STEM BriefsMaking Connections in STEM


Title: Schoolyard Erosion Disaster
Challenge: Students will be able to observe and provide evidence of soil erosion around the schoolyard, create, and implement a plan to reduce erosion, and create a proposal for the cost and resources needed to implement the plan.
	Science
	Engineering
	Mathematics

	Concepts:
Science 3.8 
A variety of factors can affect an ecosystem; human actions may reduce the effects of these factors on an ecosystem.
· Human actions (e.g., polluting, clearing large plots of land to build neighborhoods or plant crops, over-fertilizing lawns, burning fossil fuels) can negatively affect the survival of organisms in an ecosystem (3.8 a). 
· Humans can make choices that reduce their impact on an environment (3.8 a).
· Natural occurrences (e.g., earthquakes, forest fires, tornadoes, hurricanes, floods, coastal erosion, disease) can harm the organisms in an environment (3.8 c).
· Humans cannot eliminate natural occurrences, but they can take steps to reduce their impact. Mitigation measures such as adoption of zoning, land-use practices, and building codes can prevent or reduce damage (3.8 c).
· Conservation is the careful use and preservation of natural resources. Humans need to help conserve limited resources (3.8 b, d).
· Since soil takes a long time to form, it should be conserved, not wasted (3.8 d).
Practices:

Science 3.1 
The student will demonstrate an understanding of scientific and engineering practices by
a) asking questions and defining problems
c) interpreting, analyzing, and evaluating data
d) constructing and critiquing conclusions and explanations
e) developing and using models
f) obtaining, evaluating, and communicating information

	Concepts:
STEL-1B
Explain the tools and techniques that people use to help them do things.

STEL-1H
Design solutions by safely using tools, materials and skills.

STEL-2C
Explain that materials are selected for use because they possess desirable properties and characteristics

STEL-2E
Collaborate effectively as a member of a team.

Practices:

The Engineering Design Process:
1. Define: Define the problem, ask a question  
2. Imagine: Brainstorm possible solutions
3. Research: Research the problem to determine the feasibility of possible solutions
4. Plan: Plan a device/model to address the problem or answer the question
5. Build: Build a device/model to address the problem or answer the question
6. Test: Test the device/model in a series of trials
7. Improve: Using the results of the test, brainstorm improvements to the device/model; return to #3 
8. Share: Communicate your results to stakeholders and the public


	Concepts:
Math 3.NS.3
Representations that students use in fraction explorations, activities, and during problem-solving help to develop specific fraction concepts. At this grade level, the three representations most used are region/area models, set models, or length/measurement models.  

Math 3.MG.1
The concept of a standard measurement unit is one of the major ideas in understanding measurement. Familiarity with standard units is developed through hands-on experiences of comparing, estimating, measuring, and constructing.
One unit of measure may be more appropriate than another to use when measuring an object, depending on the size of the object and the degree of accuracy desired.
Correct use of measurement tools is essential to understanding the concepts of measurement. 

Math 3.MG.2
Opportunities to explore the concepts of perimeter and area should involve hands-on experiences.
Practices:
Math 3.NS.3
The student will use mathematical reasoning and justification to represent and compare fractions (proper and improper) and mixed numbers with denominators of 2, 3, 4, 5, 6, 8, and 10), including those in context.
a) Represent, name, and write a given fraction (proper or improper) or mixed number with denominators of 2, 3, 4, 5, 6, 8, and 10 using:
i. Region/area models
ii. Length models
iii. Set models

Math 3.MG.1 
The student will reason mathematically using standard units (U.S. Customary and metric) with appropriate tools to estimate and measure objects by length, weight/mass, and liquid volume to the nearest half or whole unit.
b) Estimate and measure:
i. Length of an object to the nearest U.S. Customary unit (half inch, inch, foot, yard) and metric unit (centimeter, meter)

Math 3.MG.2 
The student will use multiple representations to estimate and solve problems, including those in context, involving area and perimeter (in both U.S. Customary and metric units).
a) Solve problems, including those in context, involving area.
b) Solve problems, including those in context, involving perimeter. 



[image: ]
3rd Grade Science/3rd Grade Math		


Title: Schoolyard Erosion Disaster
Timeframe: How many days? How much time per day?
	This lesson has been broken down into 9-10 mini lessons of approximately 1 hour. Teachers may choose to adjust the lessons based on the time available. 

If time is a constraint teachers could simplify this to allow students to create mini models of their garden and test erosion with rain (water spray bottles) and wind (fans) to determine how their erosion solution will succeed.



Standards/Indicators  (copied from the standards)
	Science
3.1 Scientific and Engineering Practices:  The student will demonstrate an understanding of scientific and engineering practices by
a) asking questions and defining problems
· define a simple design problem that can be solved through the development of an object, tool, process, or system
c) interpreting, analyzing, and evaluating data
· analyze data from tests of an object or tool to determine if it works as intended
d) constructing and critiquing conclusions and explanations
·  use evidence (measurements, observations, patterns) to construct or support an explanation 
· describe how scientific ideas apply to design solutions
e) developing and using models
· develop a model (e.g., diagram or simple physical prototype) to illustrate a proposed object, tool, or process
f) obtaining, evaluating, and communicating information
·  communicate scientific information, design ideas, and/or solutions with others

3.8 Earth's Resources: The student will investigate and understand that natural events and humans influence ecosystems. 
Key ideas include :
d) soil is a natural resource and should be conserved.

Math
Math 3.NS.3
The student will use mathematical reasoning and justification to represent and compare fractions (proper and improper) and mixed numbers with denominators of 2, 3, 4, 5, 6, 8, and 10), including those in context.
a) Represent, name, and write a given fraction (proper or improper) or mixed number with denominators of 2, 3, 4, 5, 6, 8, and 10 using:
i. Region/area models
ii. Length models
iii. Set models

Math 3.MG.1 
The student will reason mathematically using standard units (U.S. Customary and metric) with appropriate tools to estimate and measure objects by length, weight/mass, and liquid volume to the nearest half or whole unit.
b) Estimate and measure:
i. Length of an object to the nearest U.S. Customary unit (half inch, inch, foot, yard) and metric unit (centimeter, meter)

Math 3.MG.2 
The student will use multiple representations to estimate and solve problems, including those in context, involving area and perimeter (in both U.S. Customary and metric units).
a) Solve problems, including those in context, involving area.
b) Solve problems, including those in context, involving perimeter.


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Your principal has noticed that the mulch from the flower beds around the schoolyard has to be replaced often because it keeps washing away by the wind and rain. She has asked your 3rd grade team to observe and evaluate the flower beds before and after a rainstorm. Then, create and implement a plan to reduce erosion of the mulch. In order to conclude that your solution worked and the mulch is no longer rapidly eroding it must be within 2 inches before and after a windy day or major rainstorm. You will have roughly $300.00 per 10x10 inch garden to pay for new mulch, and whatever other materials you need to reduce erosion. 


Challenge and Criteria
What do you want the students to do?  (Example: Design and create…)  What criteria and/or limitations will be imposed?
	· Students will be able to observe and provide evidence of soil erosion around the schoolyard
· Students will be able to create and implement a plan to reduce erosion
· Create a proposal for cost and resources needed to implement your plan
· Criteria: The mulch must remain within 2 inches of its original placement
· Limitations: The amount of money available for this plan can create a limitation. 


Support about the Standard 
	· Conservation is the careful use and preservation of natural resources. Humans need to help conserve limited resources (3.8 b, d). 
· Since soil takes a long time to form, it should be conserved, not wasted (3.8 d). 


[bookmark: _heading=h.9qv53y4psddf]Support for the Engineering Design Process
	If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   The Engineering Design Process is cyclical and can begin at any step, or move back and forth between steps numerous times. In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the graphic with students.
[image: ]


Materials and Safety (Always refer to the VDOE Safety in Science Teaching)
	Materials per groups of 3: 
· Rulers, yardstick, meter stick, tape measure, garden stake with ribbon (to see where to measure the mulch)
· Hand shovels, scissors

Materials per Person
· Student pages: Schoolyard Erosion Disaster: SOL 3.8d
· Schoolyard Erosion Disaster: SOL 3.8d slide deck- This slide-deck can be adapted as a teacher resource or a student interactive resource.
· Chromebook/technology device
· Gardening gloves or rubber gloves
Optional Support Materials: 
· fraction strips, etc. 
Optional Materials that the groups may need:
· mulch, soil, pavers, plants, etc. (depending on what is available from your local store)
Safety Concerns: *Please refer to division safety criteria when working in the schoolyard gardens.
· The use of pesticides and herbicides should not be permitted.
· Keep all runoff away from storm drains. ***Remember, nothing but rain down the drain!
· Cover stockpiles of dirt and mulch with tarps to prevent runoff while working in the garden. 
· Teachers should assess the area prior to allowing students to work in the garden for poisonous plants or sharp thorns.
· Discuss safety procedures with students: 
· Ensure students do not run with shovels or scissors in hand.
· Use gloves and do not touch your face with gloves on 
· Wash hands when yard work is complete



[bookmark: _heading=h.1fob9te]Lesson Preparation
	Teachers may choose to create bins for each group of the materials listed:
· Rulers, Yardstick, Meter stick, tape measure per small group
· Hand Shovels, scissors
· Gardening gloves or rubber gloves
Teachers may choose to run copies or share digital copies with students prior to starting the lesson.
· Student pages: Schoolyard Erosion Disaster: SOL 3.8d
Teachers may choose to identify a budget or ask for donations and adjust the design limitations to match what is available for students to implement a plan to reduce erosion. 


[bookmark: _heading=h.3znysh7]Suggested Prior Instruction
	Science: 
Teachers may want to ensure students have an understanding of:
· The concept of erosion, conservation, natural resources, and the Engineering Design Process
· Erosion Model investigation (teacher may choose to demonstrate something like this or conduct a lab investigation)
Math: 
Teachers may want to ensure students have an understanding of:
· fraction concepts part: whole, numerator and denominator Area and Perimeter
· How to read a ruler and yardstick to the nearest ½, 
· How to read a ruler and meter stick to the nearest ½ 



	Engage: The goal of this phase is to capture students’ attention and interest for the purpose of preparing them for engaging in the proposed engineering problem. 

	Teacher Directions
	Additional Notes

	[bookmark: _heading=h.2et92p0]Mini lesson 1:Tell students that for the next few science classes you will be working to create a solution to solve a problem. As scientists we will use the Engineering Design Process to guide how we move through the phases to solve our problem.  Review slide 4
· Discuss process as circular and ongoing
·  Allows for open ended problem solving

Here is what we have been tasked to do. 
Your principal has a very important task for them and in order to complete the task we need to understand a few key vocabulary words. Ask students if they have ever heard of mulch? 
Prior to going out to the schoolyard use the “What is mulch?” Wonderopolis to allow students to explore:
· What is mulch
· Why is mulch beneficial? 
· Is all mulch organic?

Explain to students that your principal has noticed that the mulch from the flower beds around the schoolyard has to be replaced often because it keeps washing away by the wind and rain. 

What do we call that when something is washed away by wind and rain?
· student response: erosion 

The principal has asked the 3rd-grade team to observe and evaluate the flower beds before and after a rainstorm or heavy winds. Then, create and implement a plan to reduce the erosion of the mulch.

Afterward, teachers will take students for a walk around the schoolyard to discuss what natural resources are seen, what might have been native, and what was placed in our schoolyard flower beds. 
Discuss the idea of renewable and nonrenewable resources. Ask students if they think the soil and mulch is renewable or nonrenewable. Explain that soil is considered a renewable resource and while we may be able to go to the store and buy more soil it can take decades to form. That’s why people need to do what they can to prevent soil erosion. 

Does anyone know how many years a decade is? 
· student response:  decade is 10 years 
· Fun fact: decade is derived from the Ancient Greek word “dekas”, meaning “group of ten! 

As students are observing the flower bed, ask them to identify and draw a picture with labels of what they see, soil, mulch, flowers, borders, holes, puddles, etc. on their design brief page. 

While outside, sit in a circle and allow students to create their garden diagram. 

Then, discuss other gardens they have seen at home, in their community, or on school grounds.  Have students take turns sharing their diagram, what they noticed, and how it compares to other gardens they have seen. 
	
-Review VDOE visual of the Engineering Design Process
             [image: ]
- During discussion part of conversation connections to literacy and vocabulary strategies may need to be scaffolded for your classroom. 
Teachers may want to use the 5Cs and cooperative learning strategies to allow students opportunities to engage in conversation in a more structured setting.





	Explore: The exploration phase provides concrete experiences where students investigate phenomena, observe patterns, and/or encounter discrepant events that build upon knowledge and practices from the Engage Phase.

	Teacher Directions
	Additional Notes

	[bookmark: _heading=h.tyjcwt]Mini Lesson 2: Pose the question- How can we stop the mulch from eroding in our schoolyard garden? Remind students of the erosion models they have already seen in class. 

Based on the last class period, let's review our vocabulary and create our drawings! 
· draw a model of their schoolyard garden,
· identity where erosion is taking place, 
· explain observations that prove erosion is taking place (evidence) and 
· explain a solution to prevent future erosion

At this time, do not give students limitations or criteria. In this phase students are engaged in conceptual thinking without limitations. 

After this, step back and become a coach with the tasks of listening, observing, and guiding students as they brainstorm possible solutions to the proposed problem.

Teachers should walk around checking for understanding concepts of erosion and clarify misconceptions with individual students. 
	Mini Lesson 2: Review vocabulary on slide deck (slide 5) and the strategy listed in the notes section. 

Review the VDOE visual of the Engineering Design Process 
             [image: ]
·  When providing feedback, the teacher should propose questions to students to guide them in revising the proposed solution. 
· Teachers may want to use the VDOE Design Challenge Rubric (grades 3-5) Teachers should show students the rubric when introducing the design challenge.


· 



	Explain: The essential knowledge and practices with which students engaged and explored, are now made clear and comprehensible.  This is also an opportunity for students to explain their understanding of the concept or practices.

	Teacher Directions
	Additional Notes

	[bookmark: _heading=h.3dy6vkm]Mini Lesson 3: Using students’ explanations and experiences, the teacher introduces scientific or mathematical concepts briefly and explicitly. 

Teacher will start by reviewing math concepts of area and perimeter using a VDOE lesson plan and student sheet. 

Show students various pictures of gardens and tell them to pay attention to the perimeter of each garden. What do they see? 
Different gardens may need different solutions to prevent erosion based on where they are located, the angle of the garden, and the aesthetics of the garden.

At this time, put students in groups of three. Allow the three students to look at each other's garden solutions design and measurement practice. 

Groups should finalize an idea to prevent erosion that all three students agree on and write a small paragraph on the back of the design page that explains their thinking. 
[bookmark: _heading=h.1t3h5sf]Mini Lesson 4:  
Review how to read a ruler in inches to the nearest ½ . Show the difference between a ruler and a yardstick and ask students to give examples of places that would be appropriate to use a ruler for measurement and places that may be appropriate to use a yardstick. 
· Ruler: measuring small objects or 2d objects
· Yardstick: measuring larger objects, measuring the height of objects. (most commonly used in households would be a tape measure to measure most larger objects. -Show students a tape measure.

Then do the same with the yardstick and the meterstick showing students that 1 meter is close to 1 yard. Ask which one is bigger? Then show them that 1 meter is approximately 3 feet and 1 foot is approximately 12 inches. Tell students that in the US we use customary measurement, and when buying items from the store we typically buy things in yards, feet, and inches so that will be our focus of measurement. 
Continue back outside. Each group has a different school garden they are working with. 
Give each group the Garden Measurement student sheet and a tape measure to measure the students’ gardens in feet and inches. 

Students should add the dimensions of their garden in feet to their diagram, draw their solution and write a brief description of their group's solution.
[bookmark: _heading=h.4d34og8]Mini Lesson 5: Students should have a research period to gain additional knowledge by looking at simulations, garden pictures, or nonfiction text about erosion and gardens.
The teacher should be available to answer questions, guide tasks in research, allow for revision of students' ideas, and check for understanding of erosion. 
[bookmark: _heading=h.2s8eyo1]Mini Lesson 6: The teacher should guide students to complete the “garden measurement” and the “calculate the cost” student sheets to showcase the area and perimeter of the design solution and explain their solution. 
[bookmark: _heading=h.17dp8vu]Mini Lessons 7 and 8: The teacher will start the lesson with a review of science learning station expectations and how to move through the stations to practice the concepts they need to ensure they have created an effective plan. 

Next, students move through various learning stations as needed, not all students will get to all stations each day. At the teacher station, students can present their ideas to the teacher as a group while others continue to work. 

Teacher approval is needed to ensure safety, alignment to the specified problem, and to discuss data to be collected when testing the prototype.  When providing feedback, the teacher should propose questions to students to guide them in revising the proposed solution. Example:
· Do you have enough money to purchase all the materials you will need?
· Will those plants grow in this region and thrive in the conditions of this garden (sun vs. shade, temperature, annuals or perennials)
· Are the materials safe for students or will you need signage (e.g. stay off the wall)
· Can water move through? (runoff)
· Does the angle/slope of the land create design issues for your solution?
[bookmark: _heading=h.3rdcrjn]Mini Lesson 9: After students have created their design template, allow students to work in the garden as a team to design their erosion solutions. After implementing their solution, students must measure in meters and inches the baseline data of the height of the mulch/soil in the garden at various points. This will later be compared to other data points to see if the mulch/soil is eroding. 
	
Mini Lesson 4: 
Teachers could use these resources to review area and perimeter. 
· Perimeter Explore - students practice perimeter with given shapes.
· Area Explorer - students practice finding the area for given shapes.


























































Mini Lesson 5 and 6: 
Teachers may want to solicit support from a local garden club to look at students' design solutions and provide feedback from an expert. 

Experts can bring various plants that are helpful to reduce erosion and discuss with students why they are helpful and how to plant them properly. 

Mini Lessons 7 and 8: During this part of the lesson the teacher may want to have stations set up to allow students to continue to work through their research process and have additional tasks to complete while waiting on their turn at the teacher's table. 

Example: 
-1 class period for research- teacher walks around and supports
-1 class period for continued research as well as stations. Students do NOT need to rotate through all stations.
-Station 1: continued research - students working with their group
-Station 2: Technology station
· What is available in your district- Simulation of erosion
· Gizmo’s
· PHET
· EDUmedia
· Legends of Learning
· National Geographics
· Discovery Ed
· Etc.
-Station 3: game-based learning-What is available in your district?
· Review of math concepts area and perimeter
· Dreambox
· etc.
-Station 4: teacher station
· Review proposed solution, ask refining questions, discuss budget
-Station 5: Practice using a ruler, meter stick, tape measure, meter stick
· Give students a list of objects and a place to record their measurements. This cold be taken as a formative math/science grade

Mini Lesson 9: Teachers may want to solicit a local garden club to volunteer to work with students during the gardening phase of this lesson 1 volunteer per group of 3. This will ensure students are learning to plant/garden and use tools correctly in real-time real-life experiences. 




	Elaborate:  The intention is to facilitate the transfer of concepts and abilities to related, but new situations. 

	Teacher Directions
	Additional Notes

	In the elaboration phase, the teacher challenges students to revise their prototypes based on data collected and new content understanding.   At this time the teacher should encourage continued interactions among student groups and with other sources such as written material, databases, simulations, and web-based searches.
[bookmark: _heading=h.26in1rg]Mini Lesson 10:  Students should track data for the school year to determine the effectiveness of their design solution. 
After about 1 month- storm or no storm, allow students to go out to the garden to record their data and make observations of their garden. Record observations in student notes.

Continue to make observations and collect data. Try to go to the garden right before and after a major wind or rainstorm to see if there is a greater change in data. 

At the end of the school year, students could reflect on their data, notes, and pictures to write a written/oral report to outline their process, why they picked the solution for erosion, the evidence they collected to determine if it was successful, and what future students might need to do to improve the erosion process for that garden if needed. 

	
\



	[bookmark: _heading=h.lnxbz9]Evaluate:  The intention is for students to reflect on their new learning.

	Teacher Directions
	Additional Notes

	The teacher should determine the evidence for student learning and means of obtaining that evidence, as part of this phase. 
Teachers should use the VDOE design rubric and adapt it to meet the needs of this Design brief. 

Teachers could also use data tracking, design templates and station work to collect formative assessments along the way. 

Teachers could use a district writing, research, or oral presentation rubric to grade a culminating grade for this real-life design brief. 
	· [bookmark: _heading=h.35nkun2]



[bookmark: _heading=h.2jxsxqh]Resources and Student Pages
Schoolyard Erosion Disaster: SOL 3.8d- Student pages can be shared digitally, some pages should be printed 
Schoolyard Erosion Disaster: SOL 3.8d slidedeck- This slidedeck can be adapted as a teacher resources or a student interactive resource
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Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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Figure 1: Engineering Design Process image based on the National Aeronautics and Space Administration (NASA) engineering design
model.
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