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INTRODUCTION

This curriculum emerges from a project supported by the
National Science Foundation, designed in collaboration
with fourth-grade educators to enhance instruction in
mathematics and science. Refined through multiple
iterations in real classroom settings and informed by
valuable feedback from teachers, each lesson bears the
imprint of practical experience.

At its core, this curriculum emphasizes the seamless
integration of science, mathematics, and computational
thinking—a pivotal feature driving its effectiveness.
Implemented primarily within science class periods, these
lessons concurrently reinforce mathematical concepts
during dedicated mathematics sessions.

Aligned with educational standards, including the Next
Generation Science Standards and the Virginia Standards of
Learning, this curriculum ensures coherence and relevance
within the broader framework of educational objectives.

ABOUT US

The Institute for Teaching through Technology and
Innovative Practices (ITTIP), operates as a PK-12 outreach
division in the College of Education, Health, and Human
Services within Longwood University, situated in Farmuville,
Virginia. ITTIP specializes in delivering professional
development tailored for educators, primarily centered

on STEM disciplines, as well as PK-12 student programs.
This curriculum emerged from a collaboration between
ITTIP personnel and faculty from Longwood University’s
Cook-Cole College of Arts and Sciences.

PROJECT TEAM

Paula K. Leach, Ed.D.
Director, ITTIP

Benjamin Campbell, Ph.D.
Associate Professor of Science Education
and Biology

Virginia V. Lewis, Ph.D.
Professor of Mathematics Education

Stephanie C. Playton, Ph.D.
K-8 STEM Learning Specialist, ITTIP

Graphic design provided by the Virginia
DGS, Office of Graphic Communications.

Photos and illustrations throughout the
Empower curriculum have been sourced
from Freepix, iStock, AdobeStock, or
generated from the project team.

Please note there may be a possibility of
broken links as URLs can change over time.
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LESSON 1: PLAN

HOW STEEP CAN YOU GO?
OVERVIEW

Environmental scientists protect the environment and human
health by exploring and conducting experiments. Their work
includes examining the outcomes of weather events that may
cause flooding and erosion. During this session, students

will get to explore like an environmental scientist to help
them design and carry out experiments to help communities
maintain healthy water and ecosystems.

ESSENTIAL QUESTIONS
Have you ever thought about what happens to all the rain after
a big storm?

Where does it go?

What does it do to the land?

What does it do to water sources?

How does it disrupt ecosystems?

What can we do?

TIME

120 - 155 minutes (+ teacher preparation).
This lesson is intended to be done over several days.

This material is based upon work supported by the National
Science Foundation under Grant No. DRL1933717. Any opinions,
findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.

INDEX OF RESOURCES

STEM CT Framework

Virginia Standards

Lesson Plan Summary

1.1 Introduction

1.2 Stream Table Investigation
1.3 Sediment Jars/Experiment
1.4 Mindmap

Printables
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LESSON 1: HOW STEEP CAN YOU GO?

STEM CT FRAMEWORK

The below framework incorporates Next Generation Science Standards (NGSS),Common Core State Standards (CCSS)
for mathematics, and Computational Thinking (CT) concepts and characteristics adapted by the International Society for
Technology in Education (ISTE) and Computer Science Teachers Association (CSTA).

4-ESS2 EARTH’S SYSTEMS

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.

Investigation: Observe and measure the rate of erosion by water

Disciplinary Core Ideas
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.

Crosscutting Concepts
2) cause and effect; 4) systems and system models; and 7) stability and change

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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4.NF: Compare times using decimals.

4.MD: Understand concepts of angles and
angle measure. Use appropriate units of
measurement. Solve problems involving time
intervals and liquid volume.

Practices:

¢ Use appropriate tools strategically:
protractor, stopwatch

¢ Attend to precision: use appropriate units of
measure

Characteristics:

* Logically organizing and analyzing data:
Use a data table to organize measurements

¢ Generalizing and transferring this problem-
solving process to a wide variety of
problems: What environmental problems
might our understanding of slope and water
movement help us to better understand?
How can we reduce our negative impact on
our environment?

Dispositions:

« Confidence in dealing with complexity:
Students have to grapple with how to
design and use their model to explore slope
and the movement of water. Confidence is
built when groups with varying approaches
have similar findings.

e Communicate and work with others to
achieve a common goal: Working with
others to design the model makes a difficult
task more engaging and less overwhelming
for students. Students see how they
can tackle a big problem when working
together. They learn to compromise in order
to achieve their goal.

Developing and Using Models:

* Work as a group to design a model
to explore the angle of slope and the
movement of water. What are the
limitations of the model?

Planning and Carrying Out Investigations:

* Measure the angle of slope and time it takes
for water to discharge with different slopes.

Analyzing and Interpreting Data:
* Compare the findings of various groups.

Technology
¢ Digital tool for mind map (i.e., brainstorm)

2019) to represent and analyze the data.

¢ Use a Google Sheet to add data to a shared spreadsheet or use Common Online Data Analysis Platform (CODAP) (Concord Consortium,

* WikiWaterShed Tools (Stroud Water Research Center, 2019) can be used to model watershed data.

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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VIRGINIA STANDARDS

Virginia (2018) Science SOL. 4.1 The student will
demonstrate an understanding of scientific and engineering
practices by (a) asking questions; (b) planning and carrying
out investigations; and (d) constructing and critiquing
conclusions and explanations. 4.4 (b) Common and extreme
weather events affect ecosystems. 4.8 Virginia has important
natural resources including (d) soil and land.

Virginia (2016) Mathematics SOL. 4.10 The student wiill
describe (a) angles; 4.9 Practice problems related to lapsed
time (optional). 4.8 (a) Estimate and measure length
(optional). 5.12 The student will classify and measure right,
acute, obtuse and straight angles (optional).

Virginia (2017) English SOL. 4.1 The student will use
effective oral communication skills in a variety of settings.

Virginia (2018) Science Vertical Alignment

Students learn in grade 2 that plants reduce soil erosion. In
grade 3, students learn about soil, its components, and the
importance to organisms. They also learn more about the
effects of erosion (and weathering) through natural events.
In grade 4, they learn about the importance of water quality
and the larger impact to the “global” watershed.

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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LESSON PLAN SUMMARY

1.1 Introduction - How Steep Can You Go?:

Engage students in a river area relevant to their location. Use a mindmap to logically organize “What problems might a heavy rain cause?”

STEM CT

Supplies

Technology Resources

Presentation & Slides

Science: weather, erosion,
watershed

Math: angles, student created data
table

CT: data representation, problem
decomposition

Computer with internet, video,
and audio projection, Mindmap/
Brainstorming Tool

Nat Geo

Flood Exploration

Flood Facts

Drone Footage of Flooding in
Hurricane Michael

Presentation slides

Create slides on relevant heavy
rain event(s) to present to
students.

Contact a specialist to speak to
the class.

1.2 Stream Table Investigation:

Whole group observation about the behavior of water and its impact. Discuss the impact of variables as type of soil, steep slope (angle), and
human activities to affect water movement and cause river bank erosion. Ask students to discuss as a group and collect observations (table) at
different angles, measuring and understanding the effect.

STEM CT

Materials

Technology Resources

Presentation & Slides

Science: erosion, watershed

Math: angles, elapsed time,
measurement

CT: data collection, data analysis,
abstraction

Stacking materials, stream table,
sand, water, goggles, objects to
represent structures, protractor,
goniometer (optional)

Printables: Variables in an
Experiment; Erosion and Its
Impact

Stream Table Video Example

PPT - What is a Stream Table?

Poster 1

Poster 2

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER



https://kids.nationalgeographic.com/science/article/flood
https://www.youtube.com/watch/?v=udRNUBHbE0o
http://www.sciencekids.co.nz/sciencefacts/weather/floods.html
https://www.wric.com/news/local-news/videos-photos-show-major-flooding-in-farmville/
https://www.wric.com/news/local-news/videos-photos-show-major-flooding-in-farmville/
https://docs.google.com/presentation/d/1Ks4dGDC0PtTIaIOhlnMXvbG1NpmbfhDoIPYU-7iYJkI/edit?usp=sharing
https://youtu.be/_VjIZ4AgThU
https://www.slideserve.com/lbeaver/what-is-a-stream-table-powerpoint-ppt-presentation
https://www.teacherspayteachers.com/Product/Weathering-and-Erosion-Posters-Word-Wall-2015515?st=20fc29a2f16436a0134b911c7b59fa62
https://www.teacherspayteachers.com/Product/Weathering-Erosion-and-Deposition-Poster-Activity-4935044?st=ff18d5503f1db422e8881dd5e93edde1
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1.3 Sediment Jars/Experiment:

Groups will collect samples of different types of soil and water, and let it set to separate the particles or can use water from previous activity;
using this process, students will explain the observations, and its relationship with erosion and sediment.

STEM CT

Materials

Technology Resources

Presentation & Slides

Science: erosion, watershed

Math: elapsed time

CT: data collection, abstraction,
simulation

containers, labels, sand (different
types), water, pencil, flashlight

Printables: Class Experiment
on Erosion; Sediment: Student
Recording Sheet

What Is Turbidity Presentation

Prepare examples (different types
of soil) to compare.

1.4 Mindmap:

Recreate another mindmap to organize logically their findings/ideas, then generalize and transfer this problem-solving process to compare the
impact that weather and humans have on soil/ground etc, and how it can be reduced to promote a healthy environment.

STEM CT

Materials

Technology Resources

Presentation & Slides

Science: erosion, watershed

Math: angles, elapsed time

CT: data representation, data
analysis

Computer with internet, video
and audio projection, Mindmap/
Brainstorming Tool

Lucid

What is Weathering and Erosion
(For Kids)?

Digital/Analog Clock
(e.g., Online Clock)

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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1.1 INTRODUCTION - HOW STEEP CAN YOU GO?

Activity 1.1: (20+ minutes) Teacher(s) will Engage students
to get them thinking about the impact of an extreme
weather event.

MATERIALS

Presentation slides Computer with
internet, video and
audio projection

Flood (optional)

Flood (optional)

Nat Geo (images in Mindmap Tool (e.g.,

slides) Lucidchart,
bubbl.us, Cmap,
Google Draw)

TEACHER PREPARATION

Create digital materials/resources to engage your students
in a river area relevant to their location (example Included in
Presentation slides). Create an account or find a tool to do
a mindmap with students (e.g., Lucidchart, bubbl.us, Cmap,
Google Draw); (optional) contact a specialist to speak with
your class (e.g., environmental scientist).

LESSON PLAN

Address a weather event in a geographical area that the
students can relate to soil erosion and the disruption to
ecosystems (e.g., water quality). For example: Appomattox
River

Use presentation slides (e.g., Presentation slides) to show
students media from a big rain event.
« EXAMPLE: Drone Footage from 2018 (Hurricane Michael)

Prompt conversation with the students by asking questions

like:

* Have you ever thought about what happens to all the rain
after a big storm?

» Define/review flooding

* Where does it go? (e.g., Historical Flooding in Farmville of
Appomattox River)

* Why do you think the water is deeper in some areas (e.g.,
low areas, steepness)?

* Show examples of different steepness/slopes using
two pencils or a book to simulate different scenarios
(i.e., angles).

¢ Relate to angles

« How does the water get there?
* It moves downward
* What does it do to the land?

Create a mindmap with students -

“What problems might a heavy rain cause?”

(e.g., concepts of erosion, sediment, pollution, destruction
of buildings, ruin animal homes); Show slides 5-7 to give
examples of flooding and erosion.

Optional - Provide students the opportunity to meet an
Environmental Scientist to ask questions about the effects of
heavy rain or flooding.

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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1.2 STREAM TABLE INVESTIGATION

Activity 1.2: (25 - 40 minutes) Next, the students will
investigate and Explore experiment options for erosion with
their peers.

MATERIALS

Sand (should be
grainy)

Clear container for
stream table

Stacking materials
of the same size and
shape (e.g., wood,
blocks, styrofoam,
books)

Goggles (and wipes) Pencil & recording

sheet

Objects to show
representation of
evidence of erosion
(e.g., toothpicks,
legos, rocks, etc.)

Stopwatches Rulers Presentation slides

Stream Table Video
(Example)

Variables in an Protractors
Experiment

(printable)

Erosion and Its
Impact (printable)

TEACHER PREPARATION

Prepare the materials for a whole class investigation. Each

student will need a recording sheet and a set of goggles.

* The clear container will need to have sand and four
objects to show representation of evidence of erosion.
Examples could be toothpicks, legos, rocks, etc.

LESSON PLAN

Provide students with the handout (or digital version),

Variables in an Experiment. Discuss the (fishing) image and

vocabulary.

« What variables and constants could we have to design an
experiment?

Play Stream Table Video for student understanding.

Display a classroom investigation with the clear container
with sand using some stacking materials (to create an angle/
slope), a water source (pitcher, hose, water bottle, cup, etc),
and a stopwatch. Students should be shown/reminded how
to use a protractor as you adjust the angle by changing the
number of stacking material. Model how you would measure
an angle with the elevated container:

Student observations and discussion:

« What do you think will happen when we add water?

¢ (add water) Students verbally state observations
¢ Repeat (until water is gone)

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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Now, have the students Explain (share) what they think
happened during the investigation.

Have students generate ideas on what happened and why
(e.g., rate of erosion, steepness of land, water quality). How
did the steepness of the land change the angle? Be sure to
emphasize how the runoff makes the water look murky.

Next, ask students to provide examples of experiment
designs that could be done by the class with the available
materials (i.e., extra stacking blocks, ruler, protractor,
stopwatches). Other optional materials are encouraged
(e.g., straws or toothpicks for trees, dominos for retaining
walls)

* Discuss with students how an experiment could be
designed. For instance, how do you decide what to
measure and how? What will be changed? What does
an experiment need? Review constants, independent/
dependent variables.

Fill in the table on the Erosion and Its Impact handout
together with ideas. Can be completed in an “I do, We do,
You do” format. Complete 2 rows as teacher, 2 rows as a
whole group, 2 rows as small groups and/or individually.

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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1.3 SEDIMENT JARS/EXPERIMENT

Activity 1.3: (65 - 115 minutes) Let the students elaborate on
their explorations by designing an experiment.

MATERIALS

Using a marker, divide a piece of paper into 3 zones labeled:
A (top), B (center), and C (bottom)

Glass Jar with lid List/Table of available SAMPLE
materials (e.g.,, same Presentation slides

as Activity 1.2)

Flashlight Computer with video Internet access
and audio projection
Water from Tape Marker

experiment 1.2

Digital/Analog Clock
(e.g., Online Clock)

activity.

LESSON PLAN

TEACHER PREPARATION

The materials needed for Activity 1.3 should be similar to
Activity 1.2, but will depend on how the class decides to
design and implement an experiment. In addition, you will
need to have a lidded glass jar labeled A, B, and C, vertically.

You will need the sand, runoff water, and a stopwatch from
the previous investigation (Activity 1.2) to complete this

Decide as a class which experiment you will conduct with
the classroom ideas (optional - digital poll), and assign
groups their independent variables:

Example Experiment Scenario

Student Group A, B

Student Group B, C

Student Group D, E

Use 1 stacking
material to establish
steepness

Use 2 stacking
materials to establish
steepness

Use 3 stacking
materials to establish
steepness

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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* When each group knows what their experiment setup
should look like, they will run their trial and collect the
appropriate data on their handout (i.e., Class Experiment
on Erosion).

*Technology enhancement: Use a Google Sheet to add data
to a shared

Ask students to discuss the independent/dependent
variables (e.g., IV - angle, DV - time it took for the water
to start and stop moving) and constants (e.g., water, soil).
Were there any limitations to the experiment?

Pass out the handout, Class Experiment on Erosion, and have
each group fill out the information and complete a table.
Model creating a table, first, if needed.

* Discuss the “murky water” at the bottom of the slope of
the experiment

* Define the word sediment.

» Make a prediction about what will happen to the
sediment in water at 1 minute/day, 5 minutes/day, and
10 minutes/day

» Poll your students to get their predictions:
* | predict the sediment will -

Sink to the bottom

* Float on the top

« Completely dissolve
¢ Be suspended in the water
* | predict the sediment will
* Not change the clarity of the water
* Change the clarity of the water

* Those that answer, “change the clarity” - invite

to explain in what way.

* Fill your jar up with water from the bottom of the erosion
activity. Allow water to drain into the jar to get a true
example of water and sediment.

* Make sure to leave room at the top of the jar for air.
* Put the lid back on the jar.
¢ Shake the jar well.

¢ Project a digital and analog clock (e.g., Online Clock) next
to each other. Assign students to come up and observe
the jar at 1 minute, 5 minutes, and 10 minutes:

¢ Observe the clarity of the water in each zone. Record
the level of clarity (clear, somewhat clear, somewhat
cloudy, cloudy, or very cloudy) on the data sheet (i.e.,
Sediment: Data Sheet).

* Encourage students to use the flashlight as they
observe.

¢ Draw a detailed picture of the jar in the boxes on the
data sheet.

¢ Continue with your discussion (below) over the course
of the 10 minutes, stopping at the 1-, 5- and 10-minute
intervals to ask a student to make observations.

Optional: You can keep the murky water for a longer period
of time and make observations (minutes vs. days). You
can alternatively add different types of soil to the sand
(e.g., loam, clay, etc.) and shake the jar again to make
observations. A time lapse video may also be engaging in
helping them see how mixed up types of soil reorganize.

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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Further discussion:

« How does the slope of land (angle) and erosion help
us better understand how to address environmental
problems?

* Is there anything that could be changed to address the
impact of the erosion (e.g., plants reduce erosion, human
impact)?

* What human impacts might have negative impacts for
areas of land that experience erosion?

« How can we reduce our negative impact on the
environment?

* Have students describe what happened to the sediment.

 How did time affect the clarity of the water in each
zone?

« How do you think flooding and erosion affects the
ecosystems in the water (e.g., Appomattox River)?

« What would have happened if the jar had a
combination of rock, sand, clay, silt, and humus?

« Talk about/review the components of soil. If this
murky water was not just sand, it would ultimately
settle into layers from bottom to top: sand, clay,
silt, then organic matter potentially floating in the
water - providing an opportunity to review: rock,
clay, silt, sand, and humus.

(sediment observations should be over before moving onto
reviewing the video, below)

* Review Video on Sediment (https://www.chesapeakebay.
net/issues/threats-to-the-bay/sediment-runoff)

e Discuss term in relationship to erosion experiment
* Review pollutants/threats of sediment in waterways

* |n the video we watched, science was used to test and
track pollutants in the waterways

Talk about how scientists use models and simulations to
help them gather data and discover solutions. Show Model
My Watershed Runoff Simulation*

* Change the amount of rain and review water cycle
* Point out parts of water cycle in simulation

» |dentify/Discuss terms on simulation (run-off,
infiltration, evapotranspiration)

* There is a need to solve problems (such as
erosion and water quality) and new and improved
technologies allow scientists to help solve these
problems (crosscutting concepts).

*Technology enhancement: If time allows, students can
manipulate the model in groups and a class discussion can
be held on the model outcomes.

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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Activity 1.4: (20 minutes) Evaluate what the students have
learned about the effects of a weather event and human
impact on our natural resources and ecosystems through a
formative assessment.

MATERIALS

Mindmap from
Activity 1.1

Computer with video

and audio projection €W Mind map

LESSON ONE | HOW STEEP CAN YOU GO? | TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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LESSON 1: HOW STEEP CAN YOU GO?

VARIABLES IN AN EXPERIMENT

Check out the scene above! Each person got their tools to go fishing (i.e. pole, bobber, hook) and were sent to the pond to fish!
What is something each person can change (i.e. V) to try to catch the most fish?

What
variables
can
you
identify?

Constant (C)- not changing
Dependent Variable (DV) - an event that is expected to change when an

independent variable is changed
Independent Variable (IV)- a variable that is changed to make observations

Variable - something that may or may not change or vary

Image adapted by macrovector, Freepik
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EROSION AND ITS IMPACT

Student Name:

Date:

Directions: Think about an experiment that can be done in class with the materials available to determine the effects of a
major rain event and erosion. Record you and your classmates ideas into the table:

Independent
Variable (1V)-
“l change” (cause)

-

Dependent
Variable (DV)
(effect)

N

=7l

Constant(s) -
What stays /\
the same? wil

What data will
you collect?

il

il
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CLASS EXPERIMENT ON EROSION
Student Name: Date:

Class reflections questions:

* What materials will you need to conduct the experiment?

* What do you think will happen during the experiment (hypothesis)?
* What might be limitations to the experiment design?

« How will the experiment help (environmental) scientists identify, control, or eliminate sources of pollutants or hazards
affecting the environment or public health?

The control(s) for this experiment is:

The dependent variable (DV) for this experiment:

The independent variable (IV) for this experiment:

What is your hypothesis for the class experiment? (i.e., “If [we do this- IV], then [this-DV] will happen.”)

Collect data, then make and record the data in a table on another sheet of paper.
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SEDIMENT: STUDENT DATA SHEET
Student Name: Date:

Color the jar to match each observation. Report the time that has lapsed (e.g., 1 minute, 1 day), a written observation, and
the clarity for each zone - clear, somewhat clear, somewhat cloudy, cloudy, or very cloudy.

Elapsed Time: Elapsed Time:

Observation: Observation:

—
—

Zone A : Zone A :

\\ Zone B: \\ Zone B:
Zone C: Zone C:
Elapsed Time: Elapsed Time:

Observation: Observation:

Zone A : Zone A :
Zone B: Zone B:
Zone C: Zone C:

L
L
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