STEM Engineering Design Challenge
Title:	From Trash to Treasure
Grade Level:	5th Grade 
Duration:	8 Days
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 imbedded throughout the lesson. 
· The students will create a graphic organizer to describe what they can tell you about matter and the properties of matter. The students will share out one at a time around the table to their group members and then the teacher will select students to share with the class. (see attached student sample)
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· After we provide the scenario and explain to the students that we will utilize what we know about the properties of matter to help this landfill create an assembly to sort the garbage, the students will hypothesize methods and tools for completing the task. 
· As the students design their assembly lines and explain the reasoning for each tool utilized, the teacher will circulate from group to group. Remind students that they have to purchase tools that stay within their budget provided. The teacher should ask groups guiding questions to stimulate their thinking and further their explanation. Examples of questions include
· “What will you use this tool to remove from the landfill and why did you select that tool to remove it?”
· “What properties of the object helped you to select that tool to sort it?”
· “Why did you place the tools in this order for your assembly line?”
· “How will this make an efficient assembly line for the landfill?”
· As the students test their designs using the landfill, they will need to record what occurs in each step of the sorting process using a flow chart graphic organizer (listed below) to show the sequence of events used in their assembly line. The students will need to list the tool utilized and the reasoning behind the tool chosen in each box. This time provides an opportunity for the teacher to walk around and guide students through their errors and successes by asking guiding questions that require students to explain what they have occurring and what they would change for their next trial. 
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· After their assembly line is complete each group will explain their graphic organizer for the sequence of events and what experiences they had with the assembly line and separating the matter based on its properties.
· 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 assembly line. 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 their graphic organizer of the sequence of events match their retest of their assembly line. 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 assembly line. 
· Each group will share their findings with the tools used to sort each item in the landfill. This will include successes, struggles, and any findings they encountered throughout both trials. The teacher will record the types of tools used to sort each item on the board. The teacher will pose the question, “Based on our trials, which tool was best to use in sorting this item and why?”


Summative Assessment:
· The summative assessment consists of 5 multiple choice questions and a written reflection to answer the following question, “What did we learn about separating mixtures based on our landfill assembly line designs and why is this important in life?”
· The students will then individually utilize their graphic organizers and notes from their designs to write a reflection answering the question above. This reflection should include how they utilized the properties of matter to sort the mixture that allowed the landfill to recycle these items and reduce the amount of space being used. Remind the students to utilize the academic vocabulary we learned in this unit to describe the sorting of the materials. This written reflection will be utilized as a summative assessment for the teacher to review for misconceptions before the students take the final assessment. 
· 5 question multiple choice post test is attached.
Learning Goals: 
· Students will be able to demonstrate and explain that mixtures of solids can be separated based on observable properties.
· Students will demonstrate placing the materials in sequential order to allow for all materials to be sorted individually. 
· Students will be able to add and subtract decimals to the hundredths place to accurately meet the requirements of their budget. 
Objective:	
· Students will utilize what they know about separating mixtures to create an assembly line to efficiently sort materials from a landfill by their properties. 
Materials: 
Landfills - In each tub for each group
· Erasers
· Paperclips
· Foam Pieces
· Sand
· Salt
· Tub for Materials
Tools - Should be set up on a table for collection after students submit their budgets
· 
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· Tweezers
· Sieves
· Filters
· Hot plate w/ pan (needs supervision)
· Water
· Magnets
· Funnels
· Shovels
· Droppers
· Spoons
· Measuring cups
· Measuring tapes
· Balances
· Graduated cylinders
· Spring scales

Set-up:
Student tables: Tubs, one per team, that contain all of the landfill materials listed above
Teacher table: Tools listed above, for students to collect after submitting their budget

Engage (10 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 can tell you about matter and the properties of matter. The students will share out one at a time around the table and the teacher will select students to share with the class. (See Formative Assessment)
· The students will then be shown the picture of the landfill and the scenario provided below. After the teacher provides the scenario and explains to the students that they will utilize what they know about the properties of matter to help this landfill create an assembly line to sort the garbage. Show the students the sample landfill and explain that the materials will represent the trash for this activity. The students will hypothesize methods and tools for sorting these materials to complete the task. 
· Scenario: A local landfill is looking to sort through the materials to recycle and reduce the required space. They are in search of engineers to design an assembly line that will separate the materials using various tools. These materials will then be recycled to allow for more space in the landfill. The landfill owner wants to make the assembly line as efficient as possible so that it sorts each type of material into its own container to be recycled. The budget provided for this assembly line is $100.00 for all the tools needed. Using what you know about matter, design an assembly line that would meet the needs of the landfill owner. 
· Show students the YouTube video “Waste Management and Recycling,” a clip from the Science Channel show “How Do They Do It?” to provide background knowledge on assembly lines and how they may be used in processing waste. You can remove the ads with a service such as SafeShare.


Goal: What is your engineer team’s goal or problem today that you will need to solve?
· The goal is to create an assembly line using our knowledge of matter that would separate the mixture of materials at a landfill one at a time for recycling.
Engineering Design Process:
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; they are simply improving on 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? 
· Ask students what they think they need to know in order to reach the goal? 
· Pause and take questions.
· Possible questions you may receive include:
· What kind of materials will we have?
· How much time do we have?
· What is a (technology being designed)?
· How are we going to test it?
· 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 kinds of questions they ask when they are assigned a project at school and then help them relate it to this goal.
· Now, let’s review the goal: To create an assembly line using our knowledge of matter that would separate the mixture of materials at a landfill one at a time for recycling.
· You must follow your flow map exactly to separate your mixture 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 you were able to separate each material one by one then your design was successful.
· After testing, have the students reflect on their design and then compare the different designs groups came up with. Possible questions:
· “Describe any similar ideas multiple groups used.”
· “Describe any different ideas groups came up with.”
· “Why do you think some designs came closer to meeting the goal than others?”
· “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 tool they can choose to utilize in their design and show them the sample landfill.
· Criteria and constraints (i.e. budget, time, materials) Explain budget sheet attached and how the students must remain under $100.00
· Remind students that they will have one attempt to redesign their original assembly line 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. 
· Explain that each tool may only be used to separate one material only from the mixture.
Testing procedures:
· How students will measure the success of their design- Were they able to separate the mixture one material at a time.
· Students’ roles within their design groups- Time keeper, Recorder, Leader, and Coordinator
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 an assembly line. You will have 10 minutes to imagine or brainstorm possible solutions to this problem. Ask, “What will your design look like?” and “How will you use the materials to create your design?”
· During this time, the teacher should circulate the classroom and visit each table. Students should be quietly drawing/writing their ideas in their science notebooks using the idea of the flow chart provided in the Plan section of the lesson. (see student sample attached) Students should label this flow map “Imagine”.
· 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.
· As the students test their designs using the landfill they will need to record what occurs in each step of the sorting process using a graphic organizer to show the sequence of events used in their assembly line. The students will need to list the tool utilized and the reasoning behind the tool chosen in each box. Remind students that all designs must have a completed budget sheet that is under $100.00.
· List of tools being used for what materials and why in the flow map like the one listed below. Students should label this flow map in their science notebooks “Plan”. 
· At this point students need to accept that they may need to leave some of their own ideas behind and be accepting of others. The final team design will most likely be a combination of many team members’ ideas.
· Budget sheet for list of tools required (must be under the $100.00 budget). (see attached budget sheet)
· *Model/Review adding and subtracting decimals to ensure students are lining up their decimal place when determining their budget. 
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· During this time, 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 you 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 students to go to the next step.
Say, “In order for you to move on to the next step, I (the teacher) must approve your design. Once I have approved your design and budget, your team may begin creating your assembly line.”
Describe the procedure students will follow once their design is approved:
· Students will bring their design and budget to the teacher to receive the materials they requested and a sample landfill. Place all materials in a tub to contain the mess. The teacher will verify students have met the budget requirements before handing over materials for their design. 
· Review any criteria with the students. (i.e. materials the students must use and materials the students may choose to use, measurements, what the design is expected to do to be successful)
· Review any constraints with the students. (i.e. time, budget, a limit of materials)
· 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 in their flow map. They can record observations/changes they want to make in their notebooks as they go through the design but cannot alter their assembly line at this time. Remind them that they will get a chance to redesign after their first attempt. 
· During this time, circulate the classroom and visit each group. Some questions you can ask include: “How did you come up with this design?” and “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 order of their assembly line and their budget to ensure they will separate each material individually and are under budget.
· Students must maintain their flow map of their design and 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!
· First, let’s review the goal: To create an assembly line using our knowledge of matter that would separate the mixture of materials at a landfill one at a time for recycling.
· Teams must follow their flow map exactly to separate the mixture and record observations as they go. Teams will need to think about any changes or improvements they will want to make in their redesign.
· If teams were able to separate each material one by one then their design was successful.
· After testing, have the students reflect on their design and then compare the different designs groups came up with. 
· The teacher should be circulating during this time making sure teams are on task. The teacher can ask the following questions to assist students.
· “Describe any similar ideas multiple groups used.”
· “Describe any different ideas groups came up with.”
· “Why do you 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/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. Students should complete a new flow map and budget in their science notebooks.
· If students concluded that their design was successful during the first round of testing because they were able to separate out the materials one-by-one then during the improve phase they should be focused on making their assembly line more efficient. Challenge students to spend less on their budget to complete the same task or use less materials.
· During this time, 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: To create an assembly line using our knowledge of matter that would separate the mixture of materials at a landfill one at a time for recycling.
· Teams must follow their flow map exactly to separate the mixture and record observations as they go. 
· If teams were able to separate each material one by one then their design was successful.
· After testing, have the students reflect on their improved design and then compare the different designs groups came up with.
· Ask, “Which of the designs was more effective and why?”
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 classification map as a class to determine what tool was used by each group for each material and why. Have the students copy this into their science notebooks to refer back to before their reflections and assessment. 
Separating Landfill Mixture
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Accommodations/Recommendations:
· Students can be grouped with varying ability levels in each group.
· Students can be given graph paper to line up their budget for addition and subtraction.
· All materials in the list can be accompanied by an image so students who struggle with language barriers will have a visual representation.
· The teacher can read scenario and activate prior knowledge to engage all students in the activity.
· Those who need it, will be provided a blackline of the graphic organizer.
Extension:
· Students can create their own real-life scenario in which they would need to separate a mixture based on its properties and explain the tools they would utilize. 
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