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Target Actions:
The goals of this implementation plan are to introduce the Engineering Design Process to freshman physics students, practice EDP throughout the year and give them a hands on experience of a science fair project that is very similar (if not identical) to a Capstone Project. To accomplish this goal, students will be introduced to EDP early in the school year with a fun, hands on quick tower building exercises that requires discussion, building, testing, and redesign - with reading, discussion, and notes on EDP.  Students then use EDP throughout the year with chapter projects - where teachers pay special attention to connecting each day of work to the EDP.  Finally, students will create an Engineering science fair project, utilizing the EDP in a Capstone like atmosphere.
Context:
Stacy-Michelle Reid teaches Introductory Physics to freshmen at East Boston High School (EBHS).  EBHS is a typical urban traditional high school, with 100% free and reduced lunch students, approximately a 55% graduation rate, and about 60% English language learners (ELL), or former limited English proficiency (FLEP).  The students are required to pass 3 math courses, 3 science courses (freshman physics, biology, chemistry, and an MCAS refresher Biology 2 course), and have AP Bio, AP Chem, and AP Environmental Science available to them. EBHS currently does not have any engineering type courses. The curriculum for the 9th grade physics is Active Physics by Arthur Eisenkraft, a very hands-on curriculum that, when properly implemented, is fun and educational.  Parts of the engineering design process are in the current physics curriculum - with each chapter working towards a culminating project that addresses a design need. 
Kris Newton teaches at Cambridge Rindge and Latin School (CRLS), which is the public high school in Cambridge.  CRLS is an urban school with a widely diverse school population, which is 46% low-income students, 64% minority students, and 33% of students for whom English is not their first language.  CRLS has a three-year science requirement and all students at CRLS are required to take a three-course science sequence: physics in ninth grade, followed by chemistry and then biology.  The ninth grade course is heterogeneously grouped with an embedded honors option.  In addition to required science courses, there are electives and AP courses for juniors and seniors.  There are no required engineering courses, but there is an elective course called Applied Physics in which students complete a variety of engineering design projects.  In addition, there is an engineering program in the Rindge School of Technical Arts (RSTA), which also offers an elective course for those not participating in the vocational program.  Science classes can use one of the four school computer labs.  The RSTA engineering lab has its own computer lab and CAD/CAM software and equipment, but there is not currently much collaboration between the science department and RSTA.
Purpose:
This introduction to the Engineering Design Process will give students a base to use for their future studies in college and beyond.  Since the students have no background in engineering, this will give them an introduction to what engineering is in a fun and friendly way - at a time that they are starting to think of what they will do with their life beyond the basic fireman or ballerina.  This introduction also comes at a time in their high school career where the students are doing the most hands-on concrete real-world experiments - where the building process can easily be integrated, rather than trying to fit it into a curriculum such as chemistry or biology.
Goal:  
Integrate capstone-like engineering experiences into an existing science or math course.
Action Plan Part #1:
The start of this project is a one day introduction to the Engineering Design Process that will be placed near the beginning of the year shortly after the student prepare their interactive notebook.  This day includes a tower building exercise where students are put into groups and have to build the tallest freestanding tower out of the materials provided.  
· Identify/Research Problem - any type of “we need a tall tower” background story can be used to give the students a problem to solve. 
· Brainstorm Solutions - students are then given a short period of time to survey the materials given to them without touching them (30 paperclips, 30 straws, one large tin can, and a tray in which the tower must stand on) and discuss design ideas. 
· Decide on a Solution/Build a Prototype - in the last 30 seconds of this time, students should decide what they want to proceed with - and then will be given a few minutes to build (usually 3-5 minutes). 
· Test/Evaluate - at the end of the time the products will be measured and tested with a small fan to see if they topple.  
· Communicate - students will then share out the good/bad parts of their design.
· Redesign - lastly, students will go through the process again - with the winner being the team that has the highest percentage of growth compared to their first try at the tower.
As a formative assessment, students will be given a “Do Now” of reading on the Engineering Design Process, where they will have to dissect certain parts of the process explained in the article to show their understanding in the interactive notebook.  A summative assessment will come in the form of a worksheet that outlines the steps of the Engineering Design Process and requires them to explain what they did in this project for each step.
Because both schools have the AVID program, there is also a focus on WICR (Writing, Inquiry, Collaboration, Reading) in the day’s plan:
· Writing - the worksheet, and the exit ticket of imagining what kind of materials we could use in the classroom to create a better tower
· Inquiry - the design and planning process
· Collaboration - the design and planning process, as well as the team building project
· Reading - the “Do Now” includes reading and comprehension question to start off the day
As an extension and reinforcement to this lesson, day two can include an activity where there are materials available to build a sturdier project that students must “buy” with a limited amount of money.  Students will need to redesign their tower, submit a material request list, put together the kit, and then rebuild the towers.  Redoing this process a day later reinforces the concepts taught.  A copy of the lesson plan for the day and worksheet are included in the Appendices.
Action Plan Part #2:
Both Stacy-Michelle and Kris teach physics courses modeled after the Active Physics curriculum, in which students complete activities which build toward a culminating project.  The projects don’t all fit the model of Engineering Design Process, but some of them match some of the steps of the process.  Our goal with respect to our projects is to be more explicit about matching our unit projects with the steps of the Engineering Design Process and in having students complete the steps of the project throughout the unit.  
One project in which we will explicitly include the Engineering Design Process is the Electricity “Living Unit” Project.  In this project, students design and build an electrical model of any kind of living unit of their choice, from a single room to a stadium.  Students are required to use both series and parallel circuits, as well as switches.  They need to document their work with a written description and schematic diagram.  A description and rubric of the project are included in the Appendices.
The following is an approximate timeline for implementation of the Living Unit Project:
Day 1 (Identify Need or Problem) - Introduce culminating project, including design problem, materials and constraints.  Give students some time to brainstorm ideas as a large group and individually.
Days 2 to 4 (Research Need or Problem) - Students do open-ended circuit lab, investigating series and parallel circuits, learn circuit terminology, and develop analogies for circuits.  Relate information to project so that students recognize the need for the content and give students time to reflect on how their ideas have changed or develop new ideas. (Develop Possible Solutions)
Days 5 to 7 (Research Need or Problem) - Students develop an experiment to test a hypothesis about current and relate their conclusion to Ohm’s Law.
Day 8 (Develop Possible Solutions and Select Best Solution) - Students use what they have learned about series and parallel circuits to develop a specific plan and draw a sketch of their model.
Day 9 (Research Need or Problem) - Students learn about household circuits, fuses and circuit breakers.  (One of the honors requirements for the project is to include a fuse in the wiring).
Days 10 to 11 (Construct a Prototype) - Students build their living unit model.  Students must have a plan drawn before they can begin building and must have complete working circuits before they can decorate their project.
Day 12 (Test and Evaluate Solutions) - Students do final testing of their project and work on a written report of their design.
Day 13 (Communication) - Students present their projects to the class and reflect on their work.  In their reports, students make recommendations about any changes they would make to their design (Redesign).
The Living Unit project is differentiated to allow all students to access the content.  The basic requirements of the project are do-able for students just beginning to understand series and parallel circuits, but the creation of the product motivates capable students to extend their learning with more complex circuits.  Honors students are able to choose from a variety of extensions that allow them to demonstrate their understanding of the honors learning goals.  Students are provided with an optional graphic organizer for their written report.  The rubric for the final submission of the project is included in the Appendices and formative assessments include initial proposals and sketches of projects as well as a demonstration of working circuits before students may begin decorating.  Materials are inexpensive and/or available at the EXCL recycling center and include holiday lights, wire, write strippers/clippers, paperclips, posterboard, cardboard boxes, fabric and carpet samples and other miscellaneous items for decorating.    
Connections:
The specific actions detailed above provide the background necessary for students to apply the Engineering Design Process in an independent science fair project, which will serve as a Capstone-like project for the physics course.  In developing their engineering projects, students will be encouraged not simply to consider what they will build or design, but to also be very clear about the engineering problem their design addresses.  Students will be introduced to the science fair project soon after the Tower Building mini-engineering activity so that they can begin to generate ideas and conduct research.  Students will be given opportunities to consult with the teacher and with each other about their ideas and within a month or two will submit a formal proposal including their engineering problem, background research, and materials needed.  The next deadline will be a report of the final design chosen and progress toward building prototype.  A few weeks before the final report/poster are due, students will be expected to show results of testing and redesign and provided with graphic organizers for their final report. 
People, Organizations and Influence:
At CRLS, there is a shared physics curriculum and a cohesive working group of teachers.  This is an incredible resource for thinking through ideas before and after implementation.  Because the curriculum is common, however, teachers are expected to complete specific labs and projects.  Therefore, large-scale curriculum changes are not feasible, but it is possible to adjust day-to-day lessons to incorporate the Engineering Design Process.  As the physics group meets regularly, there are also ample opportunities to share engineering materials and resources with colleagues so that the Engineering Design Process can be extended into more of the ninth grade physics classes.  One remaining question is how incorporating the engineering design process into the physics class will affect the work that we already do with the scientific method.  This is a major focus of our course and students are expected to write several lab reports throughout the course.  While there are many parallels between the scientific method and the engineering design process, it remains to be seen if students can develop a solid understanding of both of them in one course.
At EBHS, there is also a shared curriculum with most of Boston Public Schools that limit a large scale curriculum change.  The ideas that we came up with for implementing the Engineering Design Process and the Capstone Project are specific items that are fully attainable and that we are realistically able to complete in a timely manner throughout the year.  These goals include measurable milestones on a daily basis and throughout the year.  The only issue that I forsee in the coming year could be that of including engineering projects in the school science fair.  Our physics science fair consists mostly of physics projects using the scientific method.  I see a need to expand the idea of the science fair projects, but we will (at the bare minimum) have to redesign the science fair rubric that we have used in the past. Beyond that small hiccup, we created an implementation plan that is more than just fluff written to appease the course instructors - but something that we can, and are excited to, use in our classroom.
