Grade 4 Science, Unit 1

Weathering and Erosion

Overview

Unit abstract

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. The crosscutting concepts of patterns and cause and effect are called
out as organizing concepts. In the fourth grade performance expectations, students are expected to demonstrate
grade-appropriate proficiency in planning and carrying out investigations and constructing explanations.
Students are expected to use these practices to demonstrate understanding of the core ideas.

Essential question

e How can water, ice, wind, and vegetation change the land?

Bristol-Warren, Central Falls, Cranston, Tiverton, and Woonsocket, with process support from The Charles A. Dana
Center at the University of Texas at Austin



Grade 4 Science, Unit 1 Weathering and Erosion

Written Curriculum

Next Generation Science Standards’

4. Earth’s Systems: Processes that Shape the Earth

Students who demonstrate understanding can:
4-ESS2-1 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.]

The performance expectations above were developed using the following elements from the NRC document: A
Framework for K-12 Science Education:

Science and Engineering Practices Crosscutting Concepts

Planning and Carrying Out ESS2.A: Earth Materials and Cause and Effect

Investigations Systems = Cause and effect

Planning and carrying out investigations = Rainfall helps to shape the land and relationships are routinely

to answer questions or test solutions to affects the types of living things identified, tested, and used

problems in 3-5 builds on K-2 found in a region. Water, ice, wind, to explain change. (4-ESS2-
living organisms, and gravity break 1)

experiences and progresses to include

investigations that control variables and

provide evidence to support explanations

or design solutions.

= Make observations and/or

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

rocks, soils, and sediments into
smaller particles and move them
around. (4-ESS2-1)

ESS2.E: Biogeology

= Living things affect the physical
characteristics of their regions. (4-
ESS2-1)

Connections to other DCIs in fourth grade: N/A

Articulation of DCIs across grade-levels: 2.ESS1.C (4-ESS2-1); 2.ESS2.A (4-ESS2-1); 5.ESS2.A (4-ESS2-1);

Common Core State Standards Connections:

ELA/Literacy —

w.4.7 Conduct short research projects that build knowledge through investigation of different aspects of a topic. (4-ESS2-
1)

w.4.8 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)

Mathematics —

MP.2 Reason abstractly and quantitatively. (4-ESS2-1)

MP.4 Model with mathematics. (4-ESS2-1)

MP.5 Use appropriate tools strategically. (4-ESS2-1)

4.MD.A.1 Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; Ib, oz.; I, 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-£552-1)

4.MD.A.2 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-£552-1)

" Next Generation Science Standards is a registered trademark of Achieve. Neither Achieve nor the lead states and
partners that developed the Next Generation Science Standards was involved in the production of, and does not endorse,
this product.
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Grade 4 Science, Unit 1 Weathering and Erosion

4. Earth’s Systems: Processes that Shape the Earth

Students who demonstrate understanding can:

4-ESS1-1. 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.]

The performance expectations above were developed using the following elements from the NRC document: A
Framework for K-12 Science Education:

Science and Engineering Crosscutting Concepts
Practices ESS1.C: The History of Planet Patterns

Constructing Explanations and Earth = Patterns can be used as evidence to
Designing Solutions

/ I > = Local, regional, and global support an explanation. (4-ESS1-1)
Constructing explanations and patterns of rock formations reveal
designing solutions in 3-5 builds on changes over time due to earth Connections to Nature of Science

K—2 experiences and progresses to

) ) . forces, such as earthquakes. The
the use of evidence in constructing

: . . presence and location of certain Scientific Knowledge Assumes an
explanations that specify variables fossil types indicate the order in | Order and Consistency in Natural
that describe and predict phenomena which rock layers were formed. Systems

and in designing multiple solutions to (4-ESS1-1) = Science assumes consistent patterns

design problems. in natural systems. (4-ESS1-1
= Identify the evidence that In natural sy - ( )

supports particular points in an
explanation. (4-ESS1-1)

Connections to other DCIs in fourth grade: N/A

Articulation of DCIs across grade-levels: 2.ESS1.C (4-ESS1-1); 3.LS4.A (4-ESS1-1); MS.LS4.A (4-ESS1-1);
MS.ESS1.C (4-ESS1-1); MS.ESS2.A (4-ESS1-1); MS.ESS2.B (4-ESS1-1)

Common Core State Standards Connections:

ELA/Literacy -
W.4.7 Conduct short research projects that build knowledge through investigation of different aspects of a topic.
(4-ESS1-1)

w.4.8 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-ESS1-1)

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

Mathematics —

MP.2 Reason abstractly and quantitatively. (4-£S51-1)

MP.4 Model with mathematics. (4-£SS1-1)

4.MD.A.1 Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; Ib, oz.; |,
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-ESS1-1)

Clarifying the standards

Prior learning

The following disciplinary core ideas are prior learning for the concepts in this unit of study.
By the end of Grade 2, students know that:

e Some events happen very quickly; others occur very slowly over time a longer time period than one
can observe.

e Wind and water can change the shape of land.
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By the end of Grade 3, students know that:

Weathering and Erosion

Some kinds of plants and animals that once lived on Earth are no longer found anywhere.

Fossils provide evidence about the types of organisms that lived long ago and also about the nature of

their environments.

Progression of current learning

Driving question 1
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.

Practices

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. (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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Grade 4 Science, Unit 1 Weathering and Erosion

Driving question 2
What evidence from patterns in rock formations and fossils in rock layers supports an
explanation for changes in a landscape over time?

Concepts Practices

e Science assumes consistent patterns in e Support explanations using patterns as
natural systems. evidence.

e Patterns can be used as evidence to support e Identify the evidence that supports
an explanation. particular points in an explanation.

e Local, regional, and global patterns of rock e Identify evidence from patterns in rock
formations reveal changes over time due to formations and fossils in rock layers to
earth forces, such as earthquakes. support an explanation for changes in a

landscape over time. (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

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

— 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.

Integration of content, practices, and crosscutting concepts

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
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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,
such as those found in the 2010 NECAP Released Science Inquiry Task, and 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 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:

e 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.

e 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.

e 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.
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Integration of English language arts and mathematics

English language arts

To support integration of the CCSS-ELA 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,

e  What types of soil erode faster?
e Why do some rocks weather more easily or more quickly than others?
e  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 CCSS for 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.

Future learning
The following disciplinary core ideas are future learning related to concepts in this unit of study.
In grade 5, students will know that

e FEarth’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 the 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 landforms to determine patterns of weather.

In middle school, students will know that

e The collection of fossils and their placement in chronological order (e.g., through the location of the
sedimentary layers in which they are found or through radioactive dating) is known as the fossil
record. It documents the existence, diversity, extinction, and change of many life forms throughout the
history of life on Earth.

e Anatomical similarities and differences among various organisms living today, and among living
organisms and organisms in the fossil record, enable the reconstruction of evolutionary history and the
inference of lines of evolutionary descent.

e Comparison of the embryological development of different species also reveals similarities that show
relationships not evident in the fully formed anatomy.

e The geologic timescale interpreted from rock strata provides a way to organize Earth’s history.
Analysis of rock strata and the fossil record provides only relative dates, not an absolute scale.
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e Tectonic processes continually generate a new ocean seafloor at ridges and destroy the old seafloor at
trenches.

e 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 the earth’s hot interior. The energy that flows and the
matter that cycles produce chemical and physical changes in the earth’s materials and living
organisms.

e 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.

e Maps of ancient land and water patterns, based on investigations of rocks and fossils, make clear how
Earth’s plates have moved great distances, collided, and spread apart.

Number of Instructional Days

Recommended number of instructional days: 9 (1 day = approximately 45—60 minutes)

Note—The recommended number of days is an estimate based on the information available at this time.
Teachers are strongly encouraged to review the entire unit of study carefully and collaboratively to determine
whether adjustments to this estimate need to be made.

Additional NGSS Resources

The following resources were consulted during the writing of this unit:
Next Generation Science Standards:

e Appendix E, pp. 40, 46

e Appendix F, pp. 51, 55, 58, 60, 64, 71

e Appendix G, pp. 81, 83

e Appendix L, p. 146
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