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Unit Plan


Plastic Oceans
Adrift in a sea of plastic
Author
Christie Ryba-Johnson
Contact
Teacher Contact: Christie_ryba@msvl.k12.wa.us, rapidryba2@gmail.com
CE Editor Contact: CEbrightfutures@b-e-f.org, 503-553-3950
Description

In this unit students will investigate the phenomena of plastic trash islands floating in the Pacific and Atlantic Oceans. The students will work to solve the problem of plastic trash islands through the engineering and design process. Using 3D printers, students will design plastic collection models powered with renewable energy. The students will begin by learning to use the scientific tools and materials we will need for the unit. This includes the software for designing 3D objects, the function of the 3D printer itself, and the 3D printing pens. Students will then learn about the problem of plastic trash islands through some videos, discussions, individual research, and a research presentation activity. Next, the students will take part in 2 or 3 mini engineering challenges to build on their prior knowledge of engineering and structures using newspaper and marshmallows. Students will then be grouped by content of their presentations to work through the engineering and design process to try and solve the problem of plastic trash islands. The students will present their solutions to class and during a showcase at the end of the unit. 
Grade Level
5th-8th
Subject Area(S)

Plastic, Trash Island, pollution, Global warming, garbage, sea life, dead birds, earth systems, micro beads, fishing nets, ocean currents, water
Learning Goal(s)

· Students will design 3D models using Tinkercad software. 
· Students will define the problem of plastic trash islands. 

· Students will describe possible solutions to the problem of plastic trash islands. 

· Students will research the plastic trash problem and create google slideshows the problem and how we might fix it. 

· Students will investigate different ways to build structures that both float and hold weight. 

· Students will build a model of a device that could collect plastic from the ocean. 

· Students will test the models they build.
· Students will communicate their results from scientific inquiry to identify factors that are important to optimizing the design of the plastic collecting device. 

Unit Experiences
Table 1. Suggested Teaching Times 
	Lesson/Experience
	Time

	Engage/Explore

	L1: TinkerCAD: Introduction to 3D printing
	50 min X 5 = 250 min (4 hrs 10 m)

	Explain

	L2: The Plastic Trash Problem
L3: Engineering 101 
L4: Designing and Building our Solutions 
	50 min X 3 = 150 min (2 hr 30 m)
50 min X 2 = 100 min (1 hr 40 m)

50 min X 4 = 200 min (3 hr 20 m)

	Elaborate/Evaluate

	L4: Testing and Presenting
	50 min X 5 = 250 min (4 hrs 10 m)

	Total
	50 min X 19 = 950 min (15 hrs 50 m)


Next Generation Science Standards

	Guiding Phenomenon
	Plastic Trash Islands

	Supplementary Phenomena
	· L1: 3D printing
· L3: Galloping Gurdy

· L4: Solar powered cells


Table 2. Next Generation Science Standards Assessed in This Unit

	Performance Expectation
	How is this Assessed?

	3-5-ETS1-1.

Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost.
	L2: At the end of this lesson the students will have written an opinion essay based on individual research of the problem.  

L4: Students use the engineering design cycle to design models that could be used to collect plastic trash from the oceans and waterways.

	3-5-ETS1-2.

Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.
	L4: Students use the engineering design cycle design multiple models that could be used to collect plastic trash from the oceans and waterways.

	3-5-ETS1-3.

Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can be improved.
	L4: Students use the engineering design cycle to design and construct, then present models that could be used to collect plastic trash from the oceans and waterways.

	5-ESS3-1.

Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment.


	L2, L4: Students use the engineering design cycle to construct and present models that could be used to collect plastic trash from the oceans and waterways

	MS-ETS1-1.

Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.
	L4: Students will work with the educator to precisely understand the plastic pollution problem in the ocean and define criteria and constraints for generating a model design solution.

	MS-ETS1-2.

Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.
	L4: Students will generate multiple design models and use a group consensus process to identify a preferred model. Additionally, students will present on prototype designs to share ideas among the class and evaluate iterations to original designs.

	MS-ETS1-3.

Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.
	L4: Students will students will present on prototype designs after testing in order to share results and ideas among the class and evaluate iterations to original designs.

	MS- ESS3-3.

Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment.
	L2, L4: Students will research the plastic pollution sources, impacts, and real-world design solutions that will inform an engineering design process to address the problem of plastic pollution. 

	
	


Three Dimensional Linkages
NGSS focuses not only on content, but also on process and building bridges between concepts within and across disciplines. The following tables outline the way in which this unit addresses this three-dimensionality as is essential to NGSS.
Table 3. Three-Dimensionality: Disciplinary Core Ideas (DCIs) 
	Disciplinary Core Ideas
	Linkage in Unit

	ETS1.A: Defining and Delimiting Engineering Problems 
	Students will explore the nature of the plastic pollution problem and, with the teacher, define the specific design problem to be addressed.  

	ETS1.B: Developing Possible Solutions

 
	Students will explore real-world solutions to the plastic problem to inform their brainstorming and selection of possible design solutions.   

	ETS1.C: Optimizing the Design Solution


	Students will test and iterate prototypes, then retest the redesigned solution to propose additional changes to their design. 

	ESS3.C: Human Impacts on Earth Systems

 
	Students are given an engineering challenge wherein they identify constraints based on materials provided and testing conditions. Students also identify constraints based on their background knowledge of principles of solar power and other renewable energy sources that they build in investigations early in the unit.

	 
	


Table 4. Three-Dimensionality: Science and Engineering Practices (SEPs)- 
	Science and Engineering Practices
	Linkage in Unit

	Asking Questions and Defining Problems
	L2, L4: Students will explore the problem of plastic pollution and use that to engage in engineering design problems, defining the criteria and constraints of a solution to address the problem of plastic pollution. 

	Analyzing and Interpreting Data
	L4: In the context of the engineering design test of their design solutions, students will interpret data from multiple trials of their design to determine if it is performing to the desired criteria.

	 Using Mathematics and Computational Thinking
	L1, L4: Students will use TinkerCAD to generate models to precise specifications.

	Engaging in Argument from Evidence
	L2, L4: Students will present information from their research on plastic pollution and then again from the results of their tests of their design solution, arguing from collected data whether their designs met established criteria. 

	Obtaining, Evaluating, and Communicating Information


	L2: Students will research the problem of plastic trash and write an informed opinion essay including possible solutions. 

L4: Using what they have learned about the plastic trash problem, students will engage in the design and engineering process to create, test, redesign, and present working models. 



	
	


Table 5. Three-Dimensionality: Crosscutting Concepts (CCCs) -
	Crosscutting Concepts
	Linkage in Unit

	Systems And System Models
	L2: Students will explore the interactions between human systems of consumption and their impacts on natural and human systems, especially ocean ecosystems at multiple scales. Additionally, students will learn about the earth’s water and climate systems and how they interact to for plastic trash islands. 

	Influence Of Science, Engineering, And Technology On Society And The Natural World
	L2, L4: Students will research possible solutions to the problem and improve current designs. 



	
	


COMMON CORE STATE STANDARDS
	ELA/Literacy -

W.5.7: Conduct short research projects that use several sources to build knowledge through investigation of different aspects of a topic. 
W.5.8: Recall relevant information from experiences or gather relevant information from print and digital sources; summarize or paraphrase information in notes and finished work and provide a list of sources. 

W.5.9: Draw evidence from literary or informational texts to support analysis, reflection, and research. 

RI.5.1: Quote accurately from a text when explaining what the text says explicitly and when drawing inferences from the text. 

RI.5.7: Draw on information from multiple print or digital sources, demonstrating the ability to locate an answer to a question quickly or to solve a problem efficiently. 

RI.5.9: Integrate information from several texts on the same topic in order to write or speak about the subject knowledgeably. 




Content Background

STUDENT BACKGROUND
At the start of the unit the students are expected to have some familiarity with the following scientific concepts and practices

· Solar cells

· Electricity basics and circuit systems
· The engineering and design process

· Buoyancy
· Online research and assessing the credibility of informational resources
EDUCATOR BACKGROUND
Educators should study the problem of plastic trash islands and have a good understanding of what is currently being done and what is planned for the future. Also, an understanding of how a solar cell works to covert sun light into useable power. Educators should have familiarity with the 3D printer and how to draft 3D objects on TinkerCAD. Also, a growth mindset and the willingness to learn with the students as the unit progresses. 

VOCABULARY
	Photosensitive
	Having a chemical, electrical, or other response to light.

	Circuit
	A complete and closed path through which electrical currents can flow

	Conductor
	A material or object that conducts electricity; the atomic structure of the materials allows for the relatively easy exchange of electrons to create a current.  

	Electricity
	A form of energy based upon the charge of particles inside atoms. Electricity generally refers to the movement of electrons in one direction in a current, which can be harnessed to perform work.

	Solar Energy
	Energy from the sun’s (in the form of light waves) that is transformed into a usable form (electricity, thermal) to be harness by people.

	Buoyancy
	The ability or tendency of an object to float in water or air or some other fluid based upon its density relative to the density of the substance it is in.

	  Trade Winds
	A major feature of our global climate system; winds blowing steadily towards the equator from the northeast in the northern hemisphere or the southeast in the southern hemisphere, especially at sea. Two belts of trade winds encircle the earth, blowing from the tropical high-pressure belts to the low-pressure zone at the equator.

	  Propulsion
	The action of driving or pushing forward.

	  Counterbalance
	A weight that balances another weight.

A factor having the opposite effect to that of another and so preventing it from exercising a disproportionate influence.



	  Gyre
	A spiral or vortex.

A circular pattern of currents in an ocean basin.


Required Materials

links to online content

· https://www.tinkercad.com/ L1
· Intro video for the kids about 3D printing, https://youtu.be/Vx0Z6LplaMU L1
· This video is information on how to take the students 3D designs and transform them. Into printable designs using Cura Slicer, https://youtu.be/eUNTlb5pEWA  L1
· Presentation Student example: https://docs.google.com/presentation/d/e/2PACX-1vRj35WKhPw7BcP-F92Dc3MlMUMWdbadzgM-6Zlg0i_aZW56b_1NHWGxcOroUflHqGpb75SYBKb7KovR/pub?start=false&loop=false&delayms=5000 L2

· Possible YouTube Videos about plastic pollution: (L2, L4)

· https://youtu.be/1qT-rOXB6NI
· https://youtu.be/n4SmwBFbhEM
· https://youtu.be/1P9syq3f6hQ
· https://youtu.be/ju_2NuK5O-E
· https://youtu.be/FjT8GG0ETQg
· https://youtu.be/7y6cvg_-6Lo
· Two-Column notes educator instructions https://drive.google.com/open?id=1bkoWZR6B0vRLLSnz0DEAoWGX-5yiG1ou L2

· Participation Quiz instructions for educator L2, L3, L4

· Galloping Gertie video: https://youtu.be/nFzu6CNtqec L3

· Video of 3D pen in use: https://youtu.be/chq9NiQ86NI L3
handouts/Paper materials
· Storyboard to print on 11X17 paper  https://drive.google.com/open?id=1y3XAXY87KMdFWGjxQmFzPGPNG9qPHVxb L2

· Presentation rubric student: https://drive.google.com/open?id=12MI3ITDhzuXhQrSh3bO-bS-p02A2dWCd and teacher: https://drive.google.com/open?id=1q9gn3U6VwSaBb_BUbWEEqX7t-bOBrY4P  L2, L4

· Participation Quiz https://drive.google.com/open?id=1mNJAbPkxO9pqEH0Tfd0Olkco_B3eY9crHeQ5-UGhp-8  set up and explanation L2, L3, L4
· Engineering Challenges handouts https://drive.google.com/open?id=1qGKTDWHGf_scAFugTDCaNBGYht5Ql5h4 L3

· Design and Engineering Journal (printable): https://drive.google.com/open?id=1_k1wZBLHXtcTa7bNL0WvbMsqIaoVJTBL L4

· Presentation Rubrics for teacher and student Presentation Rubric (student) https://drive.google.com/open?id=12MI3ITDhzuXhQrSh3bO-bS-p02A2dWCd Presentation Rubric (Teacher) https://drive.google.com/open?id=1q9gn3U6VwSaBb_BUbWEEqX7t-bOBrY4P  L4
· Consensus protocol (printable for display) : https://drive.google.com/open?id=1WopjdHRpMeegK5atlXHidmY9YeV1aLg0  L4
· Participation Quiz instructions for teacher for group formative assessment: https://drive.google.com/open?id=1mNJAbPkxO9pqEH0Tfd0Olkco_B3eY9crHeQ5-UGhp-8  L4
· Team Role cards: https://drive.google.com/open?id=1S557Dg0WcR8XOzI-kh4t7pcGmfyJsTVQ L4
· Rubric for grading journal: https://drive.google.com/open?id=1zLngEx_JsIaYPvogWgaPHTzHRtvMAgWB L4
Classroom SUPPLIES

· 3D printer and plastic spool material

· 3D pens (at least 2 per 4 students)

· Computers or chrome-books for using free online TinkerCAD software

· Foil, mini-marshmallows, dry. Spaghetti, string, newspaper, masking tape

· Solar panels of varying voltage

· Mini motors, fans, multimeter
· Misc. building materials: Things that float like foam board, pool noodles, balloons, etc…

Activity Supplies (per group of 3-4 students)
· Templates for 3D pens for inspiration and practice: https://www.mynt3d.com/blogs/projects/beach-themed-projects-made-with-a-3d-printing-pen L3

· Stencils for 3D pens: https://scribbler3dpen.com/stencils/ L3
· Building materials such as silicone sealant, netting, foam, popsicle sticks, hot glue, duct tape, etc. L4 
· Solar panels, motors, propellers, and wires. L4
· Personal computer for each student or pair of students. L1, L2, L3, L4
· 3D printer L1, L4
· 3D pens L3, L4
· PLA material for printer/pen L1, L3, L4
· Plastic glitter (https://www.amazon.com/Colorations-GLBL-Extra-Safe-Plastic-Glitter/dp/B01HZMQIDS/ref=sr_1_20_sspa?keywords=plastic+glitter&qid=1558820332&s=gateway&sr=8-20-spons&psc=1 L4
Unit Progression

Lesson Summaries
Lesson 1: Tinkercad

This lesson is designed to span 5 days with 50-minute sections. After the introduction day, each day the students work toward mastery on the TinkerCAD tutorial. At the end of the 4 days the students will have created a small 3D model to print on the 3D printer. 
Lesson 2: The Plastic Trash Island Problem

This lesson is designed for 3, 50-minute sessions. The students will watch videos and take focused 2-column notes on the problem of plastic islands of trash in the oceans. The students will examine different solutions that are already being tried and experimental solutions that have not yet been implemented. The students will research the problem and then develop a presentation using a paper template an google slides. (These presentations will help the teacher group the students for the design and engineering of our solutions)
Lesson 3: Engineering 101

This lesson is designed for 2, 50-minute sessions. The students will engage in multiple mini-engineering challenges to develop their understanding of structures and how to build models. 

Lesson 4: Design and engineer Solutions

This lesson is designed to span 9 days with 50-minute sections. The students will use a Design and Engineering Journal to guide them in the design and engineering process. In small groups they will use the research from lesson 2 to formulate solutions to the problem of plastic trash islands. The students will build models using the 3D printer, 3D pens, and misc. building materials. The models will use passive energy or some other form of renewable energy to collect plastic from the ocean. Some students may think of other ways to solve the problem that don’t include a model, such as plastic straw bans, or a chemical reaction to sink the plastic to the ocean floor. 

The students will test their models, collect data, and redesign as needed. They will use the data to create slideshow presentations about their solutions. We will present these slideshows in a Science Showcase. 

ASSESSMENT and Extensions

Formative assessmentS

Throughout this unit the students will be using a Design and Engineering Journal to organize their data, materials, and ideas. This journal will be the teacher’s views into how well the students understand the material and concepts presented. Presentations, self-evaluations and the use of two-column notes will also inform the teacher as the students move through the learning progression. 
Summative Assessment

At the end of each lesson the students will complete a summative assessment. Lesson 1 will conclude with the students completing the TinckerCAD tutorials and building a small object to specific dimensions on the 3D printer. Lesson 2 concludes with a google slides presentation this will be a grade point with a rubric provided. The teacher will observe lesson 3’s finished products to assess students understanding of structural design. Lessons 4 will conclude with a presentation that will summarize the students learning from the entire unit. 
Unit EXTENSIONS 
Lesson 1: 
· Educator will need access to the internet and TinkerCAD.com. A 3D printer is not imperative to completing this lesson. If you do not have one, the files can be sent to a local 3D printer and printed for a small cost, depending on availability. TinkerCAD offers printing as well through their site at a cost. 

· Another possible extension would be to work with your districts CTE programs to build a plastic recycling device on hand and use recycled plastic in the 3D printer. 

· At the end of this lesson the students could engage in a Socratic seminar or debate and discuss the practical uses of 3D technology versus the harm done by plastic to our planet. This would be a good Social Studies-STEM connection. 

· There is another STEM project on TinkerCAD about buoyancy that the students could do instead or in addition to the one highlighted in the lesson. If you have more time or early finishers. It is a 9th grade lesson, however, the intermediate students should be able to work through it especially if they have completed all the other parts of this lessons with mastery. 

Lesson 2: 
· This could be extended to a research paper instead of a presentation to meet more standards for ELA. The storyboard could also be extended to have more slides and more information. 
· The time given to create the presentation may be extended to two 50 minutes sessions if your students are new to google slides or challenged with group work.

· There are several short documentaries available about the plastic pollution problem.  These documentaries can be found on Netflix, Amazon Prime, and YouTube. The following are just some examples. Into the Gyre is only 45 mins. and explains the problem in kid-friendly language and engaging filmography. A Plastic Ocean is also very good for intermediate aged students.

· List of possible titles: Plastic Paradise: The Great Pacific Garbage Patch, A Plastic Ocean, Straws, Pump: The Movie, Bag It, Into the Gyre, Tapped, and A Plastic Whale. 

· There are more produced every year. Search up and watch the latest for the most up to date information. 

Lesson 3: 
· More engineering challenges can be found on the Internet and use similar or the same materials. If your students need more exposure to engineering more sessions may be in order. The 3D pen challenge could also be adjusted to be more difficult or less challenging depending on the formatives from the previous lessons. 

Lesson 4: 
· This entire lesson could be extended electronically. The TinkerCAD program could be used to fully design the prototypes and solar circuits from start to finish. It would take less space and material; however, the students would need good computer skills and patience. 

· On the same note all of this could be done without the use of technology. All a teacher would need was a printer to print the Design and Engineering Journal. Building materials can be any kind of craft supplies or office supplies.  

References

· Two-Column notes educator instructions https://drive.google.com/open?id=1bkoWZR6B0vRLLSnz0DEAoWGX-5yiG1ou
· Engineering Challenges handouts, http://pub.lucidpress.com/b6cb0c04-7e05-4aeb-b9dc-deedb85fa0e3/
· Design and Engineering Journal is adapted from the Teaching Channel by Jessica Asp, Olga Mashnitskaya from the Edmonds School District.

· Team Role cards: https://drive.google.com/open?id=1S557Dg0WcR8XOzI-kh4t7pcGmfyJsTVQ
· Consensus protocol (printable for display) : https://docs.google.com/document/d/e/2PACX-1vTLUWH_pz9hfokuVKuNvS_d6UsxswISVTJJHwbT_ubvKWteIF_7q890K_Nh5EqbQYKWWtv41PeGWqsK/pub
· Dictionary.com
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