STEM BriefsMaking Connections in STEM


Title: Save the Trails
Challenge: The Erosion Engineers company has hired your team to help them create a way to protect the hills of the Appalachian Trail from eroding during the heavy rainfall and winds from the next incoming hurricane. You must design and create a barrier of protection of the land from water and wind erosion, that will significantly reduce the negative effects of weathering and erosion.
	Science
	Engineering
	Mathematics

	Concepts:
Science 2.7   
Changes in weather and seasons affect both living organisms and their environment.
· Land surfaces can be changed by weathering and erosion. Land surfaces that are not covered with or protected by plants are more likely to be subject to the loss of soil by wind and water (2.7 b).
· Weathering is the breaking down of rocks, which usually happens over long periods of time (2.7 b).
· Erosion is the process by which the products of weathering are moved from one place to another. Erosion may happen quickly (e.g., during a flood or a hurricane) or over a long period of time (2.7 b).
· Examples of weather and seasonal changes that happen quickly include mudslides and flooding. Examples of weather and seasonal changes that occur slowly include beach erosion and leaves changing color (2.7 c).

Practices:
Science 2.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)  asking questions and defining problems
b)  planning and carrying out investigations
d)  constructing and critiquing conclusions and explanations

	Concepts:

STEL-2B
Safely use tools to complete tasks.

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

STEL-2D
Develop a plan in order to complete a task.

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 2.NS.4
Simulate everyday opportunities to count and compare a collection of coins and one-dollar bills whose total value is $2.00 or less.  
Practices:
Math 2.NS.4
The student will solve problems that involve counting and representing money amounts up to $2.00.  
b)  Count by ones, fives, tens, and twenty-fives to determine the value of a collection of mixed coins and one-dollar bills whose total value is $2.00 or less.
c) Construct a set of coins and/or bills to total a given amount of money whose value is $2.00 or less.
d) Represent the value of a collection of coins and one-dollar bills (limited to $2.00 or less) using the cent and dollar symbols and decimal point.



[image: ]
2nd Grade Science and Math		


Title: Save the Trails
Timeframe: 
	2 hours (1 hour over 2 days)
Day 1-Engage (5 min), Explore (15min), Explain( 15min), Elaborate (Brainstorm and Plan) (20min)
Day 2- Elaborate (Finish Plan,Build, Test, Improve, Communicate) (40min), Evaluate (20 min)



Standards/Indicators  (copied from the standards)
	Science 2.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)  asking questions and defining problems
b)  planning and carrying out investigations
d)  constructing and critiquing conclusions and explanations
Science 2.7   
The student will investigate and understand that weather patterns and seasonal changes affect plants, animals, and their surroundings. Key ideas include
b) wind and weather can change the land
Math 2.NS.4
The student will solve problems that involve counting and representing money amounts up to $2.00.  
b)  Count by ones, fives, tens, and twenty-fives to determine the value of a collection of mixed coins and one-dollar bills whose total value is $2.00 or less.
c) Construct a set of coins and/or bills to total a given amount of money whose value is $2.00 or less.
d) Represent the value of a collection of coins and one-dollar bills (limited to $2.00 or less) using the cent and dollar symbols and decimal point.


[bookmark: _heading=h.gjdgxs]Engineering Problem
	The Erosion Engineers company has hired your team to help them create a way to protect the hills of the Appalachian Trail from eroding during the heavy rainfall and winds from the next incoming hurricane. You must design and create a barrier of protection of the land from water and wind erosion, that will significantly reduce the negative effects of weathering and erosion.


Challenge and Criteria
	Criteria: Students will design a method to protect Earth’s land from water and wind erosion that is freestanding.  
Constraints:
Materials: Students  may use only materials that the teacher provides or approves
Time: Students must build your model within the time limit teacher sets (10 minutes ideally)
Cost: Students can only spend $8 on materials


Support about the Standard 
	Erosion is the wearing away of the surface of the Earth by natural processes. Water and wind erosion are continually changing the landscape of the Earth. Water erosion is perhaps the most familiar type of erosion. Water erosion can lead to a variety of harsh effects on our land. A layer of topsoil can be removed by raindrops and runoff during storms. This then causes soil to lose nutrients.
Engineers can try to minimize erosion by directing the flow of water by planting trees, laying out netting, or using dams and levees.


[bookmark: _heading=h.cx4zw1ane9id]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)
	Explore Stations:
sugar cube in a plastic bag (one for a pair of students)
3 plastic bins filled with a steep slope of soil
water cans or spray bottles
Rocks- such as calcite, limestone, dolomite, fluorite, rhyolite or similar rock with a hardness of about 3-4 on the Mohs hardness scale
sandpaper (enough for small groups)
Explain:
Model Landform Erosion Situation-1 paper plate, 1 plastic plate, 1 cornmeal landform, 1 rainmaker, 2 solo cups, hair dryer
Cornmeal Landform Recipe: 6 cups of cornmeal. 2 cups of salt, 2 cups of water
Rainmaker: 1 3oz plastic bathroom cup, saftey pin, tape, ruler
Elaborate:
Each group will need:
1 3oz dixie cup landform per group of 3 (see lesson preparation for recipe)
1 rainmaker set up per group of 3 (see lesson preparation for preparation)
1 plastic plate
8 $1 of fake money
Access to supplies in supply distribution area to buy



Identify potential safety concerns. Please refer to division safety criteria when working with materials.
	You will need access to water for this lesson. It is recommended that you put down a table covering for spills. 
When using a fan to blow sand, students must be sure that sand is staying away from their eyes (protective eyewear can be worn if the teacher finds it necessary).  



Lesson Preparation
	Needed for Day 1:
 Prepare model landform erosion situation- see set-up
-Prepare the “landforms” and rain makers. Each group of three students will need 1 cup of land and 1 rainmaker. 
Landform Recipe: 6 cups of cornmeal. 2 cups of salt, 2 cups of water. Mix together in a container, it should be a little stickier than wet sand. This can be portioned out into 3oz plastic bathroom dixie cups. 
-Rainmaker Preparation: Put a pinhole through a small plastic condiment cup. The safety pin is to be used by the teacher only. Tape the cup to the middle of a ruler where the hole hangs over the edge of the ruler. Place the ruler between two solo cups (or items like cubes) that you have enough of that will allow all groups to have the same height of rainfall. 
-The “landform” will sit on a plastic plate under the “rain”

Precut pieces of foil to be 1in by 1 in
Precut paper towels to be 12in by 1 in. 
Precut 6in of masking tape

Create a supply distribution area for students to get supplies or for you to hand out supplies to groups. You will also need to have money premade for students to “buy” their supplies. It is best to have money already counted out into piles of $8 to hand out to the students.



Suggested Prior Instruction
	· Readworks.org Weathering and Erosion
· Epic- Weathering and Erosion by Torrey Maloof 
· Students should discuss other examples of weather and seasonal changes that happen quickly  and  slowly. (Quickly- mudslides/and flooding  and slowly (waterfalls and leaves changing color). After students share ideas, the teacher can clarify any misconceptions and share further examples. 
· Hurricane Information
· Teach about the Appalachian Trail- Interactive Map



	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

	· Tell students they are going to play a game called River Bank. Explain that during the game they will all stand in a straight line (you can also physically mark a straight line on the floor with tape). On one side is the river, and on the other side is the bank of the river. 

· Say: “I am going to read a statement. If you think the answer is true, you are going to jump into the river side. If you think the answer is false you are going to jump into the bank side”

· You can provide some examples to make sure they understand the concept like: Today is Wednesday. I am wearing a blue shirt. 

· Once you know everyone understands the objective you can begin with everyone on the bank and then read the following statements.
1. Erosion can wear away the surface of the Earth by chemicals, wind, water and glaciers (True)
2. Wind erosion is rivers, streams, or even rain, breaking away at bits of land while moving over it. ( False, water erosion is described here)
3. Wind erosion can create and move entire sand dunes (True)
4. Wind erosion can shape rocks (True)
5. Water erosion wears away surfaces as it moves over rocks and creates sand (False, this describes wind erosion)
6. Engineers develop ways to protect land formations and monuments. (True)
7. Structural Engineers do not need to know about erosion to do their jobs (False, they use knowledge of erosion as they are designing ways to build highways, sidewalks etc. safely.)

	· The River Bank game will provide you the opportunity to pre-assess your students for grouping purposes and content knowledge. Make sure to record anecdotal notes as your pre-assessment
· It might be helpful to provide visuals on the floor of a river and bank, or letters T and F for true and false.
· Make sure students understand what it means to be on a bank of a river. This will lead you to further discussions on erosion.



	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

	· Students will participate in 3 stations throughout the exploration time for 5 minutes each. Divide students into three equal groups.

· Say to students, “Now that we have given our opinions on weathering and erosion we are going to explore some examples of weathering and erosion and then try to develop a good science definition for those two words.”

· Share with students how they will work in the stations and how to use their recording form. 

· Physical Weathering Station-
Put a sugar cube in a plastic bag. One for each student. Put this plastic bag containing the sugar cube on a tray. Have students press down on their cube so that they crush it. Encourage students to discuss and write their observations on their recording form. When you review this station, share with students that this is an example of physical weathering. Have students generate ideas of when in nature rocks could physically be broken down. Examples could include animals stepping on rocks, water expanding in cracks of rocks when freezing and breaking when thawing, animals burrowing in the ground.

· Water Erosion Station
Take a clear bin and fill one side with a steep slope of soil. Have students take a watering can and pour water over the steep slope. They should see water and soil falling down the slope. They should also see evidence of deposition based on where the soil settles on the other side of the basin. Encourage students to discuss and write their observations on their recording form.

· Wind Erosion Station
Place a rock on the table with coarse sandpaper. Have students sand the rock for a few minutes to demonstrate wind erosion with sand. Encourage students to discuss and write their observations on their recording form. When you debrief this station, have students understand that wind erosion creates and moves entire sand dunes, shapes rocks and can cause dust storms. Sand dunes are vulnerable to wind erosion because they are completely made of loose sand without anything holding them in place. By sanding the rock students can see how easily the bits of weathered rock can now be eroded. 
	-Explain to students that they will be exploring the process of weathering and erosion. They will examine different causes of weathering and some different types of erosion. They will also recognize that weather events like rain, snow, and wind are not the only factors that contribute to weathering and erosion. 

-It is helpful to set a timer so students know when to begin the station and when they need to rotate to the next.

- You will need to have three bins of soil for the water erosion station, one for each new group that comes. 

- You might need to provide new pieces of sandpaper as it wears down. 
-Devil’s Tower in Wyoming was actually created by wind erosion. It used to be a volcano, but now all the remains are the lava core because the wind was powerful enough to cut away the entire volcano.




	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

	Bring the class back together and have students share their working definition that they came up with for weathering. Share using an anchor chart the definition.
· Weathering is the breaking down of rocks, which usually happens over long periods of time.
Remind students that they eroded soil in the second station. Ask them to share out their working definition of erosion. 
· Erosion is the process by which the products of weathering are moved from one place to another. 
Together sing the Weather and Erosion Song 
Show students a model of the model landform erosion situation. Ask students to think about ways in which you could get the landform to not move if it were in nature. (Ex: plant growth, tree roots, fabric coverings, rocks lining a stream)

Show students how water erosion could make the landform move using the rainmaker. Then use a blowdryer on low setting to show how wind erosion can move the landform 
	· Human activities, plants, and other factors can also cause weathering. Review the different types of erosion and features of each. 

· Explain that Station 1 provided a visual of what happens to soft pieces of rock during weathering. 

· Station 2 demonstrated what happens during water erosion.

· Station 3 showed what happens when the wind blows particles such as sand against rock over a period of time and then it can easily be moved. 

· You can show the video of the weathering and erosion set up but for more engagement set it up in your classroom as a model. 
· Model Landform situation set up directions



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

	Teacher Directions
	Additional Notes

	· Pass out the Weathering and Erosion Challenge Recording Form

· Read the challenge to the students

· Have students identify the problem, criteria, and constraints.

· Have students brainstorm individually how they would protect their landform from wind and water erosion.

· Put students into groups of 3

· Have them share their brainstormed ideas then allow them to collaborate to come up with one idea to test. During this time they will have to think of their budget and supplies and record what items they want to buy. Students will need to draw and label their plan on their recording form. Show students the supplies they have to buy. Each supply is matched to a real environmental factor that can reduce erosion. You might need to show students a picture of these items if they are not familiar with them. 

· Have students buy supplies from your supply distribution station.

·  Once students have finished purchasing their materials, give each group their landform on a plate then set the timer and give students the same amount of time to build. (Recommended 10 minutes)

· Once the timer goes off, students stop building.
· Give each group a rainmaker and have them test one cup of rainfall over their landform. 

· Test wind by blowing a hairdryer on the landform from a predetermined angle for 5 seconds.

· Have students measure and record the distance of the furthest landform erosion from the base of the landform.
	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: ]
-Share with students the supplies and how much each costs. Allow students to buy portions of supplies to emphasize math content. (ie if 2 straws cost $2 they could buy 1 straw for $1)
-Have students watch other groups' tests versus testing all together, this will provide students the opportunity to share how and why they created their design the way they did and give other groups the opportunity to think through similarities and differences to their own designs.
-Dry, bare soil is more likely to be eroded by the wind than moist soil or soil covered with plants.




	Evaluate:  The intention is for students to reflect on their new learning.

	Teacher Directions
	Additional Notes

	Have students evaluate their design on their recording form. Have them review the problem. criteria, and constraints and make a claim whether their structure worked. 

Elicit responses as a whole group to see how students feel they could improve their structure along with knowing if their structure worked or not. 
	[bookmark: _heading=h.1fob9te]-Explain to students that they are not being evaluated on whether their design worked but on how they can use evidence from their test to explain why their structure worked or didn’t. 



Suggested Post Instruction
	1. Depending on your time and materials, students build a new design and retest to see if they are able to stop more erosion from happening. 
2. Observe how rain causes erosion on your own school grounds. Propose a plan for reducing the erosion
3. Learn why stream bank erosion makes a stream unhealthy. Write a letter to your local board of supervisors explaining how to prevent erosion along a particular body of water you live by.


Resources and Student Page(s)
· video set up
· Station recording form
· Model Landform situation set up directions
·  Erosion Song 
· Weathering and Erosion Challenge Recording Form
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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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