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IN A WORLD INCREASINGLY DEPENDENT 

ON TECHNOLOGY-where new ideas 

and tools pervade our personal and 

civic lives and where important choices 

hinge on our knowledge of how things 

and people work-the imperative 

that all students should learn to under

stand and use technology well should 

be obvious. Yet in the American 

curriculum, still overstuffed with 

tradition and trivia, there is little room 

in the day for learning and teaching 

about important ideas from technology 

and very few resources for educators 

who want to engage their students 

in learning for the 21st century. 

Stuff That Works! is a ground

breaking curriculum. It provides a set 

of carefully chosen and designed 

activities that will engage elementary 

students with the core ideas and 

processes of technology (or engineering, 

if you prefer). Elementary school 

is the ideal place to begin learning 

about technology. It is a time in 

students' development when they are 

ready and eager to take on concrete 

rather than abstract ideas. The 

concepts and skills presented in 

Stuff That Works! will support more 

advanced learning in mathematics, 

science, and technology as students 

move up through the grades. 

But there is much more to Stuff 

That Works! than a set of activities. 

As a matter of fact, the activities make 

up less than a third of the pages. 

Stuff That Works! also includes help

ful resources for the teacher such as 

clear discussions of the important ideas 

and skills from technology that their 

students should be learning; stories 

of how the materials have been used in 

real classrooms; suggestions for 

outside reading; guidance for assessing 

how well their students are doing; 

and tips on implementation. I hope 

teachers will take time to make full 

use of these valuable resources as they 

use Stuff That Works! If they do, 

they can help their students take the 

first, critical steps towards 

technological literacy and success in 

and beyond school. 

George D. Nelson, Director 

American Association for 

the Advancement of Science (AAAS) 

Project 2061 
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"fuat Is Technology? 

Stuff That Works! Packaging and 

Other Structures will introduce you 

to a novel and very engaging 

approach to the study of technology 

at the elementary school level. In 

education today, the word technology 

is most often associated with learning 

how to use computers, and that is 

certainly important. But learning 

how to use a particular kind of 

technology is not the same thing as 

learning how and why the technology 

works. Children learn about 

computers as users rather than as 

students of how computers work or 

of how to design them. In fact, 

computer analysis and design require 

technical knowledge that is beyond 

most adults, let alone elementary-aged 

children. Fortunately, there are 

many other examples of technology 

that are much more accessible than 

computers and that present many 

of the same issues as computers and 

other "high-tech" devices. 

The purpose of technology is to 

solve practical problems by means of 

devices, systems, procedures, and 

environments that improve people's 

lives in one way or another. 

Understood this way, a computer is 

no more an example of technology 

than ... 

• the cardboard box it was 

shipped in, 

• the arrangement of the 

computer and its peripherals 

on the table, 

• the symbol next to the 

printer's ON/OFF switch, 

• or the ballpoint pen the printer 

replaces as a writing device. 

A box, a plan for the use of 

table space, an ON/OFF symbol, 

and a pen are examples of 

technologies you and your students 

will explore in this and the other 

Stuff That Works! guides. 

The Stuff That Works! 

approach is based on artifacts and 

systems that are all around us 

and available for free or at very low 

cost. You need not be a technical 

guru or rich in resources to engage 

yourself and your students in 

technology. The materials needed 

for Packaging and Other Structures 

are nearly all discarded items such 

as empty bottles, boxes, and bags; 

cushioning materials such as 

Styrofoam and bubble wrap, plus a 

few common school supplies such 

as blocks, tape, and glue. 

Introduction 
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"'\\1,y Study Technology in Elementary School? 

Below is a graphic summary of 

the process of "doing" technology as 

we present it in this book. The study 

of technology challenges students 

to identify and solve problems, build 

understanding, develop and apply 

competence and knowledge in a 

variety of processes and content areas, 

including science, mathematics, 

language arts, and social interaction. 

Collect Examples 

Sort the Examples 

Analyze Selected 
Examples 

Design Process 

Starting From 
an Existing Design 

The teachers who field-tested these materials underscored that these activities 

helped their students to: 

• observe and describe phenomena in detail; 

• explore real objects and situations by creating models and other representations; 

• identify salient aspects of problems; 

• solve authentic problems; 

• use evidence-based reasoning; 

• apply the scientific method; 

• ask thoughtful questions (beyond the yes or no variety); 

• communicate in oral, written, and graphic form; 

• collaborate effectively with others. 

Brainstorming 
Session 

Modeling 

Scavenger 
hunt 

Infer 
purpose 

Redesign 

, Divide into 
components 

Repair Re-use 
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Educational Goals for 
Packaging and Other Structures 
Packaging and Other Structures explores 

how bags, boxes, cartons, and bottles 

work to contain, protect, dispense, 

and display products. All kinds of 

packaging materials are examples 

of structures, which are technologies 

designed to support mechanical 

loads. The content and activities in 

this book will help you to meet the 

following educational goals: 

• Develop fundamental themes of systems, material properties, 

spatial relationships, and trade-offs; 

• Motivate and illustrate concepts of force, structure, load and failure; 

compression, tension, and shear; repair, redesign, and re-use; 

• Demystify common artifacts, and by extension, technology in general; 

• Develop process skills in observation, classification, generalization, 

prediction, control of variables, design, and evaluation; 

• Provide rich opportunities for group work; 

• Develop environmental awareness. 

How This Guide Is Organized 
Each Stuff That Works! guide is 

organized into the following chapters. 

Chapter 1. Appetizers suggests 

some things you can do for yourself, to 

become familiar with the topic. You 

can do these activities at home, using 

only found materials. They will help 

you to recognize some of the technology 

that is all around you, and offer ways 

of making sense of it. 

Chapter 2. Concepts develops the 

main ideas that can be taught for and 

through the topic. These include ideas 

from science, math, social studies, and 

art, as well as technology. It also 

reviews what is known from relevant 

cognitive research. 

Chapter 3. Activities contains a 

variety of classroom projects and units 

related to the topic, including those 

referred to in Chapter 4. Each activity 

includes prerequisites, goals, skills and 

concepts; materials, references to 

standards and teacher tips; and sample 

worksheets. 

Chapter 4. Stories presents 

teachers' narratives about what 

happened in their own classrooms. 

Their accounts include photos, 

samples of children's work and 

children's dialog. Commentary by 

project staff connects the teachers' 

accounts with the concepts 

developed in Chapter 2. 

Chapter 5. Resources provides a 

framework supporting the implemen

tation of the activities. It includes an 

annotated bibliography of children's 

literature and a discussion of assessment 

principles and opportunities. 

Chapter 6. About Standards shows 

how the activities and ideas in this 

book address national standards 

in technology, science, math, and 

English language arts (ELA). 

Introduction 3 
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How to Use This Guide 

Different teachers will obviously come 

to this book with different needs and 

objectives. However, regardless of your 

background, instructional approach, 

and curricular goals, we strongly recom

mend that you begin with Chapter 1, 

"Appetizers." There is simply no better 

way to become acquainted with a 

topic and to understand what your 

students will be facing than to try 

out some of the ideas and activities 

for yourself. Chapter 1 guides you 

through that process. 

The content and approach presented 

in Packaging and Other Structures are 

based on the premise that processes 

of design are central to the practice 

of technology, just as inquiry is the 

central activity of science. While no 

two design problems are the same, 

there are some features that characterize 

any design task: 

• It should solve a problem of 

some sort. 

• It must have more than one 

possible solution. 

• There must be an effort to test 

the design. 

A problem is like a trigger that 

initiates a design process. Often the 

problem is not well-formulated, 

a vague kind of "wouldn't it be nice 

if ... " In making the problem more 

specific, it is often helpful to list some 

criteria the design must address. 

In trying to satisfy these criteria, the 

4 Introduction 

designer is never completely free to 

do whatever he or she wants. There 

are always constraints, which could 

involve cost, safety, ease of use, 

and a host of other considerations. 

Packaging and Other Structures 

presents a number of activities that 

include elements of design, but are 

not full-scale design projects. These 

elements of design are modeling, 

redesign, repair, and re-use. 

• Modeling requires both a very 

close look at the original design and 

its modification to incorporate the use 

of different materials. A lot can be 

learned by observing how the substitu

tion of materials affects the operation 

of the model. Modeling is only one 

kind of design activity that starts with 

an existing solution. 

• Redesign starts with an existing 

but inadequate design. It involves 

analyzing the weaknesses of the 

original design and then figuring out 

how to correct them. 

• Repair is a variant of redesign. 

It takes place after the existing design 

has already failed. Redesign and 

repair projects often use new materials 

or techniques to accomplish the 

original purpose. 

• Re-use is a complementary kind 

of design activity where the original 

materials are used for a new purpose. 

The concepts of redesign, repair, 

and re-use are of particular importance 

in a society that has been widely 

criticized for its wasteful practices. 

These three concepts are considerably 

more accessible than the more 

widely advanced notion of recycling, 

whose full implementation requires 

expensive equipment and specialized 

technical knowledge. 

There is no one way to do design. 

It is a non-linear, messy process that 

typically begins with very incomplete 

information. Additional criteria 

become apparent as the design 

is implemented and tested. New 

constraints appear that were not 

originally evident. It is often necessary 

to backtrack and revise the original 

specifications. Such a messy process 

may seem contrary to the work you 

usually expect to see happening in 

your classroom. However, we encourage 

you to embrace the messiness! It 

will justify itself by improving students' 

competence in reasoning, problem

solving, and ability to communicate 

not only what they are doing but 

also why they are doing it and what 

results they expect. 
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~ Brief History of Stuff That Works! 

The guides in the Stuff That Works! 

series were developed through 

collaboration among three different 

kinds of educators: 

• Two college professors, one from 

the School of Education of City 

College of the City University 

of New York, and the other from 

the City College School of 

Engineering; 

• Two educational researchers from 

the Center for Children and 

Technology of the Education 

Development Center (CCT/ EDC); 

• Thirty New York City elementary 

educators who work in the South 

Bronx, Harlem, and Washington 

Heights. 

This last group included science 

specialists, early childhood educators, 

special education teachers, a math 

specialist, a language arts specialist, 

and regular classroom teachers from 

grades two through seven. In 

teaching experience, they ranged from 

first-year teachers to veterans with 

more than 20 years in the classroom. 

During the 1997-98 and 1998-99 

academic years, the teachers participat

ed in workshops that engaged them 

in sample activities and also provided 

opportunities for sharing and discus

sion of classroom experiences. The 

workshop activities then became the 

basis for classroom implementation. 

The teachers were encouraged to 

modify the workshop activities and 

extend them in accordance with their 

own teaching situations, their ideas, 

and their children's interests. 

The teachers, project staff, and 

the research team collaborated to 

develop a format for documenting 

classroom outcomes in the form 

of portfolios. These portfolios included 

the following items: 

• lesson worksheets describing the 

activities and units implemented 

in the classroom, including 

materials used, teacher tips and 

strategies, and assessment methods; 

• narrative descriptions of what 

actually happened in the classroom; 

• samples of students' work, including 

writing, maps and drawings, and 

dialogue; and 

• the teachers' own reflections on 

the activities. 

The lesson worksheets became the 

basis for the Activities (Chapter 3) of 

each guide. The narratives, samples of 

student work, and teacher reflections 

formed the core of the Stories 

(Chapter 4). At the end of the two 

years of curriculum development and 

pilot testing, the project produced five 

guides in draft form. 

During the 1999-2000 academic 

year, the five draft guides were field

tested at five sites, including 

two in New York City, one suburban 

New York site, and one each in 

Michigan and Nevada. To prepare for 

the field tests, two staff developers 

from each site attended a one-week 

summer institute, to familiarize 

themselves with the guides and engage 

in sample workshop activities. During 

the subsequent academic year, the 

staff developers carried out workshops 

at their home sites to introduce the 

guides to teachers in their regions. 

These workshops lasted from two to 

three hours per topic. From among 

the workshop participants, the staff 

developers recruited teachers to field

test the Stuff That Works! activities 

in their own classrooms and to 

evaluate the guides. Data from these 

field tests then became the basis for 

major revisions that are reflected in 

the current versions of all five guides. 

Introduction 5 
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he worst thing about empty 

packages and containers is 

also the best thing: they 

are everywhere. Discarded packages can 

be fascinating and instructive, and are 

often full of mysteries. To start exploring 

packaging, just look around for some. 

Look in the garbage, the basement, 

the street, the park, and the cafeteria. 

Search for interesting jars, jugs, bottles, 

bags, and boxes. If computer shipments 

or other large deliveries have been 

made recently, find out where the boxes 

are. Look for cushioning materials as 

well as cartons. 

Packaging & Other Structures 

Scavenger Hunt 1: 
Package Designs 
Let's begin with this scavenger hunt challenge: How many different 

package designs can you find in each of these categories? 

Cardboard Boxes and Cartons 

• Two-piece cartons with telescoping lids-lids that are slightly larger 

than the boxes (Figure 1-1) 

• Folding boxes, which are held together by mechanical tabs and slots, and 

can be unfolded completely (Figure 1-2) 

• "Gabletop" containers, commonly used for milk and juice, that open 

and reseal (Figure 1-3) 

• Boxes that incorporate dispensers, such as Kleenex boxes (Figure 1-4) 

• Boxes of unusual geometry, such as cylindrical, heart-shaped, triangular, 

trapezoidal, hexagonal, and octagonal boxes (Figure 1-5) 

• Boxes that both contain and display the product (Figure 1-6) 

• Boxes that include a pour spout (Figure 1-7) 

• Pizza boxes of various designs 

Chapter 1 I Appetizers 7 
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Juice 

8 Appetizers I Chapter 1 
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Plastic Containers 

• Card-mounted "blister packs" that use both cardboard and plastic (Figure 1-8) 

• Take-out food containers (Figure 1-9) 

• Plastic boxes that keep the product wet or dry (Figure 1-10) 

1 0 Appetizers I Chapter 1 



Packaging Material Found Inside Boxes 

• Materials used to make compartments, 

such as slotted cardboard partitions, 

plastic cookie trays, cardboard spacers, 

etc. (Figure 1-9) 

• Materials used for cushioning, such 

as bubble wrap, peanuts, Styrofoam 

inserts, foam rubber, crepe paper, etc. 

(Figure 1-11) 

Packaging & Other Structures 
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Bottles and Their Lids 
• Different methods of child-proofing 

pharmaceutical items, including 

"push-then turn," "squeeze-then-turn," 

and "line-up-the-arrows" (Figure 1-12) 

• Decorative glass and plastic bottles 

for perfumes and cosmetic items 

12 Appetizers I Chapter 1 

• Plastic bottles for cleaning fluids, • Pump dispensers (Figure 1-14) 

with molded built-in handles • Spray dispensers (Figure 1-15) 

• Shampoo containers of different types • Dispensing methods other than 

• Squeeze bottles with different squeeze, pump, and spray, 

closure methods, such as dishwashing such as roll-ons, "stick" dispensers, 

soap "push-pull" tops, hinged tops, eyedroppers, brushes, daubers, etc. 

and "flip spouts" (Figure 1-13) 



Bags and Envelopes 

• Shopping bags with the handles 

attached in different ways, such as 

cutouts, glued handles, glued patches 

holding handles, slots for string 

handles, etc. (Figure 1-16) 

• Envelopes made in different ways 

• Multi-layer bags, such as cellophane 

snack food bags with metallized layers 

• Reclosable food bags with different 

closure methods, such as tab-in-pocket, 

zippers, and metal ties 

Examining Your Collection 

As you look carefully at interesting 

examples of packaging, you will 

probably begin asking yourself questions 

like these: 

• What type of cushioning is most 

effective for a particular product? 

• Which pump or spray dispenser 

works best? 

• What type of shopping bag or 

grocery bag is really the strongest? 

These are all questions you can 

answer for yourself, as we shall see. 

There are a host of other questions 

that can help you organize and 

build your packaging collection: 

• What set of problems was 

this package designed to solve? 

• How was this package made? 

• Why was one material used 

and not another? 

• How well does it work 

for its purpose, compared with 

other designs? 

• What else could this package 

or container be used for? 

• How do the properties of 

the package match up with the 

properties of the product? 

This last question is a subtle one. 

For example, spray dispensers and roll-ons 

Packaging & Other Structures 

are suited for thin, watery liquids; 

pump dispensers, for thick, viscous 

liquids; and stick dispensers, for waxy 

solids. What other kinds of correspon

dence can you find? At the end of the 

next chapter, we will help you with 

some of these issues by providing 

some of the technical background on 

packaging materials. In the meantime, 

we hope you will consider some of 

these issues for yourself Above all, we 

urge you to look carefully at all of the 

packaging you come across. 

Chapter 1 I Appetizers 1 3 
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Scavenger Hunt 2: 
Everyday Packaging Problems 

Once you start, you will quickly 

accumulate a substantial collection 

of packages. You may also run out of 

space. Don't worry. This second 

scavenger hunt requires no space 

at all, except for a piece of paper. Use it 

to make a list of "everyday packaging 

problems"-the kind that crop 

up as nuisances in daily life. Here 

are some examples: 

• How can I send these fragile 

objects through the mail? 

• Which shopping bag should I use 

to take out the garbage? 

• How am I going to get these 

heavy books to school? What if 

it starts raining on the way? 

• How can I transport the 

food I just cooked without getting 

burned or without it leaking? 

Packaging Mystery Challenges 

Here are some "packaging puzzles" 

for you to solve. Some of them require 

that you work with a partner. 

1. What was in this box? 
Separately, you and your partner 

should each assemble a collection 

of interesting boxes of roughly 

equal size along with their contents. 

Remove all the contents and put 

the contents in one area and the 

packages in another. If the packages 

have identifying information, cover 

it over with dark paper or tape. 

The other person tries to match the 

contents with the package. 

2. How was the cushioning 
material arranged? 
Find a box with interesting 

cushioning material, such as the 

one in Figure 1-17. Remove 

the contents of the box and spread 

14 Appetizers I Chapter 1 

the cushioning material out on a 

table. Your partner has to figure 

out how the cushioning material 

was arranged in the box. 

• This broken box is the only one 

I have left. How can I repair it? 

• Is double bagging really necessary? 

Some questions will be easy to 

answer just by looking at the packages 

in your collection. Others will 

require further investigation. Keep your 

list handy for future use. It can be a 

starting point for your work on 

packaging with children. 



3. What would this closed 
box look like open? 
From your collection, select a 

cardboard box that is folded into 

shape and held together without 

glue or tape, such as the one shown 

in Figure 1-18. Sketch what you 

think it would look like completely 

unfolded and laid out flat. (The 

answer for the box in Figure 1-18 

is shown in Figure 1-19.) You 

can also play this game in reverse. 

Starting with an unfolded box, 

try to predict what the box would 

look like folded into shape. 

Packaging & Other Structures 
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4. What does the information 
in the "box certificate" 
mean? Most cartons made of 

corrugated cardboard have a 

little certificate printed somewhere 

on them. An example is shown 

in Figure 1-20. Do all of these 

certificates carry the same kind 

of information? What in the world 

does this information mean? 

5. What do the recycling 
numbers mean? 
Except for some soda bottles, 

nearly all plastic containers have 

a recycling number on them. 

The number is impressed inside 

a little triangle, usually on the 

bottom of the container. 

How many different numbers 

are used? What does each 

number mean? Why don't soda 

bottles usually have them? 

16 Appetizers I Chapter 1 

6. Why are aluminum soda 
cans shaped like that? 
Why do they have that dome on 

the bottom, and why does the 

circumference get smaller at the top, 

compared with the rest of the can? 

7. Can you think of a better 
way to package compact 
discs (CDs)?. 
If you've bought one recently and 

had difficulty opening it or if you've 

ever had one of the hinges snap 

on you, it should be pretty easy to 

come up with a better design. 

Questions 4, 5, and 6 are 

dealt with in detail in Appendix A. 

But first try to figure them out 

for yourselfl 

1-20: A box certificate from 
a cardboard carton 

J. cERTIF/c.A 
0,.. THfS ,, }': 
~ OOUBLEWALL ~ 

BOX MEETS ALL CONSTRUCTION 
REQUIREMENTS OF APPLICABLE 

FREIGHT CLASSIFICATION 
BURSTING 
TEST 
MJNCOMB 
WT FACINGS 

150 
77 
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mat Are Structures? 

Structures in Your Living Room, 
Kitchen, Bathroom, and Closet 

In Chapter 1, we examined a wide variety of packaging materials, including 

boxes, bags, and bottles. Each of these is an example of a structure. Very simply, a 

structure is anything designed to hold something up or down, in or out, together 

or apart. Often people think of structures as very large things, such as bridges, 

buildings, and towers, but there are lots of structures that are much smaller, easier 

to understand, and more convenient to study. Discarded packaging materials 

are readily available and free! In this chapter, we deal first with the more general 

subject of structures, and then return to packaging as a particularly familiar 

and interesting category of the larger topic. We'll begin by looking for structures 

everywhere, just as we began by looking for packaging. 

Here are some examples of structures you can find in your home: 

• Cups, drinking glasses, plates, 

and bowls 

• Luggage 

• Furniture 

• Picture frames 

• Shoes 

• Hooks 

• Hangers 

• Bars for holding shower curtains, 

towels, hangers, etc. 

• Clotheslines 

• Tripods and easels 

• Light fixtures 

• Umbrellas 

• Pipes 

• Ladders and step stools 

• Pots and pans 

• Cardboard tubes found inside 

toilet-paper and paper-towel rolls 

• Anything held together with 

tape, glue, or string 

• Anything that has been sewn, 

stitched, woven, braided, knitted, 

or knotted 
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Structures 
in Nature 

Humans created all of the structures 

listed above, but we are not the only 

creatures that make structures. Some 

structures made by animals include: 

• Hives 

• Nests 

• Spider webs 

·Anthills 

• Beaver dams 

• Burrows 

• Dens and lairs 

•Molehills 

• Coral reefs 

• Cocoons 

Plants and animals are themselves 

made of structures, and every organism 

has a long list of structural problems to 

contend with. A tree, an eggshell, and a 

fruit are examples of structures. Our 

own bodies are held up by a complex 

assortment of structural parts. Some of 

the structural elements in the human 

body include: 

• Bones 

• Muscles 

• Tendons 

• Ligaments 

• Blood vessels 

• Skin 

• Teeth 

• Nails 

• Cell walls 
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iJumpty Dumpty, and Other Tales 
of Structural Failure 

How is it that there are so many structures within and around us, but that 

normally escape our notice? By definition, a structure is something that 

supports a load. To paraphrase a line from a movie, when a structure does its 

job, nobody even notices; but when it fails, there's a big mess! Many structures 

are not supposed to move at all, for example, light fixtures, hooks, and towel 

racks. Other structures are allowed to move, but only as a complete unit. 

If you move a chair from one side of the room to the other, it remains intact 

as a structure. Once the seat gives way, the back comes loose, or one of the 

legs breaks in half, the structure is no longer effective. 

Folding structures, such as folding chairs and umbrellas, are special cases. 

Here, the parts of the structure are supposed to move, but only in a controlled 

way, and only when the structure is deliberately being folded and unfolded. 

At these times, the device is operating as a mechanism, not a structure. When 

someone is sitting on the chair or standing under the umbrella, the parts 

should not move. Under these circumstances, it is functioning as a structure. 

The fact that the parts are not supposed to move is what makes structures 

difficult to analyze. A structure is composed of parts, just like a mechanism, 

but it is hard to see where one part ends and the next one begins, because they 

are not supposed to be "moving parts." When they do move, the structure is 

said to have failed. Structures become much easier to analyze and understand 

after they have failed because then you can see some of the parts and how 

they were once connected. 

Structural failure must be of great interest to young children, because, as 

Petroski (1992) points out, many nursery rhymes deal with structure problems. 

These include Humpty Dumpty's mishap, Jack's accident descending the hill, 

Rock-a-Bye-Baby's fall, and the collapse of London Bridge. Adults are also 

intrigued by the failure of structures, although they would prefer them not to 

be close by. Much of the enjoyment of action movies, wild-ride documentaries, 

and slapstick comedies comes from watching cars, planes, buildings, and 

furniture undergo structural failure. 
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How Structures Work 

Saved by the 
Stretch 

When a structure fails, it is no longer 

able to resist the forces that are "trying" 

to make it give way. These forces 

are called loads. They include gravity, 

wind, earthquakes, people pushing 

or pulling, and impacts from other 

objects. A structure has to "fight back" 

against the loads that are working 

to make it fail. How does it do this? 

Let's begin with a very simple 

structure. Take a rubber band, the 

longest you can find, and loop one 

end around your finger. Dangle 

a moderately heavy object, such as a 

stapler, from the other end (Figure 2-1). 

The rubber band will probably stretch 

a little bit, but more than likely, it 

will hold the stapler suspended. How 

does it do this? 

The arrows at the right side of 

Figure 2-1 illustrate how. The downward 

arrow represents the force of gravity 

on the stapler. The rubber band is 

the structure; the force of gravity on 

the stapler is the load, represented by 

the downward arrow. This is the force 

responsible for stretching the rubber 

band. As the rubber band gets longer, 

it resists, pulling back. This "pulling 

back" is also a force; it is shown by the 

arrow pointing upward in Figure 2-1, 

labeled "Springiness." As the rubber 

band stretches more and more, the 

2-1: Suspending a stapler by a rubber band 

I "Springiness" of rubber band 

t Weight of stapler 

"springiness" becomes greater and 

greater, until it exactly cancels the 

load due to gravity. At this point, 

the "tug-of-war" is a draw, the stapler 

comes to rest, and is said to have 

reached equilibrium. 

Where does "springiness" come 

from? Anything we call "a solid" has 

fairly strong bonds between the atoms, 

which allow it to resist loads far better 

than a liquid or a gas. A rubber band 

resists being stretched because the 

atoms attract one another, and try to 

restore the material to its original 

shape. This "restoring force" is what 

"fights" the load, and makes a structure 

possible. You can actually see a rubber 

band stretch, but most materials do not 

lengthen enough for the change to be 

visible. However, every material does 

actually get slightly longer when 

pulled, whether it is made of string, 

rope, or steel cable. 

Loading something by pulling on 

it is called tension, which comes from 

the same root as "extend." Simple 

structures that work in tension are 

called ties. Some common examples 

of ties are fishing line, shower-curtain 

rings, luggage straps, yo-yo strings, 

ceiling fixtures, and elevator cables. 

A common experience with many ties 

is that they come loose at the points 

of attachment. This happens, for 

example, when a luggage strap tears 

away from itself near the little clip 

that is attached to the bag (Figure 2-2). 
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Stacks Are 
Structures 

Someplace in your house or classroom, 

you can probably find a pile of things, 

such as books, papers, CD's, blocks, or 

boxes. A stack of things is a very simple 

kind of structure, in which the items 

near the top are held up by the ones 

lower down. Figure 2-3 shows the 

simplest possible stack, where block A 

is sitting on top of block B. 

Notice from the diagram that block 

B is slightly shorter and wider than 

block A. Before they were stacked, 

block B looked exactly like block A, 

but putting a block on top of it made 

B very slightly shorter and wider. In 

other words, B is compressed by the 

weight of A above it. The change in 

shape of B is exaggerated in the drawing, 

unless B is made of something really 

flexible, like foam rubber or Jell-0. 

Most materials would be deformed 

much less than this, but every material 

gets compressed at least a tiny bit, even 

if it is really stiff, like steel, concrete, 

or stone. 

In this example, block B is the 

structure, and block A is the load. 

As a result of being compressed like 

a spring, block B tries to return to 

its original position. In doing so, it 

pushes back up on block A. When the 

upward-pointing "springiness" exactly 

balances the downward-pointing load, 

the two forces cancel, and the system 

is in equilibrium. The block on the 
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2-3: One block supporting another 

--------· A ---------

--------- B ·---------

bottom is loaded in compression, 

because the load compresses it slightly. 

As in tension loading, the forces inside 

the structure work to resist the change 

from its normal shape. In the rubber 

band, the forces came from the attraction 

among atoms being pulled too far 

apart. In compression, the atoms are 

being pushed too close together, and 

their pushing back apart is what makes 

the structure work. 

i Weight of A 

t11Springiness11 of B 

Stacking is not the most efficient 

or reliable way to make a compression 

structure. For one thing, the items have 

to have fairly flat tops and bottoms, 

or the whole structure may topple. 

Also, stacking may not provide much 

resistance against a push from the side. 

Worse yet, stacking does not use 

material efficiently. A chair, for example, 

could be made by stacking material all 

the way from the seat down to the 



floor, as shown on the left side of 

Figure 2-4. However, most chairs don't 

use this type of design. Instead, they 

use only four legs to support the load, 

as shown on the right side of Figure 2-4, 

and eliminate the rest of the material 

within the dashed lines. The four legs 

can provide enough resistance in com

pression, but with much less material. 

Simple compression elements, such 

as chair legs, are called struts. Other 

examples of compression elements are 

the central pole of an umbrella, the legs 

of a tripod or easel, the vertical parts 

of a bicycle frame, the side pieces of a 

bookshelf or ladder, columns in a build

ing, and the pole of a floor lamp or fan. 

Some structures can be supported using 

either struts or ties. Figure 2-5 shows 

an example. The left side shows a side 

view of a shelf, supported from below 

by a strut. On the right side, a similar 

shelf is suspended from a tie. The arrows 

show the forces of compression in the 

strut and tension in the tie. Which 

method-struts or ties-works better? 

Ties have the disadvantage of requiring 

special connections to other parts of 

the structure, while struts are at least 

partly self-supporting, thanks to gravity. 

Furthermore, ties don't usually create 

as rigid a structure as struts. In 

Figure 2-5, the suspended shelf on the 

right could fold upwards slightly, while 

the strut-supported shelf on the right 

has much less room for movement. 

On the other hand, struts also have 

their disadvantages. The taller a strut 

is, the wider it has to be to avoid the 
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2-4: A chair made by stacking (left) and using legs (right) 

Chair made 
by stacking 

Chair supported 
by legs 

2-5: A shelf can be supported by a strut (left) or a tie (right) 

Shelf supported 
by strut 

chance of buckling, as we shall see. The 

trunks of tall trees have much larger 

diameters than short ones. Ties don't 

have this problem. A piece of string, 

fishing line, wire, chain, or spider web 

Shelf supported 
by tie 

material will support the same amount 

of weight regardless of how long it is. 

Vogel (1998) points out that nature 

tends to prefer ties, while human design

ers are more likely to go with struts. 
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Giving Shear Its Due 

Most discussions of structures emphasize 

tension and compression, which are 

the two fundamental forms of loading. 

However, there is another kind of 

loading that is often more important, 

particularly in daily life. 

Begin to cut a piece of paper with 

a pair of scissors. Now look at the two 

scissor blades head on (Figure 2-6). 

Note, first of all, the inclined plane cut 

into the each of the blades. These are 

simple machines, which are designed to 

reduce the amount of force needed 

to make the cut. (See Stuff That Works!, 

Mechanisms and Other Systems.) 

Next, notice how the blades move, 

as shown by the two arrows in the 

diagram. At first sight, this looks like 

compression, because the blades are 

moving towards each other. However, 

compression would not result in cutting 

the paper. Note that the arrows don't 

point towards each other, as they would 

have to in compression. The upper 

blade moves down somewhat to the 

left of where the lower blade moves up. 

This combination is called shear, which 

is easy to remember because "shears" is 

just another word for scissors. When 

you use a pair of scissors to cut a piece of 

paper, you are applying a shear load that 

is more than the paper can resist. If 

the paper could resist the load, it would 

stay intact. Tearing is another way to 

overcome the paper's shear resistance. 

Many structures have to support 

loads in shear, and therefore 

need to be able to resist shear. How do 
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2-6: Scissors poised to cut paper 

upper blade 

lower blade 

If not, simply press the 

tape more firmly, or 

reposition it so more 

2-7: Two ways to lift a stapler with a piece of tape 

of its surface is in contact 

with the stapler. Next, 

place the stapler on a 

table, so it is lying on the 

side opposite the tape, as 

shown on the right side 

of Figure 2-7. Again, try 

tape 

l stapler 

Tape adhesive 
in shear 

stapler 

Tape adhesive 
in tension 

shear resistance and tension resistance 

compare? Here is an experiment you 

can do, using a little tape and a stapler, 

or a similar object of about the same 

weight, to compare the shear and 

tension resistance of a piece of tape. 

Cut a piece of masking tape or 

cellophane tape about six inches long. 

Press a few inches of the tape firmly 

on the flat side of the stapler, leaving 

a few inches of tape extending beyond 

it. Now hold the free end of the tape 

vertically, and lift the stapler with it, as 

shown on the left side of Figure 2-7. 

The tape will likely support the stapler. 

tape 

to lift the stapler with 

the tape. More than likely, 

the tape will pull off, 

leaving the stapler behind. 

Why? A piece of tape 

is simply a strip of paper 

with an adhesive on one 

side. In Figure 2-7, the 

heavy black line represents 

the adhesive. In the first 

part of the experiment, 

the pull on the tape, 

represented by the 

upward-pointing arrow, 

is to the left of the downward-pointing 

arrow that symbolizes the weight of the 

stapler. As with the scissors, the two 

forces are not aligned. They operate on 

the left and right sides of the adhesive 

coating of the tape, which is therefore 

loaded in shear. The tape holds because 

the adhesive has good shear resistance. 

Now, let's look at what happened 

in the second part of the experiment. 

The force up on the adhesive was 

directly above the downward weight 

of part of the stapler, as shown on 

the right side of Figure 2-7. This time, 

the adhesive was loaded in tension, 



which it cannot resist very well, and 

it gave way. As a result, the tape lifted 

off the stapler because the adhesive 

couldn't resist the tension. 

In discussing ties, we noted that 

one disadvantage of these structures 

is the problem of making secure 

attachments. Ties don't usually fail in 

tension, because strings, ropes, chains, 

straps, and wires are pretty strong. 

They usually separate at the points of 

attachment, and shear is nearly always 

the culprit. The luggage strap in Figure 

2-2, for example, didn't fail in tension. 

The strap was originally looped around 

the clip, and then sewn to itself, as 

shown in Figure 2-8. When the weight 

of the bag was too great, this pulled 

down on the short end of the strap; 

meanwhile the long end was held in 

place by someone's shoulder. This 

combination set up shear forces on 

either side of the stitched attachment, 

shown by the heavy arrows. These 

shear forces made the strap separate 

from itself at the stitching. 

Shear is at its worst where a part 

protrudes from the main body, as 

in the hinges of a CD case; or where a 

protruding part is attached to a flat 

base, as with a car's side view mirror. 

Shear failure accounts for many 

annoying little problems: 

2-8: Detail showing shear failure of shoulder bag strap 

clip 
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• Broken hinges of CD cases 

(Figure 2-9) 

• Broken handles of pots, pans, 

cups, and pitchers 

• Buttons and snaps that pop off 

clothing because the thread unravels 

• Wires and cables that pull out 

of computers, stereos, and other 

electronic gear 

• Knobs that pull off their shafts 

• Side-view mirrors that come 

off cars 

• Door stops that separate from 

the wall 

• Shoelaces that tear out the side of 

the shoelace hole (Figure 2-10), etc. 

Chapter 2 I Concepts 25 



Packaging & Other Structures 

Common demonstrations of tension 

and compression involve two people 

supporting each other in two different 

ways. In the demonstration of compres

sion, the two lean towards one another 

and support each other by pushing their 

palms together (Figure 2-11). If you do 

this experiment with another person, try 

to pick someone roughly the same size 

as you. As you lean together, you will 

feel the compressive forces in your arms. 

The other demonstration, used as 

an example of tension, has the two 

people leaning away from each other 

and supporting one another by pulling 

on one another's hands (Figure 2-12). 

Again, you should do this with some

one roughly the same size. This one is a 

little trickier, so lean back slowly until 

you are both sure of your footing. Sure 

enough, when you are in position, you 

can clearly feel the tension in your arms. 

However, the demonstration in 

Figure 2-12 actually involves more 

than tension. As with all tension struc

tures, there has to be a point of attach

ment, which is loaded in shear. In the 

demonstration shown in Figure 2-12, 

the attachment point is where the two 

hands meet. The hands are attached 

by having each person curl his or her 

fingers around the other person's, 

as shown in Figure 2-13. As they lean 

back, not only do they feel tension 

in their arms, but also a force in each 

hand that is trying to unravel the 

fingers. As the photograph shows, this 

force is a shear force. The so-called 

"tension demonstration" is really a 

demonstration of shear as well as tension. 
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Fascinating 
Fasteners 

Some of the most important parts of 

structures are fasteners, which are 

devices specially designed to hold parts 

together. Fasteners are widely used for 

packaging, construction, decorating, 

and keeping things organized. The most 

commonly used fasteners for joining 

wood are nails and screws. Wood can 

also be joined using glue. For paper or 

cardboard, some fastener choices are 

thumbtacks, paper clips, and staples. 

Another possibility is to use some kind 

of spring clip, such as a "bulldog" clip, 

the clip found on a clipboard, or the 

"press" clips inside some binders. Other 

binders use loose-leaf rings or spiral

shaped wire. Glue or tape can be used as 

well. Figuring out the best way to keep 

papers together is a structures problem. 

We will focus on how the loose-leaf 

ring, the paper clip, staple, and binder 

clip work to hold papers together. What 

kinds of loading do they resist well or 

not so well? To answer this question, 

suppose you need to join two sheets of 

paper together at one corner. A tension 

load would try to lift the top sheet ver

tically, while shear loading would tend 

to make one page slide horizontally 

over the other (Figure 2-14). 

Now, suppose the two sheets are 

joined by a loose-leaf ring (Figure 2-15, 

left). The ring does not prevent the top 

piece from being lifted off the bottom 

piece. In other words, it offers no resist-

ance to tension. On the other hand, 

it does resist shear loading, because the 

metal binder prevents the pages from 

being shifted sideways very far. The page 

can move horizontally only by tearing, 

which can be a problem with loose-leafs. 

What happens in this case is similar 

to the shoelace tear-out problem 

shown in Figure 2-10. If the paper tears, 

it's because the force exceeds the shear 

strength of the paper itself 
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The situation with the paper clip 

is exactly the opposite. It offers little 

resistance to sliding motion, because 

the top piece could easily slip out from 

under the paper clip; but it would not 

easily permit the top piece to lift right 

off (Figure 2-15, right). The loose-leaf 

ring passes vertically through the 

paper, so it resists horizontal loading. 

The paper clip, on the other hand, has 

horizontal wire loops that prevent 

vertical but not horizontal movement. 

2-14: Two ways of separating two sheets of paper 

~c:::::::;7 =:::::::: ~ 
Loaded in tension i Loaded in shear 

2-15: Two sheets of paper Joined by a ring (left) and a paper clip (right) 

Binder ring Paper clip 
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Next, consider what a staple does. The 

two papers can move neither vertically 

nor horizontally because the staple 

offers resistance against both shear and 

tension. It is sort of like a combination 

of a binder ring and a paper clip, running 

first horizontally, then vertically, and 

then horizontally again. Staples are 

also very cheap. Their major drawback 

is that they require a special tool 

(a stapler) to insert them and form 

them into their remarkable shape. A 

spring clip also provides both kinds 

of resistance, but for a different reason. 

The spring exerts enough force to 

prevent the two sheets from moving 

either vertically or horizontally 

(Figure 2- 16). 

The most common fasteners for 

joining wood are the nail and the 

screw. Suppose a nail joins two boards, 

one on top of the other. Like a loose

leaf ring, its vertical shaft prevents 

sideways motion, and it therefore 

resists shear. However, a nail is fairly 

easy to pull out, so its resistance to 

tension is not so good. A screw, 

on the other hand, permits neither 

horizontal nor vertical movement, 

because the threads prevent it from 

being pulled out easily. Like a 

staple, it resists both tension and shear. 

2-16: Using a staple (left) and a bulldog dip (right) to Join two pages 

Staple Bulldog clip 
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Problems with Shelves, and with Beams in General 

Are you always short of storage space? 

Shelves provide an easy solution to 

many common storage problems, and 

are a very useful kind of structure. If 

you don't have enough storage space, 

you can make your own shelves using 

tape and recycled cardboard (Figure 2-17). 

There are some obvious problems with 

this design, but they can easily be 

fixed. Homemade shelves may not look 

as nice as the manufactured variety, 

but they are easier to repair, and the 

materials are mostly free! 

A structure like a shelf, which is 

held in place at either end, and loaded 

in the middle, is called a beam. Other 

examples of beams include most table

tops, chair seats, ladder rungs, and slats 

for holding up mattresses or bedsprings. 

The loading of a beam combines all 

of the types we have been discussing: 

tension, compression, and shear. 

Let's look at what happened to the 

shelves in Figure 2-17. At A, two 

shelves on the left have broken free of 

their supports. Here is a typical attach

ment problem, in which the original 

tape support has failed. Next, notice 

the shelf on the right (B) that is 

sagging under its load. This shelf is 

supported at both ends, but the weight 

has distorted its shape, especially near 

the middle. This shelf is experiencing 

both tension and compression. 

We'll consider the attachment 

problem first. You can learn a lot about 

attachment issues just by looking at 

some commercially-made shelves to see 

how they are supported. Some common 

attachment methods are: 
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• screws or bolts, passing through 

the vertical side into the shelf, 

as are often found in steel 

shelving units; 

• little brackets that hang the shelf 

from above, by means of slots 

cut into the sides, as exist in some 

storage cabinets; 

• little pins or platforms that rest in 

holes on the sides, and support the 

shelves from below, as in most 

bookcases; 

• one-piece molded construction, 

which forms the shelf out of the 

same piece as the side supports, as 

in most refrigerator door shelves. 

Whatever method is used, the primary 

job of a shelf support is to resist shear, 

hopefully better than the failed supports 

in Figure 2-17. 

Next, we'll turn to the bending 

problem. To clarify what happens to a 

shelf under load, Figure 2-18 shows a 

beam whose bending has been exaggerated. 

There are several things to notice 

about the beam in the diagram. The 

supports experience maximum shear, 

because they have to resist the downward 

weight of the load. Notice also that as 

the beam bends, the part on top is 

forced to become shorter, while that on 

the bottom becomes longer. As a result, 

the upper half is loaded in compression, 

while the bottom half is loaded in 

tension. The maximum tension is along 

the very bottom surface, while the 

maximum compression is along the 

top surface, because those places are 

where the distortion is the greatest. 

Here is a little experiment you can 

do to see how tension and compression 

make beams break. Grasp a small piece 

of wood, such as a craft stick, with 

one end in either hand. Now, push the 

middle with your thumbs until the 

wood breaks. Examine the broken 

halves carefully (Figure 2-19). The side 

your thumbs were on is like the top 

of the beam in Figure 2-18. Its wood 

fibers were in compression. The broken 

fibers on this side are short, and you 

can probably find some that folded 

back on themselves. On the side away 

from your thumbs, the wood fibers 

were loaded in tension. The long 

jagged edges are wood fibers that were 

originally connected, but pulled away 

from each other due to the tensile 

loading. Because these fibers are very 

strong in tension, they tend to fail by 

slipping away from each other, in shear, 

rather than by breaking, which happens 

on the compression side. That's why 

the jagged edges are so much longer on 

the tension side. 

2-18: Typical beam, unloaded (left) and under load (right) 

side pieces 

shelf (beam) 

~supports/ 

30 Concepts I Chapter 2 

\ 

maximum . I 
compression max,~um 

tension 

possible shear of supports 
away from side pieces 



Because the worst areas for compres

sion and tension are at the top and 

bottom, respectively, these are the parts 

of a beam that need to have the greatest 

resistance. The center of the beam 

doesn't need to do nearly as much. In 

the construction industry, the most 

common beams have a cross-section 

shaped like the letter 'T' and are called 

I-beams. Figure 2-20 (left) shows the 

end view of an I-beam. Most of the 

material is contained in the top and 

bottom flanges. The slender center, 

called the web, serves mostly to join the 

flanges, which offer nearly all of the 

resistance to compression and tension. 

A similar strategy is used in making 

cardboard cartons. Most cardboard 

used in packaging is corrugated, and 

has the cross-section shown in Figure 

2-20 (right). The flat top and bottom, 

which are called facings, are made 

of cardboard that is nearly twice as 

heavy as the corrugated part in the 

middle, which is called the medium. 

The facings are like the top and bottom 

flanges of an I-beam; they offer most 

of the resistance to bending. The 

medium is similar to the web; its job 

is mostly to hold the top and bottom 

together, using as little material 

as necessary. 

2-20: An I-beam (left) and a piece of corrugated cardboard (right) 

flanges web medium -.. '-ZS:::Z::S::Z:: !=== facings 

~ 

"I" beam Corrugated cardboard 

Packaging & Other Structures 

What Can Go 
Wrong in 
Compression 

So far, we have looked at structural 

elements that have to resist tension or 

shear. In some ways, compressive loads 

are easier to work with. The earliest 

monuments built by humans, and the 

largest ones still standing, were built 

mostly by piling large blocks on one 

another. These include the Pyramids, 

the Great Wall of China, and the 

Roman aqueducts. Piling things on 

top of one another sounds simple 

enough, and it avoids the attachment 

problem, but large blocks are heavy 

and hard to move. Nowadays, most 

compression structures use much less 

material, as in the chair of Figure 2-4. 

A vertical strut, much thinner 

than it is tall, is called a column. The 

legs of a table, chair, stool, or tripod 

and the sides of a bookshelf or a ladder 

are all columns. A big problem with 

all of these structures is that the 

columns have to remain more or less 

vertical. When the legs give way by 

slipping outward, they are said to splay. 
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Ladders have horizontal ties to 

keep the two sides from splaying 

(Figure 2-21). Most chairs, 

tables, tripods, and easels use 

techniques of one kind or another 

to prevent splaying. These include: 

2-21: Side view of ladder, showing 
tie to prevent splaying 

~ splaying tendency __. 

2-22: A yardstick 
buckles when 
used as a cane 

• "X" shaped cross braces to pre

vent sideways movement; 

• slots that hold the legs captive 

under a tabletop or chair; 

• chains or straps that work as ties 

to keep the legs of a tripod or 

easel in place; 

• rings around the outside of stool 

legs, holding them together. 

It's worth looking at a few chairs 

and tables to see how the designers 

tried to keep the legs from splaying. 

A second problem with columns is 

that they can bend, just like beams. 

When a column bends under load, the 

problem is called buckling. Figure 2-22 

shows why a yardstick does not 

make a good cane: it buckles under the 

weight of the user. To prevent buckling, 

a column needs to have a lot of 

material on its outsides. In fact, the 

best shape for buckling resistance 

is about the same as for a beam. For 

that reason, I-beams, stood on end, 

are used to make columns in buildings, 

and corrugated cardboard is used 

for the sides of cartons, as well as for 

the tops and bottoms. 

However, there is one very big 

difference between bending and buck

ling. A beam can bend a little, and 

still support a load, as the sagging shelf 

does in Figure 2-17. Bending a Ii ttle 

can actually make the beam stronger. 

On the other hand, when a column 

buckles, it's usually all over. Even a very 

slight amount of buckling makes a 

column weaker, so it buckles more and 

more and gives way almost instantly! 

The ancient Romans came up 

with a clever answer to the problems 

of building with beams and columns. 

They fashioned a beam and two 

columns out of one piece of material, 

and rounded it on the inside. The 

resulting structure is called an arch 

(Figure 2-23). It is a structure that 

works almost entirely in compression. 

There is an arch inside each of your 

feet. Together, your two arches have 

to support your entire body weight. 

Related to the arch, and even stronger, 

is the structure you get by rotating 

an arch around its center: the 

dome. Both the top and bottom of an 

eggshell are domes, which make an 

egg very difficult to break at the ends. 

2-23: From beam-and-columns to arch to dome 
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Beam-and-column Square Arch Round Arch Dome 
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Exploring Packaging 

Materials You Can Find Anyplace 

Packaging is everywhere. It encloses 

nearly everything people buy, carry 

with them, send to one another, and 

store. Sometimes, these packages work 

well, in which case they are barely 

noticed. Often, packaging fails in one 

way or another, at which point it 

becomes an annoyance. In either case, 

people rarely stop to examine or think 

about this extraordinarily important 

and common branch of technology. 

Packaging and containers are not 

usually included in what people think 

of as technology. In a thought-provok

ing argument, Lewis Mumford (1967) 

suggests that this omission reflects a 

male bias. Containers are associated 

with traditionally female occupations, 

such as cooking, brewing, and garden

ing. Tools and weapons, in contrast, 

are more related to typically male 

pursuits like hunting, metalworking, 

and tool-making. 

Although packaging issues are 

largely beneath conscious notice, at 

times they assume great importance, 

for both children and adults. Many 

children are very particular about 

the styles of bookbags or water bottles 

they will take with them, while adults 

have strong preferences and beliefs in 

selecting shopping bags, boxes, and 

luggage. These beliefs are generally 

untested. Do you really know which 

of your shopping bags is strongest? 

Most people take containers for 

granted, but they are taken very 

seriously by major manufacturers. The 

sales volume of corrugated cardboard 

boxes is considered a barometer for 

the health of the entire economy. 

Approximately 100 billion jars and 

bottles, and their caps or tops, are 

sold in the U.S. annually. Another 

100 billion beverage cans change 

hands. In the soft-drink industry, the 

package is considered more important 

than the beverage it contains. Both 

the aluminum "pop-top" can and the 

plastic bottle were considered major, 

highly profitable innovations in 

the soda business. In many parts 

of the world, soda is transferred to a 

plastic bag before being sold to the 

customer. The can or bottle is 

simply too valuable to give away! 

Besides being a major industry, 

packaging is a fertile curriculum 
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area. The materials are free, consisting 

of discarded items. They are very 

familiar to children and adults. 

Packaging problems abound in our 

daily lives, which provide a multitude 

of opportunities to analyze and 

redesign existing packages, and design 

new ones. These activities offer a host 

of connections with other areas of 

the curriculum, including language 

arts, social studies, science, and math. 

Children enjoy writing about their 

discoveries and inventions related to 

packaging. The evolution of packaging 

and beliefs about it, offer a window 

into profound changes in our society. 

Analysis and design of boxes offers 

an engaging route into measurement, 

as well as plane and solid geometry. 

Product testing of packages invokes an 

array of science process issues, such 

as control of variables. The mechanical 

properties of packaging raise basic 

issues of structures, such as stability, 

compression, tension, shear and energy 

absorption. Packaging can be a vehicle 

for curriculum integration. 
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2-24: Carton that barely 
holds Its contents 
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What Good 
Are Packages? 

Nearly every commercial package is a 

carefully engineered product, cleverly 

designed to solve an impressive set 

of problems. A useful starting point in 

analyzing a package is: "What was this 

package designed to do?" Each package 

has a different set of tasks to fulfill, 

which is why there are so many 

different kinds of packages. Here are 

the kinds of needs chat packages are 

supposed to fulfill: 

1. The package has to contain 

the product. The most obvious 

function of a package is to keep the 

contents in one place and (if it is 

solid) in one piece. The most apparent 

packaging failures occur when 

the package seems about to stop 

keeping the product inside (Figure 

2-24). Containment of the product 

can be complicated by conditions 

inside and outside the package. 

The plastic soda boccie, for example, 

has to withstand inside pressures 

reaching 5 or 6 times atmospheric, 

at temperatures ranging from below 

freezing to well above 100°F. 

2. The package should maintain 

its shape during shipping and 

storage. Shoppers are usually 

reluctant to buy dented cans, 

alchough the product may not have 

been affected in any way. In 

addition, cans and cartons are often 

stacked high on one another for 

storage, shipment, or display. The 

ones near the bottom have to 

support the weight of chose above 

chem. They need to be strong 

enough in compression to do so, 

or the entire stack may fall. 

Of course, some packages are not 

expected to keep their shape

for example, bags. 

3. The package may need to 

protect the contents from the 

environment. This requirement 

is particularly important for food 

and beverages, which can spoil in 

a variety of ways. A small juice 

carton, which is shipped and 

stored at room temperature, has 

layers of plastic, paper, ink, and 

aluminum, each with a different 

purpose. To see this for yourself, 

cut an empty juice box open and 

pull apart the layers. The paper 

makes the box rigid, and holds the 

ink; the ink provides decoration 

and information; the aluminum 

keeps out light, oxygen, and 

microorganisms; and the plastic 

keeps the liquid from oozing out. 

Until this carton was developed, 

juice could not be sold in unrefrig

erated boxes, because it had an 

unfortunate tendency to ferment 

and explode! 

Often the need to protect the 

contents conflicts with the need 

for access (see #4, below). The 

small juice container is intended 

for one-time use, so reclosure 

is not an issue. However, many 

packages are too big for their 

contents to be consumed all at 

once. Many cracker and dry cereal 



packages use the "bag-in-box" 

strategy, which features a reclosable 

inner bag to keep out moisture, 

because atmospheric humidity can 

lead to a loss of crispness. Sometimes 

the cardboard top is also equipped 

with a reclosable tab-in-slot. 

4. The package should permit 

access to the product. A container 

is useless if it is too difficult to open. 

The earliest metal cans, which were 

made of heavy iron, were normally 

opened with a hammer and chisel. 

Some modern packages seem pretty 

hard to open, but others are 

equipped with convenient dispensing 

devices, such as squeeze tops, 

straws, pump and spray dispensers, 

measuring cups, one-at-a-time tissue 

paper dispensers, etc. 

5. Some packages have to control 

access to product. Access is not 

necessarily for everybody. Many foods 

and drugs now come in "tamper

evident" packages, which signal the 

shopper if they have already been 

opened. There are a variety of ways of 

doing this: outer seals, inner seals, tear 

bands, mechanical "breakaway'' seals 

(Figure 2-25), and vacuum buttons 

are all common. There are also "child

resistant" tops, used most commonly 

in packaging medicines. Common 

technologies include the "push-then

turn'' top, the "squeeze-then-turn" 

top, and the "line-up-the arrows" top 

(Figure 2-26). These have to be hard 

enough to open that small children 

won't get into them, but not so hard 

that elderly or infirm patients are 

kept out. 

6. "Point-of-sale" packages (those 

displayed in stores) usually 

promote the product. Before 

modern packaging was developed, 

goods were delivered to stores 

in bulk barrels and drums, and the 

storekeeper had to help with each 

purchase. Packaging made it possible 

for shoppers to select items them

selves, in the self-service market, 
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now called the supermarket. On a 

typical hour-long visit to the super

market, you see about 30,000 different 

products, or about 10 per second. 

All of them are competing for your 

attention. Marketing professionals 

regard the package as the "punch 

line" of a marketing campaign

their very last chance to grab your 

attention before you make that final 

choice. A tremendous amount of 

time and expense goes into the 

graphic design of those packages. 

This aspect of packaging is covered 

in the Stuff That Works! curriculum 

guide, Signs, Symbols, and Codes. 

7. Most packages also provide 

information. There are many kinds 

of information that might appear 

on a package. Some of this informa

tion, such as the box certificate (see 

Figure 1-20 in Chapter 1) and the 

bar code, is not directed towards the 

consumer. The box certificate con

tains a message from the box manu

facrurer to the shipper. The bar code 



Packaging & Other Structures 

is read by a computer and winds 

up in the store's database. The 

"Nutrition Facts" box, required by 

the U.S. Government on most food 

items, does provide information for 

the consumer. Many packages also 

have instructions, recipes, phone 

numbers, and other information for 

the user who cares to look. Recycling 

numbers, discussed in Appendix A, 

provide information to the consumer 

as well as to others involved in the 

recycling process. 

8. The package should have 

minimal environmental conse

quences to humans and other 

organisms. The harm caused by 

certain packaging materials has led to 

the elimination of some technologies. 

Some early attempts to make plastic 

soda bottles failed because they were 

suspected of releasing toxic by

products. The earliest pop-tops had a 

removable tab that was both a source 

of litter and also a health hazard to 

birds, fish, and barefoot humans. As a 

result, the removable top was replaced 

by one which remains with the can 

(Figure 2-27). 

Looking at this list, it is obvious that 

most packages have more than one set 

of requirements to satisfy. The answer 

to "What was this package designed to 

do?" hardly ever has only one answer. 

On the other hand, some criteria 

are more important than others. For 

example, if a package can't hold its 

contents, it hardly matters what kind of 

information it conveys! 

0- Feeling for Packages: 
Surveying Strengths 
and Weaknesses 
Once the criteria for evaluating a package 

have been established, it is reasonable to 

ask: "How well does the package meet 

these criteria?" In looking at any package, 

there will be some obvious ways in which 

it works or doesn't work. 

Every package has been designed 

by someone to solve a problem. It may 

also create new problems. Those horribly 

hard-to-open "blister packs" (Figure 2-

28) are good examples. Most blister 

packages hold the product with an over-
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sized card in a clear bubble of plastic. 

The purposes of these packages are to: 

• Make the product and promotional 

material visible; 

• Provide a large surface area, making 

the package harder to steal; 

• Make it difficult to remove the 

product from the package, further 

discouraging shoplifting. 

These last two design goals are 

examples of controlling access. They 

are also what make these packages so 

irritating-the product is hard to 

remove from the package, even when it 

has been legally acquired! Some styles 

of blister packages try to overcome 

this problem by providing perforated 

doors in the back of the cardboard, 

or by allowing the cardboard to slide 

off of the plastic top, or by providing 

a tab or break for easy opening. 



Another example of problematic 

design is the "gabletop" container, 

which is used for milk, juice, and other 

liquid products. These containers are 

made of paper coated with plastic 

on both the inside and outside, some

times with additional layers of plastic 

and aluminum foil inside. A quart 

or half-gallon is rarely consumed at 

one sitting, so these packages need 

to be resealable. At the same time, 

milk is easily spoiled, and the container 

has to provide a good barrier to light 

and oxygen, even after it has been 

opened the first time. 

As with many other packages, the 

gabletops present a conflict between 

the goals of protection and access. The 

conventional milk container is opened 

by pulling both sides of the gable 

back until they are flat, and then open

ing them in the reverse direction so a 

pour spout forms. This can be very 

hard to do, especially for small children. 

Opening these cartons often leaves 

behind torn corners and ragged edges, 

which make it hard to pour the con

tents without dribbling (Figure 2-29). 

Probably as a result of these problems, 

some dairies and juice companies 

have come out with gabletop containers 

with screw-off tops (Figure 1-3 in 

Chapter 1). These usually have an 

inner seal, which is removed the first 

time the container is used. 
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How Does It Measure Up? 

The question "How well does it work?" is pretty vague. There is rarely 

only one way to solve a packaging problem. There are nearly always alternative 

packages that are designed to do more or less the same thing. The question 

"How well does it work?" can be reformulated as "How does this package 

compare with alternatives?" 

Comparing designs is a familiar task from science education, where units 

on product testing are intended to teach control of variables and fair testing. 

Product testing of packages arises from everyday questions: Which bag is 

strongest? Which cushioning material works best? Which pump dispenser 

is fastest? These issues come up frequently and the answers are often of 

practical importance. 
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Bags 

Bag testing is an easy-to-do activity, 

which yields nearly immediate results. 

Add weights to each bag gradually, 

until it breaks. Some shopping bags are 

pretty strong, so you may need a lot 

of weight to break them. Weightlifting 

weights are useful for this purpose

they are heavy, have no sharp corners, 

and have the amount of weight 

stamped right on them. 

What are the variables that need to 

be controlled in this experiment? One is 

the way the bags are supported; another 

is the way the weights are added. If they 

are dropped rather than carefully placed 

in the bag, the impact will have a greater 

effect than the gentle addition of weight. 

of water may not be heavy enough to 

break a bag. If you use these as weights, 

select relatively flimsy bags to test. 

Another strategy is to hold the bags by 

only one handle, which should require 

only half the weight, if the handles are 

the weakest links. With paper bags, 

you can also reduce the necessary 

weight by testing the bags wet rather 

than dry. 

Testing results can be surprising. 

Bags often fail at the handles, so handle 

attachment methods can be very 

important (Figure 2-30). Most people 

assume that plastic bags are stronger 

than paper ones, but we have found 

paper shopping bags that hold 

Weights with sharp edges or corners well over 100 pounds. In Appendix A 

can puncture the side of the bag, creating we discuss some of the different ways 

a new area of weakness. in which bags break. 

Weightlifting weights are not 

always the best type of weight for bag 

testing. They can pose a safety hazard 

with younger children, and are also 

difficult to transport. As an alternative, 

some teachers have used plastic one- or 

two-liter soda bottles filled with water. 

If a bottle drops on someone's foot, 

it will not cause injury. A liter of water 

weighs one kilogram, so this type of 

weight can also lead to a discussion 

of the metric system. Also, empty soda 

bottles are readily available and free, 

and can be transported empty, which 

makes it easier to bring them into the 

classroom. On the other hand, bottles 
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Cushioning 

Another fascinating area for product 

testing is comparing cushioning 

materials. These come in a wide variety 

of types. Inside of packages you 

can find spongy paper or cardboard 

padding; bubble wrap; Styrofoam 

sheets, blocks, end caps, "peanuts" or 

"figure eights" (Figure 2-31); crumpled 

or shredded newspaper; or even 

plastic bags filled with air (Figure 2-32). 

These air-filled bags may be difficult 

to find, but you can make them your

self by blowing up plastic sandwich 

bags and tying them tight, like balloons. 

The messy wadding material used in 

book mailers consists of untreated paper 

fibers and bits of shredded newspaper. 



To test cushioning material, you will 

need a standard fragile object, which 

the cushioning is supposed to protect. 

Most people think immediately of eggs, 

but these are problematic for several 

reasons. One is that they are very messy 

when they break. Also, raw eggs are 

sources of harmful bacteria, which can 

lead to food poisoning if hands aren't 

washed with hot soapy water. Also, eggs 

are no longer useable after they break, 

which means chat food is wasted. 

For these reasons, we have come up 

with several alternative to eggs as fragile 

products for testing cushioning. Some 

teachers have used water balloons, 

but these are messy too, and it is hard 

to get exactly the same volume each 

time. Another idea we had was to roll 

out chin lengths of modeling clay, 

and allowing it to dry without firing it. 

However, real modeling clay (not 

plasticene) is no longer so easy to find. 

The best alternative we have found 

are snack items, such as very chin 

breadsticks, crackers, and chips, which 

are often found broken when the 

box is first opened. These can be 

wrapped in foil, wax paper, or paper 

towels to keep them edible after 

the test. Some other possibilities are 

chalk and mechanical pencil leads. 

How should the test proceed? 

For control of variables, identical 

boxes should be used and identical 

amounts of cushioning material. 

To find out which cushioning 

technology is most effective, the boxes 

can be dropped from increasing heights, 

or increasing amounts of weight can be 

dropped onto them. These methods are 

not equivalent. Again, the results can 

be surprising. Some background on 

cushioning materials is presented in 

Appendix A. 
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Pump Dispensers 

A third example of product testing 

involves pump dispensers. These come 

in a wide variety of types and sizes. 

You can find them on top of containers 

for hand soap, condiments, cleaning 

supplies. and other products (Figure 2-33). 

These fluids vary greatly in viscosity, or 

resistance to flow. Depending on the 

viscosity and the type of nozzle, the 

fluid may come out as a glob, a stream, 

or droplets. The amount chat comes 

out each time will vary, depending on 

the dispenser as well as the fluid. Often, 

a pump dispenser needs to be primed a 

few times before any product will 

come out. There are a lot of issues here, 

which can be studied systematically 

through controlled product testing. 
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To experiment with pump dispensers, 

it is not necessary to use the same fluid 

or the same container they came with. 

We have found it convenient to place 

the tube in an open pan of fluid. After 

experimenting with them for a while, 

children will think of their own criteria 

for evaluating their performance. 

In Christine Smith's sixth-grade class, 

the students came up with these 

performance criteria (see Chapter 4): 

• How many times do you have to 

prime the pump before anything 

comes out? 
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• Once the fluid starts coming 

out, what is the average amount 

per stroke? 

• How far does the stream 

of fluid travel? 

One path of exploration is to test 

a variety of pump dispensers with the 

same fluid. Water is the most obvious 

choice. Alternatively, you can use the 

same pump dispenser and test a variety 

of fluids of different viscosities. Possible 

fluids include water, alcohol, mineral 

oil, corn syrup, etc. We examine how 

pump dispensers work in Appendix A. 

Package Design, 
Redesign, 
and Re-use 

Having analyzed and tested a package, 

and discovered its weaknesses, it makes 

sense to ask: "How could this package 

be redesigned to do a better job?" 

If the package has already failed, the 

better question might be "How can 

this package be repaired, so it can still 

be used?" These two questions are 

not so different. Redesigning a package 

so it won't break usually involves 

reinforcing the very areas that are 

most likely to fail, before they actually 

do. "Repair" means doing pretty much 

the same thing after the failure 

has occurred. 

One outcome of bag testing is 

that you will find yourself with lots of 

broken bags. They can break in a 

variety of ways, as we shall discuss in 

Appendix A. A pre-K/K class 

established a "Bag Repair Area'' for 

fixing the broken bags. In the process, 

they learned how to identify how each 

bag had failed. Then they looked for ways 

to reinforce the bags so they wouldn't 

break so easily. These children were 

learning redesign at a very young age! 

Another aspect of package design 

is to look for new uses for a package 

that has been discarded. Most environ

mental education programs focus on 

recycling as the solution to the solid 

waste problem, but re-use is both more 

beneficial to the environment and has 

more educational potential. Recycling 



is not so easy to learn about at an 

elementary level. For example, the 

recycling of plastic soda bottles into 

fleece pullover sweaters is a high-tech 

process involving a large investment 

and extensive technical know-how. 

Children can certainly collect soda 

bottles, but there is little else about 

recycling that is really accessible to them. 

On the other hand, re-use of 

packaging material requires little or 

no expenditure, nor much prior back

ground knowledge. For example, some 

sixth-grade classes decided to construct 

a model city out of re-used packaging 

materials. Their first step was to 

look for discarded materials, and think 

about or test the properties of what 

they found. Re-using old packages in 

new ways is a real challenge to the 

imagination. For example, the squeeze

dispenser top of a bottle of dishwashing 

detergent became the nose of a 

locomotive in the model city. Another 

example comes from a teacher workshop. 

One participant quietly walked over 

to the door and shut off the lights. On 

the worktable, for all to see, was the 

lamp she had made from a discarded 

wire spool. These are two creative 

examples of re-use. 

A third category of design involves 

creating something new. Of course 

no design is really "from scratch." 

A designer always brings knowledge of 

existing designs with her in thinking 

about a "new" design problem. For this 

reason, there is no clear-cut distinction 

between "redesign" and "new design." 

An example of a design problem 

that draws heavily on an existing design 

is the following: 

You will be provided with a folding 

box that can be unfolded flat and 

refolded, without tape or glue 

(Figure 2-34). Using the same basic 

design, draw, cut and construct a 

package for a block of a different size. 

This problem requires considerable 

measurement, 2-D and 3-D geometry, 

and spatial visualization. 

The most authentic type of design 

problem is one that arises naturally in 
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the course of children's lives. Sandra 

Skea's sixth-grade math students 

designed and made portable storage 

units to hold shoebox dioramas that 

had to be carried from class to class 

(see Chapter 4). A fifth-grade class 

designed see-through packages 

to both display and promote T-shirts 

they were selling as part of a school

wide poetry festival. A group of sixth

grade science students designed and 

made packages for fragile gift items 

they had made in class. Each of these 

projects began with design criteria 

that had arisen from a real need. 

Each group's design could be tested 

against these criteria, compared with 

the products of other groups, and 

redesigned and retested, if necessary. 

All design projects can and should 

draw on existing designs. Looking 

carefully at someone else's design and 

drawing conclusions from it is what 

we call analysis. The connection 

between analysis and design happens 

when data from existing designs is used 

to inform a "new" design. Some 

teachers in a workshop decided to 

construct shelving units from discarded 

cardboard, tape, and string. They were 

unsure about how to support the 

shelves on the vertical side panels. To 

answer this question, they examined all 

of the cabinets, blackboards, desks, and 

bookshelves in the workshop area to 

find out how this problem had been 

solved in each of these units. They found 

about a dozen fundamentally different 

solutions, which provided many ideas 

for rheir own design problem. 
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v1cTtvt1:tt, 
he activities in this chapter 

are designed to give students 

direct experience with design

ing and evaluating different kinds of 

packaging and structures. The activities 

were created and tested by classroom 

teachers. Many of their experiences 

with these or similar activities are 

described in Chapter 4, "Stories." 

Activities 1-7 deal with kinds of 

packaging materials and dispensing 

devices. Activities 8-13 deal with 

building and testing the strength 

of cardboard structures. The activities 

are designed to give students experi

ence with many of the concepts 

discussed in Chapter 2, "Concepts." 

ACrlVlrlf::G Ar A eL.ANCE: 

Packaging &: Other Structures 

All of the activities are correlated 

to standards in Science, Math, and 

English Language Arts. The standards 

are listed by number with each activity; 

the standards themselves are listed at 

the end of the chapter. 

l'.!ateqorizi~q A~al_!1zi~q/,e.sti~q 17e.siq~/Rede.siq~ 

Introductory Exploring and Categorizing Packages 44 X 

Classifying Bags 48 X 

Packing a Bag 51 X X 

It Fits Just Right 53 X 

Intermediate How Strong Is This Bag? 54 X X 

How Do You Package a Fragile Object? 57 X 

Which Pump Dispenser Works Best? 60 X 

Advanced How Does the Shape of a Column 

Affect Its Strength? 66 X 

How Does the Shape of a Shelf 

Affect Its Strength? 73 X X 

How Does the Type of Cardboard 

Affect the Strength of a Shelf? 76 X X 

How Does the Direction of the Corruga-

tions Affect Its Strength of a Shelf? 78 X X 

How Does the Type of Glue Affect the 

Strength of a Laminated Shelf? 81 X X 

How Does the Support Method Affect 

the Strength of a Shelving Unit? 83 X X 
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Exploring and Categorizing Packages 

Grade Level 
K-6 

Prerequisites 
Understanding the concepts 
of categories and sorting 

Overview 
This is an early childhood activity 
that involves children in exploring 
and categorizing some of the 
many different kinds of packages 
they see in their daily lives. 

Concepts 
• Packaging comes in a wide 

variety of forms, sizes, shapes, 
materials, and functions 

• Examples of packaging can be 
sorted into groups according 
to a variety of criteria 

Vocabulary 
• Handle 

• Packaging 

• Plastic 

• Paper 

Skills 
• Observing, comparing, and 

contrasting differences in 
materials 
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• Classifying objects according to 
shape, function, composition, 
and other criteria 

• Counting and measuring using 
manipulatives 

• Listening attentively and 
speaking using appropriate 
vocabulary 

Standards 
• Benchmarks for Science Literacy: 

1 B 

• Standards for the English 
Language Arts: 12 

• National Science Education 
Standards: A 

• Principles and Standards for 
School Mathematics: A 1 

Time Needed 
Three or four periods 

Materials 
• Large assortment of clean, 

empty packaging materials 
such as boxes, cartons, plastic 
containers, paper and plastic 
bags, plastic bottles, and jugs 

• Worksheet #1 A (K-2) or #1 B (3-6) 

Pre-Activity Preparation 
• Ask friends, family, and col

leagues to help you collect 
examples of packaging. Place 
the items in an area of the 
classroom where students can 
see them. When students ask 
you about the collection, 
encourage them to speculate 
about what the items are and 
what they have in common. 

• Always review safety issues 
regarding plastic bags and any 
other objects you think could 
pose a risk if mishandled. 

Procedure, Grades K-2 
1 . Have a brainstorming session 

with the whole class about 
packaging. Record students' 
responses on an experience 
chart. Begin by asking such 
questions as: 

• "What do you think the word 
packaging means?" 

• "Can you name some 
examples of packaging?" 

2. To review and reinforce students' 
understanding of sorting and 
creating categories, play "Guess 
My Rule." Gather a collection 
of various items, such as toys, 
counters, blocks, pencils, 
crayons, and so on. Sort them 
into groups (e.g., according to 



color, use, material) and ask 
students to guess the "rule" for 
creating the groups. In other 
words, "What do the items in 
each group have in common?" 
To reinforce the concept, keep 
the categories simple and let 
the students add other items to 
the groups that match the cri
teria. Discuss the different ways 
objects can be sorted into 
groups. 

3. Divide the class into groups of 
four and give each group several 
packaging items. Each group 
should have items that can be 
grouped together based on 
a variety of criteria-e.g., type 
of material (paper, plastic), kind 
of container (box, bag, bottle, 
jar), product contained in the 
package (food, cleaning supplies), 
and so on. Give the groups 
time to examine the items 
carefully and talk about what 
they see. 

4. Ask the groups to organize 
their packaging materials into 
piles, according to the kinds 
of materials they are. Ask the 
groups to explain what's in 
each pile and why they're 
grouped together. 

5. Distribute copies of Worksheet 
#1 A to students. Ask them to 
draw one item from each 
grouping to identify the group. 
They then tally the number of 
examples of packaging items 
they put into that category. 
Work with younger students as 
necessary to help them record 
their findings. 

Adaptation 
for Grades 3-6 
1 . As homework, ask students to 

bring examples of packaging 
materials from home. 

2. With the whole class, discussing 
the meaning of "packaging" 
and list examples. 

3. Divide students into coopera
tive learning groups and have 
them sort a collection of pack
aging items into categories. 
Encourage them to identify 
items that could belong to 
more than one category-e.g., 
a plastic juice container can be 
classified as "plastic," "bottle," 
and "beverage container." 

4. Distribute Worksheet #1 B. 
When students have completed 
the worksheet, bring the class 
together to share and discuss 
students' work. 

Packaging & Other Structures 

5. As a follow-up homework 
assignment, ask students to 
find 10 examples of packaging 
at home or elsewhere, draw 
each one, and describe each 
package and what it is used for. 
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Worksheet #lA (Grades K-2) 

,t-

Exploring and Classifying Packages 
Name/Group Date 

Show your groups and how many are in each group. 
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Worksheet #18 (Grades 3-6) 
,t-

Packaging & Other Structures 

Exploring and Classifying Packages 
Name/Group Date 

What is packaging? 

List some different types of packaging things you know. 

List the categories into which the packaging items in your collection can be sorted. Under each category, 

describe the items that belong in that category. 
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(:...assifying Bags 

Grade Level 
2-4 

Prerequisites 
• Basic knowledge of categorizing 

principles 

• Knowledge of using charts and 
graphs to display data 

Overview 
This activity builds on Activity #1: 
"Exploring and Categorizing 
Packages." Students classify a col
lection of bags, and make a chart 
or graph showing the number in 
each category. 

Concepts 
• Items can be grouped or classi

fied based on characteristics they 
have in common. 

• Data from an investigation can 
be displayed graphically using 
charts and graphs. 
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Vocabulary 
• Category 

• Classify 

Skills 
• Classifying objects based on 

material, function, size, shape, 
and/or other criteria 

• Collecting, organizing, and pre
senting data in chart or graph 
form 

• Using spoken and written lan
guage 

• Problem-solving 

Standards 
• Benchmarks for Science Literacy: 

lA, 1 B, 2A, 9A 

• Standards for the English 
Language Arts: 12 

• National Science Education 
Standards: A 

• Principles and Standards for 
School Mathematics: A 1 

Time Needed 
Two to four periods 

Materials 
• Variety of paper and plastic 

bags of different colors, shapes, 
and sizes (e.g., paper grocery 
bags, other small and 
large paper bags, plastic grocery 
bags,other small and large 
plastic bags, assorted shopping 
bags, etc.)-at least 12 for 
each group of four students 

• Chart paper 

• Pencils, crayons, 

• Rulers 

• Worksheet #2 (at least one for 
each group of four students) 



Procedure 
1 . If necessary, play the following 

game to review the meaning 
of "category" and "classify." 
Call a number of students to 
the front of the classroom 
who happen to be wearing the 
same color clothing. Ask the 
class what the members of 
this group have in common: 
"What's my rule for choosing 
these students? What is 
the category they all belong 
to?" As necessary, repeat 
the game using objects that 
have the same color, size, 
shape, purpose, etc. 

2. Show students several types of 
bags and ask them to come 
up with ways of classifying or 
categorizing them. Record their 
answers and explanations on 
chart paper. 

3. Divide the students into groups 
of four. Provide each group 
with at least a dozen bags and 
a worksheet. 

4. Explain that each group should 
examine its bags, discuss 
what the bags have in common 
and how they are different 
from one another. Then they 
should place the bags into 
groups based on specific criteria. 

Packaging & Other Structures 

5. The groups record their work 
on Worksheet #2 by listing 
and describing the categories, 
and then creating a chart to 
show the number of bags they 
placed in each category. 

Tips 
• Encourage students to look 

at the different ways the 
handles are made and attached 
to the bags. 

• As an alternative or extension, 
have students classify groups of 
other packaging items such as 
boxes and bottles. 
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Worksheet #2 

-e1assifying Bags 

Name/Group Date 

How many bags do you have? 

How many groups or categories of bags did you make? 

Write a name for each category. 

Make a chart or graph showing how many bags there are in each category. 

50 Activities I Chapter 3 



victivit~ ~ 3 

F acking a Bag 

Grade Level 
Pre K-2 

Prerequisites 
Understanding of the concept 
of fair testing-using the same 
testing conditions for each test 

Overview 
This early childhood activity 
engages children in finding out 
how many blocks different types 
of bags can hold. They will also 
see the effect of the packing 
method on the survival of the 
bags. Because this activity will 
result in a lot of broken bags, it 
is a natural lead-in to bag repair 
activities. 

Concepts 
• Fair testing-a method of 

comparing things by testing 
them all in the same way. 

• Design/shape, material, 
conditions of use, and other 
variables affect the strength 
and durability of a bag. 

Vocabulary 
• Fair testing 

• Equal 

• Same 

• Different 

Skills 
• Measuring 

• Classifying 

• Problem-solving 

• Drawing conclusions and 
making inferences based 
on data 

• Using written and spoken 
language 

Standards 
• Benchmarks for Science Literacy: 

1 A. 1 B, 2C 

• Standards for the English 
Language Arts: 12 

• National Science Education 
Standards: A 

• Principles and Standards for 
School Mathematics: M 1, 
DA & P3 

Time Needed 
Two 45-minute periods 

Packaging & Other Structures 

Materials 
• Two identical bags (paper or 

plastic) to use for fair testing 
demonstration 

• Blocks, about 1 5 each of 
several different sizes 

• Chart paper 

• Sets of three or four plastic and 
paper bags of different sizes 
and styles-one set for each 
small group of students 

Procedure: Day 1 
1 . Prepare ahead of time to 

demonstrate the concept of fair 
testing. Determine the 
number of identical blocks it 
takes to cause a particular 
paper or plastic bag to break . 
Use two bags of that kind, 
the blocks you used to cause 
the bag to break, and an 
equal number of smaller/lighter 
blocks for the following 
demonstration. 

2. Label one of the identical bags 
A and the other B. Ask students 
to count with you as you 
place the large blocks in Bag A, 
one at a time. After each 
block, lift the bag to show that 
it is able to carry the weight 
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Keep adding blocks until the bag 
breaks. Write the number of 
blocks it took to break the bag 
on the front of Bag A. Then have 
students count with you as you 
add the same number of the 
smaller blocks to Bag B, one at a 
time. As before, lift the bag after 
each block. After you add the 
last block to Bag B and before 
you lift it, ask students, "What 
do you think will happen when 
I lift the bag?" Record their 
answers on chart paper. When 
you lift Bag B after the last block 
to show that the bag does not 
break, ask questions to encourage 
students to think about what 
happened. Record their answers 
on chart paper. 

• "How many blocks did I put 
in Bag A?" 

• "What happened to Bag A 
when I put the last block in?" 

• "How many blocks did I put 
in Bag B?" 

• "What happened to Bag B 
when I put the last block in?" 

• "If I put the same number of 
blocks in both bags, why didn't 
Bag B break?" 

• "What's the difference between 
Bag A and Bag B?" 

• "What's the difference between 
the blocks I put in Bag A 
and the blocks I put in Bag B?" 

• "If I wanted to test to see 
if one of these bags is stronger 
than the other one, what 
should I do differently next 
time?" 

Record all of the students' 
answers to the last question. 
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3. Show students several bags of 
different sizes and/or materials. 
Label each bag (e.g., A, B, C, 
D). Ask students, "Which bag 
do you think will hold more 
blocks without breaking?" 
Record students' predictions 
and reasons on chart paper. 
Tally the number of students 
who choose each bag as 
the strongest. 

Procedure: Day 2 
1 . Use your chart paper notes to 

review the previous day's work 
with students. 

2. Divide students into small 
groups. Give each group a set 
of the bags you discussed and 
labeled on Day 1 . Label the 
bags A, B, C, etc., as you did 
on Day 1. 

3. Tell students their job is to test 
each bag to see which one 
holds the most blocks without 
breaking. Remind them that 
they need to use the same 
kinds of blocks for each bag. 
When a bag breaks, students 
count the number of blocks it 
took to break the bag and 
they write that number on the 
bag. (Help younger students 
with the counting and record
ing, as necessary.) 

4. When a bag breaks, ask 
students to examine it carefully 
to find out what part(s) of 
the bag broke. Ask them to talk 
about why that part might 
have broken first. 

5. Give groups time to experiment 
with different ways of placing 
the blocks in the bag or 
with different bags. Record the 
results of each experiment. 

6. Follow-up with a discussion 
about what students discovered. 
Start with questions like these: 

• "What did we do to figure 
out which bag holds the most 
blocks without breaking?" 

• "Why did we have to use the 
same kinds of blocks for each 
bag we tested?" 

• "What made the bags 
break?" 

• "Does it matter how we put the 
blocks in the bag? Is there a 
way to put the blocks in so that 
the bag holds more blocks?" 

• "Can you think of ways to 
make these bags stronger?" 

Tips 
• Circulate among the groups as 

they work so you can ask 
questions and hear discussions 
that reveal what students do 
and don't understand. 

• Encourage students to describe 
and discuss their processes 
and ideas at every step. 

• Older students might graph 
the results of their bag tests. 



\ / -•-
lt Fits Just Right! 

Grade Level 
Pre K-2 

Prerequisites 
• Knowledge and understanding 

of the purposes of packaging 

• Ability to use problem-solving 
strategies 

Overview 
Students try to create an object 
that is just the right size and shape 
to fit in an odd-shaped package. 

Concepts 
• There is a relationship between 

the size and shape of a container 
and the size and shape of its 
contents. 

• Packages can be made to fit items 
of a particular size and shape. 

Vocabulary 
• Package 

• Shape 

• Fit 

Skills 
• Applying spatial awareness to 

problem-solving 

• Observing and comparing the 
physical properties of objects 

• Using spoken language 

Standards 
• Benchmarks for Science Literacy: 

1 A, 1 B 

• Standards for the English 
Language Arts: 12 

• Principles and Standards for 
School Mathematics: G 1, G4 

Timed Needed 
One period 

Materials 
• Variety of containers with non

standard shapes, such as "Baci" 
and "Toblerone" candy boxes, 
"L'Eggs" pantyhose containers, 
partition trays for TV dinners, 
cookie cartons with dividers to 
fit the shape of the cookies, and 
so on 

• Clay or plasticene 

• Chart paper and markers 

Procedure 
1. Begin a discussion with the 

whole class by asking students 
if they have ever had trouble 
getting a book to fit in a 
backpack. Brainstorm examples 
of things that are too small, 
too big, or the wrong shape to 
fit in a package. Record 
students' answers and ideas on 
chart paper . 
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2. Show students some of the 
odd-shaped packaging materials 
you've collected. Ask them to 
imagine what kinds of objects 
would fit in those packages 
and what wouldn't fit. Ask 
them to explain how they can 
tell whether an object would 
fit or not. 

3. Divide students into small 
groups. Give each group one 
of the packages and a lump 
of clay or plasticene. Ask 
students to make an object 
that they think will fit in the 
box or packaging partition. 

4. When each group has a shape 
they think will fit, let them 
try it. If it doesn't fit, ask them 
to try to explain why and 
describe what they have to do 
to make it fit. Repeat this for 
each trial. 

5. When each group has an object 
that fits in the packaging, 
have them share their processes 
with the other groups. 
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How Strong Is This Bag? 

Grade Level 
3-6 

Prerequisite 
Knowledge of "fair test" principles 

Overview 
This is an upper-elementary-grade 
version of Activity #3, "Packing 
a Bag." Students use weights to 
test the strength of different types 
of bags. As an extension activity, 
students can redesign the 
bags to make them stronger. 

Vocabulary 
• Fair test 

• Prediction 

• Factor 

• Condition 

Concepts 
• The strength of a bag is deter

mined by a combination of 
factors, including design, 
materials used, and construction 
method . 

• A "fair test" requires controlling 
variables so that test results can 
be compared. 
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Skills 
• Collecting, organizing, and 

presenting data 

• Making and testing predictions 

• Designing and conducting an 
experiment, including controlling 
variables and analyzing results 

• Measuring 

• Communicating using written 
and spoken language 

Standards 
• Benchmarks for Science Literacy: 

1 A, 1 B, 2A, 9 A 

• Standards for the English 
Language Arts: 12 

• National Science Education 
Standards: A, B 

• Principles and Standards for 
School Mathematics: DA & Pl, 
DA & P3, C3, Ml 

Time Needed 
Four to six periods 

Materials 
• Chart paper 

• Construction paper 

• Pencils and markers 

• Plastic and paper bags ( 4 different 
kinds of bags for each small 
group of students) 

• Rulers, tape measures 

• Bathroom scale 

• Heavy books, blocks, other 
objects that can be used 
as weights 

• Worksheet #5 

Procedure 
1 . Begin a brainstorming session 

with the whole class by asking 
questions like these: 

• Have you ever had a bag 
break on the way home from 
the store? 

• What part of the bag broke 

• Why do you think it broke? 

• What do you think could 
be done to prevent bags 
from breaking like that?" 

Encourage speculation and 
discussion, and record students' 
responses on chart paper. 



2. Choose two shopping bags 
that are about the same size but 
are different in other ways
shape, material, construction. 
Ask students which bag would 
hold more weight. Encourage 
students to explain their 
reasons for thinking one bag or 
the other would hold more. 
Tell students they are going to 
become bag testers. 

3. Review the concept of fair 
testing-using exactly the same 
conditions for every bag tested. 

4. Divide the students into small 
groups. Provide each group 
with four different bags 
labeled A, B, C, and D. Give 
each group member a copy of 
Worksheet #5. 

5. Review the worksheet and 
explain the assignment 
to students: They are to work 
together in teams to design 
a fair test that will determine 
which of their four bags is 
the strongest. Each team will: 

• examine and describe 
each bag; 

• predict which bag will 
be strongest and explain 
their reasons; 

• design a test that will 
show the relative strength of 
the bags; 

• carry out the test; 

• record and analyze the 
results; 

• organize the data in a graph 
or chart; 

• present the test results to 
the class. 

6. After each group presents its 
test results to the class, allow 
time to discuss the design, 
the results, and possible 
reasons for the results. 
Questions like these will help 
get the discussion started: 

• Was this a fair test? 

• If not, how could it be 
changed to make it a fair test? 

• What factors make a bag 
weak or strong? 

Packaging & Other Structures 

Extensions 
• Challenge students to design 

tests that allow them to com
pare bag strength under various 
conditions-e.g., when the 
bags are wet, placing different 
kinds of items in the bags, using 
different packing techniques, 
and so on. 

• Ask each group to examine 
carefully the way in which each 
bag failed, and to redesign their 
bags to make them stronger. 

Tip 
To read about one teacher's 
experience with this activity, see 
Chapter 4 ("Stories"), page 111 . 
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Worksheet #5 

How Strong Is This Bag? 
Name/Group Date 

Bag Descriptions 

Describe the four bags that you will test. Measure them and write down the measurements. 
Describe their shapes, what they're made of, how they're made, and anything else you notice. 

Bag #1 

Bag #2 

Bag #3 

Bag #4 

Prediction 

Which bag do you think is the strongest? 

Why do you think that one is the strongest? 

Test 

A B 

Describe the test you will use to find out which bag is the strongest 

Test Results 

Based on your test, which bag is the strongest? 
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How Do You Package a Fragile Object? 

Grade Level 
4-6 

Prerequisites 
• Understanding of packaging 

materials 

• Understanding of categorizing 

• Understanding of fair test 
principles 

Overview 
Students test different kinds of 
cushioning materials and different 
ways of arranging them in order 
to protect the fragile contents of 
a package. 

Concepts 
• Packaging is designed to 

meet different needs and 
solve different problems. 

• Comparing and evaluating 
several solutions to the 
same problem requires the use 
of the principles of fair testing. 

• The composition and arrange
ment of different materials 
affect their ability to protect 
fragile objects in packages. 

Vocabulary 
• Fair test 

• Fragile 

• Cushioning 

Skills 
• Analyzing and solving problems 

• Reasoning 

• Using written and spoken 
language 

• Collecting, organizing, and 
interpreting data 

• Using charts and graphs to 
present data 

Standards 
• Benchmarks for Science Literacy: 

1 B, 3B, 8B 

• National Science Education 
Standards: A, E 

• Standards for the English 
Language Arts: 12 

• Principles and Standards for 
School Mathematics: DA & Pl, 
DA & P3, C3, Ml, 

Time Needed 
Four to six periods 

Materials 
• Variety of cushioning materials 

such as foam rubber, Styrofoam 
sheets and "peanuts," newspaper, 
bubble wrap, cloth, towels, 
cotton 

• Fragile objects such as chalk, 
thin bread sticks, cookies 

• Variety of unbreakable 
packaging containers (small 
boxes, milk containers, padded 
envelopes) 

• Measuring tape 

• Tape 

• Paper 

• Pencils and markers 

• Worksheet #6 

Procedure 
1 . Place some fragile objects

cookies, breadsticks, pieces 
of chalk-in a small, clear 
plastic bag and seal the bag. 
Ask students what they think 
will happen to the contents 
if you drop the bag. Once 
students have offered their 
ideas, drop the bag on a hard 
surface from a height of 
at least three feet. Show the 
package to the students again 
so they can see that the 
contents are broken. 
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2. Ask students to brainstorm 
ways the same items could 
be packaged so they wouldn't 
break when the package was 
dropped. Record their responses 
on chart paper. 

3. Divide students into small 
groups. Explain that their job is 
to test different ways of pack
aging fragile objects in order 
to determine which method 
does the best job of protecting 
the objects when the package 
is dropped. 

4. Review the rules of fair testing. 
Remind students that each test 
must be conducted under the 
same conditions-in this case, 
each package must contain 
the same type of fragile object 
and must be dropped from the 
same height. 

5. Provide all groups with at least 
three different packaging con
tainers, several different kinds 
of cushioning materials, fragile 
items (e.g., cookies, bread
sticks, pieces of chalk), and a 
copy of Worksheet #6. Go over 
the worksheet with the class 
to make sure everyone under
stands what to do. Help groups 
figure out how to make sure 
they drop all packages from 
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the same height-e.g., pushing 
each package gently off a table 
or a shelf. 

6. Allow two or three class 
periods for groups to set up, 
conduct, and record the results 
of their tests. Observe the 
groups as they work and help 
them record each test accu
rately and completely-kind 
of container, kind and amount 
of cushioning material, 
condition of the fragile item 
after each test. 

7. All presentations should be 
visual, including demonstra
tions and references to 
charts and/or graphs. 

Tips 
For one teacher's experience 
with this activity, see Chapter 4, 
"Stories," page 108. An egg is 
often used in this kind of 
activity, but cookies, breadsticks, 
or chalk are less messy and 
also less wasteful, since broken 
cookies and breadsticks can 
still be eaten, and broken chalk 
can still be used. 
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Worksheet #6 

Testing Fragile Objects 

Name/Group Date 

' 

Type of Material Condition of 
Packaging Used Height (cushion) Fragile Object 
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"Wtich Pump Dispenser Works Best? 

Grade Level 
5-6 

Prerequisites 
• Understanding of "fair testing" 

principles 

• Knowledge of experimental 
design, including isolating 
variables 

Overview 
This is a product testing activity, 
in which students formulate their 
own criteria for the "best" pump. 
Then they conduct systematic 
tests to find out how well a 
variety of pumps meet the criteria. 
They also try the pumps on 
different liquids, to see whether 
the best pump for a fluid like 
water is also most effective with a 
viscous fluid such as ketchup. 

Concepts 
• Different kinds of fluids have 

different viscosities 

• Variables that can affect the 
functioning of a pump or spray 
dispenser include the viscosity 
of the liquid and the design 
of the device 
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Vocabulary 
• Viscosity 

• Pump 

• Dispenser 

• Stroke 

Skills 
• Using problem-solving strategies 

to design an experiment 

• Measuring 

• Creating and collecting data 

• Analyzing data and drawing 
conclusions from evidence 

• Representing data on charts 
or graphs 

Standards 
• Benchmarks for Science Literacy: 

1A, 1 B, 9A 

• Standards for the English 
Language Arts: 12 

• National Science Education 
Standards: A 

• Principles and Standards for 
School Mathematics: DA & Pl, 
DA & P3, C3, Ml, 

Time Needed 
1 0 to 14 periods 

Materials 
• Pump and spray dispensers from 

the tops of containers for water, 
soap, lotion, mustard, ketchup, 
liquid cleaners, and so on-
one push pump and one spray 
dispenser for each small group 
of students 

• Liquids of different viscosities, 
such as water, milk, liquid 
detergent, ketchup, mustard 

• Basins or buckets 

• Plastic cups 

• Newspaper, paper towels 

• Construction paper 

• Colored pencils, markers 

• Meter sticks or yardsticks 

• Measuring cups or graduated 
cylinders 

• Rulers 

• Chart paper 

• Worksheets #7A, #78, #7C 

Procedure 
1 . Divide the students into 

groups. Give each group two 
pumps-one spray pump used 
for water or other thin liquids 
and one pump used for thick 
liquids such as liquid hand soap 
or dishwashing detergent, 
mustard, or ketchup; a ruler; 



paper; and colored pencils. Ask 
students to examine the pumps 
and liquids carefully, draw 
the pumps, and write down 
their observations, focusing on 
these questions: 

• How is the spray pump 
different from the push 
pump? 

• How does each pump work? 

• What is each pump used for? 

• How is water different from 
liquid detergent, mustard, 
or ketchup? 

2. Bring the groups together and 
have students share their 
observations with the whole 
class. Continue with a 
brainstorming session about 
the question, "How could we 
figure out which kind of pump 
works best for different kinds 
of liquids-water, milk, 
liquid detergent, ketchup?" 
Help students come up with 
several testing strategies-e.g., 
measuring how much liquid 
comes out with each pump; 
counting the number of times 
the pump has to be pressed or 
squeezed (i.e., the number 
of strokes) in order to remove 
a certain amount of liquid 
from a container; and so on. 
Record all of the students' ideas 
on chart paper. 

3. Distribute copies of Worksheets 
#7 A, 78, and 7C to all students. 
Explain that students will 
work in their groups to test 
the pumps to determine which 
pump works best for different 
kinds of liquids. In their groups, 
students discuss methods for 
testing the pumps for different 
liquids. Each group should 
agree on a method for testing 
the two kinds of pumps with 
different kinds of liquids. 
Have each student complete 
Worksheet #7 A. 

4. Give each group three or four 
liquids to test with the two 
kinds of pumps. (See Tips, 
below.) Have an assortment 
of plastic measuring cups, 
graduated cylinders, and 
measuring spoons available. 
Allow one or more class 
periods for students to design, 
carry out, and document their 
tests, and analyze their data. 

5. Each group prepares their test 
results to present to the class in 
the form of a chart or graph. 
Set aside class time for group 
presentations. 
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6. Follow-up student presentations 
with a discussion of the findings, 
using questions like these to 
get the discussion going: 

• Does the size of the tube 
affect the way a pump works 
for a particular kind of liquid? 

• Would making the tube 
bigger make it work better for 
thick liquids? 

• What are some other ways 
packages are designed 
to help you get the contents 
out of the container? 

Tips 
• Students need to test several 

different kinds of liquids with 
each pump. Try to provide 
each group with two relatively 
thin liquids, such as water and 
milk, and two relatively thicker 
liquids, such as liquid detergent 
and ketchup. 

• Avoid using lotions and oils 
for this activity, since they make 
the pumps difficult to clean 
and reuse. 

• This is a messy activity. Cover 
students' workspaces with 
newspaper, and have plenty 
of paper towels and sponges 
available for cleanup. 
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Worksheet #7A 

Pump Test Predictions and Procedures 

Name/Group Date 

Problem: 

What are you trying to find out? 

Hypothesis: 

List the liquids you will test. Then predict which kind of pump (spray or push) will work best for each liquid. 

Liquid: 

Prediction: 

Liquid: 

Prediction: 

Liquid: 

Prediction: 

Liquid: 

Prediction: 

Procedure: 

How will you test the pumps? What steps will you follow? 
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Worksheet #7B 

Pump Test Data 

Name/Group Date 

Create a chart or data table to record the data you collected. 
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Worksheet #7C 

Pump Test Findings and Analysis 

Name/Group Date 

List each liquid you tested and the pump that worked best for each one. 

Liquid: 

Pump that worked best for this liquid: 

Why do you think this pump worked better for this liquid? 

Liquid: 

Pump that worked best for this liquid: 

Why do you think this pump worked better for this liquid? 

Liquid: 

Pump that worked best for this liquid: 

Why do you think this pump worked better for this liquid? 

Liquid: 

Pump that worked best for this liquid: 

Why do you think this pump worked better for this liquid? 

What else did you learn from doing this experiment? 
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t.ardboard Structures 

Overview Vocabulary Standards 
This unit consists of six activities • Structure • Benchmarks for Science Literacy: 
that look systematically at some • Force 1 A, 1 B, 3B, 8B, 12A 
of the variables involved in 

• Load • National Science Education 
constructing cardboard structures. Standards: A, B, E 
Each activity examines a different • Stability 

• Standards for the English variable through a controlled • Tension 
experiment. The variables are: Language Arts: 12 

• Compression • Principles and Standards for • the shape of a shelf or beam; • Beam School Mathematics: DA & Pl, 
• the type of cardboard used; • Column DA & P3, C3, Ml, Gl 
• the orientation of the cardboard • Balance 

"ribs"; Grade Level • Center-of-mass 
• the type of glue used to laminate 5-6 

sheets of cardboard together; • Lamination 

and • Support Time Needed 
• the method used to support the 3 to 5 periods for each activity 

shelves or beams. Concepts 
In addition, the first activity also • The strength and point at which Activity Sequence: 
teaches the principles of a con- a structure fails depend on #8: How Does the Shape of a 
trolled experiment or "fair test." variables including the shape Column Affect Its Strength? 

Some of the variables studied in 
of beams and columns, type and 

#9: How Does the Shape of use of materials, construction 
this unit could be very important 

methods a Shelf Affect Its Strength? 
in the design of a usable class-

• Different parts of a structure are #10: How Does the Type 
room shelving unit, display stand, of Cardboard Affect the 
chair, or table. Each activity could subject to different forces 

Strength of a Shelf? 
also be the basis for a science fair 
project. Skills #11: How Does the Direction of 

• Identifying variables the Corrugations Affect the 

Prerequisites • Collecting and organizing data 
Strength of a shelf? 

• Knowledge of the principles • Using problem-solving strategies 
#12: How Does the Type of 

Glue Affect the Strength of of a "fair test" in mathematics and language arts a Laminated Shelf? 
• Experience in measuring weight • Measuring #13: How Does the Support and length 

• Knowledge of geometric shapes 
• Drawing conclusions Method Affect the Strength 

• Presenting results in written and of a Shelving Unit? 

spoken language 
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How Does the Shape of a Column Affect Its Strength? 

Overview 
In this activity, students investi
gate the relative strength of 
columns of different shapes 
and discover the importance 
of controlling variables in a test 
or experiment. 

Materials 
• Paper of assorted sizes and shapes 

(for preliminary construction ) 

• Shape templates (pages 69-72) 

• Tape or glue 

• Weights for load testing 
(tiles, washers, or marbles) 

• Bucket or coffee can 

• Square pieces of cardboard 
large enough to support a can 
or bucket 

• Worksheet #8 

Procedure 
1. A column is a vertical piece 

whose purpose is to support 
parts of a structure, such as a 
building, a platform, or a book
shelf. The legs of tables and 
chairs also work as columns. 
Find a structure in the class
room or nearby in the school 
that has support columns. 
This could be part of the room 
or building, a raised platform, 
a large table, or a bookshelf. 
Ask students to observe the 
columns carefully, and answer 
questions like these: 
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• What purpose do these 
columns serve in this 
structure? What are they 
holding up? 

• What would happen if one 
or more of the columns 
were removed? 

• What would happen if the 
columns weren't strong 
enough to do their job of 
supporting the structure? 

• What makes a column 
strong? Is it the length, the 
diameter, the material, 
the shape, or a combination 
of those? 

• How would we measure the 
length of a column? 

• How would we measure the 
circumference or perimeter 
of a column? 

• What kinds of materials can 
columns be made of? 

• What shapes can columns be? 

Regarding the latter question, 
show columns that are in the 
shape of a circle, a square, a 
rectangle, and a triangle. 
You can find some of these in 
furniture or in the structure 
of a building, or make them 
out of paper or cardboard for 
demonstration purposes. 

Record students' answers so 
they can return to them later 
after they've done some tests 
to learn more about this topic. 

2. Draw four shapes on the chalk
board: square, triangle, rectangle, 
and circle. Take a vote among 
students on which of these 
shapes they think would make 
the strongest column. Ask them 
to give their reasons for their 
choices. Don't label answers as 
right or wrong. Instead, record 
their ideas and tally up the 
votes for each shape for future 
reference . 

3. Ask students to work in pairs 
to construct the four different
shaped columns out of paper 
and use them to test their 
hypotheses. Don't specify any 
rules or guidelines for the sizes 
of the columns or the construc
tion techniques. Make paper 
of different weights and sizes 
available, but don't suggest 
which one should be used. Let 
students make all the decisions 
regarding the columns. The 
only requirement is that one 
must be round, one must be 
square, one must be rectangular, 
and one must be triangular. 

4. Distribute copies of Worksheet 
#8 to each team. On the work
sheet, have them identify this as 
"Test #1." Once students have 
constructed their columns, 
have them measure the length 
and enter the measurements on 
Worksheet #8. They should 
also enter the construction 
material used for each column. 



5. The next step is for students to 
test the columns for strength 
and record the results. The 
test consists of centering a 
square platform of cardboard 
on top of the column, holding 
the column securely and making 
sure it is exactly vertical, 
placing the can on top of this 
platform, and adding weights 
(identical washers, tiles, or 
marbles) to the can until the 
column buckles. One student 
can hold the column upright 
at its base while the other 
places the cardboard platform 
on top, places the empty can 
on the platform, then adds 
the weights to the can, one at 
a time. Students should count 
the number of weights added 
in each test to determine 
the point at which the column 
buckles. 

6. Make a simple chart on the 
board or chart paper to 
compare the results of all 
student teams. Tally how many 
columns of each shape were 
found to be the strongest in 
the preliminary tests. If a 
clear winner emerges, ask 
student teams who identified 
that shape as the strongest to 
share their data with the class: 

• Length of column 

• Material used 

• Point of failure 

Ask students to compare and 
discuss similarities and differ
ences among these variables. 

7. Discuss the meaning of these 
preliminary tests, starting 
with these questions: 

• Why didn't every team get 
the same result? 

• Do these tests really reveal 
which shape makes the 
strongest column? 

• Were these fair tests-that is, 
were the variables (such as 
length, width, type of paper) 
the same for each test? 

8. Review the principles of fair 
testing with students. Have 
them identify what would be 
necessary to make these fair 
tests for the strongest shape
that is, controlling all variables 
so that the only difference 
among the columns being 
tested is the shape. This 
requires using the same 
materials, making columns of 
the same length, and using the 
same platform, can, and 
weights to test for strength. 

9. Once the principles of a fair test 
have been established, 
set aside class time for students 
to perform their tests again. 
Distribute more copies of 
Worksheet #8 to student teams 
and have them identify this as 
"Test #2." Make copies of the 
templates on pages 69-72 
and distribute them to students. 
Point out that it's important 
to follow the template directions 
carefully so that all columns 
are folded and taped in the 
same way. 
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10. Have students make the 
columns and perform the 
tests again. Remind them to 
follow the principles of fair 
testing in all cases-all vari
ables must be the same except 
the shape of the column. 

11. Students once again fill out 
the worksheet and present 
their findings to the class. 
Compare and discuss the find
ings, which should reveal the 
round column to be the 
strongest. If there are results 
that don't agree with this 
finding, have students analyze 
their test procedures and 
conditions to look for evidence 
that fair test guidelines were 
not followed. 

Extensions 
• Challenge students to create a 

graph of their test data and 
to rank the four shapes from 
strongest to weakest. 

• As homework, have students 
look for examples of columns 
they see in their homes 
and community, and also find 
pictures of columns in 
newspapers and magazines 
and bring them to class. 
Set aside class time to discuss 
the shapes, materials, 
and functions of the columns 
students identify . 
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Worksheet #8 

Which Shape Makes the Strongest Column? 

Name/Team Date 

Test# ___ _ 

Construction Number of Weights 
Shape of Column Length of Column Material That Caused Failure 

Circle 

Square 

Rectangle 

Triangle 

1. Which column was the strongest? Circle __ Square __ Rectangle __ Triangle 

2. Why do you think that one is the strongest? _____________________ _ 

3. Was it the same length as the other columns? Yes 

4. Was it made of the same material as the other columns? 

No 

Yes No 

5. How do you think the answers to questions 3 and 4 affected the test results?----------~ 
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(tape here) 

To make a circular column, tape this edge of paper to the line at the other end. 



(fold here and tape) 

(fold here) 

(fold here) 

(fold here) 

To make a square column, fold at the lines and tape this edge of paper 
to the line at the other end of the paper. 



(TAPE HERE but DO NOT FOLD AT THIS LINE!) 

(fold here) 

(fold here) 

(fold here) 

(fold here) 

To make a rectangular column, fold at the lines and tape this edge of paper 
to the line at the other end of the paper. 



(fold here and tape) 

(fold here) 

(fold here) 

To make a triangular column, fold at the lines and tape this edge of paper 
to the line at the other end of the paper. 



Packaging & Other Structures 

How Does the Shape of a Shelf Affect Its Strength? 

Overview 
Students conduct tests to deter
mine which shape will produce 
the strongest shelf. 

Materials 
• Cardboard (to make square, 

rectangular, and trapezoidal 
shelves) 

• Strong, wide cardboard columns 
(two per group) that the shelves 
will be attached to for testing 

• Glue 

• Heavy weights for load testing 

• Meter stick 

• Worksheet #9 

Procedure 
1. Explain that the goal of this 

activity is to find the shape 
that makes the strongest shelf: 
square, rectangle, or trapezoid. 
Students will work in teams to 
test the shapes and compare 
their results. 

2. Divide students into small 
groups. Assign a shape to each 
group. At least two groups 
should test each shape so that 
results can be compared. 

3. Provide groups with materials 
for making shelves-cardboard 
for the shelves, cardboard 
support columns, glue or tape 
for attaching shelves to 
columns. If students are cutting 
their own cardboard, provide 
them with dimensions so that 
all shelves tested have the 
same surface area-required to 
make this a fair test. 

4. Review methods for testing 
shelf strength. There are two 
options: 

• Drop method: Using the meter 
stick as a guide, students drop 
a standard weight onto the 
center of the shelf from 5 cm. 
above it. They repeat this 
test, dropping the same 
standard weight from heights 
that increase in 5 cm. 
increments, until the shelf 
gives way from the impact. 

• Gradual method: Students 
load the shelf by gradually 
adding weight to the center 
of the shelf, until it fails. 

5. Distribute Worksheet #9. Have 
students conduct the tests 
and record their findings in the 
appropriate place, depending 
on the test method used. 

6. Bring the groups together and 
ask each group to share its 
results. Create a chart on the 
board or chart paper to show 
the results for each shape from 
each group. Compare and 
discuss the results, starting with 
these questions: 

• Which shape was the 
strongest? 

• Did each group have similar 
results? 

• If different loading methods 
were used with the same 
shape, do the results from 
both types of test agree? 

Encourage discussion on 
whether the "drop" method 
or the "gradual" method 
better reflects the way a shelf 
would be loaded in practice. 
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Tips 
• Monitor the groups' work to 

make sure students glue or 
tape the shelves securely to 
the columns. If glue is used, 
it should be allowed to dry 
overnight. If the shelves aren't 
attached securely to the 
columns or if the glue isn't dry, 
the supports could fail before 
the shelves do. 

• The surface area should be the 
same for each shape. You can 
assure this by giving students 
the dimensions for cutting 
the shelves, or by precutting 
the cardboard pieces yourself. 
Alternatively, the students 
can calculate the dimensions 
themselves, as a math exercise. 
Other variables that should 
be kept the same include the 
type of cardboard and the 
support method. 
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• The simplest approach is to 
have each group test a different 
shape and then compare results. 
A more thorough but time
consuming approach is to 
allow each group to test all 
three shapes. 

• In order for this to be a fair test, 
there are a number of variables 
that must be kept constant, 
such as the surface area of the 
shelves. Review the concepts 
of a controlled experiment. 

• If you use the "gradual" method 
of testing, you may need to 
make the shelf longer so that it 
requires a reasonable amount 
of weight to make it fail. 
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Worksheet #9 

How Does the Shape of a Shelf Affect Its Strength? 

Name/Group Date 

Test Method: Drop 

Shape of Shelf Dropped 5 cm. Dropped 10 cm. Dropped 15 cm. Dropped 20 cm. 

Test Method: Gradual 

Fill in the shelf shape beng tested. Enter the amount of weight loaded onto the shelf that caused the shelf to fail. 

Shape of Shelf Number of Weights at Which the Shelf Failed 

Chapter 3 I Activities 75 



Packaging & Other Structures 

victivit~ ~ to 

How Does the Type of Cardboard 
Affect the Strength of a Shelf? 
Overview 
Students conduct tests 
to determine which type of 
cardboard produces 
the strongest beam or shelf. 

Materials 
• Three or four common types of 

cardboard of different weights 
and thicknesses, large enough 
to make rectangular beams 
approximately 6 cm. x 30 cm. 

• Weights for load testing 
(washers, tiles, or marbles) 

• Bucket or can 

• Worksheet #10 

Procedure 
1. Explain that the goal of this 

activity is to find out which 
type of cardboard makes 
the strongest shelf. Students 
will work in small groups 
to test different kinds 
of cardboard. 

2. Divide students into small 
groups. Assign a type of 
cardboard to each group. At 
least two groups should test 
each type of cardboard so 
that results can be compared. 
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3. Provide groups with materials 
for making the rectangular 
beams (shelves). If students are 
cutting their own cardboard, 
provide them with dimen
sions-6 cm. x 30 cm.-
so that all cardboard beams 
tested have the same surface 
area-required to make 
this a fair test. Remind students 
of the principles of the fair 
test and review the variables in 
this test that must be kept 
constant. 

4. Have groups test each piece of 
cardboard using this procedure: 

• Use the cardboard rectangle 
to make a "bridge" between 
two desks or two stacks of 
books. 

• Place the bucket or can at 
the center of the cardboard. 

• Gradually add tiles or washers 
(or other appropriate weights) 
to the bucket, until the 
shelf collapses. Keep track of 
the number of weights added. 

• Record the number of 
weights that cause the 
cardboard "bridge" to fail 
on Worksheet #10. 

5. Bring the groups together to 
report, compare, and discuss 
the test results. 

Tips 
• You will probably want to limit 

the types of cardboard to 
three or four types that are large 
enough to work with and 
readily available. 

• To save time and to insure that 
all cardboard rectangles are 
the same size, you may want to 
pre-cut the cardboard pieces 
yourself. If you have students 
cut their own cardboard, monitor 
them carefully to make sure 
they are using cutting tools safely 
and to make sure the pieces 
tested are all the same size. 

• The simplest approach would 
be to have each group test 
one or two different materials, 
then compare results. A more 
thorough but time-consuming 
approach would be to allow 
each group to test all three or 
four materials. 
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Worksheet # 10 

How Does the Type of Cardboard 
Affect the Strength of a Shelf? 

Name/Group Date 

Type of cardboard tested: 

Dimensions of cardboard shelf: 

Kind of weights used to test strength: 

Number of weights that caused the shelf to fail: 
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victivit~ ~ 11 

How Does the Direction of the Corrugations 
Affect the Strength of a Shelf? 
Overview 
Students conduct tests to 
determine which way of 
orienting the corrugations will 
produce the strongest shelf. 

Materials 
• Three 6 cm. x 30 cm. pieces 

of cardboard per group 

• Glue 

• Tiles, washers, or marbles for the 
load testing 

• Bucket or large can for holding 
weights 

• Worksheet #11 

Procedure 
1 . Provide students with square 

samples of corrugated 
cardboard and let them examine 
them carefully. Discuss the 
structure of corrugated 
cardboard. Help students 
observe that the middle layer 
has "ribs" that all run in the 
same direction. Ask these 
questions and record students' 
answers. Encourage students 
to speculate and give reasons 
for their answers. 

• Would a cardboard shelf be 
stronger if these ribs were 
running the long way or the 
short way? 
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• If three pieces of cardboard 
are glued together to make a 
stronger shelf, should all of 
the pieces have their ribs run
ning the same way, or should 
they be alternated? If they 
should alternate, what should 
the order be? 

2. Divide students into small 
groups. Provide each group 
with two 6 cm. x 30 cm. 
"shelves" made of the same 
kind of corrugated cardboard. 
In one shelf, the ribs of the 
cardboard run from end to end 
of the shelf-the long way; in 
the other, the ribs run across 
the shelf-the short way. 

3. Distribute copies of Worksheet 
#11. Have all groups test the 
strength of each shelf following 
this procedure: 

• Use the cardboard shelf to 
make a "bridge" between two 
desks or two stacks of books. 

• Place the bucket or can at the 
center of the cardboard. 

• Gradually add tiles or washers 
(or other appropriate weights) 
to the bucket, until the 
shelf collapses. Keep track of 
the number of weights added. 

• Record the number of 
weights that cause the card
board "bridge" to fail. 

4. Bring the groups together to 
present, compare, and discuss 
the results. They should discover 
that cardboard is stronger 
when its ribs run the long way. 

5. Pose the next question: If 
three pieces of cardboard are 
glued together to make a 
stronger shelf, should all of the 
pieces have their ribs running 
the same way, or should they 
be alternated? If they should 
alternate, what should the 
order be? Record students' 
responses. Encourage them 
to speculate and to explain the 
reasons for their answers. 

6. Explain to students that they 
are going to design and test a 
model of a laminated shelf 
made from three 6 cm x 30 cm 
pieces of corrugated cardboard. 
A laminated shelf is assembled 
by gluing three layers of 
shelving material together. 



7. Have each group choose 
one of the laminated shelf 
patterns listed under 
Test #2 on Worksheet #11. 
"Long/long/long" means all 
three layers have their ribs 
running the long way, etc. Make 
sure that at least one group is 
testing each design. Have all 
groups make and test their shelf 
designs using this procedure: 

• Choose a shelf design and 
check it off on Worksheet #11 . 

• Create the laminated shelf by 
gluing three pieces of 6 cm. x 
30 cm. corrugated cardboard 
together. 

• Use a book as a weight to 
hold the pieces together and 
allow the assembled shelf 
to dry, preferably overnight. 

• Use the laminated shelf to 
make a "bridge" between 
two desks. 

• Place the bucket or can at 
the midpoint of the shelf. 

• Add weights, one at a time, 
until the shelf collapses. 

• On Worksheet #11, record 
the number of weights 
that caused the collapse. 

8. Bring the groups together to 
present, compare, and discuss 
the test results. The results 
should show that the pattern 
long/long/long makes the 
strongest shelf. 

Tips 
• To save time, you may want to 

prepare the cardboard ahead 
of time, or you can allow students 
to cut their own cardboard. 
All shelf pieces must be the same 
size and made of the same type 
of corrugated cardboard. You 
need enough pieces with the 
ribs running the long way, and 
enough oriented the short way, 
so that all variations can 
be tested. 

• Review the principles of fair 
testing. To insure that this is a 
fair test, all teams should 
use the same amount of glue 
to create their laminated shelves, 
the same types of buckets 
or cans, and the same types 
of weights. 
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Worksheet # 11 

How Does the Direction of the Corrugations 
Affect the Strength of a Shelf? 

Name/Group Date 

Test #1: Single-Layer Shelf 

Shelf Description Number of Weights at Which Shelf Failed 

Ribs running the long way 

Ribs running the short way 

Test #2: Three-Layer Laminated Shelf 

Shelf Design Tested (check one) Number of Weights at Which Shelf Failed 

[ ] Long/long/long 

[ ] Long/long/short 

[ ] Long/short/long 

[ ] Long/short/short 

[ ] Short/long/short 

[ ] Short/short/short 
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How Does the Type of Glue Affect the 
Strength of a Laminated Shelf? 
Overview 
Students conduct tests to 
determine which glue will 
produce the strongest shelf. 

Materials 
• Glue of different types, such as 

wood glue, white school glue, 
mucilage, stick glue, rubber 
cement, art glue, fabric glue, etc. 

• Three 6 cm. x 30 cm. pieces 
of cardboard per group 

• Tiles, washers, or marbles for 
load testing 

• Bucket or large can for holding 
weights 

• Worksheet #12 

Procedure 
1 . Explain to students that the 

goal of this activity is to find 
the glue that will make the 
strongest laminated shelves. 
Students will work in groups 
to test the strength of different 
glues used to create a two-layer 
laminated shelf. 

2. Divide students into small 
groups. Provide each group 
with two identical 6 cm. x 30 
cm. cardboard shelves and 
a standard amount of one 

type of glue. In this test, the 
directions of the cardboard 
ribs, the size, and type of card
board must all be the same, as 
must the amount of glue used. 

3. Distribute copies of Worksheet 
#12. Have all groups conduct 
a test on one type of glue 
using the following procedure: 

• On Worksheet #12 check the 
type of glue being tested. 

• Carefully use all the glue 
provided to glue the two 
cardboard layers together. 

• Put weights on the shelves 
and allow them to dry, 
preferably overnight. 

• When the glue is dry, use 
the laminated shelf to make 
a bridge between two desks 
or two stacks of books. 

• Place a can or bucket in the 
center of the shelf and add 
tiles, washers, or other 
weights, one at a time, until 
the shelf collapses. 

• On Worksheet #12 record the 
number of weights at which 
the shelf collapses. 

4. Bring the groups together to 
present, compare, and discuss 
the results. Use these questions 
to spark discussion: 

• Would we get the same results 
with a different type of card
board? 

• Would the same glue still be 
strongest if it were used for 
a different purpose, such as 
making a column or supporting 
a shelf? 

Tips 
• At least two groups should test 

each type of glue, so the results 
can be compared. 

• To save time and insure that this 
is a fair test, you might want to 
prepare the cardboard layers 
ahead of time. 

• Pre-measure the same amount 
of glue for each group. 

• When using rubber cement or 
any other glue with a strong 
odor, make sure there is plenty 
of ventilation. 
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Worksheet # 12 

How Does the Type of Glue Affect the 
Strength of a Laminated Shelf? 

Name/Group Date 

Type of Glue Tested (check one) Number of Weights at Which Shelf Failed 

[ ] Wood glue 

[ ] White school glue 

[ ] Mucilage 

[ ] Stick glue 

[ ] Rubber cement 

[ ] Art glue 

[ ] Fabric glue 

[ ] Other (describe) 
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How Does the Support Method Affect the 
Strength of a Shelving Unit? 
Overview 
Students conduct tests to 
determine which type of 
support will produce the 
strongest shelf unit. 

Materials 
• Cardboard to build one model 

unit for each group (sides and 
back only) 

• Shelves from previous activities 

• Three narrow strips of cardboard 
to serve as supports (two for the 
sides and one for the back) 

• White school glue 

• Tape 

• Tiles, washers, or marbles to use 
as weights for load testing 

• Bucket or large can for holding 
weights 

• Worksheet #13 

Procedure 
1. Explain to students that they 

are going to test different 
methods for supporting the 
shelves of a cardboard shelving 
unit to figure out which 
method works best. Students 
will work in groups to choose 
and test different methods. 

2. Brainstorm ways that shelves 
might be supported in a 
shelving unit. Have students 
look around the room to see 
how the shelves are supported 
in bookcases, closets, storage 
cabinets, etc. Record all of the 
students' ideas on the board 
or chart paper. If students need 
help, suggest these methods: 

• Strips of cardboard are glued 
to sides and back of unit 
and the shelves then rest on 
these strips. 

• Shelves are glued directly to 
the backs and sides of the 
unit . 

• Tape is used to hold the 
shelves directly to sides and 
back of unit. 

3. Divide students into small 
groups and distribute copies 
of Worksheet #13. Let each 
group choose the attachment 
method they will test. Make 
the necessary materials avail
able. 

4. Give groups time to attach 
shelves to the shelving unit 
frame you have provided. 
When the unit is complete, the 
group uses the can or bucket 
with weights to test the unit 

for strength. They then record 
their results on Worksheet #13. 

5. Bring the groups together to 
present, compare, and discuss 
the results. 

Tips 
• For this activity you will need 

to prepare a model unit for 
each group consisting of the 
back and sides only . 

• In order for this to be a fair 
test, variables must be 
kept the same for all trials: 
the dimensions and 
materials used in the frame; 
the size of the shelves and 
materials used. 
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Worksheet # 13 

How Does the Support Method Affect the 
Strength of a Shelving Unit? 

Name/Group Date 

Describe the method you will use to attach the shelves to the shelving unit. 

Describe what happened when you tested the strength of your shelving unit. 

How could you improve the design of your shelving unit? 
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$tandards for Activities 

Activity #1: Exploring and Categorizing Packages 

Benchmarks for Science Literacy 

Benchmark # 1 B: Describing things as accurately as possible is important in science because it enables people 

to compare their observations with those of others. 

Standards for the English Language Arts 

Standard #12: Students use spoken written language to accomplish their own purposes. 

National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Principles and Standards for School Mathematics 

Algebra Standard Al: Understand, patterns, relations, and functions. 

Activity #2: Classifying Bags 

Benchmarks for Science Literacy 

Benchmark # IA: Results of similar scientific investigations seldom turn out exactly the same. Sometimes this is because 

of unexpected differences in the things being investigated. 

Benchmark # 1 B: Scientific investigations may take many different forms including observing what things are like or 

what's happening somewhere, collecting specimens for analysis, and doing experiments. 

Benchmark #2A: Mathematics is the study of many kinds of patterns, including numbers and shapes and operations on 

them. Sometimes patterns are studied because they help to explain how the world works or how to solve practical problems. 

Benchmark #9A: Simple graphs can help to tell about observations. 

Standards for the English Language Arts 

Standard # 12: Students use spoken, written, and visual language to accomplish their own purposes. 

National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Principles and Standards for School Mathematics 

Algebra Standard Al: Understand, patterns, relations, and functions 

Data Analysis and Probability Standard DA & PI: Formulate questions that can be addressed with data and collect, 

organize, and display relevant data to answer them. 
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Activity #3: Packing a Bag 

Benchmarks for Science Literacy 

Benchmark # IA: When a scientific investigation is done the way it was done before, we expect to get a 

very similar result. 

Benchmark # I B: People can often learn about things around them by just observing those things carefully, but 

sometimes they can learn more by doing something to the things and noting what happens. 

Benchmark #2C Numbers and shapes can be used to tell about things. 

Standards for the English Language Arts 

Standard # 12: Students use spoken, written, and visual language to accomplish their own purposes. 

National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Principles and Standards for School Mathematics 

Measurement Standard Ml: Understand measurable attributes of objects and the units, systems, 

and processes of measurement. 

Data Analysis and Probability Standard DA & P3: Develop and evaluate inferences and predictions 

that are based on data. 

Activity #4: It Fits Just Right! 

Benchmarks for Science Literacy 

Benchmark # IA: When a scientific investigation is done the way it was done before, we expect to get a very 

similar result. 

Benchmark # I B: People can often learn about things around them by just observing those things carefully, 

but sometimes they can learn more by doing something to the things and noting what happens. 

Standards for the English Language Arts 

Standard# 12: Students use spoken, written, and visual language to accomplish their own purposes. 

Principles and Standards for School Mathematics 

Geometry Standard GI: Analyze characteristics and properties of two- and three-dimensional geometric shapes and 

develop mathematical arguments about geometric relationships. 

Geometry Standard G4: Use visualization, spatial reasoning, and geometric modeling to solve problems. 
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Activity #5: How Strong Is This Bag? 

Benchmarks for Science Literacy 

Benchmark # IA: When a scientific investigation is done the way it was done before, we expect to get a very similar 

result. 

Benchmark # 1 B: People can often learn about things around them by just observing those things carefully, but some

times they can learn more by doing something to the things and noting what happens. 

Benchmark #2A: Mathematics is the study of many kinds of patterns, including numbers and shapes and operations on 

them. Sometimes patterns are studied because they help to explain how the world works or how to solve practical problems. 

Benchmark #9A: Simple graphs can help to tell about observations. 

Standards for the English Language Arts 

Standard # 12: Students use spoken, written, and visual language to accomplish their own purposes. 

National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Content Standard B: Students should develop an understanding of properties of objects and materials. 

Principles and Standards for School Mathematics 

Data Analysis and Probability Standard DA & P 1: Formulate questions that can be addressed with data and collect, 

organize, and display relevant data to answer them. 

Data Analysis and Probability Standard DA & P3: Develop and evaluate inferences and predictions that are 

based on data. 

Connections Standard C3: Recognize and apply mathematics in contexts outside of mathematics. 

Measurement Standard Ml: Understand measurable attributes of objects and the units, systems, and processes 

of measurement. 

Activity #6: How Do You Package a Fragile Object? 

Benchmarks for Science Literacy 

Benchmark # 1 B: Describing things as accurately as possible is important in science because it enables people to compare 

their observations with those of others. 

Benchmark #3B: There is no perfect design. 

Benchmark #BB: Discarded products contribute to the problem of waste disposal. Sometimes it is possible to use the 

materials in them to make new products, but materials differ widely in the ease with which they can be recycled. 
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National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Content Standard E: Students should develop abilities of technological design and understanding about 

science and technology. 

Standards for the English Language Arts 

Standard # 12: Students use spoken, written, and visual language to accomplish their own purposes. 

Principles and Standards for School Mathematics 

Data Analysis and Probability Standard DA & Pl: Formulate questions that can be addressed with data 

and collect, organize, and display relevant data to answer them. 

Data Analysis and Probability Standard DA & P3: Develop and evaluate inferences and predictions 

that are based on data. 

Connections Standard C3: Recognize and apply mathematics in contexts outside of mathematics. 

Measurement Standard Ml: Understand measurable attributes of objects and the units, systems, 

and processes of measurement. 

Activity #7: Which Pump Dispenser Works Best? 

Benchmarks for Science Literacy 

Benchmark # lA: When a scientific investigation is done the way it was done before, we expect to get a very 

similar result. 

Benchmark # 1 B: Describing things as accurately as possible is important in science because it enables people 

to compare their observations with those of others. 

Benchmark #9A: Simple graphs can help to tell about observations. 

Standards for the English Language Arts 
Standard # 12: Students use spoken, written, and visual language to accomplish their own purposes. 

National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Principles and Standards for School Mathematics 
Data Analysis and Probability Standard DA & PI: Formulate questions that can be addressed with data and collect, 

organize, and display relevant data to answer them. 

Data Analysis and Probability Standard DA & P3: Develop and evaluate inferences and predictions that are based on data. 

Connections Standard C3: Recognize and apply mathematics in contexts outside of mathematics. 

Measurement Standard Ml: Understand measurable attributes of objects and the units, systems, and 

processes of measurement. 
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Activities #8-13: Cardboard Structures 

Benchmarks for Science Literacy 

Benchmark # IA: When a scientific investigation is done the way it was done before, we expect to get a very similar 

result. 

Benchmark # 1 B: Describing things as accurately as possible is important in science because it enables people to compare 

their observations with those of others. 

Benchmark #3B: There is no perfect design. 

Benchmark #BB: Discarded products contribute to the problem of waste disposal. Sometimes it is possible to use the 

materials in them to make new products, but materials differ widely in the ease with which they can be recycled. 

Benchmark # 12A: Students should keep records of their investigations and observations and not change the records later. 

Students should offer reasons for their findings and consider reasons suggested by others. 

National Science Education Standards 

Content Standard A: Students should develop abilities necessary to do scientific inquiry. 

Content Standard B: Students should develop an understanding of properties of objects and materials. 

Content Standard E: Students should develop abilities of technological design and understanding about science 

and technology. 

Standards for the English Language Arts 

Standard # 12: Students use spoken, written, and visual language to accomplish their own purposes. 

Principles and Standards for School Mathematics 

Data Analysis and Probability Standard DA & PI: Formulate questions that can be addressed with data and collect, organ

ize, and display relevant data to answer them. 

Data Analysis and Probability Standard DA & P3: Develop and evaluate inferences and predictions that are 

based on data. 

Connections Standard C3: Recognize and apply mathematics in contexts outside of mathematics. 

Measurement Standard Ml: Understand measurable attributes of objects and the units, systems, and processes 

of measurement. 

Geometry Standard GI: Analyze characteristics and properties of two- and three-dimensional geometric shapes 

and develop mathematical arguments about geometric relationships. 
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I n chis chapter, seven teachers 

will cell the stories of how they 

implemented activities and units on 

packaging and structures at levels 

ranging from pre-kindergarten/kinder

garten co sixth grade. Five of the 

teachers focused on analysis and design 

of packaging technologies. The ocher 

two engaged their students in designing 

and making useful classroom structures 

from discarded packaging materials. 

All of the activities in chis chapter are 

summarized in Table 4-1. 

Packaging & Other Structures 

Table 4-1 

Approaches to the study 
of packaging and structures 

Getting Started 

Brianstorming about what constitutes a package, including natural 

and artificial packages 

Collecting and sorting examples of packaging 

Brainstorming problems at school and home that could be solved by 

creating new structures 

Analysis 

Exploring some of the relationships between a package and 

its contents 

Testing bags, boxes, cushioning materials, and pump dispensers 

to find out their mechanical properties 

Determining how the following variables affect the strength of 

a cardboard shelf: type of glue, lamination method, shape, 

support method 

Design 

Repairing and redesigning bags 

Designing cushioning systems for a fragile product 

Creating portable storage units for transporting shoebox dioramas 

Designing and making cardboard shelves for the classroom 
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vi..nalyzing and Designing Packaging 

Technology in the Early Childhood 
Classroom by Theresa Luongo 

Most children are in my class for two full school years. They enter at approxi
mately four years of age in pre-kindergarten, and stay with me until the 
end of kindergarten, when they are approximately six years old. This school 
year (1998-99) my class is made up of two-thirds kindergarten students 
and only one-third pre-kindergarten, due to budget cuts for pre-K. I have 
23 students in my class and a full-time paraprofessional. 

My classroom is spacious. The room is divided into work areas where small 
groups of children engage in a wide range of activities. There is a large rug 
area where we come together to meet and share work and read. The various 
areas of the room reflect the choices available to the children during work 
time: Sand, Water, Math, Discover, Blocks, Dramatic Play, Construction, 
Painting, Cooking, Clay, Writing, Library and Listening. (See Figure 4-1.) Each 
day, the classroom transforms into a workshop atmosphere where children 
work together on projects. 

4-1: Theresa's map of her classroom 
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Theresa Luongo is a pre-K/K teacher at 

Central Park East 2, a small alternative 

school in East Harlem. Packaging 

became an ongoing activity in her class

room as her children became intrigued 

with the properties of boxes, bags, and 

pump dispensers. Many of the activities 

were initiated by the children, who 

found new uses for the pump dispensers 

and discovered how to modify and repair 

bags. Theresa came away ftom these 

activities with a new appreciation for 

the potential of technology in the early 

childhood classroom. 
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There are certain universals shared 
among most early childhood teachers. 
One is that learning is a social 
process. Another is that learning is 
active, not passive. If we want our 
students to be active learners and use 
language for real purposes, we need 
to create classroom environments 
that encourage this. The classroom 
itself should be viewed as a workshop 
or studio where experimentation 
and dialogue take place among the 
students. Each day a certain amount 
of time should be devoted to student 
projects and experimentation. In my 
school we call it "Work Time." 
By setting aside a time each day for 
students to make choices about 
where they will work, we are helping 
them pursue their interests and 
make choices about their learning. 

Initially, Theresa was reluctant to 

integrate technology into this already 

rich environment. Her overriding goals 

are in the areas of language arts, and 

she was not sure how technology would 

contribute to those objectives. She 

writes: 

One goal of most early childhood 
teachers is to promote language 
and literacy development. As a 
kindergarten teacher, I didn't see 
how technology could help me 
achieve that goal and I was skeptical 
about the role it would play in 
my classroom. One of my reserva
tions centered around my feelings 
of inadequacy about technology in 
general. I was equally concerned 
about trying to do something new, 
in addition to everything that was 
happening in my classroom already. 

As I read more and talked with 
participants who had been part of 
Stuff That Works! the previous year, I 
started to broaden my understanding 
of what technology is. I began to 
see how technology could fit into 
what happens naturally in the kinder
garten classroom and how important 
it is to expose young children to 
technology and their part in it. 
Technology promotes language devel
opment naturally. When children 
come together to repair something or 
understand the way a mechanical 
device works, they are forced to use 
language for real reasons. 

It isn't necessary to set up a 
Technology Corner or a Technology 
Center for technology activities to 
take place in the classroom. I want to 
stress the importance of using 
technology as an integral part of 
what already exists in the classroom. 

Theresa sought an aspect of tech

nology that would fit neatly into one 

of the work areas in her classroom. 

She wanted her students to explore 

technology in the context of the things 

they were already doing. In addition, 

she was hoping that they would pursue 

these investigations over the long 

term, revisiting their own questions as 

new ideas arose. Theresa decided to 

introduce pump dispensers-the kind 

found on lotion and cleanser bottles

into the water table in her classroom. 

Packaging & Other Structures 

Chapter 4 I Stories 93 



Packaging & Other Structures 

How Do We Get the 
Smelly Water Out of 
the Water Table? 

This was something I knew I could 
fit into an area already established in 
my classroom, the water table. Our 
water table has a large basket under
neath where various objects are kept. 
Among those objects was one large 
plastic pump. During a meeting at 
the rug area I brought over a pump 
dispenser (filled with water) and 
a clear plastic cup. I explained that 
the children going to the water table 
would have a chance to use these 
kinds of pumps. I then passed the 
pump dispenser and cup around to 
give the students a chance to use it. 

Up to three students at a time 
may go to the water table. In addition 
to water toys, several pump dispensers 
were available. Each day I encouraged 

different students to choose Water 
as a Work Time activity. The students 
began experimenting with the 
pumps. Initially, the children didn't 
all know that the tube needed to be 
in the water. They tried to fill the 
tube with buckets of water, basters, 

large spoons, etc., only to turn the 
pump over and have the water spill 
out. (See Figure 4-2.) 

Here is a sample of the talk at the 

water table: 

DIONISIO: 
It Is l,t,1!,l,li11g1 tl-1e water is 

b1.Abbli11g. We wiade it btAbble. 

JUSTIN (holding a meat baster): 
How does tl-1is tl-1i11g work? 

THERESA (the teacher): 
How do _!10IA tl-1i11k it works? 
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JUSTIN: 
I k11ow. Yo!A !,,,ave to p!Asl-1 it 

7tl-1e tipf real 1-1ard. 

DIONISIO: 
YolA !,,,ave to sq1Aee:z:e it. 

THERESA (holding up the pump): 
How does tl-1is work? 

DIONISIO (turning the pump 
upside down): 
YolA !,,,ave to fill it !Ap. He,!11 we 

11eed sowie l-1elp !,,,ere. I ca111t p!At 

water i11 tl-1is tl-1i11g. 

JUSTIN: 
Yo1A sl-1o1Ald fill it i11 tl-1e si11k. 



Both students worked on filling 
the tube upside down, only to have 
the water spill out when it was 
turned over. Finally, they decided to 
submerge the pump's tube in 
the water. 

I asked the students to start 
looking for pumps at home. The 
one deal I've made with the class 
is, "If you bring in a pump, you will 
definitely get a chance to go to 
the water table during Work Time 
that day." Now we have a rather 
extensive pump collection that keeps 
growing. (See Figure 4-3.) 

Once I felt the students had had 
enough time to play with and explore 
the pumps, I began our experiment. 

The students selected three 

pumps of various sizes and labeled 

them #1, #2, and #3, and also num

bered three cups. Then, taking turns, 

each child operated a pump just 

once, with the flow directed into the 

cup with the same number. (See Figure 

4-4.) The question was "Which pump 

will pump the most water?" 

Theresa continues: 
With each test, we would record 

the results of our experiment and 
the date on a chart. (See Figure 4-5.) 
After several trials, we started testing 
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three different pumps labeled #4, #5, 
and #6. These pumps are closer in 
size to one another than the pumps 
used in the first trials. 

As we continue to test our pumps, 
the students are asking and answering 
their own questions about how the 
pumps work. Some are convinced 
the bigger the pump, the more 
water it will be able to pump. Others 
aren't sure if that's true. 

In the course of these investigations, 

some children came to see the pumps 

as useful tools, as well as interesting 

objects to experiment with. There was 

a real problem that the pumps could 

solve: "How do we get the smelly water 

out of the water table?" They recognized 

not only that the pumps could do the 

job, but also that the large pumps 

could do it faster. 
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One student actually tried using a 
spray pump to empty the water table. 
Now, when it's time to clean the water 
table, the students are using the large 
pumps and taking turns doing the 
pumping. The study of pumps and 
they way they work is now part of our 
classroom environment. 

Theresa was very pleased with this 

sequence of events. The study of 

pumps seemed to fulfill her goal of 

stimulating language development. As 

an added and unexpected bonus, her 

students had discovered for themselves 

chat they could solve real problems 

using their newly developed knowledge 

of these devices. 

The study of bags proved to be 

even more fruitful. As with the pump 

dispensers, Theresa integrated this 

activity into an existing work area

this time the block area. 

From Bag Testing to Bag 
Repair and Redesign 

We began in the block area with an 
activity designed to test the strength 
of two small shopping bags. During 
a group meeting before Work Time, I 
asked the students who chose Blocks 
to see how many blocks they could 
fit into the two bags and to find out 
which bag could hold more. I asked 
the students to work as a group to 
fill each of the bags. (See Figure 4-6.) 
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Once one of the bags broke, I talked about it first with 
the small group and then with the class. I wanted them to 
investigate which part of the bag broke. (See Figure 4-7.) 



This too has taken on its own life 
in the classroom. It's interesting 
seeing the rules they make up for 
packing and unpacking the bag, as 
the following dialogue illustrates: 

RONALD: 
We got to do it tl1is wa~. 

LANGSTON: 
I k11ow wl1at 11M go1111a do ••• 

RONALD: 
YorA gotta sli,are tli,e blocks. 

LANGSTON: 
I aM sl1ari11g. 

DANIELLE: 
First we fill tl1is bag. Wl1o 1 s 

l1elpi11g Me~ E3-ria1 get tli,e 

blocks dow11. E3-ria1 11M getti11g 

tl1e blocks dow11. 

LANGSTON: 
Look. He~ look! 11 M al Most 

fi11isl1ed witl-1 K-1~ bag. 

RONALD: 

LANGSTON: 
11M fi11isl1ed. Wa11t to see~ 

When both bags were filled up, 
the children tried carrying them 
around the classroom to show the 
other students. I asked them to find 
out how many blocks each bag had. 
We never really found out. Instead, 
the objective became just taking the 
blocks out carefully. 

DANIELLE: 
We 11eed to Make a big pile. 

,11eresa likes it wl1e11 it 1 s i11 a 

pile. 

RONALD: 
I I ff 11elp 11old tl1eK1. 

BRIA (counting each block as it's 
taken out of the bag): 
O11e I two tli,ree I forAr ••• PrAt 

tl.1eM 011 top of eacl-1 otli,er. 

RONALD: 
We 11eed to take t1Ar11s. We all 

11eed 0111~ 011e block at a tiMe. 

YoLA ca111t pLAt tl1eM i11 like tl1at. LANGSTON: 

'Tli,e~ wo111t fit like tl1at. Yea'11 like l'M doi11g. 
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Once the bag was empty, they 
lost count, and proceeded to fill the 
bag again until the handle broke off 
one of the bags. 

As with the pump explorations, the 

students took the bag testing in a direc

tion Theresa hadn't anticipated. They 

decided to repair the broken bags! 

After the handle ripped off one 
of our shopping bags, Langston, a 
pre-K student, informed me that he 
knew how to fix it. I suggested that 
he go to the Construction area and 
repair it. Langston took out tape 
and began mending the bag. Mariah 
(who's also in pre-K) came over to 
find out what was going on. She 
stayed and helped Langston fix the 
shopping bag. (See Figure 4-8.) 
Soon, another bag ripped in the 
Blocks area. This one tore on the side 
seam. Langston and Mariah carefully 
worked to repair the shopping bag. 
(See Figure 4-9.) 
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I asked them how I could turn my 
small brown paper lunch bag into a 
shopping bag. Here's the advice 
they gave me: 

MARIAH: 
YoLA 11eed stri11q, f:10LA k11ow. 

LANGSTON: 
Yea'1! 

I took their advice and took out 
string and scissors. Langston began 
folding down the edge of the shop
ping bag, which was something he 
had observed on the larger shopping 
bags. 

MARIAH: 
We 11eed qlLAe. 

I suggested putting holes in the 
bag and asked if they thought that 
might work. Both Langston and 
Mariah thought it was a good idea. 
After I punched the holes, Mariah 
worked with the string to make 
knots and handles. (See Figure 4-10.) 
When they were finished, they 
brought it over to the Block area. 

MARIAH: 
We're 110-t p1Atti11q blocks i11 t'1is 

baq. C?o f:10LA k11ow w'1!:1'.? 

THERESA: 
W'1!:1'.? 

MARIAH: 
1-Ws baq will break. 

As a result of what Langston and 

Mariah did, bag testing and especially 

bag repair caught on. They became 

among the most popular Work Time 

activities in Theresa's class. 
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Now the students are figuring out 
how to repair the bags and discovering 
where the bags tear most frequently. 
The children have the opportunity 
to continue to test the bags over 
and over again and repair the bags 
over and over again. Only by trial-and
error will the students discover which 
tape works best or what will help 
strengthen the various bags. Each 
day more children seem to want to 
go to the Block area and test the bags 
so they can get a chance to repair 
them. 

Recently a child in the class gave 
out party bags, which were small 
shopping bags, to each student in 
the class. Following the party, students 
started bringing the bags back 
to school to put in the Block area. 

They also feel empowered by 
being able to fix something. Bag repair 
has led to children repairing other 
things in the room. They must think, 
"Well, we can fix those paper bags. 
Why not fix these torn book covers?" 



After Taylor, another pre-K student, 
witnessed Langston and Mariah 
taping a shopping bag, she informed 
me that she wants to go to the 
Construction area so she can repair 
the torn cover on one of our big 
books. This will lead to numerous 
technology opportunities in the class
room. What if our Construction area 
also became a repair station for bro
ken objects and materials in the class
room? I can't help but feel excited 
for the child who breaks or tears 
something, only to learn it can prob
ably be fixed. And even if it can't be 
repaired, it's worth trying. Think of 
the message it sends! We live in a 
throw-away society. Suddenly we find 
children starting to repair things 
rather than just asking for new ones. 

In her concluding reflections, 

Theresa discusses the potential for tech

nology in the early childhood classroom: 

Technology becomes real for early 
childhood students and teachers 
when it's used for real purposes. 
When children in my class go to the 
Construction area and figure out how 
to repair a bag they used in the Block 
area, they are doing many things: 

1. They must work together to 
figure out what the problem is. 
Where did the bag tear? 

2. They must negotiate how they 
will fix it. 

3. They must test the materials 
they will use to repair the bag. 

4. Most important, it was their 
choice to repair the bag, so 
they feel vested in what they 
are doing. 
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My goal is to provide a classroom 
environment that allows children to 
make choices about the activities 
they will participate in. Some chil
dren wish to experiment with things 
until they know the materials inside
out and feel they have mastered 
them. Others like to try new things 
all the time. The classroom needs to 
allow for the individual learning style 
of each student. 

My role as the teacher is to find a 
point of entry for each child, one 
that supports his or her needs and 
allows for differences. Now I see 
technology as an integral part of my 
classroom and curriculum. The chil
dren have given technology it's own 
life in the classroom and I support it. 
I began by feeling cautious with a 
single pump, but now I can't imagine 
my classroom without technology. 

Packaging as Raw Material for Language Arts, 
Science Process, and Math by Verona Williams 

Verona Williams is a third-grade teacher in the South Bronx, New York City. 

Her goals for her unit on packaging were to develop her students' abilities in language 

arts and quantitative reasoning. She began by having students define "package" 

and classify bags and packages and explain their uses. The children's own questions 

and suggestions eventually led to some systematic testing of bags. Verona's story features 

her assessment of individual children's strengths and weaknesses, based on their 

writings about packaging. Verona used packaging as a theme for teaching a variety 

of subjects, including language arts, science, and math. She began by having her 

students try to explain the word "packaging. "Here is her account: 
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What Is Packaging? 

I asked the students to brainstorm in 
cooperative groups and answer the 
following: 

• List all different types of 
packaging things you know. 

• What is packaging? 

The class was divided into seven 
groups. I gave each group three 
packages to study. I asked them 
to define "packaging" and to list 
everything they thought had any
thing to do with packaging. They 
listed thirigs found in packages as 
well as things that are considered 
packages. (See Figure 4-11.) 

Some of their definitions of 
packaging were: 

I tl1i.-ik it is w11e.-i !:jOIA pack 

tl1i .-igs a.-id '7oots I to!:js. 

Packagi.-ig is wl1e.-i !:jOIA p!At 

sowiet'1i.-ig i.-i a '7ag. 

I tl1i.-ik tl1at packagi.-ig is w11e.-i 

f:iOIA sl1op for s'1oes 1 '1ats I l1A.-ic'1. 

Packagi.-ig is wl1e.-i !:jOIA p!At 

st1Aff i.-i a plastic '7ag. 

Each group shared their list of 
different types of packages. Below is 
a summary of their lists: 

• different foods that come in 
packages (15 instances) 

• toys (6) 

• gifts (3) 

• plastic bags (3) 

• bags (2) 

• clothes (since they cover 
the body) 

• book bags 
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4-11: What Is packaging? 

Date _\}_l'}._/_'JJ_ ______ _ 

Subject: Packaging 
Brain storm 

1. What is packaging? 

~tu: \(t:H~ ·,"' !t i $ \ i)( e_, U 

2. List all the different types of packaging things you know. 

b ~ y +ot°' c. ns·-. s+ W)q ~ ~ la 5 t; e-'Q.,-7 > 
'?t'. ~e, C1iIT:r., 'j t (' t +: 55u~ 
~y:.~'<\S\c C""t:'!i~5 C.'-nee~~ ~,.,~ 
'owf\ 5 ~o~ S ~n:~C:,e'f"")C!> ~-~ 
CWv_\'"¥j \e;:~'0./j b~~ p;_;z-z.q 

3. Study the items on you( desk. Wrife what you notice about them. 
a)Object name !, and draw it. 

\ ~ '-'.) 'o:✓1) \,~ ~ 0 

\-\t1<\J le. T~e \..n.i,v 1c ; s 
i<'I \\,.. C I('(\ •dd \'C CJ~ 'tYle \)~i_:J 

When asked why "food" was given 
as a package type, several students 
said that it belongs because food 
is bought in different wrappings. Even 
though they listed many items 
found in cans and boxes, they did 
not seem to associate these as types 
of packages. 

I then asked the whole class, 
"From this activity, did we learn what 
packaging is?" Some of the 
answers were: 

JUAN: 
Yes. Packagi.-ig is wl1e.-i !:jOIA p!At 
a lot of st1Aff i.-i a '7ag 1 t'1e.-i 

p!At it i.-i a carriage. 

MARADIS: 
Packagi.-ig is w11e.-i !:jOIA go to 

t'1e store a.-id !:jOIA '71A!:j tl1i.-igs 1 

tl1e.-i p!At tl1ewi i .-i a '7ag. 



4-12: Investigating packaging 

b)Object nameift:\t and draw it. 

c)Object narn~ ",and draw it 

4.Wrlte at least two questions you want to know about one or ·an of 
the Items. . . Hf ? 
1 -~_J.IL9.0.h..f:9 __ ist...P_l.!l____M.9LL~_hc __ i __ ~~~---=-~ 

2.~~J<__r._Q._t~e.C!:!_i»_~ _ _th~ Mel~~ ?ee" \,caJ/5? 
3. __ _.:;: _ _.::: _____ ___; ____________ _ 

4._-"----''---'----------------"-----------

Journal Wrltlng:(Home work) 
In your journal write about what you did today. What was the purpose of 

today's activity? How can you con\inue this activity? What did you 
learn? r tt4H\U to a,t- b9~ > t I') 

vlw. 

At££mnf 9~ llie ,ip§:1" 
.anl pl!l.§~•'G -(ic1p. 

MICHAEL: 
Packagi.-ig is w'1e.-i f10LA tell LAS 

to pack LAp. 

JENNIFER: 
Packagi.-ig is w'1e.-i _!10IA pack for 

f10LArself a.-id sow,eo.-ie else. 

After gathering this information, 
I realized many of the groups still 
thought packaging was putting 

things in a bag. I wanted them to 
understand packaging as a type of 
container or holder of things. Some 
understood this and said packaging 

was a bag for something from a 
store, especially groceries or clothes. 
However, they only saw packaging in 
terms of bags, although I had 

distributed other types of packages, 
such as bottles, cartons, and boxes. 

Packaging & Other Structures 

Verona asked her students what 

additional questions about packaging 

had come up in the groups. For home

work, she asked them to make a 

journal entry about the activity. 

(See Figure 4-12.) However, Verona 

felt that some of the children had 

missed the point of the activity. 

I assigned this activity to assess the 
students' comprehension of what 
they had done, and to find out 
whether or not they understood the 
concept of packaging. One group 
wrote the following: 

We w,eastAred t'1i.-igs. We pt.At 

t'1i.-igs i.-i t'1e b>ox a.-id b>ag ••• 

We draw it .-iice a.-id .-ieat. 

They were not clear about the 
purpose of the activity nor did they 
seem to have a concrete understand
ing of packaging. 

I had also asked the students 
to bring in packages, bags, boxes, 
or anything else they thought was 
a package. This was another way 
of informally assessing what their 
concept of packaging was. The 
students brought in bags only; no 
one brought in bottles or boxes. 

Based on this, I decided to narrow 
the investigations to paper and 
plastic bags. 
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Classifying Things 

Verona decided to have her students 

classify bags. She felt that this activity 

would help them develop the concept 

of a category, reinforce some math 

skills, and also help them focus on the 

aspect of packaging that seemed most 

familiar to them. First, however, she 

felt that they needed to learn what it 

means to classify. To develop this 

concept, she called to the front of the 

room a group of students who were all 

wearing the same colors. The students 

who were still sitting had to guess 

what all the students in front had in 

common. She then repeated this game 

with some other characteristics, such 

as students wearing uniforms, female 

students, and tall students. 

Once they were able to see what 

categories are, Verona went on to the 

bag activity. She gave each group a 

variety of bags, and asked them to 

think about the things about them that 

make them similar or different. 

They were to explain the basis for their 

categories on worksheets, and also con

struct charts showing how many bags 

were in each category. For Verona, this 

activity offered a rich opportunity to 

assess children's thinking: 

4-14: Germary finds paper and plastic bags as well as big and little bags. 

Name: G-e., (' Mo.< '-I I') U.. ~ \ Date d.. I I / q 'j class 3-304 

City Technology 

Aim: How do you classify things(objects)? 

Activity: To classify bags and make a chart to show your data. Tell how you classified 
the objects? . 

1\\i g rov f a,'.\! fW;., ptk 4 ln5 ~ +"'4+ 1,.,e,re 
i :tf le. t~ethe" a. oJ ';' l:»ff'> rnetde,.. o-f (?"- pe "". 
I he (\ we.. p u, pla. ~ + 1 (_.> b~ '? -l--°@<f·\"he, anJ 61il 

~ (i p e,, f \, ~:, ..\-oc;j e, +ne r. . . 

Make a cl)art below to tl;III how you classified. 

What did you learn from this classification activity? J: \ e.Q ("D .+\,-,.~-½ 5 e 

b%5 are, Mf)Ae. of p,>pe• or& ~m-e .ba35 
a-r-e. M Q\c:Qe-·• o plo ~t, (...,., 
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4-15: Marla's bags are dark and big or light and small. 4-16: Fun with bags 

Name:~ Q...J,4 

City Technology 

Aim: How do you classify things(objects)? 

City Technology 

Aim: How do you classify things{objects)? 

Activity: To classify bags and make a chart to show your data. Tell how you classified 
the objects? 

Activity: To classify bags and make a chart to show your data. Tell how you classified 
the objects? Mi f} ?Rli f' Cro U, .f iei t. "'S S: Wu Clo,[' £;-,-d 

f-1.1< iw.J<: bx: C ·z~ ,&focrgt.1f&<2& ±l-t:-,,.,, 

Make a chart below to tell how you classified. 

Make a chart below to tell how you classified. 

n 

What did you learn from this classification activity? T / e.,. r, h « J -hh ,. -1: 

What did you learn from this classification activity? I \ ur o tl0 ► t w't, v, 

'i•~ "-••t. • <>~•.<½ ~'..c..\,-~•c. \:+:\\L t. •• 1J p,,t :\:~ .. !'I) ' ''hi.• 10 
I W .c. C Gf n dof&h 

' L• .. ,)d ti~t ~i.. .. " '" 4 ~.~ k.,. 

Each student had his or her own 
handout on which to record the data. 
Several students simply drew their 
bags, rather than create a chart, as 
I had requested. Germary struggles 
with writing and she has a hard time 
trying to express herself. She first 
describes two unrelated classifications: 
"little" and "paper." Then she says her 
group had grouped the bags accord
ing to whether they were plastic or 
paper. Her chart shows "big bags" 
and "little bags." Then at the end of 
her statement she again referrs to 
paper and plastic. She was not clear as 

to how the size categories and the 
paper-or-plastic categories are related. 
(See Figure 4-14). 

Maria listed the categories of dark 
or light and big or small, but did not 
distinguish between these two ways 
of categorizing. (See Figure 4-15.) 
One student classified her bags by 
size, color, and shape. However, the 
only information she could convey in 
her chart was the relative sizes of the 
bags. (See Figure 4-16.) 

Michael gave detailed descrip
tions of the different bags he had, 
but neglected to sort them into cate-

gories. He discussed how different 
bags are used for different purposes, 
but did not explain how he had 
learned these facts. (See Figure 4-17.) 

Siara classified by color but gave 
no details about the process she 
used. The data on her graph was 
incorrect. I spoke with her about the 
numbers and she realized that her 
group had never had that many 
bags. At least she was aware that a 
graph would be an easy way to rep
resent one type of variable, such as 
color. (See Figure 4-18.) 
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4-1 7: Michael decides what bags are used for. 

Name: Mi en O.e.l SC) 11~!. t/\lch/Mclass 3-304 

Ctty Technology 

Aim; How do you classify things(objects)? 

Activity: To classify bags and make a chart to show your data. Tell how you classified 
the objects? 

© StrtQ/1 htOltlb (IC4Pe.t b~· 
0sfYlo.lt plo.sf,.G 1bo.~ 1,vif.ha-Zt;>pe,-
CV , . , 

C ~ 

ac a ow . E5 / 0 o 
plo_.s+lc b~q w,·-H, i ? rfWfl (()per~. o_ ztfpec_ i+1~ used: plO..Sf/c ~°'.9 ,+ s USed +or i-fo.r sfor,19 e>..ntl . hO\ndle.s H's 

co.rr yi(l9 \ 'r.:eettng toad fre1 used /:or 
good ,·es, l co..rrlif"9 . °''o/- r. : --- , -;; ~ ,es, 

l 
What did you learn from t~is classification activity? 1 / +{Ol[IJ e,d' fhoJ 
tber-e °' t-e dt-fE-ereof ~ rped £or 
dtHereo+ pt1l(>2Se& 

4-19: Kamlna classifies dolls Instead of bags 

C~y Technology 

Aim: How do you classify things(objects)? 

Activity: To classify bags and make a chart to show your data. Tell how you classified 
the objects? -=\ <Joll5 ½, o ~e. b~ 4-nd_ 

t 
Make a chart below to te\l how you flassified. do w V\-0 \_ I ¥,Q. \l"') 

What did you learn from this classification activity? /A. q,,f-h Cf l-i/ 
enc n y 'h &...J5 , fod- t °' On '-J q, n-J ~ 

&¥~$ YYl'=j rio I l ~ o ~ 

4-18: Slara graphs according to color. 

Date, _ _,'J-'---'/-'--1 ---'/1--'-f_class 3-304 

City Technology 

Aim: How do you classify things(objects)? 

Activity: To classify bags and make a chart to show your data. Tell how you classified 
the objects? 

t- r., /". JJ,,: Y b1 GQ Io,,--- --1' 

Make a chart below to tell how you classified. 

-~ 

__ J ___ ~:-•···--·1 

I ----- -,-.. ---,-,----r ---r-, 
---; Ii) I'> }J ?\ 3J 

What did you learn from this classttication activity? L I -e. qrn -t:' t'.2, c'2 

1-Jf.s v 6o-C .,_ 70 + ~II "'a.- 1""1q4X a& 
bo.r o/= e, ~);, C,,tP loi-,J:: A,q VG--. 

Kamina's data had nothing to do with the bag activity. 
When I asked her where she had gotten her information, 

she said she had decided to graph the dolls she has at 

home. (See Figure 4-19.) 

In her reflections on this activity, Verona felt that the 

students had been successful in grasping the concept of 

categorization, but were not clear about how to represent 

their data. She felt that this activity could serve as an excellent 

lead-in to making charts and graphs of data: 

The students learned the various ways to classify-

by color, size, shape, and material. Some of them tried to 

represent their findings by drawing, charting, or graphing. 

However, these were first-time efforts. Combining this 

activity with math lessons about charts, graphs, and quan

tifying information would provide a frame of reference. 



In reflecting on the design of the activi

ty, Verona felt that the handouts should 

have been completed by groups rather 

than by individual students. Individual 

classifying activities could have fol

lowed once students had worked on 

classifying within groups: 

The students realized that dis

cussing their findings as a group, and 

using one data sheet per group, 

would have been more productive. 

They saw how well teamwork had 

worked in the lesson on defining 

"packaging." Immediate team feed

back and consensus had occurred 

when each group had only one hand

out for recording and representing 

their data. An individual classifying 

activity would work better after

wards, allowing students to pursue 

their own interests. 

Verona was intrigued by the variety 

of categories the students used. In ret

rospect, she felt that she should have 

focused on the different ways of classi

fying. Although Verona saw room for 

improvement in what she had done, it 

was clear that the study of bags had 

engaged her students' imaginations. 

Several weeks later, the class revisit

ed their investigation of bags. Verona 

asked her students to study the physical 

properties of their bags, and come up 

with some questions they would like to 

explore further. Maria came up not 

only with a question, but also with 

some hypotheses. 

Maria was the only student who 

had written in her journal. She began 
by asking the question, "How do you 
test a bag?" She then answered it: "I 

will test my bag by putting a lot of 
hard rocks to see if it breaks easily. 

Also I could say that the bag that has 
a plastic handle could last longer than 

the one that has the paper handle." 

Maria's question became one for the 

whole class. They decided that they 

would test the strengths of their bags. 

Because no rocks were available, they 

decided to use books. A question arose 

about whether the books for testing 

one bag had to be the same as those 

used for the others. Verona put this 

question to the class. 

I asked, "Why would you use one 

type of weight to test the strength of 

the bags?" Maria said, " ... so we could 

use the same books with all the bags 

to see which one was the strongest 

bag. If two bags were the same size 

and had handles, we should keep the 

weights the same to really see if one is 

stronger than the other." 

Without using words like "fair test" 

and "control of variables," Maria had 

grasped these concepts in the context 

of a question that was meaningful to 

her. Her intellectual engagement in this 

activity continued as they actually test

ed the bags. In reporting the test 

results, Maria offered her own explana

tions of what had happened: 

Packaging & Other Structures 

Paper bag: ·n,,e bag "1ad a "1a.-idle. 

We will LASe big red books. I t"1i.-ik 

we will pl.At 6 books i.-i t"1e paper 

bag to see if it break. T"1e 6 
books t"1at we pl.At broke tl,,,e bag 

o.-i t"1e fro.-it. T"1e paper bag did 

.-iot "1old 6 big books bee.al.Ase 

t"1e bag was wiade oLAt of paper 

a.-id paper is eas!1 to break. 

Plastic bag: If !101.A pl.At S or 6 
or If books it will break 

becatAse wl,,,e.-i !101.A carr!1 it a.-id 
t"1ere are a lot of books t"1e 
"1a.-idles becowie slipper!1 frowi 
!101.Ar "1a.-ids becaLAse it is too 
wiLAcl-1 book. T"1e plastic bag 
col.Aid "1old Z 1 1 or 3' books. 
T"1e "1eav!1 book strai.-is t"1e bag. 

Although Verona felt that this unit 

had stretched her students' imagina

tions, she also saw that they needed 

more help in recording and organizing 

their data. She added that there should 

have been more analysis of how the 

bags had failed. 

A closer look at where and why 

the bags ripped may assist the students 

in looking at the function of particular 

bags. Are they doing the job they 

were designed to do? Are there other 

ways to test their function? An 

extended activity would then be to 

design a more appropriate bag. 
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Investigating Fruit and Cushioning 
by Roslyn Odinga 

Roslyn decided to implement extended packaging units with two of her 

classes. Her second-graders looked at natural packaging, and her fourth-graders 

explored cushioning. 

Natural Packaging 

Roslyn began with a simple idea: 

explore the "natural packages" that sur

round most kinds of fruit. When she 

started this project, she had little idea 

of the other connections her second

graders would make. 

4-20: Various types of packaging 

bof 
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April 14 

I asked the children what packages 

are and when something is a package. 

I introduced them to different types 

of packaging, e.g., packaged cereal, 
rice, ketchup, beverages, and gift

wrapped boxes. (See Figure 4-20.) 

I asked: "What happens when you go 

to the produce area of the supermar

ket to purchase fruit? Is it packaged 

or contained in something?" 

Roslyn Odinga is a science cluster teacher 
at Community Elementary School 126, a 
la,rge school in the South Bronx, New York 
City. Her schedule requires her to meet 
with 25 different ckses during the week 
for 45 minutes each. The ckses range 
from second to fifth grade. Sometimes, due 
to tests or special programs, some of these 
meetings are missed, and she does not see 
the same group for two or three weeks in 
a row. Under these circumstances, Roslyn 
finds it very difficult to maintain the 
continuity of a wng-term project, or even 
to complete a meaningful activity in a 
45-minute time swt. 



I introduced the idea that some April 21 
things we purchase are naturally I decided I had to take them on a 
packaged-Le., the packages are field trip to the supermarket. We 
not made by humans. I showed the went to the produce section and saw 
children examples of fresh fruit. They all the different types of fruits and 
examined oranges, apples, grapes, 
bananas, mangoes, kiwi fruits, a can
taloupe, and a coconut. I had them 
pay special attention to the covering 
of each of these fruits. The students 
were very excited about actually 
working with fruits. I got a lot of 
positive responses as to what natural 
packaging is. We talked about our 
bodies and how they are actually 
packaged by the skin. 

4-21: Classifying fruit by texture 

Na.me. o-F Frui+ 

realized that fruits don't necessarily 
come in bags. Jiovanni and Jennifer 
M. were unaware of certain types of 
fruit. Kiwi and cantaloupe were com
plete mysteries to them. 

I also noticed that the children 
had no sense of prices. They were 
amazed that apples were 99 cents a 
pound. Then we got into a discussion 
of what a pound is. We used the 
scale to determine how many pounds 

s~ooth iou h ·other' 

V 

l--

~ 

t--
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of each fruit we had. Another ques
tion was, "If they sell five oranges for 
$1.00, how much would each one 
be?" The students really enjoyed 
their trip. 

It is remarkable how much we cake 

for granted about children! One of the 

striking features of "real-world" activities, 

such as going to the supermarket and 

looking at fruit, is how they expose 

aspects of children's understanding 

chat are rarely touched by traditional 

instruction. Roslyn's next activity was 

similar, in chat it required her students 

to come up with their own vocabulary 

for describing textures. 

April 28 
Students examined fruit samples, 
paying special attention to the 
textures of the skins. I got answers 
like "smooth," "rough," "bumpy" 
and "hairy." (See Figure 4-21.) 

We discussed how packaging 
protects fruits. I cut the fruits so 
that the students could observe the 
differences between the outsides 
and the insides. They were noticing 
colors, and also seeing that under 
the skin is the actual fruit. We then 
went further, and classified by whether 
the skins are edible or inedible. 

There also turned out to be a big 
discussion about coconuts. How do 
coconut trees grow, since coconuts 
don't have any seeds? We found out 
that when a young coconut falls 
from the tree, it's still green, and is 
planted. So, my students came to the 
conclusion that a coconut is actually 
a seed. I could not dispute them! I 
was really amazed by their intellect. 
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May 18 
Today is Fruit Salad Day. It's like a 
party. We talk while I make the fruit 
salad. Some children taste fruits 
they've never tasted before. "No 
coconut!" they shouted in unison. 
They didn't want to eat that giant 
seed, plus they were afraid it would 
get in their teeth. I was also ques
tioned as to why a banana will get 
brown so fast. This is going to lead 
us into another type of inquiry ... 

Which Type of 
Cushioning Is Best 
for an Egg? 

Roslyn conducted a different kind of 

packaging unit with a fourth-grade 

group. Because they were older, she 

wanted them to do a controlled experi

ment and collect and present quantita

tive data. This activity also involved 

some design, because the cushioning 

materials and their arrangement were 

not specified. As with "Natural 

Packaging," the students took this 

activity much further than Roslyn had 

anticipated. 

Day 1 
I showed the students a dozen eggs 
and demonstrated how they were 
packaged in a carton with an individ
ual compartment for each egg. 
Pretending to do it by accident, I 
dropped the carton of eggs on the 
floor and of course several broke. I 
once again showed the students the 
carton and asked them how the eggs 
could be packaged more effectively. I 
then presented students with the 
challenge: 
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"Package an egg so that it won't 
break when dropped from different 
heights." 

I let them preview the materials 
that we were going to work with. 
These included foam rubber, 
Styrofoam, newspaper, bubble 
envelopes, egg cartons, Styrofoam 
peanuts, Enviro-bubble (a brand of 
bubble wrap), cloth, towels, masking 
tape, packaging tape, paper, pencils, 
markers, journals, and small milk 
containers. 

Of course I expected some feed
back, because I want them to have a 
VOICE. They were upset about having 
to work with the small milk containers, 
which they said were too small. 
Theodore pointed out that when you 
buy a carton of eggs at the super
market, of course the packaging is 
larger. They just section off spaces for 
the eggs! I couldn't dispute that fact, 
so we changed the size of the packag
ing. I allowed them to use shoeboxes, 
which were 8" x 10", and whatever 
else they could bring in from home. 

Roslyn recognized the need to open 

up the materials list to include anything 

the students could find. In this way, 

she encouraged them to be resourceful 

in solving a technology problem: What 

would make good cushioning material? 

She also gave them a greater stake in 

the project by turning a piece of the 

problem over to them. 

The students also looked closely at 

conventional cushioning supplies, such 

as Styrofoam peanuts and bubble wrap, 

which they referred to by its brand 

name, "Enviro-bubble." They became 

involved in figuring out what these 

materials are made of and how they are 

made. Focusing on these common arti

facts strongly stimulated their curiosity. 

Day 2 
I asked them to write down their 
observations about different kinds of 
cushioning material. After students 
examined all the materials, there was 
a discussion to determine a name for 
each item. Donald took it upon him
self to name the two types of foam 
(foam rubber and Styrofoam): "soft" 
and "hard." With the Styrofoam 
peanuts, he had a little problem. He 
said that although they looked like 
foam, they had a different type of 
feel to them. (See Figure 4-22.) 

"Enviro-bubble" -that's the 
phrase of the day. "Enviro-bubble 
this! Enviro-bubble that!" There were 
a lot of questions as to how they get 
the air inside of the bubbles. Is it 
processed in a certain type of 
machine that has allotted spaces for 
air? Or, is it blown up and then 
pressed down, which allows the air 
to stay in specified places? I LOVE 
THESE TYPES OF QUESTIONS. Now 
they have research to do! 

Day 3 
Although the students had worked in 
groups to do their initial observa
tions, they decided to work individu
ally on the actual packages. The stu
dents first tried packaging their eggs 
individually using shoeboxes and 
other types of material such as alu
minum foil, Pampers, swatches of 
clothes, cotton balls, Styrofoam, etc. 

They then tested their packages 
by having them dropped from a des
ignated height. We then opened the 
boxes and talked about the types of 
packaging that were used. 



4-22: Donald describes the cushioning materials 
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Theodore's egg broke, because he 
failed to tape down the top of his 
box. (See Figure 4-23.) Grace's egg 
was wrapped in aluminum foil, with 
an underlayer consisting of a wad of 
paper towels. It also broke. The 
other drops were all successful. 

Day4 
After the preliminary work with 
shoeboxes, I could see they were 
now ready to go on to the formal 
challenge. Each child was to package 
the eggs in three small milk cartons, 
in any way he or she wanted, and 
compare the results: 

• Carton #1 was used for 
Styrofoam peanuts; 

• Carton #2 had newspaper; and 
• Carton #3 contained 

Enviro-bubble. 

Basically all of the cartons with 
peanuts were packaged the same 
way: peanuts on the bottom, egg in 
the middle, and peanuts on top, with 
one or two peanuts on the sides. 
Carton #2 (newspaper) was a little 
more interesting. One had newspa
per on the bottom, egg in the mid
dle, and newspaper on the sides and 
top. Patrice wrapped her egg first 
in about one-and-a-half sheets of 
newspaper. Then she cut newspaper 
squares and put some in the bottom 
of the carton. She put her egg in the 
middle and then squished a little 
newspaper on top. For Carton #3 
(Enviro-bubble), Patrice used the 
same process as she had used for 
newspaper. Theodore once again 
neglected to tape his top, so his 
packaging wasn't successful. Donald 
layered his: Enviro-bubble on the 
bottom, egg in the middle, Enviro
bubble on the top and sides. We 
were then ready for the actual testing. 
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Day 5 

We started testing by dropping the 
eggs from 50 cm., first testing 
Carton #1 to see if there would be 
any damage. (See Figure 4-24.). At 
each try we increased the height of 
the drop by 25 cm. The largest drop 
was 150 cm. We followed the same 
process with Cartons #2 and #3. 
(See Figure 4-25.) The students 
found the Enviro-bubble to be the 
best packaging material for the egg. 
They seemed to feel that the air 
pockets provided greater protection. 

4-25: Data from the egg-drop tests 
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Roslyn was very pleased with this unit, 

which had engaged her students in both 

a design activity and a controlled experi

ment. The chart in Figure 4-25 presents 

the data in a novel way. However, 

Roslyn felt that it was unreasonable to 

try to cut up this type of project into 

45-minute periods. She resolved to do 

something about her schedule. 

I decided to speak to the principal 
about extending the science period 
for next year. I figured that if the 
classes had a double period with me, 
and went in clusters (e.g., rotating 
through the science room for eight
week stretches), they would learn 
more. As an alternative, I suggested 
that I could teach one period alone, 
allowing the regular teacher his or 

Fifth-Graders Test Bags 
by Minerva Rivera 

Many of Minerva's concerns centered around the social development of her 

students, and their ability to work in groups. At the same time, she wanted 

them to expand their curiosity about the world around them, and develop ways 

of answering their own questions. It was in this spirit that she conducted 

her unit on bags. 

Day 1 
The students worked in groups of 
four for approximately 45 minutes. 
The following materials were provid
ed to each group: lab paper, pencil, 
plastic and paper bags, rulers, tape 
measures, construction paper, and 
markers. 

I asked each group to examine 
their bags for differences as well as 
similarities in both construction and 

function. I encouraged them to write 
down any questions that might come 
up during the course of their investiga
tion. They were also required to think 

of some ways to test a few of the qual
ities they listed on their lab sheets. 

Much time was spent in getting 
the students to discuss what they 
saw and to describe it in written 

form. Many students felt that writing 
their observations was the hardest 
part. I sat down next to a few stu
dents and helped them focus by ask
ing a few questions: 

MS. R: 
What are some of the similarities that 
you've noted so far on your paper? 

BIANCA: 

Well, t"1e!1 all '1ave "1avidles 

(Meaviivig t"1e plastic bags). Avid 

t"1e!1 all Made of plastic. 

MS. R: 
What else do you notice about them? 

LATAURA: 

T'1e bottoM of t'1e bags is t"1e 
saMe. 

Packaging & Other Structures 

her prep, and then we could co-teach 
during the next period. 

The only response I got was that 
either plan would be impossible. Our 
principal will be leaving in June; 
maybe the new principal will be 
amenable to the idea. I will try again. 

Minerva Rivera taught the only fifth-grade 

class at Harbor Academy, a small alternative 

school in East Harlem, New York City. 

Minerva was a second-year teacher, without 

much experience in teaching inquiry 

science. She wanted her students to develop 

their own systematic investigations of how 

different types of bags compare. In her 

reflections, she discusses how these activities 

contributed to her own thinking about 

science teaching. 

MS. R: 
What do you see? 

LATAURA: 

All t"1e bottoMs are sewed t"1e 

saMe wa!1. T"1e!1 look like t"1e!1 
are sewed straig"1t across. 

JONATHAN: 

~LAt t"1e "1avidles are differevit. 

GoMe of t'1eM are ovi t"1e sides 

t"1is wa!1 (s"1owivig t"1e levigtl-1 

of t'1e bag) avid t"1e ot"1ers are 

t"1is wa!1 (s"1owivig t"1e widtl-1 of 

t"1e bag). 

MS. R: 
Why do you think that they are made 
that way? 
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JANNE: 
Ma~be i-t '1elps t'1e bag be 
stro11ger. 

MS. R: 
What can you do to test this? See if you 

can find things in this room that will 

help you do this. 

I left that group and went around 

the room and did the same thing 

with the other groups. I asked a few 

questions to get some groups started 

while other groups were way ahead 

and had started devising ways of 

testing the bags. They tried to load 
as many books as they could into the 

bags to see if the bags could hold 

that much weight. 

A few of the students did not 

want to work on the project at all 

and it took my constant prodding to 

get them to continue. Since it was 

difficult to get the whole class moti

vated to do this project, I decided 

that it would be better to have three 

groups working on the packaging 

project as opposed to the six that I 
had now. 

The other thing I noticed is that 

the majority of the students had a 

VERY hard time with the lab sheet I 

devised. I wound up having to 

explain the sheet three times to the 

class and several more times to indi

vidual students. This sheet definitely 

needs to be modified. The students 

need to get the vocabulary (i.e., 

"procedure," "materials," etc.), but I 

need to put the information into sim

pler terms. Instead of just using the 

word "Procedure" I could use this 

instead: "Procedures: the steps you 

followed in doing the investiga-

tion ... "; instead of "Materials," 

"Materials: the items you used in the 

investigation ... " and so on. 
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Minerva recognized some of the 

problems with this lesson and corrected 

them the next day. She was able to 

divide her class in two. Those children 

who were interested in the project con

tinued to work with her on packaging, 

while the other students worked with 

another teacher. She also provided clear

er instructions about how they were to 

document their work. At the same time, 

she still left most of the thinking and 

planning to her students. 

She was able to make some of these 

changes because of the flexibility in 

scheduling and use of space afforded by 

a small school. Minerva could allow her 

students to work in the hallway and 

use the bathroom as a resource for their 

investigation. 

Day 2 

I started out by letting the class 

know that they were to be split into 

two groups. I put those who were 

somewhat enthusiastic the last time 

into the group that would be work

ing with bags again. Those who had 

not really been interested stayed in 

the classroom with Ms. K while I 

worked out in the hall with the pack

aging group. 

I put up a very simple paper that 

requested that they look at the simi

larities and differences among the 

bags. I asked that they also come up 

with a way to test the bags that 

would be slightly different from what 

they had used the last time. I did not 

specify what aspect of the bags I 

wanted them to test because I want

ed to leave that to the children. I felt 

that if I gave them enough time, they 

would be able to find a variety of 

things to evaluate. 

Sure enough, the first group 
came up with the idea of testing the 
strength of paper shopping bags 

after they get wet. It was so enjoy
able to watch these students get all 
excited about working on this 
project. These particular students ran 

to the bathroom with the paper 

bags. Once they got there, I asked 

them what they were going to use to 

measure the amount of water they 

were to add to the bags. 

MS. R: 
What kind of measuring tools are you 

going to use in order to collect your 

data? 

JANNE: 
We cotAld t-1se 011e of tl1ose 
Meast-1ri11g ct-1ps i11 t'1e classrooM! 

JONATHAN: 
Yea'1 a11d we cot-1ld tAse t'1e base
ball to see if t'1e water Messes 
tAP t'1e bag! 

MS. R: 
What do you mean by that? 

JONATHAN: 
I 11-1ea11 t'1at we cot-1ld t-1se t'1e 
baseball _!PtA '1ave i11 t'1e class
rooM to pt-1t it i11side of t'1e bag 
to see if it' II Make t'1eM break • 

ALISHA: 

Well, I cot-1ld cot-111t to see if 
t'1e bag lasts 1011g. 

JONATHAN: 

Oka~, t'1e11 I cot-1ld pot-1r t'1e water 
a11d ..Ja1111e ca11 '1old t'1e bag. 

These students found that the 

bags were not all the same when it 

came to withstanding the water test. 

The group spent about thirty minutes 

gathering their data. They poured a 

cup of water into the bags and then 



saw how long it would take for the 
bag to start leaking. (See Figure 4-26.) 
They placed the ball in and waited to 
see if the bag could hold the weight. 
All of the bags broke easily except for 
a gift bag that had a cardboard-like 
piece on the bottom. 

ALISHA: 

Ms. Rivera, I t'1il'1k t'1at t'1is 
bag is better t'1al'1 t'1e rest 

becaLAse of t'1is cardboard. It is 

t'1e t'1il'1g t'1at '1elps it '1old t'1e 

ball lol'!ger. r'1at Is w'1!:1 it took 

so lol'lg to break. 

The students were able to work 
for about an hour and ten minutes 
without losing momentum. In fact, 
the groups were so into the work 
that Ms. K had to remind me that it 
was time for lunch. 

The data from these water tests are 

shown in Figure 4-27. Another group 

tested bags using books, in much the 

same way that Verona's students did. 

(See page 105.) The third group was 

hampered by one student who tried to 

dominate. Minerva felt that the activity 

had gone well in general, but that she 

could have provided more direction. 

I've learned several things doing 
this unit. I regret that I did not brain
storm more often. I have to find a 
better way of documenting the 
words of my students so that I can 
have more quotes from them. I am 
contemplating videotaping them, so 
that we could analyze the film as a 
class and have a chance to see what 
actually happened, as opposed to 
getting snips and pieces of whatever 
manages to be recorded. The children 
truly enjoyed this particular activity 
and have asked to do it again. I think 
that next time I would break the 
class into smaller groups so that the 
children would have more time to 
process and investigate without the 
added pressures of competing with 
one another. 

4-27: Bag water-test data 
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4-26: Putting water In a shopping bag 
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Which Pump Works Best? 
by Christine Smith 

Christine made a collection of pump and spray dispensers from the tops 

of cleaning fluid bottles, soap containers, lotion bottles, etc. She began the 

unit by distributing a spray pump and a lotion pump to each group and 

asking them to make and record their observations. 

October 22 (double period) 
I placed the students in groups of 
4 or 5. They began the activity 
by observing the pumps they would 
later be testing. I gave each 
group two pumps in a plastic bag, 
a ruler, paper, and colored pencils. 
I asked them to observe the pumps 
and record their data through 
written notes and drawings. They 
were to use their five senses 
to gather data on such topics as 
size, color, material, and moving 
parts. Water was also available for 
them to test with. 

Maritza's drawings of her pumps 

are shown in Figure 4-28. She wrote 

the following: 

··n1e plAMp is w'1ite. ,'1e t1Abe 

looks like if it 1s fogg!:j i.-iside. 

,'1e s'1ape is weird. ,'1e top 

loc;ij<S like a d1Ack Is beak a.-id 

t'1e.-i t'1e bottoM is lo.-ig a.-id 

t'1i.-i. ,'1e plAMP so1A.-ids like it is 

ver!:j '1ard i.-iside a.-id !:jOIA '1ave 

to p1As'1 it real '1ard. Also it 

so1A.-ids like if it got soMet'1i.-ig 

i.-iside of it t'1at 1s st1Ack. 
,'1e Material is Made of plastic. 

,'1at is M!:j c'1oice beca1Ase 

w'1e.-i it faffs o.-i t'1e floor it 

does.-i It break. 
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,'1e!1 are t'1e saMe beca1Ase t'1e!1 
bot'1 t'1row water 01At. "T'1e!:j 

are botJ.1. Made 01At of plastic 1 

bot'1 of t'1eM '1ave t1Abes 
t'1at are clear I a.-id !:jOIA ca.-i see 

t'1e water t'1ro1Ag'1. 

"T'1e!1 are differe.-it beca1Ase 

o.-ie of t'1eM is bigger t'1a.-i t'1e 
ot'1er I o.-ie t'1rows water 

straig'1t a.-id t'1e ot'1er t'1rows 

it crooked I a.-id o.-ie of 

t'1eM got !:jellow a.-id w'1ite a.-id 
t'1e ot'1er is all w'1ite. 

Christine Smith was a science teacher 

in her second year of teaching, at 

1.5. 164, a middle school in Washington 

Heights, New York City. Christine 

came to the job with a very strong science 

background, but had serious problems 

with classroom management. She decided 

to implement a project on systematic 

testing of pump and spray dispensers. 

She felt this unit would both be fun 

for her sixth graders, and also give them 

experience in designing and carrying 

out controlled experiments. She met with 

this group three times a week, for 

one double period and two single periods. 



4-28: Maritza's drawings of her pumps 

October 26 
We discussed the results of the previ
ous day's observations. I asked them 
to focus on several questions: 

• How are the spray pumps differ
ent from the "pump" pumps? 

• How does each pump work? 
• When do we use each kind of 

pump? 

These discussions went really 
well. The students, for the most part, 
made excellent observations of the 
pumps and generated some good 
thoughts on how the pumps worked: 

• Ernie noted that the pumps you 
push down on are good for 
thick liquids that you don't want 
to spray anywhere. 

• Jennifer made the observation 
that the spray pump has adjust
ments for the spray, but the 
lotion pump cannot be changed 
in any way. 

----- i.......-----•--...- .. 

The students were intrigued by 

these common devices, which they had 

never examined carefully before. They 

became aware of the resistance that 

makes the top hard to push down. 

They also saw the difference in viscosity 

between the liquids squirted by pump 

dispensers and those dispersed by spray 

dispensers. Christine felt that these 

preliminary observations and discus

sions served their purpose of preparing 

the students for designing product tests. 

October 26 
The focus of our discussion was: 
"What makes a good pump?" If you 
are given different liquids like milk, 
ketchup, laundry soap, water, and oil, 
how could you test the pumps to see 
which pump works best for which liq
uid? I wanted them to come up with 
different ways to measure the effec
tiveness of the pumps. 

Packaging & Other Structures 

I was impressed with how quickly 
they were able to come up with dif
ferent methods of testing the 
pumps, and with the validity of their 
ideas. The first idea came from 
Shirley, who thought the best way to 
measure a pump was by "how much 
the liquid came out." When I asked 
her how she would measure that, 
she said to put the pump in the liq
uid and measure how far away the 
liquid went when pumped or 
sprayed. The class decided to call this 
the "How Far?" Method. 

We had just done an exercise on 
reading graduated cylinders, so it was 
no surprise when Suleyka came up 
with the idea of using a graduated 
cylinder to measure how much came 
out when the pump was pumped. This 
method got the name "How Much?" 

After some more brainstorming, 
Kathy came up with the idea of 
measuring how fast the liquid came 
out. She suggested timing to see 
how long it took to get the liquid 
out of the pump. 

I asked for any other suggestions, 
and Giancarlo suggested doing five 
strokes of the pump, and seeing if 
any came out. I let him test his idea, 
but the liquid just went up and down 
the tube, so then he revised his 
method: count how many strokes are 
needed until any liquid comes out. 
We called this method "How Fast?" 

In the groups, the students were 
sharing their ideas with their peers 

as they tried to come up with experi
ment designs. This worked really 
well, and they produced high quality 
work. I think that giving each stu
dent their own sheet helped in the 
sharing process because they were 
all being held accountable for the 
work. How to make the tests "fair for 
each pump" was a frequent question 
and stumbling block. 
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The students had a surprising under
standing of the pumps, and came up 
with these ideas relatively quickly 
with little help. Their methods were 
still missing a few key ideas that were 
needed to make them valid. 
However, I decided not to ask them 
about validity until they had written 
the procedures down. 

Obviously, the students were very 

engaged in this activity and had a lot of 

their own questions about the pumps. 

4-29: Testing the pumps 

Christine recognized their enthusiasm, 

and wanted them to come up with 

their own experimental designs. She 

hoped they would look at these designs 

critically and improve them, so that 

each would constitute a fair test. She 

also wanted them to develop their own 

strategies for organizing and presenting 

the data. Otherwise, they would simply 

be following someone else's instructions 

rather than learning these skills and 

concepts for themselves. 

Pump Lab Sheet 

State the Problem: 
'.What is it you are trying to find out) 

how-fo.r ~~ 1i~v;d ~oq,s 

Hypothesis: 
Which pump do you predict will be best for soap? \"um P .:l 

for milk? PvmP .::I. 

for oil? l'vm" !l-

for ketchup? Pun,P ~ 

for water? PvmP .1 

Mjlblrials: 
what materials will you need? 

_Qv,C,r:,.n--,i\\,.,,0\1, 1<1.:~·<.',,,,vi=1,~o.."tc..r, +.wo Pv,.,.,PS 
N.ews. r-o.f'er,, 500..P 

P,ocedllre: 
, How will you test the pumps? What steps will you follow for your test? 

Pvt o....S'Tn:\i3ri't 1i,-,1t. 0,<r,,..,r,,b~rs u.ii-t"\-,,~he-, ne..w(,PQ..PU- b"/ c_e,r,.-\-1-~-t-(.f 

-h2.Sr G...\\+-L-.L 1~t.vv~•~ wi+1., erit. r.-vmPC\+Q.-T\rnL -+Y'lt,..n ol,o+½£-.SC\,n'"\L 

-f'.'.'or ..f1,-,e.5~0r.d ('"Vf"rl~• Wri-t--e. O...II -+-""'--\f"\{"e,rrno,.-,.;"cn t?-n~ Pv+-i+ 

1n o._ C..ho..r-+~ 

Observations: 
Create a chart or table to-record the data you collect during your experiment. (Please,use the back if 'JOU 
need more space.) 
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October 28 
I asked each group to decide the 
method they wanted to use to test 
their pumps. Three groups picked 
"How Far?", two chose "How 
Much?", and the remaining group 
selected "How Fast?" Each student 

had to complete the preliminary 
work on a lab sheet, which asked 
them to state the problem, form 
hypotheses, submit a list of materi
als, write a step-by-step procedure 
and create a chart for recording their 
data. (See Figure 4-29.) 

The "How Much?" group forgot 
to set a standard number of pump 
strokes for each trial. When I asked 
them how many times they were 
going to press each pump, Suleyka 
spoke up and said they needed to 
pick the same number for each one. 
Most of their data charts were really 
good. For the few that were a little 
confusing, I asked the students to 
put in a fake set of numbers. They 
were then able to come up with a 
better way of organizing data, once 
they had a "pretend" data set to 
work with. 

October 29 (double period) 
This was the initial test day. It was 
productive, but extremely chaotic. 
I underestimated the behavior prob
lems in my class. The main problem 
was that I thought the other groups 
would be interested in watching the 
group that was testing, but I was 

wrong! In spite of this, the testing 
went really well. It was extremely 
messy, but that was to be expected, 
given the fact that we were spraying 

stuff around. 



I also underestimated how far those 
pumps could disperse liquids. Kids 
were fooling around a little with the 
pumps, but for the most part, they 
LOVED testing. By the end, however, 
the other groups became bored and 
rowdy waiting for their turns. 

Rumaldo came up to me at the 
end of class and told me that the 
effectiveness of a pump depends on 
the width of the tube. He said that 

ketchup and laundry soap need a fat 
tube, but the width doesn't matter 
for water or milk. 

Another interesting discovery had 
to do with ketchup, which is really 

hard to spray. The kids discovered 
that if you use the same pump to 
spray water first, and then put it 
right into the ketchup, it will work! 
When I asked them why this happens, 
one student thought the water 
makes the tube more slippery and 
the others thought the tube just 
needed to be cleaned out. 

I did not see the "How Fast?" 
group's work, but their results were 
reasonable, and they had no difficulty 

doing the test. We ran out of time 
before the "How Much?" groups 
could test. 

4-30: Some conclusions from the "How Far?" tests 

Conduslon 
Which pump was best for water? Draw a picture of the pump. 

Why do you think so? What about that pump made it better for pumping water? 

how~ ,i-.,vid io+if'ISiO•-t-\..,CLPlo...s1-iG?o...r""" o..."r: co..,....,._ ov+ 
w.c-, -fo..,- i+ Co.,... -+"-C. c:!iS·h,r,C.a. Of' C\I ~--+¢.<'!', <>..,r,c) 

-t-1,,..._-,.+1,,& Pv....,~ •oLSn'~ +-"-""O'-'J«:>V,._ le.,~ clro11>s 
1.--ho.rows 01.1 .. 5,..,,0.,1 O..mov1vtS 0-n.1 ,-1-~oes: ov+-

1/u.rY ~--

What pump was best for pumping ketchup? Draw a picture of the pump. 

Why do you think so? What about that pump made it better for pumping ketchup? 

Wl.e,, Yov a....lc.. Sc,rr-,Q. '-V"--TLr" i+ -...,..,., ... Ve.'r/ ~ ...... ; ... 

Lvkc.r"I 17.s- c.e.f"\"ti~+..r.s \-4= \.AJQ.. d\c1it·,--+ ~+ A... 1i+~\&. 

bi+-0-f' l!:,a..-,.&C" i+-wov,. c.cmc. c,.,.. -h-,~ 9v...,t '-"~ 
v.JI. ~...._._ 't.~ i+ ~or +-,-..._ l,<llviil • 

What are some other things you learned from your experiment? 

I le.<....-..-,w ♦l-0.-1- .._.._.,.c..._,n, ,1. ~~ 1i11JVio1 o..ncl ,;,.._,..,. 
C,12,1 be.c.cwse, KQ. .. c:.J,,uf' ,s ~ a:>-4' +o"'"'-'rOC..S o.,"1• 
0...~tv>O..',-oQ. i!, '°"'O.•CI.-OV~ c,,;: "'-c;>\"-" .. 0..rld -
~!C>J\+ ~a.cl!. '-""-"l"Q.l'"•C> ~row-Al'"lcl"J;.1e.Q.rl'\Q..,,j 
-tt-,ovt· ~Vft\9 -:'.l.. i..S.\-\.,&. \oe-5.~ •or o.,11 +1,,12, ,;~v.'.;&s 
~dicl• 
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Christine was concerned about 

the classroom management issues. She 

hadn't provided enough to do for the 

groups that weren't testing at the 

moment, and the two "How Much?" 

groups hadn't tested yet. Also, she want

ed the students who had already tested 

to summarize what they had done and 

draw conclusions. She made up a reflec

tive assignment for them to do while 

the "How Much?" groups tested. 

November 2 
I came up with a "Conclusion" 
assignment for the groups who were 
done with the tests. (See Figure 4-30.) 
This also allowed me to work with 
the last two groups. I seated both 
"How Much?" groups together in a 
big rectangle with the test materials 
in the middle. I let them take turns 
testing while everyone recorded the 

common results. This worked 
much better and it was 100% calmer 
than it had been the day before. 

November 5 (double period) 
Next, I wanted the students to graph 

their data. I was surprised to learn 
that they had just finished graphing 
in their math class, so they already 
knew how to use a bar graph to 
organize their data. We went 

over a few different ways to set up 
the axes, and how to define the 
categories for the graph, but this 

was really the simplest part of the 

project. They broke into groups and 
created their graphs on chart paper. 
They were excited to have big 

paper and scented markers. I had a 
few students who did not work well 
in groups, so eventually I just gave 

them paper and let them create their 
own graphs. 
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November 6 
I wanted the groups to present their 
results to the class using their graphs. 
I felt that they should be able to 
explain which pump worked best for 
each liquid, using supporting evi
dence from their test data. I hoped 
that the class as a whole would dis
cuss why a given pump might have 
worked better. I also expected them 
to raise some further questions that 
had come up during the activity. 

Unfortunately, there was a lot of 
talking while kids were trying to 
present. No one really offered any 
valuable comments until I took over 
at the end and started asking ques
tions about the different graphs. One 
student did have a question. 

RACHEL: 
How col.Aid we decide w'1ic'1 p!Al'l-1p 
WfAS b>est1 si.-ice we got differe.-it 
res1,1lts for efAc'1 test"?" 

The class decided that the spray 
pump was the best pump, but accord
ing to Ernie, sometimes we don't 
want the "best" pump-for example, 
in the case of ketchup. Some further 
questions that came up were: 

• Does the size of the tube make 
it work better? 

• Would the lotion pumps work 
better for thick liquids if they 
had a bigger tube? 

• Why did we have to put water 
through the spray pumps first to 
get the ketchup to go through? 

• Are there other gadgets for liq
uids that we could compare 
with these pumps? 

The students reached some very 
insightful conclusions from this project. 
They recognized that a technology that 
is best for one application, such as 
spraying water, might not be best for 
another, such as dispensing ketchup. 
"Which is the best pump?" is a question 
that cannot be answered directly, 

118 Stories I Chapter 4 

because it depends on what the pump 
is to be used for. Their questions suggest 
that they were also beginning to grapple 
with the concept of viscosity ("thickness" 
of a liquid), and its relationship to the 
diameter of the tube. 

November 9 
I made up an evaluation sheet for the 
students to fill out. (See Figure 4-31.) 
The evaluations went well. Kids were 
able to find their group weaknesses 
and also the most positive parts of 
their work. In general, everyone gave 
themselves and their peers high 
grades. I was happy to see that most 
everyone enjoyed the project. 

Christine also offered her own 
evaluation of the project. She felt that 
it had succeeded in its primary goal 
of giving her students an opportunity 
to design and conduct their own 
controlled experiments: 

4-31: Maritza's evaluation form 

As crazy as this activity was at 
times, I would do it again because the 
students really walked away having 
learned a lot. It was an excellent way 
to reinforce scientific methods, because 
they were allowed to design their 
own experiments. It was a great way 
to introduce the idea of product test
ing to the class, and get them think
ing about creating fair or valid experi
ments. They were also able to practice 
metric measurement skills, which we 
had been working on in class. 

Even though I provided a great 
deal of guidance, the students had a 
definite sense of ownership of their 
work during this project. They took 
an idea, created an experiment, and 
collected a data set on their own. 
They used the skills they had been 
working on in math and science, but 
this time with their own data. 

Pump Lab Evaluation 

A. On a scale of 1 to 10, What Is your score? _t=D~
Giw two reasons why you deserve your score. 

1. ~aLX::e -:I:.. ~o.\ed U-2)\ +\-\ f'N._j cp:::, . .:P arcl ce..\-cwR:l 
g:::c:rlw\-\h~ 

2.::\:-dsd a\~\ d\\ me. \..)..)CIK· 

B. List each group member and give them a score between 1 and 10. 
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>1.\'=-Qr\O~ +ct,\\L~cl ~ 

rn ~ lf\~-:\-e~d Ot· ,~(1-jlf~ 
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L(X).-\-er anc\ ~tC.hU()10\\Jf'f\\\~ 1 acd~p 
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D. What could you have done differently on this project?± COJ Id C) r pr-esef\+ I + 
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-so ~ Wth e0C.h ()-\het 



Packaging & Other Structures 

~esigning and Making Structures 
to Solve Classroom Problems 

Both of the teachers featured in this section work in the upper elementary grades. 

These stories begin with a familiar classroom problem: lack of adequate storage 

space. In both cases, the students designed and built their own structures to solve 

this problem. Their primary material was cardboard from discarded packaging. 

The Portable Storage System 
by Sandra Skea 

Getting Started 

Students of Class 604 were creating 
dioramas based on scenes from the 
play "The Phantom Tollbooth." 
Clean-up time was especially difficult, 
for classroom storage space was 
severely limited and student lockers 
were already packed to capacity. The 
problem was complicated by the fact 
that we use several different rooms 
during the week. 

Together, the class and I decided 
that if we were to continue a project
based exploration of mathematics, we 
would need to find an effective solution 
for our storage problem. We also real
ized that our solution must be a 
portable one in order to satisfy the con
straints of moving from room to room. 

Our goal became exploring how 
to build portable storage systems 
that would meet our requirements. 
We explored the problem and brain
stormed options. We discussed storage 
units in general, and the classroom 

and school constraints in particular. 
We also used this time to conduct a 
scavenger hunt to search for materials 
for use in the construction of these 

systems. 
After experimenting with the 

materials and with design possibilities 
the students developed criteria for 
the system. The criteria included the 
following: 

• The system must be free standing 
and portable. 

• The system must hold and 
support 8-10 shoe boxes. 

• Each compartment must be uniform 
in size, and be able to support a 
live load of one pound. 

• Accurate measurements are to 
be taken and recorded, including 
length, height, width, girth 
(measured two ways), face 
diagonals and volume. 

• Recyclable materials are to be used. 

Sandra Skea teaches math at Mott Hall, 

a middle school for high-performing 

students in Washington Heights, New 

York City. Sandra wanted to involve 

her sixth-grade class in a structures 

project that would both solve a real 

problem, and also require them to use 

geometry and measurement in a practical 

context. A real problem had already 

presented itself The class had created 

shoebox dioramas, as part of an extended 

math project. However, they had 

nowhere to store them. Worse yet, 

due to a shortage of space in the school, 

the same class met with Sandra in several 

different rooms during the course 

of a week, and they needed access to these 

dioramas at each location. How could 

they both store them and also transport 

them reliably? Sandra explains what 

they did 
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Sandra's class worked on this project for 

almost two months, devoting one-hour 

periods to it once or twice a week. 

Within the criteria listed above, most 

of the design decisions were up to the 

students. They were free to choose the 

recycled materials, design the geometry 

of the unit, add handles and/or doors, 

choose their own methods for attaching 

the parts, and develop their own meth

ods for testing the design. Sandra also 

encouraged them to think about storage 

problems at home, and think about how 

similar storage units might solve them. 

The students divided themselves up 

into groups of four or five to work on 

this project. Sandra required them to 

assign a specific job to each member of 

the group. Here is Sandra's description 

of the activities of the groups: 

Design and Construction 

Students talked freely during this 
activity. They engaged in sharing 
ideas, in questioning group decisions 
and in offering comments and sugges
tions. Students were allowed to circu
late during the designing and building 
stages to ask other groups for tools 
and materials. Some questions and 
statements I overheard were: 

G'1oLAld we LA.Se il-1c'1e.s or 
centiwieter.s? 

W'1ic'1 is better to LA.se: 
wia.skil-1g tape or packil-1g tape? 

How car1 we wiake tl,,e .s'1elve.s 

.stror1ger? 

W'1!:1 are t'1e .sl,,efve.s bLAckfir1g? 

W'1at car, we do to fix i-t? 

W'1ere .s'1oLAld we place t'1e 
'1ar1dfe.s? 

4-32: Stephanie, Rosa, and Flor decide their unit doesn't need a back. 

120 Stories I Chapter 4 

Are aff .s'1oeboxe.s t'1e .sawie 
.size? 

,o wiake t'1e box .stror1ger, 
.s'1oLAld we pLAt tape or1 tl,,e 

edges? 

l-et 1 .s add a little .space aroLAr1d 
eac'1 cowipartwier1t so it wiff be 
easier for .sowieor1e to pLAfl oLAt 
t'1e diorawia.s. 

Many of the design decisions 
and discoveries were interesting. 
Stephanie, Rosa, and Flor decided 
not to make a back for their box. 
Rosa said this would make the unit 
lighter and easier to carry. Flor added 
that it would also make it possible 
to see in from either the front or the 
back. (See Figure 4-32.) 

Melida, Clarissa, Erica, and Alyssa 
recognized that students might use 
different-sized shoeboxes for their 
dioramas. How could they plan for 
that? (See Figure 4-33.) 

4-33: Melida, Clarissa, Erica, and Alyssa 
examine shoeboxes of different sizes. 



I was very surprised to see how closely 

students monitored each other's 
contributions. The atmosphere was 

one of dedication to task. Fooling 
around or time off-task simply were 
not allowed. 

Sandra believes very strongly in 

ongoing assessment of her students' 

work. She used an impressive array of 

assessment tools and techniques, so 

that she and her students could monitor 

the progress of the project on a very 

frequent basis. Her methods included 

daily sharing sessions at the end of each 

class, regular homework assignments 

related to the project, final group pre

sentations to the class, peer assessment 

of the presentations, individual written 

reports, and a self-assessment of each 

student's work. Sandra's reflections on 

assessment can be found in Chapter 5. 

The students were given time to 
share their work at the close of each 

session. Each group assessed their 

progress and made plans for the next 

day. Questions and comments that 
arose during these sessions included: 

W'1ert will '1erppel'1 if we do1At:,le 
t'1e cerrd!:,oerrd?' 

W'1ert i.s: t'1e !:,est plerceK-1el'1t 
for t'1e '1erl'1dle(.s:)?' 

G'101Ald flerp.s: t:,e erdded so 
t'1il'1g.s: dol'11t fall 01At?' 

We erll took t1Arl'1.s: erl'ld erccoK-1-
pli.s:'1ed er lot. We coopererted 

wit'1 eerc'1 ot'1er 1'1icel!1. 

M!1 gro1Ap cerlc1Alerted t'1e erreer 
of t'1e sl,,oe!:,ox to see !,,ow 
W11Ac'1 cerrd!:,oerrd we will 1'1eed. 

Toder!1 I wer.s: t'1e tiK-1ekeeper for 

1'1-1!1 grolAp. We took K-1eer.s:1Are
Mel'1t.s: erl'ld got er plerl'1 reerd!1 
for toMorrow. 

Some of the homework assign

ments given in relation to this project 
included: 

• Describe the plan you and your 

group developed to solve 

the storage problem of Class 
604. Include the roles assigned 

to each member and how you 

decided the roles would be 

assigned. 
• Describe ways in which your 

group could change the design 

of your portable storage unit to 
make it stronger. 

• Describe and evaluate how well 

your group works as a whole. 

• Describe how you might modify 
the design of your classroom 

portable storage system to 
create a structure that could be 

used to solve a storage problem 

unique to your household. 

• Create a drawing of your 

portable storage system with all 

the dimensions labeled. Include 

length, height, width, girths, 

and face diagonals. 

In addition to the regular home

work assignments, every student had 

to prepare a written report about 

the portable storage system. It had to 

include how the structure was built, 

the dimensions of the system, how it 

might be improved upon, and other 

possible uses for it. Here are some of 

the ideas they had about applications 

for similar storage units at home: 
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MELIDA: 
I wo1Ald IA.Se t'1i.s: !:,ox to sort 

01At perper.s: t'1ert I will 1'1eed lerter 
il'1 t'1e !1eerr. It wolAld t:,e like er 
little file ccrt:,i..,et, ol'11!1 "1oMe

Merde. 11'1 certcril'1 .s:perce.s: I will p1At 
M,!1 lerptop, perper.s:, co1Apol'1.s:, erl'ld 
receipts. M!1 sc'1oolwork will t:,e 

er lot 1'1eerter. I will fil'ld ever!1t'1il'1g 
q1Aickl!1. M!1 K-1ot'1er will l'10t 

screerM '1er wits 01At t:,eccr1Ase I 
decided to t:,e irre.s:pol'1.s:it:,le. 

JENNIFER: 
I wolAld IA.Se it to keep 1'1-1!1 C-D'.s: 
il'1 order. 

ERIKA: 
11'1.s:teerd of K-1erkil'lg er s'1oe!:,ox 

'1older, I wo1Ald K-1erke er towel 

'1older. T'1e IAl'lit cerl'1 t:,e W101Al'1ted 

01'1 t'1e werll il'1 t'1e t:,ert'1rooM. 

ALYSSA: 
O1Ar storerge IAl'lit wolAld erl.s:o t:,e 

1A.s:eflAI il'1 1'1-1!1 erperrtMel'lt. I wolAld 

IA.Se it to '1old 1'1-1!1 per.s:oml 
t:,elol'lgi l'lg.S:, .s:1Ac'1 er.s: 1'1-1!1 Ii p !:,erh11, 
ccrMerer, dierr!1, WerlkMerl'11 erl'ld 
portwle CV pler!1er. I wolAld K-1erke 
er COIAple (of) c'1erl'1ge.s: t'1o1Ag'1. I 
wo1Ald erdd More .s:'1elve.s:, Merke it 
t:,igger erl'ld peril'lt it ligi,,t t:,l1Ae. 

CLARISSA: 
At '1oMe, I wo1Ald IA.Se it er.s: er 
!:,ooks'1elf 1 t:,ecer1Ase M!1 desk i.s: er 
K-1e.s:.s:, it K-1erke.s: 1'1-1!1 rooM look 

dirt!1. It wo1Ald t:,e greert to keep 
erll M!1 !:,ooks il'1 ol'le pierce. 

ROSA: 
lJ.s:il'lg er !:,ox de.s:igl'1 like t'1i.s: il'1 
1'1-1!1 '1o1Ase wo1Ald defil'1itel!1 t:,e er 
'1elpflAI erl'ld '1erl'1d!1 wer!1 for Me to 

keep M!1 t'1i1'1g.S: orgerl'1i2:ed. I ccrl'1 
p1At M!1 ~ 1'1ecrtl!1 il'lto eerc'1 

COMperrtMel'lt. I ccrl'1 erl.s:o IA.Se it 
to store M!1 1'1icel!1 folded 

clot'1es. 
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Each group also had to make an oral 

presentation, in which they explained 

and demonstrated their design and 

answered questions about it. 

These final presentations includ
ed the showing of their storage sys
tem, a description of how the group 
designed and built it, a demonstra
tion of the mathematics involved, an 
analysis of the strengths and weak
ness of the system, and proposals for 
how the structure could be modified 
for use at home. During the presen
tation and the discussion periods 
that followed, students shared ideas 
and asked questions, and offered 
comments. (See Figure 4-34.) 

Questions included: 

Wl-1at are tl,,e l-1a11dles w,ade of? 

How else ca11 ~otA tAse ~otAr 
s~stewi? 

How stro11g is it reall~? 

How w,a11~ sl-1oeboxes ca11 it !,,old? 

Gl,,ow wie 1-,ow ~otA wieastAred 
tl,,e girtl-1. 

LUIS: 
Wl-1~ did ~OIA ptAt tl,,e l-1a11dle 011 
tl,,e top i11stead of tl,,e sides? 

JULIAN: 
,l-1at wa~, tl-1i11gs will 11ot fall 
otAt I becatAse wl-1e11 we carr~ it, 
tl,,e back will be tl-1e bottowi. 

Comments and suggestions included: 

YotA 11eed to rei11force tl,,e 
l-1a11dfe. It will 11ot sta11d IAP 
to wear a11d tear. 

,1-,e cowipartwie11ts are of 
differe11t sizes; perl-1aps tl,,e~ 
sl-101Ald be 1A11iforwi. 

YotA 11eed to stre11gtl-1e11 tl-1e 
SIApport s~tewi for tl,,e sl-1elves. 

YotA tAsed too witAc.1-1 tape. 
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Omar described some of the 
changes he and his group made 
to their structure. The top of the 
unit was originally a trapezoid, 

but this design wasted space and 
caused the compartments to shift. 
(See Figure 4-35.) 



Rachel, Precious, and Daniella used 

two modules to build their unit. They 
said that if they made another struc

ture, they would use less tape. They 
also discussed using other joining 

methods, noting that nails would not 
work. Rachel noted, "I tried them 
and they fell out." (See Figure 4-36.) 

Sandra prepared a peer evaluation 

form for students to fill out during the 

group presentations. (See Figure 4-37.) 

These forms, which were anonymous, 

provided each group with their fellow 

students' assessments of how well they 

had presented. 

Each student also had to evaluate 

his or her own participation in che 

project, including both group and 

individual work, on a self-evaluation 

form. (See Figure 4-38.) 

Candice was very self-critical: 

If M!:1 gro1Ap a.-id I "1ad pla.-i.-ied 
More carefLAll!:1, a.-id worked More 
dilige.-itl!:1, otAr box coLAld "1ave 
bee.-i MIACl-1 better. We s"1oLAld 

"1ave recorded oLAr MeastAreMe.-its 
so we woLAld "1ave k.-iow.-i "1ow 
Ma.-i!:1 s"1oeboxes coLAld "1ave fit 
i.-ito t"1e storage LA.-iit. M!:1 
grolAp did.-i 1t pla.-i tiMe carefLAll!:1, 

so we ra.-i otAt of it. 

Perhaps the most authentic form of 

assessment of a design project asks 

about the design itself. Did it really 

solve the problem it was intended for? 

What do the users chink of it? A few 

months after the conclusion of the 

project, Sandra wrote: 
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4-36: Rachel, Daniella, and Precious present their storage unit. 

4-37: Rating Gulde for Group Presentations 

CITY COLEGE CURRICULUM GUIDES 
111 Portlollos 

The Portable Slorage System 

Rating Guide fo,-Group~ 

Directions: 
Listen carefully 85 ead\ group prasents. Please do not intemJP( the 

speaka"s. Yoo Wil hall9 lime at the end of lhe p,esenlalion to ask questions or 
to make aimments. Rate your dassmales fair1y by ciR::ling a number from 1 105. 
A rating of I is low; the highest rating poswle is 5. Please be swe to !Md the 
aiteria Clftfutly. Use the back of the rating sheet to record any additional 
comments or suggestions yoo haYe. 

CRITERIA RATING 

1. Sb.fdents spolce <:le9t1y. and used 
complete senlences. 2 3 4 5 

2. Measuremenls - taken end 
recorded ac:curately. 2 3 4 5 

3. StudenlS dellc:ribed how lhey built 
their ,trudure. 2 3 4 5 

4. Slldlnts explain how !hey could 
cha'lge the slructlxe to make ii slronger 2 3 4 5 

5. Students suggesled a way !hey 
could 1168 the SlrUd\lm at home. 2 3 4 5 

s. Every member or lhe group participaled 
lnlhepnlSel'ltatioo. 2 3 4 5 

7. The storage unit is free standing and 
pot1able 2 3 4 5 

8. The unit has e-10 compartments 
capable of holding a shoebox 2 3 ◄ 5 

9. The storage unit is attradM!. 2 3 4 5 

10. The unit u,ies space efficiently 1 2 3 4 5 
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I was also delighted to discover 
that the storage system created by 
the students actually did solve our 
classroom storage problem. As a 
matter of fact these systems are still 
in use. At present, they house the 
materials for our next project. 

Overall, Sandra was very pleased 

with the educational outcomes of this 

project. It served to develop some 

mathematics concepts in ways that tra

ditional instruction does not. 

I discovered the only real way to 
assist students in understanding 

some concepts is through a hands-on 
experience. Examples are the rela

tionship between length, height, and 
width to volume, the relationship 
between girth and perimeter, and 
the process for measuring and calcu
lating face diagonals 

The study of geometry, rectangu
lar prisms in particular, became 
accessible and real. Students who 
previously had difficulty calculating 
girth, volume, and face diagonals 
from two-dimensional drawings 
gained the confidence and the skill 

to do so with ease and accuracy. The 
understanding of girth, the two ways 
to measure it, and its relationship to 

perimeter, became clear as students 
used their own three-dimensional 
rectangular prisms for exploration of 
mathematics. 

Building a rectangular prism also 

served to improve and extend the 
students' understanding of dimen

sions and of measurement. Growth 
also occurred in their ability to use 
and compare measurement tools. 
And it must be noted that attention 

to homework increased and test 

scores improved. 
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4-38: Clarissa's self-evaluation 

CITY TECHNOLOGY CURRICULUM GUIDES 

Student Self Evaluation 

7. I can use what f learned from this lesson when for if I build 0, :Stt'-,c\v., 12.-

at b:>M« or aivr: ::s~d om;...-,,. + · 
8. On a scale from I to ten f rate this project a (an) _Q~--
Use this space to record any additional comments you would like ~o make. _ c\ 
I I il,~ doi~ -\h,-s pr~ec\-. I ~ink. ,-\· half ~o~o.n 

3,0rl\Q,i'Yo "-"d tv\f,0.6U{~M~ _ 

Two students in particular became 

very excited about attending math 

class. Previously, they had contributed 

little to classroom discussion, rarely 

completed assignments and class work, 

and in general saw no reason for study

ing mathematics. Grades went up for 

both students. 

Although Sandra's primary goals are 

in the area of mathematics, she saw some 

other benefits from this project as well. 

Her students had learned about the 

value of recycled materials, and had 

gained some experience in designing and 

constructing useful structures from 

them. They discovered that a group is 



greater than the sum of its parts, because 

they saw how group members could 

stimulate and reinforce one another's 

ideas. They also gained experience in 

both written and oral presentation. 

Perhaps most important, Sandra felt 

they had discovered that they had the 

power to improve their own environment. 

Students explored how purpose 
affects the design of a structure. 
They learned how to locate and use 
recyclable materials in class projects. 

They learned the advantage of 
staying on task and of sharing job 
responsibilities. Students discovered 
there are many ways to solve a 
problem and that brainstorming 
and the sharing of ideas can simplify 
the process. 

Students also learned how to 
write clear, concise, and complete 
reports. The presentation component 
gave them the opportunity to develop 
and enhance their listening, speaking 
and questioning skills. 

Students were also involved in 
an experience where they were in 
control. The activity was a project 
for investigation and exploration, 
not just another routine assignment. 
Mathematics and technology can be 
used creatively to solve problems. 
The students learned that they can 
have power over their surroundings. 
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Learning About Structures, Preparing 
for the Science Fair, and Solving a 
Storage Problem by Michael Gatton 

Michael Gatton taught science to 

sixth- through eighth-grade students 

at I.S. 143 in Washington Heights, 

New York City. He was an experienced 

science teacher who was required to use 

some materials from Insights, a science 

curriculum package. He was also 

responsible far preparing his students 

far the district Science Fair. 

Michael developed and implement

ed this unit after doing the "Structures" 

module from Insights. He involved his 

students in designing and building a 

badly needed storage unit for their 

book bags. In preparing for the design 

of this storage unit, each of his six 

groups did a controlled experiment 

that served as the basis for a Science 

Fair project. The results of three of 

these experiments provided data that 

the students used in their storage unit 

designs. As a whole, this project offers 

a model for integrating scientific analysis 

with technological design. Michael's 

story begins with the logistics of his 

sixth-grade class, his selection of 

material, and the requirements of the 

sixth-grade science curriculum. 

The Problem 

The sixth grade in my school doesn't 
fit neatly in either the "elementary" 
school or the "middle" school catego
ry. The students have an official class
room where most of their subjects are 
taught, which is the elementary 
school model. On the other hand, 
each subject is taught by a different 
content area teacher, which follows 
the middle or junior high school 
model. They do travel to different 
rooms for certain subjects, but this is 
due more to the overcrowded condi
tions in our school than to some logi
cal scheme. Other teachers and other 
students use our room throughout the 
day, and my students must periodical
ly pack up and move to another room. 

Some major problems result from 
the multiple use of the room. If my 
students leave their materials in the 
classroom, they could be stolen or 
"borrowed" by other students who 
use our room. There is sometimes an 
adversarial relationship between my 
students as they put things away 
before leaving the classroom and the 
students and/or teachers who are try
ing to get into our room for the next 
lesson. Complicating matters is the 
school policy that closets are to be 
locked in the morning and not opened 
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until dismissal. These closets are sup
posed to be used exclusively for jackets 
and caps. Of course, students 
frequently leave books or papers in the 
closet, and have to interrupt another 
class to retrieve them. 

Clearly, what is needed is a stor
age system that offers both easy 
access to the students as they exit or 
have to retrieve something, and secu
rity so that their things will not be 
taken. With these two goals in mind 
we set out to design a structure that 
would fulfill those needs. 

Material 

What material should we use to make 
our storage structure? We decided to 
use cardboard, because it is easily 
available and free of cost. 

However, there are a number of 
characteristics of corrugated card
board that make this material difficult 
to use. It is not easy to cut straight 
without a box cutter or similar sharp 
blade. It warps when wet with glue. 
It has to be recycled in the school, 
which creates a lot of extra work for 
the custodian in terms of stacking and 
tying the odd-shaped scraps. It can 
be quite strong when folded into 
the box configuration but individual 
pieces bend quite easily. It is not so 
easy to find large pieces for a full
sized unit such as we designed. These 
were problems we would have to 
address together. 
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Sixth Grade Science 

Our sixth-grade science curriculum 
consists of three kits designed by 
Insights and covering three different 
areas: earth science, physical science, 
and life science. Our module for 
physical science is called "Structures." 
The unit focuses on some key concepts 
in structural design such as structural 
components, loads, materials, and 
shapes. In preparation for this project 
we did extensive work in the Insights 

curriculum on the concepts mentioned 
above. A weakness of this unit, how
ever, is its reliance on models of big 
structures such as buildings and 
bridges. Students do not have an 
opportunity to design a real-world 
structure for their own use. I decided 
to add this element to the structures 
curriculum. 

An additional key feature of our 
science program is the annual I.S. 
143 Science Fair, which is fairly 
traditional. Students are expected 
to conduct and present a controlled 
experiment that is related to some 
part of their science curriculum. The 
design challenge of building a strong 
cardboard structure presented a 
wealth of possibilities for Science Fair 
projects. Here are the kinds of ques
tions we could try to answer through 
controlled experiments: 

• Which cardboard should 
we use? 

• How could we laminate the 
cardboard to make it stronger? 

• Which type of glue would 
work best? 

• How should we attach the 
shelves? 

• What shapes should we use for 
the columns and beams? 

The Design Challenge 

To motivate the students I began by 
discussing their frustrations in moving 
from room to room. On average, this 
movement occurs three times per 
day, including lunchtime. Typically, 
my students would travel to another 
room for computer lab, for reading 
lab, for gym or for social studies. At 
the end of the day there is usually 
an after-school program that uses 
our room and makes it impossible 
for students to leave materials in 
their desks. 

I asked if they were getting tired 
of carrying their books around all day, 
and of coming in every day to find 
paper or pens missing from their 
desks. I informed them that if they 
were interested, we could design and 
build some storage units to hold their 
belongings and make life a little easier 
for them. They definitely liked the idea. 

The challenge, then, was to 
design a system of storage units out 
of cardboard that would be strong 
enough to support the load of some 
full book bags and a few other items, 
provide a certain amount of security, 
be easily accessed and not be an 
eyesore. 

Establishing Criteria 

We held a brainstorming session 
about criteria. The most important 
criteria that we came up with were 
as follows: 

• Each compartment should hold 
the size and weight of a full 
book bag. A book bag could 
weigh as much as 20 lbs., and 
be as big as 60 cm. x 45 cm. x 
30 cm. 



• There should be six compart
ments per unit. 

• Doors of some kind should be 
provided for security. 

• They should permit easy access. 
• Their locations in the room 

should allow traffic flow. 
• They should look nice and neat. 

We decided to keep the bottom 
compartment empty so that no one 
would have to get down on the floor 
to get his or her stuff. The size of 
each compartment was dictated by 
the size of a large book bag. 

In deciding on security, we all 
realized that cardboard would be 
fairly easy to break into if anyone 
really wanted to. On the other hand, 
two of the storage units used to hold 
my personal materials were never 
locked and nobody had bothered 
them all year long. It seemed that 
theft would not be an issue unless 
the items were out in the open and 
easy to get to. So we thought that a 
simple door with some kind of latch 
would work fine for our needs. 

Designing the Storage 
Units 

After we came up with the criteria 
and the material, our design options 
were fairly limited. If you want a 
structure of certain dimensions built 
of cardboard and having a certain 
number of storage spaces and offer
ing a certain amount of security, you 
are pretty much locked into a basic 
shelf unit design. Nonetheless, I did
n't tell students this. I simply asked 
them to design a structure on paper, 
which would fit our criteria. They all 
looked pretty much the same: a basic 
enclosed rectangular shelf unit. (See 
Figure 4-39.) 
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4-39: Design of shelf unit 

---+-------1----------- ········-·· ...... -----·--· .. ,. ···-·--·--

The next step would be to make 
the drawings to scale. The goal was 
to create a scale model so that the 
students would see some of the 
problems we would face. Then we 
could come up with some strategies 
for creating the real thing. I had to 
make the decision, in the interest of 
time, to simply give students the 
scaled down measurements. I have 
taught scaling to another class, in 
the context of scale maps, and it is a 
difficult concept for them. Teaching 
students how to scale might have 
taken another week or two in itself. 
Instead, I demonstrated for them 
what we were doing when we scaled 
down, but I did not expect them to be 
able to reproduce what I had done. 

Making Scale Models 

From the basic design we discussed 
the idea of putting together a scale 
model. That way, we could all see in 
3D what our shelf units would look 
like and get some sense of how to 
put the units together. 

I was surprised that the students 
had no idea how to go from the scale 
drawing to a scale model. I had 
thought that by discussing the sizes 
of the various parts of the unit, it 
would be obvious how to measure 
the pieces and cut them out. To my 
surprise, some of the groups started 
randomly measuring pieces of card
board with no regard for the scale 
drawings. Others ignored the scale, 
abandoned all attempts at measuring 
and seemed to be trying to mold the 
entire unit out of a single piece of 
cardboard. I was beginning to realize 
what a complete lack of experience 
my students have in building things, 
or in understanding how things are 
built. 

As teachers often do, Michael had 

taken it for granted that his students 

would know some basic procedures 

that turned out to be entirely new to 

them. He backtracked and did a bit of 

"reverse engineering." He had them 

look at manufactured items around the 
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classroom, as examples of how struc

tures are put together. In looking for 

structures to study, one never has to 

go very far! 

I stopped the lesson and went 

around the room pointing to struc
tures and discussing how they are 
manufactured from parts that are 

assembled to make a whole. We dis
cussed each of the parts that were 
needed to build our model shelf 
units. We wrote down both the 
dimensions and the number of parts 

required. For example, we needed 
two side pieces that would be 27.7 
cm. x 6.9 cm. I then discovered that 
they didn't know where to begin 

with creating a rectangle. I had to 
demonstrate how to measure and 

draw a rectangle. 
After we completed cutting out 

our pieces, we assembled our scale
model units and discussed some of 
the problems that we would face 
when building the real thing. (See 

Figure 4-40.) For starters, our model 
units were fairly strong due to the 
sizes of the pieces. When we were to 
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build a larger unit, however, the 
cardboard would not maintain the 
same relative strength. This meant 
we would need some way of laminat
ing pieces of cardboard together to 
make stronger, thicker pieces. 

We needed some way of support
ing the shelves. We also thought 
about how we might incorporate 

some supporting columns and how 
we might change the shape of the 
shelves to make them stronger. We 
decided that tape would make for an 
ugly structure, and decided that we 
would use only glue and cardboard. 

In making and thinking about the 

scale models, a number of issues came 

up that could only be resolved by some 

systematic testing. These tests would also 

be the basis for Science Fair projects. But 

first, the students would need to under

stand the need for controlling variables, 

and develop the concept of a "fair test." 

Michael recognizes that students are 

unlikely to learn these principles just by 

being told to follow them. They have to 

see the need for themselves. 

Testing Variables 

The problems that we identified in 
building models led us to test some 
variables in order to discover the best 
design for our shelves. This is where 
Science Fair projects naturally fit in. 
Students were assigned to groups and 
each group was assigned one of the 
following research questions: 

1. How do different types of glue 
affect the strength of a laminated 
shelf? 

2. How do different ways of laminat
ing cardboard affect the strength of 
a shelf? For example, should the ribs 
of the two pieces of cardboard be 
oriented the long way, the short way, 
or some of each? (See Figure 4-41.) 

3. How do different types of card
board affect the strength of a shelf? 

4. How do different shapes affect the 
strength of a shelf? 

5. How do different types of triangles 
affect the strength of a truss? 

6. How do different types of supports 
affect the strength of a shelf? 

.. 



The concepts of a controlled experi
ment are not easy to grasp and 
instruction in this area is an ongoing 
process. I had already done an 
experiment connected to the Insights 

module as a neat way of teaching 
the basic elements of a controlled 
experiment. (See "How Does the 
Shape of a Column Affect Its 
Strength?" in Chapter 3, "Activities.") 
These concepts include independent 
and dependent variables, constants, 
data collection, and so on. 

I usually try to give my students 
a concrete experience first which 
I hope demonstrates the need for 
certain vocabulary. So we build 
vocabulary on top of the experience 
and I can always refer back to the 
experience for review. Because I 
teach most of my students for three 
years, I planned to spend a great 
deal of time with them in sixth grade 
learning how to do a Science Fair 
experiment. I expect that they will 
do more and more of their own work 
in the seventh and eighth grades. 

Before students began their 
Science Fair projects, I again 
reviewed the requirements for a fair 
test. In response to my review ques
tions they seemed to get most of 
the concepts, at least in the abstract. 
In practice, however, students had a 
hard time identifying variables in 
their own tests and needed a lot of 
prodding to keep all the variables 
constant except for their independent 
variable. 

Although I repeatedly reminded 
students about controlling variables, 
and they kept reassuring me that 
they had done so, I deliberately 
allowed them to make mistakes. For 
example, a group of students con-

4-41 : Testing lamlnatlon methods 

ducted an experiment on which 
type of glue would make the 
strongest laminated shelf. With my 
guidance they kept the size of their 
pieces constant and then glued the 
pieces together to form laminated 
beams. They tested the load capacity 
and declared that Elmer's 
School Glue was the strongest. 
"Great," I said. "How much of each 
type glue did you use?" "Uh-oh. We 
didn't measure the amount of glue." 

Packaging & Other Structures 

So they had to redo the experi
ment keeping the amount of 
glue constant. Every group had at 
least one obvious variable that they 
initially neglected to control. In 
each case we discussed the problem 
as a class in terms of what constitutes 
a fair test. It is a time-consuming 
approach, but it's really the only 
way students will grasp the idea of 
controlling variables. 
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When the Science Fair projects 
were finished, we discussed how to 
incorporate the findings into the 
construction of our shelf units. In 
some cases the results were inconclu
sive; in others, we simply decided 
not to use the particular variable. 
For example, the shape of the shelf 
couldn't really be changed, and it 
would have been impractical to use 
trusses to support the shelves. 

While some of the experiments 
didn't turn out to be so useful to 
the design project, others were. 
Here is an excellent example of 
how science inquiry, using a con
trolled experiment, can inform a 
technological design. The results of 
the experiments on glue, lamination 
method, and support method really 
contributed valuable information: 

1. A nice outcome of the glue 
experiment was that the most 
readily available glue turned 
out to be the strongest: 
Elmer's School Glue. 

2. The experiment on laminating 
cardboard pieces was very 
instructive. The laminate in 
which all the "ribs" are running 
the same way (along the 
length, not the width, of the 
beam) was the strongest 
combination for making a 
shelf or beam. 
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3. Also very useful was the experi
ment on which supports work 
best for holding up a shelf. 
Here we found that a simple 
strip of cardboard, glued to the 
back and sides of the storage 
unit, provided the most support. 

Final Product 

With the results of our tests in hand, 
and with time rapidly slipping away, 
we decided to create a single shelf 
unit. Each group produced a laminat
ed shelf. The first groups finished 
were assigned to laminate the side 
and back pieces and make the support 
strips. Then, just as we had done 
with the model units, we assembled 
the pieces to make a whole unit. 

Of course, with such a large 
piece, the assembly part proved a bit 
more involved and required several 
stages. As this was our first unit, we 
weren't quite sure what order to 
follow, and there could easily have 
been a better way. If we had time to 
produce a second unit, we would 
definitely do some things differently. 
Nonetheless, here's how we did it: 

1. Lay the back and side pieces 
flat on a table. 

2. Measure and draw lines where 
the support strips will be glued. 

3. Glue the support strips onto 
the sides and backs. 

4. When the support pieces are 
dry, glue the edges of the back 
and the sides where they come 
together, place the shelves on 
the support pieces (without 
glue), and fold the side pieces 
up and into their places. The 
shelves are there to keep the 
sides in place. 

5. Use twine to hold the glued 
sections together. 

6. Place the shelf unit on the 
floor, on its side, and use 
weights to hold the pieces in 
place. (See Figure 4-42.) Allow 
it to dry. (The result is shown 
in Figure 4-43.) 

7. Glue the shelves to the support 
strips. (See Figure 4-44.) 

8. Make cardboard flaps and glue 
them to the outside corners to 
stabilize the unit. 
(See Figure 4-45.) 

Ideally we would have attached 
doors to the unit. We would then 
have tested the unit for strength and 
made adjustments to the design. We 
would then use the experience of 
building a single unit to construct 
five more units. Our plan proved 
overly ambitious and I will suggest 
ways to avoid this problem. 



4-42: Gluing the sides to the back, using the shelves to keep things In place 

Overall, Michael was pleased with the 

outcome of the project. Besides pro

ducing a useful piece of furniture and 

six Science Fair projects, it had 

engaged his students in learning math 

and science in the context of a real 

problem and given them a genuine 

feeling of accomplishment. At the 

same time, there had been many frus

trations along the way, and the project 

had taken considerably longer than he 

had expected. 

These difficulties were mostly 

inevitable, because of the way in which 

a design and construction project draws 

upon such a wide range of skills and 

concepts that students may not have. 

As Michael points out at the end of 

he following passage, many skills 

and concepts that are taught in math or 

science are never really learned until 

students really have to apply them. 
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4-43: Back and sides, 
showing support strips 
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4-44: Gluing shelf to support strip 

4-45: Adding cardboard flap to 
strengthen back-to-side joint 
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Frustrations 

After we completed the scale draw
ings, we ran into a bit of a snag that 
any teacher who wishes to do 
this project must address. How does 
one cut the cardboard? Here's the 
dilemma: Box cutters are neat and 
efficient, producing nice clean lines 
rather quickly, but they are dangerous 
and are not even allowed in many 
school buildings. As I discovered, 
you might also get tired of cutting all 
those pieces of cardboard yourself. 
On the other hand, any other method 
that we tried proved slow and pro
duced rough, aesthetically unpleasant 
lines that might prove difficult 
to glue. 

Another problem came with the 
actual construction of the scale mod
els. Perhaps I should not have 
been surprised that students lacked 
the basic understanding of how 
things are put together in the real 
world. Many of them wanted to 
mold the entire model out of a single 
piece of cardboard and most of them 
completely ignored the dimensions 

that we had agreed on. This was of 
course a frustrating realization and 
one of many such construction 
problems that extended this project 
beyond the original timeline. 

Each task that I wanted students 
to learn had at least one subtask that 
they needed to learn before doing it. 
So in the example above, I wanted 
students to learn about controlling 
variables, but I had to help them 
measure the mass of a liquid in order 
to do this. It's a frustrating realization 
that students often do not come to 
us with the prerequisite knowledge 
that we expect them to have. 
Then it becomes difficult not to get 
caught in an almost infinite regres
sion teaching what should be 
prior knowledge. How many times 
have I used science class to review or 
even teach basic multiplication and 
division because a science activity 
requires students to perform averages? 

I will provide the following list 
of the necessary concepts and skills 
that many of my students simply 
didn't have, as I often discovered the 
hard way: 

• Measuring: using a ruler, scale, 
graduated cylinder, triple beam 
balance 

• Right angles: for making good 
rectangles, shelves, columns, etc. 

• Place value: for reading a 
metric ruler and working with 
measurements 

• Making data charts and graphs 
• Multiplication, division, and 

taking averages 
• Making parallel and perpendicular 

lines 



In many cases, I suspect the problem 
is simply one of applying to a 
real-world task the skills and concepts 
that have been taught as abstractions 
in math or previous science classes. 
That's what makes these types 
of projects so important, and why I 
consider the time spent on this 
project worthwhile. It brings math, 
science, and technology together. 

Streamlining the Project 

How could someone do this project 
without spending almost half a year 
on it? I believe that the idea of 
building single large units does not 
work well. It requires too much 
teacher coordination and perhaps 
too much material. If I were doing 
this project over again, I would have 
each student build his or her own 
individual compartment and make 
them stackable. This would eliminate 
the need for large pieces of card
board and would make lamination a 
lot simpler. It would also tend to 
keep everyone engaged and invested 
in the project. 

The potential problems I see for 
this approach would be getting the 
units to a standardized size and 
construction. There will always be 
some students who are less adept at 
making things, and this will create 
problems with lining up the units 
and stacking them. I would also find 
a way to let students do their own 
cutting. There may be other ways of 
cutting that we didn't consider. 
There may be a way to make the 
edges look nice after they have been 
cut. It might be possible to use 
papier mache or some other 
technique to cover the cardboard 
and hide the rough edges. 

Evaluation of the Project 

I was impressed with the final product. 
It was a sturdy piece of furniture with 
a lot of potential. There were mistakes 
made in the construction that would 
have been simple to correct if we had 
continued. For example, the students 
didn't always follow the rules for 
laminating that we had agreed upon. 
It showed in the strength of some 
shelves. These shelves would need to 
be stronger or they would need more 
support in the front. 

I found the experience of building 
a shelf unit out of cardboard to be 
both rewarding and frustrating. 
It's rewarding to see certain students 
who don't necessarily shine in an 
ordinary classroom environment really 
come through and perform enthusi
astically in this type of activity. 

One of my students, for example, 
is diagnosed with ADD and normally 
has trouble staying focused in class. 
He probably worked harder than 
anyone else on his part of the project 
and produced a Science Fair project 
almost single-handedly (the other 
members of his group weren't as 
enthusiastic). I also believe that my 
students come away with a pretty 
good idea of how to do a controlled 
experiment, which I consider an 
essential part of science education. 

I believe that linking the Science 
Fair projects to a design challenge 
is an innovation that we will 
add to the school-wide Science Fair 
guidelines next year. 
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~aking Connections with Literature 

Using literature as a supplement 

and enhancement for instruction is 

good teaching practice because: 

• Children learn from everything 

they experience. 

• Children learn more effectively 

when instruction is associated 

with positive emotions, such 

as those evoked by a good book. 

• Literacy is key to children's 

success as learners. 

• There are many different 

learning styles. 

We encourage you to incorporate 

books of all kinds into your work 

with Packaging and Other Structures. 

We've included an annotated list 

of quality books of all kinds on the 

following pages-storybooks in which 

the uses and design of packaging 

and other structures are demonstrated, 

as well as nonfiction books on how 

to design and create packaging 

and structures, the functions they 

serve, and how to make the best use 

of materials. 

But don't stop with these. You 

know your students and how they 

learn better than anyone else. When 

you see a book that might further your 

instructional goals, interest or challenge 

a particular student, or evoke feelings 

that make learning more fun, 

add it to the books that are available 

to your students. 
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Amelia's Road, by Linda Jacob Altman. Lee & Low Books, Inc.: New York, 1995. (Recommended grades: K-5) 

Tired of moving around so much, Amelia, the daughter of migrant farm workers, dreams of a stable home. She finds 

peace at the story's end by planting a treasure box, which is filled with her treasures, beneath a wondrous tree. This book 

allows older readers to see that families live in all kinds of ways. Her treasure box packages all of Amelia's dreams. 

And So They Build, by Bert Kitchen. Candlewick Press: Cambridge, MA, 1995. (Recommended grades: PreK-3) 

Students can explore the extraordinary world of animal behavior with descriptions of 12 astonishing animal architects 

and explanations of why and how they build their marvelous structures. Color illustrations show animals, especially 

insects, as they work building their structures. 

Ant Cities, by Arthur Dorros. HarperCollins: New York, 1988. (Recommended grades: K-4) 

A "Let's Read-and-Find-Out" science book that explains how ants live and work together to build and maintain 

their cities. This literary connection presents the structural problems ants contend with and explores their cooperative 

working habits. 

Art from Packagi,ng, by Gillian Chapman. Raintree Steck-Vaughn: New York, 1997. (Recommended grades: 2-6) 

Contains instructions for making prints from bubble-wrap, puppets from cardboard boxes, and other arts-and-crafts 

projects using discarded packaging materials . 

. Bad Egg: The True ~tory of Humpty Dumpty, by Sarah Hayes. Little Brown and Company: Boston, 1987. 

(Recommended grades: K-2) 

Humpry Dumpry sat on the wall. Humpry Dumpry had a great fall. What events happened in between? 

This true story of Humpry Dumpry, who it turns out, was not entirely blameless. An interesting link to use for introducing 

packaging to younger students. 

The Bag I'm Taking to Grandma's, by Shirley Neitzel. William Morrow & Co.: New York, 1998. 

(Recommended grades: K-3) 

A young boy is packing a bag for a trip to visit his grandmother. He fills a shopping bag with his mitt, cars, space ship, 

wooden animals, his favorite stuffed rabbit, his pillow, a book, and a flashlight. Then along comes Mom with packing ideas 

of her own. This literature link utilizes pictures, repetitive phrases, and rebuses to increase the fun for beginning readers, 

while integrating the theme of packaging. 

The Big Box, by Virginia Clammer. Millbrook Press: Brookfield, CT, 1999. (Recommended grades: K-2) 

Bill and his little sister Kay enjoy playing in a big box, which becomes in turn a car, a jet, and the engine of a train. 

This "Level 1 Real Kids Reader" blends phonics with whole language. A beginning controlled vocabulary helps connect 

packaging with literacy for emergent readers. 
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A Box Can Be Many Things, by Dana Meachen Rau. Children's Press: New York, 1997. (Recommended grades: K-3) 

After their mother tosses out a large box of junk, a girl and her younger brother retrieve it from the garbage. They pretend 

it is a cave, a car, a house, and a cage. Even when it lies in pieces on the ground, their imaginations lead them to more 

inventive uses for the box. 

Boxes! Boxes!, by Leonard Everett Fisher. The Viking Press: New York, 1984. (Recommended grades: PreK-2) 

Enticing rhymes explore all the things a box can be-box-kite, jack-in-the-box, candy box, treasure chest and more. 

Colorful illustrations transform everyday objects and expand the playtime of young readers and listeners. 

The Bridge, by Emily C. Neville. Harper & Row: New York, 1988. (Recommended grades: K-3) 

When the old wooden bridge breaks, a young boy is delighted to be able to watch, from his front yard, the many different 

machines at work building the new bridge across the brook. The new bridge is a dirt road over a culvert. The new structure 

is more sturdy, but not as unique and memorable as the old rattling wooden bridge. 

Bridges! Amazing Structures to Design, Build and Test, by Carol A. Johmann. Williamson Publishing Company: 

Charlotte, VT, 1999. (Recommended grades: 3 and up) 

Each chapter consists of numerous short articles combining historical and technical information on the design and 

construction of bridges with easy hands-on experiments. It includes analysis of arch, beam, and suspension systems, the "care 

and feeding" of structures and reflections on bridges of the future. Throughout, there are simple projects involving building, 

measurement and observation as well as writing poems about bridges. The book concludes with a challenge for young minds 

to "think outside the box." 

Charlotte's \lleb, by E.B.White. HarperCollins: New York, 1976. (Recommended grades: 3-6) 

"Some Pig!" These words that Charlotte spins into her web to describe Wilbur cause plenty of excitement, and ultimately, 

help save his life. A classic that depicts life and death, the passage of time, and the wonders of nature, and also shows readers 

that true friendship lasts forever. 

Creative Crafts from Cardboard Boxes, by Nikki Conner. Copper Beech Books: Brookfield, CT, 1996. 

(Recommended grades: K-3) 

Crafts are easily created from boxes and transformed into a train, car, ship, or puppet stage with puppets. 

The same supplies can create a game, a snake, or a wagon from paper cups. The book has no text, only numbered visuals, 

so no reading is involved. 

Creative Crafts from Plastic Bottles, by Nikki Conner. Millbrook Press: New York, 1997. (Recommended grades: K-3) 

Provides instructions for making such items as bangles, a rocket, a buggy, and a plant pot from plastic bottles. 

Wordless instructions and visuals explain each project. 

Creative Crafts from Plastic Cups, by Nikki Conner. Millbrook Press: New York, 1996. (Recommended grades: K-3) 

Provides a variety of craft projects for young children using plastic cups. There is no text-only numbered, 

step by step, visual instructions. 
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Dinosaurs to the Rescue, by Laurie Brown. Marc Brown. Little, Brown & Company: Boston, 1994. 

(Recommended grades: 1-6) 

A guide to protecting our planet. Packed with good advice on how to use less of the earth's precious resources and how to 

find new uses for old household items. Text and illustrations of dinosaur characters introduce the earth's major environmental 

problems and suggest ways children can help. 

The Great Trash Bash, by Loreen Leedy. Holiday House: New York, 1991. (Recommended grades: 1-5) 

The animal citizens of Beaston discover better ways to recycle and control their trash. Young readers learn how to dispose 

of packaging materials and bash the trash in their own communities. 

Houses of Adobe: The Southwest, by Bonnie Shemie. Tundra Books: Plattsburgh, NY, 1995. (Recommended grades: 4-6) 

An excellent resource on the adobe structures built by Native Americans in the southwestern region of the United States. 

It describes the materials used, construction methods, and the uses of these different structures. Good link for integrating 

geography and packaging, and also a resource for student reports. 

How Do They Package It?, by George Sullivan. Westminster Press: Philadelphia, 1976. (Recommended grades: 

6+ and Teacher Reference) 

Everything you always wanted to know about the world of packaging, as cubes, boxes, bottles, flip-top cans, aerosols, 

and jars compete for places on supermarket shelves. Different rypes of convenient, commanding, and colorful packages are 

described. Discover who created the first tea bag, why we buy milk in cartons and plastic containers. and why they don't 

package peanut butter in a cube. Though slightly dated, it provides fascinating facts and information for teacher reference 

and student research reports. 

How Insects Build Their Amazing Houses, by W Wright Robinson. Blackbirch Press: Woodbridge, CT, 1999. 

(Recommended grades: 5 and up) 

Explores how various animals live and what can be learned from studying the rypes of structures they build. Describes 

step-by-step how termites build mounds; how wasps build nests; how ants build giant anthills; and how bees build nests, 

tunnels, and special chambers. 

How on Earth Do We Recycle Plastic?, by Janet Potter D'Amato. Millbrook Press: New York, 1992. 

(Recommended grades: 4 and up) 

Discusses the environmental problems caused by the manufacture and disposal of plastic, and presents craft projects that 

use recycled plastic. 

Likeable Recyclables: Creative Ideas for Reusing Bags, Boxes, Cans, and Cartons, by Linda Schwartz. 

The Learning Works, Inc., 1994. (Recommended grades: 1-6) 

Presents an endless array of fun-filled ways on how to decrease the garbage we produce from discarded bottles, boxes, 

cans, cartons, cups, and cubes, by making toys, games, and ocher crafts out of items we usually discard. 
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Little Bear's Trousers, by Jane Hissey. Philomel Books: New York, 1987. (Recommended grades: K-3) 

While looking for his beloved red trousers, Little Bear discovers that other animals have found many uses for them: sails 

for a boat, a container for dog bones, a hump warmer or a hat, a flag, even a cake frosting bag. A very creative resource for 

the concepts of structure and function. 

Look What You Can Make with Paper Bags, by Judy Burke. Boyds Mills Press: Honesdale, PA, 1999. 

(Recommended grades: K-6) 

Each project in this book begins with a paper bag. Full-color photographs of the finished projects motivate children 

to explore and complete their own projects. From a "Rustic Log Cabin" to an "Autumn Scarecrow" to "Mask Mania," 

these appealing craft ideas will stimulate the imagination. 

Lunch Boxes, by Fred Ehrlich. Penguin Putnam Books: New York, 1991. (Recommended grades: K-3) 

The vocabulary is simple and repetitious, making this book appealing for young readers. It's lunchtime at Oak Hill 

School, and all the children go quietly to the lunchroom carrying their lunch boxes. Once they sit down to eat, their 

food goes everywhere but in their mouths. Various packaging items can be observed and identified on the lunch table when 

the lunch boxes are opened. 

Maebelle's Suitcase, by Tricia Tusa. Macmillan Publishing: New York, 1999. (Recommended grades: K-3) 

One hundred-and-eight-year-old Maebelle (the Pippi Longstockings of the geriatric set) designs and makes hats. She 

lives in a treetop house and has a lot of bird friends. When her neighbor flies over to borrow a suitcase to fly south, 

the packing creates a problem, but the resolution is warm and wonderful, just like the book. 

Making Gift Boxes, by Linda Hendry. Kids Can Press: Buffalo, NY, 1999. (Recommended grades: 3-6) 

Now kids can make their own gift boxes. Excellent step-by-step directions are given for projects that range from simple 

to challenging. An empty cracker box becomes a fierce-looking monster, or a small milk carton becomes a cozy cottage. Kids 

learn how to recycle easily found items into beautiful gift boxes. There is a color photo of each finished project. 

Mommy's Briefcase, by Alice Low. Scholastic, Inc.: New York, 1995. (Recommended grades: PreK-2) 

Look what's inside Mommy's briefcase! Packed inside this hands-on book are special folders containing all the things a 

working Mom carries in her briefcase. Neat link for introducing emergent readers to packaging. 

The Mud Flat Mystery, by James Stevenson. Greenwillow Books: New York, 1997. (Recommended grades: K-3) 

When a large box is delivered to Duncan while he is away, the other animal inhabitants of Mud Flat are consumed with 

curiosity about what might be inside. Is it heavy? Or fragile? Should they guard it? Is it food? Can they solve this mystery? 

An easy read-aloud book that will help kids along the road toward independent reading. 

My Cat Likes to Hide in Boxes, by Eve Sutton. Scholastic, Inc.: New York, 1973. (Recommended grades: K-2) 

Delightful book with rhymes about cats from all over the world and "my cat" that likes to hide in boxes! The predictable 

pattern encourages reading participation, either whole-group or independent. The idea of using boxes and shapes as homes 

is an early connection to structure and geometry. 
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Native Dwellings, by Bonnie Shemie. Tundra Books: Montreal, Canada, 1991. (Recommended grades: 2-6) 

This is a series of books that includes Houses of Hide and Earth (Plains), Houses of Bark (Woodlands), and Houses 

of Snow, Skin and Bones, (Northern). Each volume deals with a type of Native American dwellings, including how they are 

lived in, as well as the building materials, techniques, and tools used to construct them. 

Packaging Source Book, by Robert Opie. Chartwell Books: Secaucus, NJ, 1989. (Teacher Resource) 

Pictorial guide to packaging design, from 1880 to the present. It chronicles the changes from the ornate and whimsical 

fancy goods wrapping of the 1880s to the bold packaging ideas that vie for consumers' attention today. This international 

survey of packaging highlights the innovations made in the design and packaging of everyday products, and the creation 

of brand images. An excellent resource for teacher reference, and an inquiry tool for independent student reports. 

Plastics, by Terry Cash. Garrett Educational Corporation: Ada, OK, 1990 (Recommended grades: 3-6) 

This book introduces plastics, showing how everyday things, from bags to tubes, to toys, are made and recycled, and 

what properties are characteristic of each material. It includes ideas for a variety of simple projects and experiments. An 

outstanding feature is the integration of questions and suggestions for collecting, observing, experimenting, and comparing. 

Plastics and Polymers, by Robert C. Mebane. Twenty-First Century Books: New York, 1995. (Recommended grades: 6-up) 

Explores the basic properties of metals, plastics, and polymers. Contains simple demonstrations that require little 

preparation and utilize easily obtained materials. A resource link for teachers and upper grade students. 

The Purse, by Kathy Caple. Houghton Mifflin Company: Boston, 1986. (Recommended Grades: K-2) 

Katie keeps her money in a Band-Aid box until her older sister convinces her to buy a purse. Because she uses all 

her money for the purse, she has nothing left to put in it. She does earn more money and the way she spends it provides 

a novel twist to the ending. 

Pyramid, by David Macaulay. Houghton Mifflin Company: Boston, 1977. (Recommended grades: 5-up) 

Text and black-and-white illustrations follow the intricate process of how the great pharaohs' burial places were conceived 

and constructed. A fabulous book for learning about the pyramids and their mysteries. The text is very reader friendly and 

illustrations provide visual reinforcement. 

Simon and His Boxes, by Gilles Tibo. Tundra Books: Plattsburgh, New York, 1992. (Recommended grades: K-3) 

Simon is a little boy who has impossible dreams. He finds some cardboard boxes in the forest and he builds homes, 

apartments, and cities for the animals. But the animals refuse to join him in his cities, and Simon learns that animals prefer 

the homes they already have, and that boxes can have other, better uses. 

Sitting In My Box, by Dee Lillegard. Penguin Putnam Books: New York, 1993. (Recommended grades: K-2) 

With only his imagination for company, a little boy sits alone in a cardboard box, and is soon joined by animal after 

animal, with hilarious results. 
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A Special Kind of Love, by Stephen Michael King. Scholastic, Inc.: New York, 1996. (Recommended grades: PreK-3) 

Explores the relationship between a father and a son and the unique way in which the father expresses his love. He builds 

wonderful things for his son-an enormous castle, a colorful kite, and a speedy go-cart, all out of boxes. 

Spiders Spin Webs, by Yvonne Winer. Charlesbridge Publishing: Watertown,MA, 1998. (Recommended grades: K-3) 

Young readers get a chance to look up-close at a stunning variety of webs from around the world. Rhyming text describes 

how, when, where, and why spiders spin webs. 

Super Structures, by Philip Wilkinson. Houghton Mifflin: Boston, 1996. (Recommended grades: 4-6) 

An "Inside Guides" book on amazing feats of engineering and construction. It uses three-dimensional models to explore 

fascinating structures, revealing their inner workings. Learn what keeps a soaring skyscraper standing, and what record

breaking bridge is nearly twice the size of its nearest rival. Great resource for student project reports and teacher information. 

Super Structures of the World, by Stewart Kallen. Abdo & Daughters, 1991. (Recommended grades: 4 and up) 

Surveys notable structures built by humans from ancient dwellings to modern amusement parks. 

The Statue of Liberty, by Lucille Recht Penner. Random House: New York, 1995. (Recommended grades: 1-3) 

This "Step Into Reading - Step l" book explains the significance of the Statue of Liberty, where it originated, 

how it was constructed, and how it came to be in America. It describes the size of the structure and the process for building 

the high pedestal. 

The True Story of the Thue Little Pigs, by A. Wolf, by Lane Smith, As Told to Jon Scieszka. Scholastic, Inc.: 

New York, 1989. (Recommended grades: PreK-3) 

A retelling of the folktale, by the wolf, who then gives his own outlandish version of what really happened when he 

tangled with the three little pigs. Being a victim for centuries of bad press, Alexander T. Wolf (you can call him Al), comes 

forward to give his side of the story. He was framed! It's not his fault if two of the pigs built shoddy houses. 

Unbuilding, by David Macaulay. Houghton Mifflin Company: Boston, 1986. (Recommended grades: 1-6) 

It is not a work of nonfiction, but a work of fantasy; and not the story of the making of a skyscraper structure, but the 

story of the dismantling of one-the Empire State Building. 

The l--ery Busy Spider, by Eric Carle. Putnam Publishing: New York, 1995. (Recommended grades: PreK-2) 

Pictures to feel as well as to see while you hear or read. Children use their fingers to trace the growth of the spider's 

structure, the spider's web. The collages are striking, the repetitive phrases and imitative sounds appealing, and the tactile 

experience of the growing web is educationally rewarding. 

Whatever Happened to Humpty Dumpty?: And Other Surprising Sequels to Mother Goose Rhymes, 

by David T. Greenberg. Little, Brown & Company: Boston, 1999. (Recommended grades: 1-6) 

Outrageous gross-out sequels to 20 Mother Goose rhymes present packaging from a humorous point of view. What ever 

happened to Humpty Dumpty after he fell off that wall? How did Peter the Pumpkineater's wife get back at him for putting 

her in a pumpkin shell? Teachers will have fun using this book in poetry units. 

Chapter 5 I Resources 141 



Packaging & Other Structures 

What:S In A Box?, by Kelly Boivin. Children's Press: Chicago, 1991. (Recommended grades: K-2) 

A book in the beginning-to-read series, "Rookie Readers," is a good introduction to packaging for emergent readers. 

It describes different types of boxes, and what they may hold, using both verse and graphics. 

When This Box Is Full, by Patricia Lillie. Greenwillow Books: New York, 1993. (Recommended grades: K-3) 

Using an empty wooden box and twelve familiar items representing the months of the year, young children engage in 

inquiry-based activities. These concepts include: empty and full, inside and outside, collecting, counting, sharing, 

remembering and the passage of time. 

Yard Sale, by James Stevenson. Greenwillow Books: New York, 1996. (Recommended grades: PreK-3) 

The signs are up, the tags are on, and the animals of "Mud Flat" participate in a yard sale. In ten brief chapters, 

the many characters sell one another all sorts of packaged items. Very funny, enjoyable reading! 
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0.-ssessment 
Nearly everyone agrees about the 

importance of assessment, but what 

exactly is it, and why is it so significant 

in education? In a very broad sense, 

education is like a very large design 

problem and assessment is the method 

of evaluating the design. However, 

education has many objectives, not just 

one, so assessment also includes a 

complex process of deciding what to 

assess and how. Another major compli

cation is that many different kinds 

of people have a stake in the outcome 

of the educational process. Parents 

want to know how much their children 

are learning and how they can best 

help them. Politicians worry about the 

backlash from voters if the educational 

system appears to be "failing," however 

that term is defined. Administrators 

fear that they will be held accountable 

for low test scores in their schools. 

Teachers, who have the most 

sustained and direct involvement of 

any adults in the educational process, 

are constantly looking for ways of 

knowing how well and how much their 

students are learning. This data can 

come from both formal and informal 

assessment methods, and may be either 

qualitative or quantitative. At the same 

time, teachers are often held accountable 

to conflicting requirements that 

are difficult or impossible to meet. 

For example, the goal of providing a 

supportive and welcoming learning 

environment may be in conflict with 

the regimentation imposed administra

tive requirements. Another common 

concern of teachers is that high-stakes 

testing will require them to "teach 

to the test" rather than to support 

student learning. 

Regardless of demands from 

outside the classroom, a teacher's 

primary responsibility is to engage 

students in exploring and understand

ing the subject matter. Assessment 

includes any method of finding out 

how much of this exploring and under

standing actually happens. Information 

gained through assessment is the only 

factual basis for knowing what students 

are learning, how to motivate learning 

more effectively, how and whether to 

redesign the curriculum, how to 

tailor it to the needs of individual 

students, and how and when to involve 

parents in the process. Assessment 

is far too extensive and important to 

be narrowly defined by standardized 

test results or to be determined by 

people outside the classroom. 

Here are some basic conclusions that 

follow from fhis view of assessment: 

• Assessment should be based on 

clear educational goals. 

• Many different kinds of 

information should be collected as 

part of assessment. Some of the 

most important assessment data is 

totally unexpected. 

• Assessment should not be 

divorced from curriculum; 

every learning a~tivity should 

also provide information 

for assessment. 
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• Whenever possible, students should 

become involved in assessing 

their own learning-for example, 

by evaluating their own designs 

or predictions. 

• Assessment should examine not 

only what students have learned, 

but also the opportunities provided 

by the curriculum and the 

learning environment. 

The following account by 

Sandra Skea, a fifth grade teacher at 

Mott Hall School, shows how 

assessment opportunities can arise 

during the course of a curriculum 

unit. Sandra's story of the Portable 

Storage System appears in Chapter 4 

(pp. 119-125). 

The construction of a portable 

classroom storage system was a project we 

developed to solve a real design problem. 

We were in need of a storage system to 

hold shoebox dioramas. Because the class 

met in several different classrooms 

during the week, we needed a system that 

would be portable and manageable. 

At the time, we were exploring the 

properties of rectangular prisms in math 

class. Some students were having 

difficulty calculating girth, volume, 

and surface area from two-dimensional 

drawings found in the text. Even those 

who could do the calculations were 

relying on formulas they might not 

understand and would not be likely to 

remember. So aside from giving my 

students an opportunity to plan and 

work together as they designed and tested 
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solutions for our storage problem, my 

goals included engaging students in using 

math and in communicating 

mathematically. I hoped that their desire 

to solve a design problem would facilitate 

their desire to understand and own 

the math involved. I hoped that they 

would be able not only to read 

and interpret two-dimensional drawings 

of three-dimensional objects, but also 

to understand the math embedded in 

the formulas. 

Initially I had planned to use 

classroom observations, class discussions, 

and the final design projects as bases for 

assessment. I planned to look at and assess 

how well the students worked together, 

planned their time, met the design 

criteria, and used the necessary math. As 

the project progressed, I discovered many 

more opportunities for assessment and 

I also saw many more ways to engage the 

students in learning and understanding 

the design process and math. 

I used my observations of the students 

and their reflections at the end of each 

day to guide me as I created new 

assessments. For example, I designed 

homework assignments based on the 

questions they were asking each 

other in class: 

• How can we better use our time? 

• How can we make the box stronger? 

• Will another kind of adhesive or 

tape work better? 

• How do we know ten dioramas 

will fit in the storage units? 

One day I overheard a student 

saying, '1 could use a system like this to 

store my toys. My mother says my room is 
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a mess!" I then devised a homework 

assignment asking the students to report 

how they could create and use a similar 

design for use at home. 

At another point, I heard a student 

ask, "Who wants to be the math expert 

and what is the math expert supposed to 

do anyway?" I immediately made up a 

homework assignment asking the students 

to describe the role of each group 

member and to explain how the roles 

were assigned. 

Noting how engaged the students 

became in responding to these homework 

assignments and in sharing their new 

ideas led me to explore other assessment 

methods. Since the students were so 

clearly proud of their work, I felt there 

should be a formal way for them to 

record their accomplishments. I decided 

to have each student write a final report. 

Students became very excited about 

this idea, because it would give them a 

chance to express the issues and ideas they 

had discovered. Many students included 

charts, graphs, and drawings. The 

students found these reports helpful in 

planning their group oral presentations. 

As I circulated during work time and 

listened to the daily progress reports, I 

asked reflective questions. I learned where 

student understanding of various 

mathematical concepts was weak or 

incorrect. Asking students to look at 

parallel lines, perpendicular lines, angles, 

faces, and areas created learning opportu

nities for them and new teaching and 

assessment opportunities for myself 

For example, looking at a shelf in 

terms of angles and lines led students to 

discover that two right angles can com

bine to make a straight angle, which has 

180 degrees. I discovered that a simple 

design problem presents countless oppor

tunities for teaching geometric concepts, 

measurement, and number sense. 

I introduced peer assessment and 

self-assessment after the design process was 

complete. The students evaluated the 

final projects, as each group presented 

their storage unit, findings, and ideas 

to the rest of the class. The student self

assessment questionnaire asked students to 

reflect on their storage system design, 

their participation in the design process, 

and the math and design principles they 

had learned. 

Affording students the opportunity 

to engage in design and testing allowed 

me to assess their progress in becoming 

good problem-solvers. I was able to gain 

insight into how well they can identify a 

problem, make a plan, design, redesign, 

test and evaluate their solutions. 

These kinds of information are simply 

not available from a standardized test. A 

project-based assignment allows students 

to correct mistakes, and find out the 

math and design principles they need 

to solve a real problem. Students become 

good problem-solvers when they when 

they are allowed to explore their own 

solution methods. 

The students' progress became 

apparent when they were later asked to 

explore the properties of a cylinder. A 

student suggested that the way to find the 

volume of a cylinder might be like the 

formula for finding the volume of a 

rectangular prism, such as a storage unit: 



"If the base of the storage system times its 

height equals the volume of the box, 

maybe if we multiply the base of a cylinder 

times its height we will get its volume. " 

It was clear that this student was able to 

connect a formula with a concept, and 

apply both in a new situation. 

I learned ftom this project that we 

as teachers must be alert for new and 

alternative assessment possibilities as they 

arise. My goals for the project became 

much richer as I saw my students partici

pate in a mathematical community that 

fostered exploring, interacting, and using 

math in a real-life context. Th~ educa

tional goals that evolved led to the 

greatest insight into how my students 

learn, and how they can use and 

communicate what they have learned 

The key was that I began with a good 

problem, and that I allowed room for 

new goals and assessment methods, driven 

by the students' experiences in becoming 

good problem-solvers and masters of 

their own learning. 

Educational Goals 
In order to assess the learning out

comes of an activity, it is necessary to 

know what the educational goals were. 

However, the purpose of a curriculum 

unit may not be so clear-cut. Any 

worthwhile educational activity 

probably has more than one goal. 

Also, a teacher's goals may (and often 

do) change as the activity progresses, or 

there may be unintended outcomes 

that are far more significant than the 

original goals. 

Sandra's account illustrates how 

the goals of an extended unit evolve 

as the unit progresses. Initially, 

Sandra saw the Portable Storage Units 

as a means of providing a real-world 

context for learning some math 

concepts that were difficult for her 

students to grasp. As the groups began 

to work on their designs, Sandra saw 

many more possible goals. 

Students were learning ideas about 

structures, time management, group 

work, design and redesign that were at 

least as important as the original math 

goals. Consequently, she developed 

assessment methods to gauge their 

learning in these other areas as well. 

At the same time, Sandra felt that 

her math goals had been achieved. 

Evidence for this claim came after 

the project was over, when a student 

applied what she had learned 

from the project to a new problem: 

finding the volume of cylinder. 

Rigid adherence to an initial set of 

goals assumes that the educational 

process is entirely predictable, which is 

not the case. Every teacher has both 

short- and long-term goals for her 

students, and it is difficult to know in 

advance when something will happen 

to advance the long-term goals 

unexpectedly. As Sandra put it during a 

discussion on assessment, "You can 

talk about goals all you want, but what 

I really care about is that they feel 

good about themselves and about what 

they are able to accomplish." 
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Information 
from a Variety 
of Sources 
If educational goals are complex and 

multifaceted, so are the means of 

assessing to what extent these goals are 

met. The narrowest view of assessment, 

most popular in political circles, 

confines it to standardized tests. 

A somewhat broader view expands 

assessment to include all kinds of 

paper-and-pencil instruments designed 

specifically for assessment, such as 

worksheets, homework assignments, 

tests, and quizzes. 

Our view of assessment is broader 

still. Let's look at the broad variety of 

assessment methods Sandra employed 

in the Portable Storage Structures Unit. 

Each day, at the end of the work 

session, each group was required to give 

a short account of their work during 

the day, and of their plans for the next 

day. Many of the issues raised during 

these sessions became the basis for 

homework assignments for the entire 

class. These assignments included 

drawing and reflective writing as well as 

performing calculations. The project 

culminated in a written final report 

by each student, and an oral presenta

tion by each group. Each student 

also had to write a self-evaluation of 

his or her contributions to the project. 

Chapter 5 I Resources 145 



Packaging & Other Structures 

Part of the attraction of teaching is 

that much of what happens in the 

classroom is unpredictable, and some 

of the surprises are pleasant and even 

thrilling. Consequently, it is impossible 

to decide in advance what all of the 

methods of assessment will be. Often, 

serendipity provides ways of assessing 

students' learning that nobody could 

have anticipated. 

Two striking examples of serendipity 

appear in Theresa Luongo's account 

of her pre-K/K class in Chapter 4 

(pp. 92-99). Children who had been 

exploring pump dispensers decided to 

use them to "empty the smelly water 

from the water table." In other words, 

they saw the potential of the device to 

solve a new problem, one it had not 

been designed for. Even more signifi

cant, students who had been testing 

shopping bags decided to repair the 

broken bags. This decision led to other 

repair activities, such as repair of torn 

book covers. Clearly, these students had 

learned about more than the strength 

of bags. They became aware of their 

own potential as problem solvers 

and redesigners. 

Curriculum as 
a Source of 
Assessment Data 
In order to maximize the amount of 

information available, the curriculum 

itself must be seen as a rich source of 

assessment data. Verona Williams' 

story includes an account of how her 

students struggled with classifying bags 
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of different types. Samples of their 

work are shown in Figures 4-14 

through 4-19, accompanied by Verona's 

commentary on each student's work 

(pp. 102-104). There is wide variation 

in what they did. Some students used 

more than one set of categories, but 

did not show how they are related, 

such as big and little plus paper and 

plastic. Another student mentioned a 

variety of categories, and also drew 

large and small bags, but did not count 

the bags in other categories. Another 

gave dear descriptions of the uses of 

three different kinds of bags, but 

did not sort bags or classify them. 

The one student who drew a bar 

graph of different kinds of bags did 

not use real data. The one accurate bar 

graph was of dolls, not bags. Each of 

these worksheets provides Verona with 

a window into a student's reasoning 

process, while also serving as a valuable 

learning experience. 

Students 
Assess Their Own 
Learning 
Should the audience for assessment 

data include students themselves? 

Obviously, students need to know how 

well they are doing, so they can gauge 

their own efforts and develop realistic 

goals for their own learning. However, 

traditional assessment is usually 

presented to students in an adversarial 

manner, in the form of test grades 

and report cards that frequently 

undermine rather than enhance their 

motivation for learning. In traditional 

forms of assessment, students are 

always evaluated by adults rather than 

by themselves, and the outcomes of 

assessment often have high stakes. Both 

of these factors contribute to the view 

of assessment as an antagonistic 

process. How can students gain access 

to candid data about their own learning? 

Some examples of peer- and 

self-assessment appear in Chapter 4. 

Christine Smith asked each student to 

fill out an evaluation sheet, which 

included both a self-evaluation and 

also a rating of each group member. 

Sandra Skea asked students to evaluate 

one another's oral group presentations, 

as well as daily reflections on the group 

process and a final self-evaluation form 

at the end. 

In Sandra's and Michael Gatton's 

classes, there was an element of 

self-assessment that is rarely found in 

school settings. Both classes undertook 

projects intended to solve problems 

that were real to the students: the 

need for storage space. Both teachers 

remarked that the students had 

designed and constructed structures 

that were of real use to them, and that 

had actually solved their problems. 

The students could evaluate their own 

work by seeing these devices in daily use. 
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Assessing Teaching, Curriculum, and Environment 

Like anybody else who designs or plans 

anything, most teachers engage in 

informal assessment of their work on 

an ongoing basis. They ask themselves, 

"Is it working?" This question is really 

one of self-assessment: "What is the 

quality of the learning opportunities 

I have provided for my students?" 

Some of this self-assessment by teachers 

is based on student learning outcomes 

of the many kinds described above. 

At the same time, teachers also assess 

learning opportunities on the basis of 

their own perceptions and experiences. 

Chapter 4 has several good examples of 

self-assessment and redesign of learning 

environments by teachers. At the 

end of her unit on packaging, Verona 

Williams saw several ways to improve it: 

• Integrate sorting and classifying 

bags with a math unit on making 

charts and graphs; 

• Replace some of the invididual 

activities with group activities; 

• Provide time for examining 

how and where the bags broke 

during bag testing; and 

• Include an activity on redesign 

of the bags to make them 

stronger. 

Similarly, both Minerva Rivera and 

Christine Smith redesigned their 

packaging units in midstream to deal 

with classroom management issues. 

'The Institutional Context 
Every school is different. Each one offers both resources that can be helpful in 

implementing a new curriculum, and barriers that can make it difficult. It is 

useful to analyze both carefully, with an eye to mobilizing and extending the 

resources and overcoming the barriers. In this section, we will look at how some 

teachers have gained crucial support from school staff, parents, other teachers, 

and administrators as they developed new programs in science and technology. 

The Custodian 
The custodian is a key person in the 

success of any new program, which may 

take students outside of the classroom 

and into the rest of the building. The 

custodian is probably more familiar 

with the physical layout of the building 

than anyone else. He or she also has the 

best access to discarded materials, such 

as cardboard, waste paper, or wood, 

that can be very useful. A cooperative 

custodian can also offer suggestions 

about additional storage space, and can 

insure that projects in process will 

not be thrown out. 

The custodian's involvement can 

also lead to exciting surprises, as the 

Minerva divided her class in two, and 

found another activity for those who 

had not become engaged in testing 

paper bags; while Christine devised an 

activity to engage those students who 

had already conducted their tests of 

pump and spray dispensers. 

Sandra Skea has described at some 

length how she revised and extended 

Portable Storage Units, originally 

developed as a math activity, into 

something considerably more ambitious. 

Michael Gatton, by contrast, began 

with a very ambitious project, which he 

found he had to scale down to make it 

manageable. His concluding reflections 

include suggestions for trimming the 

project even further. 

following story illustrates. A second

grade teacher and her class were studying 

the water supply system of a school 

in the South Bronx, New York City. 

They began with the water fountain 

just outside their classroom. The 

children were convinced that the water 

for the fountain was stored in the wall 
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just behind it. Then somebody noticed 

that there were pipes leading to the 

fountain. They followed the pipes 

along the ceiling and realized that they 

came from someplace else in the build

ing. At this point they went to another 

floor and noticed a similar pattern of 

pipes. Eventually, their investigation led 

them to the basement. There they met 

the custodian, who gave them copies of 

the blueprints (maps) of the building, 

and showed them how the water came 

into the building. The following day, 

he gave them an opportunity to turn 

on the boiler, so they could see how the 

hot water was heated! The outcome of 

this investigation was a working 3D 

model of the building's water supply, in 

which the pipes were represented by 

straws and the reservoir by a basin held 

above the highest floor. 

The Parents 
Parents can also be critical to the success 

of a curriculum project. A number 

of teachers have involved parents in 

investigations of the community 

around the school. One ESL teacher in 

East Harlem, New York City, whose 

students were recent immigrants from 

various parts of Latin America, engaged 

her students in a study of the casitas 

in the community. A casita (literally, 

"little house") is a small building 

constructed by community residents on 

a vacant lot, which may serve as a club 

house or a religious shrine, or which 

may be used to house livestock. Several 

their field visits and facilitated their 

discussions with the users of the casitas. 

How does a teacher get parents 

involved in the first place? Some teachers 

have organized parent/child workshops, 

after school or on Saturdays, as a way 

to inform parents of what their 

children are doing and to solicit their 

support. One strategy that has worked 

is to have a parent/child workshop a 

few weeks after children have begun a 

project. In the workshop, parents and 

their children are encouraged to pursue 

a hands-on project that is similar to 

what the children have already been 

doing in school. Because the children 

have already started the project, they 

will often take the lead in explaining 

the material and offer their parents 

advice on how to proceed. At the 

same time, parents will provide their 

own experiences and expertise, and 

some may become excited enough to 

volunteer additional support. Parent 

volunteers can provide the additional 

adult presence needed for taking 

the class outside the building. 

Other Teachers 
Just as children often require peer 

interaction to pursue a project, so peer 

support can be essential for teachers 

too. Another teacher can be a spring

board for ideas, a source of advice 

on overcoming difficulties, and 

a friend to turn to when everything 

seems to go wrong. There are many 

models for teacher/teacher collabora-

parents who were very familiar with the tion, each of which can work in some 

community accompanied the class on circumstances. Ultimately, the collabo-
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rators have to figure out for themselves 

what works best for them. Here are 

some examples of ways in which 

teachers in the same school have 

worked together: 

• An experienced teacher gave 

workshops in the school, in which 

she engaged other teachers in 

some of the same activities she 

had been doing in her classroom. 

Several of the other teachers 

became interested and sought 

advice on pursuing these activities 

in their own classrooms. 

• An experienced special education 

teacher mentored a less experienced 

special ed teacher, offering her 

assistance in some of the same 

projects she had done in her own 

classroom. 

• A science cluster teacher met 

with a classroom group during 

a "prep" period twice a week. She 

enlisted the students' classroom 

teacher in pursuing some of 

the same projects as part of their 

regular classroom work. 

• A fifth grade teacher and a 

kindergarten teacher decided to 

work together. After the fifth

graders had pursued some of their 

own investigations, several of 

them became the facilitators in 

helping the kindergarten children 

do similar studies. Besides being a 

collaboration among teachers, this 

project was also a collaboration 

between older and younger children. 



Collaboration among teachers 

may be actively discouraged by the 

culture of the school. Even in the best 

circumstances, collaborations can be 

difficult to sustain. Just as every school 

is different, so is every classroom. 

Ideas and strategies that work in one 

classroom may or may not be directly 

transferable to another, and it is impor

tant to remain sensitive to differences 

in chemistry and culture from one 

room to the next. The most important 

ingredient in a collaboration among 

teachers is the commitment to work 

and learn together, regardless of 

the outcome of any particular project 

or idea. 

School 
Adminstration 
A major component of a teacher's set

ting is the culture of the school admin

istration. A principal, assistant princi

pal, or other supervisor can make or 

break an innovative curriculum project. 

Some teachers are fortunate enough to 

find themselves in environments that 

nurture innovation; others are not so 

lucky. For better or worse, the tone set 

by the administration is a major factor 

that every teacher has to deal with. 

Even without initial support, however, 

there are a number of strategies for 

bringing a skeptical (or even a hostile) 

administrator on board. Here are some 

methods that have worked. 

One teacher, who was a participant 
. . . . . . 
m an m-serv1ce mqwry science pro-

gram, had a roomful of upper-elemen-

tary students engaged in long-term sci

ence investigations, largely of their own 

design. She decided to encourage them 

to enter their projects in the school 

science fair. She immediately ran into 

the opposition of her principal, who 

insisted that all of the material on the 

display boards be "professionally done." 

The teacher knew that her students 

were invested in their projects, and 

perfectly capable of creating their own 

displays, but unable to type the material 

or produce fancy graphics. To make the 

displays for them would be to under

mine all of their efforts and enthusi

asm. So she presented the situation to 

her children, without any suggestion 

about what they ought to do about it. 

The next time the principal visited 

their classroom, the students let him 

know that they wanted to enter the sci

ence fair, and they believed they could 

make display boards which would 

be perfectly readable. In any case, they 

would be around to explain anything 

the judges didn't understand. With the 

teacher standing by silently, the principal 

reluctantly gave in. At the fair, it 

became clear that these were the 

students who had the best grasp of 

their own projects, although there were 

others that had nicer-looking boards. 

Neither the children nor the teacher 

were surprised when they won first, 

second and third prizes, and went on 

to the District fair! Equally important, 

the teacher felt that this was a turning 

point in her relationship with the 

principal. Afterwards, he interfered 

much less with her efforts at innovation. 
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It is far more effective to mobilize 

children, parents, other teachers, and 

staff than to confront an administrator 

directly. He or she will have a much 

harder time saying no to children, 

parents, or a group of teachers, than to 

a individual. Also, successful programs 

speak for themselves. Outside authorities, 

such as science fair judges, funding 

sources or important visitors, can 

make even the most reluctant principal 

sit up and take notice. Most important, 

innovation succeeds best when innova

tors lay the seeds quietly over time, 

and exploit opportunities to overcome 

resistance. 

Resist the temptation to take on 

every adversary, every time. Focus 

instead on the resources that are available 

to you, and learn how to mobilize 

them effectively. Wait for opportunities 

to let your efforts speak for themselves. 
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In Chapter 3, ''Activities," we have 

listed standards references for each 

activity. This type of listing is now 

found in most curriculum materials, 

in order to demonstrate that the 

activities "meet standards." In a 

way, these standards references miss 

the point, because the national 

standards are not meant to be read in 

this way. Meeting standards is not 

about checking off items from a list. 

Each of the major standards documents 

is a coherent, comprehensive call 

for systematic change in education. 

This chapter shows how 

Stuff That Works! is consistent 

with national standards at a very 

fundamental level. We will look in 

detail at the following documents: 

• Standards for Technological Literacy: 

Content for the Study of Technology 

(International Technology 

Education Association, 2000); 

• Benchmarks for Science Literacy 

(American Association for the 

Advancement of Science, 1993); 

• National Science Education Standards 

(National Research Council, 1996); 

• Principles and Standards for School 

Mathematics (National Council of 

Teachers of Mathematics, 2000); and 

• Standards for the English Language Arts 

(National Council of Teachers of 

English & International Reading 

Association, 1996). 

Most of these standards are now 

widely accepted as the basis for state 

and local curriculum frameworks. The 

first document on the list is included 

because it is the only national standard 

focused primarily on technology. The 

New Standards Performance Standards 

(National Center on Education 

and the Economy, 1997) is not included 

because it is based almost entirely 

on the Benchmarks, National Science 

Education Standards, the original 

NCTM Math Standards (1989), 

and the Standards for the English 

Language Arts. 

Although they deal with very 

different disciplines, these major 

national standards documents have 

many remarkable similarities: 

• They are aimed at all students, not 

only those who are college-bound. 

• Using terms like "literacy" and 

"informed citizen," they argue that 

education should prepare students 

to understand current issues and 

participate in contemporary society. 

• They recommend that school knowl

edge be developed for its use in 

solving real problems rather than as 

material "needed" for passing a test. 

They strongly endorse curriculum 

projects that arise from students' own 

ideas, experiences, and interests. 

• They focus on the "big ideas" of 

their disciplines as opposed to memo

rization of isolated facts or training 

in narrowly defined skills. In other 

words, fewer concepts should be dealt 

with in greater depth. As the National 

Science Education Standards express 

it, "Coverage of great amounts of 

trivial, unconnected information must 

be eliminated from the curriculum." 

(NRC, 1996, p. 213) 
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• The standards reject standardized tests 

as the sole or even the major form of 

assessment. Traditional exams measure 

only what is easy to measure rather 

than what is most important. "While 

many teachers wish to gauge their 

students' learning using performance

based assessment, they find that 

preparing students for machine-scored 

tests - which often focus on isolated 

skills rather than contextualized 

learning - diverts valuable classroom 

time away from actual performance." 

(NCTE/IRA, 1996, p. 7) The 

standards promote authentic assessment 

measures, which require students 

to apply knowledge and reasoning 

"to situations similar to those they 

will encounter outside the classroom." 

(NRC, 1996, p. 78) Furthermore, 

assessment should become "a routine 

part of the ongoing classroom activity 

rather than an interruption" and it 

should consist of "a convergence of 

evidence from different sources." 

(NCTM, 2000, p. 23) 

• They highlight the roles of quantitative 

thinking, as well as oral and written 

communication, in learning any 

subject, and they emphasize the inter

disciplinary character of knowledge. 

• They view learning as an active 

process requiring student engagement 

with the material and subject to 

frequent reflection and evaluation by 

both teacher and learner. 

• They urge teachers to "display and 

demand respect for the diverse ideas, 

skills and experiences of all students," 

and to "enable students to have a 

significant voice in decisions 

about the content and context of 

their work." (NRC, 1996, p. 46) 

The Stuff'That Works! materials 

are based on these ideas and provide 

extensive guidance on how to implement 

them in the classroom. We begin our 

study of technology with students' own 

ideas and experiences, address problems 

that are of importance to them, develop 

"big ideas" through active engagement 

in analysis and design, and draw 

connections among the disciplines. 

While the standards are clear about 

the principles, they do not provide 

many practical classroom examples. 

Stuff That Works! fills this gap. 

~ere the Standards Came From 

Historically speaking, the current tilt 

towards national curriculum standards 

is a dramatic departure from a long 

tradition of local control of education. 

How did national standards manage 

to become the order of the day? In 

the late l 970's, the country was 

in a serious recession, driven partly by 

economic competition from Europe 

and Japan. In 1983, the National 

Commission on Educational Excellence 

(NCEE) published an influential report, 
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A Nation at Risk, which painted a 

depressing picture of low achievement 

among the country's students. The 

report warned of further economic 

consequences should these problems 

continue being ignored, and advocated 

national curriculum standards for all 

students. Adding to these arguments 

were pressures from textbook publishers, 

who felt that national standards would 

make state and local adoption processes 

more predictable. 

Around the same time, several of 

the major professional organizations 

decided to provide leadership in setting 

standards. The pioneering organiza

tions were the National Council of 

Teachers of Mathematics (NCTM) 

and the American Association for 

the Advancement of Science (AAAS), 

whose efforts culminated in the 

publication of major documents in 

1989. In the same year, the National 

Governors' Association and the first 



Bush Administration both endorsed 

the concept of establishing national 

educational goals. The NCTM 

was deeply concerned about the issues 

raised by A Nation at Risk and was 

convinced that professional educators 

needed to take the initiative in setting 

a new educational agenda. Otherwise, 

the reform of curriculum would rest in 

the hands of textbook and test publish

ers, legislatures, and local districts. 

Both the NCTM and the AAAS 

standards projects began with similar 

basic positions about pedagogy. 

Influenced by research about what 

children actually know, they recognized 

the disturbing fact that "learning is 

not necessarily an outcome of teaching." 

(AAAS, 1989, p. 145) In contrast with 

traditional approaches to education, 

which emphasize memorization and 

drill, the new national standards promote 

strategies for active learning. A related 

theme of the early standards efforts was 

that the schools should teach fewer 

topics in order that "students end up 

with richer insights and deeper under

standings than they could hope to 

gain from a superficial exposure to more 

topics ... " (p. 20) 

Meeting standards requires a major 

investment of time and resources. Some 

of the necessary ingredients include new 

curriculum ideas and materials, profes

sional development opportunities, new 

assessment methods, and smaller class 

sizes. The National Science Education 

Standards are the most explicit in 

identifying the conditions necessary

at the classroom, school, district, and 

larger political levels-for standards to 

be meaningful. The authors state, 

"Students could not achieve standards 

in most of today's schools." (NRC, 
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1996, p. 13) More money might not 

even be the hardest part. Standards

based reforms also require understanding 

and commitment from everyone 

connected with the educational system, 

starting at the top. 

The history of standards may contain 

clues about their future. Standards 

imply neither textbook-based instruction 

nor standardized tests. Standards arose 

because traditional text- and test-based 

education had failed to result in the 

learning of basic concepts by the vast 

majority of students. Ironically, there 

are many textbook and test purveyors 

who market their products under 

the slogan "standards-based." Standards 

could easily become discredited if those 

who claim their imprimatur ignore 

their basic message. 

mat the Standards Actually Mean 

Standards are commonly read as lists 

of goals to be achieved through an 

activity or a curriculum. This approach 

is reflected in the lists of standards 

references and cross-references that 

appear in most curriculum materials, 

as evidence that an activity or 

curriculum "meets standards." 

Presenting lists of outcomes in 

this fashion reflects a narrow reading 

of standards, which can be very 

misleading. These lists suggest that 

"meeting standards" is simply a matter 

of getting students to repeat something 

like the statements found in the 

standards documents. 

In fact, the standards are much 

richer and more complex than these 

lists imply. Many of the standards 

do not even specify the knowledge that 

students should acquire, but deal 

rather with ways of using that 

knowledge. Here is an example from 

Benchmarks for Science Literacy: 

"By the end of fifth grade, students 

should be able to write instructions 

that students can follow in carrying 

out a procedure." (p. 296) 
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This standard talks about some

thing students should be able to do, 

rather than what they should know. 

The newly released NCTM document, 

Principles and Standards far School 

Mathematics (2000), unlike the 

earlier one (NCTM, 1989), explicitly 

separates "Content Standards" from 

"Process Standards." The Content 

Standards outline what students should 

learn, while the Process Standards 

cite ways of acquiring and expressing 

the content knowledge. The Process 

Standards include problem solving, 

communication, and representation. 

The Benchmarks example cited 

above is another example of a process 

standard. Similarly, in the English 

Language Arts (ELA) document 

(NCTE/IRA, 1996), all twelve 

standards use verbs to express what 

students should do, as opposed to what 

they should know. Any reading of 

standards that focuses only on content 

knowledge is missing a central 

theme of all of the major documents. 

There is also material in the 

standards that qualifies neither as 
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content nor as process. Here is an 

example from the Benchmarks 

chapter called "Values and Attitudes": 

"By the end of fifth grade, students 

should raise questions about the 

world around them and be willing to 

seek answers to some of them by 

making careful observations and trying 

things out." (p. 285) 

This standard asks for more than a 

specific piece of knowledge, ability, or 

skill. It calls for a way of looking at the 

world, a general conceptual framework, 

that transcends the boundaries of disci

plines. Similarly, the "Connections" 

standard in the new NCTM document 

underscores the need for students to ... 

" ... recognize and apply mathematics 

in contexts outside of mathematics." 

(NCTM, 2000, p. 65) 

These are examples of broad 

curriculum principles that cut across 

the more specific content and process 

standards. These standards are not met 

by implementing a particular activity 

or by teaching one or another lesson. 

They require an imaginative search for 

opportunities based on a reshaping of 

goals for the entire curriculum. 

In general, the standards documents 

are at least as much about general 

principles as about particular skills and 

knowledge bases. The Standards far 

Technological Literacy, the Benchmarks, 

and the National Science Education 

Standards each identifies some big ideas 

that recur frequently and provide 

explanatory power throughout science 

and technology. "Systems" and 

"modeling" are concepts that appear 

in all three documents. The presence 

of such unifying ideas suggests that 

the individual standards references 

should not be isolated from one another. 

They should rather be seen as parts 

of a whole, reflecting a few basic 

common themes. 



"fuat Use Are Standards? 
Increasingly, teachers are being held 

accountable for "teaching to standards." 

These demands are added to such other 

burdens as paperwork, test schedules, 

classroom interruptions, inadequate 

space and budgets, arbitrary changes 

in class roster, etc. In the view of many 

teachers, children and their education 

are routinely placed dead last on 

the priority list of school officials. 

Understandably, teachers may resent or 

even resist calls to "meet standards" or 

demonstrate that their curricula are 

"standards-bearing." It is not surprising 

chat many teachers cynically view the 

standards movement as "another new 

thing that will eventually blow over." 

The push to "meet standards" is 

often based on a misreading of standards 

as lists of topics to be "covered" or new 

tests to be administered. Ir is not hard 

to imagine where chis misinterpretation 

might lead. If the proof of standards 

is that students will pass tests, and 

students fail chem nevertheless, then 

the standards themselves may eventually 

be discarded. Paradoxically, the predic

tion that "chis, too, shall pass" would 

then come true, not because the 

standards failed, but because they were 

never understood nor followed. 

Standards are intended to demolish 

timeworn practices in education. Some 

of these practices place the teacher at 

the center of the classroom but reduce 

her or him to a cog in the machinery 

of the school and the district, with 

the primary responsibility of preparing 

students for tests. The standards 

documents recognize the need to regard 

teachers as professionals, students as 

active, independent learners, and tests 

as inadequate methods of assessing 

the full range of learning. 

Within broad frameworks, the 

standards urge teachers to use their 

judgment in tailoring the curriculum 

to students' needs and interests. The 

NRC Science Standards, for example, 

call for "teachers [to be] empowered to 

make the decisions essential for effec

tive learning." (1996, p. 2) Neither 

teachers nor administrators should 

interpret standards as mechanisms for 

tightening control over what teachers 

and students do. While they are very 

clear about the goals of education, the 

standards are less specific about how to 

meet them. Innovative curriculum 

efforts such as Stujf'That Works! fit 

very well within the overall scheme 

of standards. 

Teachers who have tried to implement 

Stuff That Works! activities in their 

classrooms have often come away 

with a positive feeling about them. 

The following comments are typical: 

• The strengths of this unit are the 

opportunity to group students, work on 
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communication skills, problem solve ... 

and plan real life tests. I have watched 

my students go from asking simple 

yes/no questions to thinking and plan

ning careful, thoughtful active questions. 

The students began to see each other as 

people with answers... I was no longer 

the expert with all the answers. 

• I must begin by telling you that I found 

this particular guide to be so much fun 

and the students demonstrated so much 

energy and interest in this area... I was 

able to engage them in the activities easily .. 

The activities were very educational 

and provided so much vital information 

that helped students connect what is 

being taught to them in math to real 

life situations, e.g., graphing behavior 

and using tallies to record information. 

For my [special education} students, 

I found this gave them self confidence ... 

• I read the entire guide from front to 

back... Although the main idea of the 

unit is not specifically a large focus of 

instruction in our fourth grade curricu

lum, I recognized the power behind the 

ideas and activities and knew that this 

unit would promote collaboration, 

problem solving and communication ... 

Overall, I think my students loved 

this unit and felt enormously successful 

after we finished .. 
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• My most important goal for students is 

that they feel good about themselves and 

realize what they can do. I liked these 

activities, because they had these results. 

The standards are intended to 

promote just these sorts of outcomes. 

When a teacher has a "gut feeling" that 

something is working well, there is 

usually some basis to this feeling. As 

the NRC Science Standards state, 

"outstanding things happen in science 

classrooms today ... because extraordinary 

teachers do what needs to be done 

despite conventional practice [emphasis 

added]." (1996, p. 12) Unfortunately, 

even an extraordinary teacher may 

not find support from traditional 

administrators, who complain that the 

classroom is too noisy or messy, or that 

somebody's guidelines are not being 

followed. Under these circumstances, 

standards can be very useful. It is usually 

easy to see how valuable innovations fit 

into a national framework of education 

reform that is also endorsed by state

and district-level authorities. Standards 

can be used to justify and enhance 

innovative educational programs 

whose value is already self-evident to 

teachers and students. 

-mat the Standards Really Say 

In order to justify work as meeting 

standards, it is necessary to know what 

the standards really say. In the remainder 

of this chapter, we summarize each of 

the five major standards documents 

listed at the beginning of the chapter, 

and show how the Stuff That Works! 

ideas are consistent with these 

standards. We provide some historical 

background for each of the standards, 

and look at the overall intent and 

structure before relating them to the 

Stuff That Works! materials. These 

sections should be used only as they 

are needed. For example, if you would 

like to use some of the ideas from this 

Guide, and are also required to meet 

the National Science Education Standards, 

then that section could be useful to 

you in helping you justify your work. 
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Standards for 
Technological 
Literacy: Content 
for the Study 
of Technology 

In April 2000, the International 

Technology Education Association 

(ITEA) unveiled the Standards for 

Technological Literacy, commonly 

known as the Technology Content 

Standards, after extensive reviews 

and revisions by the National Research 

Council (NRC) and the National 

Academy of Engineering (NAE). In 

its general outlines, the new standards 

are based on a previous position paper, 

Technology for All Americans. (ITEA, 

1996) The latter document defined the 

notion of "technological literacy'' and 

promoted its development as the goal 

of technology education. 

A technologically literate person is 

one who understands "what technology 

is, how it is created, and how it shapes 

society, and in turn is shaped by society." 

(ITEA, 2000, p. 9) According to the 

Standards, familiarity with these princi

ples is important not only for those 

who would pursue technical careers, 

but for all other students as well. 

They will need to know about technology 

in order to be thoughtful practitioners 

in most fields, such as medicine, 

journalism, business, agriculture, and 

education. On a more general level, 

technological literacy is a requirement 

for participation in society as an intelli

gent consumer and an informed citizen. 



Given the importance of being 

technologically literate, it is ironic that 

technology barely exists as a school 

subject in the U.S., and is particularly 

hard to find at the elementary level. In 

a curriculum overwhelmingly focused 

on standardized tests, there seems to 

be little room for a new subject such 

as technology. To make matters worse, 

there is considerable confusion over 

what the term technology even means. 

Many in education still equate it with 

"computers." The Standards advocate for 

technology education based on a broad 

definition of "technology," which is 

"how humans modify the world around 

them to meet their needs and wants, 

or to solve practical problems." (p. 22) 

The Technology Content Standards 

describe three aspects of developing 

technological literacy: learning about 

technology, learning to do technology, 

and technology as a theme for 

curriculum integration (pp. 4-9). To 

learn about technology, students need 

to develop knowledge not only about 

specific technologies (Standards 14- 20), 

but also about the nature of technology 

in general (Standards 1 - 3), including 

its core concepts: systems, resources, 

requirements, trade-offs, processes, 

and controls. Resources include mate

rials, information, and energy, while 

modeling and design are fundamental 

examples of processes (p. 33). Students 

learn to "do" technology by engaging 

in a variety of technological processes, 

such as troubleshooting, research, 

invention, problem solving, use and 

maintenance, assessment of technolog

ical impact, and, of course, design 

(Standards 8 - 13). Technology 

has obvious and natural connections 

with other areas of the curriculum, 

including not only math and science, 

but also language arts, social studies, 

and the visual arts. 

Another set of standards deals with 

the relationship between technology 

and society. Some of the most basic 

understandings are that "products are 

made to meet individuals' needs and 

wants" (p. 74) and "some materials can 

be reused or recycled" (p. 66). Both of 

these ideas are addressed directly by the 

activities in Packaging and Other 

Structures. As students examine some 

packaging materials they have brought 

in, they begin by asking of each one: 

"What problems is this package 

designed to solve?" This question gets 

at the role of a very familiar form of 

technology in addressing human needs. 

A related question, which introduces 

reuse of technology, is: "What other 

purposes could this packaging material 

be used for?" This question often leads 

to design activities. For example, dis

carded packaging can become the 

material for creating useful classroom 

structures, such as storage space. 

According to the Technology 

Content Standards, design is "the core 

problem-solving process [of technolo

gy]. It is as fundamental to technology 

as inquiry is to science and reading is 

to language arts." (p. 91) The impor

tance of design is underlined by the 
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statement, a little further on, that "stu

dents in grades K-2 should learn that 

everyone can design solutions to a 

problem." (p. 93) Several pages later, 

the Standards suggest that young chil

dren's experiences in design should 

focus on "problems that relate to their 

individual lives, including their interac

tions with family and school environ

ments." (p.100) However, the 

Technology Content Standards offer 

little if any guidance on how to identi

fy such problems. The vignette provid

ed on the following page, "Can you 

Help Mike Mulligan?", is based on a 

literature connection rather than chil

dren's environments. 

Where does technology education 

"fit" in the existing curriculum? The 

Technology Standards address this 

problem by claiming that technology 

can enhance other disciplines: "Perhaps 

the most surprising message of the 

Technology Content Standards ... is the 

role technological studies can play in 

students' learning of other subjects." 

(p. 6) We support this claim in the 

following sections, which draw the 

connections between Stuff That Works! 

and national standards in science, math, 

and English language arts. 

Benchmarks for 
Science Literacy 

There are two primary standards 

documents for science education: The 

American Association for the 
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Advancement of Science (AAAS) 

Benchmarks for Science Literacy (1993) 

and the National Research Council 

(NRC) National Science Education 

Standards (1996). Unlike the National 

Science Education Standards, the 

Benchmarks provide explicit guidance 

for math, technology, and social 

science education, as well as for science. 

The Benchmarks draw heavily on a 

previous AAAS report, Science for All 

Americans (1989), which is a statement 

of goals and general principles rather 

than a set of standards. Benchmarks 

recast the general principles of Science 

for All Americans (SFM) as minimum 

performance objectives at each 

grade level. 

The performance standards in 

Benchmarks are divided among 12 

chapters. These include three generic 

chapters regarding the goals and methods 

of science, math and technology; 

six chapters providing major content 

objectives for the physical, life, and 

social sciences, technology, and mathe

matics; and three generic chapters 

dealing with the history of science, 

"common themes," and "habits of 

mind." The last four chapters of 

Benchmarks provide supporting material, 

such as a glossary of terms 

and references to relevant research. 

Recognizing that standards are 

necessary but not sufficient for 

education reform, the AAAS has 
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also developed some supplementary 

documents to support the process 

of curriculum change. These include 

Resources for Science Literacy: 

Professional Development ( 1997), 

which suggests reading materials for 

teachers, presents outlines of relevant 

teacher education courses, and 

provides comparisons between the 

Benchmarks, the Math Standards, 

the Science Standards and the Social 

Studies Standards. A subsequent 

publication, Blueprints for Science 

Reform (1998) offers guidance for 

changing the education infrastructure 

to support science, math, and technology 

education reform. The recommenda

tions in Blueprints are directed towards 

administrators, policy makers, parent 

and community groups, researchers, 

teacher educators, and industry groups. 

A subsequent AAAS document, 

Designs for Science Literacy (2001), 

provides examples of curriculum 

initiatives that are based on standards. 

The Benchmarks present a 

compelling argument for technology 

education. The authors present the 

current situation in stark terms: 

"In the United States, unlike in most 

developed countries in the world, 

technology as a subject has largely been 

ignored in the schools." (p. 41) Then 

they point out the importance of tech

nology in children's lives, its omission 

from the curriculum notwithstanding: 

"Young children are veteran technology 

users by the time they enter school. ... 

[They] are also natural explorers 

and inventors, and they like to make 

things." (p. 44) To resolve this contra

diction, "School should give students 

many opportunities to examine the 

properties of materials, to use tools, and 

to design and build things." (p. 44) 

Like the Technology Standards, 

the Benchmarks identify design as a 

key process of technology and advocate 

strongly for first-hand experience in 

this area. "Perhaps the best way to 

become familiar with the nature of 

engineering and design is to do some." 

(p. 48) As children become engaged in 

design, they "begin to enjoy challenges 

that require them to clarify a problem, 

generate criteria for an acceptable 

solution, try one out, and then make 

adjustments or start over again with 

a newly proposed solution." (p. 49) 

These statements strongly support the 

basic approach of Stuff That Works!, 

which is to engage children in analysis 

and design activities based on the 

technologies already familiar to them. 

Like Stuff That Works!, the 

Benchmarks also recognize the back

and-forth nature of design processes, 

which rarely proceed in a linear, 

predictable sequence from beginning 

to end. 



Work with packaging engages stu

dents in exploring the characteristics of 

materials: "Young children should have 

many experiences in working with dif

ferent kinds of materials, identifying 

and composing their properties and fig

uring out their suitability for different 

purposes."(p. 188) Children develop 

these skills as they examine and test 

various packages and containers and 

figure out how to repair or strengthen 

boxes and bags. A further set of activi

ties from Packaging and Other 

Structures involves them in thinking 

about how to reuse discarded packag

ing materials: "Students can reflect on 

the influences that their own consump

tion choices can have on what products 

are made and how they are packaged." 

(p. 189) 

The analysis of containers, bags and 

packages, as described in Packaging and 

Other Structures, also develops the con

cepts of trade-offs and failure, which 

are both central to the "Nature of 

Technology." Benchmarks explain 

trade-offs as follows: "Designs that are 

best in one respect may be inferior in 

other ways. Usually some features are 

sacrificed in order to get others. How 

such trade-offs are received depends 

upon which features are emphasized 

and which are downplayed." (p. 49) 

For example, as children test a variety 

of shopping bags, it becomes obvious 

that the one that is strongest when dry 

is probably not the best when soaking 

wet. 

Closely related to trade-offs is the 

notion of failure. According to 

Benchmarks, "Even a good design may 

fail. Sometimes steps can be taken to 

reduce the likelihood of failure, but it 

can never be entirely eliminated." (p. 

50) Testing shopping bags, a Packaging 

and Other Structures activity, is a natu

ral and obvious way to develop an 

understanding of failure. Even in early 

childhood classes, children become 

aware that not all bags are the same, 

that they fail in different ways and that 

if loaded sufficiently, all of them will 

fail eventually. From the pre-K/K level 

upwards, testing shopping bags leads 

naturally to the repair and redesign of 

bags and other items. Through these 

activities, students "develop skill and 

confidence in using ordinary tools for 

personal and everyday purposes." 

(p. 45) Here are compelling reasons 

for engaging children with packaging: 

these activities will provide them with 

the experience and confidence to make, 

analyze, and fix things. 

Packaging 6t Other Structures 

The National 
Science Education 
Standards 

In 1991; the National Science Teachers 

Association asked the National 

Research Council to develop a set of 

national science education standards. 

These standards were intended to 

complement the Benchmarks, which 

include math, technology, and social 

studies as well as natural science. 

The National Research Council (NRC) 

includes the National Academy of 

Sciences, which is composed of 

the most highly regarded scientists in 

the country. Over the course of the 

next five years, the NRC involved 

thousands of scientists, educators, 

and engineers in an extensive process of 

creating and reviewing drafts of the 

new science standards. The results 

were published in 1996 as the National 

Science Education Standards (NSES). 

Who is the audience for standards? 

The conventional view is that standards 

outline what students should know 

and be able to do, and that teachers are 

accountable for assuring that their stu

dents meet these guidelines. The NSES 

take a much broader approach, looking 

at the whole range of systemic changes 

needed to reform science education. 

The document is organized into six sets 
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of standards. Only one of the 

six, the "Science Content Standards," 

talks directly about what children 

should learn through science education. 

The remaining five address other com

ponents of the education infrastructure, 

including classroom environments, 

teaching methods, assessment, 

professional development, administra

tive support at the school and district 

levels, and policy at the local, state, 

and national levels. 

Collectively, these standards outline 

the roles of a large group of people 

on whom science education depends: 

teachers, teacher educators, staff devel

opers, curriculum developers, designers 

of assessments, administrators, superin

tendents, school board members, 

politicians, informed citizens, and leaders 

of professional associations. If an 

administrator or school board member 

were to ask a teacher, "What are you 

doing to address the National Science 

Education Standards?" the teacher 

would be fully justified in responding, 

"What are you doing to meet them?" 

One message that recurs frequently 

in the NSES is that teachers must be 

regarded as professionals, with a vital 

stake in the improvement of science 

education and an active role "in 

the ongoing planning and development 

of the school science program." 
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(p. 50) More specifically, they should 

"participate in decisions concerning the 

allocation of time and other resources 

to the science program." (p. 51) The 

Standards explicitly reject the reduction 

of teachers to technicians or functionaries 

who carry out somebody else's directives. 

"Teachers must be acknowledged and 

treated as professionals whose work 

requires understanding and abiliry." 

The organization of schools must 

change too: "School leaders must 

structure and sustain suitable support 

systems for the work that teachers 

do." (p. 223) 

Teachers should also play a major 

role in deciding and/ or designing the 

science curriculum. The Standards call 

for teachers to "select science content 

and adapt and design curricula to 

meet the needs, interests, abilities and 

experiences of students." Although 

teachers set the curriculum initially, 

they should remain flexible: "Teaching 

for understanding requires responsive

ness to students, so activities and 

strategies are continuously adapted 

and refined to address topics arising 

from student inquiries and experiences, 

as well as school, communiry and 

national events." (p. 30) Not only 

teachers, but also students, should 

play a major role in curriculum plan

ning. The Teaching Standards make 

this point explicit: "Teachers [should] 

give students the opportuniry to 

participate in setting goals, planning 

activities, assessing work and designing 

the environment." (p. 50) 

More specifically, Content 

Standard E, "Science and Technology," 

strongly supports the approach of Stuff 

That Works!: "Children's abilities in 

technological problem solving can 

be developed by firsthand experience in 

tackling tasks with a technological 

purpose. They can also study techno

logical products and systems in their 

world-zippers, coat hooks, and 

can openers ... They can study existing 

products to determine function and try 

to identify problems solved, materials 

used and how well a product does what 

it is supposed to do ... Tasks should be 

conducted within immediately familiar 

contexts of the home and school." 

(p. 135) 

The Science Standards do not 

make the distinction between design and 

inquiry as sharply as do the Technology 

Standards: "Children in grades K-4 

understand and can carry out design 

activities earlier than they can inquiry 

activities, but they cannot easily tell 

the difference between the two, nor is it 

important whether they can." (p. 135) 

Thus, many of the abilities and concepts 

needed to meet the standard "Science 



as Inquiry" are also developed through 

design. These include: ''Ask a question 

about objects ... in the environment"; 

"plan and conduct a simple investiga

tion"; "employ simple equipment and 

tools to gather data''; and "communicate 

investigations or explanations." (p. 122) 

The material in Packaging and 

Other Structures is of particular rele

vance to the K-12 Content Standards, 

"Unifying Concepts and Processes." 

One of the five unifying themes is 

"form and function." Students ask how 

the shape and size of a box, bottle, bag, 

or pump dispenser is related to the 

function it serves. Often, they may 

redesign a package to serve a somewhat 

different function; or they may design 

and create storage spaces from discard

ed packaging materials. Each of these 

activities provides numerous opportu

nities to learn that "the form or shape 

of an object or system is frequently 

related to use, operation or function." 

(p. 119) The ideas in this volume also 

address Content Standard B, "Physical 

Science," for grades K-4. Sorting and 

classifying packaging materials, for 

example, lead to multiple discoveries 

regarding the "properties of objects and 

materials" and the "similarities and dif

ferences of the objects." (p. 125) 

A major upper-grade theme of 

Packaging and Other Structures is the 

design and construction of useful class-

room structures. These activities 

involve students in improving the use 

of space in their own classrooms. The 

"Teaching Standards" section of the 

NSES calls for just this sort of involve

ment: 

''As part of challenging students to 

take responsibility for their learning, 

teachers [should] involve them in the 

design and management of the learning 

environment. Even the youngest stu

dents can and should participate in dis

cussions and decisions about using 

time and space for work." (p. 45) 

Principles 
and Standards 
for School 
Mathematics 

The first of the major standards 

documents, Curriculum and Evaluation 

Standards for School Mathematics, 

was published in 1989 by the National 

Council of Teachers of Mathematics 

(NCTM). Additional standards for 

teaching and assessment were published 

in 1991 and 1995, respectively. In 

2000, the NCTM released a new docu

ment, Principles and Standards 

for School Mathematics, intended to 

update and consolidate the classroom

related portions of the three previous 

documents. Some of the major features 
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of the new volume, different from the 

prior version, are the addition of the 

Principles, the division of the standards 

into the categories "Content" and 

"Process," and the inclusion of a new 

process standard called "Representation." 

The new NCTM document 

acknowledges the limitations of 

educational standards: "Sometimes the 

changes made in the name of standards 

have been superficial or incomplete ... 

Efforts to move in the direction of the 

original NCTM Standards are by 

no means fully developed or firmly in 

place." (pp. 5-6) In spite of this candid 

assessment, the authors remain optimistic 

about the future impact of standards. 

Their goal is to provide a common 

framework for curriculum developers and 

teachers nationwide. If all schools follow 

the same standards, then teachers will be 

able to assume that "students will reach 

certain levels of conceptual understanding 

and procedural fluency by certain points 

in the curriculum." (p. 7) 

The NCTM Principles and 

Standards begin by presenting the six 

sets of principles, which are the under

lying assumptions for the standards. 

Some of these principles are common 

to the other standards documents: 

that there should be high expectations 

of all students, that the goal of learning 

is deep understanding, and that 

assessment should be integrated with 
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curriculum. Other principles under

score the need to learn from cognitive 

research. More than in any other field, 

there has been extensive research 

into how students learn mathematics, 

and this research base is reflected 

in the Principles. For example, the 

"Curriculum Principle" calls for 

coherent sets of lessons, focused collec

tively on one "big idea." Similarly, 

the "Teaching Principle" specifies that 

teachers must be aware of students' 

cognitive development. The "Learning 

Principle" cites research on how 

learning can be most effective. 

The standards themselves are 

organized into two categories: Content 

Standards and Process Standards. 

The former describe what students 

should learn, in the areas of Number 

and Operations, Algebra, Geometry, 

Measurement, and Data Analysis 

and Probability. The Process Standards 

discuss how students should acquire 

and make use of the content knowl

edge. The subcategories are Problem 

Solving, Reasoning and Proof, 

Communication, Connections, and 

Representation. Unlike the earlier 

NCTM document, the new version 

uses all the same standards across all 

of the grade levels, from K through 12. 

In this way, the NCTM is advocating 

for a carefully structured curriculum, 

which builds upon and extends a few 
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fundamental ideas systematically across 

the grades. Readers may be surprised 

to find an Algebra Standard for grades 

K-2, or a Number and Operations 

Standard for grades 9-12. 

Stuff That Works! units and activi

ties offer rich opportunities for fulfill

ing a key ingredient of the NCTM 

standards: learning and using mathe

matics in 

context. The Process Standard called 

"Connections" makes it clear that 

mathematics should be learned by 

using it to solve problems arising from 

"other subject areas and disciplines" 

as well as from students' daily lives." 

(p. 66) Stuff That Works! fulfills this 

standard in two fundamental respects: 

it provides mathematics connections 

with another subject area, technology, 

and it uses artifacts and issues from 

everyday life as the source of material 

for study. The mathematics students 

learn is drawn from all of the 

Content Standards, as well as all 

of the Process Standards except for 

Reasoning and Proo£ 

Sorting and classifying bags, boxes 

and bottles are very popular starting 

activities in Packaging and Other 

Structures. These activities prepare the 

way for the more formal methods of 

pattern handling known as algebra. 

The NCTM strongly recommends that 

these basic ideas about patterns be 

developed with very young children. 

The Algebra Standard for grades K-2 

calls for pattern finding and pattern 

recognizing activities, such as classify

ing and sorting, and identifying "the 

criteria [students] are using as they sort 

and group objects." Basic classifying 

activities are designed to "help students 

develop the ability to form generaliza

tions." (p. 91) As part of Packaging 

and Other Structures, students sort 

mechanisms, switches, boxes, contain

ers, or bags, and ask other students to 

"guess what our categories were" just 

by looking at the objects in each 

group. 

More advanced activities engage 

students in other aspects of the 

NCTM Standards. For example, as 

students and sketch their designs for 

useful storage structures, or redesign a 

box to fit an object of a different size, 

they develop the basic techniques of 

"visualization, spatial reasoning and 

geometric modeling" (p. 43) that are 

central to the Geometry Standard. As 

they assess and refine their own solu

tions to design problems, they are 

meeting important aspects of the 

Problem Solving Standard. Collecting 

and presenting data about bag or 

pump dispenser tests, in graphic and 

verbal formats, are ways of addressing 

the Data Analysis and Probability 

Standard, which "recommends that 



students formulate questions that can 

be answered using data and addresses 

what is involved in gathering and using 

data wisely. Students should learn how 

to collect data, organize their own or 

others' data, and display the data in 

graphs or charts that will be useful in 

answering their questions." (p. 48) 

Standards for 
the English 
Language Arts 

By 1991, it had become clear that 

standards would be produced for all of 

the major school subjects. Fearful that 

English language standards might be 

produced without a firm basis in 

research and practice, two major 

professional organizations requested 

Federal funding for their own standards 

effort. The following year, the 

Department of Education awarded a 

grant for this purpose to the Center for 

the Study of Reading at the University 

of Illinois, which agreed to work 

closely with the two organizations, the 

National Council of Teachers of 

English (NCTE) and the International 

Reading Association (IRA). This effort 

culminated in the 1996 publication of 

the Standards for the English Language 

Arts by the NCTE and IRA. These 

ELA Standards are now widely accepted 

for their clear, concise outline of 

English language education. 

The ELA Standards adopt an 

unusually comprehensive view of 

"literacy," much broader in its scope 

than the traditional definition of 

"knowing how to read and write." 

(p. 4) Literacy also includes the ability 

to think critically, and encompasses 

oral and visual, as well as written com

munication. Recognizing that these 

forms of language "are often given 

limited attention in the curriculum," 

the Standards outline the variety 

of means used to convey messages in 

contemporary society: 

"Being literate in contemporary 

society means being active, critical, 

and creative users not only of print 

and spoken language, but also of 

the visual language of film and 

television, commercial and political 

advertising, photography, and 

more. Teaching students how to 

interpret and create visual texts 

such as illustrations, charts, graphs, 

electronic displays, photographs, 

film and video is another essential 

component of the English language 

arts curriculum." (pp. 5-6) 

According to the ELA Standards, 

there are three major aspects to lan

guage learning: content, purpose, and 

development. Content standards 

address only what students should 
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learn, but not why or how: "Knowledge 

alone is of little value if one has no 

need to - or cannot - apply it." The 

Standards identify four purposes for 

learning and using language: "for obtain

ing and communicating information, 

for literary response and expression, for 

learning and reflection, and for problem 

solving and application." (p. 16) 

Purpose also figures prominently in the 

third dimension of language learning, 

development, which describes how 

students acquire this facility. "We learn 

language not simply for the sake of 

learning language; we learn it to make 

sense of the world around us and to 

communicate our understanding with 

others." (p. 19) 

Of course, purpose and motivation 

vary from one situation to another. The 

authors of the Standards make this 

point, too, in their discussion of 

context: "Perhaps the most obvious 

way in which language is social is that 

it almost always relates to others, 

either directly or indirectly: we speak to 

others, listen to others, write to others, 

read what others have written, make 

visual representations to others and 

interpret their visual representations." 

Language development proceeds 

through the practice of these commu

nication skills with others: "We become 

participants in an increasing number 

of language groups that necessarily 
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influence the ways in which we speak, 

write and represent." While language 

development is primarily social, there is 

an individual dimension as well: "All of 

us draw on our own sets of experiences 

and strategies as we use language 

to construct meaning from what we 

read, write, hear, say, observe, and 

represent." (p. 22) 

How does this broad conception 

of literacy and its development relate to 

daily classroom practice? The authors 

recognize that the ELA Standards may 

be in conflict with the day-to-day 

demands placed on teachers. "They 

may be told they should respond 

to the need for reforms and innova

tions while at the same time being 

discouraged from making their instruc

tional practices look too different 

from those of the past." Among those 

traditional practices are the use of 

standardized tests, "which often focus 

on isolated skills rather than contextu

alized learning." Prescribed texts and 

rigid lesson plans are further barriers to 

reform, because they tend to preclude 

"using materials that take advantage of 

students' interests and needs" and 

replace "authentic, open-ended learning 

experiences." (p. 7) Another problem is 

"the widespread practice of dividing the 

class day into separate periods [which] 

precludes integration among the 

English language arts and other subject 
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areas." (p. 8) Taken seriously, these 

standards would lead to wholesale reor

ganization of most school experiences. 

This introductory material sets the 

stage for the twelve content standards, 

which define "what students should 

know and be able to do in the English 

language arts." (p. 24) Although 

these are labeled "content" standards, 

"content cannot be separated from the 

purpose, development and context of 

language learning." (p. 24) In a variety 

of ways, the twelve standards emphasize 

the need to engage students in using 

language clearly, critically and creatively, 

as participants in "literacy communities." 

Within these communities, students 

sometimes participate as receivers of 

language-by interpreting graphics, 

reading and listening and-and some

times as creator.f-by using visual lan

guage, writing, and speaking. 

Some teachers have used the Stuff 

That Works! activities and units primarily 

to promote language literacy, rather 

than for their connections with math 

or science. Technology activities offer 

compelling reasons for children to 

communicate their ideas in written, 

spoken, and visual form. In early 

childhood and special education class

rooms, teachers have used Stuff That 

Works! to help children overcome 

difficulties in reading and writing, 

because it provides natural and non-

threatening entry points for written 

expression. In the upper elementary 

grades, Stuff That Works! activities offer 

rich opportunities for students to 

want to use language for social purposes. 

Several characteristics of Stuff That 

Works! contribute to its enormous 

potential for language learning and use: 

• Every unit begins with an extensive 

group discussion of what terms mean, 

how they apply to particular exam

ples, how to categorize things, and/or 

what problems are most important. 

• The activities focus on artifacts and 

problems that engage children's 

imaginations, making it easy to 

communicate about them. Teachers 

who use Stuff That Works! usually 

require students to record their 

activities and reflections in journals. 

For many of the Stuff that Works! 

units, the opening activity is a scav

enger hunt or brainstorming session. In 

a brainstorming session, students think 

of the examples, list them, and then try 

to make sense of them. Often, the 

teacher starts the discussion by asking 

students to tell what they know about 

the meaning of a word. These discus

sions can be rich opportunities to 

explore and inquire about language. 

For example, at the beginning of their 

units on packaging, both Verona 



Williams and Roslyn Odinga asked 

their students, "What is a package?" In 

Roslyn's second grade class, this ques

tion led to an extended discussion 

about how and whether the outsides of 

various fruits were examples of pack

ages. The students in this class were 

"draw[ing] on their prior experience, 

their interactions with other readers 

and writers [and] their knowledge of 

word meaning and of other texts," to 

make connections between this new 

word and others that they already 

knew. (ELA Standard #3, p. 31) 

Packaging and Other Structures also 

engages students in recognizing storage 

problems in their classroom, and in 

designing and testing ways to store 

things better. These design projects 

require considerable discussion, as well 

as more formal oral, written, and 

graphic presentations. First, students 

identify the problem they want to 

solve, either through a brainstorming 

session or because it is already an obvi

ous concern. Next they decide on the 

kinds of information they need to 

understand the problem better. At 

some point, they brainstorm about the 

criteria that a successful design would 

have to meet; in other words, what 

the design would have to do in order to 

solve the problem. Subsequently, they 

meet in small groups to come up 

with possible solutions. The groups 

then implement their designs, and eval-

uate how well they meet the criteria. 

Each of these steps engages 

students in using "spoken, written, 

[or] visual language to accomplish their 

own purposes." (ELA Standard #12, 

p. 45) The purposes are genuinely the 

students' own, because the design 

projects address problems they have 

raised. To accomplish their goals, 

they have to brainstorm about the 

criteria the design should meet, how to 

collect data, and how to test the design. 

They have to negotiate with one 

another to come up with a solution 

everyone can accept. They have to 

present their ideas to one another 

in written, oral and graphic forms. 

The design of useful classroom 

structures provides rich opportunities 

for developing language proficiency. 

Packaging & Other Structures 
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Packaging 
Unraveled: 
The Inside 
Story 
This section answers some 
of the questions raised 
in Chapters 1 and 2 and 
provides additional 
background material about 
packages and packaging 
materials. 
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t.ardboard Heroes 
Cardboard is so widely used in packag

ing that the word package is often 

assumed to mean "cardboard package." 

It is estimated that about 90% of all 

manufactured goods in this country are 

at some point packaged in cardboard. 

Packaging includes more than the 

container that you see in the store, put 

in your shopping cart, and bring home. 

Most prepackaged goods arrive at 

the supermarket on large wooden 

platforms called skids or pallets. On a 

skid, there are typically several dozen 

cardboard boxes held together with 

metal straps and/or shrink-wrap plastic. 

A typical carton may hold half a dozen 

to two dozen individual jars, bottles, 

or smaller cartons, which are the 

packages the consumer sees. On their 

journey from the manufacturer to the 

store, most consumer products travel 

in cardboard. 

What, exactly, is cardboard? To a 

paper manufacturer, "paper board"

the industry term for cardboard-is 

nothing but a heavier, coarser grade of 

paper. Some cardboard comes in flat 

sheets, like the material of index cards, 

but most cardboard is sold in corrugated 

form. Corrugated cardboard is built 

around a fluted layer, also called the 

medium. It is the only part that is 

actually corrugated. 

A corrugated layer or medium is 

shown in Figure A-l(A). The medium is 

then glued to a flat sheet, which the 

industry calls a facing, as shown in 

Figure A-1 (B). This material, which is 

called single-face corrugated, is never 

used to make a carton, but is some

times used as cushioning material

for example, to wrap glasses or mugs. 

Usually, another liner is added to the 

other side, as in Figure A-l(C), to 

make double-faced, or, as it is more 
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commonly known, singlewall corrugated. 

This is the material used to make about 

90% of all cardboard cartons. For 

heavier cartons, another medium and 

facing are added to make "doublewall 

corrugated." Figure A-1 (D) shows 

a piece of doublewall cardboard. As 

we have seen, the purpose of using 

corrugations is to make a structure that 

is strong as both a column and a 

beam (see Figure 2-20). 

Most cartons have a box certificate 

printed on them, which provides 

information about the cardboard they 

are made of. Figures A-2 and A-3 show 

the certificates from two singlewall car

tons. In both certificates, the 

last two lines give the "Size Limit" 

and "Gross Weight Limit," respectively. 

These limits are set for a particular 

grade of cardboard by truck and rail 

freight regulations. The size limit refers 

to the sum of all three dimensions of 

a rectangular box: the height + width + 

depth cannot exceed this limit. The 

weight limit includes the box itself, as 

well as the contents. 

The top line of the box certificate 

comes in two varieties. Figure A-2 

shows the most common type, whose 

first two lines indicate "Bursting 

Test" and "Min. Comb. Wt. Facings 

(Minimum Combined Weight 

Facings)," respectively. The Bursting 

Test gives a measure of how well the 

carton can stand up to pressure on its 

side. The pressure in a fluid is increased 

gradually until a rubber diaphragm 

bursts through the cardboard. The 

pressure needed to burst through, in 
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A-2: Box certificate showing 
bursting test data 

pounds per square inch, is recorded as 

the "Bursting Test" data. It is a test of 

how strong the side, top or bottom of 

the box is when it is loaded. 

The second line, "Minimum 

Combined Weight Facings," records 

the weight (in pounds per thousand 

square feet) of the two facings (flat sheets) 

of this singlewall cardboard. For this 

particular material, the sum is 84, or 

42 lbs/1000 sq. ft. per facing (Figure 

A-2). By comparison, ordinary copy or 

printer paper weighs about 15 lbs./ 

1000 sq. ft, or about one-third as heavy 

as the cardboard liner. 

The box certificate in Figure A-3 

is different. Instead of the Bursting 

A-3: Box certificate showing edge 
crush test data 

Test and Minimum Combined Weight 

Facings, it has a single line called 

"Edge Crush Test (ECT)." This 

intriguing process consists of mounting 

a two-inch wide by inch-and-a-quarter 

high strip of the material so it is 

standing up, and pressing it with a 

machine until it buckles. The weight 

that it takes to crush the sample, divided 

by the width of its edge, is the ECT 

result in lbs.Jin. The ECT actually 

gives a better measure of the strength 

than the bursting test, because boxes 

most often fail by buckling at the 

bottom of a heavy stack. The ECT is a 

measure of how well the side of the 

box works as a column. 



By far the most common type of card

board container is the folding carton, 

which is delivered flat to the product 

manufacturer, to save shipping space. 

They are nearly always made of corrugated 

cardboard. Currently, the cardboard for 

these cartons is most likely cut and 

scored by automatic machinery, which 

helps to explain the relatively small 

number of standard shapes and sizes. 

The form of most folding cartons is 

so common that the industry calls it 

the "Regular Slotted Container (RSC)." 

An example is shown in Figure A-4. 

The style of this box is sometimes called 

"the tube" because the sides are joined 

together, but the end flaps are initially 

open. The side joints may be made using 

glue, tape, metal staples, or metal stitches. 

In Chapter 2 we explored some of the pros 

and cons of these joining methods. To see 

why the RSC is so common, look at the 

folded out version in Figure A-5. It is 

almost perfectly rectangular. If any of 

the flaps were longer or shorter, more 

complicated dies would be required to 

make these cartons, and more cardboard 

would have to be thrown away to make 

the flaps. 

A common alternative to the Regular 

Slotted Container is the same box with 

flaps on one side only. This type of box, 

which also uses tube construction, is 

called the "Half Slotted Container (HSC)." 

Because it is lacking one set of flaps, 

another piece is needed to form the lid, 

which has to be a little larger than the 

bottom. The lid could be another HSC, 

or another type of construction called 

the tray, which has a solid bottom or 

top and folding sides. Figure A-6 shows 

a Half-Slotted Container with a tray lid. 

~ 
SUffU!s ~ 
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The cardboard boxes described so far 

all require tape, glue, or metal fasteners 

to assemble them. There is a whole 

category of boxes that can be folded 

flat and assembled completely without 

using any of these joining methods. 

These boxes depend completely on 

clever design and friction to hold them 

together. Examples are shown in 

Chapter 1 and 2 in Figures 1-2, 1-18, 

1-19, and 2-34. Note that both the 

bottom and the lid are of "tray" 

construction, and that they are hinged. 

There are all sorts of folding box 

designs, which fold and unfold without 

any joining, including tubes, trays, 

unusual shapes, cutouts. You can 

make your own collection of assorted 

folding boxes and examine how each 

one works. 

In addition to the folding carton, 

there is a more expensive kind of box 

called the "rigid setup box." These are 

assembled by the box manufacturer 

and delivered to the product manufac

turer ready to be filled (Figure A-7). 

They usually have a nice decorative 

finish to them. They are usually of the 

tray style of construction, with the 

sides attached by tape along their edges. 

Some setup boxes have hinged lids, 

while others have separate tops 

and bottoms. Cigar boxes are the 

most famous type of setup boxes with 

hinged lids. 
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A-7: Rigid setup box with separate lid 



ff ow Shopping Bags Fail 
Shopping bags can and do fail unexpect

edly, sometimes on the way home from 

the store. In Chapter 2, we outlined 

some suggestions for testing the strength 

of shopping bags. In this section, we 

will discuss three of the most common 

failure modes of shopping bags, and 

show how the concepts of tension, 

compression, and shear are useful in 

understanding them. 

The most common type of plastic 

shopping bag has handles that are 

simply cut out of the body of the bag. 

The top may be cut square with notches 

for the handles below, or the handles 

may be raised above the top, as is the 

case with most supermarket bags. In 

either case, the most common type of 

failure, as every shopper knows, is for 

one of the handles to stretch and 

eventually tear apart when the bag is 

too heavily loaded (Figure A-8). 

The tearing of the handles is an 

example of failure in tension. It occurs 

because of forces that are pulling away 

from one another in opposite directions, 

as shown in Figure A-11 (A). The force 

pulling upward comes from the hand 

holding the bag. The force pulling down

ward results from the weight inside. 

The handles are stretched because they 

are the narrowest part of the bag, and 

all of the force from the weight is con

centrated there. As they become longer, 

they also become thinner, just like a 

rubber band does when stretched. As 

the material becomes thinner, the force 

becomes even more concentrated, 

until the material simply isn't strong 

enough to manage so much force over 

such a small surface. At that point, 

the handles literally pull apart. 

Nearly all paper shopping bags, 

and some plastic shopping bags, have 

handles that are made separately and 

then attached to the body of the bag. 

In plastic bags, these handles are 

usually "heat sealed" to the body-i.e., 

attached by briefly melting a small 

section of both body and handle 

together. With paper bags, the handles 

are nearly always glued. To make the 

glue joints stronger, paper patches are 

often glued to both the handle and the 

body of the bag. 
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Figure A-11 (B) shows how the glued 

handles usually come off paper bags. 

This is a typical attachment, which has 

to support shear. When the shear load 

becomes too great, the glue joint 

between the patch and the handles 

fails, and the handle simply pulls out. 

An example is shown in Figure A-9. 

Nearly all paper bags have glued 

joints at the bottom, as well as at the 

handles. A common type of paper bag 

failure happens when the glue on the 

bottom stops working. The chain of 

events leading to bottom failure is more 

complex than the others, involving 

both tension and shear. An example is 

shown in Figure A-10. 

As the end view in Figure A-1 l(C) 

shows, the upward force on the handles 

opposes the weight of the object in the 

bag. The bottom of the bag then acts 

like a beam. Its bottom surface tends 

to spread outwards, in tension, like the 

beam in Figure 2-18. The pulling 

outward is shown in the bottom view 

in Figure A-1 l(C). These opposing 

forces eventually make the bottom fail. 

One way for it to fail is for the glue 

joint to come apart-an example of 

shear failure. However, the glue may 

be stronger than the paper itself lin 

this case, the paper wil tear first, which 

is an example of tension failure. In 

Figure A-10, you can see places where 

the glue joint failed, as well as a few 

points where the paper tore. 
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A-11 : Three failure modes analyzed 

A 
A. Tensile Failure 

end view 

bottom view 

B. Shear Failure C. Bottom Failure 



~natomy of a Can 

Until around 1970, nearly every metal 

can was made of steel. Although 

popularly known as "tin cans," there is 

only a very thin layer of tin plating, to 

protect the steel from rusting. They are 

also lacquered, for further protection. 

These cans are made in three pieces: 

the body, the top, and the bottom. The 

body is made by wrapping a rectangular 

piece of metal into a cylinder, and then 

joining the two ends. The top and the 

bottom are then attached separately. 

The side seam was sealed with a solder 

made mostly of lead. Recently, concern 

over lead poisoning has led to strict 

regulation of lead in food and beverage 

packaging, and the phasing out of 

solder-sealed cans. Nearly all three

piece cans now use welded side-seams. 

Aluminum is not nearly as strong 

as steel, but it does have some major 

advantages as a can material. Because 

it is softer, a disk of aluminum can be 

formed into a cup-shaped bottom 

by punching a deep depression in it. 

The only remaining piece is the top, 

so these are referred to as two-piece 

cans (Figure A-12). The top can 

be scored, allowing it to be opened 

with a pull-ring, which is not possible 

for steel tops. Finally, aluminum cans 

weigh about half as much as 

comparably sized steel cans, which 

lowers shipping costs. 
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The walls of an aluminum soft-drink 

can are extremely thin, as you can tell 

by seeing how easy it is to crush an 

empty can. (Crushing steel cans used 

to be a trick for weight lifters only!) 

The reason that the walls can be so thin 

is that the internal pressure of the soda 

helps to make the can much more 

rigid. However, this pressure could also 

make the bottom of the can bulge out. 

If this were to happen, the can would 

not have a flat bottom to stand on. 

(A similar problem exists for plastic 

soda bottles, as we shall see in the next 

section.) To counteract this tendency, 

the bottom of the can is domed, 

as shown in Figure A-13. As we saw 

in Chapter 2, the dome is a very 

strong structure, which resists the 

compressive forces coming down 

from cans stacked above. 

A-14: Aluminum can showing necked top 
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Another interesting feature of the 

aluminum beverage can is the top. Why 

is it so much smaller in diameter than 

the body of the can (Figure A-14) ? 

The answer lies in the relative cost of the 

top, compared with the rest of the can. 

In order for the pull-tab to open the top, 

a small section of the top needs to be 

scored, so that it will break away easily. 

However, there has to be enough material 

under the score lines so that the can 

does not open prematurely. For the top 

to accommodate just the right thickness 

of scoring, it has to be considerably 

thicker, and therefore more expensive 

per square inch, than the rest of the can. 

Necking the top allows the can 

manufacturer to get by with less of this 

more expensive material. How much 

does this really save? For one can, not 

much, but what if you multiply by 

the 100 billion cans produced annually 

in the U.S.? 

6:Decoding 
Plastic 
Until the 1960s, very little packaging 

consisted of plastic. Since then, however, 

plastic has taken over an increasingly 

large share of the packaging market. 

More than a third of all plastic is used 

for packaging. It has some major 

advantages over cardboard, metal, and 

glass: it is cheap, easy to form into 

virtually any shape, and much less 

breakable than glass. Unlike cardboard, 

it is waterproof, and generally resistant 

to chemicals. Unlike metal, it does not 

corrode, and it is lighter than either 

metal or glass. Plastic can be colored 

or transparent, and most plastic used 

for packaging is also recyclable. 

To aid in recycling, most plastic 

containers produced in the U.S. are 

stamped with recycling numbers. 

An example is shown in Figure A-15. 

What do these numbers mean? What 

information can be learned from 

looking at these numbers and the 

containers they appear on? 

Recycling number 1 indicates 

Polyethylene Terephthalate, PET or 

PETE for short. PET is the only plastic 

material used to make carbonated 

beverage bottles. In 1977, Pepsi Cola 

invented a process for making PET 

bottles strong enough to hold soda. It 

involves blowing air into a heated slug 

of plastic, until it expands against a 

metal mold. 



One problem with the method is that 

the walls become fairly thin. As a 

result, the bottom of the bottle has 

a tendency to bulge out, which can 

prevent it from standing up straight. 

The same problem was discussed above 

for aluminum soda cans. Until the 

early 1990s, a separate base of blue or 

green plastic was attached to the bottom 

of soda bottles to make them stand up 

reliably, but this required several extra 

steps in manufacturing. More recently, 

a process was developed that adds plastic 

to the base while the bottle is being 

blown. Additional plastic is injected at 

the very bottom of the base, which 

makes the base thicker, and forms the 

little feet which you can find on the 

bottom of any soda bottle (Figure A-16). 

The little button of plastic at the center 

(see arrow) is where the extra plastic 

was injected in. 

One of the ironies of recycling 

numbers is that the "l" rarely appears 

any more on the bottom of soda bottles. 

The reason is that all soda bottles are 

made of this stuff, so recyclers already 

know what it is! 
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PET is also used to make audio 

and video tape, decorative balloons 

with metal coatings, and "fleece" vests 

and pullovers. 

Recycling number 2 represents 

High-Density Polyethylene (HOPE). 

While PET is strong, the manufacturing 

process makes it impossible to add 

jug-style handles to the container. 

Containers with handles, such as one

gallon milk containers, are therefore 

made of HOPE. This material is also 

very resistant to strong chemicals, 

so it is also the material of choice for 

detergents and other cleaning fluids. 

However, HOPE is not transparent, 

so it cannot be used to hold any 

product that has to be visible through 

the container. 

Recycling number 3 stands for 

Polyvinyl Chloride, or PVC, common

ly known simply as "vinyl." At one 

time it was used for making liquor 

bottles, and was also a candidate for 

soda bottles. Currently, this material is 

not generally allowed for making food 

and beverage containers because it is 

suspected of causing cancer. However, 

some one-gallon water bottles are now 

made of PVC, which is the clearest of 

all common plastics. You can find 

PVC in many containers for hand 

soaps, shampoos, and other beauty 

care products. 

Recycling number 4 symbolizes 

Low-Density Polyethylene or LOPE, 

which is chemically similar to HOPE 

(#2), but is much softer and more 

flexible. It frequently used for tops, 
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such as caps of plastic soda bottles. 

Because LDPE melts at a much lower 

temperature than PET, the top can be 

heated enough to be formed around 

the bottle, without softening the bottle. 

The pint- and quart-sized tubs for 

take-out food usually have tops of 

LDPE and bases of PP (#5 below). 

The bottoms can be microwaved, but 

the tops cannot! LDPE is also used 

to make garbage bags, most plastic 

shopping bags, and bubble wrap. 

Number 5 indicates that the product 

is made of Polypropylene (PP), which 

is usually found in a semi-rigid, semi

transparent form. As mentioned above, 

PP is used to make take-out tubs, and 

also smaller tubs, such as those used 

for margarine and yogurt. Six-pack 

ring-holders are made of this stuff, as are 

cheese wrappers, inside liners for cereal 

and cracker boxes, medicine bottles, 

toys and a host of other products. PP 

can be microwaved. 
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Number 6 indicates Polystyrene 

(PS), which is the cheapest plastic. 

This is the material used to make those 

flimsy cookie trays, salad bar containers, 

thin transparent cups, and virtually 

anything else made of very thin plastic. 

Polystyrene also comes with the trade 

name Styrofoam, which is the same 

stuff with little gas bubbles trapped 

inside. Foams like Styrofoam are good 

for cushioning, because the little gas 

pockets allow the material to change 

shape and absorb impacts (see next 

section). The gas pockets also make 

Styrofoam an excellent thermal 

insulator. For this reason, Styrofoam 

is used to make insulated "hot" cups, 

insulated food containers, and coolers. 

~at 
Happens 
a Crash 
Why do some objects need to be 

cushioned, and others don't? What 

kind of material is good for cushioning 

and why? Fashion a ball of clay into a 

cup shape and drop it on the floor. It 

will change shape a little, but will 

probably stay intact. If the same piece 

of clay has been fired in a kiln, to make 

a pottery cup, it will probably break 

if you drop it on the floor. Silly Putty 

feels like clay, but if you drop it on 

the floor, it will probably bounce. Why 

do some materials change shape on 

impact, while others break and still 

others bounce back? Thrown hard, a 

rubber ball will bounce off the floor, 

get buried in the mud, or shatter a 

glass window. Why does the same 

rubber ball have such a different effect 

on these three materials? 

The answers to these questions go 

straight to the heart of the atomic 

structure. Materials that bounce back, 

like rubber, are said to be elastic. These 

materials have long coiled chains of 

atoms. When compressed or stretched, 

these chains become more or less 

tightly coiled, but when released, the 

coils return to their original shapes. 

Materials that break easily like glass, 

chalk or baked cookies are known as 

brittle materials. In these materials, 



microscopic cracks create zones of 

weakness between layers of atoms, 

which relatively small loads can open 

up like a zipper, resulting in almost 

instant fracture. Soft, pliable materials 

such as clay, wax, or dough are consid

ered ductile. When they are subjected 

to loads, layers of atoms shift and 

slip against one another, leading 

to a permanent change in shape rather 

than immediate fracture. Materials 

behave very differently because of 

differences in the ways their atoms 

and molecules are organized. 

Suppose a box with an object in it 

is dropped. The object is likely to break 

if it is brittle, bounce back if it is elastic 

and change shape permanently if it is 

ductile. A common word for brittle is 

"fragile." When a fragile object is trans

ported, there is al'ways the possibility 

that someone might drop the package, 

or that there might be an impact from 

the side or top. Any of these impacts 

could break the object. The purpose of 

cushioning is to prevent it from breaking. 

Cushioning materials work in a 

number of different ways to protect 

fragile objects from impacts. A coffee 

cup has a handle that is much weaker 

than the rest of the cup. Cushioning 

material helps to insure that the cup 

never rests on its handle, and that 

any impact absorbed by the handle is 

spread to the rest of the cup as well. 

By filling up all of the space inside 

a package, cushioning also prevents a 

fragile object from moving around 

and crashing into another object or the 

wall of the carton. Many cushioning 

materials have little air spaces inside 

them. These include corrugated 

cardboard, Styrofoam, foam rubber, 

and straw (Figure A-17). These materials 

not only fill up space but can also 

absorb some of the energy of an impact 

themselves by tightening up their own 

air pockets (Figure A-18). 

For products that are not so fragile 

and that are fairly light, space filling 

may be the only requirement. Space 

fillers include particles such as sawdust 

or Vermiculite, shredded paper, crepe 

paper, and bubble wrap. These materials 

mostly deform permanently on impact. 

For example, in a serious impact, the 
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bubbles in bubble wrap may pop. As 

a result, they cannot be relied upon 

to absorb much energy. Space-filling 

materials are used for small, relatively 

sturdy products. For example, the inside 

of a book-mailing envelope is filled with 

shredded paper or bubble wrap. 

The most fragile objects require 

elastic cushioning that will absorb 

considerable amounts of energy, and 

do so repeatedly, in case the package 

is dropped more than once. The best 

materials for this purpose are foam 

rubbers, which are made of plastics 

such as polyurethane. When subjected 

to an impact, the cavities in the foam 

change shape, as shown in Figure A-18. 

Afterwards, they return gradually to 

their original shape. Because the original 

shape is restored, elastic materials are 

also ready for the future impacts. Light, 

very fragile objects, such as small elec

tronic products, watches, and jewelry, 

are likely to be shipped in foam rubber. 

A-18: How foams distort on Impact 

t 
uncompressed compressed 
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Elastic materials are ineffective if the 

product is too heavy. A heavy product 

will pre-compress foam rubber just by 

resting on it, so that it can't compress 

any further on impact. For heavy 

objects, a semi-elastic cushioning mate

rial such as Styrofoam is needed (Figure 
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A-19). Styrofoam is rigid enough to 

support a considerable amount of 

weight without compressing. It can 

then absorb moderate impacts and 

return part of the way to its original 

shape. Styrofoam can't absorb as much 

energy as foam rubber, but it doesn't 

need to, if it is being used to cushion 

something heavy. Because heavy objects 

can't easily be lifted very high, they aren't 

normally dropped as far. Styrofoam 

blocks, slabs, or molded caps are used 

to cushion large electronic products 

such as TV sets and computers. 
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How Pump Dispensers Work 

Pump dispensers are sold as part of the 

packaging of many thick liquids, ranging 

from hand lotion to mustard. Most 

people throw them out with the empty 

bottle, but these actually are fascinating 

devices that are worth exploring. A way 

to start is to keep careful track of what 

actually happens when you operate one 

of these pumps. 

Figures A-20 A through F show the 

sequence of events in detail. In A, an 

empty pump dispenser is placed in the 

fluid for the first time. The plunger 

is pushed down in B, and then released 

in C. Notice that as the white plunger 

is released, the chamber just below it 

half fills with the fluid. Still, nothing 

comes out of the spout. Next, the 

plunger is depressed again, in panel D, 

and released in E. This time, the 

chamber becomes entirely filled with 

the fluid. Then the plunger is pushed 

down again in F, and fluid comes out 

of the spout! 

There are really two separate opera

tions going on here. First, the chamber 

has to be filled with fluid. This opera

tion only happens on the upstroke. In 

this particular pump dispenser, it takes 

two upstrokes to fill the chamber com

pletely. Other pump dispensers may 

require more or fewer strokes to accom

plish the same thing. Once the chamber 

is full, the device is ready for the second 

operation: forcing the fluid out of the 

spout. When the plunger is pushed into 

a full chamber, there is no place for the 

fluid to go except out through the spout. 
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How does the pump dispenser do all 

of this? To answer this question, we'll 

need to look at two important details 

of the way it is constructed: 

1. The plunger is hollow 

(Figure A-22A). This allows fluid 

to pass through it when it is 

pushed down. 

2. A little ball bearing is held in 

a little space between the 

chamber and the tube that goes 

down into the tank of fluid 

(Figure A-21). This little ball forms 

a one-way valve. which prevents 

air or liquid from ever passing 

downward from the chamber into 

the tank. Liquid can only pass 

upwards through the ball valve. 

Based on this information, we can 

now explain all of the steps illustrated 

in Figure A-20. The six diagrams in 

Figure A-22, A through F, correspond 

to the photos in Figure A-20, A 

through F, respectively. 

When you first push the plunger 

down (Figure A-22B), the ball valve 

closes, preventing air from passing into 

the tank. The valve closes because 

gravity keeps the ball down, closing off 

the opening into the tube. As a result, 

you will not notice any air bubbles in 

the tank, as you would if you pushed 

A-21: Detail of 

pump dispenser, 
showing ball valve A-22: How a pump dispenser works 

Plunger 
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air into the fluid by blowing into a straw 

or squeezing an eyedropper. When the 

plunger is released, in C, the ball valve 

opens, because now the suction can lift 

the ball out of its seat. Therefore, the 

chamber partially fills with fluid. A 

similar sequence occurs during the 

second down stroke and up stroke, in 

D and E, respectively. At this point, the 

chamber has completely filled with fluid. 

The next down stroke, shown in F, 

forces the fluid through the hollow 

plunger and out the spout. It can't go 

back down into the tank, because the 

ball valve blocks it, so it can only go up, 

and it finally squirts out. 
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~apter 2 and Appendix A 

Barker, Marilyn, ed. ( 1986) The Wiley Encyclopedia of Packaging Technology. New York: J. Wiley & Sons. 

This authoritative source has considerable material that is accessible to the non-technical reader. The articles on 

"Boxes, Corrugated," "Cartons, Folding," and "Closures, Bottle and Jar" are particularly useful. 

Cassidy, John. (1985) Klutz Book of Knots. Palo Alto, CA: Klutz Press. 

Knots are often the best way to join larger structural elements such as bamboo and rolled-up newspaper. Nearly 

anyone can learn to tie the most useful and common knots using this step-by-step, multicolor, humorously written 

guide. It comes with string and notches for practicing. 

Fenichell, Steven. ( 1996) Plastic: The Making of a Synthetic Century. New York: HarperCollins Publishers. 

Here is a popular account of the invention, uses, and consequences of the major plastic materials. 

Gordon, J.E. (1986) Structures, or Why Things Don't Fall Down. New York: Da Capo Press. 

This book offers an entertaining and often humorous account of how and why artificial and natural structures 

are organized the way they are. Gordon discusses how bats, trees, planes, ships, and dresses operate as structures. 

Hanlon, Joseph F. (1984) Handbook of Package Engineering (2nd Edition). New York: McGraw-Hill Book Co. 

This small book offers a wealth of information, much of it non-technical, about packaging materials 

and manufacturing technologies. 

Henessey, James and Papanek, Victor. (1975) Nomadic Furniture I. New York: Pantheon Books. 

This book shows you how to make temporary or easily movable furniture, some of it from recycled materials. 

Hine, Thomas. (1995) The Total Package: The Evolution and Secret Meanings of Boxes, Bottles, Cans and Tubes. 

Boston: Little, Brown and Co. 

Hine provides a history of modern packaging, and shows how it has evolved together with changes in society. It includes 

beautiful photos of packages from an earlier era. The focus is primarily on the promotional aspects of packaging. 
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Kluger-Bell, Barry. (1995) The Exploratorium Guide to Scale and Structure: Activities for the Elementary Classroom. 

Portsmouth, NH: Heinemann. 

This is a carefully thought-out, well-sequenced curriculum on structures for the upper elementary grades. It includes a 

brief but very accessible section on science and engineering principles, a wealth of activities, teacher tips and connections 

with standards. All of the activities use common materials. 

Mumford, Lewis. ( 1967) Technics and Human Development: The Myth of the Machine, Volume 1. 

New York: Harcourt Brace Jovanovich. 

This classic interpretation of the origins of technology emphasizes the role of language and art, far more than most 

accounts. It also criticizes the male bias in most histories of technology. 

Package Design in japan. (1993) Cologne, Germany: Taschen. 

This gorgeous book shows examples of how the Japanese think about packaging. Every package in this book is 

a work of art, intended to have at least as much value as the contents. 

Paine, F. A., ed. (1991) The Packaging User's Handbook. New York: Van Nostrand Reinhold. 

Here is a fairly non-technical compendium of information about all the major problems in packaging. The chapters 

on "Closures and Dispensing Devices" and "Package Cushioning Systems" are particularly useful. 

Petroski, Henry. (1992) To Engi,neer Is Human: The Role of Failure in Successful Design. New York: Vintage Books. 

Petroski uses examples from the history of structural engineering to show how design progresses via analysis of past 

failures. The author suggests experiments with everyday objects like kitchen knives and paper clips. 

Petroski, Henry. (1996) Invention by Design. Cambridge, MA: Harvard University Press. 

Chapter 5, "Aluminum Cans and Failure" provides a brief history of beverage cans, and di cusses the invention 

of the pop-top in detail. 

Roth, Laszlo and Wybenga, George L. (1991) The Packaging Designer's Book of Patterns. 

New York: Van Nostrand Reinhold. 

This book contains hundreds of drawings, showing the flattened and assembled views of a wide variety of 

folding boxes. It also contains some technical information on cardboard. 

Salvadori, Mario and Tempel, Michael. (1983) Architecture and Engineering: An Illustrated Teacher's Manual 

on Why Buildings Stand Up. New York: New York Academy of Sciences. 

Some 70 lessons, aimed at junior high school and high school levels, describe step-by-step how to build and test struc

tures from everyday materials. 
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Salvadori, Mario. (1990) Why Buildings Stand Up: The Strength of Architecture. New York: W. W. Norton. 

This classic is a very readable account of how structures support loads, and why they sometimes fail to. It provides clear 

explanations of compression, tension and shear, and describes major structural elements, such as arches, columns and beams. 

Schools Council 5/13 Series. (1982) Structures and Forces: Stages 1 and 2. London: MacDonald Educational. 

This excellent volume is full of ideas about how children can observe and experiment with structures. There are excellent 

examples of investigations designed by children, as well as ideas for making and testing structures using common materials. 

Vogel, Steven. (1998) Cats' Paws and Catapults. New York: Norton. 

Vogel, a biologist, has written a clear, comprehensive account of the major differences between the mechanical worlds of 

nature and technology. Chapters 4 through 7 deal with structures. 

Wilson, Forrest. (1989) What It Feels Like to Be a Building. Washington: Preservation Press. 

This unique book has very few words, but many, many pictures, and is suitable for all levels. There are drawings of 

famous structures next to silhouettes of people supporting each other in the same way as these structures. 

Zubrowski, Bernie. (1993) Structures. White Plains, NY: Cuisenaire Co. 

This compact guide provides instructions for building and testing a variety of straw structures: a house, a column, a 

bridge and a tower. Although the activities are intended for grades 5-8, the book is an excellent resource for all grade levels. 
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American Association for the Advancement of Science. (1989) Science for All Americans: A Project 2061 

Report on Literacy Goals in Science, Mathematics and Technology. Washington, DC: Author. 
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New York: Oxford University Press. 
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Arch: A rounded structure that supports loads largely in compression. 

Beam: A horizontal building element. 

Box certificate: A standard label printed on a cardboard carton with information for shippers and freight handlers 

about the characteristics of the cardboard. 

Buckling: Failure of a column by bending near the middle. 

Column: A vertical building element, designed to resist compressive loads. 

Compression: The state of a material made more compact by pressure. 

Compression structwe: A structure that supports loads by resisting compression. 

Corrugated: Having a wavy shape; also, a name for cardboard that has a wavy layer in between two flat layers. 

Dead load: The weight of a structure itself, not including the load it is intended to support (see live load). 

Dome: A cylindrical structure, rounded at the top, which is the equivalent of having an arch in every direction. 

Equilibrium: A balance of forces, which keeps an element from moving. 

Facing: One of the two flat sides of a piece of corrugated cardboard. 

Failwe: Situation that occurs when a structure can no longer resist the loads it is subjected to. 

Forces: Pushes or pulls on objects. 

I-beam: A structural member, whose cross-section looks like the capital letter "I." 

Inclined plane: A ramp used to lessen the amount of force needed by increasing the distance over which a 

load must travel. 

Live load: The weight of anything supported by a structure. 

Load: A force, such as gravity, that a structure must withstand in order not to fail. 
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Mechanism: A device with moving parts that converts force and motion at one point to a different combination 

of force and motion at another point. 

Medium: The corrugated middle layer of a piece of corrugated cardboard. 

Packaging: Material used to contain, protect, and make it easier to transport an item. 

Recycling number: A number from one to seven that appears on the bottom of a plastic container. 

Shear: State of a material that is acted upon by off-center forces; for example, the forces on a deck of cards when you 

press your hand across the top of the deck. 

Shear resistance: Ability of a material to resist shear forces. 

Simple machine: One of several elementary machines once considered to be the elements of which all machines 

are composed: the lever, the wheel-and-axle, the pulley, the inclined plane, the wedge, and the screw. 

Splaying: Failure of columns to remain vertical by spreading or slipping outward. 

Stability: The capacity of an object to return to its original position after having been displaced. 

Strength: Resistance to failure. 

Structure: A device or system designed to withstand a load. 

System: The arrangement or interrelation of all of the parts of a whole. 

Strut: A structural element, such as a column, intended to resist compression. 

Technology: The artifacts, systems, and environments designed by people to improve their lives. 

Tension: The state of a material produced by the pull of forces, tending to cause it to extend. 

Tension resistance: Ability of a material to resist being extended, without breaking or stretching irreversibly. 

Tie: A structural element designed to resist tension, such as a fishing line. 

Viscosity: The property of a fluid that describes the difficulty encountered in making it flow. 
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Gary Benenson and James L. Neujahr, Project Directors, City Technology, City College of New York 
Foreword by George D. Nelson, Director, Project 2061, American Association for the Advancement of Science 

Now elementary teachers can combine the best of science and technology education in a comprehensive curriculum 

based on everyday materials and artifacts. 

Packaging & Other Structures uses a novel, engaging approach to teaching how and why bags, boxes, cartons, and bot

tles work to contain, protect, dispense, and display products. You need not be a technical guru or rich in resources to 

engage yourself and your students with these basic technologies. The materials needed are nearly all discarded items

empty bottles, boxes, and bags; cushioning materials such as Styrofoam and bubble wrap; plus a few common school 

supplies, including blocks, tape, and glue. Let your students discover how all kinds of packaging materials are exam

ples of structures, and how structures are technologies designed to support mechanical loads. At the same time, meet 

these educational goals: 

• introduce and explore fundamental themes of systems, material properties, spatial relationships, and trade-offs 

• illustrate concepts of force, structure, load, and failure; compression, tension, and shear; repair, redesign, and re-use 

• demystify common artifacts and, by extension, technology in general 

• develop process skills in observation, classification, generalization, prediction, control of variables, design, and 
evaluation 

• provide rich opportunities for group work 

• promote environmental awareness. 

$tuJJ. 
ThatW@rk§T 
A TECHNOLOGY CURRICULUM 
FOR THE ELEMENTARY GRADES 

Packaging & Other Structures is one of a five-volume senes, Stuff That Works! A Technology 

Curriculum for the Elementary Grades. Developed by City Technology of City College of New 

York, each volume helps teachers plan and implement classroom activities and units organized 

around a single topic-how and why a basic technology works. The guides include an introduc

tion to concepts, classroom stories, resources, and information about standards, as well as sug

gestions for teachers new to the subject. Use a single volume independently or all five to form 

a powerful vehicle for integrating science, math, social studies, language arts, and everyday 

technology. The complete series includes: 

Mechanisms & Other Systems 
Packaging & Other Structures 

Designed Environments: Places, Practices & Plans 

Signs, Symbols & Codes 

Mapping 

Gary Benenson and James L. Neujahr teach at City College of New York, 

Benenson in the Department of Mechanical Engineering, and Neujahr in the 

School of Education. ISBN 0-325-00469-2 
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