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Practical Skills and Experimental Work in Context – The Design Process

Introduction for the Teacher

The following activity fits into the grade 11 physics curriculum.  It outlines a project that can be used to teach students a design process.  It is important that students understand that there are many different design processes; the process presented is only one of them.  There are two portions to this project.  The first section introduces and teaches the design process to the students using a context of paper airplane design.  The second portion provides the students with a much broader context within which to apply the acquired skills; requiring them to design and construct a device to muffle sound from a piezoelectric buzzer.  The first part of the project will need to be introduced towards the end of the class prior to when you want to begin it.  This will provide students with time to perform research on different paper airplane designs and minimize research time required in class.  The attached pages are design to walk students through both activities and provide them with descriptions of the design steps along the way.  It is recommended that only the first section (paper airplane construction) be given to student at first and that the second section is handed out to students when the project is assigned.  This will help focus students on each separate activity.

The second project will culminate in a presentation by each group of their prototype.  In order to increase relevance and real world application, consider inviting in a panel of external investors.  These people would observe the student presentations, may ask questions, and would be responsible for stating which design they think is the best and why.

During the summary discussion following the second activity, it is important that students understand that the “best” design can be a complex decision.  Different factors, other than those communicated through the problem, can influence the choice of the best design.  For example, cost and availability of materials are seldom stated in the problem but may be important factors to consider.  In the context of the sound reduction activity here, the best solution may not be the one that costs the least or that reduces the sound level the most; it may be one that embodies the best balance between these two factors.  This is why both the students and the panel are asked to justify their decision for which design is best; this will force students to think about these other factors.

To increase student motivation in the second activity, consider awarding a prize for whichever design is chosen as the “best” design by the panel of investors.  Make sure students know that a prize exists prior to beginning the project but perhaps keep the exact nature of the prize secret until the end of the project.

Safety Aspects

The following are the safety considerations associated with this activity:

1. Ensure students understand that they should not put the piezoelectric buzzer up to their ear. This may cause temporary hearing damage.

2. Some groups may require the use of scissors or saws during construction of their prototype.  Let students know that they should check with an adult before using a saw and that it should be a hand saw rather than a power saw.

Curriculum Objectives

· S3P-1-19 Design, construct (or assemble), test, and demonstrate a technological device to produce, transmit, and/or control sound waves for a useful purpose.

Up, Up and Away!

In the next few classes, we are going to be looking at a concept called “The Design Process.” Design is usually associated with the applied sciences, engineering or architecture and it is a process that requires considerable thought, research, adjustment and redesign.  Design is a chance for you to tap into your creative side and come up with your own unique solution to a problem.  While the solution of each person may be unique, there are certain commonalities to the process that each person will take to arrive at the solution.  First, we are going to learn what those commonalities are and gain some experience with them through a simple project.  Then, you are going to apply the skills that you gain to design a solution for a more complex problem.

Part A – Acquisition of Skill

To begin, we're going to learn a design process by constructing paper airplanes.  It is important to understand that this is one form of the design process.  There are many different processes used by many different people (just search “Google”!) and it is important to find the one that helps you in reaching your goal in the most efficient way.  The design process that we will be using consists of the following steps:

1. State the problem.

2. Think of solutions to the problem.

3. Select the best solution.

4. Try your solution.

5. Evaluate the solution.

6. Modify the solution.

7. Report the findings.

We will look at each step in depth as we go through our paper airplane design.

Most people who do design work for a living use a logbook to document their ideas and thoughts relating to different problems; you will also be doing this.  I am handing out a Hilroy exercise book to each of you and you will be documenting your design work inside this book.  It will be important for you to keep this logbook neat and organized.  Titles should be easily located and the work in each section should be clear, concise, labeled where appropriate, and dated.

Introduction to the Skill

1. The first step in the design process is to State the Problem.  In the real world, you may be required to find the problem first before you can state what it is.  However, for our first exercise, I will state the problem for you.  The problem is: Construct a paper airplane that can fly at least 10 metres in a straight line.  In the exercise book that I handed out to you, write the heading State The Problem and underneath it, write in the problem we are trying to solve.

2. It is important to be specific when you state your problem.  If the problem is very broad, then it will be difficult to determine when you have actually found a solution and which solution is the best one.

3. The second step in the design process is to Think of Solutions to the Problem.  This step requires you to do a lot of research and thinking.  You can think about your experiences with situations similar to the problem and how they were solved.  Have you ever made paper airplanes before?  How did they fly?  Can you apply that to this problem?  Go on to the Internet and search for different paper airplane designs.  Try to find 3 or 4 that you think might solve the problem.  You may also have paper airplane books at home or other people in your family who have ideas; use them.

4. In your logbook, under the heading Think of Solutions to the Problem, collect all of the information that you find related to paper airplane design.  If you have printed off designs from the Internet or photocopied designs from a book, staple or glue them into your logbook.  Make sure that you include the name of the book or the Internet site on the design.  Write down any notes based on your experience or discussions with other people in your book and make mention of who gave you the information and the date you received it.  These will be discussed in our next class.

5. The third step in the design process is to Select The Best Solution.  Everyone may have a different opinion on what the best solution actually is.  To decide which one may be best, we must first decide which factors we must consider in arriving at a solution.  In general, one thing that we should consider is the cost of materials.  More specifically, we need a paper airplane that will travel 10 metres in a straight line.  Most of the requirements that we have will be specific to our problem.  Can you think of other things that we should consider which are specific to paper airplanes?  We will make a list of these on the board and you should write them in your logbook as well.

6. Considering the factors that we listed in our logbooks, let's chose 6 different paper airplane designs for our short list.  We will then choose one out these 6 as our “best design”.

7. In the real world, complex tables and formulas are used to try and figure out which solution is the best one.  Instead, we will simply rank our solutions in each of our chosen factors.  In your logbooks, under the heading Select The Best Solution, make a table that has 7 columns and one row for each of our factors.  For each of our factors, we will rank our designs from 1st to 6th.  At the end, our table should look similar to the one shown below.  The place rankings may be different.

	Table 1: Ranking of Designs

	
	Design #1
	Design #2
	Design #3
	Design #4
	Design #5
	Design #6

	Factor #1
	3rd
	5th
	1st
	4th
	2nd
	6th

	Factor #2
	4th
	5th
	1st
	2nd
	6th
	3rd

	Factor #3
	1st
	6th
	3rd
	4th
	5th
	2nd

	Factor #4
	6th
	4th
	2nd
	3rd
	1st
	5th


8. As a class, we will select one of the designs from the table and justify our answer.  This may require discussion since the best solution is not always obvious.  Write our selection and justification down in your logbook under the heading Select The Best Solution.

9. The next step in the design process is to Try Your Solution.  In this step, we build a prototype of our design and try it out.  A prototype refers to a trial construction of the solution.  Each group should make one paper airplane based on our chosen “best design”.

10. At the front of the classroom, there is an “X” on the floor and a piece of tape extending 15 metres in a straight line away from the “X”.  We will throw our airplane from the “X”, observe whether it makes it at least 10 metres and how far away from a straight line (as measured by our tape line) the plane lands.  Each group will come up to the front and test out their prototype three times.  Record the results of your test in a table in your logbook  under the heading Try Your Solution.  Record whether the plane made it past 10 metres and how far away from a straight line the plane flew.

	
	Did the plane fly at least 10m?
	Distance from tape line (cm)

	Trial #1
	
	

	Trial #2
	
	

	Trial #3
	
	


11. The next step in the design process is to Evaluate the Solution.  This step involves analysing the results of the prototype testing and deciding whether the prototype addresses the original problem and solves it.

12. In our problem, we had two criteria to address.  First, our plane had to fly at least 10 metres and secondly, it had to fly in a straight line.  From your results, did your prototype address both criteria?  Did it address either of the criteria?  In your logbooks, under the heading Evaluate the Solution, write down the results of your trials and how your prototype did at addressing the original problem.

13. The next step in the design process is to Modify the Solution based on the results of your evaluation.  Based on your results, what can you change to increase the likelihood of success of your prototype?  If your prototype traveled 10 metres but did not travel straight, how can you make it travel straighter?  Or, if your prototype traveled straight but did not travel 10 metres, how can you make it travel further?  Under the heading Modify the Solution, write down your ideas for modifications in your logbook and how you think that modification will affect the airplane.  Decide as a group which modification to apply to your plane.  Be sure to choose only one modification and clearly indicate which modification you will be doing.  Choosing more than one modification to apply will cause confusion as to which modification actually corrected the problem.

14. Apply the modification to your airplane and retest it by throwing it from the “X”. Repeat the same measurements that you did previously and record them under the heading Modify the Solution.  Use a table similar to the one we used to record our first set of results.

15. At this point, it may be necessary for you to continue evaluating and modifying your design multiple times.  Each time you do, make sure that you record what you did in your logbook and clearly indicate the number of times you have done the modifications.  This will involve repeating steps 9 through 14 multiple times, recording all the information each time and indicating whether you are on test 1, 2, 3, 4, etc.

16. Once your evaluation has determined that you have met the criteria outlined in the problem, it is time to move to the last step of the design process: Report the Findings.  In this step, you must summarize all of the steps that you went through to arrive at a final design.  It is important to state what modifications had to be done to the original design and to show what the final design was.  You may want to include other ideas you have that could improve your design even further and why those ideas would work.

The Sound of Silence

Part B – Application of Skill

1. Now that you know the design process, it's time to apply it to a problem more complex than a paper airplane design.  In groups, you will be required to design a device that will muffle the sound of a buzzer.  The basic level of the buzzer is 102 dB and your target is to reduce the sound by at least 30 dB. Your final design must be no larger than 15 cm by 15 cm by 15 cm (a 15 cm cube).

2. There is one more constraint you will need to consider.  There is a list of materials below and an associated cost for each one.  Your device must use only those materials listed (if you want to use others, ask the teacher) and we will calculate a cost for construction for each group's device.  The prices below are relative weights and do not reflect the actual costs of the items.

	Price List of Materials

	Item
	Size
	Cost

	Cardboard
	30 cm by 30 cm
	$10

	Plywood
	30 cm by 30 cm
	$25

	Plastic
	30 cm by 30 cm
	$17

	Styrofoam
	30 cm by 30 cm
	$12

	Cotton Balls
	1 bag of 50
	$5

	Balloons
	1 balloon
	$1

	Egg Cartons
	1 carton
	$2

	Cloth
	30 cm by 30 cm
	$5

	Foam
	30 cm by 30 cm
	$7

	Bubble Wrap
	30 cm by 30 cm
	$8

	Tape
	1 roll
	$5

	Glue
	1 bottle
	$5


3. In groups of 4, you will follow the design process to design and construct a device to muffle sound.  Your first task will be to state the problem and come up with a “best design”.  Ensure you document your work in your logbooks.

4. In order to obtain funding (and thereby materials) to construct your prototype, you will be required to submit a proposal to your investor (the teacher).  In the real world, designers use proposals to try and gain funding for projects from potential investors.  This letter must include three things and be signed by each member of your group:

i. A description and drawing of your design with parts clearly labeled.

ii. Justification for your design (why will it work?).

iii. A list of materials you require for your design.  You will need to estimate how much of each material you will need.

5. Once your design is approved, you will receive a container that will have all the materials you requested in it.  You may now begin construction of your prototype.  If you discover that you require additional materials during your construction, notify the teacher who will amend the proposal with the additional materials.

6. After you have finished construction of your prototype, you can enter the testing, evaluation and modification phases.  Set-up a time with the teacher outside of class (lunch, before/after school) when you can test your design to gain data on how it performs.  Ensure that you document this data in your logbook in a similar way that we documented our results with the paper airplanes.  Construct a table, or other suitable method, to document your results.

7. If you wish to make modifications, now is the time to do it.  Note any modifications you perform in your logbook and make sure you collect new data to see how the modifications perform.  Again, if additional or different materials are required, notify the teacher.

8. After you are satisfied with your design, complete the reporting portion of your logbook.  Discuss your design process, how your design changed and evolved and why your design works.  Also state at least one way you think that further improvement can be made to your design and why it would help.

9. Your next task is to prepare for Demonstration Day.  Read the sequence of events that will take place on that day and prepare anything you require for that time. 

10.  Demonstration Day will occur in two weeks; ____________________.  The format for this class will be as follows:

i. At the beginning of class, each group will bring their prototype up and place it on one of the desks at the front of class.  No explanation of each design will be given at this time.

ii. Each of you will hand-in your logbook and will receive a handout that will ask you to predict three things:

· Which design cost the least?

· Which design will reduce the decibel level by the largest amount?

· Which design is best overall and why?

iii. There will be a panel of potential investors who you will be trying to convince to invest in your device.  These investors may be school staff, parents or other adults.  The device that is chosen as being the “best” by the investors will be awarded a prize.

iv. Each group will be given a maximum of 10 minutes to pitch their design.  Ensure you discuss the items that you think makes your design the best.  You may want to reference data from your testing to help make this point.  You should also briefly discuss your design process and any changes you made to your initial design and why.  If you wish to do your presentation using PowerPoint, notify the teacher.

v. After each group has pitched their idea, all groups will demonstrate their prototype.  The amount of decibel reduction will be measured using a sound level meter at a distance of approximately 30 cm from the box.

vi. After the testing, each member of the panel will state which prototype they consider to be best and why.

vii. As a class, we will discuss which prototype is best from a scientific point of view.  Is the design that costs the most necessarily the best one?  What about the design that reduces the noise the most?  How did your initial predictions match your observations during the test?

11. The following parts of the project will be marked:

i. Presentation – A mark will be given out of 20.  You will be marked on the amount of group involvement in your presentation; your ability to justify your design and final product; and your preparation and organization.

ii. Logbook – A mark will be given out of 70.  You will be marked on how well you follow and document your design process.  Your logbooks should be neat, well organized and should include all of your ideas, tests and thoughts related to your work on the project.

iii. Prototype – A mark will be given out of 10.  You will be marked on whether your design meets the minimum requirements of the problem (size, decibel reduction).

Predictions

1. Which design do you think costs the least to construct?  State why you think this.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2. Which design will reduce the decibel level by the largest amount?  State why you think this.

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. Which design is best overall and why?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

