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	                  Cleaning an Oil Spill Using Engineering Design Process

Biodiversity

                                          Grade Level: 1/2

	Stage I:  Desired Results

	Enduring Understandings:

Students will understand that …

Engineers are from all races, ethnicities and genders. 

Humans depend on the environment for its natural resources. Human use and management of natural resources impact ecosystems.

The goal of engineering is to solve practical problems through the development or use of technologies, based on the scientific knowledge gained through investigation.

The Engineering Design Process is a tool that can be used to help solve problems.

         Nearly everything in the human world has been touched by engineering and technology.



	Essential Questions: 

         How do humans, animals and plants depend on Earth’s natural resource of water?

How does pollution affect animals, plants, humans and the environment?

 How can humans prevent future oil spills and clean up oil spills?

How can various design solutions be compared and improved?

How do engineers solve problems?


	Students will know…….

NGSS Disciplinary Core Ideas

LS4.D : Biodiversity and Humans

There are many different kinds of living things in any area, and they exist in different places on land and in water.(2-LS4-1)

PS1.A: Structure and Properties of Matter

 Different properties are suited to different purposes (2-PS1-2)

ETS.A: Defining and Delimiting Engineering Problems

.A situation that people want to change or create can be approached as a problem to be solved through engineering.(K-2-ETS1-1)

.Asking questions, making observations, and gathering information are helpful in thinking about problems.(K-2-ETS1-1)

Before beginning to design a solution, it is important to clearly understand the problem. (K-2-ETS1-1)

ETS.B: Developing Possible Solutions

Designs can be conveyed through sketches, drawings, or physical models.  These representations are useful in communicating ideas for a problem’s solutions to other people. (K-2-ETS1-2)

ETS1.C Optimizing the Design Solution

Because there is always more than one possible solution to a problem, it is useful to compare and test designs. (K-2ETS1-2)
	Students will be able to……..

NGSS Performance Expectations

2-LS4-1 Make observations of plants and animals to compare the diversity of life in different habitats.

2-PS1-2 Analyze data obtained from testing different materials to determine which material have properties that are best suited for intended purpose. Including properties of strength, flexibility, hardness, texture, and absorbency.

K-2-ETS1-1 Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool.

2-ETS1-2 Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object helps it function as needed to solve a given problem.

K-2ETS1-3 Analyze data from test of two objects designed to solve the same problem to compare the strengths and weaknesses of how each performs.


	Appendix I:  Summary of Adult Content Knowledge
   Of all the water on the planet, less than 1% of it is usable by people. The rest is salt water or is frozen. Industries do add to water pollution, but 80% of the pollution comes from human activity in homes and farms. Farmers and homeowners put pesticides, weed killers, and fertilizers on their crops and lawns. These chemicals seep into the ground and pollute the water. Oil spills or chemicals spills pollute huge amounts of water. These spills kill plants and wildlife in large numbers. The oil tanker the Exxon Valdez spilled out 11 million gallons of oil that covered 11,000 square miles of ocean water. The oil damaged 1,250 miles of Alaska’s coastline and destroyed more than 250,000 animals and billions of fish eggs. Engineers have designed materials to clean up oil spills like the one from the Exxon Valdez. These include booms, skimmers, absorbent pads, setting the oil on fire, spreading chemicals on the oil to break the oil into smaller molecules or other chemicals to make the oil coagulate, add bacteria to eat the oil. All of these methods have advantages and disadvantages. Pads are difficult to dispose of, fire sends smoke and gas into the air and leaves ash in the water; chemicals add poison to the water and using bacteria requires huge amounts of it.

     Crude oils and petroleum products are composed of many chemicals and oil producers and refiners generally don’t know at what rate their oil will evaporate. The detailed chemical composition and how it changes over time or the impact on ecosystems. Oil when spilled at sea, will normally break up and be dissipated or scattered into the marine environment over time. Oil may weather in different ways some will naturally disperse into the water and leave the sea surface or some oil coagulates on top of the surface. (EPA). 



	Appendix II:  Summary of Research on Student Learning (Misconceptions)
From EiE unit, A Slick Solution, Lessons 3 and 4

Technology is only computers.

Technology is only things that use electricity.

If one part of the ecosystem disappears or is negatively impacted in some way, only the parts of the ecosystem to which it is directly connected are affected.

You can usually tell if an environment is polluted by the how it looks.

Once air, water or soil is polluted, it cannot be cleaned.

Materials that absorb a lot of water will be able to absorb a lot of oil.

Engineering is a series of steps of ‘trail and error’ (rather than an EDP)

Technology is limited to objects and systems. In this case the “technology is a process.”



	                                  Stage 2-Assessment Evidence

	Performance Task Summary

Given a model of a shoreline with an oil spill, students will use the EDP and their own creativity to design, implement, evaluate, and improve a process for cleaning an oil spill so that the oil has the least impact on the surrounding ecosystem.
1.To use the engineering design process students will

“ Ask” questions to define the criteria and constraints of the design problem

K-2 ETS1-1

2. “Imagine” and “Plan” possible process for cleaning the mock oil spill by analyzing data from the materials test. K-2 ETS1-2

3.“Create” and test one oil spill cleaning process by applying scientific principles to design a method for monitoring and minimizing the impact on the organisms in the environment.K-2 ETS1-3

4. Improve their designs by evaluating the first test results of all the students’ oil containment and cleaning designs. They will evaluate how well they met the criteria and constraints of the problem. Students will use the ecosystem impact score by using the oil evaluator tool. K-2 ETS1-3
5.Finally take in account the first designs to modify, improve and finalize an optimal design to clean up the oil spill with the least impact on the organisms and non-living parts of the river ecosystem.K-2 ETS1-3

The Problem: Your job as environmental engineers is to design a series of steps, a process to remove oil from the water and rocks that has the least impact on the surrounding ecosystem.

Engineering Design Process:

The design task will be for students to choose which materials from testing experiment will be used in the first design process for cleaning up a model of an oil spill. Then based on the first oil spill clean up results choose the best materials to complete the second process for cleaning up the oil spill.    

                   Stage 2 Assessment Evidence

 Conclusion for Pollution Solutions Engineering Task Grade 1/2

 Part One of Conclusion- Students will write a conclusion supported by photos or diagrams of the initial design and improved second design oil clean up process from the EiE A Slick Solution kit.

First students will state the problem, list the materials used and why. Then write a conclusion stating why these materials were successful or not successful based on the data they have collected from the results of their first oil spill clean up design.

 Part Two of Conclusion- Students improve the oil spill clean-up process and write a new design process based on these modifications. Then write a final conclusion based on their optimal design for cleaning up the oil spill. Students will then compare first and second design using scoring sheets from EiE Slick Solution lesson.

Indicators of Proficiency: 

 Conclusions will be scored with attached scientific grades 1/2/3 conclusion rubric.

To obtain a proficient score of 3 students will have to include the following in their conclusion:

1. Answer question using stem and report solution.

2.  Record data and tell why the design worked.

3. Include vocabulary I think………….because and site evidence, compare 1st and 2nd design using qualitative and quantitative vocabulary more/less or longer/shorter.

4. Refer back to prediction and says whether data supports prediction or not.    

                          Stage 2 Assessment Evidence

Pollution Solution Design: 

Other Evidence: Letter to oil company

 Students will share their team’s second design process for cleaning up the oil with the rest of the class. Then each student will write a letter to an oil company. The letter to the oil company will include a list materials and process of the improved second design their team used to clean up the oil in the model. The letter will include one statement how they feel about oil spills, one statement about how oil spills affect the water environment and one statement of how to prevent future oil spills. 

Indicators of Proficiency: 

Letter will be scored with attached rubric. To receive highest score student will include all of the above in their letter to the oil company.



	

	

	                   Stage 3 Learning Plan

       

	Prior to this:

Guiding Question: How do humans and plants and animals depend on Earth’s natural resource of water?

     Students will have read books about ocean ecosystems and the oil spill caused by the Exxon Valdez. Students have found out how the oil spill affected Prince Edward Sound plants, animals and humans. Students will understand how ocean creatures are adapted to life in the water and the importance of water to plants and animals in the water habitat from a previous sea animal science unit.

Formative Assessment for previous ocean animal science unit:

 Students have drawn an ocean food chain with plants and animals and written three statements about how humans need water and how plants and animals depend on water for food and shelter.
Guiding Questions: How do engineers use the engineering design process to solve problems?

     Students will also have built a power tower and understand how the engineering process can be used to solve problems. During this project students were given tape, index cards and the opportunity to create one design and improve that design.

Students were given the following scenario:

The museum needs you the engineer to design and build a power tower to display an important object. The tower has to be two feet high so people can see the object when they enter the museum. 

Assessment: Students will write a conclusion comparing their first and second design of tower.

 EiE unit ( A Slick Solution: Cleaning an Oil Spill Preparatory Lesson)

Guiding Question: What are technologies and who designs them?

Students will examine examples of technology such as toothbrush, flashlight, sponge, paper clip, stapler, eraser etc. They will decide if the inventions could solve a problem and guess who designed them. They will eventually realize that nearly everything we use, work with, or wear was invented by an engineer and that technology is all around us. This will help students that have the misconceptions that technology is only computers and things that use electricity.

EiE unit (A Slick Solution Cleaning an Oil Spill lesson 1)

NGSS Standard: Disciplinary Core Ideas LS4.D: Biodiversity and Humans, Performance Expectations: 2-LS4-1

Engage: Set the context 

Guiding Questions: How does pollution affect animals, plants, humans and the environment? What is the role of an environmental engineer in the clean up process of this oil spill?  

     Students and teacher will read the story, Tehya’s Pollution Solution, and learn about the environmental problem she and Sam discovered in the river near her reservation. Students will predict how the oil spill will affect the water quality for plants, animals and humans that live in or near Tehya’s river in a gathering ideas discussion. Student will discuss how Tehya’s uncle the engineer used the engineering process to minimize the impact of the oil spill in the river. Students will also discuss the misconception that once air, water or soil is polluted, it cannot be cleaned. 

Formative Assessment: Students will draw and label creatures that are part of the river habitat near Tehya’s reservation in their science notebooks. Writing Prompt: list the animals, plants that were in Tehya’s story and write how they could be affected by the oil spill?   

 Explore: (EiE unit(A Slick Idea lesson 3)

NGSS: LS4.D and 2-LS4-1 

Guiding and Essential Question: How do humans and plants depend on Earth’s natural resource of water? 

  Part 1:  Students will identify the plants and animals that live in a river ecosystem.  Students will create a model to show how energy flows through living things.  They will role play an animal or plant in the river environment and create a food web with yarn to show which organisms are connected to each other.  Students will identify the non-living components of the food chain, soil, water, air and sun.

Part 2: NGSS: LS2.A-2LS4-1- Guiding and Essential Question: Imagine that oil was spilled in the river. How might an oil spill affect animals, plants, humans and the environment they live in?

 Students will be presented with the scenario of oil being spilled by humans and predict what would happen to each part of the river ecosystem. Students then will remove pictures of animals or humans that were affected by the oil spill. Students will have a making meaning discussion to list ways the river ecosystem might be affected by the oil spill. This will help students with the misconception, that if one part of an ecosystem is negatively impacted in some way, only the parts of the ecosystem to which it is directly connected are affected. Students will learn how oil when added to water can harm the environment for humans and animals and disrupt the food chain. 

Formative Assessment: Formative Assessment: Students will use drawing of the river ecosystem from the previous lesson and draw lines between the animals, plants and sun to show the food web.  

 Students will cross out some of the plants and animals that didn’t survive the oil spill. Students will complete this writing prompt: Choose two animals, and plants in the food chain and write how they will be affected by the oil spill in their habitat

Part 3: NGSS- (PS1.A-2-PS-2) Guiding Question: How might an oil spill affect an ecosystem and are some materials, tools and methods we can use to clean it? 

 Students will then use a controlled experiment to examine different materials and methods used to clean oil spills and discuss the advantages and disadvantages of each. Students will investigate materials and collect data to be compared about absorbency, strength, flexibility, hardness and soft texture. Materials they will test will be nylons, cotton balls, felt, dry sponge, paper filter, spoon, rubber band, pipette and yarn. Then they will design a process to clean oil from water with different materials. The process will include testing and deciding which materials would be best used as a boom for containing the oil so that it doesn’t spread. Then what materials are best for removing the oil from the surface of the water. Students will collect data on a chart to record how the materials for the different functions performed. This will help students understand the misconception that materials that absorb a lot of water will be able to absorb a lot of oil.

 In a making discussion meaning students will analyze the data, and the advantages and disadvantages of materials for containing the oil and what materials best absorb the oil not water. 
Formative Assessment: Some writing or a picture that allows them to make meaning out of the discussion could follow this.
Elaborate and Evaluate

 Design Challenge (EiE unit Cleaning the Oil Spill lesson 4)
NGSS-(ETS.A-K-2ETS1-1), (ETS.A-K-2-ETS1.1), ETS.B-2-ETS1.2), (ETS1.C-K-2ETS1-3)

Guiding Question: How can we use what we learned about the ecosystems, materials, and tools to help us design a process to clean an oil spill so that it has the least impact on the surrounding ecosystem?

 Summary of the Engineering Task:

Your job as environmental engineers is to design a series of steps, a process to remove the oil from the water and rocks that has the least impact on the surrounding ecosystem.

Design Criteria:

Students will test and order the clean-up materials according to which materials work the best for absorbency, hardness, flexibility and strength.

Students will sort oil boom containment materials compared to materials best used for absorbing oil.

Design Constraints:

Materials are limited in their ability to totally clean up the mock oil spill. 

It will take five 40 min. sessions to test materials, create a clean-up process using  the best materials, test that process and finally clean the oil simulated oil spill and analyze results.

Students need to work as a team on assigned tasks.

Part 1:  Elaborate and Evaluate: Students are presented with the challenge to use the engineering design process to clean up an oil spill with the least impact to the living and non-living organisms in the river environment. They will need to apply the data they have collected about the materials experiment from lesson 3 to design a step by step process to prevent the oil from spreading it to other parts of the model. They will write this first process listing the materials in order of their use on their conclusion worksheet. Students will then use the materials they have picked to clean the model of the river which includes water and a shore of rocks in an aluminum pan. After cleaning the model of the river they will use a scoring sheet to examine how much oil is left in the water and the rocks. This scoring sheet will include how much it cost for materials, a score for how much oil they left on the shore and a score for how much oil was left in the water Students will write and initial conclusion based on the first oil clean-up results. This part of the unit will help students understand the misconception that technology is a series of “trial and error” rather than an EDP and that technology is limited to objects and systems. In this case the “technology is a process.

 Part 2: Guiding Question: How can we use from the data from the first design process to improve the second design process for cleaning up the oil spill?

 The scores and materials used by each team will be compared on a whole class data table. Students will have a making meaning discussion to compare scores and materials used by each team. They will discuss which materials were most successful for cleaning oil and containing oil. Then students will use data from the first design to decide on a new improved process second design process including what materials they will use for cleaning up the oil spill.

      They will clean the oil spill in the river model with their second design process. Then they will write a final conclusion and compare the scores from the first and second improved design. Their final conclusion will be evaluated by the conclusion rubric. See Assessment Stage 2 for details of what students should be included in their conclusion.
Then they will write a letter for the second part of the assessment to an oil company. This letter will contain a list of materials they used for the improved second design, how they feel about oil spills, how it affects animals and plants in the water ecosystem and suggestions for preventing future oil spills. Students letter will be evaluated by rubric.
Resources:

Ansberry, Karen, Morgan Emily, 2005, Picture Perfect Science Lessons, Virginia: NSTA Press.

Berger, Melvin 1994, Oil Spill, New York: Harper, Collins.

National Center for Technological Literacy, 2011, A Slick Solution: Cleaning an Oil Spill, Engineering is Elementary, Boston Ma: Museum of Science.



	


Understanding by Design:  Science Unit Planning Template 

(Based on the work of:  Wiggins and McTighe)

