Got Clean Water?

Integrating The Engineering Design Process into the Chemistry Classroom

Introduction:

The goal of this action plan is to redesign common inquiry-based chemistry experiments so they allow students to engage in the Engineering Design Process (EDP). Two filtration labs (The Separation of a Heterogenous Mixture, Cleaning Your Water) will be reworked so that they are contextualized, problem-driven and include the development of an actual product. The redesign of the labs will require student teams to collectively keep a log, develop an action plan based on research, create 2-D and 3-D models, refine their plan, build a mockup and a prototypes, present their findings and submit a final report. 

Context:

TechBoston Academy is a small pilot school with 755 students in grades 6-12 that offers a traditional college preparatory curriculum that is infused with interdisciplinary and project-based learning.  The school requires four yearss of English, Math and Science.  The school is housed on the basement and first floor of the Dorchester Education Complex, located in Dorchester, MA.  The school is sixty-five percent male and thirty-five percent female.  Sixty percent of the student-body lives with-in a three-mile walk zone and the other forty-percent represents the other twenty Boston neighborhoods.  The school is culturally rich with students representing the Caribbean, South/Central America, Africa, Southeast Asia, and USA.  Statistically, TechBoston’s student body is fifty percent Black, thirty percent Latino, eight percent White and seven percent Asian. 

The redesign of the chemistry lab will be piloted in my environmental chemistry class, which consists of students in grades 10 – 12, at least two to three English Language Learners and three to five special education students.  The class size ranges between fifteen and twenty-four and most of the students enrolled have taken physics and/or biology. For the past five years males have dominated the class, representing between eighty and eighty-five percent of the population. The majority of the students enrolled in the class are in it because it fits their schedule or they assume that it is not as demanding as traditional chemistry.  

Purpose:
My overall action plan is to redesign my environmental chemistry curriculum over the next three years so enables students to use the engineering design process and chemistry concepts to so solve environmental problems that are contextually relevant. It is my hope that the redesign will make chemistry more interesting to students by showing them that it is part of their real world; engage students in EDP; develop students conceptual, critical and creative-thinking process; develop student academic social skills; increase students understanding of contemporary environmental problems and gain an appreciation of the use of science and technology to solve them.

I chose to begin my redesign journey with the filtration labs because only small changes need to be made in order to integrate the EDP.  Students will be introduced to EDP and the filtration process in the fall and will be challenged to develop a method of filtering sand, salt, iron, and seeds. Teams consisting of two to three students will be responsible for developing and documenting their plan by keeping a written journal, creating final report that describes their methodology and creating 2-D drawings of their solution to the problem. In the spring students will be reintroduced to the concept of water filtration and will be challenged to design a low-cost water purification device to be used by rural people in an assigned country (Ethiopia, Rwanda, Haiti, Afghanistan, Laos).

Action Plan #1: Design of a Simple Filter

MA Technology and Engineering Frameworks Addressed: 1.1, 2.1, 2.2
Chemistry Frameworks Addressed: 1.1 1.2
Students will develop a method to filter sand, salt, iron, and seeds using a set of predetermined materials. This exercise is used to introduce the engineering design process, technical drawing in context and assess students’ understanding of physical and chemical properties.  Students will be responsible for:

· Creating a report that describes their methodology

· Following their plan

· Analyzing the effectiveness of the plan

· Revising the plan, if necessary.

· Creating an isometric drawing of their final setup

Student success will be determined by measuring the mass of each separated substance and comparing it to class averages.  The quality of the final report and drawing will also be assessed via the use of a holistic rubric.

Implementation Timeline

	Time (Days)
	Task
	Outcome

	1
	Invent a holder for six cans that's animal-safe, sturdy, convenient, and easy to carry.
	Understand the Relationship between the Engineering Design Process (EDP) and Scientific Method (SM)

	3
	Round Robin - Properties of Matter Exploration
	Describe properties of matter, explain the difference between a chemical and physical change

	3
	Introduction to Engineering Drawing
	Learn how to create engineering drawings; understand why engineering drawings are important.

	2
	Filter Challenge

· Define criteria and constraints

· Brainstorm method

· Test method

· Revise method if necessary

· Communicate findings using power point and a written report
	See above


Action Plan #2: Design of a Water Purification System

MA Technology and Engineering Frameworks Addressed: 1.1, 2.1, 2.2

Chemistry Frameworks Addressed: 1.1 1.2
Student teams will be challenged to develop a low-cost water filtration system that can be used by rural people around the world.  Students will be responsible for the following. 

· The completion of a set of activities that will give students background knowledge about concentration units, toxicity, risk, and various types of water quality tests.

· Pre and post testing of various samples of drinking water.  
· Analysis of water data

· Analysis of data from commercially tested drinking water
· A list of water toxin removal methods based on research.

· Creation of a 2-D and 3-D drawing of their water purification system that reduces the identified contaminants by at least 75 percent
· Analysis of commercial filters

· Creation of a mock up and prototype

· Analysis of benefits and drawbacks of design

· Presentation of results via PowerPoint

·  A 3-D redesign drawing after hearing from other teams (optional) 
Student success will be determined by the effectiveness of the filter to remove the contaminant(s) as well as the quality of the final report and presentation.
Implementation Timeline

	Time (Days)
	Task

	0.5
	Define the problem including criteria and constraints.  Form a team.

	1
	Water quality test



	0.5
	· Communicate and discuss results

· Analyze professional water analysis data

	1
	Research possible solutions – use the internet and books to determine possible substrates to be used to cleanup the water toxins.

	3
	Engineering drawing – learn how to make engineering drawings in solid works

	1.5
	Analysis of commercial filters

Brainstorm, create filter mock-up and evaluate mockup

	1.5
	Design prototype

	0.5
	Analysis of pros and cons of design

	1
	Presentation and critique of other groups designs

	1
	Redesign (completed outside of class) – base on performance and other designs, propose redesign that builds on the strengths of your previous design and corrects some of its weaknesses.


Connections 
The actions build upon one another.  The first action will be used to introduce students to EDP and properties of matter.  The second action enables students to build on the knowledge they gained from the first action and apply that knowledge to a current issue.  Students will the engineering design process to solve the same type of problem but the issue.

Beyond your Zone of Influence
I do not forsee any unusual barriers that might impede my pro(1 - 2 paragraph)

· What barriers might impede your progress?

· People, Organizations and Things (1 - 2 paragraph)

· Who or what might provide you some supports needed to be successful?
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