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THE DESIGN LOOP

The design loop is a guide that helps m&Kkd=Mlesign problems a more effective

learning tool for students. It is a structure for thinking and doitige essence of

design and problem solving. Designing is not a linear process. When you design and
make something, you do not think and act in separaequential steps. Rather, you
complete activities that logically lead to additional activitieemetimes they occur in

the order outlined below and sometimes they occur more randomly, but in almost all
cases all of the activities outlined below occdurring the engineering design process. It

is a good teaching tool to require students to document their passage through all phases
of engineering design. Below is an illustration and description of each phase of the
design loop.

BRATNSTORMNM 7 *

SOLUTZONS

CESZCHN

1. What is the problem?Identifying Problems andOpportunities:

Central to the process of designing is the identification of a problem in need of a
solution. On the surface, this appears to be a simple task, but it requires careful
observation and a critical ey&he student desiger will attemptto clarify,

understand the specifications, and detail exactly what it is that they intend to do. At
this point, the student begins to ask a number of questions (i.e., What are my limits?
How much time do | have? To what materials do | reneess?).
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2. Brainstorming Solutions

In order to solve problems, all pertinent information must be gathered and
documented for possible future reference. The importance of investigation and
research cannot be overemphasized. Few solutions are new. Masinventions
involve many previously known principles and conce@@snerating a number of
alternative solutions is one of the most important steps and often the most difficult
to do. Although it seems to be human nature to latch on to your first idehtan

and make it work. More ideas equal better solutions. Techniques: Brainstorming,
sketching, doodling, attribute listing, and forced connection.

3. ChoosingYourSolution:

Choosing the best among a number of ideas is less straightforward than it may
appear. Two strategies: (1) Listing the attributes (good and bad points) of the ideas
and comparing  them; and (2) Developing a decision matrix that compares
attributes todesign criteria. The evaluation process may indicate a way to combine
features of several solutions into an optimum solution. The student designer begins
working on the myriad of suproblems that need solutions. This involves modeling,
experimentation wih different materials, and fastening techniques, shapes, and
other things that need to be done before actual construction of the final design is
undertaken. At this point the student designer begins to develop models and
prototypes that represent their iga. Twedimensional and Thredimensional

models, computer models, and mathematical models are commonly used.

4. Test Your Solution

This may be as simple as applying the specifications to the end product to see if it
does all the things that it is supposezido.

5. Evaluate Your SolutionRedesigning and Improving:
This step involvegerformance testing, as in the case of a practical devider
evaluating the design, student designers begin implementing what they have
learned from the evaluation an effort to improve the product.

6. Present Your Solution

All design problems should end with a culminating event. This could be a formal
presentdion of the production of the product or system.
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Can your BILLY GOATS
survive the TROLL?

Problem:

Once upon a time there were 3 billy goats. They ate the grass in the valley until it was

all gone and they were hungry. The 3 billy goats knew that on the other side of the

creek there was another meadow full of grass. There was only one problem, they had
to cross a bridge to get to the other side

The Thr‘ee @ and the evil troll lived under that bridge.
The troll was hungry, tooThe billy goats
Bl“y GOafS GPUff really need to get to the other side, but

iKSe Olyy2i ONRaa 290SN (K
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Challenge:

You decideto help the billy goats reach the opposite side of the creek so they can eat.
You must create a model structure to help the billy goats get from one side to the
other, while using the design loop and only the materials provided. Your teacher will
also provde you with model billy goats, with specific weights, that your bridge must

be able to withstand.
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Criteria:
1 Your Bride should be able to withstand the weights: 10 pounds, 12 pounds, and
15 pounds
91 Your bridge should be at least 11 inches wide and alliw& billy goats to cross
a ravine of 6 inches deep

Materials Market:

pipe cleaners modeling clay
craft sticks foam wedges
hot glue construction paper
string Q-tips

*GOAL: A bridge that can withstand the most weight, weighs the least, and has the best physical
appearance

Think About It;

Researctstrong bridges and think about what makes them strong? Think about which
materials would be the best solutions for your bridge design and try to use the least
amount of materials as possible because your instructor may put a limit to the amount
of items yau can use. Use the spaces below to record your ideas and show them to
your teacher before going to the marke{Be sure to label the materials you will need
for your bridge in each of your ideds
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Surviving he Troll
Build the Billy Goats a Bridge

Teachers: This project will teach students that building a sturdy bridge takes
more than material. You have to consider your resources, the length, the
weight, and the type of bridge needed.

Disciplinary AreaSTEM

Unit: Structures, angles, force

Standards
1 Common Core Math StandarfSeometry): Solve problems involving scale
drawings of geometric figures, including computing actual lengths and areas
from a scale drawing and reproducing a scale drawing at a differelet. sca
1 Standards for Technological LiteraBevelop the abilities to apply the design
process
1 ELA Common Core Standafwsting): Follow precisely a complex multistep
procedure when carrying out experiments, taking measurements, or performing
technical taks, attending to special cases or expectations defined in the text
A The Three @
@ Ad LRSI a¢ Billy Goats Gruff
Learning to use creativity for problem solving .
Learning to use the concepts of the design loop
Technology is key in constructing the bridge
Learning that science, technologgngineering,
and mathematics all plagnimportantrolein
developing the bridge
1 Tools and techniques

7 Janet Stevens

= =4 4 A

Essential QuestionCan you design a structure to get the 3 Billy goats from one side of the creek
to the other (11 inches wide and 6 inches deep), without crossing the troll, and withstanding
their body weight (10 pounds, 12 pounds, and 15 pounds)?

ScenarioOnce upon a the there were 3 billy goats. They ate the grass in the valley until it was

all gone and they were hungry. The 3 billy goats knew that on the other side of the creek there

was another meadow with lots of lushes grass. There was only one problem. Theydnasisto

a bridge to get to the other side and the troll lived under that bridge. The troll was hungry, too.

The billy goats really need to get to the other side so they can eat, but they cannot cross over

GKS GNRBfftQa ONARISO | ractre R BepAnB SIIR godtRcro€sNI® treels | Y
so that they can eat. You can only use the materials provided and it will need to be able to
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withstand the billy goats body weight. The creek is 11 inches wide andviree is6 inches
deep.

Materials andResources (You can allowstudentsto work in teams to introduce cooperative
learning or work alone)

Pipe Cleaners
Craft Sticks

Hot Glue

String

Modeling Clay
Foam Wedges
Construction Paper

Q- tips

o A A

Teachers: You can also change the projects difficlétyel by assigning credits to the
materials and only allowing them a select amount of credits to spend. By doing this you are
making them think about the resources they may need before diving in. They will need to pe
sure their designs are accurate and gise, or they may not get the right materials with their
credits.

Content: A bridge is a structure designed to help us transport from one side of land to another,
whether that be over water, mountains, or rough terrain. Bridges are very important in our
lives today and have been for many years. Most bridges are made from stegbanand use
cables for support. Bridges are made to withstand certain amounts of weight at any one time
and if they are not used properly, transporting more weight than the bridge can allow, can
cause them to break. Angles, structittaweight ratio, and design are all very important

factors when building a bridge.

The greatest bridge builders were the ancient Romans. The Romans built arch bridges and
aqueducts that could stand in conditions that would damage or destroy earlier designs. They
were madefrom heavy wedge shaped rock. Some still stand today. Bridges went from being
constructed of limestone, water, wood, sand, and volcanic rock to steel, iron, and cables. Stefan
Bryla made the first welded bridge in 1927.

There are many different types bfidges, but each bridge has a specific use. Beam bridges are
flat and use piers for support. Arch bridges are very strong and look like half circles. The longest
bridges in the world are suspension bridges and use foundations for support. Think about the
weight you will be transporting across your bridge to determine which design you should use.
Sourcenttp://library.thinkquest.org/CR0210346/history.html
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Teachers: Allow the students to do some research on bridges. There are many different types
of bridges and they will need to consider their resources and weight before designing thei
own. It would be nice to do a short presentation on bridges and how asghnd design are
very important.

-

Deliverables:

Using only the materials supplied by you, your student or team of students must build a scale
model bridge that can withstand the weight of the billy goats. The smallest billy goat will weigh
10 pounds, themiddle will weigh 12 pounds, and the heaviest will be 15 pounds. Your bridge
will need to withstand the weight of each individual billy goat and to add a little more
competition you can keep adding weight to see which can withstand the most.

ParametersThe completed bridge must:
1 Must reach across an 11 inch ravine
Be designed using the engineering design model
Support must be at least 6 inches tall (if building a beam or suspension bridge)
Withstand the weight of the billy goats: 10 pounds, 12 pounds, 6 pounds
Be submitted to you with a completed brainstorming sheet and working drawing that
illustrates how the structure was designed
1 Should be designed in a way that it can be attached to the model river

T
T
T
T

D

How to test the bridges: Connect the student bridge to a ravine like structure that you hav
prepared (11 inches wide and 6 inches tall). Once connected, start with tpeur@ billy goat
and place it on the middle of the bridge, continue to do this whith 12-pound and 15pound

oAffe 32FG Y2RStaod 52 (KAA gAOK SIHFOK addzRSyidQ
add weight after every bridge has been tested to see which bridge can withstand the most
weight.

Assessment

Team Name: Group Members

Scoring Criteria:

The Bridge was submitted with four well thought out brainstorming ideas0 pts.)
The design loop was used to reach the completeddige (620 pts.)

The Bridge with stood the weight of the billy goats-@® pts.)

The materials were used affectively {T0 pts.)

The bridge met the parameters {R0 pts.)

arwdE
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Building a Structured Castle

“If 1 could sit high,
how much greater 1°d be!
What a King! I'd be ruler

of all 1 could see!™

Disciplinary AreaSTEM

Unit: Structures and partef a castle
Standards:
Common Core Standards
9 {GFYyRFNRa 2F [AGSNIOey !ylrfel S GKS I dzi K2ND

describing a procedure, or discussing an experiment in a text.
9 Standards of Technology: Students will develop an understamdidgsign

. A3 LRSI aé¢y

9 Literacy: Yertle the Turtle, by Dr. Seuss

1 Using science, technology, engineering and mathematics to create a castle

T / NBFIAGAGe G2 YIS OFLadagtsS IyR OoNARYy3I Ay ySé
G2oyallS2Lx S¢ o

T a¢22fcaS OKHYRA |j dzS & ¢

1 Teamwork

Essential QuestionCan you help the other turtles (townspeople) build a castle for the king to
aSS F2NJ aYAt SaéKkK

Scenario:{ I @ (2 aildzRRSydGay !'fiK2dAKX &2dz2NJ a1 Ay 3Ié A3
solution to build a cdte that everyone can live in and use but the king can also see for miles.
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Materials and Resources:

=4 =4 =4 4 -4 4 A4 - -4

Construction paper
Scissors

Markers, paints
Tooth picks

Glue

Things found outside or inside (sticks, rocks, leaves, toilet paper rolls )
Cardboard or scraps of cardboard, cereal baxes

Stapler

Pringles cans, coffee cans etc.

Content Information:A castle isa type of structure built in Europe and the Middle East during the

middle Ages by nobility.

G! FTGSNI GKS TFI f fintBefifthicdat@ry, E@ope wyide®vent dAsédiBs of cultural changes
that lasted a thousand years. This period of time has become known as "Medieval" or the "Middle
Ages." It was time of knights, battles, and castles. The romanticism of the period is shantfee

literature, the history. Castles, and the remains of them, still dot the European landscape and remind us

27T

d A

YS 46KSyYy OKAGFENRBT 3IFEfFyaiNEX

FyYyR O2dzNJ 3§

| would also talk to students about kings and how the turtletes to a lot of the kings whom exercised
their power. You could go into talking about society and have a discussion there.

Castle Preparation:Students have to build a castle using ideas from blue prints of castles.

2 banqueting hall
1 medieval kitchen

3 withdrawing room

8 watchtower (top floor)

4 Lord's d
7 watchtower (middle floor) e s0ay100m

5 muniment room

6 Lord's bedchamber
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Students will have lots of references to look at. | would have a power point of castles and then
after discussion a print out of the blue prints. They can search the web to look for castles they
like and print out their own samples. | will also have kstalking about castles and parts of

the castles.

Deliverables:

Then they build on top of boards their castles. They must build at least three parts used in an
I Olidzl £ Ol adtSad C2NJ SEF YL SY / KILStsS RNihgsoNARI
4SS FT2N) YAfS&aKEé b2 fAYAOGFGA2YyaAaH

Parameters:

3 rooms or structures used in real castles

Used Design Loop

Can the king see far away?

Presents to class each section of their castle and why.

= =4 =4 4
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Assessment
Team name:
Group members:

V Where is the kindgpcated?
V 3 sections of the castle were presented
V Used the design loop

As a Class we witad Yetle the Turtle by DrSeuss
Then we will have a class Discussion. Points we will talk about:

1 Yatle, the King
1 The other turtles under his rule
1 Better solutions that help everyone! Not just the King.

| will divide you up into teamdOnce in groups your will have one king and the rest are the
other turtles.

You will use the design loop to:

Brainstorm

Look at books or on the internet on castlestigns
Tell your findings and ideas with your partners
Draw, write down ideas or plans

Make revisions

Start building your castle

= =4 =4 4 - A
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Rules:

T SOSNE2YS Ay (KS 3ANRdAzZL) Ydzald KIFI @S | NR2Y | yR =
1 must include 3 real parts of a castlshowed or you found in book or on the internet

¢ .S I 322R GSIY LIXIF@8SNX 52yQG o6S |, dzNIf S

Lastly, present to class. Be sure to include in presentation:

Tell us who everyone was whether a king or turtle.

Who came up with what

Your 3 parts of the castle

Why you built all the parts you have included in your castle.
What did you learn?

What was difficult?

= =4 =4 4 -4 -
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MARGRET & H.A.REY'S

Grades 34 - Designing a hot air balloon thawill rise into the air slowly

Disciplinary Area: STEM (Physical Science)

Unit: Structures, speed & acceleration, gravity, weight
Standards:

Common Core State Standards for Mathematics

Measurement and Data
U Measure and estimatiengths in standard units
U Relate addition and subtraction to length.
U Represent and interpret data.
Geometry
U Reason with shapes and their attributes

Standards for Technological Literacy
Students will develop an understanding of Engineering Design:

The role of troubleshooting

Research and development

Invention and innovation

Experimentation in problersolving

Everyone can design solutions to a problem.

Design is a creative process.

The design process is a purposeful method of planning a practicéibsaio a problem.

[l et el et A et A et B @]
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Arkansas Science Curricular FramewofR#iysical Science):

U Students shall demonstrate and apply knowledge of motion and forces using
appropriate safety procedures, equipment, and technology.

Big Ideas:

U The engineering design process includes identifying a problem, looking for ideas,
developing solutions, and sharing solutions with others.

U Expressing ideas to others verbally and through sketches and models is an important
part of the design process.

Literature Connectiond / dzNA 2dza DS2NHS FyR GKS 120 ! ANJ

[

The Problem (scenario): dzNA 2 dz2i DS2NHS Q& K2dG FANJoOolIff22y NR

to get off!
Essential QuestionCan you design a hot aialtoon that will rise slowly?
Content Information:

Ahot air balloonis a lighterthan-air craft in which air or gas heated by a flame is trapped in a
large fabric or other materials bag. Thet air balloonis the oldest successful humaarrying
flight technology. A hot air balloon consists of a bag called the envelope that is capable of
containing heated air. Suspended beneath is the gondola or wicker basket (in some long
distance or higkaltitude balloons a capsule) which carries the passengers and (usually) a
source of heat, usually an open flame. The heated air inside the envelope makes it buoyant
since it has a lower density than the relatively cold air outside the envelope. Unlike gas
balloons, the emelope does not have to be sealed at the bottom since the air near the bottom
of the envelope is at the same pressure as the surrounding air. In today's sport balloons the
envelope is generally made from nylon fabric and the mouth of the balloon (clasést t

burner flame) is made from fire resistant materialikipedia).

Design Challenge (Deliverables):

You will work with a team of two to four aeronauts. Your team will design and build a model of
I K24 FANJI ok ff 22y dza Ay Wheh héballddnsiageNdnipletéd, eBcNE Y

team will test its balloon to see how high it will fly in 15 seconds. A hairdryer will be used as the

source of hot air.
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Parameters:

Your completed Hot Air Balloon must:

Be designed using the engineering desigrdel

.S oftS G2 aFteé¢ F2NI mp aSO2yRa

Include a completed Design Loop worksheet

Use only materials from the Hot Air Balloon store

Must not use more than 15 Balloon Credits to purchase supplies from the Balloon Store

Materials/Resourcegfor balloon storé:

Ketchup cups (from fast food restaurant)
Berry baskets (grocery store)

Small Dixie cups

Construction paper

Helium Balloons (Small and Medium)
Kite string

Fishing line

Heavy duty thread

Masking tape

Cellophane tape

Scissors

Hole punch

Paper clips

Straws

Popsicle sticks

Toothpicks

Small dried beans
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Balloon Credits
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Can a Hot Air Balloon be a Tortoise?

MARGRET & H.A.REY'S

Cuwviows George

Today you will read a story about Curious George and his adventure in a hot air balloon.

You will learn about hot alalloons, gravity, and weight and force while designing and constructing your own
hot air balloon.

Can you design a hot air balloon that mog&swly(rises) like a tortoise, so Curious George can get off before
he gets too high?

People who fly hot aiballoons are known as aeronauts. You will be on a team with other aeronauts. You and
your team will brainstorm different solutions to create a hot air balloon for Curious George.

Your team must follow these rules:

1. Your design must follow the Design Loop.
2., 2dz2NJ K234 FANJolff22y Ydzad oS lFoftS (G2 aFftee T2
3. Only materials from the Hot Air Balloon Store can be used
to construct your model.
4. The Design Loop worksheets must be included with your

model presentation.



_ COLLECTION SFEM DESIGN CHALLENGES

The Design LooporElementary Grades (K)

1.1 a1 GKS &addzRSyida a2KFG Aa GKS LINRPofSYK 2KFG |

2. Have a class discussion on ideas. Have students work in groups to brainstorm ideas. Tell them to use
variety of resources: computer, library. Asking others questions, etc.

3. Tell each group to choose what they think is the best solution for the prolbiawve student draw a
sketch or blueprint of their solution. Ask students to think about these questions:

A. What will you need to build or create your solution?
B. How will you build it?
C. What prokems or difficulties might you have?

4. Test your solution. Student will test their prototype.

5. Review your solution. Have students think about the results of their test.
a. Was it the best solution?
b. What could they do differently?
c. Can theyadd something or change something to make it better?

6. Present the problem and your solution. Have each group do a class presentation of their solution and
the results.
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Team Name

Members:

6%

@
1. What is the problem?State the problem iryour own words
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2.. NI Ay a2 Nl Dagdr deschesgiie Xossible solutions.
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) 3. Choose the solution you think is best.
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4. Test your Solution.

Did you use only the materials provided?

Did you test your balloon for 15 seconds?

YES

YES

NO

NO
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5. Evaluate your solution

Was it the best solution?

Would one of your other ideas have been better? Why or why not?

What would you have done differently?
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Could yan add to it to or take away from it to make it better? What would you add/take away?
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Hot Alr £ loon Store

1 Credit Items 2 Credit Items 3 Credit Items
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