STEM Engineering Design Challenge
Title:	Weathering Weather
Grade Level:	5th Grade 
Duration:	7 Days

Vocabulary - Natural Disaster, Hurricane, Tornado, Temperature, Precipitation, Climate Zone, Latitude, Elevation, Proximity to Water, Preparedness Plan, Geography, Evacuation
, Engage -
· Students will complete their circle maps before watching the videos and then revise the maps after watching the videos with the information needed for their project ideas. 
· Watch National Geographic’s video “Hurricanes 101” on YouTube: Hurricanes 101 
· Watch National Geographic’s video “Hurricane Destruction” on YouTube: Hurricane Destruction 
Student Assessment -
Formative Assessment:
· Formative assessments can be ongoing in this lesson and occur during multiple phases. The following are suggestions for measuring students’ understanding and should be embedded throughout the lesson. 
· Brainstorm items necessary for being prepared for natural disasters. Create a Thinking Map (Circle).
· The students will create two graphic organizers: one to describe what they can tell you about items necessary for being prepared for natural disasters and one to describe what they know about tropical climates. The students will share their ideas out loud, one at a time, around the table to their group members, and then the teacher will select students to share ideas with the class. Have students describe their natural disaster preparedness plan with their kit provided in their circle map. The students will present these circle maps and plans to their groups before beginning the design challenge. 

Preparing for a natural disaster


· Explain scenario - Students are building a new home in Florida. Florida is a subtropical climate that is close to bodies of water and low in elevation, which makes it vulnerable to a number of natural disasters such as hurricanes. Due to these natural disasters, building codes have been updated and all plans for new homes must be approved before building.  On top of having preparedness kits and evacuation plans, we must ensure our structures are built to survive these disasters. When designing a new home, what type of roof structure would best withstand the winds and rains of these natural disasters?
· As the students design their tropical roof and explain the reasoning for each material utilized, the teacher will circulate from group to group. Remind students that they have to purchase materials that stay within the provided budget. The teacher should ask groups guiding questions to stimulate their thinking and further their explanation. (For example: What design did you decide on and why?, How will this design help you withstand the wind and rain of the disasters?, or What materials would be best for that and why?)
· Introduce - Material Options; Building Requirements Page; Budget
· Students will be designing a roof for their structure (a waxed cardboard milk/juice carton base of the house) that will keep the wind and rain out of the house while staying completely attached. Students will be placing 5 cotton balls in the base of their structure. These will be used to verify that water has not leaked into the home during the testing. The testing will be completed using a watering can and 2 cups of water to represent the rain, and a hair dryer on high for 30 seconds at all angles to represent the wind. In order to pass the testing, the roof must have no water leak onto the cotton balls, and the roof must stay completely attached. 
· Discuss - Math strategies for determining cost of the roof, lining up decimal places when adding and subtracting decimals. 
· Discuss building codes being updated to ensure safety of buildings during natural disasters, and how all designs must be approved before being built. 
· Design - Students will be given a tan piece of paper and their budget/requirements pages to complete their own original designs. The students must select materials that they will utilize to build their roof while staying under budget. Students will submit their tan page with their design and materials, as well as their budget page, to the teacher for approval.
· The students will then individually reflect on their design and any changes they want to present to their group for enhancing the design of their tropical roof. This requires that each change is explained so when the students share their ideas the following day, everyone will be given an opportunity to present their point of view. 
· Allow the students 10 minutes to make adjustments to their group design plan and justify the reasoning for their changes. Students must make the changes to their redesign on the tan paper and explain why they made these changes. The teacher will circulate through the groups asking guiding questions as provided in the previous testing. Encourage students to explain why they made these changes and what they believe it will do to improve their tropical roof. 
· Each group will share their findings, including what materials they utilized for their roof and for what purpose they used each material. This will include successes, struggles, and any findings they encountered throughout both trials. The teacher will record the types of materials used to help survive the natural disaster. The teacher will pose the question, “Based on our trials, which materials were best to withstand the wind and rain. Why?”
· The students will then individually utilize their graphic organizers and notes from their designs to write a reflection. This reflection should include how they utilized what they know about natural disasters to select materials and build a tropical roof to withstand wind and rain. Remind the students to utilize the academic vocabulary we learned in this unit to describe their build. This written reflection will be utilized as a summative assessment for the teacher to review for misconceptions before the students take the final assessment. 
Summative Assessment:
· The summative assessment consists of a variety of math and science questions tied to all standards.
· Attached Assessment

Learning Goals: 
· Students will apply what they know about the conditions of different climates to design, construct, and test a roof for a tropical climate.  
· Students will create a family preparedness plan for natural disasters. 
· Students will be able to add, subtract, and multiply decimals to the hundredths place to accurately meet their budget. 
Objective:	
Students will utilize what they know about climate in tropical areas to design, construct, and test a roof for a tropical climate.

Materials: 
Materials Needed for Each Group:
· Cardboard juice boxes
· 5 cotton balls
Materials Needed on Table from which Students Can Select (These items should be set up on a table for students to collect after they submit their budget. Note that all leaves and grass are real, and must be collected ahead of time.)

· Large Leaf 
· Small Leaf
· Grass (5 Pieces)
· Straw
· Coffee Stirrer
· Popsicle Stick
· Tree Stick
· Wax Paper 6 in
· Cardboard 6 in
· Foil 6 in
· Shells (6)
· Paper Towel
· Modeling Clay
· String (6 in)
· Pipe Cleaner
· Paper Clips
· Glue
· Masking Tape
· Tape


Set-Up:
Teacher Table: 
· All Materials to be selected from listed above.
Student Tables:
· Materials Needed for Our Tropical Home - In each tub for each group. 
· Juice Carton and Cotton Balls
Engage (20 min.):
· Students will be asked to create a brainstorming map to describe everything they know and believe is important to know about matter. 
· The students will create a graphic organizer to describe what they know about tropical climates.
· The students will create a graphic organizer to describe what they know about being prepared for natural disasters. 
· The students will share their ideas out loud, one at a time, around the table to their group members, and then the teacher will select students to share ideas with the class in order to create a class circle map on the Smartboard. 
· Have students describe their natural disaster preparedness plan with their kit provided in their circle map. 
· The students will present these circle maps and plans to their groups before beginning the design challenge.

Preparing for a natural disaster



· The students will then be shown the two videos on hurricanes. National Geographic’s video “Hurricanes 101” on YouTube (Hurricanes 101) describes how hurricanes work and National Geographic’s video “Hurricane Destruction” on YouTube (Hurricane Destruction) shows what a hurricane’s impact can do. After the teacher provides the scenario, the teacher will explain to the students that we will utilize what we know about tropical climates to help design a tropical roof to withstand a hurricane. 
· Show the students the base of the house and explain that the roof will have to attach to this base and keep water out of the home while staying attached during the winds. The students will hypothesize methods and materials to complete the task in their science notebook. 
· Students are building a new home in Florida. Florida is a subtropical climate that is close to bodies of water and low in elevation, which makes it vulnerable to a number of natural disasters such as hurricanes. Due to these natural disasters, building codes have been updated and all plans for new homes must be approved before building. On top of having preparedness kits and evacuation plans, we must ensure our structures are built to survive these disasters. When designing a new home, what type of roof structure would best withstand the winds and rains of these natural disasters?
· Remind students that they have to purchase tools that stay within the provided budget. The teacher should ask groups guiding questions to stimulate their thinking and further their explanation. 
· Introduce - Material Options; Building Requirements Page; Budget
· Students will be designing a roof for their structure (a waxed cardboard milk/juice carton base of the house) that will keep the wind and rain out of the house while staying completely attached. Students will be placing 5 cotton balls in the base of their structure. These will be used to verify that water has not leaked into the home during the testing. The testing will be completed using a watering can and 2 cups of water to represent the rain, and a hair dryer on high for 30 seconds at all angles to represent the wind. In order to pass the testing, the roof must have no water leak onto the cotton balls, and the roof must stay completely attached. 
GOAL:  What is your engineer team’s goal or problem today that you will need to solve?  
The goal is to design and create a roof that would successfully withstand a hurricane’s wind and rain in a tropical climate.
Engineers use the engineering design process when solving a problem. You will also use this process as you create your design. The engineering process involves 5 main steps. 
1. Ask questions that will help you achieve your goal.
2. Imagine at least two possibilities for design.
a. What could be some solutions?
b. Brainstorm ideas.
3. Plan the design before building.
a. Combine ideas to come up with a final design.
b. Make a list of the materials needed.
4. Create at least one design solution.
a. Follow the plan and create it.
b. Test it out!
5. Improve the design based on evidence around the original design criteria.
a. Make the design better.
b. Test it out!
Emphasize to students that they are not starting over, but rather simply improving upon their original design.
Production - Design satisfies the goal. (Production of the thing or process only occurs when the design meets the goal.)
ASK: What will you need to know about this project before we begin? What do you need to know in order to reach the goal? 
(Pause and take questions)
Possible questions you may get include:
· What kind of materials would work best for that?
· How much time do we have?
· What is a (technology being designed)?
· How do we redesign our original?
· How will we record this information?
· What are the constraints for this task?

If students are having a difficult time coming up with questions, help by asking them what kind of questions they ask when they are assigned a project at school, and then help them relate it to this goal.
· First, let’s review the goal: The goal is to design and create a roof that would successfully withstand a hurricane’s wind and rain in a tropical climate.
· You must follow your design exactly to create your tropical roof and record your observations as you go. You will need to think about any changes or improvements you will want to make in your redesign.
· If your roof can withstand the water and wind tests while staying intact and having no leaks, then your design was successful.
· After testing, have the students reflect on their design and then compare the different designs that groups created.
· Ask students to describe any similar ideas multiple groups used.
· Ask students to describe any different ideas groups created.
· Ask students why they think some designs came closer to meeting the goal. 
· Which methods worked more smoothly for you?
· Were there any details you needed to include to ensure your design was built as you intended?
· Answer students’ questions. Be sure to discuss:
· Materials and tools available for student use - Introduce and show each material that they can choose to utilize in their design and the juice container for the house.
· Criteria and constraints (i.e. budget, time, materials) – Explain the budget sheet attached and how the students must remain under $100.00. 
· Remind students that they will have one attempt to redesign their original roof design and retest to determine which design was more efficient. Both designs must meet all criteria, including being under the $100.00 budget on their budget sheets. The students can return materials from the first design in order to purchase more or different materials for their rebuild. They must remain under a $100 using their original design.
· Explain that the roof must pass both the water and the wind test in order to be successful. 
· Testing procedures - How students will measure the success of their design.
· Students’ roles within their design groups - 
· Timekeeper (manages time allowed for each portion of the project)
· Recorder (writes information in notebook such as observations during design)
· Leader (finalizes decisions and makes sure people are on task)
· Coordinator (assigns roles for design and ensures all aspects are getting completed)
Activity 5 days:
Imagine: What are some possible solutions to the problem? (10 min.)
· Let’s look at the goal again. Your team will need to design and create a tropical roof. You will have 10 minutes to individually imagine or brainstorm possible solutions to this problem. What will your design look like? How will you use the materials to create your design? Students need to draw and label a design plan to present to their group. 
· During this time, circulate the classroom and visit each table. Students should be quietly drawing/writing their ideas in their science notebooks. Ask students if they have any questions and answer them when applicable.
· After 10 minutes, regroup students to go to the next step.
Plan: You will have 40 minutes to combine ideas into one design.
· Students will create a drawn example of their design with labels. As the students create their designs to withstand the simulation of the watering can and blow dryer, they will need to share their individual designs and create a solid plan with details of materials to follow in the building of their roof. 
· They need to record what occurs in each step of the building and testing processes in their science journal under observations. Remind students that all designs must show a drawing with labels of the materials they have used and have a completed budget sheet that is under $100.00. 
· The students can utilize their two circle maps to help them think about the impact of the climate and natural disaster. 
· The design of the roof, including all materials being used and where they will be utilizing them in order to create and attach their roof, must be planned.
· Complete the budget sheet for the list of tools required (must be under the $100.00 budget) for the tropical roof build. 
· The teacher will model and review adding and subtracting decimals to ensure students are lining up their decimal place when determining their budget. 
· During this time, the teacher will circulate the classroom and visit each group. Listen to students’ ideas and make sure that every student is getting the opportunity to share their ideas about the design. Some questions the teacher can ask include: “Has everyone had the opportunity to share their ideas?” or “What materials will you choose to use in your design?” If a student is not talking, look at them and say, “What ideas do you have about the design?”
· After 40 minutes, regroup the students to go to the next step.
In order for students to move on to the next step, the teacher must approve the student’s design and budget.  Once the teacher has approved a student’s design and budget, the team may begin creating the tropical roof.
· Students will bring their design and budget to the teacher to receive the materials they requested and a sample base for their house. This step includes showing the students the half-cut cardboard juice container that will be their house. Place all materials in a tub to contain the mess. The teacher will verify students have met the budget requirements before handing out materials for their design. 
· Review any criteria with the students, including the materials the students must use and materials the students may choose to use, measurements, and what the design is expected to do to be successful.
· Review any constraints with the students, including time, budget, and a limit of materials.
· The students need to record observations of the steps in their design test as they go. When they complete their testing, they must individually reflect upon their design and any revisions to their design.
Create: Build your team’s design following your plan. You will have 20 minutes. 
· Students must follow the exact design that they created. They can record observations and changes they want to make in their notebooks as they go through the design but cannot alter their roof at this time. Remind them that they will get a chance to redesign after their first attempt. 
· During this time, the teacher will circulate the classroom and visit each group. Some questions the teacher can ask include: “How did you come up with this design?” or “Have you ever done anything like this before?”
· Make sure that all students are given the opportunity to help create the design. If you notice students unengaged, you can ask them, “What have you contributed to this design?” or “Can you help this student with this part?”
· Remind students to check the design sheet with materials listed and their budget to ensure they will create a secure and waterproof structure.
· Students must maintain their design and budget sheet, and they will adjust this after their first trial.
· After 20 minutes, tell students to stop building and that it is time to test.


Test: Now it is time to test your designs!
Keep water and Electricity away from one another.
· First, let’s review the goal: The goal is to design and create a roof that would successfully withstand a hurricane’s wind and rain in a tropical climate.
· You must follow your design and budget exactly to create your roof and record your observations as you go. You will need to think about any changes or improvements you will want to make in your redesign.
· When the roof was subjected to a 30 second rain test from all angles and a 30 second total wind test from all angles without detaching or leaking water onto the cotton, then it was successful.  
· The teacher will take the watering can and spray it at the house from all angles for a total of thirty seconds. The teacher will then utilize a blow dryer on high for 30 seconds and blow it at the house from all angles. 
· The students will be watching and observing the testing so they can see what materials are successful or not. The testing group will be discussing what they have utilized and explaining what was successful and what was not during testing. 
· After testing, have the students reflect on their design and then compare the different designs groups came created.
· Ask students to describe any similar ideas multiple groups used.
· Ask students to describe any different ideas groups created.
· Ask students why they think some designs came closer to meeting the goal. 
· Which methods worked more smoothly for you?
· Were there any details you needed to include to ensure your design was built as you intended?
Improve: Discuss with your team ways to improve your design. You will have 20 minutes to improve it. 

· Emphasize that students are adding to or tweaking their original designs and are not starting over with a new design. 
· Students must make any changes of their design to their budget as well. Their new budget must remain under the $100.00 restraints for the project. 
· Both designs must meet all criteria including being under the $100.00 budget on their budget sheets. The students can return materials from the first design in order to purchase more or different materials for their rebuild. They must remain under a $100.00 using their original design.
· During this time, the teacher will circulate the classroom and visit each table. Ask questions, such as: “How are you going to improve your design?” or “What changes are you making to your design, and why are you making them?”
· After 20 minutes, tell students to stop building and that it is time to test.

Test: Now it is time to test your improved design!  
· First, let’s review the goal: The goal is to design and create a roof that would successfully withstand a hurricane’s wind and rain in a tropical climate.
· You must follow your design and budget exactly to create your roof, and record your observations as you go. 
· When the roof was subjected to a 30 second rain test from all angles and a 30 second total wind test from all angles without detaching or leaking water onto the cotton, then it was successful.  
· The teacher will take the watering can and spray it at the house from all angles for a total of thirty seconds. The teacher will then utilize a blow dryer on high for 30 seconds and blow it at the house from all angles. 
· The students will be watching and observing the testing so they can see what materials are successful or not. The testing group will be discussing what they have utilized and explaining what was successful and what was not during testing. 
· After testing, have the students reflect on their design and then compare the different designs groups created.
· Ask students to describe any similar ideas multiple groups used.
· Ask students to describe any different ideas groups created.
· Ask students why they think some designs came closer to meeting the goal. 
· Which methods worked more smoothly for you?
· Were there any details you needed to include to ensure your design was built as you intended?
Discussion (45 minutes):  
· Did your team’s design meet the goal? Why or why not?  
· Did your design improve? How do you know?
· Are there any changes you would still like to make to your design?  
· Create a chart to record results of each group’s testing and what materials they utilized for their designs. Have the students copy this into their notebooks to refer back to before their reflections and assessment.
Tropical Roof Testing Recording Sheet
	Group
	Wind Test
	Water Test
	Wind Test 2
	Water Test 2

	Group 1
	Yes/No Describe
	Yes/No Describe
	Yes/No Describe
	Yes/No Describe

	Group 2
	Yes/No Describe
	Yes/No Describe
	Yes/No Describe
	Yes/No Describe


Accommodations/Recommendations:
· Students will be grouped with varying ability levels in each group.
· Students will be given graph paper to line up their budget for addition and subtraction.
· All materials on the materials list will be accompanied with an image so students who struggle with language barriers will have a visual representation.
· The teacher will read the scenario and activate prior knowledge to engage all students in activity.
· Those who need it, will be provided a blackline of the graphic organizer.
Extension:
· Students will create a design for a roof for a different climate zone and compare and contrast this roof design to their tropical roof.  
· Ask students to discuss what would happen if the house had a larger contact area or a surface area, and how this would impact their designs. 
Suggested Technology
You will need a projector and document camera to show the video and utilize the smartboard to create class circle maps. Students may use IPads to utilize Educreations for their design plans and materials. 
