for science) and designing solu ons (for engineering)
vii. Engaging in argument from evidence

viii. Obtaining, evalua ng, and communica ng informa on
c. Crosscutting Concepts
i. Look for and Analyze Pa erns
ii. Cause and Eﬀect
iii. Scale, Propor on, Quan ty
iv. Systems and System Models
v. Energy and Ma er, Flow, Cycles, Conserva on
vi. Structure and Func on
vii. Stability and Change

III.

COMPONENTS
The curriculum includes the following components:
a. Scope and Sequence
b. Pacing Guide
c. Curricular Units
i. Unit Summary
ii. Student Learning Objec ves
iii. Resources and Ac vi es
iv. Background Informa on
v. Connec ons
1. Prior and Future Learning
2. Language Arts
3. Mathema cs
vi. Unit Sequence
vii. Modiﬁca ons
viii. Assessment sugges ons

IV.

PROGRAM RESOURCES
a. National Geographic Exploring Science (Cengage Learning, 2015)
b. Science materials kits
c. Mystery Science online subscription

Grade 4 Science Unit 1: Transfer of Energy

Instructional Days: 24

Timeline: Oct.2- Nov.3

Grade 4 Unit 1: Transfer of Energy

Unit Summary
Where do we get the energy we need for modern life?
In this unit of study, fourth-grade students develop an understanding that energy can be transferred from place to place by sound, light, heat, and
electrical currents. Students also obtain and combine information to describe that energy and fuels are derived from natural resources and that their
uses affect the environment. The crosscutting concepts of cause and effect, energy and matter, and the interdependence of science, engineering, and
technology, and influence of science, engineering, and technology on society and the natural world are called out as organizing concepts for these
disciplinary core ideas. Students are expected to demonstrate grade-appropriate proficiency in planning and carrying out investigations and obtaining,
evaluating, and communicating information. Students are also expected to use these practices to demonstrate understanding of the core ideas.
Student Learning Objectives
Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric
currents. [Assessment Boundary: Assessment does not include quantitative measurements of energy.] (4-PS3-2)
Apply scientific ideas to design, test, and refine a device that converts energy from one form to another.* [Clarification Statement: Examples of
devices could include electric circuits that convert electrical energy into motion energy of a vehicle, light, or sound; and, a passive solar heater that
converts light into heat. Examples of constraints could include the materials, cost, or time to design the device.] [Assessment Boundary: Devices should
be limited to those that convert motion energy to electric energy or use stored energy to cause motion or produce light or sound.] (4-PS3-4)
Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the
environment. [Clarification Statement: Examples of renewable energy resources could include wind energy, water behind dams, and sunlight;
non-renewable energy resources are fossil fuels and fissile materials. Examples of environmental effects could include loss of habitat due to dams, loss
of habitat due to surface mining, and air pollution from burning of fossil fuels.] (4-ESS3-1)
Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or
cost. (3-5 ETS1-1)
Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem.(3-5ETS1-2)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5 ETS1-3)
See Content Evidence Statements for student performance expectations.

See Evidence Statements for Engineering Design.
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Grade 4 Science Unit 1: Transfer of Energy

Instructional Days: 24

Timeline: Oct.2- Nov.3

Resources and Activities
Exploring Science: pages 12-51
Lab activities:
●
●
●
●
●
●

Sound 14-15
Light 18-19
Heat 22-23
Electric Circuits 28-29
Finding Solutions to Energy Problems 32-35
Design, Test, Refine a Device 38-41

Mystery Science: “What if there were no electricity?”
Additional online resource
●
●
●
●

●

Study Jams: Heat
Study Jams: Light
Study Jams: Electric Currents
Video clips:
○ Teacher Tube: Parallel and Series Circuit Explanation
○ Types of Energy  (good intro to types)
○ Quick video to show transfer of energy
○ Why does a ball bounce?
Alternative Energy Video Clips:
○ Wind Power
○ Solar Power
○ Geothermal

Additional Activities: aw
●
●
●
●
●

Lab: Observing Heat Energy
Activity: Light Hunt
Reflection and Refraction Sort
Circuit Cut and Paste
Energy Introduction PPT. Shared Google Classroom.
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Instructional Days: 24

Timeline: Oct.2- Nov.3

Suggested Reading:
Readworks (Grade 4 unless noted otherwise):
●
●
●
●
●
●
●

Energy (Article a day Set) Grade 5
Electricity and Energy
Electricity and Energy: The Light bulb
Electricity and Energy: Circuits (parallel vs series)
Energy for Life (non-renewable energy)
What is Heat? (Grade 6)
Charge It!

Ladders
●

Let’s Keep Moving (can also be used in Unit 3)

Other Optional Resources:
●
●
●
●
●
●

NGSS Interactive Notebook by The Science Penguin. Pages 15-24 (Energy transfer), and pages 56-67 (alternative energy)
Energy: A Science Stations Unit by The Science Penguin
Forms of Energy Powerpoint and Notes by Science Penguin
Natural Resources and Alternative Energy PowerPoint and Notes by Science Penguin
Snap Circuits
Using Energy Balls to make a human circuit, and differentiate between conductors and insulators
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Grade 4 Science Unit 1: Transfer of Energy

Instructional Days: 24

Timeline: Oct.2- Nov.3

Before You Teach
Students conduct investigations to observe that energy can be transferred from place to place by sound, light, heat, and electrical currents. They
describe that energy and fuels are derived from natural resources and that their uses affect the environment. Throughout this unit, students obtain,
evaluate, and communicate information as they examine cause-and-effect relationships between energy and matter.
To begin the unit of study‘s progression of learning, students need opportunities to observe the transfer of heat energy. They can conduct simple
investigations, using thermometers to measure changes in temperature as heat energy is transferred from a warmer object to a colder one. For
example, hot water can be poured into a large Styrofoam cup, and then a smaller plastic cup of cold water can be placed inside the larger cup of water.
A thermometer can be placed in each cup, and students can observe and record changes in the temperature of the water in each cup every minute over
the course of about 10–15 minutes, or until the temperatures are the same. Students can use their data as evidence to explain that some of the heat
energy from the hot water transferred to the cold water. This transfer of heat caused the cold water to become gradually warmer and the hot water to
cool. This process continued until the cups of water reached the same temperature.
Students can also place a thermometer in the palm of their hands, close their hands around it, and measure the temperature. They can then place a
piece or two of ice into their palms and close their fists around the ice until it melts. When they again measure the temperature of their palms, they will
observe a change. Students can use these data to describe how some of the heat from their hands transferred to the ice, causing it to melt, while the ice
also decreased the temperature of their hand. It is important that students understand that heat is transferred from warmer to colder objects. When an
object cools, it loses heat energy. When an object gets warmer, it gains heat energy.
To continue learning about energy transfer, students can build simple electric circuits. As students work in small groups to build circuits, they should add
a bulb and/or a buzzer to the circuit in order to observe and describe the ways in which energy is transferred in the circuit. (The word “transfer” can refer
to a change in the type of energy or a change in the location of energy.) For example, stored energy in a battery is transferred into electrical energy,
which is then transferred into light energy if a bulb is added to the circuit. The energy transfers from the battery to the wire and then to the bulb. The
same holds true if a buzzer is added to the circuit. The stored energy in the battery is transferred into electrical energy, which is then transferred into
sound energy. (Keep in mind that energy is not actually produced. When we say that energy is “produced,” this typically refers to the conversion of
stored energy into a desired form for practical use. Students should be encouraged to use the term “transferred” rather than “produced”).
After conducting these types of investigations, the class can create a list of events in which energy is transferred. For example, when a ball is thrown
against a wall, some of the motion energy is transferred to sound energy; when water boils on the stove top, heat energy from the stove is transferred to
the pot and to the water in the pot; and when a doorbell is rung, electrical energy is transferred into sound energy.
Next, students learn about fuels and energy, and conduct research using books and other reliable media to determine which natural resources are
sources of energy. Light, heat, sound, and electricity are all forms of energy. Energy is not matter. Fuels, however, are matter. For example, fossil fuels,
such as coal, oil, and natural gas, are matter. When fossil fuels are burned, energy stored in the fuel can be transferred from stored energy to heat, light,
electrical, and/or motion energy. Therefore, fuels are considered to be a source of energy.
Energy can also be obtained from other sources, such as wind, water, and sunlight. Air and water are both matter, but when they are moving, they have
motion energy. Energy from wind (moving air) and from moving water can be transferred into electrical energy. Light energy from the sun can also be
transferred to heat energy or electrical energy. In addition, energy can be released through nuclear fission using materials known as fissile materials.
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Instructional Days: 24

Timeline: Oct.2- Nov.3

As students learn about fuels and other sources of energy, they should determine which sources are renewable and which are nonrenewable.
Generally, a fuel or source of energy is considered nonrenewable if that source is limited in supply and cannot be replenished by natural means within a
reasonable amount of time. Renewable sources of energy are those that are replenished constantly by natural means. Using this general description, all
fossil fuels are considered nonrenewable, because these resources were naturally created over millions of years. Fissile materials are also
nonrenewable. On the other hand, wind, moving water, and sunlight are renewable sources of energy.
As the population continues to grow, so does the demand for energy. Human use of natural resources for energy, however, has multiple effects on the
environment. Students should conduct further research to determine how the use of renewable and nonrenewable resources affects the environment.
Some examples include:
✓ Changes in and loss of natural habitat due to the building of dams and the change in the flow of water;
✓ Changes in and loss of natural habitat due to surface mining; and
✓ Air pollution caused by the burning of fossil fuels in factories, cars, and homes.
As students conduct research and gather information from a variety of reliable resources, they can take notes and use the information to describe and
explain the impact that human use of natural resources has on the environment.

Unit Sequence
Part A: How does energy move?

Concepts
Energy can be transferred in various ways and between objects.

Formative Assessment
Students who understand the concepts are able to:

●

Energy can be moved from place to place through sound, light, or
electric currents.

●

●

Energy is present whenever there is sound, light, or heat.

Make observations to produce data that can serve as the basis for
evidence for an explanation of a phenomenon or for a test of a design
solution.

●

Light also transfers energy from place to place.

●

Make observations to provide evidence that energy can be transferred
from place to place by sound, light, heat, and electric currents.

●

Energy can also be transferred from place to place by electric currents;
the currents may have been produced to begin with by transforming
the energy of motion into electrical energy.

●
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Instructional Days: 24

Timeline: Oct.2- Nov.3

Unit Sequence
Part B: From what natural resources are energy and fuels derived? In what ways does the human use of natural resources affect the environment?
●

Concepts
Cause-and-effect relationships are routinely identified and used to
explain change.

Formative Assessment
Students who understand the concepts are able to:
●

Identify cause-and-effect relationships in order to explain change.

●

Knowledge of relevant scientific concepts and research findings is
important in engineering.

●

Obtain and combine information from books and other reliable media
to explain phenomena.

●

Over time, people’s needs and wants change, as do their demands for
new and improved technologies.

●

Obtain and combine information to describe that energy and fuels are
derived from natural resources and their uses affect the environment.

●

Energy and fuels that humans use are derived from natural sources.

●

The use of energy and fuels from natural sources affects the
environment in multiple ways.

●

Some resources are renewable over time, and others are not.

✓ Examples of renewable energy resources could include:
o

Wind energy,

o

Water behind dams, and

o

Sunlight.

✓ Examples of nonrenewable energy resources are:
o

Fossil fuels,

o

Fissile materials

✓ Examples of environmental effects could include:
o

Loss of habitat due to dams

o

Loss of habitat due to surface mining

o

Air pollution from burning of fossil fuels.

Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Physical Science after Unit 3 on pages 170-191 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)
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Connecting with English Language Arts/Literacy and Mathematics
English Language Arts
Students will conduct research to build their understanding of energy, transfer of energy, and natural sources of energy. Students will recall relevant
information from in-class investigations and experiences and gather relevant information from print and digital sources. They should take notes and
categorize information and provide a list of sources. Students also draw evidence from literary and information texts in order to analyze and reflect on
their findings. Students can also read, take notes, and construct responses using text and digital resources such as Scholastic News, Nat Geo Kids,
Study Jams (Scholastic), Reading A–Z.com, NREL.com, switchenergyproject.com, and NOVA Labs by PBS.
Mathematics
Students reason abstractly and quantitatively as they gather and analyze data during investigations and while conducting research about transfer of
energy and energy sources. Students model with mathematics as they represent and/or solve word problems. As students research the environmental
effects of obtaining fossil fuels, they might be asked to represent a verbal statement of multiplicative comparison as a multiplication equation. For
example, students might find information about a spill that was 5 million gallons of oil and was 40 times larger that a previous oil spill in the same
location. They can be asked to represent this mathematically using an equation to determine the number of gallons of oils that were spilled in the
previous event.
Modifications
(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies for vignettes
and explanations of the modifications.)
●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).

●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
their understandings.

●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.

●

Provide ELL students with multiple literacy strategies.
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●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA).

●

Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504

Timeline: Oct.2- Nov.3

Prior Learning
There are no disciplinary core ideas that are considered prior learning for the concepts in this unit of study.
Future Learning
Grade 5 : Earth Systems
●

Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer
space. But individuals and communities are doing things to help protect Earth’s resources and environments.

Grade 7: Organization for Matter and Energy in Organisms
●

The chemical reaction by which plants produce complex food molecules (sugars) requires an energy input (i.e., from sunlight) to occur. In this
reaction, carbon dioxide and water combine to form carbon-based organic molecules and release oxygen. (secondary)

●

Cellular respiration in plants and animals involve chemical reactions with oxygen that release stored energy. In these processes, complex molecules
containing carbon react with oxygen to produce carbon dioxide and other materials. (secondary)

Grade 7 : Earth Systems
●

All Earth processes are the result of energy flowing and matter cycling within and among the planet’s systems. This energy is derived from the sun
and Earth’s hot interior. The energy that flows and matter that cycles produce chemical and physical changes in Earth’s materials and living
organisms.

●

The planet’s systems interact over scales that range from microscopic to global in size, and they operate over fractions of a second to billions of
years. These interactions have shaped Earth’s history and will determine its future.

Grade 8 : Stability and Change on Earth
●

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.
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Instructional Days: 24

Timeline: Oct.2- Nov.3

Grade 8 : Human Impact
●

Human activities have significantly altered the biosphere, sometimes damaging or destroying natural habitats and causing the extinction of other
species. But changes to Earth’s environments can have different impacts (negative and positive) for different living things.

●

Typically as human populations and per-capita consumption of natural resources increase, so do the negative impacts on Earth unless the activities
and technologies involved are engineered otherwise.

●

Human activities, such as the release of greenhouse gases from burning fossil fuels, are major factors in the current rise in Earth’s mean surface
temperature (global warming). Reducing the level of climate change and reducing human vulnerability to whatever climate changes do occur
depend on the understanding of climate science, engineering capabilities, and other kinds of knowledge, such as understanding of human behavior
and on applying that knowledge wisely in decisions and activities.

Grade 8: Relationships among Forms of Energy
●

Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object and grows with the square of its speed.

●

A system of objects may also contain stored (potential) energy, depending on their relative positions.

●

When the motion energy of an object changes, there is inevitably some other change in energy at the same time.

Grade 8: Thermal Energy
●

Temperature is a measure of the average kinetic energy of particles of matter. The relationship between the temperature and the total energy of a
system depends on the types, states, and amounts of matter present.

●

The amount of energy transfer needed to change the temperature of a matter sample by a given amount depends on the nature of the matter, the
size of the sample, and the environment.

●

Energy is spontaneously transferred out of hotter regions or objects and into colder ones.

Grade 8: Electromagnetic Radiation
●

When light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the object’s material and the frequency
(color) of the light.

●

The path that light travels can be traced as straight lines, except at surfaces between different transparent materials (e.g., air and water, air and
glass) where the light path bends.

●

A wave model of light is useful for explaining brightness, color, and the frequency-dependent bending of light at a surface between media.

●

However, because light can travel through space, it cannot be a matter wave, like sound or water waves.

Connections to Other Units
The focus in this unit of study is energy transfer from place to place through sound, light, heat, or electric currents. In Unit 3 Force and Motion, and
Using Engineering Design with Force and Motion Systems, students will work with concepts related to force, motion, energy, and energy transfer.
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Sample of Open Education Resources
Switch Energy Project: The Educator Portal provides free access to a documentary, energy labs, videos, and study guides.
Wind Generator: Windmills have been used for hundreds of years to collect energy from the wind in order to pump water, grind grain, and more recently
generate electricity. There are many possible designs for the blades of a wind generator and engineers are always trying new ones. Design and test
your own wind generator, then try to improve it by running a small electric motor connected to a voltage sensor.
Thermal Energy Transfer: Explore the three methods of thermal energy transfer: conduction, convection, and radiation, in this interactive from WGBH,
through animations and real-life examples in Earth and space science, physical science, life science, and technology.
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Appendix A: NGSS and Foundations for the Unit
Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric
currents. [Assessment Boundary: Assessment does not include quantitative measurements of energy.] (4-PS3-2)
Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the
environment. [Clarification Statement: Examples of renewable energy resources could include wind energy, water behind dams, and sunlight;
non-renewable energy resources are fossil fuels and fissile materials. Examples of environmental effects could include loss of habitat due to dams, loss
of habitat due to surface mining, and air pollution from burning of fossil fuels.] (4-ESS3-1)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Planning and Carrying Out Investigations

PS3.A: Definitions of Energy

Energy and Matter

●

●

●

Make observations to produce data to serve
as the basis for evidence for an explanation
of a phenomenon or test a design solution.
(4-PS3-2)

Obtaining, Evaluating, and Communicating
Information
●

Energy can be moved from place to place by
moving objects or through sound, light, or
electric currents. (4-PS3-2)

 S3.B: Conservation of Energy and Energy
P
Transfer
●

Obtain and combine information from books
and other reliable media to explain
phenomena. (4-ESS3-1)

Energy is present whenever there are
moving objects, sound, light, or heat. When
objects collide, energy can be transferred
from one object to another, thereby changing
their motion. In such collisions, some energy
is typically also transferred to the
surrounding air; as a result, the air gets
heated and sound is produced. (4-PS3-2)

●

Light also transfers energy from place to
place. (4-PS3-2)

●

Energy can also be transferred from place to
place by electric currents, which can then be
used locally to produce motion, sound, heat,
or light. The currents may have been
produced to begin with by transforming the
energy of motion into electrical energy.
(4-PS3-2)

Energy can be transferred in various ways
and between objects. (4-PS3-2)

Cause and Effect
●

Cause and effect relationships are routinely
identified and used to explain change.
(4-ESS3-1)

-----------------------------------Connections to Engineering, Technology,
and
Applications of Science
Interdependence of Science, Engineering,
and Technology
●

Knowledge of relevant scientific concepts
and research findings is important in
engineering. (4-ESS3-1)

Influence of Engineering, Technology, and
Science on Society and the Natural World
●

Over time, people’s needs and wants
change, as do their demands for new and
improved technologies. (4-ESS3-1)

11

Grade 4 Science Unit 1: Transfer of Energy

Instructional Days: 24

Timeline: Oct.2- Nov.3

ESS3.A: Natural Resources
●

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,
and others are not. (4-ESS3-1)

English Language Arts
Conduct short research projects that build knowledge through investigation
of different aspects of a topic. (4-PS3-2), (4-ESS3-1) W.4.7
Recall relevant information from experiences or gather relevant information
from print and digital sources; take notes and categorize information, and
provide a list of sources. (4-PS3-2), (4-ESS3-1) W.4.8
Draw evidence from literary or informational texts to support analysis,
reflection, and research. (4-ESS3-1) W.4.9
WIDA
ELD Standard 1: The Language of Social and Instructional Language
ELD Standard 4: The Language of Science

Mathematics
Reason abstractly and quantitatively. (4-ESS3-1) MP.2
Model with mathematics. (4-ESS3-1) MP.4
Interpret a multiplication equation as a comparison, e.g., interpret 35 = 5 ×
7 as a statement that 35 is 5 times as many as 7 and 7 times as many as
5. Represent verbal statements of multiplicative comparisons as
multiplication equations. (4-ESS3-1) 4.OA.A.1
Computer Science & Design Thinking
8.1.5.IC.1: Identify computing technologies that have impacted how
individuals live and work and describe the factors that influenced the
changes.
8.2.5.ITH.1: Explain how societal needs and wants influence the
development and function of a product and a system.
8.2.5.ETW.1: Describe how resources such as material, energy,
information, time, tools, people, and capital are used in products or
systems.
8.2.5.ETW.4: Explain the impact that resources, such as energy and
materials used to develop technology, have on the environment.
8.2.5.ETW.5: Identify the impact of a specific technology on the
environment and determine what can be done to increase positive effects
and to reduce any negative effects, such as climate change.
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Career Readiness, Life Literacies, and Key Skills
CRP1. Act as a responsible and contributing community
member and employee.
CRP4. Demonstrate creativity and innovation.
CRP5. Utilize critical thinking to make sense of problems and
persevere in solving them.
CRP9. Work productively in teams while using cultural/global
competence.

9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
to personal likes.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
9.4.5.CT.2: Identify a problem and list the types of individuals and resources (e.g., school,
community agencies, governmental, online) that can aid in solving the problem.
9.4.5.CT.3: Describe how digital tools and technology may be used to solve problems.
9.4.5.CT.4: Apply critical thinking and problem-solving strategies to different types of
problems such as personal, academic, community and global.
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Instructional Days: 22

Timeline: Nov. 13- Dec. 15

Unit Summary
How can we use waves to gather and transmit information?
In this unit of study, students use a model of waves to describe patterns of waves in terms of amplitude and wavelength and to show that waves can
cause objects to move. The crosscutting concepts of patterns; interdependence of science, engineering, and technology; and influence of
engineering, technology, and science on society and the natural world are called out as organizing concepts for these disciplinary core ideas.
Students demonstrate grade-appropriate proficiency in developing and using models, planning and carrying out investigations, and constructing
explanations, and designing solutions. Students are also expected to use these practices to demonstrate their understanding of the core ideas
Student Learning Objectives
Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move.
[Clarification Statement: Examples of models could include diagrams, analogies, and physical models using wire to illustrate wavelength and
amplitude of waves.] [Assessment Boundary: Assessment does not include interference effects, electromagnetic waves, non-periodic waves, or
quantitative models of amplitude and wavelength.]  (4-PS4-1)
Generate and compare multiple solutions that use patterns to transfer information. [Clarification Statement: Examples of solutions could include
drums sending coded information through sound waves, using a grid of 1’s and 0’s representing black and white to send information about a picture,
and using Morse code to send text.] (4-PS4-3)
Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem. (3-5-EST-1-2)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5-ETS1-3)
See Content Evidence Statements for student performance expectations.

See Evidence Statements for Engineering Design.
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Resources and Activities
Exploring Science:
●
●
●
●
●

content pages 52-69
Pages 56-57: Investigate- Wavelength and Amplitude
Pages 58-59: Investigate- How Waves Move Objects.
Pages 64-65: Investigate- Use a Code
Pages 66-67: Think Like an Engineer- Compare Multiple Solutions
○ In this activity students will devise a way to communicate with a person without cell phones or flashlights.

Mystery Science:
●

●
●

How Far Can a Whisper Travel?
○ Extension Activities Suggested■ The Longest Tin Can Phone  - short safetube video to end the lesson
■ Everyday Objects Move Because of Sound Vibrations - 2 minute clip- great intro to sound vibrations
What would happened if you screamed in space?
Why are some sounds high and some sounds low?

Additional online resources:
●
●
●
●

Pop Bottle Waves
○ This is a lesson to introduce how waves transfer energy.
Wave If You've Got Energy video- 8 minute video
○ Shows how waves spread out in different directions.
Energy in Waves: A Transfer Story video (8 minutes)
○ Shows students how energy is transferred in waves
Learning in Action- Waves Lessons - this link has multiple lessons on introducing waves and sounds
○ example lesson- Waves in Gases in “Lesson #1- Types of Waves”: Put rice on a sound box (a speaker or boom box in a copy box
works- cut out part of the top and cover with wax paper). Turn on the music and watch the rice bounce up and down.

Additional Activities:
●
●

Demonstrating characteristics of waves with a large slinky
Use bendaroos to model waves and describe amplitude and wavelength

Suggested Reading:
Readworks:
●

Soundwaves (Grade 3)
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●
●
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Sound (Grade 3)
What is Sound? (Grade 3)
Now Hear This! (Grade 4)

Newsela:
●

Oil companies to blast in Atlantic whale waters

Other:
●
●
●

NGSS Interactive Science Notebook Activities by Science Penguin- pages 25-30
Sound Interactive Notebook Activities by Jivey
Sound Notes (Hard Copy)

Timeline: Nov. 13- Dec. 15
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Before You Teach
In this unit of study, students plan and carry out investigations, analyze and interpret data, and construct explanations. They also develop and use
models to describe patterns of waves in terms of amplitude and wavelength and to show that waves can cause objects to move.
Waves, which are regular patterns of motion, can differ in amplitude (height of the wave) and wavelength (spacing between wave peaks). Students can
model the properties of waves by disturbing the surface of water in a variety of pans and buckets. Students should make observations as they strike the
surface of the water with small and large objects, such as marbles and rocks. In addition, smaller pans can be tilted in different directions in order to
observe the effect on the wave patterns created on the surface of the water. Students should observe and describe a number of similarities and
differences in the wave patterns created, including the following:
●

When an object hits the surface of water, waves move across the surface.

●

Waves move up and down across the surface of the water away from the point of contact.

●

Waves on the surface of the water move away from the point of contact in increasingly larger circles.

●

When waves hit another surface, the waves change direction and move away from the surface with which they come into contact.

●

The height of the wave (amplitude) and the distance between the peaks of waves (wavelength) varies depending upon the intensity of the
disturbance, and/or the size (mass, volume) of the object disturbing the surface of the water.

When describing the properties of waves, students should also develop a model using drawings, diagrams, or physical models (such as a slinky or jump
rope) to show the basic properties of waves (amplitude and wavelength). In addition, the class should discuss other real-world examples of waves,
including sound and light waves, using understandings developed in prior units of study.
To begin the engineering design process, students are challenged to design a way to use patterns to transfer information. This process should include
the following steps:
●

As a class, brainstorm a list of ways in which patterns have been used in the past to communicate over distance. Some examples include the use of
smoke signals, drums, and Morse code on a telegraph.

●

Small groups collaboratively conduct research to determine other possible ways of communicating using patterns over distances.

●

As a class, determine criteria and possible constraints on the design solutions.

●

−

Criteria might include that groups must communicate information using patterns, the design solution must communicate over a
predetermined distance, and groups must be able to describe how patterns were used in the design to communicate over a distance.

−

Possible constraints might include materials available to build/create a device and the amount of time available to design and build.

Small groups work collaboratively to design and build a device or design a process for communicating information over a distance. Some examples
could include:
−

Drums sending coded information through sound waves.

−

Use a flashlight to convey information using a pattern of on and off.
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−

Use Morse code to send information.

−

Build an instrument with a box and rubber bands of varying sizes that can be plucked in a pattern to communicate information.

−

Use musical patterns on a xylophone or tuning forks to convey information.

−

Use string and cups to build a simple “phone” to send information.

●

After small groups finish designing and building, they should put together a presentation that includes a written description/explanation of how
patterns are used to communicate information. They can also include pictures, video or audio recordings, and/or models to support their
explanation.

●

Each group presents their design solution to the class. After observing each design solution, students should classify each based on the type or
types of patterns used to communicate (e.g., sound, light, or both).

●

Students investigate how well the solutions perform under a range of likely conditions (e.g., environmental noise or light, increases in distance). This
may involve additional research, planning and conducting multiple investigations to produce data, and collecting and analyzing additional data that
can be used as evidence to support conclusions. All tests that are planned and carried out should be fair tests in which variables are controlled and
failure points are considered in order to identify elements of the design solution that do and do not meet criteria and constraints.

●

Students compare the solutions, determining which can be used to successfully communicate information over a distance using patterns. Students
should determine how well each design solution meets criteria, using data as evidence to support their thinking.

Throughout this process, communicating with peers is important, and can lead to better designs. After completing the engineering design process,
students should discuss ways in which we use patterns in today’s technology to communicate over long distances and how engineers have improved
existing technologies over time in order to increase benefits, decrease known risks, and meet societal demands.
Integration of engineeringEngineering design is an integral part of this unit of study. Students are expected to research a problem and communicate proposed solutions to others;
define a simple design problem including specified criteria for success and constraints on materials time, or cost; and plan and carry out fair tests in
which variables are controlled and failure points are considered to identify aspects of the design solution that can be improved. This process is outlined
in greater detail in the previous section.
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Unit Sequence
Part A: If a beach ball lands in the surf, beyond the breakers, what will happen to it?
Concepts
Science findings are based on recognizing patterns.

Formative Assessments
Students who understand the concepts can:

●

Similarities and differences in patterns can be used to sort and classify
natural phenomena.

●

Sort and classify natural phenomena using similarities and differences
in patterns.

●

Waves, which are regular patterns of motion, can be made in water by
disturbing the surface.

●

Develop a model using an analogy, example, or abstract
representation to describe a scientific principle.

●

When waves move across the surface of deep water, the water goes
up and down in place; there is no net motion in the direction of the
wave except when the water meets a beach.

●

●

Waves of the same type can differ in amplitude (height of the wave)
and wavelength (spacing between wave peaks)

Develop a model (e.g., diagram, analogy, or physical model) of waves
to describe patterns in terms of amplitude and wavelength, and that
waves can cause objects to move. (Assessment does not include
interference effects, electromagnetic waves, non-periodic waves, or
quantitative models of amplitude and wavelength).

●

Unit Sequence
Part B: Which team can design a way to use patterns to communicate with someone across the room?
●

Concepts
Similarities and differences in patterns can be used to sort and classify
designed products.

●

Knowledge of relevant scientific concepts and research findings is
important in engineering.

●

Engineers improve existing technologies or develop new ones to
increase their benefits, decrease known risks, and meet societal
demands.

●

●
●

Digitized information can be transmitted over long distances without
significant degradation. High-tech devices, such as computers or cell
phones, can receive and decode information—that is, convert it from
digitized form to voice and vice versa.
Different solutions need to be tested in order to determine which of
them best solve the problem, given the criteria and the constraints.
Research on a problem should be carried out before beginning to
design a solution. Testing a solution involves investigating how well it

Formative Assessments
Students who understand the concepts can:
●

Sort and classify designed products using similarities and differences
in patterns.

●

Generate and compare multiple solutions to a problem based on how
well they meet the criteria and constraints of the design solution.

●

Generate and compare multiple possible solutions to a problem based
on how well each is likely to meet the criteria and constraints of the
problem.

●

Generate and compare multiple solutions that use patterns to transfer
information. Examples of solutions could include:
✓ Drums sending coded information through sound waves;
✓ Using a grid of ones and zeroes representing black and white to
send
✓ information about a picture;
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✓ Using Morse code to send text.

●

At whatever stage, communicating with peers about proposed
solutions is an important part of the design process, and shared ideas
can lead to improved designs.

●

Plan and conduct an investigation collaboratively to produce data that
can serve as the basis for evidence, using fair tests in which variables
are controlled and the number of trials considered.

●

Tests are often designed to identify failure points or difficulties, which
suggest the elements of the design that need to be improved.

●

Plan and carry out fair tests in which variables are controlled and
failure points are considered to identify aspects of a model or
prototype that can be improved.

Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Physical Science after Unit 3 on pages 170-191 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)
Connecting with English Language Arts/Literacy and Mathematics
English Language Arts/Literacy
To support integration of English language arts into this unit, students conduct short research projects, using both print and digital sources, to build their
understanding of wave properties and of the use of waves to communicate over a distance. Students should take notes, categorize information
collected, and document a list of the sources used. Using the information they collect during research, as well as information from their experiences with
waves, sound, and light, students integrate the information and use it to design a device or process that can be used to communicate over a distance
using patterns. As students create presentations that detail how their design solutions can be used to communicate, they should use details and
examples from both their research and experiences to explain how patterns are used in their design to communicate over a distance. They can include
audio or video recordings and visual displays to enhance their presentations.
Mathematics
To support the integration of the CCSS for mathematics into this unit of study, students should have opportunities to draw points, lines, line segments,
rays, angles, and perpendicular and parallel lines, and identify these in two-dimensional drawings as they identify rays and angles in drawings of the
ways in which waves move. Students should also have opportunities to use the four operations to solve problems. Students can analyze constraints on
materials, time, or cost to draw implications for design solutions. For example, if a design calls for 20 screws and screws are sold in boxes of 150, how
many copies of the design could be made?
As students represent and solve word problems, such as these, they reason abstractly and quantitatively and model with mathematics. As students
create models of waves and engage in engineering design, they have opportunities to use tools strategically while measuring, drawing, and building.
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Modifications
Teacher Note: Teachers identify the modifications that they will use in the unit. The unneeded modifications can then be deleted from the list.
●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA)

●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).

●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
their understandings.

●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.

●

Provide ELL students with multiple literacy strategies.

●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504
Prior Learning

By the end of Grade 1, students know that:
●

People also use a variety of devices to communicate (send and receive information) over long distances.

By the end of Grade 2, students know that:
●

A situation that people want to change or create can be approached as a problem to be solved through engineering.

●

Asking questions, making observations, and gathering information are helpful in thinking about problems.

●

Before beginning to design a solution it is important to clearly understand the problem.
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●

Designs can be conveyed through sketches, drawings, or physical models. These representations are useful in communicating ideas for a
problem’s solutions to other people.

●

Because there is always more than one possible solution to a problem, it is useful to compare and test designs.

By the end of Grade 3, students know that:
●

Each force acts on one particular object and has both strength and a direction. An object at rest typically has multiple forces acting on it, but they
add to give zero net force on the object. Forces that do not sum to zero can cause changes in the object’s speed or direction of motion. (Boundary:
Qualitative and conceptual, but not quantitative, addition of forces is used at this level).

●

The patterns of an object’s motion in various situations can be observed and measured; when that past motion exhibits a regular pattern, future
motion can be predicted from it. (Boundary: Technical terms, such as magnitude, velocity, momentum, and vector quantity, are not introduced at
this level, but the concept that some quantities need both size and direction to be described is developed.)
Future Learning

In middle school, students will know that:
●

A simple wave has a repeating pattern with a specific wavelength, frequency, and amplitude.

●

A sound wave needs a medium through which it is transmitted.

●

Digitized signals (sent as wave impulses) are a more reliable way to encode and transmit information.

●

A solution needs to be tested, and then modified on the basis of the test results, in order to improve it.

●

There are systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a problem.

●

Sometimes parts of different solutions can be combined to create a solution that is better than any of its predecessors.

●

Models of all kinds are important for testing solutions.

●

Although one design may not perform the best across all tests, identifying the characteristics of the design that performed the best in each test can
provide useful information for the redesign process— that is, some of those characteristics may be incorporated into the new design.

●

The iterative process of testing the most promising solutions and modifying what is proposed on the basis of the test results leads to greater
refinement and ultimately to an optimal solution.
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Connections to Other Units
In Unit 1, Transfer of Energy; Unit 3, Force and Motion; and Using Engineering Design with Force and Motion Systems, students work with concepts
related to force, motion, energy, and energy transfer.
Students understand that:
●

Energy can be moved from place to place by moving objects or through sound, light, or electric currents. Energy is present whenever there are
moving objects, sound, light, or heat. When objects collide, energy can be transferred from one object to another, thereby changing the object’s
motion. In such collisions, some energy is typically also transferred to the surrounding air; as a result, the air gets heated and sound is produced.

●

Light also transfers energy from place to place.

●

Energy can also be transferred from place to place by electric currents, which can then be used locally to produce motion, sound, heat, or light. The
currents may have been produced to begin with by transforming the energy of motion into electrical energy.

In Unit 2, Earth Processes, and Unit 7, Using Engineering Design with Force and Motion Systems, students engage in engineering design. Students
understand that:
●

Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by
considering the desired features of a solution (criteria).

●

Different proposals for solutions can be compared on the basis of how well each one meets the specified criteria for success or how well each takes
the constraints into account.

●

Research on a problem should be carried out before beginning to design a solution. Solutions should be tested to investigate how well they perform
under a range of likely conditions.

●

At whatever stage, communicating with peers about proposed solutions is an important part of the design process, and shared ideas can lead to
improved designs.

●

Tests are often designed to identify failure points or difficulties, which suggest the elements of the design that need to be improved.

●

Different solutions need to be tested in order to determine which of them best solve the problem, given the criteria and the constraints.

Sample of Open Education Resources
The “What it Looks Like in the Classroom” section of this document describes several student sense-making and engineering tasks.
The Utah Education Network has created several resources for fourth grade science teachers.
Michigan NGSS Moodle:  The purpose of this website to provide K-5 Science teachers with resources, lessons, and activities based on the NGSS
which were created by teachers in our region.
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Appendix A: NGSS and Foundations for the Unit
Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move. [Clarification
Statement: Examples of models could include diagrams, analogies, and physical models using wire to illustrate wavelength and amplitude of waves.]
[Assessment Boundary: Assessment does not include interference effects, electromagnetic waves, non-periodic waves, or quantitative models of
amplitude and wavelength.]  (4-PS4-1)
Generate and compare multiple solutions that use patterns to transfer information. [Clarification Statement: Examples of solutions could include
drums sending coded information through sound waves, using a grid of 1’s and 0’s representing black and white to send information about a picture, and
using Morse code to send text.] (4-PS4-3)
Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem. (3-5-EST-1-2)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5-ETS-1-3)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Developing and Using Models

PS4.A: Wave Properties

Patterns

●

●

●

Similarities and differences in patterns can
be used to sort, classify, and analyze simple
rates of change for natural phenomena.
(4-PS4-1)

●

Similarities and differences in patterns can
be used to sort and classify designed
products. (4-PS4-3)

Develop a model using an analogy, example,
or abstract representation to describe a
scientific principle. (4-PS4-1)

Constructing Explanations and Designing
Solutions
●

●

Generate and compare multiple solutions to
a problem based on how well they meet the
criteria and constraints of the design
solution. (4-PS4-3)
Generate and compare multiple solutions to
a problem based on how well they meet the
criteria and constraints of the design
problem. (3-5-ETS1-2)

------------------------------------

●

Scientific Knowledge is Based on Empirical
Evidence

Waves of the same type can differ in
amplitude (height of the wave) and
wavelength (spacing between wave peaks).
(4-PS4-1)

PS4.C: Information Technologies and
Instrumentation
●

Connections to Nature of Science

Waves, which are regular patterns of motion,
can be made in water by disturbing the
surface. When waves move across the
surface of deep water, the water goes up
and down in place; there is no net motion in
the direction of the wave except when the
water meets a beach. (Note: This grade
band endpoint was moved from
K–2.) (4-PS4-1)

Digitized information can be transmitted over
long distances without significant
degradation. High-tech devices, such as
computers or cell phones, can receive and
decode information—convert it from digitized

---------------- --------------Connections to Engineering, Technology,
and Applications of Science
Interdependence of Science, Engineering,
and Technology
●

Knowledge of relevant scientific concepts
and research findings is important in
engineering. (4-PS4-3)

Influence of Science, Engineering, and
Technology on Society and the Natural World
●

Engineers improve existing technologies or
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●

Science findings are based on recognizing
patterns. (4-PS4-1)

Planning and Carrying Out Investigations
●

Plan and conduct an investigation
collaboratively to produce data to serve as
the basis for evidence, using fair tests in
which variables are controlled and the
number of trials considered. (3-5-ETS1-3)
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form to voice—and vice versa. (4-PS4-3)
ETS1.C: Optimizing The Design Solution
●

Different solutions need to be tested in order
to determine which of them best solves the
problem, given the criteria and the
constraints. (secondary to 4-PS4-3)

ETS1.B: Developing Possible Solutions
●

Research on a problem should be carried
out before beginning to design a solution.
Testing a solution involves investigating how
well it performs under a range of likely
conditions. (3-5-ETS1-2)

●

At whatever stage, communicating with
peers about proposed solutions is an
important part of the design process, and
shared ideas can lead to improved designs.
(3-5-ETS1-2)

●

Tests are often designed to identify failure
points or difficulties, which suggest the
elements of the design that need to be
improved. (3-5-ETS1-3)

ETS1.C: Optimizing the Design Solution
●

Different solutions need to be tested in order
to determine which of them best solves the
problem, given the criteria and the
constraints. (3-5-ETS1-3)

Timeline: Nov. 13- Dec. 15

develop new ones to increase their benefits,
decrease known risks, and meet societal
demands. (3-5-ETS1-2)
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English Language Arts
Integrate information from two texts on the same topic in order to write or
speak about the subject knowledgeably. (4-PS4-3) RI.4.9
Add audio recordings and visual displays to presentations when appropriate
to enhance the development of main ideas or themes. (4-PS4-1) SL.4.5
Draw on information from multiple print or digital sources, demonstrating the
ability to locate an answer to a question quickly or to solve a problem
efficiently. (3-5-ETS1-2) RI.5.1
Integrate information from several texts on the same topic in order to write or
speak about the subject knowledgeably. (3-5-ETS1-2) RI.5.9
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Mathematics
Reason abstractly and quantitatively. (3-5-ETS1-2), (3-5-ETS1-3) MP.2
Model with mathematics. (4-PS4-2), (3-5-ETS1-2), (3-5-ETS1-3) MP.4
Use appropriate tools strategically. (3-5-ETS1-2), (3-5-ETS1-3) MP.5
Operations and Algebraic Thinking (3-ETS1-2) 3-5.OA
Draw points, lines, line segments, rays, angles (right, acute, obtuse), and
perpendicular and parallel lines. Identify these in two-dimensional
figures. (4-PS4-2) 4.G.A.1

Conduct short research projects that use several sources to build knowledge
through investigation of different aspects of a topic. (3-5-ETS1-3) W.5.7
Recall relevant information from experiences or gather relevant information
from print and digital sources; summarize or paraphrase information in notes
and finished work, and provide a list of sources. (3-5-ETS1-3) W.5.8
Draw evidence from literary or informational texts to support analysis,
reflection, and research. (3-5-ETS1-3) W.5.9
WIDA
ELD Standard 1: The Language of Social and Instructional Language
ELD Standard 4: The Language of Science

Computer Science & Design Thinking
8.2.5.ED.4: Explain factors that influence the development and function
of products and systems (e.g., resources, criteria, desired features,
constraints).
8.2.5.ED.5: Describe how specifications and limitations impact the
engineering design process.
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Career Readiness, Life Literacies, and Key Skills
CRP4. Demonstrate creativity and innovation.
CRP5. Utilize critical thinking to make sense of problems and
persevere in solving them.
CRP9. Work productively in teams while using cultural/global
competence.

9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
to personal likes.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
9.4.5.CT.2: Identify a problem and list the types of individuals and resources (e.g., school,
community agencies, governmental, online) that can aid in solving the problem.
9.4.5.CT.3: Describe how digital tools and technology may be used to solve problems.
9.4.5.CT.4: Apply critical thinking and problem-solving strategies to different types of
problems such as personal, academic, community and global.
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Unit Summary
What is the relationship between the speed of an object and the energy of that object?
In this unit of study, students are able to use evidence to construct an explanation of the relationship between the speed of an object and the energy of
that object, and are expected to develop an understanding that energy can be transferred from object to object through collisions. The crosscutting
concept of energy and matter is called out as an organizing concept. Students are expected to demonstrate grade-appropriate proficiency in asking
questions, defining problems, and constructing explanations, and designing solutions. Students are also expected to use these practices to demonstrate
understanding of the core ideas.
This unit is based on 4-PS3-1 and 4-PS3-3.

Student Learning Objectives
Use evidence to construct an explanation relating the speed of an object to the energy of that object. [Assessment Boundary: Assessment does
not include quantitative measures of changes in the speed of an object or on any precise or quantitative definition of energy.] (4-PS3-1)
Ask questions and predict outcomes about the changes in energy that occur when objects collide. [Clarification Statement: Emphasis is on the
change in the energy due to the change in speed, not on the forces, as objects interact.] [Assessment Boundary: Assessment does not include
quantitative measurements of energy.] (4-PS3-3)
Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or
cost. (3-5 ETS1-1)
Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem.(3-5ETS1-2)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5 ETS1-3)
See Content Evidence Statements for student performance expectations.

1

See Evidence Statements for Engineering Design.
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Resources and Activities
Exploring Science:
●
●
●

Pages 4-11
Pages 6-7: Investigate-Speed
Pages 10-11: Investigate: Motion

Mystery Science:
●
●
●

●
●

How can a car run without gas?
○ Suggested Additional Activities:
■ Reading: The First Airplane Engine
What makes roller coasters go so fast?
○ Video Clip: A People-Powered Amusement Park
○ Reading- What Goes Up Must Come Down
Why is the first hill of a roller coaster always the highest?
○ *Note: a suggested follow-up lesson after both rollercoaster mysteries would be to have the students design their OWN coasters (in
their same groups of 2-3) using the same materials they used for Mystery Science 2&3. Students must design something to test out
and build (example: students may want to use the material to make a coaster that has sharp turns or corkscrews. The coaster will be
successful if the first drop was high enough. Students would also test their design and redesign as necessary (engineering). This can
be a formative assessment, where students have to use evidence to construct an explanation relating the speed of an object(marble) to
the energy of that object.
○ Roller Coaster Design Example -This link gives pictures and examples of students designing their own coasters
○ Swinging Pendelum Activity (outside)
Could you knock down a building using only dominoes?
Could you build a chain reaction machine?

Additional online resources:
●
●
●

Study Jams: Force and Motion
○ Study Jams questions
Wonderopolis
○ Where is the Fastest Roller Coaster?
PBS Kids
○ Force and Motion Video
■ This video talks about the laws of motion.
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Additional Activities:
●

Marble Lab (Colliding Marbles)
○ Students will work in pairs to investigate how marbles travel after being hit by another marble. Students record their information in a
science journal and provide a demonstration for the class.

Suggested Reading:
Readworks:
●
●

Up to Speed (Grade 4)
The Simple Physics of Soccer (Grade 4)

Newsela
●

Forces on a plane

Duckster
●

Laws of Motion Article

Ladders
●

Let’s Keep Moving (also used in Unit 1)

Other:
NGSS Interactive Notebook by Science Penguin (pages 9-13)
Science Weekly Five Stations “Force and Motion” by Science Penguin
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Before You Teach
In order to understand and explain the relationship between an object’s speed and its energy, students need multiple opportunities to observe objects in
motion. Students can roll balls down ramps, build and race rubber band cars, or build roller coasters. As they observe the motion of objects, they should
collect data about the relative speed of objects in relation to the strength of the force applied to them. For example, when a ball is placed at the top of a
ramp, it has stored energy, due to the force of gravity acting on it. When the ball is released, that stored energy is changed (transferred) into motion
energy. Increasing the height of a ramp also increases the amount of stored energy in the ball at the top of the ramp. If the ball is released from a higher
starting point, it rolls faster and farther. Likewise, winding the rubber band in a rubber band car stores energy in the rubber band, which is then changed,
or transferred, into motion energy (kinetic) as the car moves forward. The more times you wind the rubber band, the greater the amount of stored energy
in the rubber band, and the farther and faster the car goes. As students investigate these types of force and motion systems, they should conduct
multiple trials, increasing and decreasing the amount of energy, then collect qualitative data as they observe the impact differing amounts of energy
have on the relative speed of the object in motion. Students should then use their data as evidence to support their explanation of the relationship
between the relative speed of an object and its energy.
Once students understand that the faster an object moves, the more energy it possesses, they can begin to explore ways in which energy can be
transferred. As they investigated the relationship between speed and energy, students learned that stored energy was changed, or transferred, into
motion energy. To broaden their understanding of energy transfer, students should be provided with opportunities to observe objects colliding and
should be encouraged to ask questions that lead to further investigation. For example, if students roll a ball towards a wall, or roll two balls so that they
collide, they may observe any or all of the following:
✓ Change(s) in the direction of motion
✓ Change(s) in speed
✓ Change(s) in the type of energy (e.g., motion energy to sound energy, sound energy to heat energy)
✓ Change(s) in the type of motion (rolling to bouncing).
As students continue to investigate interactions between moving objects, they should notice that when a moving object collides with a stationary object,
some of the motion energy of one is transferred to the other. In addition, some of the motion energy is changed, or transferred to the surrounding air,
and as a result, the air gets heated and sound is produced. Likewise, when two moving objects collide, they transfer motion energy to one another and
to the surrounding environment as sound and heat. It is important that as students observe these types of interactions, they collect observational data,
document the types of changes they observe, look for patterns of change in both the motion of objects and in the types of energy transfers that occur,
and make predictions about the future motion of objects. Their investigations will help them understand that:
✓ Energy can be transferred in various ways and between objects.
✓ Energy is present whenever there are moving objects.
✓ Energy can be moved, or transferred, from place to place by moving objects.
✓ When objects collide, some energy may be changed or transferred into other types of energy.
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Unit Sequence
Part A: What is the relationship between the speed of an object and its energy?
●

Concepts
Energy can be transferred in various ways and between objects.

Formative Assessment
Students who understand the concepts are able to:

●

The faster a given object is moving, the more energy it possesses.

●

Describe various ways that energy can be transferred between
objects.

●

Use evidence (e.g., measurements, observations, patterns) to
construct an explanation.

●

Use evidence to construct an explanation relating the speed of an
object to the energy of that object. (Assessment does not include
quantitative measures of changes in the speed of an object or on any
precise or quantitative definition of energy.)

Unit Sequence
Part B: In what ways does energy change when objects collide?

Concepts
Energy can be transferred in various ways and between objects.

Formative Assessment
Students who understand the concepts are able to:

●

Energy can be moved from place to place by moving objects or
through sound, light, or electric currents.

●

Describe the various ways that energy can be transferred between
objects.

●

Energy is present whenever there are moving objects, sound, light, or
heat.

●

Ask questions that can be investigated and predict reasonable
outcomes based on patterns such as cause and effect relationships.

●

When objects collide, energy can be transferred from one object to
another, thereby changing their motion. In such collisions, some
energy is typically also transferred to the surrounding air; as a result,
the air gets heated and sound is produced.

●

Ask questions and predict outcomes about the changes in energy that
occur when objects collide. Emphasis is on the change in the energy
due to the change in speed, not on the forces, as objects interact.
(Assessment does not include quantitative measurements of energy.)

●

When objects collide, the contact forces transfer energy so as to
change the objects’ motions.

●
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Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Physical Science after Unit 3 on pages 170-191 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)

Connecting with English Language Arts/Literacy and Mathematics
English Language Arts
Students will conduct a short research project to build their understanding of the transfer of energy (motion, heat, and sound) in force and motion
systems. They will need access to a variety of texts and should use information from their class experiences and from print and digital sources to write
informative/explanatory texts. As students gather information, they should take notes and categorize information. In their writing, students should detail
what they observed as they investigated simple force and motion systems, describe procedures they followed as they conducted investigations, and
use information from their observations and research to explain the patterns of change that occur when objects move and collide. As students
participate in discussions and write explanations, they should refer specifically to text, when appropriate.
Mathematics
N/A
Modifications
(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies for vignettes
and explanations of the modifications.)
●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).

●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
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their understandings.
●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.

●

Provide ELL students with multiple literacy strategies.

●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA).

●

Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504

Prior Learning
Kindergarten: Pushes and Pulls
●

When objects touch or collide, they push on one another and can change motion.

Grade 3: Forces and Motion
●

Each force acts on one particular object and has both strength and a direction. An object at rest typically has multiple forces acting on it, but they
add to give zero net force on the object. Forces that do not sum to zero can cause changes in the object’s speed or direction of motion. (Boundary:
Qualitative and conceptual used at this level.)

●

The patterns of an object’s motion in various situations can be observed and measured; when that past motion exhibits a regular pattern, future
motion can be predicted from it. (Boundary: Technical terms, such as magnitude, velocity, momentum, and vector quantity, are not introduced at
this level, but the concept that some quantities need both size and direction to be described is developed.)
Future Learning

Grade 6: Forces and Motion
●

For any pair of interacting objects, the force exerted by the first object on the second object is equal in strength to the force that the second object
exerts on the first, but in the opposite direction (Newton’s third law).

●

The motion of an object is determined by the sum of the forces acting on it; if the total force on the object is not zero, its motion will change. The
greater the mass of the object, the greater the force needed to achieve the same change in motion. For any given object, a larger force causes a
larger change in motion.
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●

All positions of objects and the directions of forces and motions must be described in an arbitrarily chosen reference frame and arbitrarily chosen
units of size. In order to share information with other people, these choices must also be shared.

●

When two objects interact, each one exerts a force on the other that can cause energy to be transferred to or from the object.

Grade 6: Types of Interactions
●

Temperature is a measure of the average kinetic energy of particles of matter. The relationship between the temperature and the total energy of a
system depends on the types, states, and amounts of matter present.

●

The amount of energy transfer needed to change the temperature of a matter sample by a given amount depends on the nature of the matter, the
size of the sample, and the environment.

●

Energy is spontaneously transferred out of hotter regions or objects and into colder ones.

Grade 8: Relationships among Forms of Energy
●

When the motion energy of an object changes, there is inevitably some other change in energy at the same time.

Connections to Other Units
In Unit 1, Transfer of Energy, students developed the understanding that energy can be transferred from place to place by sound, light, heat, and
electrical currents. , Using Engineering Design with Force and Motion Systems, students will work with concepts related to force, motion, energy,
and energy transfer.
Sample of Open Education Resources
Spool Racers: This resource includes three parts: a video clip from the TV show, Zoom, to introduce the activity, an essay with background information
about energy, and a set of printable instructions. Students use a spool, a toothpick, a washer, a rubber band, and a pencil to build a racer. They conduct
tests with the racer by varying the number of twists in the rubber band or changing other design features. These websites provide additional ideas for
modifying the basic rubber band racer design: http://www.scienceworld.ca/resources/activities/popcan-porsche and
http://pbskids.org/designsquad/build/rubber-band-car/.
Force and Motion: This video segment from IdahoPTV's D4K defines gravity, force, friction and inertia through examples from amusement park rides.
Examples and explanations of Sir Isaac Newton's Three Laws of Motion are also included.
Advanced High-Powered Rockets:  Students select a flight mission (what they want the rocket to do) and design and construct a high-power paper
rocket that will achieve the mission. They construct their rocket, predict its performance, fly the rocket, and file a post-flight mission report. Missions
include achieving high altitude records, landing on a "planetary" target, carrying payloads, testing a rocket recovery system, and more.
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Appendix A: NGSS and Foundations for the Unit
Use evidence to construct an explanation relating the speed of an object to the energy of that object. [Assessment Boundary: Assessment does
not include quantitative measures of changes in the speed of an object or on any precise or quantitative definition of energy.] (4-PS3-1)
Ask questions and predict outcomes about the changes in energy that occur when objects collide. [Clarification Statement: Emphasis is on the
change in the energy due to the change in speed, not on the forces, as objects interact.] [Assessment Boundary: Assessment does not include
quantitative measurements of energy.] (4-PS3-3)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Planning and Carrying Out Investigations

PS3.A: Definitions of Energy

Energy and Matter

●

●

The faster a given object is moving, the more
energy it possesses. (4-PS3-1)

●

●

Energy can be moved from place to place by
moving objects or through sound, light, or
electric currents. (4-PS3-3)

Make observations to produce data to serve
as the basis for evidence for an explanation
of a phenomenon or test a design solution.
(4-PS3-2)

Asking Questions and Defining Problems
●

Ask questions that can be investigated and
predict reasonable outcomes based on
patterns such as cause and effect
relationships. (4-PS3-3)

PS3.B: Conservation of Energy and Energy
Transfer
●

Constructing Explanations and Designing
Solutions
●

Use evidence (e.g., measurements,
observations, patterns) to construct an
explanation. (4-PS3-1)

Energy is present whenever there are
moving objects, sound, light, or heat. When
objects collide, energy can be transferred
from one object to another, thereby changing
their motion. In such collisions, some energy
is typically also transferred to the
surrounding air; as a result, the air gets
heated and sound is produced. (4-PS3-3)

PS3.C: Relationship Between Energy and
Forces
●

When objects collide, the contact forces
transfer energy so as to change the objects’
motions. (4-PS3-3)
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Energy can be transferred in various ways
and between objects. (4-PS3-1) (4-PS3-3)
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English Language Arts
Refer to details and examples in a text when explaining what the text says
explicitly and when drawing inferences from the text. (4-PS3-1) RI.4.1

Timeline: Dec. 18-Jan. 26

Mathematics

Explain events, procedures, ideas, or concepts in a historical, scientific, or
technical text, including what happened and why, based on specific
information in the text. (4-PS3-1) RI.4.3
Integrate information from two texts on the same topic in order to write or
speak about the subject knowledgeably. (4-PS3-1) RI.4.9
Write informative/explanatory texts to examine a topic and convey ideas
and information clearly. (4-PS3-1) W.4.2

N/A

Conduct short research projects that build knowledge through investigation
of different aspects of a topic. (4-PS3-3) W.4.7
Recall relevant information from experiences or gather relevant information
from print and digital sources; take notes and categorize information, and
provide a list of sources. (4-PS3-1), (4-PS3-3) W.4.8
Draw evidence from literary or informational texts to support analysis,
reflection, and research. (4-PS3-1) W.4.9

Computer Science & Design Thinking

WIDA
ELD Standard 1: The Language of Social and Instructional Language

8.2.5.ED.4: Explain factors that influence the development and function of
products and systems (e.g., resources, criteria, desired features,
constraints).
8.2.5.ED.5: Describe how specifications and limitations impact the
engineering design process.

ELD Standard 4: The Language of Science
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Career Readiness, Life Literacies, and Key Skills
CRP1. Act as a responsible and contributing community
member and employee.
CRP4. Demonstrate creativity and innovation.
CRP5. Utilize critical thinking to make sense of problems
and persevere in solving them.
CRP9. Work productively in teams while using cultural/
global competence.

9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
to personal likes.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
9.4.5.CT.2: Identify a problem and list the types of individuals and resources (e.g., school,
community agencies, governmental, online) that can aid in solving the problem.
9.4.5.CT.3: Describe how digital tools and technology may be used to solve problems.
9.4.5.CT.4: Apply critical thinking and problem-solving strategies to different types of
problems such as personal, academic, community and global.
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Grade 4 Unit 4 Weathering and Erosion

Unit Summary
What do the shapes of landforms and rock formations tell us about the past?
In this unit of study, students develop understandings of the effects of weathering and the rate of erosion by water, ice, wind, or vegetation. The
crosscutting concepts of patterns and cause and effect are called out as organizing concepts. Students demonstrate grade-appropriate proficiency in
planning and carrying out investigations and constructing explanations. Students are also expected to use these practices to demonstrate understanding
of the core ideas.
This unit is based on 4-ESS2-1 and 4-ESS1-1.
Student Learning Objectives
Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, ice, wind, or
vegetation. [Clarification Statement: Examples of variables to test could include angle of slope in the downhill movement of water, amount of
vegetation, speed of wind, relative rate of deposition, cycles of freezing and thawing of water, cycles of heating and cooling, and volume of water flow.]
[Assessment Boundary: Assessment is limited to a single form of weathering or erosion.] (4-ESS2-1)
Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a landscape over
time. [Clarification Statement: Examples of evidence from patterns could include rock layers with marine shell fossils above rock layers with plant fossils
and no shells, indicating a change from land to water over time; and, a canyon with different rock layers in the walls and a river in the bottom, indicating
that over time a river cut through the rock.] [Assessment Boundary: Assessment does not include specific knowledge of the mechanism of rock
formation or memorization of specific rock formations and layers. Assessment is limited to relative time.] (4-ESS1-1)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5 ETS1-3)
Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem.(3-5ETS1-2)
See Content Evidence Statements for student performance expectations.
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Resources and Activities
Exploring Science:
●
●
●
●

Pages 98-129 and 158-165
Lab “Weathering and Erosion” pgs. 118-119
○ *Note- this is very similar to Mystery Science “Will a Mountain Last Forever?”; therefore, this lab can simply be used as a demonstration
before or after the mystery.
Think Like an Engineer: Make Observations
○ Students design a way to prevent erosion on a farmer’s field.
Pages 162-163: Think Like a Scientist-Identify Evidence

Mystery Science:
●
●

●

Will a mountain last forever?
○ Suggested Optional Extras:
■ Demonstration: The Mighty Beans
How could you survive a landslide?
○ Suggested Optional Extras:
■ Article: Slow Motion Landslide Threatens Homes in New York
Why do some volcanoes explode?
○ Students reason about the cause and effect of the type of lava (cause) and the nature of the eruption (effect) as well as the shape of the
volcano (effect). This mystery can be used to transition to the next unit on mapping volcanoes, earthquakes, etc.
○ Suggested optional extras:
■ Scholastic article: Hawaii Volcano Watch

Additional online resources:
●
●
●
●

Video (suggested to launch unit and spark discussion): Coastal Erosion in Pacifica
“Jared Video”- Erosion and Soil (this can be done as an actual demonstration, or you can just show the video and pause/discuss/make
predictions
“Jared” Video: Water Breaks Down Rocks "
Video clip: Crash Course Erosion

Additional Activities:
●

Weathering, Erosion, and Deposition SORT
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Plant Walk (from Mystery Science extras)- Take your class for a walk in your schoolyard and look for plants that have taken root where they
don’t belong. You may find grass growing in cracks in a sidewalk or plants sprouting between stones or bricks in a wall; The roots of these plants
are ever-so-slowly expanding the cracks in which they grow. Just as the plants on the side of a mountain break rocks apart, the plants in your
schoolyard are breaking the sidewalk and the stone walls.

Suggested Reading:
ReadWorks
●
●
●
●

What Happens When It Rains?
The Forces that Shape Rocks.
How Glaciers Change the World.
What Happens When It Rains

Ladders
● The Good Earth (good content for this unit)
● The Chesapeake Bay
Other:
●
●
●

NGSS Interactive Notebook by Science Penguin pages 45-51
Weekly 5 “Slow Changes” by Science Penguin
Weathering and Erosion Nonfiction Passages by The Campbell Connection
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Before You Teach
In this unit of study, students are expected to develop understanding of the effects of weathering and the rate of erosion by water, ice, wind, or
vegetation. As students plan and carry out investigations using models and observe the effects of earth processes in the natural environment, they learn
to identify patterns of change; recognize cause-and-effect relationships among the forces that cause change in rocks, soil, and landforms; and construct
explanations of changes that occur over time to earth materials.
In the first portion of the unit, fourth graders develop an understanding of cause-and-effect relationships when studying physical weathering and the rate
of erosion by water, wind, ice, or vegetation. Students learn that rainfall helps to shape the land and affects the types of living things found in a region,
and that living things affect the physical characteristics of a region. Students should make observations of their local environment to observe the types of
living things that are common in the region, and they should look for evidence that water, ice, wind, organisms, and gravity have broken down rocks,
soils, and sediments into smaller pieces and have moved them from one place to another.
In the classroom, students should build and use models that demonstrate how wind, water, and ice cause change to the surface of the earth. Students
should use stream tables, soil, sand, and water to simulate the effects of moving water (rain, rivers) on rocks and soil. Following these types of
experiences, students need opportunities to ask questions that will lead to further investigations. They can change a variable—such as the type of earth
material (sand, soil, clay, silt), the angle of a hill’s slope, the volume of water flow, the speed of water flow, and the relative rate of deposition—then
collect and analyze data in order to determine the effects.
In addition to using models to understand the effects of water and ice on land, students should build and use models to simulate the effects of wind on
earth materials. There are a variety of models that can be easily built. Students should have opportunities to change variables, such as the speed or
volume of airflow. From these experiences, students should begin to understand that wind, water, and ice cause changes to the earth’s surface, and that
the stronger or faster the flow of wind or water, the greater the change it causes.
In this unit, students also need opportunities to observe ways in which plants affect the weathering and erosion of earth materials. Plants can have a
variety of effects on rocks, soils, and landforms. Plants often slow or stop the effects of moving wind and water on land. Students can observe this
phenomenon using models. As they make observations, students can change variables, such as the amount or type of plant used to slow or stop
erosion, and they can collect and analyze data to determine cause-and-effect relationships between the amount of change and the plants used to
prevent it. Then students can walk around the schoolyard and nearby neighborhoods to look for examples of plants that are used to prevent erosion.
In addition to slowing or preventing erosion, plants can cause weathering of rocks. Students can easily find examples in their own environment of
growing plant and tree roots causing rocks, sidewalks, and driveways to crack and break down into smaller and smaller components. This phenomenon
can also be simulated with models in the classroom. Students can soak lima beans in water overnight, then “plant” them in small cups containing a 2–3
cm. layer of wet Plaster of Paris on top of potting soil. (One or two seeds should be placed in the wet layer of plaster.) After a few days, the seeds will
germinate and grow, eventually causing the dried plaster to crack. Again, students need opportunities to change variables, such as the number of seeds
planted (one seed vs. multiple seeds, for example) and the type of seeds, then make observations and collect data to determine the amount of
weathering each change causes to the dried plaster.
In the second portion of this unit, students learn that patterns can be used as evidence to explain changes to the earth’s landforms and rock formations,
and that local, regional, and global patterns of rock formations reveal changes over time due to earth forces. If possible, students should make
observations of local landforms; however, pictures from books and online sources can give students the opportunity to identify evidence of change from
4

Grade 4 Science Unit 4: Weathering and Erosion

Instructional Days: 18

Timeline: Jan. 29- Feb. 23

patterns in rock formations and fossils in rock layers. Students can support explanations for changes in a landscape over time in multiple ways, including
the following:
✓ Pictures of a variety of landforms, such as sand dunes and canyons, can be used to show change due to weathering and erosion that have
occurred over time.
✓ Pictures or diagrams of rock layers with marine shell fossils above rock layers with plant fossils and no shells can be used to indicate a change
from land to water over long periods of time.
✓ Pictures of a canyon with different rock layers in the walls and a river at the bottom can be used to show that over time a river cut through the
rock to form the canyon.
As students collect evidence, either from firsthand observations or from media resources, they should attempt to explain the changes that have occurred
over time in each of the landscapes observed.
Unit Sequence
Part A: How can evidence of the effects of weathering or the rate of erosion by water, ice, wind, or vegetation be observed or measured?
●

Concepts
Cause-and-effect relationships are routinely identified, tested, and
used to explain change.

●

Water, ice, wind, living organisms, and gravity break rocks, soils, and
sediments into smaller particles and move them around.

●

Rainfall helps to shape the land and affects the types of living things
found in a region.

●

Living things affect the physical characteristics of their regions.

Formative Assessments
Students who understand the concepts can:
●

Identify, test, and use cause-and-effect relationships in order to explain
change.

●

Make observations and/or measurements to produce data to serve as
the basis for evidence for an explanation of a phenomenon.

●

Make observations and/or measurements to produce evidence of the
effects of weathering or the rate of erosion by water, ice, wind, or
vegetation. (Note: Assessment is limited to a single form of weathering
or erosion.) Examples of variables to test could include:
✓ Angle of slope in the downhill movement of water
✓ Amount of vegetation
✓ Speed of the wind
✓ Relative rate of deposition
✓ Cycles of freezing and thawing of water
✓ Cycles of heating and cooling
✓ Volume of water flow
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Unit Sequence
Part B: What can rock formations tell us about the past?
●

Concepts
Science assumes consistent patterns in natural systems.

Formative Assessments
Students who understand the concepts can:

●

Patterns can be used as evidence to support an explanation.

●

Support explanations using patterns as evidence.

●

Local, regional, and global patterns of rock formations reveal changes
over time due to earth forces, such as earthquakes.

●

Identify the evidence that supports particular points in an explanation.

●

●

The presence and location of certain fossil types indicate the order in
which rock layers were formed.

Identify evidence from patterns in rock formations and fossils in rock
layers to support an explanation for changes in a landscape over time.
(Note: Assessment does not include specific knowledge of the
mechanism of rock formation or memorization of specific rock
formations and layers. Assessment is limited to relative time.)
Examples of evidence from patterns could include
✓ Rock layers with marine shell fossils above rock layers with plant
fossils and no shells, indicating a change from land to water over
time.
✓ A canyon with different rock layers in the walls and a river in the
bottom, indicating that over time a river cut through the rock.

Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Earth and Space Science after Unit 5 on pages 198-209 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)
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Instructional Days: 18

Timeline: Jan. 29- Feb. 23

Connecting with English Language Arts/Literacy and Mathematics
English Language Arts/Literacy
To support integration of the language arts standards in this unit, students can read content-specific texts to deepen their understanding of the
cause-and-effect relationships within earth systems. As they read, students should take notes, which can be used to help them understand and explain
how earth processes affect the world around them. They should ask questions, such as,
✓ What types of soil erode faster?
✓ Why do some rocks weather more easily or more quickly than others?
✓ What patterns of change can be observed using models?
As they attempt to answer these questions, students can cite evidence from observations and from texts to support their thinking. In addition, students
can conduct short research projects that will help them gather additional evidence to support explanations. Throughout this unit, students should collect
and record data in science journals and analyze the data to identify patterns of change.
Mathematics
To support integration of the Mathematics standards into this unit, students are expected to use mathematics when analyzing quantitative data to
identify patterns, explain cause-and-effect relationships, and make predictions. Students need opportunities to measure earth materials using tools, such
as balances and graduated cylinders, and to measure distances and heights using rulers or tape measures. Students should also be required to solve
problems involving measurement and data.
Modifications
(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies for vignettes
and explanations of the modifications.)
●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).

●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
their understandings.

●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.
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Instructional Days: 18

●

Provide ELL students with multiple literacy strategies.

●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA).

●

Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504

Timeline: Jan. 29- Feb. 23

Prior Learning
Grade 2 Unit 4: The Earth’s Land and Water
●

Water is found in the ocean, rivers, lakes, and ponds. Water exists as solid ice and in liquid form.

●

Maps show where things are located. One can map the shapes and kinds of land and water in any area.

Grade 2 Unit 5: Changes to Earth’s Land
●

Wind and water can change the shape of the land.

Future Learning
Grade 5 Unit 4: Water on Earth
●

Nearly all of Earth’s available water is in the ocean. Most fresh water is in glaciers or underground; only a tiny fraction is in streams, lakes, wetlands,
and the atmosphere.

Grade 5 Unit 5: Earth Systems
●

Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and
the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The
ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact
with the landforms to determine patterns of weather.
Connections to Other Units
N/A

8
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Instructional Days: 18

Timeline: Jan. 29- Feb. 23

Sample of Open Education Resources
Glaciers, Water, and Wind, Oh My! This hands-on activity allows students to explore five earth forces that may cause erosion as they model, observe,
and record the effects of erosion on earth surfaces. Stations include demonstrations of chemical, wind, water, ice and heat forces as they affect
weathering.
Bill Nye Video-Erosion: Bill Nye, "The Science Guy", presents a video describing the effects of weathering (wind, water, ice) on landforms. Bryce
Canyon is used as an example of the ways in which freezing water, plant roots, and wind weather the earth's surface creating the means for erosion.
Students in video simulate effects of weathering which can be duplicated in a classroom setting. Nye also emphasizes the passage of time in millions of
years as he explains the slower erosive effects of certain types of weathering.
Gary's Sand Journal: This book allows students to observe illustrations of magnified sand particles with guided dialogue from an earth scientist who
discusses sand origins. This book can be used to introduce students to types of sand, explain how earth processes were responsible for their creation,
and discuss the work of earth scientists. After reading this book, students may use it as a resource when examining their own sand samples. They could
list properties, discuss sand origins, and illustrate samples in a science journal.
Explaining Glaciers, Accurately: Fourth grade lessons on glacial erosion demonstrate and explain the manner in which glaciers erode the earth. The
mechanisms of plucking and abrasion are discussed. Activities (either whole-class or small group) include a teacher creation of a glacier model (using
dirt and rocks to simulate a mountain, ice cubes and a small amount of water for glacier), then teacher demonstration of glacier "plucking" earth as it
travels in a simulation activity. Students then experiment with rock samples, wood, sandpaper, and ice as they rub materials against each other to
explore how glacial striations form and abrade other surfaces. In each simulation, students are asked to predict what would happen when glacial model
water freezes, as they draw before and after pictures of the model. Students are also asked to predict how glacial striations were formed as they view
photos, then record results of their abrasive materials activity. Students could benefit from the expertise of a mentoring geologist who shares illustrations
and information with students and teachers.
Coastal Erosion: This engineering design lesson focuses on the effects of erosion on Florida's coastline. It is one lesson offered within a larger
weathering and erosion unit. Students groups work to create and use a model able to slow erosion, without damaging the coastal ecosystem. Students
are responsible for developing scale diagram of their coastline erosion solution before building and testing their models in a pan to simulate the
coastline. Students then complete a redesign cycle. Similar lessons from the developer can be used in conjunction with this lesson to incorporate the
effects of erosion on humans and wildlife.

9
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Instructional Days: 18

Timeline: Jan. 29- Feb. 23

Appendix A: NGSS and Foundations for the Unit
Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, ice, wind, or
vegetation. [Clarification Statement: Examples of variables to test could include angle of slope in the downhill movement of water, amount of
vegetation, speed of wind, relative rate of deposition, cycles of freezing and thawing of water, cycles of heating and cooling, and volume of water flow.]
[A
 ssessment Boundary: Assessment is limited to a single form of weathering or erosion.] (4-ESS2-1)
Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a landscape over
time. [Clarification Statement: Examples of evidence from patterns could include rock layers with marine shell fossils above rock layers with plant fossils
and no shells, indicating a change from land to water over time; and, a canyon with different rock layers in the walls and a river in the bottom, indicating
that over time a river cut through the rock.] [Assessment Boundary: Assessment does not include specific knowledge of the mechanism of rock
formation or memorization of specific rock formations and layers. Assessment is limited to relative time.] (4-ESS1-1)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Planning and Carrying Out Investigations

ESS2.A: Earth Materials and Systems

Cause and Effect

●

●

●

Make observations and/or measurements to
produce data to serve as the basis for
evidence for an explanation of a
phenomenon. (4-ESS2-1)

Constructing Explanations and Designing
Solutions
.
●

Identify the evidence that supports particular
points in an explanation. (4-ESS1-1)

Rainfall helps to shape the land and affects
the types of living things found in a region.
Water, ice, wind, living organisms, and
gravity break rocks, soils, and sediments into
smaller particles and move them around.
(4-ESS2-1)

Patterns
●

ESS2.E: Biogeology
●

Living things affect the physical
characteristics of their regions. (4-ESS2-1)
Local, regional, and global patterns of rock
formations reveal changes over time due to
earth forces, such as earthquakes. The
presence and location of certain fossil types
indicate the order in which rock layers were
formed. (4-ESS1-1)
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Patterns can be used as evidence to support
an explanation. (4-ESS1-1)

-----------------------------------Connections to Nature of Science

ESS1.C: The History of Planet Earth
●

Cause and effect relationships are routinely
identified, tested, and used to explain
change. (4-ESS2-1)

Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
●

Science assumes consistent patterns in
natural systems. (4-ESS1-1)

Grade 4 Science Unit 4: Weathering and Erosion

Instructional Days: 18

English Language Arts
Conduct short research projects that build knowledge through investigation
of different aspects of a topic. (4-ESS1-1) W.4.7

Timeline: Jan. 29- Feb. 23

Mathematics
Reason abstractly and quantitatively. (4-ESS2-1), (4-ESS1-1) MP.2
Model with mathematics. (4-ESS2-1), (4-ESS1-1) MP.4

Recall relevant information from experiences or gather relevant information
from print and digital sources; take notes and categorize information, and
provide a list of sources. (4-ESS2-1), (4-ESS1-1)W.4.8

Use appropriate tools strategically. (4-ESS2-1) MP.5
Know relative sizes of measurement units within one system of units
including km, m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a single
system of measurement, express measurements in a larger unit in terms
of a smaller unit. Record measurement equivalents in a two-column
table. (4-ESS2-1), (4-ESS1-1) 4.MD.A.1

Draw evidence from literary or informational texts to support analysis,
reflection, and research. (4-ESS1-1) W.4.9

Use the four operations to solve word problems involving distances,
intervals of time, liquid volumes, masses of objects, and money, including
problems involving simple fractions or decimals, and problems that require
expressing measurements given in a larger unit in terms of a smaller unit.
Represent measurement quantities using diagrams such as number line
diagrams that feature a measurement scale. (4-ESS2-1) 4.MD.A.2

Computer Science & Design Thinking

WIDA
ELD Standard 1: The Language of Social and Instructional Language
ELD Standard 4: The Language of Science

8.1.5.DA.1: Collect, organize, and display data in order to highlight
relationships or support a claim.
8.1.5.DA.5: Propose cause and effect relationships, predict outcomes, or
communicate ideas using data.

11

Grade 4 Science Unit 4: Weathering and Erosion

Instructional Days: 18

Timeline: Jan. 29- Feb. 23

Career Readiness, Life Literacies, and Key Skills
CRP1. Act as a responsible and contributing community
9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
member and employee.
to personal likes.
CRP4. Demonstrate creativity and innovation.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
CRP5. Utilize critical thinking to make sense of problems and careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
persevere in solving them.
CRP9. Work productively in teams while using cultural/global skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
competence.
9.4.5.CT.2: Identify a problem and list the types of individuals and resources (e.g., school,
community agencies, governmental, online) that can aid in solving the problem.
9.4.5.CT.3: Describe how digital tools and technology may be used to solve problems.
9.4.5.CT.4: Apply critical thinking and problem-solving strategies to different types of
problems such as personal, academic, community and global.
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Grade 4 Science Unit 5: Earth Processes

Instructional Days: 24

Timeline: Feb. 26- March. 29

Grade 4 Unit 5: Earth Processes

Unit Summary
Is it possible to engineer ways to protect humans from natural Earth?
In this unit of study, students apply their knowledge of natural Earth processes to generate and compare multiple solutions to reduce the impacts of
natural Earth processes on humans. In order to describe patterns of Earth’s features, students analyze and interpret data from maps. The crosscutting
concepts of patterns, cause and effect, and the influence of engineering, technology, and science on society and the natural world are called out as
organizing concepts for these disciplinary core ideas. Students are expected to demonstrate grade-appropriate proficiency in planning and carrying out
investigations, analyzing and interpreting data, and constructing explanations and designing solutions. Students are also expected to use these
practices to demonstrate understanding of the core ideas.
This unit is based on 4-ESS2-2, 4-ESS3-2, 3-5-ETS1-2, and 3-5-ETS1-3.
Student Learning Objectives
Analyze and interpret data from maps to describe patterns of Earth’s features. [Clarification Statement: Maps can include topographic maps of
Earth’s land and ocean floor, as well as maps of the locations of mountains, continental boundaries, volcanoes, and earthquakes.] (4-ESS2-2)

Generate and compare multiple solutions to reduce the impacts of natural Earth processes and climate change have on humans.* 
[Clarification Statement: Examples of solutions could include designing an earthquake resistant building and improving monitoring of volcanic activity.] [
Assessment Boundary: Assessment is limited to earthquakes, floods, tsunamis, and volcanic eruptions.] (4-ESS3-2)

Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem. (3-5-ETS1-2)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5-ETS1-3)
See Content Evidence Statements for student performance expectations.

See Evidence Statements for Engineering Design.
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Instructional Days: 24

Timeline: Feb. 26- March. 29

Resources and Activities
Exploring Science:
●
●
●
●

Pages 130-157 and 166-167
Pages 134-135: Investigate- Earthquakes
○ How can you demonstrate liquefaction?
Pages 150-153: Think Like an Engineer- A Case Study
○ How can engineers make buildings more earthquake resistant?
Pages 154-157: Think Like an Engineer-Generate and Compare Solutions
○ Students will create their own earthquake resistant house.

Mystery Science:
●

Could a volcano pop up in your backyard?
○ Suggested ‘Optional Extras’:
■ Scholastic News Article: A Volcano Erupts in Chile

Additional online resources:
●
●
●
●
●
●

“Jared” video- What causes earthquakes?
“Jared” video: Landforms, Maps, and Volcanoes
Video: Alaska Tsunami of 1958
Wonderopolis-What is an Earthquake?
Wonderopolis-What is a Tsunami?
Wonderopolis-What is a Volcano?

Additional Activities:
●

Extra optional activity- Geobattleships
○ partner students up
○ students will play the game for 15-20 minutes
○ Call students together to see if any students noticed a pattern in the game (the pattern was that both the volcano and earthquake plots were
very similar)

2

Grade 4 Science Unit 5: Earth Processes

Instructional Days: 24

Timeline: Feb. 26- March. 29

○

●
●

Point out that while most earthquakes and volcanoes will pop up in the same areas, have students think about why this may be (due to the
tectonic plate boundaries)
○ Point out the exceptions, such as the Hawaiian islands, where there are usually no earthquakes, just volcanoes
Mapping Earthquakes and Volcanoes
Natural Hazards Public Service Announcement
○ After reading about the different types of natural hazards (earthquakes, volcanoes, tsunamis) have groups of 2-4 create a Public Service
Announcement (PSA must include where on Earth is the hazard at risk of occurring, the damage it can cause, and what can be done to
minimize damage/early detection). Reading can come from Exploring Science pages 130-145, or elsewhere). Students can write a script
(word document) and create a digital or live PSA.

Suggested Reading:
Readworks:
●
●
●
●

Earthquakes (Article-A-Day Set)
Volcanoes (Article-A-Day Set)
Slow and Steady
Our Changing Earth: Plate Tectonics and Large Scale System Interactions

Scholastic News Article w/ Questions: An Earthquake Shakes Up The East Coast / Questions
Other:
NGSS Interactive Notebook by The Science Penguin (pages 52-55 and 68-69)
Earthquake Resistant Shelter by Classroom Base Camp
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Instructional Days: 24

Timeline: Feb. 26- March. 29

Before You Teach
In this unit of study, students analyze and interpret data from maps to describe patterns of Earth’s features. Students can use topographic maps of
Earth’s land and ocean floor in order to locate features such as mountains, mountain ranges, deep ocean trenches, and other ocean floor structures. As
students analyze and interpret these types of maps, they begin to notice patterns in the types of structures and where these structures are found.
Students learn that major mountain chains often form along or near the edge of continents. Once students locate continental boundaries, a further
analysis of data can show students that there is a noticeable pattern of earth events, including volcanoes and earthquakes, which occur along these
boundaries.
During this unit, students also learn that engineers develop or improve technologies to solve societal problems. A variety of hazards result from natural
processes (e.g. earthquakes, floods, tsunamis, volcanic eruptions). Although we cannot eliminate the hazards, we can take steps to reduce their
impacts. Students must have the opportunity to engage in the engineering design process in order to generate and compare multiple solutions that
reduce the impacts of natural Earth processes on humans. This process should include the following steps:
✓ Students brainstorm possible problems that Earth processes can cause for humans. (Earth processes should be limited to earthquakes,
volcanic eruptions, tsunamis, and floods.)
✓ Either as a class or in small groups, have students select one problem (such as the effects of volcanic eruptions on humans) to research.
✓ Small groups conduct research to determine possible solutions (such as consistent monitoring of volcanic activity and the use of early warning
systems) that reduce the impacts of the chosen Earth process on humans.
✓ As a class, determine criteria and possible constraints on the design solutions. Criteria might include: saving lives and/or reducing property loss.
✓ Small groups investigate how well the solutions perform under a range of likely conditions. This may involve additional research and analysis of
available data or planning and conducting investigations to produce data that will serve as the basis for evidence. During this process, students
should plan and carry out fair tests in which variables are controlled and failure points are considered in order to identify elements of the design
solution that do and do not meet criteria.
✓ Students compare the solutions based on how well they meet criteria and constraints, using data as evidence to support their thinking. At every
stage, communicating with peers is an important part of the design process, because shared ideas can lead to improved designs. Students
should routinely identify and test cause-and-effect relationships and use these relationships to explain the changes that they observe as they
test design solutions.
At every stage, communicating with peers is an important part of the design process, because shared ideas can lead to improved designs. Students
should routinely identify and test cause-and-effect relationships and use these relationships to explain the changes that they observe as they test design
solutions.
Engineering design performance expectations are an integral part of this unit of study. Students are expected to research a problem, generate and
compare possible design solutions, and test the design solutions to determine how well each performs under a range of likely conditions. Using data as
evidence, students identify elements of each design that need improvement and determine which design solution best solves the problem, given the
criteria and the constraints. This process is outlined in greater detail in the previous section.
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Unit Sequence
Part A: What can maps tell us about the features of the world?
●

Concepts
Patterns can be used as evidence to support an explanation.

Formative Assessment
Students who understand the concepts are able to:

●

Maps can help locate the different land and water features of Earth.

●

Support an explanation using patterns as evidence.

●

The locations of mountain ranges, deep ocean trenches, ocean floor
structures, earthquakes, and volcanoes occur in patterns.

●

Analyze and interpret data to make sense of phenomena using logical
reasoning.

●

Most earthquakes and volcanoes occur in bands that are often along
the boundaries between continents and oceans.

●

Analyze and interpret data from maps to describe patterns of Earth’s
features. Maps can include:

●

Major mountain chains form inside continents or near their edges.

✓ Topographic maps of Earth’s land
✓ Topographic maps of Earth’s ocean floor
✓ Locations of mountains
✓ Locations of continental boundaries
✓ Locations of volcanoes and earthquakes

Unit Sequence
Part B: In what ways can the impacts of natural Earth processes on humans be reduced?
●

Concepts
Cause-and-effect relationships are routinely identified, tested, and
used to explain change.

●

Engineers improve existing technologies or develop new ones to
increase benefits, decrease known risks, and meet societal demands.

●

A variety of hazards result from natural processes (e.g., earthquakes,
floods, tsunamis, volcanic eruptions).

●

Humans cannot eliminate the hazards, but they can take steps to
reduce their impacts.

●

Research on a problem should be carried out before beginning to
design a solution.

●

Testing a solution involves investigating how well it performs under a

Formative Assessment
Students who understand the concepts are able to:
●

Identify and test cause-and-effect relationships in order to explain
change.

●

Generate multiple solutions to a problem and compare them based on
how well they meet the criteria and constraints of the design solution.

●

Generate and compare multiple solutions to reduce the impacts of
natural Earth processes on humans (Assessment is limited to
earthquakes, floods, tsunamis, and volcanic eruptions.) Examples of
solutions could include:
✓ Designing an earthquake-resistant building
✓ Improving monitoring of volcanic activity.
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range of likely conditions.

●

At whatever stage, communicating with peers about proposed
solutions to a problem is an important part of the design process, and
shared ideas can lead to improved designs.

Generate multiple possible solutions to a problem and compare them
based on how well each is likely to meet the criteria and constraints of
the problem.

●

Plan and conduct an investigation collaboratively to produce data to
serve as the basis for evidence, using fair tests in which variables are
controlled and the number of trials considered.

●

Plan and carry out fair tests in which variables are controlled and
failure points are considered to identify aspects of a model or
prototype that can be improved.

●

Tests are often designed to identify failure points or difficulties, which
suggest the elements of the design that need to be improved.

●

Different solutions need to be tested in order to determine which of
them best solves the problem, given the criteria and the constraints.

Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Earth and Space Science after Unit 5 on pages 198-209 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)
Connecting with English Language Arts/Literacy and Mathematics
English Language Arts
To support integration of the CCSS for English Language Arts in this unit, students should have access to multiple sources of information about Earth’s
features and earth processes. Students should have opportunities to read, analyze, and interpret information from nonfiction text, charts, graphs,
diagrams, timelines, and interactive elements on the Internet. Students use this information, along with data they collect during investigations, to help
explain, both orally and in writing, the patterns they observe in the features of the Earth and in the natural hazards that occur on the Earth.
As students engage in the engineering design process, they need opportunities to conduct research to build their understanding of how earth processes
affect humans and to find examples of ways in which engineers reduce the effect of volcanic eruptions, earthquakes, floods, and tsunamis. Students
should take notes as they read and summarize or paraphrase their notes to support their work throughout the engineering design process.
In addition, students should provide a list of sources when using this type of information.
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Mathematics
●

Use measurements to determine how far earthquakes and volcanoes tend to occur from continental boundaries.

●

Analyze data to determine patterns of change that occur in areas where volcanoes erupt, earthquakes occur, and in flood zones.

●

Reason abstractly and quantitatively to draw diagrams to build scale models.

●

Analyze timelines, charts, and graphs to determine patterns in Earth’s features and patterns of change caused by earth processes.

●

Reason abstractly and quantitatively when discussing the effects of an earth process on humans. For example, on average, 3,000 lives are lost
every year due to tsunamis. When early warning systems are in place, fewer than 1,000 lives are lost annually.

●

Analyze constraints on materials, time, or cost to in order to determine criteria for design solutions.

Modifications
(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies for vignettes
and explanations of the modifications.)
●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).

●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
their understandings.

●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.

●

Provide ELL students with multiple literacy strategies.

●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA).
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Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504

Prior Learning
Grade 2: The Earth’s Land and Water
●

Maps show where things are located. One can map the shapes and kinds of land and water in any area.

●

Water is found in the ocean, rivers, lakes, and ponds. Water exists as solid ice and in liquid form.
Future Learning

Grade 5: Water on the Earth
●

Nearly all of Earth’s available water is in the ocean. Most fresh water is in glaciers or underground; only a tiny fraction is in streams, lakes, wetlands,
and the atmosphere.

Connections to Other Units
In Grade 4, students will engage in engineering design in two additional units of study: Using Engineering Design with Force and Motion Systems,
and Unit 2, Waves and Information. During these grade levels, students will learn that:
●

Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by
considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets
the specified criteria for success or how well each takes the constraints into account.

●

Research on a problem should be carried out before design of a solution begins. Testing a solution involves investigating how well it performs under
a range of likely conditions.

●

Tests are often designed to identify failure points or difficulties, which suggest the elements of the design that need to be improved.

●

At whatever stage, communicating with peers about proposed solutions is an important part of the design process, and shared ideas can lead to
improved designs.

●

Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the constraints.
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Sample of Open Education Resources
Engineering for the Three Little Pigs: This activity helps to demonstrate the importance of rocks, soils, and minerals in engineering and how using the
right material for the right job is important. The students build 3 different sand castles composed of varying amounts of sand, water, and glue. The
'buildings' in this lesson are made of sand and glue, sand being a soil and glue being composed of different minerals. They then test them for strength
(load bearing), and resistance to weathering. The students will then compare possible solutions and discuss how well each is likely to work while
meeting the criteria and constraints of the problem. The students will be the engineers who figure out which materials are best for the buildings they are
making, taking into consideration all the properties of materials that are discussed in the lesson.
Building for the Big One: This lesson plan details a Design Challenge in which students build and test structures while learning about the earthquakes
that shake them. It is designed as a review or culmination of an Earthquake unit of study. The lesson plan allows teachers to connect back to previous
lessons. The Tech Museum of Innovation also suggests that the lesson might be used as a form of introduction to a unit about earthquakes. The lesson
would then be used to determine students' prior knowledge to set the stage for the design challenge. This resource often mentions the effects of tectonic
plates on earthquake location. Grade 4 curriculum does not include tectonic plates in their earth science curriculum. Tectonic plate information is
included in the lesson as a resource for the teacher.
Earthquakes in the Classroom: Students investigate which building types are structured to withstand earthquake damage. They take on the role of
engineers as they design their own earthquake resistant buildings, then test them in a simulated earthquake activity. Students also develop an
appreciation for the job of engineers who need to know about earthquakes and their causes in order to design resistant buildings. This lesson is one of
several in the "Earthquakes Rock" unit provided by the Teach Engineering site. The unit "URL" listed here is not being reviewed for the Performance
Expectation listed. It is offered as a supplemental concept and lesson background aid for teachers.
https://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_natdis/cub_natdis_lesson03.xml
Getting the Right Angle on the Story: This informational text shows students how tsunamis form and behave. It also describes how scientists are
collecting data to create models that can be used to predict tsunamis. Animations/computer models are also included to enhance student knowledge of
how tsunami warnings work. Models integrate new, unfamiliar vocabulary. Students could use the resource as a starting point for an earth systems unit;
teachers could assign the site as a form of research where students gather data, take notes, and draw inferences from text. As students begin their
study, they could generate a list of the earth's natural disasters and define their impact on human life and the environment. Their possible solutions for
lessening that impact could also be incorporated as an informal formative assessment to determine student prior knowledge.
DLESE Earth Science Literacy Maps are a tool for teachers and students to find resources that relate to specific Earth science concepts. These maps
illustrate connections between concepts and how they build upon one another across grade levels. Clicking on a concept within the maps will show
DLESE resources related to the concept, as well as information about related AAAS Project 2061 Benchmarks and National Science Education
Standards.
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Instructional Days: 24

Timeline: Feb. 26- March. 29

Appendix A: NGSS and Foundations for the Unit
Analyze and interpret data from maps to describe patterns of Earth’s features. [Clarification Statement: Maps can include topographic maps of
Earth’s land and ocean floor, as well as maps of the locations of mountains, continental boundaries, volcanoes, and earthquakes.] (4-ESS2-2)

Generate and compare multiple solutions to reduce the impacts of natural Earth processes and climate change have on humans.* 
[Clarification Statement: Examples of solutions could include designing an earthquake resistant building and improving monitoring of volcanic activity.] [
Assessment Boundary: Assessment is limited to earthquakes, floods, tsunamis, and volcanic eruptions.]  (4-ESS3-2)

Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem. (3-5-ETS1-2)
Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype
that can be improved. (3-5-ETS1-3)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Analyzing and Interpreting Data
●

Analyze and interpret data to make sense of
phenomena using logical reasoning.
(4-ESS2-2)

ESS2.B: Plate Tectonics and Large-Scale
System Interactions
●

Constructing Explanations and Designing
Solutions
●

Generate and compare multiple solutions to
a problem based on how well they meet the
criteria and constraints of the design
solution. (4-ESS3-2),(3-5-ETS1-2)

Planning and Carrying Out Investigations
●

Plan and conduct an investigation
collaboratively to produce data to serve as
the basis for evidence, using fair tests in
which variables are controlled and the
number of trials considered. (3-5-ETS1-3)

The locations of mountain ranges, deep
ocean trenches, ocean floor structures,
earthquakes, and volcanoes occur in
patterns. Most earthquakes and volcanoes
occur in bands that are often along the
boundaries between continents and oceans.
Major mountain chains form inside
continents or near their edges. Maps can
help locate the different land and water
features areas of Earth. (4-ESS2-2)

ESS3.B: Natural Hazards
●

A variety of hazards result from natural
processes (e.g., earthquakes, tsunamis,
volcanic eruptions). Humans cannot
eliminate the hazards but can take steps to
reduce their impacts. (4-ESS3-2) (Note: This
Disciplinary Core Idea can also be found in
3.WC.)

Patterns
●

Patterns can be used as evidence to support
an explanation. (4-ESS2-2)

Cause and Effect
●

Cause and effect relationships are routinely
identified, tested, and used to explain
change. (4-ESS3-2)

-----------------------------------Connections to Engineering, Technology,
and
Applications of Science
Influence of Engineering, Technology, and
Science on Society and the Natural World
●

Engineers improve existing technologies or
develop new ones to increase their benefits,
to decrease known risks, and to meet
societal demands. (4-ESS3-2)

●

Engineers improve existing technologies or
develop new ones to increase their benefits,
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Instructional Days: 24

Timeline: Feb. 26- March. 29

decrease known risks, and meet societal
demands. (3-5-ETS1-2)
ETS1.B: Designing Solutions to Engineering
Problems
●

Testing a solution involves investigating how
well it performs under a range of likely
conditions. (secondary to 4-ESS3-2)

ETS1.B: Developing Possible Solutions
●

Research on a problem should be carried
out before beginning to design a solution.
Testing a solution involves investigating how
well it performs under a range of likely
conditions. (3-5-ETS1-2)

●

At whatever stage, communicating with
peers about proposed solutions is an
important part of the design process, and
shared ideas can lead to improved designs.
(3-5-ETS1-2)

●

Tests are often designed to identify failure
points or difficulties, which suggest the
elements of the design that need to be
improved. (3-5-ETS1-3)

ETS1.C: Optimizing the Design Solution
●

Different solutions need to be tested in order
to determine which of them best solves the
problem, given the criteria and the
constraints. (3-5-ETS1-3)
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English Language Arts

Mathematics

Refer to details and examples in a text when explaining what the text says
explicitly and when drawing inferences from the text. (4-ESS3-2) RI.4.1

Use the four operations to solve word problems involving distances,
intervals of time, liquid volumes, masses of objects, and money, including
problems involving simple fractions or decimals, and problems that require
expressing measurements given in a larger unit in terms of a smaller unit.
Represent measurement quantities using diagrams such as number line
diagrams that feature a measurement scale. (4-ESS2-2) 4.MD.A.2

Interpret information presented visually, orally, or quantitatively (e.g., in
charts, graphs, diagrams, time lines, animations, or interactive elements
on Web pages) and explain how the information contributes to an
understanding of the text in which it appears. (4-ESS2-2) RI.4.7
Interpret information presented visually, orally, or quantitatively (e.g., in
charts, graphs, diagrams, time lines, animations, or interactive elements
on Web pages) and explain how the information contributes to an
understanding of the text in which it appears. (4-ESS2-2) W.4.7
Integrate information from two texts on the same topic in order to write or
speak about the subject knowledgeably. (4-ESS3-2) RI.4.9
Quote accurately from a text when explaining what the text says explicitly
and when drawing inferences from the text. (3-5-ETS1-2) RI.5.1
Draw on information from multiple print or digital sources, demonstrating
the ability to locate an answer to a question quickly or to solve a problem
efficiently. (3-5-ETS1-2) RI.5.1

Reason abstractly and quantitatively. (4-ESS3-2), (3-5-ETS1-2),
(3-5-ETS1-3) MP.2
Model with mathematics. (4-ESS3-2), (3-5-ETS1-2), (3-5-ETS1-3)  MP.4
Interpret a multiplication equation as a comparison, e.g., interpret 35 = 5 ×
7 as a statement that 35 is 5 times as many as 7 and 7 times as many as
5. Represent verbal statements of multiplicative comparisons as
multiplication equations. (4-ESS3-2) 4.OA.A.1
Use appropriate tools strategically. (3-5-ETS1-2), (3-5-ETS1-3) MP.5
Operations and Algebraic Thinking (3-ETS1-2) 3-5.OA

Integrate information from several texts on the same topic in order to write
or speak about the subject knowledgeably. (3-5-ETS1-2) RI.5.9
Conduct short research projects that use several sources to build
knowledge through investigation of different aspects of a topic.
(3-5-ETS1-3) W.5.7
Recall relevant information from experiences or gather relevant information
from print and digital sources; summarize or paraphrase information in
notes and finished work, and provide a list of sources. (3-5-ETS1-3) W.5.8
Draw evidence from literary or informational texts to support analysis,
reflection, and research. (3-5-ETS1-3) W.5.9
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WIDA
ELD Standard 1: The Language of Social and Instructional Language
ELD Standard 4: The Language of Science

Instructional Days: 24

Timeline: Feb. 26- March. 29

Computer Science & Design Thinking
8.1.5.DA.1: Collect, organize, and display data in order to highlight
relationships or support a claim.
8.1.5.DA.3: Organize and present collected data visually to
communicate insights gained from different views of the data.
8.2.5.ED.4: Explain factors that influence the development and function
of products and systems (e.g., resources, criteria, desired features,
constraints).
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Instructional Days: 24

Timeline: Feb. 26- March. 29

Career Readiness, Life Literacies, and Key Skills
CRP1. Act as a responsible and contributing community
member and employee.
CRP2. Attend to financial well-being.
CRP3. Consider the environmental, social, and economic
impacts of decisions.
CRP4. Demonstrate creativity and innovation.
CRP5. Utilize critical thinking to make sense of problems
and persevere in solving them.
CRP8. Use technology to enhance productivity, increase
collaboration, and communicate effectively.
CRP9. Work productively in teams while using cultural/
global competence.

9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
to personal likes.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
9.4.5.CT.2: Identify a problem and list the types of individuals and resources (e.g., school,
community agencies, governmental, online) that can aid in solving the problem.
9.4.5.CT.3: Describe how digital tools and technology may be used to solve problems.
9.4.5.CT.4: Apply critical thinking and problem-solving strategies to different types of
problems such as personal, academic, community and global.
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Instructional Days: 20

Timeline: April 9- May 11

Grade 4 Unit 6 2017 Structures and Functions

Unit Summary
How do the internal and external parts of plants and animals support their survival, growth, behavior, and reproduction.
In this unit of study, students develop an understanding that plants and animals have internal and external structures that function to support survival,
growth, behavior, and reproduction. The crosscutting concepts of systems and system models are called out as organizing concepts for this disciplinary
core idea. Students are expected to demonstrate grade-appropriate proficiency in engaging in argument from evidence. Students are also expected to
use this practice to demonstrate understanding of the core idea.
This unit is based on 4-LS1-1.
Student Learning Objectives
Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, and
reproduction. [Clarification Statement: Examples of structures could include thorns, stems, roots, colored petals, heart, stomach, lung, brain, and skin.]
[Assessment Boundary: Assessment is limited to macroscopic structures within plant and animal systems.] (4-LS1-1)

See Content Evidence Statements for student performance expectations.

See Evidence Statements for Engineering Design.
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Instructional Days: 20

Timeline: April 9- May 11

Resources and Activities
Exploring Science:
●
●

Pages 70-85
Think Like a Scientist-Construct an Argument
○ Students will construct an argument that plants have internal and external structures that function to support survival, growth, and
reproduction.

Mystery Science:
●

Why do your biceps bulge?

Additional online resources:
●

●
●
●
●

Adaptation Project
○ This project is intended to do as a culminating activity at the end of learning about internal and external features. Students watch a video
on different biomes. They choose a biome and create an animal and adaptations that would help the animal survive, grow, and
reproduce in that environment. Students can write their script in a word document.
Camouflage, Counter shading, and Adaptations  - Lesson and activity
Unhinged
○ This video focuses on snakes and some of the most important adaptations of these remarkable creatures.
Wild Kratts episodes - these mini episodes expose the students to adaptations that primates like the slow loris use to live nocturnally, including
their characteristically large eyes.
The Magic School Bus Works Out -this video shows how the circulatory and respiratory systems work together to help us get oxygen to all parts
of body.

Additional Activities:
●

●
●

Bird Beak Activity
○ This activity allows students to go through several different types of beaks using different materials (eg. chopsticks, tweezers, etc) to
pick up different types of food (eg. rice, seeds, etc). It also offers extension activity where students build a bird.
Discovering the External Parts of Plants - in this lesson plan, students would learn about the characteristics of plants and what makes a plant a
plant. They would learn about the external parts of plants in a hands-on manner. (*note- access to plants around the school would be required)
Plant Dissection - in this lesson plan, students look at external and internal parts of a flower. It gives the types of flowers you can use as well as
assessment questions. (See NGSS google classroom for additional resources)
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Timeline: April 9- May 11

Suggested Reading:
Readworks
●
●
●
●
●
●
●
●
●
●
●
●
●

Move Your Muscles!- Grade 4
Bones on the Go- Grade 5
A Plant Puzzle
Wild About Birds
The Human Body gives general information about the human body.
Skeletal system- this article gives information about the skeletal system and the reasons we need it.
Organs and organ systems - in this article it describes different organ systems and different organs in the human body.
Muscles in this article students find out about muscles and their importance to the function of our body.
Digestive System
The Immune System
Breathing
Cardiovascular System
Skin

Ladders
●
●

Exploring Coral Reefs
Weird, But True

Other:
●
●
●

NGSS Interactive Notebook by The Science Penguin (pages 31-38)
Plants Stations: A Big Science Stations Unit by the Science Penguin
Adaptations: Weekly Five Stations by Science Penguin

3

Grade 4 Science Unit 6: Structures and Function

Instructional Days: 20

Timeline: April 9- May 11

Before You Teach
In this unit of study, students spend time observing plants and animals in order to gather evidence that organisms are living systems. A system is made
up of structures and processes that interact and enable the system to function. Every plant and animal can be described in terms of its internal and
external structures and their interactions, and these structures each have specific functions that support survival, growth, behavior, and reproduction for
the organism. Using a variety of plants and animals as examples, students need multiple opportunities to:
✓ Describe the internal and external structures of a plant or animal and the function of each of those structures. Description should explain how
each structure serves various functions in growth, survival, behavior, and/or reproduction. (Note: This is limited to macroscopic structures within
plant and animal systems, and could include such structures as thorns, stems, roots, and colored petals for plants, and heart, stomach, lung,
brain, and skin for animals.)
✓ Describe the interactions that occur among the structures within the plant or animal system.
As students observe the structures of an animal or plant, explain the function of each, and describe how these structures help the animal grow, survive,
and/or reproduce, they should use evidence from their observations to support their explanations.
Unit Sequence
Part A: How do internal and external parts of plants and animals help them to survive, grow, behave, and reproduce?
●
●

Concepts
A system can be described in terms of its components and their
interactions.

Plants and animals have both internal and external structures that
serve various functions in growth, survival, behavior, and reproduction.

Formative Assessment
Students who understand the concepts are able to:
●

Describe a system in terms of its components and their interactions.

●

Construct an argument with evidence, data, and/or a model.

●

Construct an argument to support the claim that plants and animals
have internal and external structures that function to support survival,
growth, behavior, and reproduction. (Assessment is limited to
macroscopic structures within plant and animal systems.) Examples of
structures could include:
✓ Thorns

✓ Heart

✓ Stems

✓ Stomach

✓ Roots

✓ Lung

✓ Colored
petals

✓ Brain
✓ Skin
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Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Life Science after Unit 7 on pages 192-197 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)
Connecting with English Language Arts/Literacy and Mathematics
English Language Arts
Students use the evidence from their observations of plants and animals to support the claim that all organisms are systems with structures that function
in growth, survival, behavior, and/or reproduction. Students need opportunities to observe plants and animals closely, taking notes and drawing pictures,
so that they can describe various structures and their functions.
Mathematics
Students describe the symmetry that can be observed in an organism’s structures. For example, the leaves of many plants and the bodies of many
animals display bilateral symmetry. Students should be encouraged to draw each organism that they observe, pointing out any structures that are
symmetrical. Students should also trace lines of symmetry in their drawings to support their thinking. In addition, students can conduct research to
determine whether the symmetry serves a function in the growth, reproduction, or survival of the organism.

Modifications
(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies f or vignettes
and explanations of the modifications.)
●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).
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●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
their understandings.

●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.

●

Provide ELL students with multiple literacy strategies.

●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA).

●

Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504

Prior Learning
Grade 1: Mimicking Organisms to Solve Problems
●

All organisms have external parts. Different animals use their body parts in different ways to see, hear, grasp objects, protect themselves, move
from place to place, and seek, find, and take in food, water and air. Plants also have different parts (roots, stems, leaves, flowers, fruits) that help
them survive and grow.

●

Animals have body parts that capture and convey different kinds of information needed for growth and survival. Animals respond to these inputs with
behaviors that help them survive. Plants also respond to some external inputs.
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Future Learning
Grade 3: Traits
●

Different organisms vary in how they look and function because they have different inherited information.

●

The environment also affects the traits that an organism develops.

Grade 7: Structure and Function
●

All living things are made up of cells, which is the smallest unit that can be said to be alive. An organism may consist of one single cell (unicellular)
or many different numbers and types of cells (multicellular).

●

Within cells, special structures are responsible for particular functions, and the cell membrane forms the boundary that controls what enters and
leaves the cell.

●

In multicellular organisms, the body is a system of multiple interacting subsystems. These subsystems are groups of cells that work together to form
tissues and organs that are specialized for particular body functions.

Connections to Other Units
In Grade 1, Mimicking Organisms to Solve Problems, students developed an understanding of how plants and animals use their parts to help them
survive, grow, and meet their needs.
Sample of Open Education Resources
Animal Mouth Structures
In this lesson, students gather evidence to understand features that enable them to meet their needs. In particular, they examine the mouth structures of
different animals to help them understand how animals are adapted to obtain food in their environment.
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Appendix A: NGSS and Foundations for the Unit
Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, and
reproduction. [Clarification Statement: Examples of structures could include thorns, stems, roots, colored petals, heart, stomach, lung, brain, and skin.]
[A
 ssessment Boundary: Assessment is limited to macroscopic structures within plant and animal systems.] (4-LS1-1)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Engaging in Argument from Evidence
●

Construct an argument with evidence, data,
and/or a model. (4-LS1-1)

LS1.A: Structure and Function
●

Systems and System Models

Plants and animals have both internal and
external structures that serve various
functions in growth, survival, behavior, and
reproduction. (4-LS1-1)

English Language Arts
Write opinion pieces on topics or texts, supporting a point of view with
reasons and information. (4-LS1-1) W.4.1

WIDA
ELD Standard 1: The Language of Social and Instructional Language

●

A system can be described in terms of its
components and their interactions. (4-LS1-1)

Mathematics
Recognize a line of symmetry for a two-dimensional figure as a line across
the figure such that the figure can be folded across the line into matching
parts. Identify line-symmetric figures and draw lines of symmetry.
(4-LS1-1) 4.G.A.3
Computer Science & Design Thinking

8.2.5.ED.1: Explain the functions of a system and its subsystems.

ELD Standard 4: The Language of Science
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Career Readiness, Life Literacies, and Key Skills
CRP3. Consider the environmental, social, and economic
impacts of decisions.
CRP4. Demonstrate creativity and innovation.
CRP5. Utilize critical thinking to make sense of problems
and persevere in solving them.

9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
to personal likes.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
9.4.5.CT.2: Identify a problem and list the types of individuals and resources (e.g., school,
community agencies, governmental, online) that can aid in solving the problem.
9.4.5.CT.3: Describe how digital tools and technology may be used to solve problems.
9.4.5.CT.4: Apply critical thinking and problem-solving strategies to different types of
problems such as personal, academic, community and global.
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Grade 4 Unit 7 How Organisms Process Information How Organisms Process Information

Unit Summary
How do animals use their perceptions and memories to make decisions?
In this unit of study, students are expected to develop an understanding that plants and animals have internal and external structures that function to
support survival, growth, behavior, and reproduction. By developing a model, they describe that an object can be seen when light reflected from its
surface enters the eye. The crosscutting concepts of cause and effect, systems and system models, and structure and function are called out as
organizing concepts for these disciplinary core ideas. Students are expected to demonstrate grade-appropriate proficiency in developing and using
models. Students are expected to use these practices to demonstrate understanding of the core ideas.
This unit is based on 4-LS1-2 and 4-PS4-2.
Student Learning Objectives
Use a model to describe that animals receive different types of information through their senses, process the information in their brain, and
respond to the information in different ways. [Clarification Statement: Emphasis is on systems of information transfer.] [Assessment Boundary:
Assessment does not include the mechanisms by which the brain stores and recalls information or the mechanisms of how sensory receptors function.]
(4-LS1-2)

Develop a model to describe that light reflecting from objects and entering the eye allows objects to be seen. [Assessment Boundary:
Assessment does not include knowledge of specific colors reflected and seen, the cellular mechanisms of vision, or how the retina works.] (4-PS4-2)

See Content Evidence Statements for student performance expectations.

See Evidence Statements for Engineering Design.
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Resources and Activities
Exploring Science:
●
●
●

pages 86-97
Investigate “How We See” pgs.90-91
Make a Model pgs. 92-93

Mystery Science:
●
●

●

What do blind people see?
How can some animals see in the dark?
○ Suggested option extras
■ Video clip: What animal is making that sound?
■ Video clip: Gecko's Eyes when Light Changes
How does your brain control your body?
○ 30 sec video clip- Pitcher Jose Fernandez reaction time

Additional online resources:
●
●

Study Jams video: The Nervous System
2-min. video clip: Bill Nye- The Eyeball

Additional Activities:
●
●
●
●
●

Hands-on Activity: 20/20 Vision
Understanding the Eye - a great lesson to introduce students to how the eye perceives light. Includes an activity and some great video clips
(the eyeball and optical illusions)
Pinhole cameras -in this activity students use different size cardboard tubes to create a camera that mimics how the human eye works.
Assessment on understanding how light enters the eye
Senses Activity- From observing a cat to touching and describing mysterious things in brown paper bags, students learn to understand that
specialized senses and precise words go hand in hand in developing good inquiry skills.
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Suggested Reading:
Readworks:
●
●
●
●
●
●
●
●

Sensing the World Around Us
Device May Help Blind People See (Grade 4)
Louis Braille (Grade 6- above level enrichment)
The Human Body: You’ve Got Some Nerve! (Grade 3)- *this would be a good short read to introduce the basics of the human nerves
Sight and the Eye
Hearing and the Ear
Nervous System
Brain

Other:
NGSS Interactive Notebook by The Science Penguin (pages 27-28 & 39-40)
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Before You Teach
In this unit of study, students use the concept of systems t o understand that every animal has internal and external structures that allow it to take in
information from the environment in which it lives, process that information, and respond in ways that increase its chances to grow, reproduce, and
survive.
The way in which an organism gathers information will depend on the organism and the body structures that pick up signals from the environment. Many
animals, like humans, have sense organs that gather information from the environment through seeing, hearing, feeling, smelling, and tasting. Some
animals have sensory receptors or other mechanisms that allow them to sense such things as light, temperature, moisture, and movement. Students
need to understand that all animals pick up information from their environment through senses or sensory receptors. In many animals, nerves or
neurons then transfer that information to a centralized place (the brain) where it is processed; then, through reflex reactions or learned behaviors, the
organism responds in ways that will help it survive and reproduce. In addition, animals often store this information in their brains as memories and use
these memories to guide future actions. As students observe animals, either through direct observation or using text and digital resources, they should
use models, such as drawings, diagrams, and pictures, to describe the ways that animals (and humans) receive, process, store, and respond to
information from the environment in order to survive, grow, and reproduce.
To continue the progression of learning, fourth graders focus on the sense of sight, using models to understand and describe that light reflects from
objects and enters the eye, allowing objects to be seen. In first grade, students learned that objects can be seen only when illuminated, and they
determined the effect of placing different materials in the path of a beam of light. In this unit, students need opportunities to develop a conceptual
understanding of the role that light plays in allowing us to see objects. Using a model can help with this process, which might include the following steps:
✓ To review prior learning, ask students to describe what happens to our ability to see objects in a room with no light, and what happens when
different types of materials are placed in the path of a beam of light. (If necessary, demonstrate using flashlights and a variety of transparent,
translucent, and opaque materials).
✓ Using penlights, a variety of lenses, mirrors, and pieces of cardboard, allow students to explore the behavior of light when it comes into contact
with these objects. Have students draw and describe what they observe.
✓ Using a cardboard shoebox with a 1-cm. slit at one end, shine a flashlight into the box through the slit, and ask students to describe what they
see. Place a clear plastic cup of water in the path of the light, and ask students to describe what they observe.
o

Students should first observe that light travels in a straight line. Lenses and water allow the light to pass through; however, the beam of light
is refracted (bent). Mirrors do not allow the light to pass through, but do reflect light, sending the beam in a different direction. The cardboard
does not allow any light to pass through, and the beam of light is no longer visible in the same way.

✓ Next have students observe a large object, such as a book. Ask them to describe what they see. Place a sheet of transparency film or clear
plastic wrap in front of the book, and ask students to again describe what they see. Ask, “How are you able to see the book even though I have
placed something in between you and the object?”
o

Take away the clear plastic wrap and place a sheet of dark construction paper in front of the book, and ask student to describe what they
see. Ask, “Why are you no longer able to see the book?”

✓ To help students as they try to understand the role that light plays in allowing us to see objects, tell them that they will be using a model that
4
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demonstrates how we see objects.
✓ Have students use pinhole viewers. (If possible, make these ahead of time. You can find a variety of models and types that are easy to build on
the Internet. YouTube has a number of videos that show pinhole viewers made from a variety of materials such as a Pringles tube or black
poster board.) Show students how the pinhole viewers are constructed and what is inside each. Then have students go outside and view objects
using the pinhole viewers. As students make observations, they should document what they observed.
o

As a class, discuss what students observed, then draw a model on the board that depicts the phenomenon. (Light bounces off of an object,
travels through the pinhole, and is visible—upside down—on the tracing paper inside the pinhole viewer.)

o

Tell students that this is what happens with our eyes. Light bounces off objects, similar to the way in which it bounces off a mirror, and that
light travels into the eye, enabling us to see the objects. We could see the book through the clear plastic wrap because the light that
bounces off the object is able to travel through the transparent material and still reach our eyes. We could not see the book through the dark
construction paper because the light that was bouncing off the object could not travel through the paper, so our eyes did not receive that
light. Therefore, we did not see the book.

o

With guidance, as needed, have students draw models/diagrams of the pinhole viewer and the human eye, and have them describe what
they observed.
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Unit Sequence
Part A: How do animals receive and process different types of information from their environment in order to respond appropriately?
●

Concepts
A system can be described in terms of its components and its
interactions.

Formative Assessment
Students who understand the concepts are able to:
●

Describe a system in terms of its components and their interactions.

●

Different sense receptors are specialized for particular kinds of
information, which may be then processed by the animal’s brain.

●

Use a model to test interactions concerning the functioning of a natural
system.

●

Animals are able to use their perceptions and memories to guide their
actions.

●

Use a model to describe that animals receive different types of
information through their senses, process the information in their brain,
and respond to the information in different ways.
✓ Emphasis is on systems of information transfer.
✓ Assessment does not include the mechanisms by which the brain
stores and recalls information or the mechanisms of how sensory
receptors function.

Unit Sequence
Part B: What happens when light from an object enters the eye?
●
●

Concepts
Cause-and-effect relationships are routinely identified.

Formative Assessment
Students who understand the concepts are able to:

An object can be seen when light reflected from its surface enters the
eyes.

●

Identify cause-and-effect relationships.

●

Develop a model to describe phenomena.

●

Develop a model to describe that light reflecting from objects and
entering the eye allows objects to be seen. (Assessment does not
include knowledge of specific colors reflected and seen, the cellular
mechanisms of vision, or how the retina works).
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Assessments

Formative: See formative assessment options above
Benchmark: Exploring Science Assessments (after completion of each discipline).
Note: Benchmark for Life Science after Unit 7 on pages 192-197 of the Exploring Science Teacher Manual.
Summative: Mystery Science Unit and/or Mystery Assessments
Alternative: Science journal/notebook and digital notebook entries, labs, Stem Gauge Assessments (Google Folder), student self-evaluation rubrics
(Exploring Science teacher manual at the conclusion of each lesson)

Connecting with English Language Arts/Literacy and Mathematics
English Language Arts
Students should use text and online media resources when appropriate to help them understand how animals receive and process information they
receive from the environment, and to develop a conceptual understanding of what happens when light reflects off objects and enters the eye. They
should also use visual displays to enhance their observations and explanations of the concepts in this unit of study.
Mathematics
Students should model with mathematics as they draw points, lines, line segments, and angles to describe how light behaves when coming into contact
with lenses, mirrors, and other objects. Students will also use points, lines, and angles when drawing pictures and diagrams that show how light reflects
off objects and into the pinhole viewer or into the human eye.
Modifications
(Note: Teachers identify the modifications that they will use in the unit. See NGSS Appendix D: All Standards, All Students/Case Studies for vignettes
and explanations of the modifications.)
●

Structure lessons around questions that are authentic, relate to students’ interests, social/family background and knowledge of their community.

●

Provide students with multiple choices for how they can represent their understandings (e.g. multisensory techniques-auditory/visual aids; pictures,
illustrations, graphs, charts, data tables, multimedia, modeling).

●

Provide opportunities for students to connect with people of similar backgrounds (e.g. conversations via digital tool such as SKYPE, experts from
the community helping with a project, journal articles, and biographies).

●

Provide multiple grouping opportunities for students to share their ideas and to encourage work among various backgrounds and cultures (e.g.
multiple representation and multimodal experiences).

●

Engage students with a variety of Science and Engineering practices to provide students with multiple entry points and multiple ways to demonstrate
their understandings.
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●

Use project-based science learning to connect science with observable phenomena.

●

Structure the learning around explaining or solving a social or community-based issue.

●

Provide ELL students with multiple literacy strategies.

●

Collaborate with after-school programs or clubs to extend learning opportunities.

●

Restructure lesson using UDL principles (http://www.cast.org/our-work/about-udl.html#.VXmoXcfD_UA).

●

Differentiation Strategies
● Differentiation Strategies for Special Education Students
● Differentiation Strategies for Gifted and Talented Students
● Differentiation Strategies for ELL Students
● Differentiation Strategies for At Risk Students
● Differentiation Strategies for Students with a 504

Timeline: May 14- June 8

Prior Learning
Grade 1: Light and Sound
●

Objects can be seen if light is available to illuminate them or if they give off their own light.

●

Some materials allow light to pass through them, others allow only some light through and others block all the light and create a dark shadow on any
surface beyond them, where the light cannot reach. Mirrors can be used to redirect a light beam.
Future Learning

Grade 7: Structure and Function
●

All living things are made up of cells, which is the smallest unit that can be said to be alive. An organism may consist of one single cell (unicellular)
or many different numbers and types of cells (multicellular).

●

Within cells, special structures are responsible for particular functions, and the cell membrane forms the boundary that controls what enters and
leaves the cell.

Grade 7: Body Systems
●

In multicellular organisms, the body is a system of multiple interacting subsystems. These subsystems are groups of cells that work together to form
tissues and organs that are specialized for particular body functions.

●

Each sense receptor responds to different inputs (electromagnetic, mechanical, chemical), transmitting them as signals that travel along nerve cells
to the brain. The signals are then processed in the brain, resulting in immediate behaviors or memories.
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Grade 8: Electromagnetic Radiation
●

When light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the object’s material and the frequency
(color) of the light.

●

The path that light travels can be traced as straight lines, except at surfaces between different transparent materials (e.g., air and water, air and
glass) where the light path bends.

●

A wave model of light is useful for explaining brightness, color, and the frequency-dependent bending of light at a surface between media.
However, because light can travel through space, it cannot be a matter wave, like sound or water waves.

Connections to Other Units
Grade 4 Unit 1: Transfer of Energy
●

Energy can be moved from place to place by moving objects or through sound, light, or electric currents.

●

Energy is present whenever there are moving objects, sound, light, or heat. When objects collide, energy can be transferred from one object to
another, thereby changing their motion. In such collisions, some energy is typically also transferred to the surrounding air; as a result, the air gets
heated and sound is produced.

●

Light also transfers energy from place to place.

Grade 4 Unit 3: Force and Motion
●

The faster a given object is moving, the more energy it possesses.

Grade 4: Using Energy Design with Force and Motion
●

Energy can also be transferred from place to place by electric currents, which can then be used locally to produce motion, sound, heat, or light. The
currents may have been produced to begin with by transforming the energy of motion into electrical energy.

●

Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by
considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets
the specified criteria for success or how well each takes the constraints into account. (secondary).

9

Grade 4 Science Unit 7: How Organisms Process Information

Instructional Days: 19

Timeline: May 14- June 8

Sample of Open Education Resources
Pinhole Cameras and Eyes
In this activity, students make a pinhole camera and see images formed on an internal screen. They then use a lens to see how this affects the images.
Students investigate variables in its construction, and explore how it models the human eye's ability to receive and process information.
The Life of Environments
This unit is designed to address the concept that organisms sense the environment in order to live. It is a far-ranging and comprehensive unit that is
designed to address multiple NGSS performance expectations (4-LS1-2, 4LS1-2, 4-PS3-2, 4-PS4-2) in seven explorative sections, with an additional
summative assessment step.
Time to Think?
This resource allows the user to accurately measure and experiment with human reaction time. An interactive program measures reaction times in
milliseconds and compares them in different cases (from simply reacting to a visual cue to having to read and then make a decision before reacting).
This site provides a wide range of information and activities on the connection between the brain and behavior. Note: Link is to main introductory page.
Scroll down to find links for the activity and others pages that allow users to view the results of other participants and guidance for conducting further
research.
Catch It!
This lesson sequence involves student investigation of human reaction time and variables that may affect it. An initial phase has students practice
catching a dropped ruler and converting the distance it drops to the length of time it took to react. This provides an opportunity for data collection,
graphing, and writing a conclusion. After this guided inquiry phase, students may conduct research on human senses and reaction time, or move on to
designing their own investigations of the effects of variables of their choosing on their reaction times. [NOTE - the link is to the CT Department of
Education Science Curriculum page. Scroll to find that you can select Word, PDF, and Spanish versions of this resource under the title Grade 5
Embedded Task.]
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Appendix A: NGSS and Foundations for the Unit
Use a model to describe that animals receive different types of information through their senses, process the information in their brain, and
respond to the information in different ways. [Clarification Statement: Emphasis is on systems of information transfer.] [Assessment Boundary:
Assessment does not include the mechanisms by which the brain stores and recalls information or the mechanisms of how sensory receptors function.]
(4-LS1-2)
Develop a model to describe that light reflecting from objects and entering the eye allows objects to be seen. [Assessment Boundary:
Assessment does not include knowledge of specific colors reflected and seen, the cellular mechanisms of vision, or how the retina works.] (4-LS4-2)
The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:
Crosscutting Concepts
Science and Engineering Practices
Disciplinary Core Ideas
Developing and Using Models

LS1.D: Information Processing

●

Use a model to test interactions concerning
the functioning of a natural system.
(4-LS1-2)

●

Develop a model to describe phenomena.
(4-PS4-2)

●

Systems and System Models

Different sense receptors are specialized for
particular kinds of information, which may be
then processed by the animal’s brain.
Animals are able to use their perceptions and
memories to guide their actions. (4-LS1-2)

A system can be described in terms of its
components and their interactions.
(4-LS1-1),(4-LS1-2)

Cause and Effect
●

PS4.B: Electromagnetic Radiation
●

●

Cause and effect relationships are routinely
identified. (4-PS4-2)

An object can be seen when light reflected
from its surface enters the eyes. (4-PS4-2)

English Language Arts
Add audio recordings and visual displays to presentations when
appropriate to enhance the development of main ideas or themes.
(4-LS1-2), (4-LS4-2) SL.4.5

Mathematics
Model with mathematics. (4-PS4-2) MP.4
Draw points, lines, line segments, rays, angles (right, acute, obtuse), and
perpendicular and parallel lines. Identify these in two-dimensional figures.
(4-PS4-2) 4.G.A.1
Computer Science & Design Thinking

WIDA
ELD Standard 1: The Language of Social and Instructional Language

N/A

ELD Standard 4: The Language of Science
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Career Readiness, Life Literacies, and Key Skills
CRP3. Consider the environmental, social and economic
impacts of decisions.
CRP4. Demonstrate creativity and innovation.
CRP5. Utilize critical thinking to make sense of problems
and persevere in solving them.
CRP9. Work productively in teams while using cultural/global
competence.

9.2.5.CAP.1: Evaluate personal likes and dislikes and identify careers that might be suited
to personal likes.
9.2.5.CAP.3: Identify qualifications needed to pursue traditional and non-traditional
careers and occupations.
9.2.5.CAP.4: Explain the reasons why some jobs and careers require specific training,
skills, and certification (e.g., life guards, child care, medicine, education) and examples of
these requirements.
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