Title: Engineering Solutions
Subject: science and engineering

Topic: Aesthetics and Practicality

Grade Level: Second-Fifth

It is possible to make a car that is crash proof. We have that capability. But the car would be so heavy, so inefficient, so expensive and so ugly that there is no point in doing so. An engineering solution to a problem must be practical---it must fulfill the design criteria at a reasonable cost. And today’s engineered solution to a problem is judged more and more on its aesthetic value. 

In this lesson, students go from a simple redesign of a classic object to creating an entirely new package for a fragile material. In each activity, students address all design constraints, and balance the practicality of the solution against its cost. 

Desired Results

A.  Established Goals


NSES Science and Technology Content Standard E: As a result of activities in grades K-4, all students should develop

· Abilities of technological design

· Understanding about science and technology

· Abilities to distinguish between natural objects and objects made by humans.

NCSCOS Science Strand: Science and Technology in Society (grades K-5)

Technology as Design

Technology as design is analogous to science as inquiry. All students should engage in problem solving by designing, building, and testing solutions to real-world problems. By applying critical thinking skills and knowledge of materials, learners can compare and assess technological devices for costs, benefits, applications, practicality, environmental impact, safety, and convenience.

The goals and objectives for technological design call for students to accumulate the skills necessary to:

· Identify and state a problem, need, or product

· Design a solution including cost and risk/benefit analysis

· Implement and evaluate the solution

· Accurately record and communicate observations.

B. Understandings


1.  Students will understand 

· problems often have multiple solutions but the cost/benefit ratios may be different.

· when designing solutions to a problem, there may be many constraints that need to be addressed.

· solutions to problems need to be evaluated on how well the product or design both solved the problem and stayed within the design constraints.

· the solution to one problem may inadvertently create a new one.


2.  Students will know

· how to identify a simple problem to solve

· how to work within design constraints to solve a problem

· use appropriate technology to create a solution to a problem


3.  Students will be able to

· make a model of a solution to a problem

· analyze the costs and benefits to a variety of solutions

· use mathematical concepts (measuring, money, etc.) while working towards a solution

C.  Essential Question

How can a solution to a packaging problem be affordable, effective and aesthetically pleasing all at the same time?

Assessment Evidence

A.  Performance Task

After a series of activities, students will receive a design brief with the challenge of designing a new package for a fragile object---in this case, some cookies. Within a strict set of criteria, students will create a package for several of them. The packages will be addressed to the students themselves at school and then taken to a post office to be mailed. Students will be assessed on how well the packaging protected the cookies as well as how the package looked and how much it cost.

B.  Other Evidence


Data sheets for other activities


Observations

Learning Plan

Time required for the activities in this lesson

· Paper Cup Challenge–45-60 minutes 

· Push-Me, Pull-Me Toys-2 45-60 minutes sessions

· Marshmallow Catapults-2 45-60 minutes sessions

· Performance Task: Eco-Packaging-3 45-60 minutes sessions, several days apart

Activities

Activity 1: Paper Cup Challenge

Materials


per team of 2 students



5-10 pieces of 8 1/2” X 11”  paper  (recycled if possible)



1 small towel



1 pencil



1 design sheet


per class



2-3 large tubs filled with water



2 measuring cups per basin



towels (lots of towels)

Procedure


The challenge here is to redesign the classic paper cup so that no tape, glue, or staples are necessary.  This will reduce production costs and so lower the cost of the paper cups.  Each pair of students will be given a stack of paper to use to design a new paper container that can hold water for a short period of time.

1.  Set out the basins and water at a testing station, in the center of the room if possible.  Place the measuring cups next to the basins. Place several towels at the testing station. 

2.  Set out the materials each team will need.

3.  Allow students time to design and construct a paper container that meets these criteria.

· The container must be made from only ONE sheet of paper, 8 1/2 X11” in size.

· The paper may not be cut, torn, taped, glued, or staples.  It can be folded in any way.

· It must hold as much water as possible.

· It must be sturdy.

4.  Discuss the issue of timing with the students. Timers are impractical for this activity because the cup needs to move from person to person. Establish a method for counting to thirty seconds (one Mississippi, two Mississippi, etc.) All must agree to use the method to ensure the cups are tested under fair conditions.

Testing Procedure

1.   When a design is completed, one member will hold the container over the basin while the other pours water into the cup.  

2.  The first member must hold the cup for 30 seconds and them pass it to the other team member.  WHEN THE COUNT STARTS, NO ADDITIONAL WATER MAY BE ADDED TO THE CUP. The other team member must also hold it for 30 seconds.

3.  After a minute is up, the team will pour the remaining water into the measuring cup and record the results.  Next to the results, the team should make a drawing of their design.

4.  Teams may create as many designs as time permits.  Each trial will be recorded on the data sheet.

Assessment

Review results of the tests. Was there one design that seemed to work better than another? Go over data sheets. Are the drawings fairly accurate? How much water did the best cup hold.? What would students do differently the next time?
Activity 2: Push-Me, Pull-Me Toys
Materials


Set up:

Place all the supply materials at the supply table. Add or subtract items as needed. Make sure that some of the items can be used as wheels and some of the items can be used as axels. Place other materials at worktables.

Procedure:

State the Problem: Many of the Push-Me/Pull-Me Toy Company’s toys have been around for years and years. People can buy them cheaply at garage sales. They are even given away for free from one family to another after the children outgrow them. A new, and engaging push/pull toy would help the company and provide hours of enjoyment for today’s toddlers.

Show old toys and demonstrate how they work by either pushing or pulling on them. You may want to create a push/pull toy out of the materials you are providing so that students can see an example. Also, demonstrate how a wheel and axle can be created with the materials.

Describe the Students’ Job: Tell students that they are engineers and toy designers who work for the Push-Me/Pull-Me Toy Company.

Introduce the Task: To design and build a prototype of a simple toy that moves with a push or pull of one finger. A prototype serves as a model and does not have to be perfect. A toy company uses a prototype to develop a finished product to sell in stores. Students must also make an exciting, creative advertising poster to go with it.

Procedure:

Day 1

· Students will discuss in their groups about whether they want to design a push toy, a pull toy or a push/pull toy. Use scrap paper for designs.

· Students will decide what materials they want to use. They should consider how the toy is going to be able to move across the table or floor.

· Each group can send one person at a time up to the supply table to get building materials. They can always get more and they can return stuff you don’t use.

Day 2

· Student groups will continue to construct their toy, testing it repeatedly to make sure it moves with the touch of one finger.

· Students will also design and draw an advertisement for their new toy. They should make up a catchy name. Students will also settle on a price for their new toy and display it on the advertisement.

· Students should fill out the work analysis on back of their design sheet when they are done.

1. Our Idea:

2. How we worked together:

3. What we would do differently next time:

· Have students present their toys to each other, displaying their ads as they do,

Assessment

Discuss with children how the toys moved and what makes them stop. Students should also talk about the costs of their toys; what’s reasonable, what’s not. Review student work sheets and ads. Use each team’s work analysis as a starting point for grading. 

Activity 3: Marshmallow Catapults


This activity needs at least two adults. One adult manages the Materials Store and one manages the Tool Rental Store. Tell students that if an adult is not at the store, the store is closed until one arrives. When launching their catapults, instruct students to use no more than two fingers.


Materials


Set up         

· Assign each table a name that represents a design and engineering firm.

· On each table, place the starting materials. These are the only materials that students get for free. Everything else must be paid and accounted for.

· At one end of the room, place a sign “MATERIALS STORE”. Place all extra materials there along with the extra money and a price list.

· At the other end of the room, place a sign “TOOL RENTALS”. Place the rental tools there along with the extra money, a kitchen timer and a price list.

· Somewhere in the room or out in the hall, set up a testing station. Students must take turns at the testing station firing their catapults and measuring the distance traveled. Students must return to their tables in between tests.

Procedure: Day 1

1.  Tell students that Target is looking to produce a small, catapult like device to sell in its stores. They don’t want a potential lawsuit so the catapults have to be used for something other than war-like activities. Plans must be for a MARSHMALLOW catapult, that is a catapult that launches only marshmallows. 

2.  Tell students that they will receive a number from 1-7. That will be their ‘company’. They may not change or request a particular table.

3.  Explain the rules for the catapult construction process. 

· The team must decide on a purpose for a marshmallow catapult BEFORE starting construction.

· All team members must agree on the final design. 

· The contract goes to the design that succeeds and costs the least.

· The team may send only ONE person to the Materials Store at a time.

· The team may only send ONE person to the Tool Rental Store at a time.

· The team must keep track of EVERYTHING they use during construction. Unless it can be returned to the Materials Store, the team must pay for it.

4.  After they decide on a purpose for their catapult they can start construction.

5. Students can buy materials or rent tools at any time as long as there is an adult in the ‘store’. Do not pro-rate tool rental fees. They should pay for 10 minutes whether they use 2, 5 or all of the minutes.  

6.  Constantly circulate; making sure students are recording all expenditures. At the end of the first session, have students place their catapults, money and data sheets together in a safe place,

Procedure: Day 2

1.  Have students get their materials from the previous day.

2.  Allow another 10-20 minutes for construction.

3.  Students can take turns testing their catapults as construction proceeds. They must record the data from each test and the catapult must stay together after firing.

4.  Allow at least 15 minutes at the end for students to do the money. 

· Have students add up how much they spent. 

· Have students count how much money remains from their budget of $100.00

· Add the money spent to the money remaining. It should total $100.00. If not, tell students to go back and figure out where the money went. If they can’t, they do not get the contract even if they have the best catapult.

Design advice:


Do not let students to smack down on the catapult with their whole hand or the side of their hand. The catapult is likely to break. They should use no more than two fingers to launch although if they find another launching method, they can certainly use it.

Assessment:


Bring students together and discuss results. Which group produced a catapult that shot the marshmallow the furthest AND cost the least amount of money AND was the most elegant in design? Any team without their financial information is disqualified. Review student data sheets. Check for understanding that the engineering solution to a problem must weigh cost against benefit.

Performance Task: Eco-Packaging.

The design challenge is to create a package for a fragile object that fits the following criteria:

· It must be as light as possible

· It must be as cheap as possible 

· It must be as small as possible, no bigger than 10cm by 10cm

· It must have a clear space for a label

The Problem: 

Environmental issues are often at odds with commerce. In the case of packaging, while environmentally friendly packaging is socially responsible, it is often hard to do in a cost effective manner. In this challenge, students have to balance the need for secure packaging with environmental and economic concerns. They will work together to create a mailing package for a fragile substance. In this case, students will be using a cookie as their substance. Students work in 6-7 groups of 3-4. When the packages are finished, take them to the post office and mail them back to the students. When the packages arrive, schedule a second session to evaluate the results. They will score their packages using a rubric. 

Materials: each table should have


triple beam balance


ruler


6 cookies


pencils


cost sheet


data sheet


pre-addressed mailing labels

Also needed---poker chips for money. Give each

group about $2.00 in chips. White equal 1¢, 

blue equals 5¢, red equals 10¢.

Procedure: Day 1

On each table, place all the needed supplies. Students must keep track of how much money they spend on their packaging. Allow 45 minutes to work.

1. Give students the following directions.

· Weigh one of the cookies and record the number of grams on the data sheet (if they change cookies, they need to weigh and record the weight of the new cookie.)

· Working in a group, design a package. Each team gets 6 cookies. Only one cookie will be mailed. The others are back ups in case the cookie crumbles.

· Groups may send 1 team member at a time to the materials store to buy 1 item at a time. 

· All items bought must be recorded on the data sheet.

2. Tell students that they may want to weigh each item they purchase. The eco-package has to be as light as possible.

3.  Reiterate the design constraints: The package must be wrapped in brown paper. It cannot be bigger that 10cm by 10cm. It must have a space for the mailing label. 

4.  Have students clean up and put their package and other materials in a safe place. 

Procedure: Day 2

1.  Have students get all of their materials. Allow 20 minutes or so for them to complete the package.

2.  When finished with the package, have students weigh it to calculate the postage. Use the chart included here for rates.

3.  Have students add label to the front of the package. Make sure the writing is legible and includes a return address.

4.  Put a large, visible number on the back of 

each package so students can get their package 

back. Have students record their package’s 

number on the data sheet.

5.  Use the data entered on data sheet to find 

out how much each package costs. Review data 

sheets with students.

6.  Have students make a prediction on their 

data sheets about what they think will happen to 

their package in the mail. Include a drawing of

 what the package looks like before mailing.

7  Take all of the packages to a post office and 

explain what the task was. The postal workers are

 usually very helpful. Allow several days for the 

delivery of the packages. When they arrive, plan for the last 45 minutes of the activity.

Procedure: Day 3

1.  When the packages arrive, schedule the last 45-minute session for this activity.

2.  Have students draw a picture of the package before they open it. Discuss the condition of the packages and whether students think the cookie survived the trip.

3.  Have students carefully open the packages and examine the cookie.  Record the condition of the cookie on the data sheet.

4.  Ask students to record what they would do differently next time.

Assessment:

Use student data sheets and class discussion to assess understanding. What is the relationship between the cost of a problem’s solution and its effectiveness? How do companies make decisions about cost vs. benefit?

For Supply Table


	old push/pull toys


	scrap materials


	egg crates


	tissue tubes


	small boxes


	dowels


	tinker toys


	k’nex


	pipe cleaners


	string


	empty spools


	craft sticks


	plastic lids


	straws





For Each Work Table


	masking tape


	scissors


	pencils


	crayons


	scrap paper for sketching design ideas


	large manila sheet


	Push-Me/Pull-Me Design Brief





Per Table (set up between 6-8 tables)


	1 shim (or short pieces of lath)


	1   4” blocks of 2” X 4”


	1   2” piece of 1” dowel


	1 large marshmallow


	scissors


	pencils


	design brief


	price list


$100.00 in play money





For Materials Store (Items can be changed)


	Extra marshmallows


	15cm of tagboard


	craft sticks


	variety of rubber bands


	pipe cleaners


	3 oz. Plastic cups


	string


	tape


	variety of dowels cut into 30cm lengths


	small nails


	small tacks


	metal staples (fence staples)


	extra “money”





For Tool Rental


	6-8 small hammers 


	2-3 hobby hacksaws 


	6-8 hand drills 


	1 glue gun


	kitchen timer


	2-3 calculators


	extra ‘money’





Money for each group





	2	$20.00


	3	$10.00


	5	$5.00


	5	$1.00





$100.00





Supply Table


	newspaper sheets


	tag board


	plastic wrap


	brown paper bags


	recycled paper towels


	cotton balls 


	tape


	cork


	tissue tubes


	string


	





2006 FIRST CLASS MAIL RATES*





Less than 28g	37¢


29g-57g		60¢


58g-86g		83¢


87-g-114g		$1.06


115g-142g		$1.29


143g-170g		$1.52


171g-199g		$1.75


200g-228g		$1.98





*converted from ounces to grams
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