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Preface
Most school districts want their students to learn about computers: how
computers work, how to use computers, and how computers are affecting society. In most schools, this instruction and hands-on experience is
spread over many grade levels and integrated into several courses.
The major focus of The Journey Inside: The Computer is on computer
hardware—an often overlooked, but very important component of
computer instruction. The Journey Inside: The Computer also includes
information about computer networking and how computer technology
is affecting our society.

oO

The materials in the Education Kit are designed for use with students in
the fourth through ninth grades. These materials do not assume any
particular computer background knowledge on the part of the teacher or
students. The materials are designed to be used in a wide range of
classroom situations. The activities can be completed without access to
computers although it is suggested that you use computers where
appropriate if you can.
The Overview contains a brief introduction to the field of computer
technology in education. It also contains a brief discussion of a teaching
philosophy and methodology that works well with these materials.
The Teacher’s Guide contains eight units. Each unit is based on a
segment of the video The Journey Inside: The Computer. Each unit
contains the following:
1.

Background Information
A. Resources

ro

Video-based Lesson
A. Teacher Materials
B.

Lesson Plan

C. Student Materials
3.

D

Extension Lesson
A. Teacher Materials
B. Lesson Plan

Introduction

»

The Journey Inside: The Computer

C. Student Materials
4.

Optional Activities

Lesson Organization
Each Video-based Lesson can be completed in 25-55 minutes of class
time and consists of required teaching procedures and optional teaching
procedures. If your time is extremely limited or you feel uncomfortable
going beyond an introduction, the required teaching procedures are
sufficient. If you plan to teach the Extension Lesson in any unit, we
suggest that you try to include the optional teaching procedures.

The required teaching procedures from each unit take about 25-30
minutes of class time. These steps are sufficient to prepare you for the
Video-based Lesson
the next unit. The actual time used will depend
on your particular teaching style and your classroom situation. If you
include the optional teaching procedures, you will need another 25
minutes of class time.

in

The Extension Lessons vary

in length. Some can be covered in about
one hour. Others, including the lessons with hands-on activities, require
more time. You do not have to do all the included activities to proceed.

Each unit ends with brief descriptions of additional activities. These
suggestions are suitable for independent study by students or can be
substituted for those that are included in the lessons. These optional
activities do not include student handouts.

Using the Material
There are many different ways to make use of the materials

in

this book.

1.

Use only the required teaching procedures in the Video-based
Lessons. Thus, a very brief course can be completed in about 4
hours of class time.

2.

Use the required teaching procedures and the optional teaching
procedures in each Video-based Lesson. This requires about 8 hours
of

3.

class

time.

Use all of the Video-based Lessons and some of the Extension
Lesson material. Since Extension Lessons vary between one and
three hours in length, you have a wide variety of possible time
frames
fill using this approach.

to

4.

Use all

of the lessons. Using all of the materials

requires approximately 34 hours
10

of

class

time.

in the

eight units
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Contents of The Journey Inside: The Computer
You will find included in The Journey Inside: The Computer:

videotape divided into eight segments, each about 7-8 minutes in
length. Each segment of the video introduces one unit.

1.

A

ro

Teacher’s Guide
provided in print format. The Teacher’s Guide
includes background reading for the teacher, information for preparing the lesson, lesson plan suggestions, and masters for creating
student handouts. A set of overhead transparencies to be used with
the lessons is also included.

3.

A collection of computer hardware components called the Chip Kit.
The Chip Kit is designed for the students to engage in hands-on lab
activities.

4.

A poster

is

A

illustrating the components of a computer system and

reinforcing basic vocabulary.

The Icons
There are six icons used throughout the Teacher’s Guide to help you
recognize particular parts of the material. The icons will help you
identify the background information, resource list, teacher material,
lesson plan, student handout, and optional activity portions that occur in
each unit.

Background Information
This icon is placed beside the background information included at the
start of each unit. This section provides basic information about the
topics covered in the unit. For some readers, this material is merely a
review; for others, the material is an introduction to new ideas.

Resources

a

Each background information section ends with list of resources that
provide information that can be used to increase the content of the
material. Items listed with a check mark are exceptionally useful and a
brief annotation is included that introduces the book content and provides a guide to grade level. One of four classifications are applied:
younger students—sixth grade and lower; older students—seventh
grade and higher; students—all grade levels; teacher—while the material
is extremely helpful, it needs to be modified for students.

Introduction
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Teacher Materials
This icon is placed beside each section containing the teacher materials.
the video
The Teacher Materials sections include a summary of each
segments, goals and objectives, time requirements, preparation and
materials for the lessons, vocabulary lists, and evaluation suggestions.

of

Lesson Plans

is

The lesson plan icon
placed beside the suggested teaching procedures
and, when appropriate, suggested answers for discussions. These sections are provided as suggestions and models for the lesson. Feel free to
modify the material to better suit your particular teaching situation.

Student Materials
This icon indicates the pages that are to be copied and given to students.
The handouts include reading material and suggested activities. In some
lessons, extensive directions for the activities are included.

Optional Activities
Each unit contains a number of suggestions for additional activities.
These activities can be used to expand a unit, for independent student
work, or as a substitute for other instructional ideas in the unit.

Materials Can Be Copied
Each unit in these materials includes student handouts. Most handouts
include a combination of reading material and student activities. These
handouts are designed to be copied and given to students. At any grade
level, you should feel free to adjust the activities to better meet your
particular

situation.

Overhead Transparencies
of

is

overhead transparencies
included. The following table
provides a suggestion of how you might incorporate the overhead
transparencies into your teaching. However, these are only suggestions.

A set

19

13
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of the overhead transparencies in other
is suitable and its use fits your
transparency whenever

You may want to make use

ways. Use

each

own teaching
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Silicon wafers and chips are brittle and,
broken, can have sharp edges.
Make sure students handle these items with extra care. Washing hands
after handling wafers and chips is also recommended.
There are many items with wires in the kit. Make sure
not stick pieces of these wires into electrical outlets.
Please dispose of exhausted batteries
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The Journey Inside: The Computer

Overview
advanced technology is
indistinguishable from magic.

Any sufficiently

Arthur

C.

Clarke

This section of the Teacher’s Guide provides a brief introduction to
computers and teaching about computers. This material is designed to
help you get started in using The Journey Inside: The Computer with
your students. Part of the educational philosophy of this education kit is
that you will be learning alongside your students. As you help them
learn, they will be helping you learn.

If you are just beginning your exploration of computer hardware, you
may find the vocabulary a bit intimidating. For example, perhaps you
would have trouble explaining the integrated circuit and the significance
of such a device. Think of all the methods you use to help your students
learn new things. Usually these same methods are also effective in
helping you learn new things.

Computers

is

A computer
an information processing machine. It is designed for the
input, storage, processing, and output of information. Increasingly it
provides a method for sharing information.

Output

Storage
Processing
Input

The computers that are an increasing part of our daily lives are called
electronic digital computers. Electronic means that the computer is
15
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powered by electricity and makes use of electronic circuitry. The electric power may come from batteries or from household current. Digital
repremeans that the computer stores and processes information that
sented in a digital or numeric format. An electronic digital computer
consists of hardware (physical machinery) and software (a detailed stepby-step set of instructions called a computer program that tells the
hardware what
do).

is

to

The

earliest computers had limited internal storage.

In these early

computers, costs were measured in tens of thousands of dollars. Early
computers had processing speeds that were very slow compared to
today’s computers.
The two technological breakthroughs that led to today’s computers were
the invention of the transistor and the invention of the integrated circuit.
The transistor was invented in 1947 by John Bardeen, William
Shockley, and Walter Brittain, research scientists at AT&T's Bell
Laboratories. In many electronic circuits, transistors could be used in
place of vacuum tubes, a central component of most early computers.
The transistor was smaller, more reliable, used less power, and
generated less heat. By the late 1950s, transistor-based computers were
replacing vacuum tube-based computers.
Ways were found to make transistor circuitry smaller and smaller.
Eventually,
was possible to create extremely small circuits. The
connections and the components could be made at the same time. This
type of circuit is called an integrated circuit. The integrated circuit was
invented in 1958, with credit going to Robert Noyce and Jack Kilby.

it

Integrated circuits are often called computer chips or chips. These terms
emerged because integrated circuits are built on a chip or small piece of
silicon. There are many different types of integrated circuits. The two
types most important in the development of modern computers are the
microprocessor chip and the memory chip. By the mid-1970s, these two
kinds of chips made it possible to build a relatively small and
inexpensive computer.
Microprocessors have become so small and inexpensive that they are
frequently built into products such as digital watches, clocks, handheld
calculators, VCRs, cars, microwave ovens, tape and CD players, and
game machines. The microprocessors that are embedded in such products are called embedded processors or embedded microprocessors.
Because of such embedded processors, many consumer products have
some of the characteristics of a computer. However, these products lack
the versatility of a general purpose electronic digital computer.

16
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Information Age
Many people refer to our current era as the Information Age. The
general-purpose computer has become an indispensable aid to storing,
processing, and sharing information.
Computers were first recognized as useful and versatile tools in the late
1970s. If you are middle-aged or older, the chances are that there were
the schools that you attended. On the other hand, many
no computers
of today’s students have access to computers at home as well as at
school. An increasing number of students have had easy access to a
computer from their earliest childhood.

in

The incorporation of computers into our daily lives is the outcome of
tens of thousands of years of human intellectual development. More
than 30,000 years ago, paintings on cave walls were used to store
information about important events, such as a successful hunt. More
than 10,000 years ago, people made use of marks on stone walls and
notches in sticks as an aid to counting and measuring the passage of
time. Over the centuries, we have developed more and more
sophisticated ways
process, store, and share information. We have
moved from clay tablets to scrolls to books. Today, the use of digital
commonplace.
media such as computer disks and CD-ROMs

to

is

Bigger and Better
The history of aids to the storing and processing of numbers and letters
is characterized by progress in developing machines of ever-increasing
speed, capacity, and reliability. Early calculators and early printing
presses were purely mechanical. Such machines tended to be slow.
Moreover, it was difficult to design and construct calculators that
operated reliably, because their mechanical parts were difficult to
produce and became worn with use.
Work on developing electronic digital computers containing vacuum
tubes and powered by electricity began in the late 1930s. Significant
progress occurred in England, Germany, and the United States. The first
general-purpose electronic digital computer that saw extensive use was
the Electronic Numerical Integrator And Calculator (ENIAC). It was
built in the United States and completed in early 1946, shortly after the
end

of World

War

II.
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The ENIAC—built during World War II:
Smithsonian Institution Photo No. 72-2644.

It

The ENIAC contained 18,000 vacuum tubes.
used a great deal of
electrical power and generated a lot of heat. Because the vacuum tubes
frequently burned out, the machine was not very reliable. However,
when
could do the work that traditionally took 200
was functioning,
people using the electro-mechanical calculators available at the time.

it

it

ENIAC was designed to do math problems. By the time computers first
became commercially available (1951), the computer had evolved into a
machine for the input, storage, processing, and output of both numerical
and alphabetical symbols.

User Friendliness
term used to indicate that the person using the
specific item will find that task as easy as possible. The design of the
interface has been planned to make it as intuitively easy to learn and use
as possible. For example, a door handle that is flat usually indicates to
the user to push the door
easily grasped
open. A door handle that
by the hand—a round knob or a round bar—usually indicates the user
needs to pull the door
open
User

friendliness

is a

is

to

to

it.

The early vacuum tube and transistor-based computers were not easy to
use. They required a large staff of highly trained specialists to maintain
the computer, develop and write the programs, prepare the data to be

18
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processed, and input the programs and data into the computer. Indeed,
because of the large staff, electrical power and wiring requirements, and
need for air conditioning, most computers were housed in specially built
rooms or even separate buildings. This physical separation resulted in
the impression that computers were too complex to be used by the
“average person.”

Current computers are more user friendly. Over the years, tremendous
research and development efforts have gone into improving the human/
machine interface for computer systems. The increased speed of today’s
computers makes possible powerful yet user friendly tools.

Instructional Approach

is

designed to help you and your
The Journey Inside: The Computer
works.
Computers are not mysterihow
understand
a
computer
students

ous black boxes. Computers are information-processing machines
designed and built by people. You and your students will gain an understanding of some of the basic ideas about how computers work.
The lessons in this Teacher's Guide make use of variety of instructional approaches. Here are several important ideas to keep in mind as
you help your students to learn about computers:

a

«

«

Guide on the side. Be a facilitator for student learning. Work with
Structure your
your students as you all learn about computers.
classroom and learning situations so that students can learn from
cach other, and so that students learn to help each other learn.
Constructivism. Each student enters a learning situation with a great

19
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deal of knowledge and skill. However, the background knowledge
and skills vary widely from student to student. Educational research

indicates that each student constructs new knowledge and skills,
building from their own starting point. As a guide on the side, your
task
to facilitate this construction of new knowledge and skills.

is

*

*

*

Discovery-based learning. Educational research strongly supports
the ideas of hands-on, discovery-based learning. This is particularly
important in science and engineering—the types of topics covered
in this book.
Mental models. People of all ages instinctively form a mental image
or picture in their mind of whatever they encounter. Often we build
a mental image of a new concept by starting with an image we
already have in our minds from a previous experience. Our mental
model of a particular concept may undergo several modifications as
our understanding of the concept increases. Many scientific ideas
can be explored using the mental model approach.
Hands-on activities. For students, the experience of manipulating
items and experimenting is an enjoyable and powerful learning
experience. However, for many teachers, the idea is less appealling.
Extra organization and planning is required. Often the classroom
feels chaotic and out of control. If you are a newcomer
hands-on
teaching, follow the suggestions included in the Teacher’s Guide to
ensure your success and comfort with the activities. This is particularly important for the work with basic electricity. Remember
encourage questions and exploration. Having students research for
a very useful approach to helping them extend their
answers
knowledge and perhaps yours as well.

to

to

is

Evaluation
The Teacher’s Guide contains suggestions for evaluation. The Journey
Inside: The Computer focuses on higher-order knowledge rather than
lower-order knowledge. It is more important that students have good
mental models of how computers work than having them memorize
definitions and facts. Thus, many of the evaluation suggestions are
informal
nature and can be done during the class itself.

in
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Background Information
Modern computers have the ability to process, store, and share large
quantities of information. Computers are the latest in a wide range of
inventions created to provide such assistance. The history of inventions
stretches back many hundreds of years.

Information Processing
Today's computers are responsible for a great deal of the world’s information processing and sharing. A long history leads to this modern era
of desktop computers. Centuries ago knotted string and piles of pebbles
were used to help people count. The abacus is a simple but powerful aid
to counting and computation and has survived for thousands of years. It
is still in use.

In the last century, a number of mechanical calculators, such as that
developed by Blaise Pascal, were invented. In the late 1800s, Charles
Babbage developed plans for a device called the Analytic Engine.

Although this device was never completed by Babbage, the Analytic
Engine was to use gears and steam to process and store information.
The Analytic Engine represents the forerunner of today’s computer.
The field of electronics created many ideas that directly provided new
direction for devices that were intended to process information. Electronic components worked faster and more efficiently than mechanical
devices. The vacuum tube provided an on/off switch that was much
more efficient than mechanical switches had been. Using vacuum tubes,
the first truly electronic-based computer was created. The Electrical
Numerical Integrator And Calculator—the ENIAC—used 18,000 of
these switches.
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The computers your students use bear little resemblance to ENIAC or
Babbage’s Analytic Engine. The computers they use are fast, small, and
powerful. The software and hardware available to students combines to
provide machines capable of doing many different tasks in amazingly
short periods of time. The computer, which was first perceived as an aid
to calculation, has quickly become an aid to communication.

Information Storage
To communicate with one another, early humans developed complex
oral languages. A spoken language, while an effective system for sharlimited in application. People have to be within hearing
ing ideas,

is

distance of each other to communicate. The creation of a symbolic or
written language removed this limitation. Information could now be
stored. Since ideas could be put into written form people could communicate from a distance. A progression of inventions evolved to assist
people with information storage. Clay tablets, scrolls, books, and the
printing press are all part of this evolution.

in

Information storage is important
the history of computing, and the
Jacquard loom that stored fabric patterns on punched cards provided a
crucial step. The punch card storage idea was adopted by Herman
Hollerith for the 1890 U. S. census. Hollerith’s invention led to the
modern punch card which was used for information storage on the
computers that existed in the 1960s and 1970s.
People now make use of a wide range of information storage devices
such as books, audiotapes, videotapes, still photos, and computer-based
technology to store and disseminate information. Storage of information
using a computer consists of two different types of memory—Ilong term
and temporary. Long-term storage is necessary to keep information.
Hard drives, CD-ROMs, floppy disks, and magnetic optical disks are
examples of long-term storage devices.
During the processing of information by computers, some information
storage is temporary, but equally important. Special integrated circuits
24
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called memory chips are often dedicated to the task of temporary storage of data. The technology used by today’s computers for information
storage is more flexible and has more capacity than any earlier form of
information storage.

Information Processing Machines
In addition to the storage and processing of information, a computer
must have a way to input and output information.

in

of
terms of four differinformation
processing, and output.
ent components—input, storage,
When all the components work together, a computer provides a person
with a tremendous tool for completing a wide range of tasks.

A complete computer system can be thought

printer

camera
speaker
monitor
speaker

speaker

f

Hp

LA
LTfH

keyboard
mouse

To enable the four components to interact with each other, computer
manufacturers use a special circuit board called a motherboard. The
motherboard of a personal computer contains the pathways for data to
be sent from one component to another, sockets to hold many of the
parts, the microprocessor—the main processing unit—and many supis possible to see
porting chips. When you look at a motherboard,
some of the components used to process and store information. In
increase the versatility of a computer, the motherboard also
addition,

it

to

as

sound cards.
provides a way to include other special controllers such
These may be installed directly onto the motherboard or connected via a
special expansion slot or socket designed to connect the motherboards
circuits with the circuits on the special controller board.
Whatever form the information takes—text, graphics, sound, music, or
video—it must be translated into a digital format so the computer can
process and store it. Digital information, information that is represented
and
a series of
in numerical form, is represented in the computer

as

1s
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0s since the computer uses the binary system. Using this system, a
switch that is “on” can represent a 1; the same switch in an “off” position can represent a zero.

The vacuum tube, the central component of the earliest computers,
functioned as an “on/off” switch. Transistors, smaller and more reliable
than vacuum tubes, gradually replaced vacuum tubes as switches in
computers. Eventually, transistors became so small that millions of
them could be put on a small silicon chip, called an integrated circuit.
These circuits process and store information in every modern computer.
multi-purpose machine, uses many integrated circuits.
the special integrated circuit
the actions in the computer
Central
designed to allow the
called the microprocessor. The microprocessor
combination of software and hardware to change. Since the instruction
sets understood by the microprocessor can be changed, a computer can
handle a variety of tasks: word processing, creating and displaying
graphics, playing music, and more. The final choice of a computer’s
purpose is left to the user, not the designers of the computer.
The computer,

to

a

is

is

Information Sharing
Every generation has found a way to share its information with others.
tradition is limited in the sharing of information to face-to-face
the use of the telephone. Such exchanges can be accomsituations
plished only if both giver and receiver are in the same place and time.
Once written languages developed, exchanging information was easier.
Writing lets people share information regardless of time passing and the
distance between giver and receiver. Despite the advantages, written
sharing does face limitations of time to record and make exchanges.
Oral

or

Computers have caused tremendous changes in the exchanging of
information. Time and distance is no longer a factor in sharing information. Using the ever growing number of computer networks, there is
little difference between sending a written message across the world or
sending the same message across the street. In addition, computer
networks are providing access to more and more stored information.
Information can be exchanged at the convenience and choice of the
giver and the receiver. Computers have evolved to provide us with an
extremely versatile communication device.

General Purpose Computers
Computers require four components—input, storage, information
processing, and output—to complete the tasks given them. People

oO
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interact with information expressed in a variety of forms. Text, sounds,
color, pictures, and movements are all forms of information that people
can understand and share. Computers have evolved to the point where
people can communicate with their computer using these same kinds of
information. The computer communicates back to the user using these
own use, the computer
same information formats. However, for
translates everything into binary information.

its

—

Output to monitor,

Input from keyboard,
mouse, scanner, microphone, camera,
graphic tablet.
I

printer, plotter,
and speaker.

i
Translation of
information from
11!
binary or digital
representation.

Translation of
information into
binary or digital
representation.

¢

—

ae

Digital output to longterm storage devices
such as CD-Recordable,
hard disk, floppy disk,
Zip disk, and tape.

Digital input from longterm storage devices such
as CD-ROMs, hard disks,
floppy disks, Zip disks,
and tapes.

Computer Storage

Your computer is capable of handling incredible amounts of information
in an extremely short time. In order
facilitate this speed, efficient
and
have
retrieval
been
created.
options
storage

to

Hard disks (hard drives), floppy disks, CD-ROMs, and tapes all provide
long-term storage. These are excellent storage devices but are limited to
a relatively slow retrieval rate. This lack of speed makes them unsuitable storage devices for holding information the computer is processing.
The microprocessor can handle information much faster than it can be
retrieved from external storage.

is

Special integrated circuits are created to handle the information that
used while the computer
actually working. Special read only memory
(ROM) chips provide permanent primary memory to hold all the startup programs needed to prepare the computer for use. This storage is
turned off. This type of memory is
unaffected when the computer
filled with data during the manufacture of the computer.

is

is

is

Random access memory (RAM) or temporary primary memory,
used
to temporarily hold the programs, instructions, and information needed
27
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for a given work session. This type of memory is given information to
started. The contents of this type of
store each time the computer
memory may change many times during one work session. Data on
RAMchips can be retrieved in about 120 billionths of a second. However, each time the computer is shut down, information in this kind of
restarted, the
memory is no longer available. When the computer
information you need is loaded into RAM.

is

is

Some computers also have cache memory, a special type of RAM. This
type of memory can be more than 10 times faster than the main memory
RAM chips but is much more expensive. The computer uses cache
memory to hold the operating instructions or data that may be needed in
the immediate future. Cache memory is very helpful in keeping the
computer operating at top speed.

Special Purpose Computers
The same technology that is used in today’s general purpose computers
is used in a wide variety of other devices. These special-purpose computers are designed to make our lives easier and more comfortable. Our
VCRs, digital cameras, microwave ovens, and answering machines all
use special purpose computers for operation.
Most special purpose computers contain dedicated integrated circuits
called embedded processors. The user cannot change the function of the
special purpose computer or embedded processor. Rather, embedded
processors are preprogrammed to perform only specific functions. For
example, your VCR may have an embedded processor that has been
control the interaction of the
given the instructions that allow you
VCR and television set in complex ways. However, you can only use
the instructions that are already built-in. You are not able to modify or
change the features in any way.

to
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of Computers. Emeryville,

CA: Ziff-

A well-selected collection of photos and illustrations providing a
chronological introduction to how, why, and when the computer
became part of our lives—suitable for students and teachers (classi-

fications defined

Vv

in

Preface).

Malone, M. (1995). The Microprocessor:
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CA: Springer-Verlag.

very readable history of the invention of the microprocessor that
pro-vides a rare glimpse of the people instrumental in making the
microprocessor business so successful—suitable for older students
and teachers.
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Gau, J. & Segalla, S. (Producers). (1996). Triumph
John Gau
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Public
York:
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tape set shares many insightful and personal stories from
in the development of the personal computer
instrumental
people
and a discussion of where they think the next steps might take us—
suitable for students and teachers.
This
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Teacher Materials
is

This lesson
designed to help you and your students become familiar
with some of the history behind today’s personal computer. You will
learn what an information-processing machine needs to function and
you will learn to recognize the parts of a computer. The correct use of
computer terminology is emphasized. Students are encouraged to make
use of analogies and mental models as they learn the complex ideas that
are part of computer technology.
This lesson also has students think about devices using embedded
processors—microprocessors designed for specific applications—
fostering an appreciation of the role technology plays in their lives.

©

Summary of Video Segment

1

This first segment briefly touches on the history of computing from
Stonehenge to modern computers. As we visit the Computer Museum
History Center the four basic parts of a computer—Input, Storage,
Processing, and Output—are introduced by looking at computers of the
past and present. The segment ends with a discussion of the term “eleclike a human
tronic brain” and considers the analogy that a computer
brain.

is

Time: 8 minutes.

Goal and Objectives
The goal of this lesson is to

provide students with a brief overview of
the history of the modern personal computer system and the components needed to make the system work. In particular:
»

»

»

Students will begin to learn the terminology specific to the parts of
computer.

a

Students will see and handle a microprocessor.
Students will learn to recognize the names and understand the
contributions of some of the people important
the development of
the modern computer.

to
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Students will begin to develop a mental model of computers as
information-processing machines.

Time Considerations

is

The Video-based Lesson
25 to 55 minutes of class time. If the availis
able time short, use only the required teaching procedures. Completion of these steps prepares you to move to the Video-based Lesson in
Unit 2.

to

If you plan
use the Extension Lesson in this unit, you may want to
complete the optional teaching procedures included in this lesson.

Preparation, Materials, and Equipment—Required
*VCR
*

The Journey Inside: The Computer—student video segment

*

Overhead projector

*

Overhead transparencies—3, 4,

*

Poster from The Journey Inside: The Computer

*

Microprocessors and transistors from the Chip Kit

1

6

Preparation, Materials, and Equipment—Optional
*

+

Vacuum tube and any other older computer components

Copies of the Student Materials

Vocabulary
Chip—An integrated circuit. A thin piece of silicon that contains all the
components of an electronic circuit.
Disk drive—A mechanism that holds, spins, reads, and writes either
magnetic or optical disks.
Embedded processor—A chip designed with a specific set of usable
instructions. The user cannot change the instructions an embedded
processor can understand.
Expansion slot—A connector designed to allow the addition of printed
circuit boards—daughter boards—to the motherboard.
Hardware—The physical parts of the computer system that you can
touch and feel such as the keyboard, monitor, and computer case.
34
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Information processing—Capturing, storing, updating, and retrieving
data and information.
Input—The data that is entered into
into a computer.

a

computer. The act of entering data

Integrated circuit—A complete circuit on a chip, built by a chip fabrication process.
Keyboard—A computer input device that uses a set of keys to put data
into the computer.
Memory—A place to store information; see RAM, ROM.
Microprocessor—The main processing unit of a computer or information processing device; co-ordinates all of the actions of the machine
carrying out instructions, performing calculations, and interacting
with all the components used to operate the computer. Handles the
fetch, decode, and execute steps of the computer system.
Monitor—A computer output device that uses a display screen to
present the processed information.
Motherboard—The main circuit board of a computer housing the
microprocessor and providing the means of connecting all the
components that make up the computer. Provides a means for
adding special control units such as sound boards to the computer
via expansion slots or sockets.
Mouse—A computer input device used as a pointing and drawing
instrument by selecting specific positions on the monitor display.
Output—The computer-generated information that is displayed to the
user in some discernible form such as a screen display, printed page,
or sound.
Personal computer (Microcomputer)—A computer that serves one user
at a time.
Random Access Memory (RAM)—Temporary storage memory chips
that form the computer’s primary work space; contents are lost if the
disrupted. This form of primary storage can be read and
power
written to many times.
Read Only Memory (ROM)—Storage memory chips that are able to
disrupted. This form of
maintain their contents if the power
time
primary storage chips have their stored content entered at the
of their fabrication and can be written to only once.

is

is

Scanner—A computer input device that can read text, images, and bar
35
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codes and translate

them

into

digital code.

Software—Instructions that are provided for the computer. A series of
instructions that provide direction
perform a particular task is
referred to as a program or application.

to

Evaluation Suggestions
*

*

»

Do an informal check as students make use of words, such as chip,
input, hardware, personal computer, and software, during the discussions and in the written assignments.
Be sure that all students have the opportunity to handle the materials
from the kit that are used in this lesson and can identify the microprocessor from the kit and on the poster or inside a computer.

Have students present an oral or written report on a particular
person that has played a role in the development of today’s
computers.

Unit

©

1

*

Introduction to Computers

Lesson Plan
based
Suggestions for the Video-based Lesson follow. The activities are
The
Journey
on the first segment of the student video included in
Inside: The Computer. Completing the required teaching procedures
will prepare your students for the Video-based Lesson in the next unit.
If you intend to do the Extension Lesson for this unit, you will want to
fit in as much of the Video-based Lesson as possible.

Required Teaching Procedures
1.

©

2.

Have students discuss the types of things they can do with computto complete
ers and consider how convenient the computer makes
devices
they use on a
these tasks. Have them consider what other
regular basis that they think might be similar to the computer.

it

Introduce the idea of mental images and mental models. Ask students to think about what is happening “inside the box” when they
use a computer. What do they think occurs? Revisit this activity
after students view the video. How has their mental model changed?
View The Journey Inside: The Computer—student video segment

to

1.

4.

Ask students
identify ways that their mental model of what goes
on “inside the box” has changed since they watched the video.

5.

Have students identify the important ideas that were presented in the
video. Include a discussion on the value of printed material for
sharing and storing information. What limitations can they identify
in accessing information the information is not in written form?
if

©

6.

Have students identify the one person introduced on the video that
they most admired. Have them explain their choice. Can they
identify a person from today’s world that they think is equally
important to the computer field? Have them explain their choice.

7.

Ask your students to consider if the computer is a smart machine.
Do they think they are smarter? Do they know more? Can they do
things a computer cannot do? After a short discussion of the ideas,
assign the handout titled Computers. Provide time to share answers.

8.

Show students the poster that

is

included in The Journey Inside: The
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if

possible, the inside of a real personal computer,
Computer and,
either working or nonfunctional. Point out as many specific components as possible. Include an opportunity for them to handle the
chips and the microprocessor package included in the Chip Kit.
camera

printer

'

JE

fo]

speaker

ged

st

monitor

xdosi

speaker

Optional Teaching Procedures
9.

If you have access to vacuum tubes or old computer components of
any kind, let students see and touch them.

10.

Have students research some of the history of computers using your
library or perhaps the World Wide Web. You might have them look
for: Blaise Pascal, Charles Babbage, Ada Lovelace, Herman Hollerith, John Bardeen, Joseph Jacquard, William Shockley, Walter
Brittain, Ted Hoff, Robert Noyce, Jack Kilby, Georg Scheutz, Grace
Hopper, Gottfried Leibniz, George Stibitz, Konrad Zuse, Howard
Aiken, Alan Kay, John von Neumann, Presper Eckert, John
Mauchly, Alan Turing, John Atanasoff, Donald Knuth, or Ed Roberts. There are many other names you could add to this list.
many devices containing embedded processors as you can. If
you have any magazines or catalogs available, have students find
pictures of these devices to form a classroom collage. Have students
explain why they think there is an embedded processor in each
device and what they believe the processor actually does.
Remind students of the four parts of a computer system. Are people
similar to such an information processing machine? Have students
complete the handout titled An Information-Processing Machine and
be prepared to share their answers.

11. List as

12.

&
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If

you

had to answer the

question, “What

you say? You might say a computer is a machine. You might describe it
as something that lets you play games, write papers, or help you find
all those things and more.
information. Of course, a computer

is

The very earliest computers were large, complex looking machines
housed in special rooms. Access was limited to a few specially trained
people. The computers were often called electronic brains. As a result,
most people viewed computers as beyond their understanding. They
thought computers were magical and intelligent. Many people were
afraid that a computer might be much smarter than they were.

Is the computer smart in the same way a person is smart? Computers
and people are very complex. Both can process information. Both can
store information for later use. Both are able to do a wide variety of
things.

Consider computer memory compared to people memory. A computer
can store in its memory an entire library of books without any mistakes.
People are not very good at memorizing entire books perfectly. It takes
a person about 2 seconds to add together two 3 digit numbers. Computers can do several million long division problems in second. This
much faster than a person can do computations.
1

is
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However, people can do some tasks better than computers. How about
judging a cooking contest? Or choosing a cool outfit?
Computers are getting better at performing a wide variety of tasks. But,
still do only what a computer program instructs them to do. Still,
modern computers can learn. For example, a Personal Digital Assistant
(PDA) is a small computer that can learn to read your handwriting.
However,
someone else writes in your PDA, the computer may not
read their handwriting correctly. A person, once they know how to read
handwriting, can read any handwriting regardless of the writer.

they

if

Activities
1:

The comparison between a computer and a person

is a

common one.

In a diagram or chart, show the things you can do that your computer can also do. List the things that you can do that your computer
is not able to do. Explain why you think the computer is unable to
do each item on your list.

Both Can Do

Only

I

Can Do

Computer Cannot
Because

Use this information to write a short paragraph stating what you
think works well in the comparison of a person to a computer.
Include the reasons you think the comparison does not work well.
Old dictionaries define the word computer as a person that does
calculations. The mental work done by these people has gradually
been passed along to computers and calculators. Consider the
analogy “the computer like a high-speed calculator.” Complete
the following table listing the appropriate items in each column.
is

by

Only Calculator
Can Do

Both Can Do

Only Computer

Can Do

When your lists are complete, use them to help you state some
strengths and some weaknesses of this analogy.

40
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An Information-Processing Machine
A computer is a special kind

of machine—a machine that processes

information. Most personal computers look very much alike both on the
inside and on the outside and they consist of both hardware and software. The hardware is the part of the computer you can touch. The
software is the collection of programs that makes the computer work.
You cannot see or touch software.
The hardware of a computer system consists of four main parts:

Output
Storage

1

Input

1.

Input devices. These are designed to get information into a computer. Examples include a keyboard, microphone, digital camera,
scanner, drawing tablet, and a mouse.

2.

Storage devices. Internal storage is of two kinds. The computer uses
temporary storage called RAM to hold the information being used
during processing. Chips are partially or totally dedicated to this
kind of storage. The computer uses long-term storage called ROM
to hold information it needs each time the computer is used. The
ROM chips receive their information before the computer
assembled. In addition, the computer uses external storage or storage
that is not directly involved in information processing. Hard drives,
floppy disks, CD-ROMs, and tapes are all devices that hold information for long periods of time and is moved from this type of
memory into the computer when needed.

is
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3.

Microprocessor. The computer has special integrated circuits that
are designed to handle the processing of information. Of the many
chips inside a computer, the microprocessor is the most complex
and has the greatest amount ofcircuits. The microprocessor is the
primary work area when information is being processed.

4.

Output devices. The results of information processing must be
accessed to be of value to the user. Examples of output devices are
monitors, speakers, and printers.

The computer’s microprocessor is an extremely versatile chip. As a
user, you only have to change the instruction set you give the microprocessor—your choice of software—and your computer changes from
being a word processor
a graphics machine to a sound editor or even
to a games machine. The microprocessor helps with every task.
Other information-processing machines exist that are much less versatile. These use an embedded processor—a microprocessor given a
limited set of instructions. Embedded processors are found in VCRs,
electronic games, microwave ovens, remote controls, wrist watches and
so on. These devices are only able to accomplish the tasks assigned to
them by their designers. As a user, you can only use the device for
whatever purpose is intended.

to

Activities
1.

Name of Device

as

The following table names some devices that can be thought of
information-processing machines with embedded processors. Complete the table for the indicated devices. Add twe.items of your own.

What Device Does

sacl

What Embedded Processor
Does

connects to TV to play a
tape or to record from the
TV

can be instructed to come on
at a certain-time, record for a

specific time, and record from
specific channel

a

goes up and down a building
(and plays music)

Video Games
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Think of both a computer and a person as information-processing
machines. Identify the four components of an information-processing device for both and complete the following table:

Computer

Person

Input done with
Storage done with
Information processing
done by

Output done with
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Teacher Materials
The following activities provide an opportunity for students to explore
the history of modern computing and increase their understanding of
hardware and software that combine to make up a computer system.

Goal and Objectives
Students will gain an increased knowledge of computer hardware and
software and appreciate the rapid increase in ability of today’s computers.
«

«

Students will do an in-depth study of computer history.
Students will reflect on the value of shared resources versus working in isolation to accomplish the same goals.

Time Considerations
The Extension Lesson requires a total of 110-115 minutes of class time.
You will want
spread the activities across two or three days or select
only the material that is of particular interest to you.

to

Step 2 may be accomplished by demonstration only but is most effective if several students are given a bad floppy disk to take apart. Step 3
works well as a class group activity but steps 4 and 5 are most effective
in small groups.

Preparation, Materials, and Equipment
+

Copies of the Student Materials

*

The poster from the kit

+

Old floppy disks for demonstration and small group work

Vocabulary
Digital information—Information that can be expressed in numerical
form. The computer uses the binary number system for this purpose
so Os and Is are used to express all the information entered into the
computer.
47
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Floppy disk—A reusable magnetic storage medium that uses a thin
mylar circular disk as the storage surface.
Hard disk (hard drive)—A reusable magnetic storage medium that uses
hard platters as the storage surface.
Internet—The largest collection of interconnected computer networks in
the world. The Internet began to meet research needs for the U.S.
Defense Department but has expanded to serve universities, academic researchers, commercial interests, government agencies, and
individuals worldwide.
Megahertz (MHz)—A measure of speed, one million cycles per second.
Mylar—The type of plastic that

is

used to create floppy disks.

Primary storage—The computer’s immediate internal memory—RAM,
ROM.

is

not involved in the processing of
Secondary storage—Storage that
information. This type of storage is used to maintain the digital
information for later use—disks, tapes, and CD-ROMs.

Evaluation Suggestions
»

+

Check that students are increasing their use of computer-related
words in discussions and in written assignments.
Have students create a timeline that shows some of the major steps
in computer history.
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Lesson Plan
The Extension Lesson builds on the material introduced in the first
video segment. You do not need to do all of the included activities.

Teaching Procedures
Le

Discuss with your students the necessity of a computer system
having both hardware and software. Ask them to point out features
that they particularly like about the computers they have used.
Classify these features as either hardware or software.
To assist, you might use this analogy: Have students think about the
music they listen to from radios, audiotapes, or CDs. The music is
like software. They cannot see or touch the music but they respond
to it. They cannot see or feel software either but the computer does
respond to it. The radio, audiotape, tape-player, CD, and CD player
are like computer hardware. Students can both touch and feel these
items. They can also touch and feel computer hardware.

There are two common misconceptions that many people have
about computer hardware. To correct these misconceptions for your
students, make sure they understand these two points:
A floppy disk is not software. The disk itself is hardware. The
information stored on the disk is software.

is

The standard 3.5” disk used with desktop computers
not a hard
disk. It is a floppy disk encased in a hard plastic shell.
A common problem for students is understanding what is happening
when they save a document they have created with the computer.
Knowing that the floppy disk is just a container for their work and
that it is not a hard disk (hard drive) is important. Knowing that their

software—digital information—and their floppy disk are separate
items helps them be aware of where they have stored their files. The
hard disk is most often an internally mounted disk in their computer.
If a student wants to carry their file away from the computer, they
must understand they need to insert a floppy disk to use and instruct
the computer
save to the floppy disk. If they intend to leave their
file on the computer they are using, they may instruct the computer

to
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to save to the hard disk.

is

to take
An excellent exercise to help dispel these misconceptions
a floppy disk apart. This will also increase their ability to distinguish
between hardware and software. Have your colleagues or other
school staff save bad disks for you. If you have enough disks, give
one to each student. Use groups if needed or demonstrate only if
you can’t locate enough disks.

If you use 5.25” disks, carefully cut off the edges on three sides of

the disk case and bend the case back.

to

the lefi, a 5.25 inch cardboard case opened show the disk.
On the right, a 3.5 inch plastic case opened to show the disk.

On

This will expose the floppy disk. Lift the plastic floppy disk out of
the case. Reinforcing along the hole in the center of the floppy disk
is used to help center the floppy disk as it spins and increases the
life-span of the disk itself. The soft white lining of the case is used
to remove dust and static from the surface of the disk. The oval cut
in the disk case is the read/write window. This window is used by
the floppy disk drive to access the floppy disk when reading and
writing information. You may notice a small round hole in the case.
This is used to align the disk to the read/write head. On the edge of
the case, you may notice a small square notch. If the notch is open,
the disk can be used for both reading and writing information. If,
however, the notch has been covered with piece of tape, the disk is
it.
protected. You cannot write/save

to

a

If you are using a 3.5” floppy disk, examine the case first. The metal
slide is present
protect the floppy disk when the disk is not being
Move
used.
to the side so you can see the floppy disk exposed in
the read/write window. There is a small circular metal piece in the
center of the disk visible from only one side ofthe case. The holes
in this metal piece are used to center the disk to the read/write head
and engage the chuck that spins the disk. Other small circular holes

it
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visible on only one side of the case increase the ability of the drive
to position the disk correctly.
In one corner there is a plastic piece that slides up or down to open
or close a hole that extends completely through the case. the
In
plastic is positioned to leave the hole open, the disk is protected.
this situation, the computer can read from the disk but not write to
If

It.

You may or may not find a second hole through the plastic case.
there is one, the drive recognizes that the disk inserted is highdensity and can contain more information than a double-density
the disk is only double-density.
disk. No such hole is present

If

if

Before you can open the disk, you need to remove the metal slide.
off. A small spring will
You will probably need to bend it to get
fall out. This spring keeps the metal slide closed when the disk is
not in use. As the floppy disk goes into the drive, the drive moves
the metal slide to expose the floppy disk to the read/write head.

it

Once you have the metal slide removed, the hard plastic case can be
pried open with a screwdriver. The small plastic piece—the file
protect tab—used to write-protect (lock) the disk will fall from the
case. Lift out the thin plastic floppy disk. This disk is made of
mylar, a very light plastic. The white material inside the disk case is
used to remove dust and static from the disk’s surface.
Regardless of how you have done the previous steps, give the
students time to handle the parts of the disks. See
they can detect
the part of the floppy disk that was damaged to the point it became
unusable by the computer. Have them look for scratches, tears, and
so on. Remind them that the platters in the internal hard drive are
not thin and floppy like the one they can see but do store information in the same way.

if

Discuss with students the history of computers as shown on the
video. Have them reflect on how computers are becoming more and
more available. Gather some information from students about how
many of their parents or other adults they know use computers.
Have them consider some “What if” questions.
What if their parents were working at their present jobs and there
were only 10 ENIACs available in the whole world?
What

if there was only one personal computer available where their

parents work?
What if there was only one computer

in

the entire school?
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What if every student and teacher had their very own computer?
Distribute the student handouts. Assign the Libraries handout and
provide a time limit for students to complete the activities. Discuss
their answers in a large group.
Have students read the Historical Perspectives handout and be
prepared to complete this activity during the next period of time
used for these activities. They will need to do some work outside
class time.

tn No
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Libraries
Early libraries stored clay tablets and, later, information written by hand
on animal skins or paper scrolls. Today, libraries contain paper documents, microfilm, photographs, videotapes, and musical recordings.
Most modern libraries also contain computers that store information in
electronic form.
Two thousand years ago, few people knew how to read or write, and
few people owned books. Books were handwritten. To get a second
result,
hand. As
copy of a book, someone had to copy the book by
could
read,
only a few
Of
that
few
people
books were very valuable. the
owned books and usually only one or two. Reading them was a ritual.
Books were revered and often libraries put chains on the books to

a

protect them

from theft.

to

produce
about 1440, Johannes Gutenberg invented a new way
books. He made small print blocks of individual letters, digits, and
punctuation marks. Gutenberg’s movable type improved on techniques
being used by the Chinese and Europeans of the time. To make use of
called a printing press and
his letters, he developed a machine which
possible to
a special type of ink to use. This printing press made
This
faster
new method
than
handwriting.
books
by
a
rate
produce
afford
to
could
own them.
also made books cheaper so more people
In

he

at

it

of books are found in libraries and many
homes. When most people hear the word library they think of the
building where books and other information are stored. But computers
are changing this definition. More and more of the information a person
Today, large collections

@

needs can be accessed by a computer. By connecting computers together in a network, information can be shared from building to build-
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ing and country to country. The computer eliminates the requirement
that the person using the resources of the library must go to the library
building. Further, many people can access the same information at the

same time so the library no longer needs multiple copies
information.

of

the

same

Activities
1.

are

How
a desktop computer and a library alike? How are they
different? In answering these questions you might want to talk about
the four major components of a computer: input, storage, processing, and output.

Describe how your school library makes use of computers.
Suppose that you were able to access all of the items in your school
library without having to actually go to the library. Instead, you
could get library information from your own home or while sitting
at your desk in your classroom. What are the advantages and disadvantages of being able to do this?
Suppose that there were no books in your school library. Instead,
hold all the
imagine that the library uses computer CD-ROMs
information that was previously available in book form. How would
this change the way you located the information you need?

to
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Historical Perspectives
student video, you were introduced to the first working computer
without mechanical components—the ENIAC. This huge machine plays
an important part in the history ofcomputers. The ENIAC was already
out of date by the time it was constructed.
In the

almost every magazine or newspaper, you can find at least one
advertisement encouraging you to buy the latest in computer equipment,
a television set, or a car. What makes you stop and look at such an item?
Do you stop and read the words or just look at the pictures?
In

The ENIAC —built during World War 11:
Smithsonian Institution Photo No. 72-2644

Activities
Create an advertisement for the ENIAC. Use the video segment,
books, the Internet, a computer dictionary, and any other resources
you have to help. Add graphics to help sell your product.
2. From today’s perspective the ENIAC does not seem very impressive, but the following paragraph published in the June 1946 issue
1.

©
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of Scientific American

shows that

its

introduction was amazing.

Capable of solving problems so complex that all previous methods
of solution were considered impractical, an electronic robot, known

as Eniac [sic] —Electronic Numerical Integrator and Computer— has
been announced by the War Department. It is able to compute 1,000
times faster than the most advanced general-purpose calculating
machine, and solves
hours problems which would take years on a
mechanical machine. Containing nearly 18,000 vacuum tubes, the
30-ton Eniac [sic] occupies a room 30 by 50 feet.

in

Create an announcement similar to the one above for some computing device that you are familiar with today. Make it sound as exciting and impressive as this person’s description of the ENIAC.
3.

From the two activities below, select and complete one.
adults who use a computer regularly in their job and write
a short report or create a multimedia-based presentation on your
discussions. Find out what kind of computer these people use and
if they like or dislike using it. Find out exactly what kinds of tasks
they use a computer to do. Find out how important they feel a
computer
helping them to do their job successfully.

a. Talk to

is

b.

Select a job that interests you and that you know makes use of a
computer. Write a report or create a multimedia-based presentation about this job. Describe why the job appeals to you and just
what the role of computer technology plays in doing this job.

®
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Optional Activities
The following suggestions can be used to supplement Unit 1. If you
prefer, substitute one or more of these activities for the ones that are
described earlier. If you decide to use them, you will need to create a
student handout or provide the necessary information in oral form.

Activity

1

Students have learned about people that are part of the history and
development of the computer industry. A fun way to approach this
each student. Have each student create
activity is to assign one name
graphic with a short discussion of the person and
a page that includes
that person’s contribution to the computer field. These reports can be
printed to create a class book for each student or you can create a
hypermedia document linking all the files.

to
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Activity 2
Review all the computer terms that have been used to this point. Write
either a poem, a short story, or a rap song that uses these terms correctly.
Add sound or graphics
help illustrate your project. As a reference,
the Motherboard published in the Spring
consult the article Word
1996 issue of The Journey Inside Newsletter. This article is posted on
Intel’s Web site at www.intel.com/education/k12/resource.htm.
(This activity can also be used in other units.)

to

to

Activity 3
Many items students use during the day use computer chips. Do one of
the following:
Create a collage of these items using pictures from magazines,
newspapers, and catalogs.
b. Use a collection of clip art to create a picture of these items.
a.

¢.

Draw your own images to illustrate the items you use.

Unit
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Activity 4
Design a wristwatch of the future. Assume you can install all the computer power you need to accomplish the task you want your wristwatch
to be able to do. Write a paragraph describing your wristwatch and
able to do. (Illustrate with a diagram.)
explain what the watch

is
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Background Information
Before computers the abacus, a mechanical calculator, and an electromechanical calculator were helpful in processing information. They
were relatively slow because they relied on moving parts to process
information. Inside a computer, information is rapidly processed using
electronic circuits that do not have physical components that move.

Electrical Circuits and Terms
Electrical effects result when an imbalance of electric charge—an
excess of particles that are part of the nucleus of atoms making up a
component—attempts to balance itself. If the electric charge has a
pathway to follow, a flow of this charge results—referred to as electric
current.
Circuits carry the electricity needed to do a defined task. The task is
referred to as the electrical load. In our homes, for example, some
circuits are designed to
carry electricity through
light a room.
light bulbs
faucet
suitable
pipeto
pressure
Other circuits carry elecdifference
carry the to tum
amount
|wter
Ger
tricity to heat the elements
SEs
flow on
on a kitchen stove. In a
or off
computer, circuits carry
information during input,
storage, information
processing, and output.

to
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Electrical current in a
circuit is like water flowing in the water pipes of
your house. Getting water
to the kitchen sink requires
four things: a suitable
amount of water, a pipe to carry the water, a pressure difference between the source of the water and the tap, and a tap to turn the flow of
water on or off.
Getting electricity to the kitchen toaster requires four things: a quantity
61
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of moving electrons, material that will carry these electrons to the
toaster from the source of the electrons, a pressure difference between
the source (power station) and the wall outlet, and a switch
current on or off.

to turn the

Simple electrical circuits consist of four parts—the conducting path, the
electrical load, the power source, and a switch.
Electric charge—The potential
other.

of electrons or protons to attract each

Electrical current—The movement of electrons from one atom to
another.

Electrical load—Any component
ered to it by a power source.

or

circuit

that consumes power deliv-

Switch—Any device that allows the flow of electricity in a circuit when
turned on, thereby completing the circuit pathway or stopping the
flow of electricity when turned off by creating a break in the circuit
pathway.

Consider the following simple electrical circuit consisting of a battery,
light bulb, wires, and switch. (For a key to the special circuit diagram
symbols—see teaching transparency number 12.)

TE

Soh=

circuit, the wire is the conducting path, the battery is the power
source, and the bulb provides the electrical load. The action on the
circuit is controlled with the switch. When the switch in this circuit is
closed, there is a complete electrical path from the battery to the light
bulb and back to the battery. The bulb will light up as the current flows
If the switch is open, the circuit pathway is incomplete and
through
the bulb does not light up.
In this

it.

Computer Circuits and Terms

Some of the electrical circuits in a computer are found in the integrated
circuits or chips. These circuits are too small to be visible to the naked
eye. However, when you look at a printed circuit board such as the
motherboard, you can see that the integrated circuits—the chips—are

62
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connected together by other visible electrical components. For example,
you can usually see transistors, capacitors, resistors, diodes, and circuit
lines.
Capacitor—A device able to temporarily store electricity.
Circuit lines—The pathways used to move electricity from one component to another, often made of small wires or deposited metals.

is

used to limit the movement of electricity to
Diode—A device that
move in one specific direction. Some diodes are also designed to
an electrical circuit.
produce light or to act as a switch

in

Resistor—A device with a measurable ability to resist the flow of
the current in a circuit.
electrons used to control the strength

of

Transistor—A type of switch that contains no moving parts and uses
electricity to turn itself on and off.

The electrical circuits in computers provide the means for processing
information. Computers change letters, sounds, numbers, and pictures
into an extremely versatile electrical representation. Taking advantage
of the
very nature of electricity and pairing this form of energy with the
binary number system, the computer can process and store information.

Integrated Circuits
Vacuum tubes were used as switches in the ENIAC and were much
faster than the mechanical switches they replaced. But vacuum tubes
were soon replaced by transistors. Transistors can be switched on and
off more quickly than vacuum tubes and generate less heat. Transistors
could be made smaller and smaller and still be reliable switches.

The miniaturization of transistors was the essential step in the invention
of integrated circuits—computer chips. These chips can include millions
of transistors. As chip fabrication techniques improve, more and more
circuitry can be placed on a smaller and smaller area. This allows

Unit 2

»

Circuits & Switches

information processing to occur at incredibly high speeds.

Pin Grid Array (PGA) packaged microprocessors.
Most of the chips that you see on a computer board are in a special
ceramic packaging. The ceramic package helps to move heat away from
the chip and provides a way to connect the integrated circuit to the other
components in the computer’s circuits. Information in these very small
circuits is handled at a much greater speed than information in the
circuitry you can see.

Studying Electrical Circuits
Since the integrated circuits used in computers require very special tools
to build and test, they are not suitable for classroom study. However,
studying circuits that are easy to build and observe helps you understand how the computer circuits function. Circuits that produce light
using incandescent light bulbs or light-emitting diodes (LEDs) are easy
to construct and test.
Both bulbs and LEDs produce light using electricity but they do so in
very different ways. An incandescent bulb lights up when electrical
current moves through a thin wire, called a filament, inside the bulb.
When the electricity passes through this filament, the filament becomes
extremely hot. The light you see comes from this hot filament.

LEDs convert the flow of electrons directly into light. An LED produces
only a small amount of heat while giving off a large amount of light. In
a computer, an LED is often included in a circuit to inform the user that
the computer
working. You might see a light from an LED when a
disk is inserted in the drive or when a hard drive is being used.

is
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Alternating Current, Direct Current, and Terms
Every circuit must have a power source. Many devices that we use daily
—including the computer—use standard household current. Household
current
an alternating current (AC) that switches from positive to
negative and then back to positive (one complete cycle) 60 times a
second. Other devices, such as calculators and many children’s toys, use
batteries. Batteries supply a direct current (DC) which flows in one
direction.

is

Even though our homes are supplied with AC, many of the electronic
devices that we use need DC. When you connect an adapter to a portable, battery-operated device, such as a CD player, you are converting
AC current to DC current. In some instances, a diode is used to convert
AC to DC.
The amount of current flowing in a circuit is measured in amperes or
“amps.” The wires and other components in a circuit have resistance to
the flow of electricity. Resistance is measured in ohms. For a given
voltage, the higher the resistance, the lower the amount of current. That
is, the higher the number of ohms the lower the number of amperes.
Adapter (Converter)—A device that
form to another form.

is used to convert current from one

Alternating current (AC)—Current that changes direction on a regular
interval of time.
Ampere—The unit used to measure current. One ampere is 6.28 x
electrons passing a specific point in one second.

10

Direct current (DC)—Current that only moves in one direction.
Ohm—The unit of resistance exerted on the flow of electrons.
Voltage—The force or electrical pressure in a circuit.

Conductors, Semiconductors, and Insulators
A variety

of materials allow electricity to flow through them. These

materials are called conductors. Other materials do not allow any
electricity to flow through them. These are called insulators.

semiconductor is a material that in its pure form cannot be classified
into either of the two previous categories. However, a semiconductor
can be changed to a conductor or an insulator by adding some other
substance to it, creating an impure form of the material.
A
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Some liquids are conductors. A solution with high concentration of
ions—charged atoms—will conduct electricity with relative efficiency.
A solution that is not rich in ions will conduct very little electricity.
It is easy to build an ion concentration detector using a circuit containing a battery and an LED. The circuit is designed so that current must
flow through the solution in order to be complete. The intensity of the
light produced by the LED will be affected by the ion concentration—
the electrical current. A solution rich in ions, such as a
the strength
saltwater solution, readily conducts the electricity and the light emitted
will be bright. On the other hand,
solution of sugar and water does not
allow the electrons to flow easily and the LED will not be bright.

of

a

Many solids such as copper, gold, and aluminum, conduct electricity
under almost any condition. Metals are extremely useful in creating
circuit pathways
carry electricity through circuits.

to

The element silicon is the basic substance of all integrated circuits. Pure
crystalline silicon is a semiconductor because when impurities are
added the resulting combination
either an insulator or a conductor.
Silicon containing a small amount of boron is called p-type silicon—p
for positive or lacking in electrons. Silicon containing a small amount of
phosphorus is called n-type silicon—n for negative or an abundance of
electrons. Either combination changes the crystalline structure of the
silicon enough
allow electricity to flow through it.

is

to

Both n-type silicon and p-type silicon are useful because they can be
manipulated to produce a material that responds to a specific set of
conditions. By manipulating the amount of impurity added, silicon that
responds exactly as required to produce a circuit for a particular task
can be created. A transistor contains both p- and n-type silicon.

Conductor—A material that in its pure form allows the flow of an
electrical charge to pass through
easily.

it

Insulator—A material that does not allow electricity to pass through

it.

Resistance—A characteristic of any material that hinders electron flow.
Semiconductor—A material that when combined with some other
material can be turned into an insulator or a conductor.

Transistor Switches and Terms
An electrical circuit needs to have switches to control the current. In a
computer, the most useful kind of switch is the transistor. Transistors

66

Unit 2

»

Circuits

& Switches

vary in composition and in the arrangement of the components. The
diagram below shows the components in one kind of transistor.
et
ete

source

ete

eee

ete

ete

n-silicon

n-silicon
p-silicon

Gate—The post of a transistor that receives the current used to turn the
switch on, completing the circuit so electricity can flow.
Source— The post of a transistor where the current in the closed circuit
enters the transistor.
Drain—The post of a transistor that passes the current from the transistor and on through the closed circuit.

is

applied to the gate.
transistor is turned on when an electrical charge
allow electrons to
transistor
in
to
the
electrical
This changes the
charge
the transistor
all
switches,
Like
move from the source to the drain.
turned off—no electrical charge on the gate—the pathway of the circuit
is broken and the current stops.
A

if

i
ppd

source

positive

"charge
gate

on

is

[

i

b
|

n-silicon

n-silicon
p-silicon

As discussed earlier in this guide, information is presented in a comon
puter using the binary number system. Think of a transistor that
is
0.
that
transistor
while
a
by
as
represented
off
a
a
represented by

is as

1

Note: The three transistors in the Chip Kit are called n-channel transistors. The three posts are in the order: drain, source, and gate. The
following diagram shows the components of these n-channel transistors.
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Metal tab. This tab provides a way to fasten
the drain in place and helps to move heat

Drain

JP——

==

away from the transistor.

Source

Gate

Solid plastic around a small piece of silicon. The black portion
is visible on your transistor but moved in this image. The

f

I

small inner rectangle represents the silicon piece. You cannot
see this piece nor can you see the way the three posts are
between the plastic and the metal tab.

arranged

There are many kinds of transistors, resistors, diodes, and capacitors
that can be used when creating circuits. The components provided in the
Chip Kit provide a way to explore only a few of such electrical components and circuits. The Journey Inside: The Computer does not attempt
to go beyond an introductory level in teaching about electricity.

Resources

v/

Houghton, J. M. & Houghton, R. S. (1994). Circuit Sense for Elementary Teachers and Students. Englewood, CO: Teacher Ideas
Press.

An excellent source for beginners for learning to understand and
build simple electrical and logical circuits with lots of sample
projects included—suitable for students and teachers.

v/

McWorter, G. & Evans, A. (1994). Basic Electronics. Richardson,
TX: Master Publishing, Inc.

A self-instructional resource that includes a great deal of information on electronic devices and circuits with practice problems and
quizzes to reinforce the learning—suitable for older students and

teachers.

Evans, A. (1996). Basic Digital Electronics. Owensville, MI: Custom
Printing Company.

F. M. (1994). Getting Started in Electronics (12th printing). Fort
Worth, TX: Tandy Corp.

Mims,

Parker, S. (1992). Eyewitness Science: Electricity. New York, NY:
Dorling Kindersley, Inc.

Ronan, C. (Ed.). (1994). Science Explained. New York: Holt.
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Suplee, C. (1996). Everyday Science Explained
(pp. 74-127). Washington, DC: National Geographic.

Forces

of Nature.

Uhreen,
pp.

D.

In

(Spring 1996). Vacuum Tubes. The Journey Inside, 2(2),

15:3.

Studio Interactive (Producer). (1996). Digital Lab [CD-ROM, workbench and components]. CyberCrafts: Hands on Learning. Philips
Media.
Studio Interactive (Producer). (1996). Fun With Electronics [CD-ROM,
workbench and components]. Hands on Learning. Philips Media.
Norman, P. (1997). ElectroWizard: Inventions [book, components]. El
Sobrante, CA: Norman & Globus, Inc.
Norman, P. (1997). ElectroWiz: Magnetism [book, components].
Sobrante, CA: Norman & Globus, Inc.

El

Norman, P. (1997). ElectroWiz: Electricity [book, components]. El
Sobrante, CA: Norman & Globus, Inc.
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Teacher Materials
This Video-based Lesson introduces students to simple electrical circuits. The activities are designed to help them become familiar with the
four components of a circuit: the conducting path, the electrical load,
the power source, and a switch. Students will also explore solid materials as conductors or insulators.
Learning about simple electrical circuits gives students some basic
knowledge about electricity. This knowledge will enable them to more
easily understand the complex circuits inside a computer. Computer
circuits follow the same principles even if the components are not
visible to the naked eye.

©

Students will work with electrical circuits like the one shown in the
figure below. This circuit uses a 9-volt battery and a 14-volt LED. Since
the LED lets electricity move in only one direction, for the circuit to
work the LED must be correctly connected. (Note: If the 9-volt battery
is not marked, the positive terminal is the smaller of the two posts.)

black
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— (+) redjo Ae
/
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(-) black

Nt

Fs

LED

9V

Summary of Video Segment 2

in

the basics of electricity, electrical
This segment provides a lesson
and
and
non-conductive
materials. The four parts of a
conductive
flow,
circuit are introduced and these concepts are reinforced by looking at
huge electrical circuits at a hydro-electric power plant. From these large
circuits and switches, the presentation moves to an exploration of semiconductors and the tiny switches on microprocessors called transistors.
Time: 7 minutes 5 seconds.
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Goals and Objectives
This lesson provides students an opportunity to consider what makes up
circuit works.
an electrical circuit and how such

a

»

*

*

+

Students will understand that an electrical current in a wire
of electrons.
Students will be able to construct

a

simple, working circuit.

Students will understand conductivity
ity can be tested.
Students will learn some

of

the

is a flow

of

solids

and how conductiv-

terminology used in circuitry.

Time Considerations

is

The Video-based Lesson
designed to provide material for 25 to 55
minutes of class time. If the available time is short, use only the required teaching procedures. Completion of these steps prepares you to
the Video-based Lesson in Unit 3.
move

to

If you plan to use the Extension Lesson

in this unit, you may want to
the
complete
optional teaching procedures included in this lesson.

Preparation, Equipment, and Materials
*

VCR

*

The Journey Inside: The Computer—student video segment 2

»

»

Materials for each Station A for the simple circuits illustrated in the
handouts: one 9-volt battery and battery snap, one bulb, one LED
Materials for each Station B for the conductivity test illustrated in
the handouts: one 9-volt battery and battery snap, one LED, conductors or insulators—soft rubber, glass slides, dry wood, pencil lead
as

working flashlight

+»

A

»

Tokens

Vocabulary
AC power adapter—Converts alternating current to direct current.

Alternating current (AC)—Current that changes direction on
time interval.
Capacitor—A device used

in a

a

regular

circuit to temporarily store electricity.

Charge—The condition of having an excess or deficiency

of

electrons.

O
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to flow through it.

Current—The flow of electrons from one place to another.
Diode—A device used to limit the flow of electricity to one direction.
Direct current (DC)—Current that only moves in one direction.

Electrical load—The particular purpose
complete.
Electron—A particle
nucleus.

that

or

task

a circuit is designed to

is held loosely in orbit around the atom’s

Insulator—A material that does

not

let

electrons flow through

it.

Light Emitting Diode (LED)—A diode that produces light when current
moves through

it.

Resistor—A device that impedes the flow
Switch—The control unit placed
close the circuit.
open

or

Transistor—A type

of

in a

of

electrons.

circuit that provides the ability to

electronic switch used

in

electrical circuits.

Evaluation Suggestions
+»

=

Observe that students are using the new terminology correctly in
their discussions and written work.
Have students design and produce simple electrical circuits and test
the circuits to make sure each circuit will function correctly.

~~ “n
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Lesson Plan
The required teaching procedures of the Video-based Lesson include
steps 1-7 of the suggested Lesson Plan. The activities are based on the
second segment ofthe student video.
Before you proceed with the Extension Lesson, make sure your students
have completed the Video-based Lesson activities.

Required Teaching Procedures
1s

the

Review
ideas in the previous segment of the student video The
Journey Inside: The Computer. Remember that the major goal is to
help students understand how computer hardware works. Encourage
them
continue forming mental images (mental models) that help
explain what goes on inside a computer.

to

[§°]

Ask students to give some examples of the uses of electricity.
electrical power that could be used to run
Discuss the alternatives
of
devices.
For
example, an electric lawn mower could be
some the
hand
lawn
mower or a gas-powered mower. The
replaced by a
stereo sets that require a household current could be replaced by a
they
portable tape player that uses battery power. Ask students
have ever experienced a power failure. Discuss the problems that
such a power failure creates. Look for student insights into how
dependent we are on electricity as a source of power.

to

if

Ask students to consider what happens when a light switch is turned
on or off. Have students indicate what they think actually happens to
produce the light that they see.
View The Journey Inside: The Computer—student video segment

2.

Discuss the video. Ask students to list the new ideas presented.
Organize your students to complete the following group activities.
In these activities, students will model the flow of electrical current.
In this simulation, students play the role of atoms and tokens (paper,
cardboard, plastic, pennies, etc.) are used to represent electrons.

©
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Current

Have students form a circle and give each student a token. At any
students. To
of
point in the circle, put a small table between two the
model the flow of electric current, any person beside someone
without a token must pass their token to that person. Start by having
the first person place their token on the table. Since they no longer
have a token, the person beside them must give them one. Now the
next person must pass along a token. This continues until the last
them a token so
person is reached. This person has no one to give
the movement stops.

Using Current

Remove one student from the circle and place them in the center
with a flashlight. When the first token changes hands the person
turns on the flashlight. When the last token changes hands the
fact that
person turns off the flashlight. This activity models the
when electrons flow, light is produced, but when the electron flow
stops, the light is not produced.

Power Source

is

Place a box of tokens on the table that
part of the circle. This acts
first person put their
as a battery or source of electrons. Have
token in the box. Any time a person doesn’t have a token, the next
person in the circle must give them one. When the person beside the
box gives away their token, they can take one from the box. As long
as the box holds a token, the action can continue.

the

a

battery running out of power, you might have the last
their
token at the box. Only tokens landing in the box
toss
person
be
used
again. Eventually there will be no more tokens to pass
can
around the circle—the battery has no more power.

To model

7.

Provide students with the handout Using Electricity. Provide them
with a time frame for completion and have them prepare to share
their answers with the class.

Optional Teaching Procedures
8.

Give students the opportunity to examine the transistors that are
included with the Chip Kit. Discuss their value in terms of size, lack
of moving parts, reliability, and minimal production of heat.
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Provide students with the handout Will It or Wont It? You have
sufficient items in the Chip Kit to set up at least two work stations
of each kind. Organize your students into small groups to complete
the assignment.

9.

station to station B. As
rotation of groups
a
part of your preparation, consider setting up the required stations
You need to plan

A

from

ahead of time. If possible, find a small group of volunteer students
to work through the stations with you. Then, each of these students
can serve as a leader when the entire class does the activities.
Be sure to direct each group to undo all the components when they
have completed the task at a station.
With a very large class, you may need to provide some other material to use as seat work for half the group.
10.

Discuss with students the results of their hands-on exploration and
review all the new terminology they have encountered in this
lesson.

Answers: Handout: Will It Or Won t It?

Station
«

A:

®

Completing Circuits

Discuss student observations that the LED only emits light when the
red (+) LED wire is touching the red wire of the battery and the
touching the black wire of the
brown or black (-) LED wire
incandescent
In
the
contrast,
battery.
light bulb lights if the current
either direction. Explain that many elecis flowing through
tronic components must be properly connected to the positive and
negative terminals.

is

it

in

= a
\
“Te iN ——D

(-) black

7

Gk
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eg
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SER~_
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(-) black

NN

red
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gv

Station
«
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B: Conductivity of Solids

Conductors have free electrons that allow them to carry current.
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Using Electricity
Look around the room. How m any things in the room use electricity?
How many things in your home use electricity? How many kitchen
tools can you name that use electricity?
use household current. Household
current is 110- to 120-volt alternating current (AC)—current that rapdirection in the wire. Other electrical devices use
idly alternates
in
batteries. Batteries provide direct current (DC)—current that moves
used to
only one direction. Batteries, because oftheir portability, are
and
players,
radios,
tape
portable
such
as
power many common devices
Many

of

these electrical devices

its

remote controllers.

as

©

portable radios or CD-players
Some battery-powered devices such
using
an AC power adapter. An
by
household
current
can make use of
the direct current
AC power adapter converts household current (AC) to
devices.
(DC) needed by battery-powered

Electrical current in a household circuit is somewhat like water flowing
the kitchen sink requires
in the pipes of your house. Getting water
to carry the water, a
a
pipe
suitable amount of water,
four things:
and the faucet on
of
pressure difference between the source the water
off.
Electrical
current is
the sink. and a faucet to turn the water on and
the kitchen toaster to make
much the same. To get enough current
electrons, material to carry
of
have
moving
need
a
quantity
to
toast, you

to

a

to

to

the toaster, a pressure difference between the power
these electrons
turn the current on or off.
station and the toaster, and a switch

to
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Activities
Ii

ro

Stating that electricity flows through a wire much like water flows
through a pipe is a simplification of a complex idea. This is an
analogy often used to help beginners understand electricity. Identify
one strength and one weakness of this analogy.
Make a list of some portable devices that operate on small batteries.
What are some of the advantages and disadvantages of using batteries instead of household power?

is

A flashlight
a simple circuit that uses DC to produce a useful
flashlight. Label the conducting
amount of light. Draw the parts of
path, power source, switch, and electrical load in the flashlight.
Suppose

the flashlight fails to light up.

out which part

80

a

is

defective.

Describe how you might find
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Will It or Won't It?
Think of an electrical circuit containing a conducting path, an electrical
load, a power source, and a switch. The exact items
your circuit will
depend on the use being made of the circuit.

in

Inside a computer, you will find many circuits. In some of the circuits
the pieces are so small they cannot be seen by the human eye. In other
circuits the pieces are large enough for you to sce and identify.
\J
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A typical

circuit board showing a

variety

of circuit components.

The term current is defined as the flow of electrons through a material.
To allow the electrons to flow, the material used to create the pathway
needs some special qualities. The material must allow electrons
easily
move through it. The material must be durable. The material must be
readily available. A material that carries electrons easily is referred to as
a conductor. Materials that will not allow the flow of electrons are
called insulators.

to

The power source of the circuits used in this activity is an ordinary 9volt battery. This battery has a negative and a positive pole. In a batterypowered circuit, electricity flows from the negative pole, through the
the circuit, and back to the positive pole. The
other components
is
voltage of a battery a measure of its current-pushing power. A 9-volt
battery has greater current-pushing power than a 1.5-volt battery.

in
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Activities
There are two workstations. At each station you will work in a group to
complete the activity. Record the results of your explorations and
answer the questions given in the instructions. When you have completed the work at a given station, take the circuit completely apart.

Station
1.

A:

Completing Circuits

=
Tle ee

Using a 9-volt battery, a 14-volt LED, and wires as necessary, build
a circuit in which the LED will light up. Here is a picture of the
circuit you need to make.
@
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2.

Reverse the connection of the battery, so that current flows through
the LED in the opposite direction. What happens?

3.

Using a 9-volt battery, a 12-volt bulb with pigtails, and wires as
necessary, build a circuit in which the bulb will light up. Draw
diagram similar to the one shown that illustrates your circuit.

4.

Reverse the connection of the battery, so that current flows through
the bulb in the opposite direction. What happens?

5.

How are the light bulb and the LED similar? Different?

6.

What kind of current
supplied by the 9-volt battery? How does
differ from the current available in the classroom electrical outlets?

a

Station
If a circuit

is

it

B: Conductivity of Solids

is put together so that the LED can be lit using a battery, you
can use this circuit to test which materials are conductors—conduct
electricity easily, and which are insulators—do not conduct electricity.

:
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Build a circuit to test conductivity as shown in the previous illustration. Be sure that the LED lights up when the wires are touching and
when a penny
placed in the circuit.

is

of materials. Do so by taking out the penny and
item at a time. You might try materials such as
it—one
replacing
foil,
paper, pencils, chalk, erasers, string, wood blocks, aluminum
observations.
record
table
to
the
following
and other coins. Use
your
Test a variety

Rate the conductivity as none, poor, or good for each item tested.
Solid Material

2.

Comments

Conductivity

Classify each item that

you

test

as an insulator or a conductor.

Extension Lesson
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Teacher Materials
This lesson extends students’ knowledge ofelectricity. Activities include
an opportunity to study the parts of circuit that show on a motherboard
by using a real non-functional board or the included photograph. Students are introduced to circuit diagrams and complete a number of
simple hands-on experiments with circuits that include the use of
switches. The final activity allows them to explore circuits that are
made with non-conventional pathway material to design simple applications of their simple circuits. More information about AC and DC
current is also included in this lesson.

a

lab experiments in this lesson requires students to construct
and test circuits that contain a transistor. You need to give your students
the transistors. Students
some guidance in making the connections
but this approach will
connections,
can twist wires together to make
of the transistors.
shorten the

One

i

»

of the

to

life

A better method is to use electrical tape to hold connections together.
You might also try taping the transistor to a piece of cardboard. This
transistor much easier to handle and will help prolong the life
makes
choose to bend the wires on the transisof the transistor. You may
having the students work on this activity. Alligator clips or
tors prior

the

to

also

p-clips are the most convenient method of connecting the components.

1

Goals and Objectives
«

«

Students will become familiar with the process of assembling and
testing a variety of simple electrical circuits.
Students will understand that an electrical current in a wire can be
controlled (turned on and off) by a switch. The switch may be
mechanical (with moving parts) or electronic (no moving parts).

a transistor

simple circuit.

«

Students will observe the action

«

Students will understand the construction of a transistor.

of

in a

«Given a circuit diagram and the necessary components, students can
build and test the circuit.

1
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Students will be able to design a circuit of their own choice, draw
circuit diagram for
and then build and test the circuit.

it,

a

Time Considerations
There are a total of five handouts included

in the

Extension Lesson.

Completing the first two handouts requires 60 minutes

of

class time.

The final three handouts are all hands-on activities. Some of the activities require workstations. Each workstation will need about 15 minutes
plus additional time to write reports and for class discussion. The final
handout, Fun With Circuits, requires about 50 minutes of class time.
You may decide to use only part of the given activities. Choose carefully. Including the exploration of circuits on the handout Non-mechanical Switches is particularly important in preparing students for the ideas
in the next unit. The materials in the Chip Kit are sufficient to complete
the activities in the workstation handouts.

Preparation, Materials, and Equipment
*

Overhead projector

*

Overhead transparencies—7,

»

12, 15

@

Copies of selected handouts and required materials. Each handout
requires special preparation steps as noted below.

Circuit Boards
Locate a real motherboard or other type of circuit board from an old
computer if at all possible. Otherwise, use the poster and overhead
transparency 15 included in the kit.
An answer key can be found in the Appendix identifying the components that students are asked to identify. The first diagram shows the
identification key on the board photo. The next two pages show the two
in separate images. It is suggested that you use these photos to create
transparencies that can be used as an overlay to display the answers.
Circuit Diagrams
Make use of overhead transparency

12

Controlling Electricity and Non-mechanical Switches

If you do both these handouts at the same time you will need to create

five workstations. The first workstations can be labeled A, B, and C and

z
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the last two are D and E. The students rotate from one station to another,
with a small team of students working at each station.
Place a card at each station as a label for the station. On each card list
the components located at that station. You may also want to include the
activity description for the activity.
(Note: If you are new at using hands-on activities in your class, as part
of your preparation for this lesson you might consider setting up the
required stations ahead of time. Find a small group of volunteer students
to work through the stations with you. Then, each of these students can
serve as a leader during the class period when the entire class engages
in these activities.)
Gather together:
+

»

»

Cards—Stations A-E, the silicon wafer and electrical tape from the
Chip Kit.
Water and several solutions such as sugar water—weak and strong
solutions, salt water—weak and strong solutions, pancake syrup
mixed with water, and so forth.
Wire strippers, scissors, and extra wire may be needed.

The materials needed at each station follows:
+

The items for setting up the five workstations used for the two
handouts are:

Station

A:

Mechanical Switches

Card A; one 9-volt battery and snap-on wires; one 14-volt LED; two
slide switches.

Station

B: Conductivity Meter

Card B; one 9-volt battery and snap-on wires; one 12-volt bulb; one 14volt LED.
Separate beakers or small glasses containing cach of the following:
water; sugar + water (weak and strong); salt + water (weak and strong);
pancake syrup + water; any other solutions of interest to the class; and
plain water for rinsing the wires being dipped in the solutions. The
beakers or glasses should be labeled with the name of their contents.
Provide paper towels or rags for wiping the ends of the wire between
the testing of different solutions.
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Station

C:

Batteries

Card C; one 9-volt battery with snap-on wires; one 1.5-volt battery; one
14-volt LED; one 12-volt light bulb; connecting wire.

Station

D:

Transistor Switches

Card D; one 9-volt battery with snap-on wires; one 1.5-volt battery; one
14-volt LED; one transistor; connecting wire.

Station

E: Experimental Circuit Design

Card E; one 9-volt battery with snap-on wires; two 1.5-volt batteries;
two slide switches; two 12-volt light bulbs with pigtails; two 14-volt
LEDs; connecting wire.
Note: for replacement components see Appendix.
Fun

With

Circuits

Aluminum foil, masking tape, one LED for each group (or have some
groups make use of a bulb), 9-volt batteries for each group (or have
some groups make battery packs using C-cell batteries), a carton such as
those received at fast food places, rubberbands, cardboard.

Vocabulary

Circuit diagram—A representation of the circuit using special symbols
for each part placed in the circuit.
Drain—The post that carries the electricity out of the transistor.
Filament—A thin fragile thread of material (often carbon or metal) that
light when electrons move through
produces

a

it.

Gate—The transistor post that is used in turning it on or off.

Impure silicon—Silicon that has purposely been mixed with some other
material to increase the conducting ability of the material.
Insulator—A material that does not allow electrons

to flow through it.

N-type silicon—Silicon created by adding phosphorus to produce an
abundance of electrons, a negative charge.
P-type silicon—Silicon created by adding boron to produce a material
lacking in electrons, a positive charge.
Resistance—The tendency to resist or oppose the flow of electrons.

@
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Semiconductor—A material that
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pure form

is

»

Circuits

&

Switches

neither an insulator

Silicon—The most common element in nature and the material used to
create most transistors and most integrated circuits.

a transistor that receives the electricity

Source—The post of
circuit’s pathway.

Voltage—The force or strength of the electrical pressure

from

in a

the

circuit.

Evaluation Suggestions
+

+

«

*

Observe that your students can build simple electrical circuits and
conduct experiments using these circuits.

is

able to
Ask students to explain why the diode and battery circuit
in
of
solution.
provide a measure of the relative concentration ions a
Ask students to explain various circuit diagrams provided for them.
Ask students to drawcircuit diagrams for various circuits—the ones
included in the experiments and others.
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Lesson Plan
This lesson will require careful planning and adjustment to accommodate the number of students in your class. The entire lesson will most
likely be spread over three class meetings. If including only some of the
handouts, ensure that your students do Non-mechanical Switches in
preparation for the next unit. If necessary, change the suggested apsuit your teaching situation.
proach

to

The hands-on activities require considerable space and a great deal of
movement by students. You do not want the student stations to be
placed near computers or other equipment that might be easily damis best not
aged. In addition, experienced science teachers suggest that
to have more than three students working together at a workstation. If
you have a large class, that means that only about half of your class can
be at the five stations at one time.

it

One approach to these types of hands-on activities is to first train a
small number
students as station assistants. These students learn how
the
conduct
to
experiments at the stations and how to provide help to
groups of students working at a station.

of

Teaching Procedures (*Recommended steps 5-8)
1. Review the simple circuits created in the Video-based Lesson. Ask a
student to name the components and explain what a circuit does.
Use the lights in the classroom to reinforce the concept of the work
load or job done by the circuit and the need of a switch to control
the use of the circuit.

2.

Discuss with students the similarity of the circuits in a computer to
those found in the classroom. A computer circuit has switches,
conducting paths, a job or electrical load, and a power source. Help
them to visualize circuits that have smaller and smaller components.

3.

Introduce to students the idea of a shorthand notation for diagramming circuits. Discuss the concept that electrical engineers spend
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time designing their circuits and diagramming it before anyone tries
to create the circuit itself.
Give

them

students Circuit Boards and Circuit Diagrams handouts. Ask

to be prepared to share their answers.

Review the idea that some solids are conductors and some are not.
Ask students to name some conductors and some nonconductors.
Explain that pure silicon is a semiconductor. Semiconductors conduct better than nonconductors but not as well as conductors. Howthe silicon contains a very small amount of an impurity, such
ever,
as phosphorus or boron, its ability to conduct electricity is greatly
is posincreased. By controlling the amount of impurity added,
sible to create exactly the correct conducting ability into the silicon
to build transistors.

if

it

Discuss the concept of mechanical switches versus switches with no
moving parts. Have students identify some of the differences as
these two types of switches turn off and on. What are the advantages
of using switches with no moving parts?
Give students the Controlling Electricity and Non-mechanical
Switches handouts. Explain that five workstations have been set up.
Schedule the groups so that students move to a new station at 15minute intervals. The handout contains detailed instructions for
these activities. Additional paper will be needed to write up the
results.
Remind students to dismantle all the pieces at each station before
they proceed to the next station.
Give students instructions on what they should be doing when
workstations are not available. Students may use this time to draw
their own circuit diagrams and learn the correct symbols used in
such diagrams.

in

the five workstations
Spend time to review the experiments done
and answer any questions that may have arisen during their work.
Give students the Fun With Circuits handout. Have them work on
their projects in small groups. There may not be enough 9-volt
create a battery pack
batteries for every group. Challenge them
that will work using some of the C-cell batteries in the Chip Kit.

to

Have the students put their projects on display for others to examine. Answer any questions that may have arisen during their work.
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Answer: Station A: Switches
»

*

Note that some switches are designed to be turned on and off by
people. Others are controlled by sensing devices, for example a
thermostat.
The student diagrams should look like the following:

Answer: Station
»

»

B:

Conductivity Meter

The LED requires a lower voltage. The light bulb light

is brighter.

Electrical current can be accurately read by amp meters. One common type of electrical meter reads volts, ohms, and amps.
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Circuit Boards
=

®

A computer is a complex collection of electrical components. Perhaps
the most complex elements
the integrated circuits or chips. Every
computer has many such chips. The components of any chip are far too
small to be seen or appreciated by the human eye.

are

Circuitry on a larger scale is also present in your computer. If you have
had the opportunity to look inside a computer you have seen a
motherboard. The motherboard is the main circuit board in your computer and connects the parts of the computer. For example, the
motherboard provides the means to move information from the keyboard to the microprocessor. It also provides the means to move information from the microprocessor to the monitor or printer.
There are many other circuit boards in your computer. There is one
associated with your hard drive, the floppy disk drive, the mouse, and
the keyboard. Your computer might use special circuit boards to connect
to the network or to handle sound. Using the pictures in this handout,
you can learn to identify some of the separate components that you can
find on almost any computer circuit board. These components are all
inside your
used to help control the flow of digital information that
computer.

is

A computer circuit board showing a variety of circuit components.
the circuits on a computer chip.
These components are miniaturized

in
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——
Diodes

(Light Emitting Diodes)

LEDs are commonly used in a computer to
provide a way to signal the user that some
action
taking place. For example, one is
often used to signal that the hard drive
being used. LEDs are typical of any diode
in that they restrict the electricity to flow in
one direction.

is

Ran

These two kinds of diodes are commonly
found on computer boards, but there are many
other kinds of diodes. Diodes are used in a
circuit to restrict the flow of electricity to one
direction.

is

Capacitors

A capacitor is placed in a circuit as a place to
temporarily store an amount of electricity.

Resistors
Resistors are used in circuits to vary the amount

There are many shapes and sizes of capacitors found on the boards in computers.

O

of electricity within the circuit. The strength of
different
the current on one side of the resistor

is

than on the other side. Resistors vary widely in
the amount of resistance they can exert.

Transistors

up

These are examples of transistors commonly
found on the circuit boards used in computers.

Computer Chips
This collection of chips includes examples
from a typical computer circuit board. The
chips themselves are not visible. What you
can see is the visible ceramic packaging
used to cool the chip and provide a means
of connecting the chip’s circuits to the
circuits on the board where it is placed.

@
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Activities
I.

On the previous page you see a picture representing types of transistors commonly found on a computer circuit board. One transistor
take a
the kit. You may want
identical to the one you included
close look at it before continuing.

in

to

is

Write a brief description of how a transistor works and include a
count of the number of transistors you can find on the computer
circuit board provided for you by your teacher.
2.

Consult the previous page for a picture of the common types of
resistors found on a computer circuit board.

Write a brief description of what a resistor does in a circuit and
include a count of the number of resistors you can find on the
computer circuit board provided for you by your teacher.
3. Consult the previous page for a picture of the common types of
capacitors found on a computer circuit board.
Write a brief description of what a capacitor does in a circuit and
capacitors you can find on the
include a count of the number
computer circuit board provided for you by your teacher.

of

4.

The role of LEDs within computers is often one of signaling the
user that current
present on the circuit. How many LEDs can you
find on the computer circuit board provided?

is

Briefly describe what an LED does and diagram any you find on the
circuit board.
5.

Consult the the previous page for a picture of common types of
diodes found on the coomputer circuit board.
Write a brief description of what a diode does in a circuit and
include a count of the number of diodes you can find on the computer circuit board provided for you by your teacher. Do not include
the LEDs you counted earlier.
This image is an enlargement of one portion of a
circuit board from a floppy disk drive. Identify
and indicate how you
what the large item
were able to identify it.

is

8
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7.

The following photograph displays a motherboard from inside an
old computer. Locate the following:
a.

the microprocessor

b. the expansion slots—used to add additional circuit boards such as
an ethernet card or modem card
¢.

the

SIMMS

containing additional memory
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Circuit Diagrams
The complex circuits found in computers are carefully designed before
of
anyone attempts to assemble them. Instead of using pictures the
a kind
that
provides
has
been
developed
components, a set of symbols
circuits,
in
using
of shorthand for diagramming the circuit. Even simple
the symbols that the clectrical engineers use makes the diagram easier
to read and understand. The following chart will help you to decode or
translate the symbols so you can identify the way the circuit is to be
assembled.

——

of

battery

switch
connected
wire

—AMAS—

resistor

——

capacitor

~)

.

:

transistor

unconnected
wire
|

light emitting
diode

household
lightbulb
household
current

A circuit diagram for a lamp in your home using an incandescent light
bulb would look like the following:
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This circuit diagram contains a power source (household AC current), a
light bulb in the lamp, a pathway for the current, and a switch.

Batteries
A battery has a negative and a positive pole. In a battery-powered

circuit, electricity flows from the negative pole, through the other
components in the circuit, to the positive pole.

its

The voltage of a battery is a measure of
current-pushing power. A 9volt battery has greater current-pushing power than a 1.5-volt battery.

Activities
1.

The following circuit diagram represents a simple circuit using
several components. With the help of the symbol chart above, create
a list of the items that you would need to construct the circuit.

Zr
Zr
2.

100

ww]

a

Using the correct symbols, create a circuit diagram of circuit
containing one switch, one resistor, two light bulbs, and uses household current.
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Controlling Electricity
Electricity is a convenient form of energy that allows us to complete
various tasks. However, using any form of energy efficiently requires
control where the electricity flows, when the electricity flows,
ways
and so on.

to

You are familiar with switches that allow you to turn the classroom
lights on and off. This type of switch is referred to as a mechanical
switch. A mechanical switch has moving parts. A mechanical switch
turns the vacuum cleaner on and off. A mechanical switch is used in

tape players, electronic video games, and remote control toys. The slide
switches you will use in these activities are mechanical switches.

Activities
1.

This activity uses three workstations: Mechanical Switches, Conductivity Meter, and Transistor Switches. At each station there is an
activity that involves building circuits. Record your results and
answer the questions given in the instructions. Draw circuit diagrams neatly and clearly.
At each workstation you will build one or more circuits. When you
complete the work at a station, take all the pieces you used in the
circuit apart. Check to make sure all the components are still at the
workstation.

Station

A:

Mechanical Switches

Switches are often used in electrical circuits and are created in

a

of different styles. A standard light switch is a toggle switch. The
switches for this activity are slide switches. A switch
closed.

number

is either open or

A1.Build a circuit that contains a battery, an LED, and two slide
switches. This diagram will help you connect the switches.

101
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switch in ON position

|

PiC

switch in OFF position

PiC

fy

yl

1

l

LE

U2

Keep label that appears on the switch visible and tothe left. There
are six pins on the base ofthe switch. Use pin | to connect the
wire to the LED. Use pin 2 to connect the wire from the battery.
You do not need to use the other 4 pins.

Connect the components so the current can flow from the battery to
a slide switch, to the LED, to a second slide switch, and back to the
battery. Design the circuit so that the LED would be lighted if the
two wires at each switch were connected.

J
Be
I~
AAW
3 E

oe

SETEE

7

9V

Jel

(+)

red

i!

bo
P

/

/

(+) He

(4 .

E

=n

Switch ON

[Pic

(=) black

7

black

aan

LED

rd Hrd

witch

Draw a circuit diagram for the circuit. Label the switches A and

B.

A2. Experiment with your circuit. Complete the following table. What
did you discover?
A

B

Open

Open

Open

Closed

Closed

Open

Closed

Closed

LED (lit or not lit)

A3.Remember, information stored in computers is represented using
Os and Is. Think of a 0 as representing off and a | as representing
on. Switches are either off or on. Is it possible to make a computer
102
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in
if there were enough slide switches? Discuss some problems
using slide switches to make a computer.

Station

B: Conductivity Meter

number
Build two different conductivity-testing circuits. You will test a
their conductivity.
of solutions
Make
B1. Construct an electrical circuit using an LED and a battery.
containers of
sure the circuit lights up the LED. Add one of the
at
wires
opposite sides
the
the
of
ends
solution to the circuit. Place

for

of

the solution’s container.

—

(-) black
Ne

_I
BEER L NG
Re

My

__

(-) black

p—rd
&
-. <2
[em
==

|

\

'

Bie.

LED

wl)
oO

Record the results using the following table. In each test, the probes
in the solution should be kept the same distance apart. After each
test, rinse the probe wires in clean water and dry them.
Solution Tested

LED Result

Light Bulb Result

Plain water
Salt and water
(weak solution)
Salt and water
(strong solution)
Sugar and water
(weak solution)
Sugar and water
(strong solution)
Syrup and water
(strong solution)

©

B2. Repeat the above experiments, but this time use a 12-volt light
bulb with pigtails in place of the LEDs.
B3. Discuss your findings. Which solution seemed

to be the best

Ar
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conductor? Which seemed to be the worst?

B4. Discuss which circuit seems to make a better conductivity tester.

Station C: Batteries

C1. Using a 9-volt battery and a 14-volt LED, build a circuit that lights
the LED. Then replace the 9-volt battery with a 1.5-volt battery.

des

mr
av

(+) red

gi

(- ) black

See
\GET

LED

(+) red

A
——
(+) red

LED

(-) black

Draw circuit diagrams for each circuit. Describe and explain the
results of this experiment.

C2. Using a 9-volt battery and a small light bulb, build a circuit that
lights the bulb. Then, replace the 9-volt battery with a 1.5-volt
battery. Draw circuit diagrams for each circuit. Describe and

explain the results of this experiment.

C3. Compare the results of the two experiments. Think about what the
experiments tell you about the similarities and differences between
an LED and a light bulb.

C4. The physical sizes of the 1.5-volt and the 9-volt batteries are about
electrical properthe same. Explain, in your own words, how
ties of these two batteries differ.

the
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Non-mechanical Switches
the

difference between conductors and insulators. A
You already know
semiconductor
a material that does allow the flow of electrons but
does not do so very well. Semiconductors are useful in electrical circuits
since
is possible to change the properties of semiconductors to more

is

it

efficiently carry current,
Pure silicon is a semiconductor and does not conduct electricity very
well. Adding material such as phosphorous or boron, known as impurities, to the silicon results in a material that conducts electricity better
than pure silicon does. Both pure and impure silicon are used to make
electronic switches called transistors. This same blend of material
used in making integrated circuits.

is

Transistors make excellent circuit switches since they can be switched
from on to off extremely quickly and easily. A transistor has three posts
or legs called the source, the gate, and the drain. In the diagram of a
transistor given below, the n-type silicon is silicon containing a very
small amount of phosphorus. The p-type silicon is silicon containing a
very small amount of boron. Adding the correct amount of these elesilicon allows the silicon to conduct electricity exactly as
ments
needed to act as a switch to turn the circuit on and off.

to

|

source

gate

'

n-silicon

n-silicon
p-silicon

in

this transistor
Electrons cannot move from the source to the drain
from
flow
do
electrons
not naturally
because
n-type silicon to p-type
is
silicon. However, when a positive charge applied to the gate, the free
electrons in the p-type silicon will move to the area between the two
pieces of n-type silicon. This current puts the transistor switch into an
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move into the space between the two areas of
enter the transistor from the source area of nElectrons
silicon.
n-type
silicon, move to the drain area of n-silicon, and continue from the
transistor to continue on through the circuit.

on

state. Extra electrons

positive
charge on
gate

source

n-silicon

"n-silicon

|

p-silicon

Although there are

a

variety of types

of

|

:

drain

JH

transistors, all work

in a

similar

way.

this activity you will be using n-channel transistors. The posts are
placed differently than the transistors described above. However, your
transistor
still merely an on/off switch to control the flow of electricity in your circuit. Take the time to observe the arrangement of posts
shown
the following diagram. This provides the correct organization
so you will be able to correctly complete the circuit using the transistor.
In

is

|

in

——

v

Drain

pr— Source

&

Metal tab. This tab provides a way to fasten
the drain in place and helps to move heat
away from the transistor.

Gate
Solid plastic around a small piece of silicon. The black portion
transistor but moved in this image. The
small inner rectangle represents the silicon piece. You cannot
see this piece nor can you see the way the three posts are
arranged between the plastic and the metal tab.
is visible on your

A

Activities

Station

D

D1.Draw a circuit diagram that contains a 9-volt battery, a 14-volt LED,
and wires. Design the circuit so that the LED will light up when the

@
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D2.The circuit in the following diagram adds a transistor. Two legs of
the transistor have been attached to the two wires. Draw a circuit
the LED? Explain.
diagram for this circuit. What happens

to

nla Ca \XC~~
ik
== i»

I\

=

(+)

Vv

\

red=

)

_—

gate

“sour

drain

a

circuit diagram for the circuit in the following figure. This
contains
circuit
a 1.5-volt battery. The positive side of the battery is
connected to the gate of the transistor. The negative side of the
battery is connected to the source. Build the circuit.

D3.Draw

to

the LED when the circuit is complete? Explain.
What happens
Was the 1.5-volt battery directly lighting the bulb? How do you
know?

(-) black

Station E
For this experiment,

you have the following materials:

one 9-volt battery
two 12-volt bulbs with pigtails

two 1.5-volt batteries
two 14-volt LEDs

two slide switches

wire

With these materials, you can do a variety

of interesting experiments.

El. Build a circuit with two parallel light bulbs as shown in the following circuit diagram. A parallel circuit is one that is arranged so that
107
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there are two or more branches and electricity flowing through one
branch does not travel through the other branch. In this parallel
circuit, if both switches are closed, the current splits and part runs
through one light bulb and part through the other.

Put a 9-volt battery into the circuit. Experiment with having various
combinations of the two slide switches open and closed. Record and
be prepared to discuss the results.
E2. What do you think will happen if one or both of the light bulbs in
the circuit above
replaced by 14-volt LEDs? First make a prediction. Then conduct the experiment. Record and be prepared to

are

discuss the results.
E3. Build a circuit with two light bulbs in series as shown. A series
circuit is one that arranges the components so that the same electricity flows through each one. In this series circuit, the electricity flows
through one light bulb and then through the other when both

©

switches are closed.

Put a 9-volt battery into the circuit. Experiment with having various
combinations of the two switches open and closed. Record and be
prepared to discuss the results.

if

one or both light bulbs in the
E4. What do you think will happen
in
experiment
the
circuit
preceding
are replaced by 14-volt LEDs?
the experiment. Record and
conduct
First make a prediction. Then
be prepared to discuss the results.
E5. Two 1.5-volt batteries can be connected in series to make a 3-volt
battery. The negative pole of one battery is connected to the positive

pole of the second battery. This 3-volt battery

has

less electrical

@
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9-volt battery.

——&

cad

Experiment with increasing the voltage in experiments 1-4 described earlier. In each case, record and explain the results. A sample
circuit diagram is given below.
E6. Design your own experiments. For example, you might experiment
with two light bulbs and one LED in series or in parallel. You might
Be
experiment with a combination of series and parallel light bulbs.
what
creative. Draw a circuit diagram for each experiment. Explain
the experiment
designed to test. Then build the circuit. Record
and be prepared to discuss the results.

is
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Fun With Circuits
The essential parts a circuit are the conducting
the electrical
and
switch.
The
load, the
path
conducting
can be made
source,
path,

of

power

a

from any material that conducts electricity. A switch can be made using
a simple paper clip and small metal tabs. For this activity, you will be
using some unusual parts to create your circuits.

Step One:
To make conducting strips you will need some 12-inch wide aluminum
foil and masking tape.
1.

Tear a piece of aluminum foil about 6
inches long from the roll.

ro

Tear strips of masking tape to a length about
the width of the foil. The strips do not need
to be exact.

3.

Place strip after strip of masking tape next
to each other on the foil until the surface is
covered. This tape will strengthen the foil
so it doesn’t tear easily.

4.

Cut the aluminum foil into strips along the
lines of the masking tape. You may end up
with more pieces than you actually use.

IO

Step Two:
To create the circuit with your pieces, you will first need to have a
circuit pattern. You will need a piece of cardboard about 12 inches by
12 inches and a roll of transparent tape.
1.

Take the pattern that is provided below and sketch the pattern onto
the cardboard you have. Make this pattern large enough to comforteasily use.
ably fit on your cardboard and still be large enough

to

oO
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One at a time, bend foil strips into the pattern matching the design
you have on your cardboard. Lay the foil strips directly onto the
pattern and tape them into place. Be careful not to place the tape
close to the ends of the strips since the ends are needed as connection points.

Step Three:
This job calls for placing an LED in the circuit. You may need to substitute with a small bulb.
1.

Bend the legs of the LED slightly apart so they will extend along the
foil connectors.

2.

Place the LED into the circuit and tape the ends
the foil strips using the transparent tape.

©

of

the wires against

Step Four:
You have only one part to add. The power source is now required. You
will need to use a 9-volt battery or create a battery pack that will work.
To create a C-cell battery pack, tape some batteries together so that the
positive end of one has a solid contact with the negative end of another.
Adding rubber bands to help hold them tight is also helpful. Experiment
to determine how many C-cell batteries you need for an LED. You
needed if you are
might want to explore to see if the same number
LED.
instead
bulb
of
a
an
using

is

I.

Place the power source into the circuit path and connect the ends by
bending the foil strip up to contact the ends of the battery. Be very
careful the foil strips on the posts of the 9-volt battery do not touch
each other. If they do, you could ruin your battery.

2.

Fasten the foil to the batteries using a rubber band to hold them.

Step Five:

©

1.

Does your circuit work as expected? If not, troubleshoot the circuit
until you do have the LED giving off the light that was intended as
111
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the task given the circuit.
2.
3.

At the moment this circuit has no switch. How can
circuit on and off?
Do some experimenting to see

into

your circuit.

you

turn the

if you can create a switch to insert

Step Six:
This simple circuit can be used to produce some fun projects. You might
want to modify the approach to your circuit construction to see if you
can create one of the following.
1.

If you have a small container such as a sandwich container from

a

fast food place, you can use it to create a simple puppet with a

glowing LED or bulb nose.

2. On a piece

of cardboard, create a map that shows where you live or

is

located. Cut a small hole to indicate where
where your school
is. Mount the circuit on the back of the cardschool
house
or
your
make
used
board
to
your map and let the tip of the LED or bulb
show through this hole. When the circuit is completed, this light
shows where you live or go to school.
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Optional Activities
The following suggestions can be used to supplement your work in Unit
2. 1f you prefer, substitute these activities for the ones that are given. If
you decide to use them, you will need to create a student handout page.

Activity

1

Suppose that you are the principal of your school and you are told that
there will be a total power outage for the school for one entire day. State
what you will have your staff and students do for this day and explain
why you have made this choice.
Suppose that your school will be without electricity for one complete
month. State what you will have your staff and students do for this
month and explain why you have made this choice.

Activity 2
Suppose your school is to be without any electricity for one complete
week. However, all students and staff are required to be in school each
day as usual. Create a list of some of the things you would have to do
differently to be able to complete your school activities.

Activity 3
This activity requires an ohmmeter and gives students a way to explore
the concept of resistance. Have students use a soft-lead pencil to completely shade in two separate rectangular shapes. The first shaded area
should be a rectangle 1/2 inch wide by 6 inches long. The second
rectangle should be inch wide by 6 inches long. Make the pencil mark
as dark as possible. On the outside edge of each rectangle, place tic
marks at inch intervals.
1

1

A

©
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An ohmmeter has two leads attached. Hold the common lead of the
ohmmeter at the 0 mark of the smaller ruler. Slowly slide the probe end
from the 6 inch mark toward the inch mark. Record the ohm readings
for each inch you move. Repeat the exercise using the inch wide ruler.
1

1

Have students discuss why the values obtained from the two conducting
surfaces are different. (Note: the greater area of the conductor reduces
the resistance in the circuit.)
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Background Information
This unit examines the way in which information is stored in a comin
puter. The data and information that is part of our day-to-day lives is
information,
with
printed
a variety of forms. For example, we interact
sound, and images. If we are to use this information with a computer,
must be transformed into a form that the computer can use.

it

use circuits that include many transistors that act asis
switches. These transistors are either on or off. Thus, a circuit either
Computers

is

called
open or closed. Something that can have only two states
binary. The binary number system represents the two states using the
symbols 0 and 1. Actually, there are no 0s and 1s inside the computer.
Instead, the Os and 1s represent the state of a transistor switch, or a
circuit.

Binary Information
The two states available in the electrical switches and circuits, on and
off, provide a way to use the binary number system to represent information in a computer. Computer hardware is designed to work with the
information after it has been binary-coded. Each of the Os or Is from the
binary number system is called a bit (binary digit). Whether a computer
is working with words, numbers, colors, graphics, or sound, the internal
the same—a series of bits made up
representation of the information
Os
of and Is.

is

Rg
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100110001100101
100101010010010
001010100011111
001010101000101
@0100010001000
LI1T10011110100
|00011001010100
010100100100001
101000100101100
‘
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binary code

You and your students are used to working with a much larger set
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symbols—Ietters, digits, and special characters—than the two symbols a
computer uses. The symbol set that you usually use contains 26 lowercase letters, 26 uppercase letters, 10 digits, a number of punctuation
marks, and other symbols such as #, *, &, and =.

is

At first, you might think that a two-character symbol set
limiting.
is not. You can count with binary numbers. The (base 10)
However,
numbers 1, 2, 3, and 4 are represented in binary as 1, 10,,.11,, and 100,.
In addition, just like the base 10 numbers,
you can perform mathematical computations on binary numbers using binary arithmetic.

it

The computer uses a special binary code to represent letters. The computer industry has agreed on an 8-bit code for representing letters and
other symbols. The letter A is represented by 0100 0001, and the letter
B by 0100 0010,. The lowercase of each letter
represented by a
different 8-bit code. Similarly, all the other letters can be represented
using this 8-bit binary code.

is

of 8 bits is called a byte. There are exactly 256 different 8-bit
binary numbers: 0000 0000,, 0000 0001,, 0000 0010,, ..., 1111 11 10,
1111 1111,. These binary numbers represent the base 10 numbers 0, 1,
2 eines 2545255:

A group

In order to provide a way for the keyboard to function as a digital input
device, the computer contains special tables that contain information
about the letters and other symbols. Each key on the keyboard
sits
above a grid of wires. When a key is pressed, there is an immediate
change in the current moving along the row and column associated with
the key. A special keyboard chip scans the row circuits hundreds of
times per second and recognizes that a row is now active. After recording which row
active, the chip quickly scans
identify which column is also active. The information of row and column is recorded and
transmitted as a key code or scan code.

is

to

The microprocessor sends the key code to a look-up table or scan-code
table installed in the computer. This table matches the key-location code
with a corresponding letter. Each letter is given a numerical value that
converted into binary form. On an English look-up table, the key code
resulting when the R key is pressed results in a corresponding code
having the binary representation of 0101 0010,.

is

Storage of Binary Information
Your computer

is

capable of handling incredible amounts of information
extremely short time. To facilitate this speed, there are many types
of storage components in the computer. Efficient storage and retrieval of
in an
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represent the information helps to determine the efficiency
of your machine.
Hard disks, floppy disks, CD-ROMs, and tape storage provide longterm storage. This type of information is fine for long-term purposes but
doesn’t work well as a way to hold information while the computer
actually working with it. In relation to how fast the microprocessor can
very slow.
handle information, accessing the bits on these devices

the

bits

that

is

is

Special integrated circuits are created to handle the information while
the computer
working. Special read only memory (ROM) chips
provide permanent memory to hold all the start-up programs needed to
the
prepare the computer for use. This storage is unaffected when
data
with
during
off.
filled
This
turned
type of memory
computer
the manufacture of the computer.

is

is

is

is

used to tempoRandom access memory (RAM), or main memory,
needed for a
information
and
instructions,
rarily hold the programs,
is
to store
information
given work session. This type of memory given
of
started up. The actual contents this type of
each time the computer
memory may change many times during one work session.

is

or

Information is moved to RAM from the disks
tapes used for long120 billionths of
in
about
retrieved
term storage. Data on RAM chips
restarted, this kind of
a second. However, each time the computer
the work session.
be
used
information
to
receives
during
memory

is

is

Some computers also have cache memory, a special type of RAM. This
type of memory can be more than 10 times faster than the main memory
RAM chips, but is more expensive. Cache memory is used to hold the
operating instructions or data that may be needed shortly. Cache
memory is very helpful in keeping the computer operating at top speed.
Special areas on the microprocessor are devoted to storing data. This
kind of memory is the fastest type available and is used to keep track of
the instructions being used in the currently running computer program.
A computer only works with binary representations of the various types
of input. For a person to make use of the results of the information
processed, the computer must have a way to convert the digital informa-

tion back to a form usable by the person operating the computer.

For example, your display screen is capable of showing complex pictures. A computer display screen can be thought of as consisting of
closely spaced rows of dots or picture elements (pixels). Outside ofthe
computer, the 256 possible colors for a pixel can be thought of as color
0, color 1, color 2, ..., color 255. Inside the computer, the code used to
represent these colors are the binary numbers 0000 0000,, 0000 0001,
119
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etc. The color ofeach pixel for a graphic to be displayed is stored in
designed to convert this stored
computer memory. The computer
(coded) pixel information that is in a binary format into a form that
shows as a graphic on the display screen.

is

@

binary code

non-binary
information
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When you see an image on your screen, you are not seeing its binary
representation. A special device inside the computer called a Video
Graphics Array (VGA) adapter changes the digital information into a
form that can be displayed. This reverses the input phase of translating
a binary representation. Here, a look-up table prokeyboard input
vides the specific sequence of voltage needed to produce a specific
combination of red, blue, and green to give each pixel the color you
need. The array of tiny dots—pixels—forms the image on your screen.
Sometimes that image is words; sometimes that image is pictures.

to

Consider the printer as an output device. If you are using a laser printer,
the printer’s chip is responsible for converting the information it receives from the microprocessor into light signals understood by the
printer. The printer produces recognizable characters. This translation of
binary representation back into recognizable characters allows the user
to have the information
a readable printed format even though the
computer itself deals only with the binary form of the information.

in

ASCII Code
Consider storing letters and punctuation marks, colored pictures, or
in scientific notation such as 2.895 x 107. While
is possible
number
codes
to use any
different
store information in a computer,
over the years, agreements have been developed among computer
manufacturers to establish universal standards so that nearly every

numbers

of

to

it
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desktop computer understands the same standardized code.
the American
The most common code used on desktop computers
Standard Code for Information Interchange (ASCII). This acronym is
pronounced asskee. This standard uses an 8-bit code used to represent
the characters used in written communication. This includes letters,
digits, and punctuation marks. Each collection of eight bits is called a
byte. Modern computer circuitry is designed to work efficiently with
this 8-bit standard. Information is stored and manipulated in bytes.
The following is a sample of the ASCII code table that is found in the
student materials. Notice the decimal (base 10) equivalents of the binary

is

codes.

Decimal

Letter

Binary

65

A

0100 00015
0100 0010,
0100 00114

66

B

67

e

indicates that the binary representation for the letter A is
0100 0001,. We generally say “The ASCII code for the letter A is 65.”
The decimal number system is easier to remember and say than “The
ASCII code for the letter A is 0100 0001,.”

The

table

As you can see in the above table, there is a systematic pattern to the
way in which ASCII codes have been assigned. If the user wants to
alphabetize a list of words, the computer doesn’t sort looking at actual

letters. Instead, the computer sorts using the ASCII codes of the letters.
is working with collections of
When a computer works with words,
“CAT” into a word processor
word
the
enter
For
example,
bytes.
you
0101 0100, are stored in
and
0100
001
Les
the three bytes 0100
0001,
“cat”
instead of “CAT,” the
the memory of the computer. If you enter
three bytes 0110 0011,, 0110 0001,, and 0111 0100, are stored. There
are different ASCII codes for lowercase and uppercase letters.

if

CAT

it

gia

1
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Every character entered on the keyboard is stored in a similar manner.
For example, in writing, you leave a blank space between words. On the
keyboard you press the space bar. The ASCII code for a blank space
the decimal number 32 or the binary number 0010 0000,.

is

As you have seen, the computer uses the binary system to process
information
a variety of ways.
uses ASCII code to translate between information that people can process and information that the
computer can process. It uses the binary number system to perform
mathematical computations as it processes information. And it stores
information
a binary format both in internal memory and on external
storage devices such as disks and CD-ROMs.

in

It

in

Resources
v

Gertler, N. (1994). Computers Illustrated. Indianapolis, IN: QUE.
An excellent combination of graphics and text explain covering
topics from the description of specific computers to memory to
display to printing and publishing to networking—suitable for
students and teacher.

v' White, R. (1995). How Computers Work (2nd ed.). Emeryville, CA:
Ziff-Davis Press.
A book combining graphics and text to explain how a computer

it

is capable of doing and many of the peripherdoes the many jobs
als used to accomplish the tasks—suitable for students and teachers
with an option for having an interactive CD included.

Rizzo, J. & Clark, D. (1993). How Macs
Davis Press.
White, R. (1993). How Software
Press.

Works.

Work.

Emeryville, CA: Ziff-

Emeryville, CA: Ziff-Davis

Video-based Lesson

Unit 3

@

»

Digital Information

Teacher Materials
is

processed by a
lesson, students will learn how information
and
colors
to express their
sounds,
computer. People use letters, digits,
in
information
all
kinds of
ideas. Computers represent
a binary form.
In this

A person can directly enter information into a computer using an input
device such as a keyboard, mouse, microphone, scanner, or camera. The
transform the information
computer and input device work together
into the digital format the computer can use. A computer also accepts
digital input from a CD-ROM, hard disk, floppy disk, Zip disk, or tape.

to

®

Once the computer accepts information, all processing of the information is done with the information in digital or binary representation.
Since a person would find such a format difficult to understand, any
information that is immediately output to monitors, printers, plotters, or
speakers is transformed back into the form familiar to people—as text,
pictures, or sound. The computer may also be placing the digital information into long-term storage devices such as recordable CD-ROM
called a CD-R, hard disk, floppy disk, Zip disk, or tape.
The activity in this Video-based Lesson focuses on the use of a binary
code in representing a graphic to be stored in a computer and displayed
on a computer screen or printed.

Summary of Student Video—Segment 3
This segment looks at how information is communicated through the
use of codes—from personal informal codes to computer codes. The
computer uses a code of Is and Os called digital information. During a
visit to the Intel Museum the relationship between these 1s and 0s and
letters is revealed. A trip to a baseball stadium is made to demonstrate
how digital information can represent graphics and images. The comrevealed as the ultimate in translation machines.
puter

is

Time: 8 minutes 25 seconds.
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Goals and Objectives
Students will learn how the binary system used by computers can
represent colors in a graphic and, thus, how a computer can work with
colored pictures.
«

»

*

Students will work with a black-and-white graphic that can be
represented using just one bit per pixel.

a

Students will work with 4-color graphic—black, dark gray, light
gray, white—that can be represented by two bits per pixel.
Students will begin to connect their knowledge
way information is represented in a computer.

of circuits to the

Time Considerations
The Video-based Lesson is designed to provide you with materials for
25 to 55 minutes of class time. Completion of the required teaching
procedures prepares your students for the Video-based Lesson in Unit 4.
If you plan to teach the Extension Lesson in this unit, you may want
complete the optional teaching procedures included in the lesson.

to

Preparation, Materials, and Equipment
*

VCR

*

The Journey Inside: The Computer—student video segment 3

+

Overhead projector

*

Overhead transparencies—S5,

«

Copies of the Student Materials

10

Vocabulary
Binary—Anything that has only two states such as on/off or yes/no.
Binary code—A coding system that relies on the use of bits—0s and
Is—to encode information.
Binary digit (bit)—A

0

or a

| used in the

binary number system.

Bit (binary digit)—0 or a I.

Byte—A grouping

of eight

adjacent binary digits,

Os

and

1s,

operated
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as a single unit.

Pixel (picture element)—The smallest unit on a display screen grid that
can be stored, displayed, or addressed.

Evaluation Suggestions
*

«

Let students demonstrate their knowledge of the one-to-one correspondence between binary-counting numbers and decimal-counting
numbers by completing a table of values.

a

Students can suggest list of other items that are represented by a
binary system. Examples: the possible answers in a yes/no survey, a
game of 20 questions, gender classifications, and so on.
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Lesson Plan
The Video-based Lesson covers material on a topic that students find
interesting, but somewhat difficult to grasp. The main idea is associating screen or printed output with binary codes. If you plan to do the
include all the activities in this
Extension Lesson, you may want
lesson.

to

Required Teaching Procedures

the video.

1.

Review the ideas from the first two segments

2.

short table showing the
Use the overhead transparency that gives
first eight binary numbers. Make sure that students understand the
tricycle, bicycle, and unicycle
term binary. Relating the term
remember
helps them
the term.

a

of

to

View The Journey Inside: The Computer—student video segment 3.
4.

Discuss the ideas in the third segment of the video. For example, ask
the class questions such as:
Do you think that if you had a powerful enough microscope you
could actually see tiny Os and 1s inside a computer? Why?

if

What difference,
any, do you think there are in the way a television set displays pictures and the way a computer monitor shows
pictures?
A CD used in your CD-player lets you listen to music. A CD used in
your computer lets you listen to music and other sounds but a
computer CD can also let you see text and pictures. What differences do you think there are in the way each CD stores the information it contains?

128

5.

Give students the How Do Computers Work With Pictures? handout
and specify the time frame and expectations.

6.

Have students share the results of their work with their pictures.

©
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Optional Teaching Procedures

is

7.

Review with students the idea that information inside a computer
stored using a binary coding system. Ask students to consider why
one might want to use a code. Have them discuss the use of codes
they are familiar with such as sign language, Morse Code, bar
codes, postal codes, or secret codes that they have invented. Why
are they used? What are the advantages and disadvantages of using
codes?

8.

Ask students
read The Binary Counter handout. You can demonstrate the binary counting technique with group of four students or
have each group work to determine how the binary counter activity
is to be done. If you demonstrate the activity, allow time for questions.

9.

Divide the class into groups of 8 to 10. Give the students time to
work through the handout and practice with their counter. Have
students switch roles about halfway through the allotted time so that
all students get to be in the counter.

10.

Select one or two groups to demonstrate counting to 15. Try adding
one more person to the counter and see if they can handle the larger
values. Have students discuss their feelings about reading numbers
in binary form compared to reading numbers in decimal form.

11.

If you have time, you might engage the class in a short competition

to

a

to see how quickly each group is able to read a number a group
displays for the others. Vary this by having the groups display a
value specified for them. Make sure that the values
correctly

are

given by the counter before the counter dismantles the display.
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How Do Computers Work

With Pictures?
is

that it is made up of millions of
One way to think about a computer
electronic switches called transistors. Transistors are on or off. Electricity is flowing through the transistor or it isn’t. This means a circuit is
closed or open. The two states (switch closed so that electricity can
flow; switch open so that electricity cannot flow) can be represented by
two symbols—1 and 0.

This way of storing information in a computer—using a binary code of
0s and 1s—is used to store numbers, words, sounds, and pictures. Of
course, there are no actual Os and 1s inside the machine. These symbols
merely represent a switch being off or on.
binary code
non-binary
information

es
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In your computer, a special Video Graphics Array (VGA) device is used
to translate the binary coded information into what you see on your
screen. Think of these display screens as being made up of a large
number of tiny dots arranged in rows and columns. Each dot
called a

picture element or pixel and each dot
Red/Green/Blue to display.

is

is

given some combination of

If your color monitor uses 256 colors, the VGA makes use of 256
different codes each made using just 8 bits. Every one of the 256 colors
is

coded into a special 8-bit value.

it

is
For convenience in writing and talking about the colors of pixels,
easier to use the numbers 0, 1, 2, 3, ..., 254, 255 rather than the binary
130
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codes. Color 3 is color 0000 0011,. It is represented in the computer
memory by eight transistors set at off-off-off-off-off-off-on-on.

Activity
I.

The table below represents a small part of a black-and-white computer screen. It is 10 pixels high and 15 pixels wide. The screen
contains a hidden picture displayed as the symbols 0 and 1. To see
the picture, color each pixel marked 0 with black to represent a pixel
that is black or off. Leave all pixels that show a blank to represent
a white pixel or on.
1

LEE

Bi

2.

INSET
[SLIDE

fo

On the grid below, create your own picture by coloring some

of

the

pixels black and leaving others white.
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On the bottom grid, translate your picture into a binary code—0s and
I's. Remove the part of the page with this coding and the blank grid.
Give it to someone to recreate your picture from the binary code.

132
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The Binary Counter
You have learned that computers use binary codes to store and process
information. The binary system uses only two symbols. People usually
use 0 and 1 as the two binary symbols. Since binary codes can be used
to represent numbers, letters, pictures, and sounds, the computer can
work with a wide variety of information.
You are used to counting in the decimal or base ten system with 1, 2, 3,
4, 5, and so on. You could also count using binary numbers with 1,, 10,,
11,, 100, 101, 110,, etc. The subscript—the small 2 that appears slightly
is a binary number. There are many more
below the line—indicates
place holders needed in the binary system to indicate value and, no
still takes longer
actually say the
matter how much you practice,
numbers if they are in binary form.

it

it

®

to

In this activity you and several of your classmates will construct a
increased by a value of 1, the
human binary counter. As the count
display a visual representation of each numbinary counter changes
ber in binary format. The people in the counter will represent the Os and
I's needed to display the decimal number you will hear. The following
diagram shows the binary counter displaying the decimal number 5 in
binary representation.

is

to

raised right arm represents a 1. An arm down at the side represents a
The diagram is displaying a five as the binary number 0101, The
interpreted or read from the right. The person on the
binary number
in the 1s position, the next person from
extreme right of the diagram
the right is in the 2s position, the third person from the right is in the 4s
A

0.

&

is

is
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position, the next person

is in

the 8s position, and so on.

In this way, the four people are representing 0101,.

Activity
1.

Select four members of your group to be in the binary counter.
Select one other member of your group to be the count monitor. The
other members of your group are checkers.
The people who are in the binary counter form a line in front of the
group. Each person should be able to touch the shoulder of the
person to their right with their fingertips. As viewed by the group,
in the position.
the person on the extreme right

is

Is

The count monitor gives input to the binary counter by touching the
person in the 1s place on the shoulder and verbally indicating the
new number. The count monitor must also keep track of the count.
The binary counter works as follows:

is

set to zero by having all of its members put
The binary counter
their
their arms at
sides.
Each time members

of the binary counter are touched, they must

complete some particular action.
If their arm
the person

is

to

134

held up and out when they are touched they must tap
their right on the shoulder and lower their own arm.
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If their arm is already down when they are touched, then they raise
their arm without touching the person to the right.

od

A

hp
@&

5.

6.

1

>K

Ea

The Count Monitor counts out loud when tapping the first person
the counter on the shoulder. The Count Monitor needs to give the
Checkers time to check the work of the binary counter.

in

The Checkers check each number that appears on the binary counter
using the following table:
5 = 101,

1=1,
2=10,

6 = 110,

= 11,

7=111,

4 = 100,

= 1000,

=1101,

=1001,
10=1010,

13

1=1011,

15=1111,

12: Il

16 =

9

="1100,

14 =

1110,
1

0000,

Extension Lesson
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Teacher Materials
Video-based Lesson, students explored the way information is
represented in a computer, particularly pictures. In this lesson, they
examine two other uses of the binary system: computation using binary
numbers and conversion of information using ASCII code.
In the

Goal and Objectives

The goal of this lesson is to familiarize students with binary arithmetic
used to store characters in a desktop
and the 8-bit ASCII code that
computer.
Students will have an opportunity to do binary arithmetic and
recognize the similarity to the decimal system.

is

«

«

Students will become familiar with the ASCII code.

Time Considerations
This lesson requires about

40-50

minutes

of class

time.

Preparation, Materials, and Equipment
«

Overhead projector

«

Overhead transparencies—10,

+

Copies of the Student Materials

11, 13, 14

Vocabulary
American Standard Code for Information Interchange (ASCII)—
pairing the alphanu(Pronounced asskee). An agreed method
meric character set with binary representations used in computers.

for

Evaluation Suggestions
«

Have students do a simple binary arithmetic question and check that
they have the correct answer.
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Check that students know what the acronym ASCII represents.

*

Be sure students understand why ASCII code is used and

exists.
*

140

Observe that all students can translate to and from ASCII.

why

it
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Lesson Plan
You will need to adjust the activities used in this lesson to match the
skill level of your students. You may decide to substitute some of the
optional activities for those in the suggested teaching procedures.

Teaching Procedures
1.
Review the ideas of using binary

notation to represent numerical
values and of computers being designed to work using binary
symbols.

®

2.

Have students recognize that their counting system, decimal notation,
just one of many ways to represent numbers and do calculations. Have them practice binary arithmetic so they can practice
applying their understanding of binary numbers in the context of
doing simple arithmetic.

3.

Discuss the ASCII code. Point out that if all computer manufacturers agree to use the same code, then it becomes much easier to move
information from one brand of computer to another.

4.

Give students time to work on the Binary Numbers, The ASCII
Computer Code, and the Decision Making handouts.

5.

Have students share with the class the results of their work on these
tasks.

6.

Discuss with students the cycle of input/storage/processing/output.
being
represented. Have them think about storage requirements for each
type of information.

is

At each step, have them discuss the way the information

7.

is

Computer memory is measured in bytes. Explain to students that
internal computer memory—RAM and ROM—and disk storage size
are measured in bytes. Currently we use the measurements K for
kilobytes, MB (megs) for megabytes, and GB (gigs) for gigabytes.
Use the transparency included in the kit to show the amount
memory available on various storage devices.

of
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Answers to Student Activity
1.

The Binary table

Groups of
Decimal

oo

Binary

2s

wn

0

02

0

12

0

102

0

112

0

1002

0

1012

0

1102
1112

0

10002
10012
10102
10112
11002
11012
11102
11112

1

not possible without adding a 16s group
2.

00002

Binary arithmetic answers
1

142

1

0001,

11011,

10 1100;

1100 1110;
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Binary Numbers
You learned how to count when you were very young. The number
system that you used is called the decimal system. The word decimal
means ten. The decimal number system has 10 symbols. The 10 symbols are: 0,1, 2, 3,4,5,6,7,8,and 9.

symbols, you can count forever. You know that once
you have used the digits from 0 to 9, you next create numbers with two
digits, such as 10, 11, 12, 13, and so on. Next you use a combination of
three digits to get 100, 101, 102, 103, and so on.
With

just these

10

3=on,

[or][on][on]

The word binary means two. The binary number system has two symbols. These are 0 and 1. With just these two symbols, you can also count
forever.
1=17

6=1107

2=10,
7=1112

3=11>
8=1000>

4=1007

5=101;
10=1010,

9=1001>,

a

When we write binary numbers we use a “2” for subscript to represent
the binary system. The above table shows the binary numbers that are
equivalent to decimal numbers from 0 to 10. (These numbers are read
“Zero base 2,” “One base 2,” “One-zero base 2,” and so forth.)

&

You can easily see that it takes many more number value place holders
to represent even small numbers using the binary system than it does
using the decimal system. In the decimal system you use 14 to represent
I
tens unit and 4 ones units—expanded form 1(10) + 4(1). In the binary
1110, to represent one 8s unit, one 4s unit,
system this same number

is
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one 2s unit and 0 ones unit—expanded form 1(8) + 1(4) + 1(2) + 0(1). It
is easier to say, “I am 14 years old” than to say, “I am one-one-one-zero
base 2 (1110,) years old.”
Computers are built to work with the binary symbols 0 and 1. People
are taught to work with the decimal symbols 0, 1, ..., 9. People can learn
to convert from decimal
binary, and back again. Computers can be
from
decimal to binary, and back again. In this
to
convert
programmed
way, computers and people can each work with the symbol set that is
most comfortable and best suits their abilities.

to

Activity
1.

Decimal

Binary numbers and decimal numbers are two different ways to
represent a quantity. Complete the following table.
4s

2s

1s

Binary

0

02
12

102
L.Ip

2.

You already know how to do addition
do the problem:

in base 10. So

you can easily
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394
+ 825

[219
The same ideas can be used to add binary numbers. Try the following addition problems. Use the following addition table to help you.
is

0

1

0

0

1

1

1

10

Then write an explanation of how to add two binary numbers. Give an
explanation that will enable someone that has never done this exercise
to succeed in adding the two numbers.
10117
+ 110;

1012

10110;

+ 101102

+1 01102

101 1011;
+111 0011;
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The ASCII Computer Code
Computers work in binary code. Information is coded using
Each 0 or is called a bit.

Os

and Is.

1

In the beginning, different computer companies applied the binary
system in their own way. The code for the letters in the word cat was

often different

in

different brands of computers.

Eventually, a set of standards was developed. Computer manufacturers
agreed to use one code called the ASCII (American Standard Code for
Information Interchange) code. The ASCII code is an 8-bit code. That
letter or a punctuation mark. Eight bits
is, it uses eight bits to represent
with
eight digits, such as 1101 1011,,
are called a byte. A binary code
can be stored in one byte of computer memory. The word “CAT” in a
word processor becomes 0100 0011,, 0100 0001,, and 0101 0100,. The
word “cat” is 0110 0011,, 0110 0001,, and 0111 0100,.

a

CAT

©

cat

Each letter, number, and symbol is represented by an 8-bit ASCII code.
this handout. Notice that there is even
Part of the ASCII code is given
an ASCII code for a blank space.

in

Activities
1.

146

Use the ASCII code to write your first name or nickname in binary
numbers beginning with an uppercase letter and continuing with
lowercase letters. Put the letters of your name in the first column.

@
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Binary representation of the letter

2.

On a separate sheet of paper, write a short message in ASCII. Exchange messages with a partner and decode each other’s message.

3.

The ASCII code for a blank space
binary number 0010 0000,. Why is
blank space?

4.

How many characters of text are there in an average book? To help
answer this question, select several different books of varying
lengths. For each book, estimate the number of characters of text.
Remember
count the punctuation marks and include the blank
character between words and sentences. How many bytes of computer memory are needed to store the text in an average book?
Compare this number with the size of the RAM and disks you use
on the computers in your classroom.

to

decimal number 32, or the
helpful to have a code for a

is the

it

Unit 3

«

Digital Information

Character

Decimal
Number

Binary
Number

Character

Decimal
Number

blank space

32

0010 0000

A

94

0101

1110

!

33

0010 0001

-

95

0101

1111

34

0010 0010

96

0110 0000

i

35

0010 0011

a

97

0110 0001

S$

36

0010 0100

b

98

0110 0010

A

65

0100 0001

Cc

99

0110 0011

B

66

0100 0010

d

100

0110 0100

©

67

0100 0011

¢

101

0110 0101

D

68

0100 0100

f

102

0110 0110

E

69

0100 0101

g

103

0110

F

70

0100 0110

h

104

0110 1000

i

105

0110 1001
0110 1010

&

Binary
Number

O111

G

71

0100 0111

H

F2

0100 1000

j

106

I

7:3

0100 1001

k

107

0110 1011

J

74

0100 1010

108

0110 1100

K

75

0100 1011

m

109

0110 1101

L

76

0100 1100

n

110

0110 1110

M

77

0100 1101

0

111

0110 1111

N

78

0100 1110

p

112

0111

0000
0001

1

0

79

0100 1111

q

113

0111

P

80

0101

0000

r

114

0111 0010

Q

81

0101 0001

S

115

0111

0011

R

82

0101

0010

t

116

0111

0100
0101

S

83

0101 0011

u

115

0111

TT

84

0101 0100

v

118

0111

0110

U

85

0101 0101

w

119

Or11r

0111

V

86

0101 0110

X

120

0111

1000

Ww

87

0101 0111

y

121

0111

1001

z

122

0rr1

1010

4

88

0101 1000

XY

89

0101

1001

{

123

0111

1011

74

90

0101

1010

|

124

0111

1100

}

125

Or111

1101

~

126

orl

1110

1011

[

91

0101

/

92

0101 1100

]

93

0101 1101
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Decision Making
You are used to being in situations where you have to make a decision.
For example, suppose you are asked to write a paragraph about the
event you enjoyed the most during the summer. Which do you choose?
Or, suppose you need to go home from school as quickly as possible. If
there is more than one way to travel, you must decide which would be
the fastest. These types of situations you can think of as OR situations.
You select only one of several available and reasonable options.

&

You make other kinds of decisions as well. One kind of decision making
you do helps you achieve some goal you set. For example, you may
want to become the best basketball player in your grade. Or, you want
to become skilled enough to compete in both the butterfly and the
backstroke in the next swim meet. These types of situations involve
To
more than just one step so they can be thought of as AND situations.
meet this type of goal, you need to accomplish more than just one thing.

a

If you think of circuit with two switches connected to a light, you can
circuit
use the circuit to represent your decision making process. If the
series circuit—one where you have only one complete
is designed
the power source and the load—you can complete the
between
pathway
for
AND situations. If you create a circuit that is paralthinking needed
lel—more than one pathway to complete the circuit between the power
source and load—you have a way to model OR thinking.
as

a

The reaction of the circuit's load to the switches being open or closed is
the
referred to as the circuit's logic. And, you can think of input
thinking process as the switch being off or on and the output as the load
being done or not being done. Decisions can be made about the final
outcome of set of conditions with OR and AND kinds of thinking.

to

a

Activities
1.

Remember the definition of binary? Think of questions that you can
answer using only yes or no. Do they fit the definition of a binary
situation? To answer the following questions, when your answer is
no, use a 0. The word AND requires
yes, use a 1. If your answer
both conditions to be true—both questions answered with a yes. The
word OR requires only one condition to be true. It is false only if

is

©
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both answers are no.
Complete the following table. Use yes and no to answer the questions. Then code your answers into digital form using Os and Is.
If
(my homework is done)

If
(the teacher is absent)

2.

then

AND
(my room is tidy)

(I can go to a movie)

then

OR

(there

is a

blizzard)

(I can stay home)

Suppose you want to create a circuit that will act as a buglar alarm.
A flashing light signals that a door
open. Will you need to use OR
thinking or AND thinking? How many switches will you need to use

is

in a

circuit that would represent this situation?

Sketch a diagram that would represent the circuit
3.

150

for

this

situation.

Suppose that you have tickets to a baseball game and the stadium
has two entrances. You know that you will need to stand in line
before you can enter. Consider your options. Is this going to need
OR
thinking or AND thinking? How many different options do you
have to enter the stadium?

Unit 3
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Optional Activities
The following suggestions can be used to supplement your work in Unit
3. Or, if you prefer, substitute these activities for the ones that are given.
If you decide to use them, you will need to create a student handout.

Activity

1

Extend the Binary Counter activity to include a challenge game. Have
read a number displayed on the
the groups challenge each other
counter or
display a given number on the counter. Use a stopwatch to
time them. Have other students check for accuracy of the result.

to

to

Activity 2

&

Students often gain a greater understanding of how any number system
works by looking at a number system other than base 10. Have students
choose a number system and create their own symbols to represent the
digits. They can explore this new system displaying place-value
charts, a number table, addition and multiplication tables, and examples
their number system. For a complete reference,
of calculations done
consult the Number Systems article in the Summer 1996 issue of
available online in
The Journey Inside newsletter. This newsletter
site
of
Intel
web
the
Archive
the Newsletter
at
www.intel.com/education/k12/resource.htm.
by

in

is

Activity 3
Have students explore the amount of disk space required to store sound.
Record 5 seconds of one person talking and record the file size. Record
5 seconds of two people talking at the same time and record the file
size. Finally, record 5 seconds of recorded music from an audiotape or
CD and note the amount of storage space required. Have students
consider why they might want to use sound in documents they produce.

Activity 5

@

If your students program with HyperTalk or Logo or some other pro-

gramming language, have them write a program to convert their name
to ASCII code and put it into a display.
151
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Background Information
The word chip is commonly used to refer to an integrated circuit.
Microprocessors are one of many types of integrated circuits. The
central to the functioning of a computer. It is used to
microprocessor
the computer working
process information by keeping all the parts of
is the most
task.
The
microprocessor
together to complete a given
work.
make
needed
to
a
of
computer
complex and expensive the chips

is

Today's microprocessors may contain several million transistors and
other electronic components, yet be smaller than your thumbnail.
Today's microprocessors work very rapidly and are very reliable.

©

Microprocessor functions can be considered as a simplified three-step
from the
process. The fetch step involves getting an instruction
computers memory. The decode step involves deciding what the
instruction means and the execute step involves carrying out the
instruction. A modern microprocessor can complete this three-step
process many millions of times in second. Special areas on the
complete these
microprocessor are designed to enable the computer
1

to

three steps.

its

Each type of microprocessor has
own design and organizational
scheme. However, all microprocessors must perform similar tasks. The
transistors—the building blocks of the microprocessor—are arranged in
circuit groups. Each circuit group is designed to perform a specific task.
The following circuit groups are needed to allow the microprocessor
perform the fetch, decode, and execute operations.

to

Arithmetic Logic Unit. A set of circuits dedicated to the numerical
calculations and logical operations done.
Control Unit. These circuits control the sequence of the processing done
by the microprocessor and hold the instructions in the correct
sequence until they are needed.
Decode Unit. The circuits used to translate the instructions into control
signals and directions, and hold them in sequence until they are
requested by the control unit.

©

External Bus Unit. The pathway provided to move data to and from the
Microprocessor.
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Internal Bus Unit. Circuits that manage the flow of information from
one part of the microprocessor to another.
Memory Management Unit. The circuits designed to keep track of
information that has been processed, reclaim the space when the
instructions are done, and help organize the way instructions and
data are stored.
Since every microprocessor uses the fetch, decode, and execute cycle,
the internal circuit groups of most microprocessors are very similar. The
special circuit areas work together to accomplish the three steps. The
general areas used for fetch, decode, and execute on a Pentium® microprocessor from Intel are located as indicated in the diagram.

i

17 iBT

=

1

=
Esa

E

a

— Fetch
—

|_-

Decode
Exccute

a Pentium

chip with the special areas
for fetch, decode, and execute indicated.

The surface of

Each instruction that a microcomputer can execute is quite simple. For
example, a typical instruction that the microprocessor can understand is
“add two numbers.” Another instruction is “compare two numbers to
larger than the other.” A typical microprocessor has
see if one number
instructions with the necessary circuitry to
built-in
about 150 different
decode and execute them.

is

Microprocessors neither think nor reason. They simply follow the
instructions given to them by the software programmers. The smallest
error in such a set of instructions can lead to large errors in the final
results produced by the computer.
Programmers try very hard to avoid errors in the software they write.
is very difficult to write long programs without making
However,
mistakes. In large software companies, many programmers are employed just to test the software that is being written. These programmers
the software.
work to find any errors

it

in

An error in a computer program or computer hardware is called a bug.
The process of detecting and correcting an error in a computer program
is called debugging the program. Computer programmers spend a lot of
time testing and debugging the programs they write.

Unit 4 » Microprocessors

Resources
v/

Wyant, G. & Hammerstrom, T. (1994). How Microprocessors Work.
Emeryville, CA: Ziff-Davis Press.

This book provides an excellent presentation of the microprocessor:
its evolution, function, architecture, manufacture, and possible
future are all addressed—suitable for students and teachers.
Malone, M. (1995). The Microprocessor:
CA: Springer-Verlag.

A

Biography. Santa Clara,

A very readable history of the invention of the microprocessor
which also provides a rare glimpse of the people instrumental in
making the microprocessor business so successful—suitable for
older students and teachers.
Evans, A. (1996). Basic Digital Electronics. Richardson, TX: Master
Publishing, Inc.
Flaherty, T. (Ed.). (1993). Memory and Storage. Richmond, VA: TimeLife Books.

Hassig,

L. (Ed.).

(1990). Input/Output (rev. ed.). Richmond,

VA:

Time-

Life Books.

Studio Interactive (Producer). (1996). Digital Lab [CD-ROM, workbench and components]. CyberCrafts: Hands on Learning. Philips
Media.
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Teacher Materials
In this lesson students will explore the idea that computers only “do
what they are told to do” and that computers do not think. In addition,

students will learn about the fetch/decode/execute cycle.

Summary of Video—Segment 4
Microprocessors can be programmed to do many things. The microprocessor in a computer can perform a multitude of tasks, but requires very
clear instructions. To learn how those instructions are created, this
segment includes an interview with a software engineer. The microprocessor works by fetching, decoding, and executing instructions. After
explaining the fetch, decode, and execute cycle, the parts of the microprocessor where these steps are taken are identified.
Time: 6 minutes 45 seconds.

Goal and Objectives
*

»

+

Students will develop a mental model of computers as machines that
rapidly and accurately process information.
Students understand that computers operate by repeatedly carrying
out a fetch/decode/execute cycle.
Students examine a microprocessor and gain the understanding that
it is very small relative to the size of the entire computer.

Time Considerations
The Video-based Lesson is designed to provide material for 25 to 55
minutes of class time. If the available time is short, use only the required teaching procedures. Completion of these steps prepares you to
move to the Video-based Lesson in Unit 5.

If you plan to use the Extension Lesson in this unit, you may want to

complete the optional teaching procedures included in this lesson. You
may also decide to have students prepare their peanut butter and jelly
sandwich instructions in advance of the class.
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Overhead projector

*

Overhead transparencies—I, 2, 6

+

Copies

*

»

of

the

handout from Student Materials

Microprocessor from the Chip Kit
Create instruction cards for the first activity that is
Decode, Execute handout for students.

in

the Fetch,

The set of instruction cards you or your students prepare could be
done on index cards and should be adapted for your teaching situation. Create a variety of instructions. Put one instruction on each
card. When you have
the cards ready, place them into a box
labeled Instruction Box.

all

Here are some samples.
Fold

this card and put it on the teacher’s desk.

Give this card to someone who

is

wearing glasses.

Turn around twice, then put the card back in the box.
the room are on, turn them off. If the lights
room are off, turn them on.

If the lights

in

in

the

Smile and say, “Good morning, teacher.”
Pat yourself on the back, and pull your hair once.
+

Assemble ingredients for making a peanut butter and jelly sandwich.

»

Have cleaning supplies available.

Vocabulary
Decode—Translation of information from a code into a form that has
meaning to the microprocessor.
Execute—To carry out an instruction

after

it has been decoded.

External bus—The pathway for moving data to and from the microprocessor.

Fetch—The portion of the microprocessor dedicated to requesting and
receiving instructions.
Internal cache—A place on the microprocessor reserved for temporarily
storing instructions that might be needed in the near future.
Memory management—A way to store data and programs in memory,
keep track of them and reclaim the memory space when the data or
162
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instructions are no longer needed.

Microcode—The built-in set of instructions used by the microprocessor.

Evaluation Suggestions
+

Informally check that students are using the terminology from Unit
1, Unit 2 and Unit 3.

«Give students a short written or oral quiz that tests their use of
several terms used in the lessons to date. Have students explain, in
their own words, their understanding of a term they have learned.

163
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Lesson Plan
A microprocessor is an essential component of a personal computer.
Despite its complexity and millions of components, a microprocessor

very small.

is

Required Teaching Procedures
1:

Review the ideas encountered during the discussion of digital
information. Ask students to give one-sentence summaries of the
the previous unit.
important ideas

in

Briefly review the use of electronic switches in circuits and their
similarity to electric light switches. The major difference is that
elecelectronic switches in the computer can be turned on or
of
in
short
amount
time.
tronically
an extremely

off

View The Journey Inside: The Computer—student video segment 4.

Discuss the ideas in the video. Ask students to consider the ideas in
the video. Does the human brain use a fetch, decode, and execute
cycle? If a student feels it does, ask them to explain where and how
the instructions are received and stored. If they answer no, then ask
why not. Have students consider a comparison of the rate at which
information is processed in a computer compared to the rate at
which the brain processes similar information.

its

location in a computer
Show students the microprocessor and
the poster from the kit.
using an actual computer

or

Pass around the microprocessor and microprocessor package from
the Chip Kit.
Distribute the handout for the lesson. Discuss the assignment expectations. Set out the box of instructions that you have created and
have them complete the activities.
Provide some discussion time for students to share their experiences
with the fetch, decode, and execute cycle.

164
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Optional Teaching Procedures
9.

10.

Have students discuss the reality of knowing how to do something
so well that it gets done without thinking. The example of traveling
home from school works well. Discuss the fact that a person can
walk or ride a route they frequently use without really being aware
of the features of the route. Have students think about how they
would describe in detail what they see as they travel home or to a
favorite store or park. How many features can they actually describe? Help students understand the difficulty of breaking complex
actions into small, isolated steps so that it can be easily taught to
someone else.
Give students the High Tech Sandwiches handout and ask them to
complete the first activity on the sheet. This can be done individually or in groups. When everyone has completed the task, collect
their instructions.
Select one of the sets of instructions and complete the directions
exactly as they are written. Exaggerate any problems you encounter
in the instructions. Help the students see why the set of instructions
is inadequate. Remember, the sandwich maker—you, playing the
role of robot—is a non-thinking machine. (Note that you can do this
activity without the mess by pantomiming the making of a sandwich, but it is much more fun to use the real ingredients.)

S

Or, you can complete this activity by having the students exchange
instruction sets and have them carry out the directions prepared by

the other person.
11.

If time permits, have students debug their solutions to the High Tech
Sandwiches activity and attempt to follow a set of debugged instruc-

tions.
12.

As you bring the lesson to a close, make sure that students understand that a microprocessor does not think,
merely follows instructions. Humans—the programmers—do the thinking. The
smallest error on the part of the person writing the instruction set
can lead to unexpected and incorrect results.

it
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High Tech Sandwiches
Sometimes you do things automatically with little thought as to how
you do them. Think about how you learned to ride a bicycle or how you
learned to walk. You might have difficulty in recalling exactly what you
did as you learned. Now you do both those things easily. Another task
you might find quite easy is recognizing voices over the telephone or
immediately associating a smell with some event that you remember.
All these things would be difficult for a computer to do.
It isn’t that a computer couldn’t be programmed to do difficult things.
For example, the greatest human chess player in the world was defeated
by a computer programmed to play chess. The game of chess involves
complex problem solving. To be successful requires an awareness of the
impact an immediate decision will have several steps later in the game.

Computer programmers were finally able to represent the decision
making steps of chess in a way that let a computer decide each move in
a short amount of time. For a person, testing possible results of selected
moves is difficult and time consuming. For a computer, this type of
decision making is much easier.

You do many things each day without stopping to identify each step.
You can dress without thinking about each move. You can walk from
the front door of the school
your classroom with no difficulty. You

to

can even make sandwiches. Or can you?

Unit 4 » Microprocessors

Activity
1.

You are the owner

of a new robot. Your robot hasn’t learned to do

anything very useful yet and it is still very new to the world. Your
robot will be of human size and shape. Your robot only understands
a small set of instructions and, of course, isn’t able to think for
itself. You will need to teach the robot to do the things you expect it
to do.

Develop a set of instructions so your robot can follow the necessary
steps to successfully make a peanut butter and jelly sandwich. Start
by deciding what instructions you might need. Keep the list short
and simple. Think of your robot as a very small child. Examples of
the instructions in your “robot language” might include statements
such as: open hand, close hand, grasp object, and scoop.

set

Your
of sandwich making directions needs to be clear, concise,
and readable by someone other than yourself. Keep the directions

organized.
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Fetch, Decode, and Execute
It

is called a
There is one chip that is central to a personal computer.
called “a computer on a
microprocessor. Sometimes a microprocessor
chip.” Many microprocessors are smaller than a dime, yet they play a
very important role in making the computer work.

is

A

microprocessor compared

in size to a dime.

A microprocessor contains several circuit groupings. With all the circuit
able to
groups of the microprocessor working together, the computer
do the tasks that the software instructs it to do. The microprocessor
repeats three steps, fetch, decode, and execute, over and over again to
complete whatever task the computer is required to do. Particular areas
of the microprocessor are designed to complete these three steps.

is

|

@

Execute

The surface of a Pentium microprocessor with
the fetch, decode, and execute areas indicated.
A desktop computer can be used for word processing and creating
graphics. It can be used to play games or to solve math problems. The
same hardware is used for all these purposes. It is only necessary to
change the software to give the computer the ability to do all these

different tasks.

The hardware of a computer
168

is built so that it can follow a variety of
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instructions. It can add, subtract, multiply, and divide numbers. It can
see if one is larger than the other. It can work
compare two numbers
with letters and words once they have been transformed into a binary
representation.

to

Regardless of the type

of information entered into the machine or the

task being completed, the microprocessor
to carry out the three-step process:

uses

its special circuit groups

1.

Fetch: gets an instruction from memory.

2.

Decode: decides what the instruction means.

3.

Execute: performs the instruction.

is

built to these steps rapidly and accurately.
The circuitry of a computer
A modern desktop computer does these three-steps millions of times in
second
completes any given task.
1

as

it

Activities
1. Your teacher has prepared a set of instructions written on index
cards. You are to get one of these cards from the instruction box,
read the card, and then perform the instruction that

is on

the card.

Think about what you are doing as you and your classmates follow
these instructions. Explain the similarities and differences between
what you did and the fetch/decode/execute cycle that is used by
Microprocessors.
2.

Suppose that there are million instruction cards. Suppose it takes
read an instruction and carry it out. Apyou about 30 seconds
proximately how long would it take you to process million instructions? First, find the answer in seconds. Then convert the
answer to minutes, hours, days, or even weeks, if necessary.
1

to

1

Extension Lesson
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Teacher Materials
This lesson is designed to help reinforce student knowledge
necessity of writing precise instructions for a computer.

of the

Goals and Objectives
+

+

«

Students learn that
puter on a chip.”

microprocessor can be thought of as “a com-

a

Students understand that a microprocessor can carry out a detailed
step-by-step set of instructions.
Students learn the words bug and debug, and gain an understanding
of how a programmer detects bugs and debugs a program.

Time Considerations
This lesson takes about

1

hour.

Preparation, Materials, and Equipment
Copies the student handouts.
+

of

»

A supply

about
»

*

+

10

of index cards or small pieces of paper. You will need
cards per student.

On the day you have the Programming a Walking Robot exercise
scheduled, rearrange the room as seems appropriate.

For the Drawing Instruction handout students can create their turtle
graphics—thought of as using a turtle robot with a pen in its tummy
for drawing—by moving a pencil over a piece of paper or by using
chalk on the classroom floor.
A timing device and a rubber ball for each group.

Vocabulary
Arithmetic logic unit—The portion of the microprocessor used for
numerical and logical calculations.
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Bug—An error in the code

of a program or an error in the design of a

hardware component.

Control unit—The circuits on the microprocessor that tell the microprocessor to actually carry out the instructions and control the timing of
the instructions.
Debug—To locate and correct the error in

a

program.

Program—The set of instructions needed to accomplish a given task.
Registers—Circuits on the microprocessor where values of internal
operations can be temporarily stored such as addresses of instruction
being executed and the storage location of data.

Evaluation Suggestions
«

«

Ask the students to complete the written assignments. You can read
these assignments or have the students share their answers orally.

to

Ask students
participate in the Programming a Walking Robot
activity and observe their understanding of the process.
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Lesson Plan
These activities have been designed to be presented over

2

days.

Teaching Procedures
1.

Review the reading assignment and/or any written assignment that
was given in the previous lesson. Answer questions that students
have about these materials.

Briefly review the ideas that a microprocessor works rapidly and
accurately, but does not think.
Divide students into small groups. Provide at least one copy of the
Taking Command handout to each group. Members of a group work
together to develop a series of instructions to move a robot from a
chair
the wall and back again.

to

When all of the groups have finished, select four volunteers from
the class. One student representing computer memory holds the list
of instructions. A second student representing fetch gets the instructions one at a time. A third student representing decode reads the
instruction. The fourth student plays the part of the robot and executes the instruction. The robot must follow the instructions exactly
as they are read.
After one set of instructions is tested, allow time for all the groups
to debug their programs. Then repeat the activity with a different
group’s program.
Debrief the exercise with the students. Ask them to list some of the
most important ideas that were illustrated. Examples include the
difficulty of writing programs with no bugs and the limitations of
the robot.
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Taking Command
A computer follows the instructions that it is given. To make a computer
function correctly, the instructions must be very specific and must be in
exactly the right order. Computer programmers must learn to communicate with a computer using a language that the computer understands. A
computer language is made up of a small number of very specific

instructions.

To practice the ideas necessary to make a computer follow instructions
without learning a special computer language, you can make up your
own language. Suppose that you have a robot that understands just four
words: stand, sit, walk, and turn. These words are defined to mean:

Stand: Stand up
Sit: Sit down
Walk: Take one step forward
Turn: Turn 90° to the right

Stand

Sit

Walk

Turn

These words can be used to provide instructions for your robot so the
robot can do a variety of tasks. For example, if you need your robot to
turn left 90° there is no specific word to use. However, the action can be
accomplished if you give the robot the directions: turn, turn, turn.

Unit 4
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Activities
1.

Place a chair several feet from the wall of your classroom. Imagine
sitting on the chair. Use the four words the robot
your robot
knows
write instructions to move your robot from the chair to the
wall, turn it around, return the robot to the chair, and sit it down.

to

is

When you are working with your robot, use the fetch/decode/
execute cycle. Each instruction will take quite a bit of time
fetch
and decode. So, write your program with as few instructions as
possible.

to

In carrying out the set of instructions, four students will be needed.
One person will play each of the following roles:

Memory: Holds the list of instructions. Passes an instruction to
Fetch.
Fetch: Gets an instruction from Memory and carries it to Decode.
Decode: Reads an instruction out loud so that Execute can

hear

it.

Execute (the robot): Carries out the instruction.
When each person in your group has completed their list of instructions, test some of the lists. When you find a list that works correctly, make sure each person in your group understands the list of
instructions.
Using the list of instructions that works correctly, have the shortest
person in your group play the part of the robot. Then have the tallest
person in your group be the robot. What happens?
Again use the same list of instructions, but this time move the chair
or farther away from the wall. Try your set of
or 3 feet closer
instructions again. What happens?

2

to
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Bugs and Debugging
When

an error is

called

a

of instructions given to a computer,
bug. The process of finding the error in a set of computer

instructions

found in a set

it is

debugging. Although the term has been used in a
is called
from the history of
is a
time,
for

similar manner
story
there
a very long
attached
to
the
has
that
term
firmly
computer technology.
computers
their circuits rather than
Early computers used mechanical switches
when scientists were
in
1945,
vacuum tubes or transistors. One day,
working with the Mark IT—one of the earliest computers built—the
computer just stopped. No one was able to say why the computer
restart. The reason for the
stopped and no one could get the computer
breakdown was finally discovered. A moth had flown into the computer
and was caught in one of the thousands of mechanical switches. After
the moth was removed, the computer worked just fine.

in

to

The moth was taped in the log book the scientists kept as they worked
with the computer. The operator noted, “We have debugged the computer.” The terminology became part of the standard vocabulary used in
the field of computing. (Note: the original bug is on display at the Naval
Weapons Museum in Dahlgren, Virginia.)

When you explored using the set of instructions for your robot in
different situations, you may have found some problems. You may have
bugs in your instructions.
Consider the set of instructions you wrote for your robot. When you
moved the chair you had to write a different set of instructions. In fact,
wall.
you need a different set ofinstructions for each distance from the

©

S
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had reached the wall. Then, each time
Suppose your robot could “tell”
is at the wall.
you use the instruction “walk” you can “ask”
Instructions in a computer language that ask questions are called conditionals. Now
adding conditionals to your robot language.

it it
if

try

For the previous activity, your robot had only four words in its language.
Stand: Stand up
Sit: Sit down
Walk: Take one step

Turn: Turn 90° to the right
Add the following words than can be used to test the robot’s position.
The words are defined in the robot language.
Wall?: Is the robot touching the wall

(with

its foot)?

Chair?: Is the robot touching the chair (with its legs)?

Activities
1.

Write a set of instructions to move the robot from the chair to the
wall and back again. Keep in mind that the instructions should work
for a chair placed any distance from the wall.

2.

Test and debug your instructions.

3.

Move the chair
a different distance from the wall. Test and debug
Make sure that they will work for a chair
instructions.
your set of
the wall.
from
placed at any distance

4.

Complete the task as quickly as
consider
You
safety and all members of
everyone's
must
possible.
the team must participate. One group member will act as a timer.

to

This

task requires your entire group.

a. Choose a leader.
b. Try the task (described below) once and time it.
c. Talk

time.

about how you might make changes that will improve your

d. Try the task again using your changes and again time it.
e. Is
f.

there something else you can do to improve your time?

Try the task again.
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g. After you are done, think about how you improved the process.

What do you think improved your time the most?

Task
A ball must travel from the leader to each person in the group, one
after the other. Each person touches
ball, one after the other,
until the ball returns to the leader. Your group will be timed from the
moment your leader transfers the ball to the first receiver until the
time the ball is given back to the leader.

the
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Drawing Instruction
Computers can perform a variety of tasks—computation, graphical
representations, data storage, and much more. There are a variety of
systems for creating graphics. One system frequently used is called
Turtle Graphics. The language that makes up Turtle Graphics is often a
part of a computer language called Logo. This language is a set of
instructions that the computer understands that allows the creation of
pictures.

To explore giving instructions for drawing graphics, assume that you
have the following instructions. Think of a 7urtle as being a robot that
carries a pen at all times.

forward number—tells the Turtle to move forward number steps
back number—tells the Turtle to move back number steps
right angle—tells the Turtle to turn angle degrees to the right
left angle—tells the Turtle to turn angle degrees to the left
pu—Ilift the drawing pen to leave a blank on the paper

pd—put the drawing pen down to make a mark on the paper

If you write forward 10 the Turtle moves forward 10 turtle-steps. If you
write right 45 the Turtle turns 45 degrees to its right. If you write pd the

Turtle drops
moves.

a pen

onto the surface so that it will leave a “trail” when it

Unit 4

«

Microprocessors

Activities
In each

the

activities below, write a list of instructions on paper. Then
test and debug your program by having other students act as the Turtle
and walk through your instructions much as you did with the robot.
of

1.

Write a set of instructions needed to draw a square.

2.

Write a set of instructions needed to draw a triangle that has three
sides of equal length.

3.

Write a set of instructions needed to draw each of the following
figures.

Fry
4.

Write the instruction set needed to create the following figure
consisting of two squares.

HN

JERE
5.

182

Rewrite the instruction set you created to draw the star without
using the forward instruction.
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Optional Activities
The following suggestions can be used to supplement your work in Unit
4. Or, if you prefer, substitute these activities for the ones that are given.
If you decide to use them, you will need to create a student handout.

Activity

1

as

Have students select an activity such
riding a bicycle, throwing a
ball, or combing their hair. Have them write a set of instructions that
someone could follow to learn to do this same activity.

Activity 2
The microprocessor that is in a remote control device for a television set
is referred to as an embedded processor and can carry out a limited set
of instructions. List as many things as you can that this embedded
able to accomplish.
processor

is

Activity 3
Popular Science carried an announcement that electronic
calculators would soon put the desk-sized electromechanical calculating
machines out of business. The notice goes on to say the price of these
handheld calculators was only $300, but expected to drop to only $100
in the near future. Today's students can purchase electronic calculators,
with more features than the 1971 versions, for less than $10.

In June 1971,

The desktop computer your students are familiar with may face the
same situation. Already researchers have created an incredibly small
car, about the size of a grain of rice, which is equipped with a completely usable electric motor. Researchers at Carnegie Mellon University have created mini-robots designed to be used to complete precisionassembly jobs. MIT researcher James McLurkin is working with tiny
computers he designed from the knowledge he gained observing ants.
His robots weigh only 1.2 ounces and have 17 built-in sensors.
Encourage students to think about computers that are incredibly small
in their desktop computers. What
yet still retain the power available
183
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things would they be able to do with such tiny machines? What is their
this kind? Have
personal feelings about having access to computers
these and other miniaturized devices that
students find references
be
students might enjoy designing their own
created.
Your
already can
tiny machines and providing a diagram, description, and application of
the machine.

of

to

Activity 4
For this activity you will need your students to have a penny, a nickel, a
dime, and a quarter. They will place these in a row on a flat surface.
This activity is completed using only five instructions, each instruction
designated by a letter.
A. Begin. Put your finger
B.

on

the

first (left-most) coin.

is

not on the last (right-most)
Maybe Exchange. If your finger
of less value than
coin
the
of
and
the
to
coin,
right
your finger
the one to its
with
under
the coin
exchange the “finger” coin
right and end with your finger at the same position.

it,

is

If your finger

is not on the last coin, move your
the
right.
finger one position to

C. Move Right.

is

D. Exchange. If your finger
not on the last coin, exchange the
coin to its right position with the coin to its right and keep your
finger at the same position.
E.

Maybe Move Right. If your finger is not on the last coin, and the
coin to the right of your finger is of greater value than the coin
under your finger, move your finger one coin to the right.

Write a program that will reorganize dime/penny/nickel into penny/
dime/nickel and have you finish with your finger on the dime.
Write a program that will reorganize quarter/dime/nickel/penny into
dime/quarter/penny/nickel with your finger on the penny.

reference for this activity is found in the September 1992
issue of the New Media magazine.
A full
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Background Information
There are two major phases to creating computer chips—design and
fabrication. Chips are designed to perform specific tasks. When a totally
new type of chip is designed, a prototype is made and extensive testing
on the prototype is done. There may be several revisions of the chip’s
design before a chip is produced in quantity.
When a new chip moves from the design stage to the fabrication stage,
problems may arise that were not evident earlier. A procedure that
worked well for producing a small quantity of chips may need to be
modified to produce thousands at a time.
Companies that design and fabricate chips continue to work towards
developing more and more powerful chips. To increase the chip’s ability
to handle greater amounts of information at once, more and more
transistors are placed into the circuits. To increase the chip’s speed in
moving the data from one place in the chip to another, the size of the
chips are decreasing. For each specific chip being created, there are
many many steps to be completed before a working chip is produced.

|

Es

Intel386™

Intel486™

Pentium®

processor

processor
of 1989

processor
of 1993

Hof

1985

with 275,000
transistors

with 1.2 million
transistors

ESS
;
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[1

with 3.1 million
transistors

Designing Chips

Designing today’s powerful microprocessors involves the efforts of
about 600 engineers. The design process includes four distinct teams,
cach focused on different aspect ofchip design. After the customer
and the chip manufacturing company has begun the negotiations on
what the new chip needs to do, many more people get involved. The
design process moves in sequence from chip architects, logic designers,
circuit designers, and finally, to layout designers.

a

the process. They make decisions about
what the chip must do—perhaps store data, operate a remote control for
provide the information needed to get a computer up and
a VCR,
The

design architects begin

or
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running. The customer requesting the chip is consulted to make sure
that the architect’s decisions satisfy their needs.

design architect records ideas at a team meeting. Photo: Ruth
Carranza Productions—taken from Silicon Run Lite [videotape].

A

Once decisions are made as to what tasks a new chip must be able to
accomplish, the logic designers can begin. The overall task is broken
down into smaller tasks. The logic designers decide which areas will be
used for temporary storage of information, which areas will maintain
the instructions that are currently being used, which areas will be
dedicated to accepting information from elsewhere and which areas will
be used to send the information to the next device that needs
use
In
the logic or decision making used by chips is the ability to understand
functions such as and, or, not, nor, greater than, and so on.
The circuit designers are responsible for making the next steps. They
must translate the logical operations needed into the transistor combinations that will accomplish the tasks. Sometimes
is possible to repeat
an arrangement of transistors that has been previously used. In other
cases, they must custom design the necessary pattern of transistors for a
particular logic sequence.

to it.

it

Finally, the layout designers take over the task. They determine the
manner in which the circuits will be built as the chip is fabricated layer
by layer. This group of people often use special Computer Aided Design
(CAD) software to help them.

188
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The circuits needed to accomplish each task the chip must do are created on the computer screen. Software simulations can test the circuits.
The layout designers are guided by their knowledge of their company’s
fabrication methods and the limitations of each circuit component.

for the chip one more time. Photo: Ruth
Carranza Productions—taken from Silicon Run Lite [videotape].

The team reviews the design

The placement of each component is extremely critical because of the
small size of the chip. The layout designers determine which portions of
the chip carry circuits that must interact with each other. Circuits that
work on the same information in sequence need to be placed close
together. Circuits for each specific task must be able to function without
interfering with any other circuit. There must be enough circuits for
temporary storage so that processing is not slowed down by a wait for
instructions or data.

Chip Design and City Planning
The engineers designing chips face many of the same decisions that a
city planner does when designing city neighborhoods. How much land
should be set aside for residential, commercial, and civic uses? How big
can the city become and still be manageable? Where should the downtown area be located? How many schools are needed and where should
they be located? How many police and fire stations are required and
where should they be located? Each type of building needs
have
water, gas, electricity, telephone, and cable. Where are each of these
items to be placed and what
the best routing to make sure that every
the
it
receives
services
needs?
place

to

is
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A

well-planned city viewed from the air.

the Business Week of March 29, 1993, an interesting commentary on
Intel's process of designing the Pentium microprocessor was written by
Richard Brandt. His article 7iny Transistors and Cold Pizza discusses
some of the difficulties encountered by the team working on this complex task. In 1991, the first plan for partitioning the silicon into various
pieces was completed—called rev zero (revision zero). By spring, the
teams were assembled and each was assigned a specific portion of the
chip. Each team would design a specific type of circuit—the memory
module, the mathematical unit, and so on.
In

But the task was never easy. The teams often ran into situations where
their components would need room on the chip that
the arrangement
was already assigned to another team. With 3.1 million transistors on

of

the chip you would think that all the engineers had enough components
to accomplish whatever they wanted. But, placing the pieces to do
precisely the right actions was never easy. “Frequently, an engineer
would barge into a colleague’s office, pleading for a few more transistors so his circuits could do what they were supposed to do.” The final
result was no less than amazing. All circuits worked and all 3.1 million
transistors had a specific place to reside.

From Design to Manufacture

drawing of the planned
circuits, CAD software gives them a way to test each component and

Once

190

the layout designers have a schematic
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the timing of pieces that work together. The software can determine if
the conductors are too narrow or too close together. The software can
determine if the insulation layers are thick and wide enough to prevent
electricity going where it shouldn't. The software can determine if the
transistors are spaced far enough apart to prevent them from influencing
each other inappropriately.
Modifying and testing the circuits are needed to ensure an optimal,
error-free design. Even though the software is very efficient at many of
the circuits are finalized, the software
the decisions to be made
of
cannot substitute for many the skills provided by the designers.
Humans are still the most efficient decision makers when deciding
which part of the chip is allocated to each task so that the design is
completed in the most space-efficient manner.

as

the design is

complete, the schematics can be translated into the
actual masks or templates that are needed to arrange the components on
the chip. The masks provide the necessary pattern for placing each layer
of material needed to complete the circuit components.
After

The mask designer works to translate the circuit schematics into masks
On the left, a close-up of her computer screen. Photos: Ruth Carranza

Productions—taken from Silicon Run Lite [videotape].

Before the chip design is released for full scale manufacturing, there are
several additional steps needed. A prototype is created using the same
steps that would be taken once the chip was in volume production.
About 20 wafers of the chip will be produced for testing.
The prototype chips are thoroughly tested. Do they work as intended? If
fast as planned or
not, how does the design get corrected? Does it run
do some circuit placements need to be changed? Are the electrical
work correctly at
signals going in and out of the chip properly? Does
work correctly at various voltages?
high and low temperatures? Does

as

it

it

If any problems are identified, the chip is sent back through the design

steps until the group that makes the corrections sends the chip onward
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of the process is critical to putting a
full scale fabrication begins.
before
perfect chip design into place

to the next design group. This part

Fabricating Chips
Many chips are fabricated at a time on a wafer—a very thin slice of
very pure silicon crystal. Silicon is purified to 99.9999% and then made
into a large crystal about 8 inches in diameter and 5 feet in length. This
ingot is then sliced to make the wafers. A silicon wafer is included in
the Chip Kit.

a

6
aU.
BYVAL»
=
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prepared to be sliced into wafers
(Photo: Ruth Carranzo Productions).

An ingot being

The chip-fabrication process involves many steps, building the chips
layer by layer onto the silicon wafer. The processes below occur several
times during the manufacturing of a chip. The order and the number of
the processes used to create each layer depend on the design of the
particular chip being fabricated.

Oxidation is the combination of oxygen with another substance.

the
production of chips, oxygen reacts with the silicon to produce an oxidized silicon layer. The wafers are put into a sterile furnace with steam
or pure oxygen and then heated. The temperature of the furnace and the
in the furnace control the growth of the oxidized layer.
time the wafer
In

is

Deposition is the procedure used to place thin layers of new material on
the top of the wafer. These layers are known as Thin Films because they
are less than 1/1,000,000th of a meter (1 micron) thick. The wafers are
placed in a reaction chamber and chemicals are introduced which react
and deposit on the wafer surface. Films used include metals, semiconductors, and insulators. The films are patterned using Photolithography.
192
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Photolithography means to write with light. Photolithography is used
to place a design on a layer of the wafer. When the circuit layer is
transferred to a mask or template. There are one
designed, the design
or more masks for each layer of the wafer.

is

A

sample mask, one of many used in fabricating a chip.

is

First, a thin film of liquid material called photoresist
put on the wafer.
then baked to dry and harden the photoresist. A mask is
The wafer
then placed over the baked wafer. When an intense light beam is focused on the mask, the photoresist material that is not covered by the
mask is exposed to the light. This step is similar
light going into a
camera and exposing the film. The wafer then goes into a solution that
washes away the exposed photoresist leaving a pattern identical to the
pattern on the mask.

is

to

is

used to introduce chemical impurities into specific locations
Implant
on the wafer. In chip fabrication, impurities must be added to the silicon
so electricity can flow through the circuits. The impurities produce ntype silicon or p-type silicon. The desired impurity atom is accelerated
to a high speed in an ion implanter and is driven into the wafer surface.
Diffusion is defined as the spreading of one substance through another.
Impurities that were implanted into the wafer surface must diffuse
order to make the circuit operate properly. High-temperature
deeper
furnaces are used to diffuse the impurities to the proper depth. The
diffusion is controlled by the length of time the wafer is heated and the
temperature used.

in

Etching removes material not covered by the photoresist. After the
photoresist

is patterned in the photolithography

portion of the

layer

is

process, the exposed
removed. This is done by chemical, wet etching,
193
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is

dissolved
or by plasma etching. In wet etching, the exposed layer
when the wafer is immersed in a chemical bath—usually an acid or a
solvent. In plasma etching, the wafers are placed in a plasma reactor
which bombards the wafer with a high-powered beam
ions. This
This
the
material
that
photolithography.
during
exposed
removes
was
second method is usually preferred since it is more easily controlled and
allows circuit elements to be placed extremely close together.

of

A

worker

examines the surface of a

wafer.

During the fabrication of the chips, the wafers move through many steps
using the processes outlined above. A chip, such as the Pentium microprocessor, may have 20 layers before it is complete. Many layers take
multiple steps to produce. At each step, great care is exercised to make
sure the masks are transferred precisely and the material is placed as
required. Testing is done at several points in the fabrication of the chip.
The smallest mistake—such as a slight misalignment of a mask—can
finish,
takes
destroy some or all of the chips on a wafer. From start
about 3 months to complete the job.

to

it

The Clean Room
Quality control is a critical part of the fabrication process and testing is
done frequently. When a wafer is completed, each chip is carefully put
through a number ofspecial tests. Any chips that fail these tests are
discarded.
194
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the damage caused by very tiny contaminants in
the clean room. There are many possible sources of contamination.
skin from
Things such as dust in the air, small pieces of hair or flakes of
the workers bodies are all possible sources of contamination. When
in
compared to the components on a chip, which are less than a micron
boulders.
size, even tiny specks of pollen or dust seem like huge

One

reason

chips

fail

A

is

flake of dust ruins the surface of a chip.

The extremely clean area where chips are made is called the clean
room. Clean rooms are designed to protect against such contamination.
Within a clean room, fresh air takes on a new meaning. The air we
breathe is filled with contaminants. One cubic foot of air normally
contains about 15 million dust specks that can potentially harm a wafer
during the fabrication process. The clean room has almost all such dust
particles filtered out.
The air pressure inside the clean room is kept slightly higher than the
pressure outside. This difference in pressure prevents dirty air from
entering since clean room air tends to push out through any openings.
Air enters the clean room through ceiling filters and is removed through
the floor keeping most particles that do appear at a level
small holes
lower than the working space. The air in a typical processing area is
extremely clean since it is replaced and filtered at least seven times
every minute.

in

Lighting choices have been carefully researched. Since some of the
fabrication steps are done by controlling the exposure of the chip surface to a special light, the choice is critical. Rather than the fluorescent
lighting used in most manufacturing sites, the photolithography area
195
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uses a soft yellow light. Research has shown that this type of light does
not interfere with the steps needed to place the circuits onto the chips.

is

No one
allowed to simply walk into a clean room. Each worker
completes approximately 50 steps before they can enter. Even a freshly
washed set of street clothes
not clean enough. The workers wear
special clothing known as bunny suits over their street clothes. The
fabric has been specially designed to be lightweight, yet prevent any
particles from moving from the worker's body into the room. No part of
a worker's clothes or body is left exposed.

is

Clean room workers dressed in their bunny suits.

The bunny suit even includes an air filter system. Exhaled air is drawn
through a hose and filtered through a small unit attached to the bunny
suit’s belt. This system eliminates the possibility of workers releasing
impurities into the air when they exhale. In ordinary conversation
between two people, about 300 drops of saliva are released into the air.
Even though these particles are too small to be seen by the naked eye,
the surface of a chip.
they are large enough to cause serious damage

to

Resources
v' Bodanis, D. (1995, April). It’s in the air: skin, stardust, radio waves,
vitamins, spider legs. Smithsonian.

article

describes in detail the cubic foot of air immediately in
front of your face and provides an excellent perspective on why
This
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clean rooms are needed for successful chip manufacture—suitable
for students and teachers.
Carranza, R. (Producer). (1997). Silicon Run Lite [videotape]. (Ruth
Carranza Productions, PO Box 391025 Mountain View, CA 94039)
This videotape provides an excellent presentation of the fabrication
steps used in turning ordinary sand into computer chips—suitable
for older students and teachers.
Hassig, L. (Ed.). (1990). The Chipmakers, (rev. ed.) Richmond, VA:
Time-Life Books.

excellent collection of graphics and text providing an understandable explanation of the complex ideas to be considered in the
design and manufacture of chips—suitable for students and teachAn

ers.

Carranza, R. (Producer). (1996). Silicon Run I (2nd ed.) [videotape].
(Ruth Carranza Productions, PO Box 391025 Mountain View, CA
94039)
Carranza, R. (Producer). (1993). Silicon Run II: The Sequel [videotape].
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This Video-based Lesson focuses on the ideas behind the fabrication of
chips. The student video discusses the complex process of chip design
and fabrication. The activities in this lesson help students develop an
understanding of the extreme miniaturization of components created
during chip fabrication and the complexity of the chip’s layers.

Summary of Video Segment 5

is

The process for making chips
both creative and complex. The design
is
for
similar
a
to the design, engineering, and
creating chip
process
construction of high-rise building. This segment includes
talk with
an engineer who describes the steps for designing chips from architecture design to logic design, circuit design, and finally mask design. The
actual manufacturing process takes place at afabrication plant—the
Jab—in the clean room. Another engineer describes the clean room
environment and the intricate layering and etching process that creates
the circuits on a microprocessor.

a

©

a

Time: 8 minutes 50 seconds.

Goal and Objectives
Students will gain some understanding of the manner in which a computer chip is designed and manufactured.
*

Students will see and examine a chip.

»

Students will learn about fabs and clean rooms.

*

Students will learn how

»

Students will learn how a chip

a is designed.
chip

is

fabricated.

Time Considerations

©

The Video-based Lesson is designed to provide material for 25 to 55
minutes. If the available time is short, use only the required teaching
procedures. Completion ofthese steps prepares you to move
the
Video-based Lesson in Unit 6.

to
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in

to

this unit, you may want to
use the Extension Lesson
the
optional teaching procedures included.
complete

If you

plan

Preparation, Equipment, and Materials
*

VCR

«

The Journey

*

Overhead projector

*

Overhead transparencies—S8, 9, 16-19

+

Copies

»

Microprocessor and wafer from the Chip Kit

of

Inside: The Computer—student video segment

the

5

Student Materials

Vocabulary

in

a clean room that
Bunny suit—Special clothing worn by workers
helps to keep human contaminants away from the chips.
Contamination—Intrusion or contact with dirt, dust, or impurities that
adversely affect chip fabrication.

Fab—The fabrication plant that houses the entire business of manufacturing computer chips.
Mask—A patterned plate or template used to expose selected areas of a
wafer to light in the process of fabricating a computer chip.
Micron—A unit of measure that
mous with micrometer.

is one

millionth of a meter; synony-

Photoresist—A light-sensitive material that changes chemically when
light shines onto it.

is

able to produce the mask or
Silicon compiler—An application that
pattern needed for a particular layer on the chip using the information that is contained in the circuit diagram.

Evaluation Suggestions
«

«

202

Check to see if students are using vocabulary, such as bunny suit
and clean room, in discussions and in written assignments.

Ask students to explain why chips are so sensitive to contamination
during the manufacturing process.

&
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§9% Lesson Plan
fabrication of computer chips involves many complex
have your students watch this segment of the
ideas. You may want
video a second time to review the ideas.
The

design and

to

Required Teaching Procedures
1.

2.

3.

Review the ideas from the previous segments

of

the video.

Ask students to consider some of the construction or fabrication
techniques they already know, such as woodworking, model buildwill
ing, cooking, and knitting. What special environmental factors
affect the quality of the final product?
Have the students look closely at a human hair or a piece of fabric
such as an old sheet. Indicate that the transistors in a chip are so
small that it would take 500 to 1,000 transistors to cover the intersection of two threads in the fabric of a 500-count sheet—500
threads per inch. If the sheet is of poorer quality and only 200-count,
would take
you would need 6 times this number of transistors.
500 transistors in a chain to go around the human hair. Have students consider that the connections between transistors on a chip are
less than 1/100 the size of a human hair.

It

4.

Ask students to consider what they know about hospital environthe purpose of restricted areas, such as operating
ments. What
rooms in a hospital? Can they identify any differences in the maintenance of a hospital in comparison with the maintenance of the
their own homes?
school room

is

or

5.
6.

View Segment 5

of

the video.

Discuss the ideas in Segment 5 of the video. Lead a discussion of
reinforce the ideas from the
the complexity of designing the chips
video. Have your students consider the sequence of steps from
deciding on what the chip should be able to do, the translation of the
steps into circuitry, and the precision that is necessary to make the
chip. Try to connect the chip design steps and the tasks their computers can do.

to
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Pass the wafer and the microprocessor from the Chip Kit around the
that all students have an opportunity to handle it. You might
room
also set up a microscope or have a magnifying glass available so
students can examine the wafer and microprocessor more closely.

7

so

Give students the handout How Clean is Clean? Provide time to
work through the handout and then discuss their answers.

Optional Teaching Procedures
Have students consider why the fabrication process of a chip might
be expensive when the main ingredient in the chip is common
sand—silicon.

9.

.

11.

Have students consider the discovery made by researchers that chips
could be made from very thin sheets of gold. Gold is very expensive
but can be used to create a chip that is much more efficient than a
silicon chip. Have students discuss some of the advantages and
disadvantages of making chips from gold. If necessary, remind them
that every clean room would need to be refitted with equipment
designed to handle this new way of making chips. There would be
tremendous cost in moving from one method to another. Is the
achievement of more speed and power on a chip worth the expense?
Many manufacturers face an ongoing problem of their business
using or producing products that are environmentally hazardous or
difficult to dispose of without creating pollution problems. Have
your students consider the problem of producing hundreds of wafers
that are rejected during the chip fabrication process. How can such
waste be handled? Have students discuss ways in which the disposal
the
problems encountered by chip manufacturers might be similar
bottles.
items
such
used
car
of
as
tires or plastic
disposal

to

12.

204

Have students consider what items from the field of computer
technology might be considered for recycling. How would one
decide which computer components might be recycled? Under what
conditions does a piece of hardware or software become something
a person might recycle? Have them create a list of these items with
suggestions of what the item might be used for ifit was recycled.
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How Clean Is Clean?
You know that the transistors and other components on a chip are very
small and that the electrical wires between the transistors are very thin.
Scientists use a unit of length called a micron when referring to chips.
One micron
a millionth of a meter. This is a very small unit of measure. A human hair is about 100 microns in diameter.

is

The wires between components in a chip may be less than one micron
in width. Can you imagine a wire that is less than 1/100th of the diameter of a human hair?
strand of hair is huge compared to the size of the components on a
chip. The transistors on a chip are so small that a chain of 500 transistors could be placed around a strand of hair. The connections between
transistors are less than 1/100 the diameter of the same strand of hair.
This size difference means that if an eyelash or strand of hair falls on a
chip during the fabrication process, thousands of transistors can be
destroyed.
A

&

A

@

dust speck landing on the chip's surface
during fabrication ruins the chip.

Dust particles are about 1-400 microns in diameter. Pollen grains are
about 10-80 microns in diameter. These particles are very large compared to the width of the wires in a chip.
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is

done in a building called a fab. A special room
Fabrication of chips
the fab—the clean room—is where the chips are made. To build a
modern fully equipped fab costs more than one billion dollars.

in

its

lack of contaminants.
One of the key features of a clean room is
ruin
Since a single hair or a dust particle can
an entire chip, air must be
thoroughly filtered. The workers in the clean room wear bunny suits to
help reduce contaminants. The cleanest room you might be familiar
with
an operating room in a hospital. People entering this room takes
special steps to ensure they do not carry contaminants into the room.
However, the air in the clean room needs to be much cleaner than the air

is

in a hospital operating room.

Activities
1.

is

Take a careful look at a strand of human hair. A strand of hair
about 100 microns in diameter. Can you see the end of the strand of
look
hair? Take a look at various strands of hair. You might want
at the hairs from some animals as well as different people. (A
magnifying glass or microscope may prove helpful.) Report on the

to

results of your exploration.

2.

The head of a straight pin is about 2 millimeters—2,000 microns—
in diameter. An average transistor has dimensions of about 2 microns by 1.5 microns. Using a sheet of graph paper, do a scale
drawing showing an average transistor and the head of a pin. Use
the same scale for both. Estimate how many of these transistors
would be needed to cover the head of a small pin.

3.

The transistors on a chip are extremely small. If a chip that is 2
centimeters wide uses transistors that are 1.5 microns wide you
could place approximately 13,333 transistors side by side in a line
across the chip. That is not something you can see. The following
explorations help you to visualize just how small such components
are.
a. Locate and measure the width
the table below.
b.

If

of each of the materials listed in

this number represented the width of a single transistor, calcu-

late how large the chip would need to be to hold 13,333 transistors in a line across its surface.
c.

206

If any dirt lands on a chip during manufacture, many components
are ruined. Think of a penny as representing a particle of dirt on
your chip. For each different material, calculate the number of
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would be covered if you dropped a
penny (your piece dirt) onto the surface of such a chip. (You
will need to find the penny’s diameter.)
transistors

in the line that
of

Material

Width of

Width of chip

transistor

Number a
penny covers

sewing thread
show lace
rope
4.

You may have seen miniaturized model cars or furniture. All the
original details need to be reproduced on an extremely small surface
compared to the original object. The circuits on a chip are designed
using very large surfaces. Machinery reduces these layouts to
extremely small patterns for placing on the chip.

Suppose you were able to create the pizza of your dreams. You have
inches across and enough of every topping
to
produce a masterpiece.
you like

a pizza crust that is 12

®

Think about what is necessary if you want to use exactly the same
number of toppings and exactly the same quantities, but you only
have a pizza crust that is 6 inches across. What are some of the
difficulties you would encounter? How do you eat this pizza?
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The layering on a chip is nearly invisible to the naked eye. The accuracy
needed to complete the fabrication steps on a chip cannot be achieved
by people. Instead, sophisticated machines must be used. However, in
this lesson, students will create artwork that models the process of chip
creation. Even though the steps are much simpler than the steps in chip
fabrication, your students will still need patience and care to produce
the desired effect.

©

Quality control is a central part of the fabrication process. Your students
will likely find the numbers involved in quality control surprising. For
example, suppose a factory makes a product by assembling 100 different components. Suppose an average of 999 out of 1,000 of each of
these components are perfectly made. Even with this level of accuracy,
defective is high. Suppose that a final
the chances the final product
considered defective even if only one of
product
parts is flawed,
then about 1/10th of the final products will be defective. An activity is
included to help students understand this kind of difficulty in manufacturing products of high quality.

is

is

its

Goals and Objectives
Students will gain an understanding of the use of masks and in the
layering process in fabricating chips and why quality control is necessary in the manufacturing of chips.
«
«

«

«

Students will understand that a chip consists of many layers.
Students will understand that the masking process places the design
on the chip.
Students will understand how difficult

it is to produce perfect chips.

Students will gain an understanding of how quality control
complished.

Time Considerations
This lesson requires about

100

minutes

of

class

time.

is ac-
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Preparation, Equipment, and Materials
»

Overhead projector

»

Overhead transparencies—38, 9, 16-19

»

Packaged and loose microprocessors from the Chip Kit

»

Copies

+

Crayons and paper

»

Paper clips, coins, washers, buttons, etc.

of

the Student

Materials

Vocabulary
Etching—The removal of selected portions of materials to define layers
on computer chips.
Fabrication—The process of manufacturing a computer chip.
Mask—A patterned plate or template used to expose selected areas of a
wafer’s layer
light in the process of fabricating a computer chip.

to

Photoresist—A light sensitive material that changes chemically when
light shines onto it.
Quality control—A formal procedure used in manufacturing to ensure
that the product being produced meets a specific standard.

Evaluation Suggestions
*

*

*

Check to be sure that students understand that chips are produced by
a layering process.

to

Ask students
post their Fabrication Art on a bulletin board. Have
an art contest and let students vote to determine the winners.
Ask students to point out examples of small defects that may be
found in various products that they buy. An example would be a
loose thread in a garment. A student should be able to explain why a
similar level of defect in a computer chip makes the chip useless.

©
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Lesson Plan
The activities in the lesson will require about 100 minutes
Adjust the activities to fit your teaching schedule.

of

class

time.

Teaching Procedures—Day One
1.

The Journey Inside: The Computer—student video segment 5

review.

&

2.

Discuss the idea of masks used in fabricating chips. Have students
brainstorm similar or related ideas. For example, think about stencils, silk screening, patterns used for painting lines and symbols on
streets, patterns made when light comes through a patterned curtain
or venetian blind, shadow pictures made with a flashlight, etc.

3.

Provide students with the “pizza perspective” of layering. Toppings
a time until several layers are in place.
are placed on a pizza one
is
when
the
pizza removed from the oven the layers are no
However,
The
longer identifiable.
layers of cheese have melted around the
other layers until all the layers are a single delightful topping. You
cannot reverse the layering process by removing the toppings of the
true of the layers of a computer
pizza one at a time. The same
at
The
layers
chip.
are placed one a time but they are not indepenother.
Parts of one layer may extend through several
dent of each
adjoining layers and removing layers one at a time is impossible.

at

is

the

transparencies 16-19 to help students see the complexity of
the chips
one layer is added after another until the chip is completed. Only with all layers in place can the microprocessor accomplish every task it is supposed to do.
4. Provide students with the handout Fabrication Art. After students
have had time to browse through the handout, ask there are questions. Note that you may want to do this activity in small groups.
comdiscuss their work. How long did it take them
Ask them
Did
didn’t?
and
what
well
work”?
worked
What
their
“art
plete
some students throw away some of their products? Why? What
kinds of problems did they have? How might their problems be
those encountered in the chip manufacturing process?
similar
Use

as

if

to

@

to

to
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Teaching Procedures—Day Two
1. Review with students the intricacy the chip

fabrication process.
Ask students for possible reasons as to why the fabrication process
might not be 100% successful in producing a wafer of perfect chips.
of

Engage your students in a discussion on defective products. How do
they feel about defects, guarantees, and the quality of products that
they buy? Do they feel the products are of appropriate quality and
adequately tested? Have them provide examples to support their
feelings. Have students complete the Quality Control activity.

[8%]

Engage the class in a brief discussion about seconds—products
somewhat defective, but good enough
use. Have students give
in
that
available
seconds
stores. Point out that the
of
are
examples
for
and
standards
fabrication
testing
computer chips must be much
higher than are used for the consumer items that they are discussing.

pas

to

Hand out the Student Materials on Making a Complex Product. This
class activity simulates the making of parts and assembling them
into a product.

4.

«

«

«

Have students read the activity and then ask them to guess how
many acceptable products will result.
also their
Number your students and tell them that their number
part number. That is, each number represents a different part of the
final product.

is

The final product created by the class will be made up of one part
from each student.
activity, about 2% to 4%
plies are defective.
In this

of

the parts

that each student sup-

When the simulation is complete, record and discuss the results.
Have students compare their initial estimates with the actual results
of the activity.
6. If time permits, carry out the product-manufacturing simulation
exercise again. Then compare the results from the two simulations.
The results from the two simulations may be somewhat different.
Discuss the implications of this in the manufacturing process. This
activity should give you and your students some insight into the
in formal
type of thinking and the steps used by people engaged
in
manufacturstatistical quality control to maintain high standards
5.

ing a particular product.

©
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© Fabrication Art

Chip making takes place in a special room called a clean room. The
process involves many steps that create layers of material on a wafer of
silicon.

is

The idea behind the layering process used in making chips
simple. A
The
stencil
like
the
is
desired
layer.
stencil, called a mask, made to look
transferred from the mask to the wafer using light. The unpattern
wanted material is removed by a process called etching. Another layer is
added. The process
repeated using a different mask. In this manner,
layer after layer can be built up.

is

is

The two activities in the following section illustrate a method of building layers, somewhat like the layering used in chip manufacturing. Each
activity produces some fabrication art.

Activities
1.

Using a variety of bright shades and
light shades of crayons, color a
small area on a piece of paper.

Press firmly so that the area is
entirely covered with a waxy layer

of various colors.

Take a dark color, such as black or
dark blue, and completely cover the
colored area ofyour page. Press
firmly so that you can’t see colors
through your dark layer.
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Place an object, such as a washer
or a coin, on the top layer.
Use a paper clip to scrape away the
top layer so that the image of the

object remains.
variety of objects on the top
of your document to produce a design that
shapes will work best.
Use

a

is

interesting. Simple

mask
layer 2

scraped area
layer |

paper

Cross section view

Once you have mastered this two-layer coloring process, start over
with a fresh piece of paper. Use the masking process to create your
own design using common objects. On the bottom layer, place as
many colors as you would like to see in your picture. Then place a
heavy top layer of dark color over the entire bottom layer.
Place the objects that will act as a mask on the paper. To get your
pattern to appear on the paper, carefully scrape away the top layer of
color without moving the objects that make up your design. Remember, you are etching away the dark color that you do not want
to see. The only place the top layer remains is wherever the masks
were placed. Be creative. Can you use a third layer?

to

the job done by the designer of
Customizing your mask is similar
mask
Create
a
chip.
using lightweight cardboard on
a computer
which you draw a pattern you want. It might simply be your initials.
Once the pattern is drawn on the cardboard, carefully remove the
pieces that represent your pattern. Your custom mask is the
“punched” out pieces, not the remaining cardboard from which you
cut them. Place your mask on a colored area and scrape away the
top layer. Can you customize further by adding another layer?

Sr
ee
ee
or
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Quality Control

Have you ever purchased a defective product? Maybe you saved up
the store, and bought something that you really
some money, went
it
and used it for awhile. Then you noticed that
home
wanted. You took
it was flawed. Or, perhaps
stopped working. Did you have to stop
using the product?
It is useful to think of two kinds of defects in a product. First, there are
defects that are not serious; the defects don’t keep you from using the
product or they can easily be repaired. One example would be a loose
thread in a garment. Another would be a small scratch on a stereo case
usable but not perfect.
or a small dent in a bookcase. The product

to

it

is

perfect

|

perfect

|

defective

|

|

v

v

v

Second, there are defects that make a product unusable. Examples
would be a CD player that distorts the sound or a garment that shrinks
two sizes after one washing.

The process of fabricating a chip is more complex than the process used
to make most consumer products. There are many things that can go
wrong. Some defects destroy all the chips on a wafer. Some defects
damage only some of the chips on the wafer. Some defects damage only
single chip.
a portion of

a
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a

useless,
Because even tiny manufacturing defect in a chip can make
standards
and
standards
are
fabrication
inspection
process
very high
final
the
is
and
chip is
followed. Careful checking done at each step
circuits is working correctly.
carefully tested to make sure each of
is packaged and sold.
Each chip must pass all the tests before

its

it

is

done using automated testing equipment. If a number
Testing of chips
of the chips from one wafer or batch of wafers are defective, then a
careful search is done to try to find the reason. Is the fabrication equipment defective? Is the clean room not clean enough? Tracking down
why too many chips are defective is a difficult task—Ilike being a
detective solving a difficult case.
The October 19, 1996, issue of Science News reports a problem at the
Eastman Kodak Company chip fabrication plant in Rochester, New
York. Despite all the precautions taken in the clean room, somewhere
during the 200-step fabrication process the chips were being contaminated with phosphorus. Even though the problem was soon traced to
took 3 months to solve the problem.
one particular clean room,

it

The investigators finally realized that the problem had started shortly
after the installation of some new filters in the air circulation system.
Investigation of these filters revealed that the special glue used to attach
the paper filters to their metal frames contained phosphorous. Even
the glue was very small, the
though the amount of phosphorous
sufficient to create costly
into
air
the
released
that
was
amount
was
few of these filters installed
had
been
there
only
a
errors. Fortunately,
the
corrected
and the manufacturer quickly
problem.

oD

in

Activities
1.

Suppose you run a pizza parlor and during the last 6 hours of operation, several customers complained that the pizza you had served
tasted very strange. Since they did not eat their pizza you felt obligated to not charge them for the meal. At the end of the 6 hours you
realize that despite not seeing a particular pattern to the problem,
you know that almost 1/10th of your customers were unhappy.
You cannot afford to give your pizza away nor can you afford to
offend customers. What steps do you take to locate and correct the
source of the problem?

2.

stores sell “seconds.” These are products that are usable, but
contain defects. You might be willing to wear socks that contain
small defects, especially if the price is right. Are you willing to ride
in a car or bus with a defective engine? How about flying in an

Some

oD
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in which
airplane where the engines are seconds? Discuss situations
defective
products.
and
use slightly
you might be willing to buy
A microprocessor or computer memory chip is tested before being
the
packaged. Circuits are tested to see if they work correctly. If
idea,
this
about
Think
same
chip does not work right, it is discarded.
If
any
but with bicycles or cars. Imagine fully testing every part.
and
is
discarded.
Compare
right,
work
does
not
exactly
part
contrast this situation with the fabrication of chips.

it
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& Making

a Complex Product

The process of fabricating a chip takes many steps. Each step is done
is not possible that every step be done
very carefully. However,
the
Some
of
perfectly.
chips produced are defective in some way and
are rejected.

it

of the class are going to simulate the manufacture of a new product. Each person in the class will be making one
part of the final product. Each part is essential in creating the final
product.
You and the other members

of you will be given a number and a sheet ofpaper. Tear or cut
your sheet of paper into small pieces. You should have twice as many
pieces as there are students in your class. These small pieces of paper
Each

represent the parts that you are manufacturing.

Write your number on one side of each piece of paper. This is the part
number
the component you are manufacturing. On the other side of
two of the pieces, write “Defective.”

for

Next, make sure that
bers facing upwards.
each other member
sary to complete one

all your pieces of paper are placed with the numEach person will collect one piece of paper from
the class until everyone has all the “parts” neces-

of

product.
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all

Check to be sure that you have
the parts. Look at the parts you have
selected. If even one part is marked defective, your final product is
defective. How many students have defective products?

Activities
1.

Discuss the results of the experiment. Do they seem surprising to
you?

2.

You may want to experiment with fewer defective parts or more
defective parts. How do these changes affect how many final prod-

ucts are without defects?

Suppose that half the parts were made with fewer defects, and half
were made with more defects. For example, suppose parts 1, 3, 5, 7,
and so on are made with half as many defects, and parts 2, 4, 6, and
so on are made with twice as many defects. Will this lead to more of
the final products being defective, about the same number
before,
less?
how
conclusion.
to
or
Explain
you came your

as
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Optional Activities
as

Some of the following suggestions require extra materials such
transparent tape and paper. Before you create the handout you would
use, make sure that you can provide the items needed.

Activity

1

is

a good option if you
Choosing a career as a computer chip designer
like to focus on details and can handle large quantities of interactive
information. It is only since 1970 that any such jobs existed. Using your
library, the World Wide Web, or other resources, locate information
about Lynn Conway and Carver Mead. Identify their contributions to
the development of computer chip design.

Activity 2
People doing chip design work with many restrictions. They have only a
certain amount of space to use, they must use the available type of
components, and they are limited by the fabrication technology available for their use. Put students into small groups and supply each group
with three pieces of ordinary white letter-size paper, six short pieces of
transparent tape, and three medium-sized paper clips. Have them create
the highest possible standing structure using only the materials that you
have given them. In addition, put a time limit for completion of the
tower. Students will need to adapt their design to the nature of the
material they are using, the limited amount of material available, and
the time frame for designing and creating their towers.

Activity 3
The simulation that is described in the handout Making a Complex
Product can become a fun computer activity if your students are able to
write simple programs. Have your students write a program that will let
them run the simulation many times and have them record the data.
Analysis of this data will provide students with the expected quality of
their factory’s product.

NN
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Background Information
It is almost impossible to make it through a day without hearing a
reference to the Internet. The Internet began in 1969 as the ARPANET

(Advanced Research Projects Agency Network). This computer network
was created by the U.S. Department of Defense to link research scientists together to exchange and share ideas that would increase research
results. ARPANET soon extended to include college and university
researchers. From this restricted group of users, the Internet has evolved
to serve millions of people all over the world.

@

The history of networking shows that large, wide reaching networks
preceded the smaller, more self-contained networks that are presently
found in offices or schools. The first computers were large, extremely
expensive, and very scarce. Often, buying time on a computer miles
away was cheaper than installing your own computer. The coordination
of the timesharing approach to computer use provided the motivation
for the development of networking hardware and software. ARPANET,
only one example of these early, large networks.
now the Internet,

is

Many networks did not survive beyond these first early efforts. However, the Internet did and still evolving. The Internet is now a global
network connecting computers all over the world. There are many
smaller networks entwined in this complex, global connection of comthe Internet is reputers and people. Each computer that connects
ferred to as an Internet client.
is

to

©

The Internet is more than just computers and cables. The Internet is also
a world of people with a very unique culture. Members come from all
225
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over the world and many regard themselves as members of online
communities that function in a similar fashion to their geographical
community defined by where they live.
Perhaps the best known part of the Internet is the World Wide Web
(WWW or Web). The Web can be thought of as a way to navigate major
portions of the Internet. The Web includes text, graphics, and sounds in
electronic documents called rome pages or Web sites. Each Web site has
a unique address. These addresses are referred to as URLs (Uniform
Resource Locators). A critical aspect of Web sites is their ability to
provide an electronic link to other Web sites. It is possible for almost
anyone to create and maintain their own home page if they wish.
The vast collection of Web sites available on the Internet is almost
beyond comprehension, and many tools have been developed to help
users access whatever they choose. Using a browser, a program designed specifically for use with the Web, you can explore this vast
electronic library. Most browsers provide a graphical interface so
navigating the Web little different from navigating your own personal
computer. Embedded links on Web pages allow you to move from one
irrelevant.
computer to another. The location of each computer
is

is

Internet use has expanded far beyond its original vision. In every facet
of our lives—business, education, and recreation—the Internet now
plays an established role. It serves as a means of gathering, storing,
processing, and sharing information.

&

LANs and WANs
WAN
District Server
School B
LAN

2

admin

LAN

1

Individual desktop computers provide a convenient way to accomplish a
wide range of tasks. Increasingly, however, computers are connected
together forming a network. Computer networking provides a way for
226
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as

people to share information, computer applications, and devices such
printers. Any devices being used in a network can be called nodes. Such
sharing is sometimes limited to people in one office or school—a local
area network (LAN), or it might involve people in other buildings,
cities, states, or countries—a wide area network (WAN).
A network can be as simple as having two computers connected so that
they can share files or make use of the same printer. A network can be
as complex as the Internet to which millions of users are connected. In
either case, the network is largely transparent as you work at your
desktop computer. As a user, the setup and structure of the network is
not particularly important. As a user, you need to consider what the
network is only if
want to modify the network connections in some

way

or

if

you

the network isn’t working correctly.

it

needs
For a conventional desktop computer to be part of a network,
network hardware and special software called client software. The
hardware and software varies according to the kind of network you are
using and the services you want available.
is part of the
does not
network
the
because
critical
system software, speed
networks
are most
handle huge amounts of information at once. These
often baseband networks. A baseband network transmits signals as
direct-current and can only accommodate signals from one node at a
time. The entire bandwidth—capacity of the wire being used—is used
by one signal. Think of this as sending trains through a tunnel that
contains only one track. The single track represents the bandwidth of
the tunnel. Each train has to wait its turn.

In a small LAN,

frequently accessed by software that
is not

Lans and Wans via Modem

is

different. If this connecConnecting to a WAN, such as the Internet,
tion is being made from home, the connection is likely to be via modem
and phone line. A modem (modulator/demodulator) is a device that is
the
used to convert the digital information used inside the computer
be
that
telephone
line.
transported on a
can
analog or continuous signals

to

The user’s computer, called a remote terminal, uses the home modem to
dial the telephone number of a modem attached to a remote site, called
the host site. The software used with such a modem connection might
be provided by a commercial service such as America Online. The
remote terminal provides digital information; the modem attached to the
analog pulses which
remote terminal converts the digital information

to
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to

the host site converts
travel over the phone line. The modem attached
the analog pulse signal back to digital information so the host computer
can understand and use the information.

remote
terminal

Be
~3

remote
modem

—

host
modem

host
computer

=

The speed at which this type of network connection can function dethe kind of modem you
pends on a number of things. Most important
factors.
time
illustrates
table
The
some
following
are using.

is

14.4 Kb

250 K

100 K Text

Modem
1

min 9 secs

28.8 Kb

35 secs

128 Kb ISDN

8 secs

Graphic

1

2

min 54 secs

11

I

min 27 secs

5

20 secs

1

MB Video

min 34 secs
min 47 secs
min

18

secs

However, the modem speed does not guarantee that your data will move
at the speed indicated in your hardware manual. For example, heavy
traffic on the line can slow your transmission. Also,
you connect to a
machine that is not capable of your modem’s high speed, the transmission rate adjusts to a slower speed. Even the kind of cable carrying the
data can affect the transmission rate.

if

In the table, the ISDN (Integrated Services Digital Network) connection
times
very fast. ISDN is a set of rules for handling network communication. All the information handled is digitally encoded, and voice,
data, video, and other signals use the same lines. ISDN provides

are

teleservices such as fax, videotext, and e-mail for information processing. It also has supplementary services such as call waiting,
conferencing, and fast dialing. ISDN provides a way to speed transmissions, error handling, and flexibility in the routing of messages.

LANs and WANs via Direct Connection
Direct connections are like having a cable television connection for
your television set. Instead of pulling the television signal from the air
228
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where the signal may have faded or been distorted, a cable connection
moves the television signal directly from the transmitting site to your
television set. The resulting clear, strong signal provides high quality
receive.
picture and sound. You can select which channels

to

Direct computer network connections use a cable able to carry data at
much higher speeds than the regular phone system. With
direct confor network
initial
data
the
the
of
nection,
preparation
computer’s digital
is
the other
At
in
travel done by the network card installed the computer.
end, a similar card receives the transmission. The receiving card preable to use it.
pares the message so the computer

a

is

For a WAN connection to be useful, speed is critical. The network needs
to be able to send and receive large quantities of data in a short period
of time. Here a broadband network is used. A broadband network
allows several nodes to transmit at the same time. This
analogous to a
train tunnel with several tracks. Several trains can be sent through
tunnel at one time. Cable television is a familiar example of a broadband network. A cable television network carries the signals from many
channels at the same time.

is

a

Network to Network
Moving data among computers requires special organization. Just as
your home has a unique postal address, every computer on a LAN or
WAN has a special address. This address combines a logical address—
Smith@gladstone.uqueen.edu—assigned to the client by the network
supervisor, and a physical address—08:00:07:4F:FF:BB—given to the
hardware components in the computer.
The parts of the logical address each indicate special information. The
Smith indicates the user’s account name, @gladstone indicates the
person’s network server, uqueen gives the location of the server, and
edu indicates the type of institution to which the user is a member.
Institution types are edu=education, gov=government, mil=military,
net=Internet administrative organization, com=commercial, and
org=miscellaneous organization.
The Internet consists of a multitude of networks. They may not all use
the same hardware or software, yet a particular message may travel on
them before reaching its destination. If you send an e-mail
many
message from a LAN in Florida to an Internet account in Oregon, the
message may travel through many different networks and encounter
many types of hardware and software combinations.

of
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A router decides which pathway to use and provides a way of changing
to move between netenough information on the message to allow

it

works using different rules. Routers use the logical address.

A bridge moves information between networks and can determine if
information is being sent outside the originating network or not. A
staying within the network where the
bridge ignores anything that
level
add
of data security and traffic control
a
Bridges
began.
message
to a network because they can distinguish between LAN and WAN

is

traffic.

A

bridge uses the physical address of each user on the network.

is

A repeater
used to extend the physical limits of a network by increasthe
ing
strength of the signal at various intervals.

is

used to allow two dissimilar networks to communicate with each other by translating the network protocols—network
rules for transmitting data—from those used on one network to the
protocols required for a different network.

A network gateway

As technology improvements continue, ways are being found to combine many of these different services into one machine. Already, devices
exist that combine the abilities of these devices. One device may function as a combined router, bridge, repeater, and gateway.

Every network makes use of special networking software. A network
often dedicates one machine called a server to communicate with other
computers on the network. Each user of the network, called a client, has
some way of accessing their server. In many networks a formal login
procedure is used to establish a connection. Once a connection is
little different than using
established, using the software on the server
software on an individual computer. A logout procedure is used to
disconnect from the server.

@

is

To make networking as efficient and convenient as possible, the networking industry has developed a standardized organization scheme for
to adhere to
handling data. Both hardware and software developers

try

the standard established by the International Standards Organization
(ISO) for worldwide communication. The ISO seven-layer structure
ensures that data can be transmitted from network to network with a
minimum of difficulty or errors.

Packet Switching
People using a network tend to create short bursts of data with pauses
between these bursts. Some messages are short. Some are very long. If a
network sends one message at a time and in one complete block, net-

@
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work bandwidth is wasted. Once a particular user starts their transmission, no one else would be able to do so until the first person was done.
A method

of signal transmission was created to take advantage

it

power of the

of

the

network and keep
constantly working. Every network
rules
of
to
or protocols. For many networks,
a set
operates according
some form of packet switching—organizing the data into small picces—
is used to transmit information between users. Each packet moves along
in the following manner:

Network node receives a packet
» checks destination address
« checks packet for damage

«

to

Or
If packet
resend

After node accepts a packet,
a decision on travel route
for the packet is made.

is

fine
packet
sends acknowledgment to
confirm receipt.
sending node

If the
fine

«

is damaged
sends a request to have
the sending node re-transmit
the package.

2

Before transmitting the packet,

a copy is made to be kept
at the node.

ECE

©

Node receives confirmation
that the packet was received correctly.

Node erases its copy of the packet.
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Vinton Cerf and Robert Kahn, originators of this concept, were awarded
the 1997 National Medal of Technology for their contributions to
networking.

is

Every message
split into small pieces, called packets. Each packet has
a header containing the destination address combining the logical and
the physical addresses, a sequence ID that numbers each packet in the
order
is contained in the overall message, a data block that is a spe-

it

cific size or portion of the message, and an end

is

of message identifier.

When every message
cut into packets, each person’s message begins
to move almost immediately. The waiting is avoided and the network is
able to work more closely to its maximum ability. Each packet
created and formatted according to the protocols of your local network.
Regardless of the type of file being transmitted, the packet size and
definition
maintained according to each network’s rules.

is

is

Many packets are traveling on the network at the same time. However,
these packets are not necessarily from the same message. In addition,
the packets made from the same message might travel along completely
different pathways. If the message is being sent as an e-mail message
the receiving node waits until
has the entire set of packets making up
the message. The message is reassembled and held until the person
accesses the e-mail account to read their message. The person can then
delete the message or download it to their own machine where it looks
much like it did when the sender created it. Like many other features of
networking, the exchange of messages is taken for granted by the
network users. They are seldom concerned about the complex steps
taken to ensure that the process works.

it

Cables and Wires
When linking network nodes, care must be taken to avoid interference
or loss in the signals—the data sent along the network. The type of
cable affects the speed and purity of the signal being transmitted.
Fiber optic cable provides extremely high speeds and minimizes interference. Fiber optic cable sends information as pulses of light. Since the
cable doesn’t carry electricity, damage from lightning or electrical
spiking on the line will not change the signal. Many variations exist but
fiber optic cable generally has a tough outer coating of polyvinyl chloride (PVC) or Teflon. Immediately inside the coating are Kevlar fibers
which strengthen the cable.

232
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[asa
EEraEEd

es
Outer insulating

Kevlar
fibers

jacket

Plastic

Cladding

coating

Glass or
plastic strands

is

Underneath the Kevlar
a plastic layer to cushion the fiber center. The
called the core and is made of glass or plastic fibers. Between
the core and the plastic layer is a layer used to reflect light back into the
core called the cladding layer.
center

is

Other kinds of cables are available. Coaxial cable consists of an outer
insulating jacket, a braided shield, an insulator with foil shield, and a
center conductor.

Outer insulating

Braided
shield

jacket

Insulator
with foil
shield

Center

conductor

is

The outer insulating layer
either PVC or Teflon. The shield is braided
wire, foil, or both. The plastic insulator layer protects the center conductor from the shield, which is also a conductor. Types of coaxial cable
include 10Base-2, ARCnet, and television cable. This kind of cable is
quite reliable but does not provide the quality of fiber optic cable.

Unshielded twisted pair (UTP) cable is very inexpensive and easy to
install. This wire is similar
telephone wire and is commonly used for
small networks. With the correct connections, regular telephone wire
can be used.

to

Conductor

Insulator

UTP wire is usually divided into four categories with category three
including 10Base-T cable. Many schools and businesses use this type of
cable. If a signal is corrupted the user can easily resend the message.

Some networks make use of wireless components that use high frequency radio signals to move information from one workstation to
another. Using wireless components in conjunction with satellites has
improved global networks in terms of speed and reliability.

233

Unit

6

»

Networking

Networks
Regardless of the type of network you use and how you connect, the
general principles do not change. A computer network is a combination
of hardware and software components. The software provides the
directions for handling the information in the desired manner and the
hardware carries out the instructions to complete the tasks. In this way,
a computer network can be seen as an extension of what is happening

within your own computer.

Resources
v' Dyson, P. (1995). Dictionary
CA: Sybex, Inc.

of Networking (2nd ed.). Alameda,

This book is filled with careful, non-technical explanations for
translating the terminology used when discussing networks and will
increase your ability to understand and use your network effectively—suitable for students and teachers.

v

Kee,

E.

(1994). Networking Illustrated. Indianapolis, IN: QUE.

This incredible collection of graphics and text will provide a simple,
but complete introduction to networks—suitable for students and
teachers.
Derfler, F. & Freed. L. (1996). How Networks Work (2nd ed.).
Emeryville, CA: Ziff-Davis.
Eager, B. (1994). The Information Superhighway Illustrated. Indianapolis, IN: QUE.
Eddings, J. (1994). How the Internet Works. Emeryville, CA: ZiffDavis.
Feibel,

W.

(1996). Encyclopedia of Networking. (2nd ed.). Alameda,

CA: Sybex Inc.

Flaherty, T. (Ed.). (1990). Communications. Richmond, VA: Time-Life
Books.
Freed, L. & Derfler, F. (1994). Building The Information Highway.
Emeryville, CA: Ziff-Davis.
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This Video-based Lesson provides an introduction to why computers are
placed on a network and how networks actually function.

Summary of Video—Segment 6
This segment reaches outside the computer to explore the world of
networking. Included is a discussion of the difference between Local
Area Networks (LAN) and Wide Area Networks (WAN) and a brief
look at the history of the Internet. The concept of messages traveling in
packets is illustrated. Various network connections and the concept of
bandwidth is discussed. To see real life use of a network, a visit is made
to High Technology High School (Napa, California). This segment ends
by discussing the prevalence of networking in our lives with a reminder
about citizenship responsibility in this virtual networked community.
Please take the time to clarify with students two misconceptions that
may arise from the video presentation. People today make frequent use
of a LAN and move to a WAN when reaching beyond the local building. Historically, the WAN predates the existence of LANs and came
into use with mainframes being accessed over long distances.
Secondly, the videotape uses the word packets interchangeably with the
word files which can be misleading. Packet size is actually standardized
across a particular network regardless of the type of file. Larger files,
such as video and graphics, require more packets and take longer
is applied to the file
transfer. In addition,
compression is applied,
before any packets are created. Compression reduces the file size so that
less packets are needed and transfer time is reduced.

if

to

it

Time: 8 minutes 45 seconds.

Goals and Objectives
Students will explore the combination of hardware and software dedicated to transporting information in various kinds of networks.
»

Students will understand the need for speed and accuracy
mission of data.

in

trans-
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Students will understand some of the factors that control the speed
at which data can be moved along a network.
Students will gain some insights into the history and development of
the Internet.

Time Considerations

is

The Video-based Lesson
designed to provide material for 25 to 55
of
available time is short, use only the retime.
the
If
minutes class
quired teaching procedures. Completion of these steps prepares you to
move to the Video-based Lesson in Unit 7.

If you plan to use the Extension Lesson in this unit, you may want to
complete the optional teaching procedures included in this lesson.

Preparation, Equipment, and Materials
*

VCR

»

The Journey Inside: The Computer—student video segment 6

*

Signs for students to wear to demonstrate the network
own school setting

cable types

+

Samples

+

Student handouts

*

of

setup

in their

if available

You may want to take the time to prepare an overhead transparency
of the activities on the student handout Networking to use when
discussing student answers to the activities.

Vocabulary

is

10Base-2—Network cable that
a thin coaxial cable able to operate at
10
second
and
MB
supports cable length of up to 607 feet
per
up to
(also called thin Ethernet).
10Base-T—An unshielded twisted-pair cable capable of operating at
MB per second and intended for use with baseband networks.

10

Bandwidth—The amount of data a cable can carry.
Coaxial cable—Networking cable that provides some shielding between
the insulation and outside of the cable which helps to prevent interference problems with the signals.
Client—A computer that makes requests of other machines
or that uses resources available through the servers.

in a

network
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Fiber optic cable—A high speed network cable that carries light signals
on specially manufactured optical fibers.
Gateway—Hardware and/or software that connects two different network environments.
Host site—The machine that provides processing capabilities for attached terminals, nodes, or clients.
Hub—A device that acts as a common termination point for multiple
nodes and relays signals along the appropriate paths.
Internet— The connection of many smaller networks
global wide network.

to form a large,

Integrated Services Digital Network (ISDN)—A networking standard
allowing transfer of digital information.
International Standardization Organization (ISO) standards—The
seven-layer ISO reference model developed to control how types of
computer systems will interconnect.
Local Area Network (LAN)—A collection of two or more computers
that are located within a limited distance of each other and that are
connected to each other, directly or indirectly.

Logical address—A client address assigned by the system supervisor.
Modem—A device that is able to change information back and forth
from digital format to continuous analog format so that computers
can use telephone line systems for transmitting data (modulator/
demodulator).
Node—Any device connected to a network.
Physical address—The number given to a device for identification
purposes if the device becomes a node on the network.

Protocols—A set of rules or standards that determine how two or more
processes communicate and interact to exchange data.
Remote terminal—A terminal that is located a moderate or great distance from a host or network and is generally connected by telephone line.
Repeater—A hardware device that functions at the physical layer of the
network and is used to increase the strength of the signal at certain
intervals so the signal is maintained.

this device

used to determine the pathway
used to transmit any signal between different network nodes.

Router—In

a network,

is
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Server—A device that provides some type of network service such as
access to files or devices, transport or translation facilities, etc.
Signal—The electrical impulse representing data that
ted one place to another.

is

being transmit-

Unshielded twisted pair (UTP)—A type of network cable that
pensive but limited in performance.

is

inex-

WAN—A network whose elements may be separated by some distance;
usually involves two or more LANs and dedicated high-speed
telephone lines.
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Lesson Plan
The Video-based Lesson will provide students an opportunity to model
the movement of a message from their computer along a network.

Required Teaching Procedures
1.

ro

Have students discuss their experiences working with a computer
that is connected to another computer or to some external device
such as a printer or a scanner. What difficulties did they encounter?
What steps did they take so their computer could interact with the
device or computer? Why did they connect their computer to another computer or external device? Did they have to learn new skills
before they could accomplish any task on the network?

it

is

and what
is
Have students discuss their idea of what the Internet
used for. Have they used e-mail? Did they have to use a password,
log in, and log out? Have they used the World Wide Web? What do
they like about these activities? What do they dislike about them?
View The Journey Inside: The Computer—Segment

6.

Discuss the kinds of information that can be exchanged on a network and the dangers of computer networking created by computer
viruses.

it

to

is
the concept of penpals. In today’s world,
Introduce students
know
have
to
a
a
only
through
keypal, person you
more common
interactions you have had on the Internet. Discuss how you would
introduce yourself to another person using only e-mail.

This is a great time to introduce your students to some of the dangers involved in using the Internet. A discussion about not sharing
imporpersonal details such as home address and phone numbers
tant. Caution students not to arrange meetings with people they meet
on the Internet without supervision. The primary purpose is to make
sure students understand that there are safety factors to be considered in any interactions online.

is

6.

Provide students with the handout Networking.
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Optional Teaching Procedures
7.

Discuss with students the kinds of information that is commonly
another on a network. Have them think
sent from one person
about how information exchange over a network might change the
way businesses are run. Have them consider why they might want to
exchange messages with others. Have them think about the hardware/software combination that is required to complete this task.

to

8.

Organize students into groups of about 10 and give them the handout Did You Get the Message?. When the groups have had a chance
to complete the activity, select a group or two to demonstrate the
method they used to complete the activities.
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Sharing information across a computer network can be a lot of fun. In
is also a very useful thing to be able to do. You can be in
addition,
touch with family that lives far away, purchase items, access databases
of information, and many other things.

it

The following diagram shows you a typical wide-area network (WAN)
that you could use to send e-mail from your own computer to someone
that lives in a different town or state.

You create
an e-mail

message to
Jim and
you select
send...

—
CH
==
[]
opm

=
l

Sy

Server

Hs

Your computer

— EEE —

.your message goes to your
:
e-mail provider's
server and
the server reads the destination
address and sends message on...

=

_] —
Fhy
——

Servers, Routers
& Bridges

<&

¢

El E—

...Jim checks his
e-mail, reads the
message, leaves
it on the server
to
or moves
his computer.
.

seed)

...the message travels through
a series of networks; routers or
bridges keep it moving along
an optimal pathway...

...the messag
arrives at th e
server Jim uses
for his e-mail
service...

5

it
.

Jim's computer

Your computer and Jim's computer are each a node on their own localarea network (LAN)—a computer with an attachment
the network
and capable of communicating with any other device attached
the
network. Each individual LAN is connected to the much larger network
called the Internet—the world’s largest WAN. This connects computers
all over the world.

to

to
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Activities
lie

Suppose you have six computers and you want each machine to be
able to share directly with every other machine. This is called a
show the links needed to do
mesh network. Complete the diagram
this and then count the number of links you would need.

to

ro

Suppose you had the same six computers, but this time you must use
the largest computer as a server that will provide the means of
controlling the interaction with all other nodes on the network.
relay a message to any
Every computer must contact the server
This
other computer on the network.
organization is referred to as a
Star network. Complete the diagram for this server-based LAN
using the least number of connections to connect all the machines.
lines you need to complete your network.
Count the number

to

of

The following network includes a router, a device with the ability to
take your message from the LAN out onto the Internet. Use arrows
to indicate the pathway that your message will follow as it moves
from your computer to the Internet.

Your server

244

Your computer
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Did You Get the Message?
Networks are able to transmit any digital information. You might use a
network connection to contact a friend to verify your homework assignment. Or, if a group of your friends are online at the same time you are,
easily as the
you could all interact. You can exchange written words
words.
phone allows you to exchange spoken

as

Hi

SE

Sally!

Hi Sally!
Hi

Billy!

S/S

can be shared on a network. You can send
hit
photographs, the latest
song, or a movie clip. You can send software.
Regardless of the type of information you want to send, the network has
to translate it into a format that can be transmitted. The information you
Other

types of information

send is called a signal and can

be

in electrical,

light, or radio format.

You may have already used a network to send text or pictures. Suppose
you wanted to send some music you created for a friend across a network. The music would have to be translated into a digital format that

the network could handle.

Activity
1.

Work with several other students and create some “music.” This
music does not have
use traditional instruments. For example,
include
music
two thumps on the floor, a light rap on the
might
your
created
and
a bang
by dropping a heavy object on the floor.
desktop,
Or, bang on glasses of water or tap pencils together. Once you have

to
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agreed on the “instruments” that you are going to use, develop a
way to transmit the music that does not involve using sound.

,

For our four note example, you might write on a piece of paper /,
1, b, for thump, thump,
rap, bang. With these four simple notes,
think about how you can adjust the music that is heard. How does
real music sound? What makes it interesting to hear? Find ways
make your music fun to play and hear.
Split into two groups. Each group is to (secretly) create some music
and then instead of using letters as you did previously, use a numerical code. Your groups should then walk to another group to exchange the numerical information. (Note that the format that you
have developed to transmit your information is your protocol and
that the network you are using could be called a sneaker net.)

to

Next, each group should try to reproduce the music of the other.
After each group has performed, discuss how well your protocol
need to be changed? Did your system of recording
worked. Does
your music allow the group to easily reproduce your original music?
How could you improve your protocol so that the music is more
exactly reproduced by the other group?

it
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Teacher Materials
This Extension Lesson provides your students with activities that will
let them model a LAN, the interaction of networks, packet switching,
and teach the value of bandwidth.

Goals and Objectives
Students will experience a simulation of networking and develop an
understanding of packets and packet switching.
Students will understand that putting all transmissions into small
an efficient way to use the network.
portions
+

is

Time Considerations

@

This lesson requires about 2 hours of class time to complete every
activity. The handout Put It in Your Packet has a total of 10 different
activities. An effective approach would be to use 45 minutes for activities 1-4, use 45 minutes for activities 4-8, and use 20 minutes for 9-10.

Preparation, Equipment, and Materials
+

Signs for students to wear to demonstrate the school LAN

«

Cards that can be used

«

Timing devices for students to use

«

Student handouts

for

creating packets

Vocabulary
Data block—The amount of information from the message that is
contained in one packet.

Message identifier—Information that is placed at the front of the packet
to allow each station in the network to identify the message.
Packets—The small defined block of information consisting of header,
data, and trailer that is transmitted on the network.

@&

Packet switching—A transmission method for sending information on a
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network that allows many
efficient manner.

users

to share the network structure in an

Protocol—The set of rules that define the way two or more processes
communicate and interact to exchange data.
Router—A device that provides a path from a node on one network to a
node on another network.
Sequence ID—A number given to a chunk of data from a message so
that the message can be reassembled in the correct order.
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Lesson Plan
This lesson provides students with an opportunity to simulate a physical
model of how information might be sent from one computer to another.

Teaching Procedures
I;

Discuss the reasons for placing computers in a LAN. What does a
LAN provide for students? If the LAN is not available how does
their work situation change? In a school situation, what is gained by
having a network?

Organize some of the students into a “network.” Have students wear
the signs you created to indicate if they are nodes or clients. You
will need several computers, a printer, a scanner, a server, and any
the school computer lab.
other nodes you might have

in

Have a student create a message at a “computer” and then decide
where this message needs to go. This person will walk the message
the
from node to node on the network until the message arrives
correct place. Have the student explain to the class each step as they
move their message along the network.

at

Repeat this activity several times. Think about the various tasks
your students do when they use the school computer network. Try to
include as many of these situations in the simulation as possible. For
example, have one student send a message to the printer, have
another scan an image to print or add to a text document.
Reorganize the students to represent two kinds of LANs. Add the
necessary gate so messages can pass from one kind of LAN to
another. Have one student represent a connection to the Internet.
Have students walk through the delivery of various messages that
might be sent along such a connection of networks.
Organize the students into groups of about five. The first part of the
handout requires two groups to work together. The last part of the
activities will have four groups working together. Give students the
handout Put It In Your Packet.
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Put It in Your Packet
When people are creating e-mail messages, they tend to write in short
bursts with a delay between the bursts. Sometimes messages are short.
Sometimes messages are long. If each e-mail message was sent on the
network in one complete block, the network would spend considerable
time waiting since the network can send the data faster than it can be
created. In addition, if this method was used, once one user started
sending a message, no one else could use the network until the entire
message had been sent.
To avoid this problem, networks use some form of packet switching—
organization of the data into small pieces—to transmit information.
Every network does this according to a set of protocols or rules.
Each message is split into small pieces called packets. Each packet has
a header containing the complete destination address. Each packet has a
sequence ID that indicates where in the overall message the packet
belongs. Each packet has a data block, which is a particular sized
portion of the message. Each packet has an end of message identifier.

Networks work quickly enough that as a message is being written it gets
broken into packets. The packets enter the network as they are being
made. While one person is pausing, another person may still be writing.
The network simply gathers packets from whatever user has one ready.
Waiting is avoided and the network is kept working at top speed.
Packets are created and formatted according to the protocols of your
local network. If you could look at packets traveling one behind the
other, you would find that they are not necessarily from the same
message. Every packet just gets added into the network whenever there
is an opportunity to add one. In addition, packets from a single message
might travel completely different pathways. The receiving client waits
until all the packets making up the message arrive and then reassembles
it. The message is held until the receiver accesses the message from his
e-mail account.
Vinton Cerf and Robert Kahn developed the packet switching approach

to signal transmission. Their many contributions to networking were
honored with a 1997 National Medal of Technology award.

i
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If the packet

fine
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If packet
»

is fine

is damaged
sends a request to have
the sending node re-transmit
the package.

After node accepts a packet,
a decision on travel route
for the packet is made.

Before transmitting the packet,
a copy is made to be kept
at the node.

Node receives confirmation
that the packet was received correctly.

Node

y

Networking

sends acknowledgment to
sending node to confirm receipt.

Or
resend

*

[]

o
Network node receives a packet
« checks destination address
« checks
packet for damage

6

erases

its copy of the packet.
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Activities

I

You are going to send a message from your group to your “partner
group.” The sending group will stay in the classroom and the receiving group will be in the hallway.

Each group is to compose a short message, such as “It is time to go
home. Put your books away and put on your coats.”
Write each word of the message on a separate card. On each card
also put the destination address (the name of the group that will
receive the message), the sender’s address (the name of your own
the
group), and a number that tells the order each word occurs

in

message.
Place the cards your group has made into

a

pile and mix them up.

Once both groups have their stack of cards prepared, decide which
group will send the first message. Put the receiving group into
position in the hallway.
Assign one person the task of timing how long it takes the sending
group to deliver the cards and the receiving group to reassemble the
message. This person will provide the signal to begin sending cards.
To send the message, each person in the sending group takes one of
the cards. One
a time they exit the room with a card and deliver
to the waiting group. The order in which group members exit is
unimportant. However, each person can carry only one card at a
time. It may be necessary for people to make more than one trip
before all the cards are delivered.

it

at

To receive the message, the receiving group merely accepts cards
until all of the cards from the sending group arrive. Once they have
all the cards, they must work to reassemble and read the message.

The two groups now exchange jobs and repeat the exercise. When
the cards from their
you are finished, make sure each group has
first message.
there
times taken to complete the task is recorded.
Make sure
complete the task? What might
any difference in the time taken
difference?
time
this
explain

all

the

to

Is

Create a new message. As before, each group will prepare a set of
cards, mixed into a pile and ready for transmission.
Before proceeding, see how many of the group can exit through the
doorway of your classroom at the same time—shoulder to shoulder.
This represents the bandwidth of the doorway to your classroom.
254
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Once you are ready to begin, have the timer give the signal to start.
the group in the hallway
You are going to transmit the message
again, but this time, have as many students as the door will allow to
exit at the same time. If the door has a bandwidth of five, then five
students will exit at the same time. Again, be sure each card has a
destination address, the sender’s address, and a sequence number.

to

Have the group receiving the message accept the cards. Once all the
are received the message is to be reassembled.

cards

Calculate the time needed to deliver the cards and reassemble the
message. Compare this to the first time. How much faster can you
get the job done with greater bandwidth?
You might repeat this exercise if you can find a room that provides a
doorway of a different size. Perhaps you can use the doorway to the

cafeteria or the gymnasium. How does the bandwidth
doorways compare to the classroom door?

How wide

is a

of

these

doorway providing a ten-person bandwidth?

For this activity, you will need to have four groups working tothe same
gether. Your network is going to transmit two messages
time.

at

at

the same time. Use the cards
Two groups will transmit messages
both
created
by
from the second message
groups. Each message is
to directed to one of the two receiving groups. Place all the cards
into one pile and mix them up. Decide on what bandwidth your
network will use for the activity.

Your network will need to have a router
remember what the router will do?

at the receiving end. Do you

Time how long it takes to have both messages sent, sorted, reassembled and read by the receiving groups.
Have the sending and receiving groups change places. Use a different bandwidth figure and time the result.
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Optional Activities
The following suggestions can be used to supplement your work in Unit
6. If you prefer, substitute these activities for the ones that are given. If
you decide to use them, you will need to create a student handout page.

Activity

1

Students are familiar with the difficulties of moving from one place in
the school to another when the hallways are full of people. Have them
consider the way the school
built and think about the decisions they
make when they move from one place to another. What change do they
make in their route if they are to take a message from the classroom to
the main office as quickly as possible: if all classes are in session; if no
classes are in session and most of the students are in the hallways.
Would the pathway a student travels change if they were being sent to
the office to be disciplined?

is

Activity 2
Provide students with the information that they can directly connect 10
machines with a minimum of 45 cables. To directly connect nine machines requires a minimum of 36 cables. To directly connect eight
requires a minimum of28 cables. Have them determine the minimum
number of cables to directly connect seven machines (then 11).
Have your students look for the pattern in these numbers so that they
can create a formula that would provide a way to calculate the correct
number regardless of the number of nodes on the network.

Activity 3
Use the group activity of sending a message from one person to another
by having the sender of a message whisper the message to the person
beside them. The message gets passed along, person to person,
this
same manner until it arrives back at the person who created the message. Have students compare the original message with the final form of
the same message.

in
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Repeat this several times with a different person creating the message
cach time. Have the messages increase in length. As the message increases in length, the number of errors in a transmission will increase
simulating the problems that are partly overcome by creating packets of
information for network transmission.

Activity 4
Have students design a network that includes all of the following comthe
puters. Notice there is only one printer. The odd-looking computer
the
of
the
than
in
equiprest
a different room
bottom of the diagram
ment. Have students diagram the minimum number of connections
needed to complete the network.

is

at

Have students discuss whether it makes any difference which room the
in to create a network with a minimum number of connecthe best place for the printer and why?
tions? Which room

printer

is

is

Activity 5
Students can increase their understanding of networks by making use of
them. If you have access to the World Wide Web, you can integrate its
use into your lessons. Having students locate specific information using
a Web browser will help them understand how vast the amount of
digital information on a network is.
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Background Information
you and your students will examine how today’s powerful
and networks affect both day-to-day life and society
software,
hardware,
that existed when our grandparents left school
world
as a whole. The
very different from theirs. At the
long since gone. Our world of today
rate things are changing, the world your students will face as adults will
undoubtedly be very different than ours.
In this unit,

is

is

A

Historical Perspective

Throughout

©

history, people have developed tools to supplement their

physical capabilities. To enhance human muscle power, early people
developed simple stone tools, and people during the Industrial Revolution designed more complex tools. In our modern world, the computer
is a tool that extends and enhances the human mind, and networking is a
tool that enhances human communication. These electronic-based tools
are having a significant impact on our society.
Other inventions have caused significant social change. Looking backis possible
ward to the invention of the printing press by Gutenberg,
to identify ways this device impacted society.

it

Franklin Press: Smithsonian Institution Photo No. 17539-B.
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Prior to the development of the printing press, relatively few people
could afford to own books. Handwritten books required many hours of
human labor and so books were scarce and expensive. Using a printing
press to mass produce books changed this situation. Books became
more affordable and more readily available. Learning to read became a
valuable and widespread skill. This widespread literacy eventually led
to major political and religious changes throughout the world.
Two hundred and fifty years ago, there were no trains (and, of course,
steam power to bring
no cars or airplanes). It took the development
such inventions into existence. Steam, used in a controlled way, was the
fuel that drove the Industrial Revolution. A single steam-driven machine

of

could replace the muscle power of many people. Steam operated machines provided new approaches to manufacturing. Steam fueled machines provided transportation of goods and people in an increasingly
efficient and flexible manner.
Just 150 years ago, long-distance communications could only function
at the speed of the available transportation systems—Pony Express or
steam-driven engines. But curious minds were busy studying many
things. As people began to understand the natural occurrence of electrical energy, new ideas for communicating emerged. With the development of the electric telegraph, communication speed immediately
increased. Since only the message had to be moved, communication no
longer depended on the speed of transportation systems. This made
possible to communicate over long distances almost instantaneously.

it

Changes in Jobs
half of the labor force in
in
and
industrial
United
the
States was working
manufacturing jobs. For
line
the most part, these assembly
jobs required only a modest education. Many workers who lacked a high school diploma earned relatively
high wages and enjoyed a good standard of living.
In the late 1940s and early 1950s, more than

This situation has changed slowly but steadily. The average level of
education required by many jobs has risen. At the same time, there has
been a steady decline in the number of jobs requiring minimal education
and technical skills, particularly in the industrial and manufacturing
sector. Many of these changes can be traced to computers and information technologies.
Computer technology eliminated many traditional jobs, but it also
created new jobs. People are needed to design and fabricate computer
components. People are needed to design and develop computer soft262
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ware. People are needed to maintain and repair equipment. People are
needed to train others to use computer technology.
in the
Computer and information technology has made other changes
in
skill
using computer
job market. For your students, knowledge and
hardware and software are important job skills. Few of them will find
employment that does not involve computer technology in some form.

in

the job market have changed the kinds of skills that employChanges
ers want and need from their workers. A steadily increasing number of
jobs require employees to have the following characteristics:
Good communication skills. The communication may be face-toface, over a telephone or video phone, via e-mail, or in writing.
«Good group process skills. Increasingly workers must interact with
others both within their own workplace and at a distance to fulfill
the requirements of their jobs.
+

«Good learning skills. Constant change in technology and frequent
change of jobs requires workers to be able to learn new skills.

Changes to Consider

Many companies are analyzing business trends to produce a view of
current trends. American Business Information reports the results of
their annual survey done at the end of each year. The changes from
December 1995 to December 1996 show the number of Internet services increased from 24 to 2,299. This is a huge increase—9,475% in
one year. While you might expect similar growth in pager and cellular
phone services, these businesses only grew about 30%. Since
appears
that business and home communication is moving toward online services, today’s students need to be comfortable using online services as a
communication method.

it

The San Jose Mercury News newspaper addressed the topic in a series
of articles called Consequences of the Digital Age. Their statements are
equally emphatic. Already, job hunting and job advertising has become
an accepted use of online access. This opens a much wider market for a
worker searching for a job or an employer searching for a worker. A San
Jose group serving the homeless and unemployed justified to their
supporters that providing a computer resource center for their clients
just as important as providing food and clothing.

is

The United States Labor Secretary Robert B. Reich stated, “Whether
you work in an office, or manage the crew that cleans it, you've got to
be computer literate. Even truck driving and factory work require some
263
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computer skills. If you don’t have them, get them. Now.” These comments reflect Reich's perspective on the present work world. There is no
indication the trend will reverse by the time the students in your classrooms are joining the job market. In fact, most forecasters are indicating
Just the reverse. This trend will continue.

Resources
v' Byte. (1996, December).
This issue of Byte magazine contains a number of articles celebrating the 25th anniversary of the development of the microprocessor
with predictions of the future of chip technology made by leaders of
the business world—suitable for students and teachers.
v'

Kelly, K. (1994). Out Of Control. New York: Addison-Wesley
Publishing Company.

of the implications of this era of machines and systems
that drive our economy and an interesting speculation on the relationship between technology and society—suitable for teachers.
A discussion

v'

Lubar, S. (1993). InfoCulture: The Smithsonian Book
Age Inventions. New York: Houghton Mifflin Co.

of Information

A book that is fun and easy to read yet covers a wide
range of
inventions with discussions that help you to connect the use of a
particular invention with the social climate of the time while tracing
the changes that resulted—suitable for older students and teachers.

Logan, R. (1995). The Fifth Language: Learning a Living in the Computer Age. Toronto, Ontario, Canada: Stoddart.
Denning,
Years

& Metcalfe, R. (1997). Beyond Calculation: The Next Fifty
of Computing. New York: Springer-Verlag.
P.

Sattin, R. (Producer). (1995). Connections 2 [Video]. New York:
Ambrose Video Publishing, Inc.
WGBH & British Broadcasting Corporation. (Producers). (1992). The
Machine that Changed the World [Video]. Princeton, NJ: Films for
the Humanities & Sciences, Inc.
WQED/Pittsburgh and The National Geographic Society (Producers).
(1985). Miniature Miracle: The Computer chip. Stamford, CT:
Vestron Video.
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Teacher Materials
This lesson focuses on how wide adoption of new products produce
quiet revolution that changes the world. Students will examine both
historical and current examples of revolutionary products.

a

Summary of Video—Segment 7
Technologies that become widely used have the power to transform
society. Through a brief look at various inventions throughout history,
the effect of technology on society is examined. The microprocessor
affects each person’s life and is changing the way people work, learn,
and play. A visit to students running their own technology-related
business is included. Unique and unexpected places are visited where
technology is a vital part of the job.
Time: 9 minutes 50 seconds.

Goals and Objectives
Students will understand how a single invention can cause significant
society, in particular their schools and the workplace.

changes
»

+

«

in

Students will understand how technological changes have led to
the past.
significant social changes

in

Students will think about how computer technology affects what
they learn in school.
Students will examine how the knowledge and skills needed for
various jobs have been affected by computer technology.

Time Considerations
The Video-based Lesson provides 25 to 55 minutes of class time. If
your time is short, use only the required teaching procedures. Completion of these steps prepares you to move to the Video-based Lesson in
Unit 8. If you plan to use the Extension Lesson, you may want to
complete the optional teaching procedures included in this lesson.
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Preparation, Materials, and Equipment
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VCR

«

The Journey

»

Copies of the Student Materials

Inside: The Computer—student video segment
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Lesson Plan
This lesson asks students to examine both historical and current social
changes caused by technology.

Required Teaching Procedures

©

I.

Ask students to name some technologies that have had a major
impact on our society. Discuss these technologies in terms of their
own lives. Consider how they would accomplish the same tasks
without the technology they have named.

2.

View Segment 7

3.

Ask students to help you create a list of the technologies illustrated
in this segment. Have them rank the items in terms of personal
preference. Have them rank the items in terms of their importance to
their ranking of the items.
the world. Discuss the differences

of the student video.

in

4.
5.

Give students copies of Inventions That Have Changed the World.
When students have completed the handout, discuss their answers.
Examine how these historical inventions affected the work and play
of the people of that time.

Optional Teaching Procedures
6.

Discuss with students the job skills that are now being expected of
workers. Have them consider how many of these skills they are
presently learning or practicing in their school assignments.

7.

Assign students the handout Beyond School.

8.

You may want to make use of a “guest lecturer” such as a person
from a local high-tech company. Or, you may want
arrange a field

to

trip so that your class can visit such a company. There, they will see
“ordinary” people routinely working in high-tech environments.
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Inventions That Have
Changed the World
Every once in awhile someone invents a new product that impacts
people throughout the world. Most people will easily identify the
telephone, the automobile, and the airplane as inventions that have had
tremendous impact on the way people do things, the jobs that are common, the way jobs are done, and the way people interact.

Books are another such invention. Six hundred years ago, all books
were copied by hand. Only the rich and powerful could afford them. A
book cost more than an ordinary worker earned in a year. Most people
were dependent on someone else to learn new things. The invention of
the printing press allowed the mass production of books. Books became
cheaper. People could own books on whatever subject they wanted.
They could learn by reading.
Think about your great-grandparents when they were children. Think
how long-distance travel for them is different from the way you might
make a long trip. They probably traveled by horses or perhaps horse and
buggy. They often had no real road to use and certainly didn’t find a
motel conveniently located at the end of each day's travel. The dangers
they faced were very different from the dangers you might face traveling long distance by car, bus, or train.
You may have already experienced your first airplane trip. But, even 50

years ago, travel by airplane was limited and expensive. Such travel was
done mostly by adults and usually by those people with quite a lot of
money. For many people today, travel between distant cities or countries
is routine. A 700-mile trip for your great-grandparents would certainly
have been very different than yours would be. You could travel to a
completely different country by airplane in less time than your great-
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grandparents could travel 700 miles.
Your grandparents communicated with distant friends and relatives by
writing letters. The news of a birth or a death in their family might take
weeks
reach other family members. You have access
a telephone
and can reach almost anyone in the world quickly and easily.

to

to

Activities
1.

Suppose that there was only one book per classroom for any subject.
Identify ways that would allow everyone in the class to learn the
in the book. Estimate how much time it would
information that
the class to learn one new concept under
take for every member
these conditions. What method can you suggest that would provide
a reasonably fast way of doing the learning? (By the way, no computers or “modern” technology allowed.)

is

Id

of

Electric motors are in many common devices that you use in your
such things as hair
home and at school. There are tiny motors
such things as vacuum cleaners.
dryers; there are larger motors
List other devices that use similar electric motors.

in

in

Imagine a world without electric motors. How would your day-today life be different? For example, describe or illustrate in picture
form, your routine for getting ready for school in the morning.
(Since you just lost your hair dryer, bad hair days are allowed.)
Identify other parts of your day that will have to change since you
are now without any electric motors.
3.

Consider artificial lighting. The ability to extend the normal hours
and accessibility of natural daylight has impacted the way schools
are designed. Look around your classroom. If there were no artificial lights available in the school, would the classroom have to be
designed differently? Would the school day have to change?
Turn off all the lights in the classroom. Pretend that the idea of
artificial lighting is unavailable to you or anyone else in the world.
(Someone neglected to invent it.) Other than this major loss, pretend
that you still have electricity and other electrical devices. You can
have electric clocks, stoves, tape decks, and so on. Look around you
and decide what kind of activities you do at school that would need
to change. Test to see if you can read books with the amount of
natural light available in the classroom. Can you read the writing on
the blackboard? By changing where you sit, can you find a place in
the room where you can comfortably read? Is the light sufficient for
clearly see another person’s face regardless of where they
you

to
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stand in the classroom? Test to find the maximum distance between
you and someone else that allows you to see each other clearly.
Think about your home life without any artificial lighting. How
might your activities at home be different? Would your sleeping
pattern change? Why or why not? Would there be any changes in the
way the house or apartment has been constructed? Would your daily
it is in July?
schedule be the same in December

as

Suppose that you are going to host a birthday party and your job is
to make the birthday cake, prepare hamburgers, and supply cold
drinks. If you cannot use any electricity and you are not allowed to
merely go purchase the needed food, identify the tools you would
need to complete this task. For example, to make the cake, you
might have planned to use an electric mixer. What do you use
instead? The cake needs to be baked. What can you substitute for
the kitchen stove? The drinks need to be cold. Oops, no refrigerator.
What do you do? Address any other adjustments you would need to
make in getting the food ready to eat.

Unit 7
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Beyond School
is

to become prepared for
One of the reasons that you are in school
future jobs. The job market has changed since your parents finished
school. Some jobs have disappeared, and other jobs have been created.
This will be true for you as well. Consider that on December 31, 1995,
there were only 24 businesses providing Internet services. By December
31, 1996, there were 2,298 such businesses. What kind of skills would a
person need to succeed in this kind of business?
On May 22, 1997, The Oregonian, a newspaper published in Portland,
Oregon included an article looking at companies in Washington and
Oregon that make computer chips. In 1995, a large group of companies
were surveyed to determine what they felt would be their future needs
for new workers. In 1996, when the same companies were again consulted, it was very clear they had badly underestimated their needs. In
almost every instance, their estimations were much too low. In 1995,

they hired almost 50% more operators, almost 20% more technicians,
and 25% more engineers. Their estimates for 1996 were off even more.
In each of the three categories they hired more than double their estimated number of workers. By the year 2000, these same companies
estimate hiring about another 7000 computer-skilled workers.

A

-

Other studies focus on similar situations. The May 20, 1997 issue of
Inc. looks at companies supporting the auto industry. These companies
have traditionally hired many workers directly from high school or
college. In the last 20 years, suppliers to the auto industry dwindled
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from 10,000 to only 2,800. People earning a living from a home-based
business continues to grow. In 1991, there were only 12 million homebased workers. In 1996 there were 16 million home-based workers. In
this same time period, computer service and repair businesses grew by
almost 8,000 new businesses (Source: County Data Corp.)
Today's jobs, as well as future jobs, require knowledge and skills that
go beyond what your parents needed to enter the job market. The list
includes:
*

»

»

»

The ability to work with groups of people. Increasingly, the workplace includes working with others both locally and at a distance.

ability to communicate well. Communication now goes beyond
talking and writing. You must be able to use the telephone and
electronic mail to communicate with others.

The

The ability to learn to use a wide variety of technology, including
computers and a variety of devices, that use embedded processors.

a

learn—to be
lifelong learner. The changing nature of
the job market means that you will change jobs frequently during
your adult life and will need to learn new skills with each job.
The

ability to

Activities
1.

Think about the places you have been during the last week—stores,
the mall, the theater, home, school, etc. Create a list of where you
saw people making use of technology as part of their job and identify what it was the person was doing.
From this list, select one item. Think about how much training it
takes to learn to use the technology you saw being used on this job.
How often do you think the person needs to learn something new
because of changing technology?

2.

Think about how the things you are learning in school are helping to
prepare you for jobs of the future. Discuss the knowledge you are
gaining in school that is definitely going to make a difference when
you begin to look for a job. What kind of things can you identify
that school is not providing for you at this time? What could you be
doing in school to better prepare yourself for the jobs of the future?

3.

Many of the jobs that are the most interesting or challenging require
you to attend a college or university before you can actually start
working in your chosen field. Being accepted into a program of
higher education is not automatic. You must meet specific require-

©
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ments. This means you must be careful to make the correct choices
during your high school years.
Identify a college or university that is located near where you live.
What is necessary for you to qualify for admission to this school? If
you wanted to study computer science so you could become a
computer programmer, what kinds of courses do think you should
take in high school?
Identify a career choice that interests you. Create a list of courses
you think might qualify you for admission for a program preparing
you for this career. What qualities do you identify in yourself that
might suggest you could succeed in this field?

Extension Lesson
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Teacher Materials
This lesson looks at how standards are established by custom or authority as a rule for the measure of quantity, weight, extent, value, or quality
of things. In addition, students explore devices that use embedded
processors and consider the value of such devices to their personal lives.

Goal and Objectives
»

»

©

+

»

Students will understand how embedded processors make devices
“smarter,” and, thus, affect the way we interact with the world
around us.
Students will understand that there are many standards for acceptable levels of accomplishing specific tasks.
Students will understand the impact of computer technology on the
television and movie industry.
Students will be able to identify some widely accepted standards of
education that are being influenced by computer technology.

Time Considerations
This lesson requires about
included activities.

3

hours of class time to complete all the

Preparation, Materials, and Equipment
*

»

»

»

Prepare student handouts.
Organize your list of things to share from your own experiences as a
young student (or borrow from your parent’s experiences).
Locate your comparison devices (or photos) to show similar functions done without computer technology and with computer technology—wind-up alarm clock, record player, digital alarm clock,
typewriter, etc.
Arrange for a

guest lecturer

if required.

Unit 7

»

Technology and Society

Vocabulary
Gauge—A linear measurement according to some specific system such
as the distance between the rails of a railroad.
Microelectronics—A branch of electronics that deals with the miniaturization of electronic circuits and components.
Standards—Something set up and established by authority or custom as
a rule for the measure of quantity, weight, extent, value, or quality
of something.
Storyboard—A series of panels on which a set of sketches is arranged
consecutively depicting the planned changes of scene and action in a
series of shots in a film, animation, television show, or commercial.

a

Wireframe image—The outline of
final object presented as a combination of three and four sided geometric shapes that are used to
describe the shape of the object in the computer.
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Lesson Plan
The suggestions for this lesson include a number of different activities
that will require you to do some advance planning and research.

Teaching Procedures
1.

Share some of your school experiences with your students. Ask
students to comment on the differences between their experience in
those of your parents).
school and yours

(or

2.

Discuss with students the term standard. Relate this to things that
directly affect them such as school grades, school attendance, traffic
light standards, and so on.
Give students the handout Standards. When students have completed the handout, discuss their results. Help your students to
understand how electronic technologies are changing the way we
work, the way we play, and the way we conduct our everyday lives.
Have them connect this to changes in the standards they are expected to meet for success in school.

&
3.

Identify some common devices and, if possible, have examples of
the old and new available for students to examine during the discussion. If you cannot find the actual device, locate pictures to use
during the class discussion. What you actually include in this section depends entirely on what items you can find available to use.
For example, locate an old-fashioned wind-up alarm clock and
to a modern digital alarm clock. What options in the
compare
version
are possible because of the onboard computer chip?
digital

it

Find an old typewriter—manual or electric. Many students have not
seen a typewriter. Have students discuss the convenience of a
typewriter versus word processing with a computer.
Students are familiar with music played from tape players, CD
players, and radios. Try to locate a record player and let students
hear this sound. If you have an electronic keyboard, this device can
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produce the voice of almost any music instrument. Compare the
sound produced by a musical instrument
the sound produced by
the electronic keyboard. (A fun discussion here would include a
player piano versus a digital piano.)

to

possible to locate toys that demonstrate a similar comparison.
also include slide rules, simple handheld calculators, old
style adding machines, and so on.
It is

You could

Assign students the activities in the handout Chips and More Chips.
Discuss the results in a large group setting.
hn

Discuss the presence of computer technology in recreational activities that include watching television, movies, and participating in
sports. Have students share some of their reactions to the kinds of
special effects they see in movies and on television. How do special
effects increase the impact of the movie? Would they go to see a
movie because of the advertising statements about special effects?
Assign the handout Computers and the Movies and have students
prepare to share their work with the rest of the class.
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Standards
Have you ever thought about why things are the size they are? Why is a
standard piece of paper 8 1/2 by 11 inches? Why are pieces of chalk the
a foot? The term standard is
size they are? Why are there 12 inches
used to describe the guidelines for how something is made or done.
When you investigate, sometimes these standards make very little
sense.

in

&

The U.S. has many miles of train tracks. The standard distance between
the rails is 4 feet 8.5 inches. Why? Because that is how they were built
in England and the people that built the U.S. railway learned their craft
from the English. Why do the English use this exact number? Because
the same people that built the English railway built the tramway that
preceded the railway.
The tramway is spaced 4 feet 8.5 inches apart. Why? Because the tools
used to build the tramway were used to build wagons with that exact
wheel spacing. Why were wagons built to that size? Because any other
spacing meant the wagons would have trouble on the old, long-distance
roads in England. The ruts permanently gouged into the road surfaces
were exactly 4 feet 8.5 inches apart. Where did the ruts come from? The
roads were originally built by the Romans. Their war chariots had a
wheel span of exactly 4 feet 8.5 inches apart because that was the width
that allowed two horses to pull the chariot.
So, the railway in the U.S. uses a standard measure for spacing the
tracks—the gauge—based on the size of horses in Roman times.

Having access to computers has changed the standards of many things
we do. In your grandparent’s time, a handwritten letter was considered
the acceptable standard for all personal written communication. When
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typewriters first became common, many people considered receiving a
personal letter that had been typed insulting. Gradually, the standard
changed. The computer provides new ways to create documents. When
create a letter, you also decide what the
you use your word processor
final appearance of the letter will look like.

to

If you are employed by any company, the letters and documents you
produce are perceived by the people reading them as a reflection of your
company’s work standards. If you submit a resume to apply for a job
and the appearance of the document is incorrect by word-processing
standards, you are judged less qualified than a person that has used the
much easier in terms of
correct rules. Even though using a computer
making changes, you are expected to do much more in terms of making
the document readable and attractive.

is

Activities
1.

Eelke Scheregon of Holland is currently feeling the impact of
changing standards. Scheregon is a long-time Dutch clog maker and
enjoys a strong market for his traditionally made wooden shoes.
Over 800,000 Dutch farmers and gardeners still use his traditional
wooden footwear. The report in the June 1997 issue of Outside
shares Scheregon’s reaction to standards imposed by the European
Union demanding that wooden clogs meet the same standards of
safety as steel-toed work boots. Years of tradition are being threatened by a change in accepted safety practices.

@

Many countries have a safety standard for manufacturing and
construction sites that demands workers wear protective footwear.
United States federal regulations state “...any employee working in
areas where there is a danger of foot injuries due to falling and
rolling objects, objects piercing the sole, or possible exposure to
electrical hazards are required to wear special footwear.”
Provide at least two reasons why you think the wooden shoes of
Holland already meet a high safety standard.
Assume you work for a company that has been hired to help
Scheregon gain a safety approval for his traditional Dutch clogs.
Prepare at least two suggestions that could accomplish this task.
2.

Your great-grandparents were required to memorize the multiplication tables and be able to do arithmetic questions in their heads
without using pencil or paper. Consider why this was an acceptable
that time.
standard for the students that went to school

at

@
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access to handheld calculators. Define a standard for
yourself that establishes an acceptable level of recall of the multiplication tables. In what way is this standard different than for your
great-grandparents and why might this be an acceptable difference?
You

have

When business secretaries were given typewriters the expectations
for acceptable business letters changed. Since typewriters could still
not produce the accepted formatting standards for published docutypist produced
ments, alternate methods developed. For example,
underlined text instead of italic style text. If a document was printed
by professional publishers, a typesetter made the necessary changes.

a

When today’s secretaries use a computer, they are expected to do
both jobs—produce the words and the published appearance of
documents. The hardware/software combination of the computer
provides them with the necessary tools.
Complete the following table:

Publishing standard

Name of

Typists make-do
method for the

element

standard
Em dash
An element used to
indicate a break in the
sentence more
important than a
comma but not equal to
a period.

Approximated by
using two hyphens
together to show --.

An element used
instead of the word
“to” for ranges of
time, days, and
numbers such as “5-9.”

En dash

Special emphasis given

Italicized text

Indicated by
underlining the text.

Smart quotes

Approximated by
using the straight
mark used for inches
and feet.

to elements such as

of alphabet
Proportional
characters that use
font
varying horizontal
widths as determined by
the designer of the
characters.
A set

Approximated by
using a single
hyphen to show 59:

book titles.

Apostrophes and
quotation marks are
“curled characters.”

Description of how a
computer user
accomplishes a desktop
publisher's standard

Monospace fonts
where each
character uses
exactly the same
amount of
horizontal space on
the line.
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4.

Soon, anyone that chooses to own a computer will be able to do so,
and computers continue to get smaller and less expensive. Handwritten documents are often hard to read and many people do not
enjoy the task of writing something by hand. Printed output from a
easier to read than handwriting and even very young
computer
children can learn to use a keyboard quite efficiently.

is

Explain why people still need the ability to write even though
computers can be used to produce text documents.
5.

Computers are getting better at understanding voice input and
responding to verbal directions. You learn to talk when you are very
young. It takes much more effort to master the art of using a written
language than it did to communicate orally. You must learn to read
and write for a written language to be useful.

If computers can accept voice input and give us tidily printed pages,
are there any reasons for learning a written language? Explain.
6. In the February 1997 issue of WIRED, Sheldon Tietelbaum writes
that 44% of all Israelis own a personal computer. This
a very high
standard of technology access for a country that struggles with
serious problems of starvation and violence. He goes on to explain
that the Israeli government
planning to give away 100,000
Pentium® processor-based computers to children that cannot afford
one. For an extremely small fee, the government will include a color
monitor, CD-ROM drive, 28.8 modem, Net access, training, and
tech support. But, not everyone supports this plan. People opposing
the idea observe that all these free computers do very little in correcting the problems of violence, overcrowding, and hunger that is
common in Israel. One person says, “Maybe the most important
assure them a quiet home to study...to give them
thing would
books, and then more books.”

is

is

be

O

to

Choose which side you will support, and identify at least three
reasons why your choice is the best.
6. You may have already discussed the development of the ASCII
computer standard—a standardized method for changing
alphanumerical characters into digital information. Once this standard was accepted, computer users could move their work from one
another much more easily.
computer

to

Hardware and software standards are a common topic of discussion
computer magazines and newspaper articles. Locate at least one
article that discusses a computer standard. This might be a discussion on networking standards, modem standards, bus interface
in

5)
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Consider why a standard approach to manufacturing
computer components might be important. Prepare to report the
results of your research.
standards,

etc.
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Chips and More Chips
Integrated circuits are used in many devices. For example, a digital
watch contains a microprocessor—called an embedded processor—and
some memory. All modern cars contain a number of embedded processors, as do handheld calculators, electronic games, television sets,
portable telephones, and tape and CD players.
An embedded processor can make a product easier to use and more
a very smart device.
versatile. For example, an electronic thermostat
It can monitor the temperature in your house. If you decide the house
should be 70° F before you get up at 7 a.m., the thermostat is able to
the temperature of
determine when the furnace should be turned on
the house is ready for you. You can set the thermostat to produce different temperatures at different times of the day and for different days of

is

so

the week.

5

B

aw

Are you familiar with the following examples? An electronic postal
scale has postal rates and zip code information stored in its memory.
When you put a package on the scale and indicate the zip code information, the scale can calculate the postage. An electronic chess game can
be set to play at different levels of expertise. If you are a beginner, you
want an “easy” opponent. If you are an expert player, you want a
“harder” opponent.
Devices that make use of integrated circuits have caused new industries
to develop. Think about all the businesses in existence that make a
profit from pagers, cellular telephones, digital cameras, or digital music.
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Activities
collage or original drawing of
contain embedded processors.

1 Create

a

10

different devices that

If you had to get along without five of these devices, which would
you choose to do without and why have you made these particular
choices?
Choose one item from your collage or drawing. Think about the
things this device does. Create a list of new features you think
would make the device even better. You will need to keep in mind
the kinds of things that an embedded processor can help you do.
Think of something that you do on a regular basis that is tedious or
repetitious. Design a device that uses an embedded processor to
make this task easier and less tedious. Draw your device and label
the parts. Think carefully about making the device user friendly. You
activate its power easily and quickly.
need to be able

to

Sometimes the designer of a particular device would be surprised at
the novel use being made of their work. For example, the pager
frequently used to keep a person constantly in touch with their own
phone calls. But, a dairy farmer used the same technology to solve a
daily problem he faced. His 250 head of dairy cattle needed to be
brought into the barn twice a day for milking. He identified 12 cows
that usually took the lead in this event. He trained this group to
respond to the beeping of an electronic pager. When it is time for
milking, the entire herd arrives in response to his high-tech solution.

is

Choose some item that you frequently use and see if you can find
new ways to make it useful. For example, you might use a sock for a
purse, or a pen could be used to clip your shirt closed. List at least
five new uses for the everyday item.
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Computers and the Movies
In almost every movie or television program you watch, you see the
results of talented computer users. Even television commercials display
computer generated material. In most instances, you are totally unaware
that what you are seeing is produced on a computer. In other instances,
the images are done with computers since they are
you know
obviously situations that cannot be filmed in real life. How do they do
that? How does the tiger turn into a car? Or the man melt into a pool of
silver liquid? Or a table walk around the room and talk?

that

Computer graphics software provides a way to create a three-dimenlife, and render the object to
sional object, animate or bring the object
give it the final appearance you've chosen. Rendering gives the object a
real-life appearance and adds lighting effects of shadows and refleccalled a wireframe image.
tions. The first step usually produces what

to

is

The wireframe: alone

and imposed over the original image.

The wireframe might be totally created by the software or done using a
3-D digitizer
digitize the image of a real object. When an object is
digitized, the entire image is covered with geometric shapes that apgreat at understanding and
proximate the image. The computer
storing geometric shapes. The more and smaller the shapes used, the
more accurate the computer’s version of the object will be since the
shapes combine to produce a more accurate image of the original.

to

is

Animation is the next step and gives life to the computer image. To
difficult. This requires more
make an image seem alive to the viewer
than just movement. Talented animators are able to create an animation
that shares emotions and reasons for moving.

is
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Frame 1: the rocket starts. Frame 2: the rocket disappears from sight.

Finally, the rendering of the image provides the necessary shades of
light and dark that let the visual senses interpret the image as real. This
includes a surface over the wire frame image and the correct perspectives for the objects.

The rendered image

appears

to be three-dimensional.

Activity:
1.

to

Identify a television commercial or television program that you
think is using the three steps outlined to provide an imaginary but
believable world.
You are going to select a common object to use in a very short
cartoon strip. You will use the three steps of wireframe image,
animation, and rendering to produce a small *flip-book’ animation
cartoon. This activity can be completed either using paper and

pencil or using a computer.

©

Once you have selected a common object, produce your equivalent
of a wireframe image. An object that is simple such as a pencil,
eraser, toy car, etc. will make the task much easier. The more pieces
291
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in

your wireframe image, the greater detail you can include

final picture.

in

your

Decide on what action your object will do. You may decide to have
the object jump over a puddle or fall in the puddle and disappear.
Or, you may simply have the object run across the page looking
terror. Keep your idea simple. Produce a very
over its shoulder
sketch
for
each frame in your animation using a combinasimplified
tion of words and images
share your idea. This is referred to as
your storyboard.

in

to

it

Sketch the first frame of your animation
contain the scene as
will begin. Sketch the final frame of your animation as the scene
will end. Then go back and complete the in-between scenes to move
your object from the first frame to the last frame. The more frames
you place between the first and the last, the more real the animation
appears to the viewer.

to

Select just one of your frames for rendering. Color in the object so
that it becomes visible as a complete, three-dimensional object.
Provide the details that are needed to make the scene appear real.

all

of the frames
you have created and cut them into equal size
pieces of paper so you can staple them together at the top left corner.
If you hold the stack of pages and flip the pages, you will see the
results of your very simple animation exercise. If you did the activity totally without the help of a computer, you have simulated the
way movies have been made for many years.
you used a computer, you have simulated a situation much closer to the way movies
are made today.

Take

©

If

Do some research on the special effects used in a movie of your
choice. If possible, select one that you know uses computer effects.
Many movies produced by Walt Disney include great examples.
Prepare a short paragraph that you can share with others in your
class. Help them understand how the special effect was created and
why it works so well.

or
Select a sport of your choice and research how computers are being
used to train the top athletes presently competing in this sport.
Prepare to share the results of your research with the class.
or
a sport of your choice and research the changes in the clothing and implements used by the athletes in this sport. Prepare to
share the results of your research with the class.

Select

@
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Regardless of your choice, you will find many supporting materials
on the Web. Often the sports magazines carry excellent articles.
Television programs such as /nventions on the Discovery Channel
can also be helpful.

Unit

7

»

Technology and Society

®

Optional Activities
The following suggestions can be used to supplement your work in Unit
7. Or, if you prefer, substitute these activities for the ones that are given.
If you decide to use them, you will need to create a student handout.

Activity

1

Have your students bring in copies of the Want Ads section of a newspaper. Explore the sections on Jobs Available and Jobs Wanted. Analyze
the listings that you think involve the use of information technologies.
Develop a bulletin board that contains a listings of Jobs Available and a
listing of Jobs Wanted that require extensive knowledge and skills of
information technologies. Work with your students to help them understand what types of courses in school will help to prepare a person for
the information technology types of jobs.

©

Activity 2
your students focus on a specific application of technology that is
particular interest to them. Have them select something that is not a
part of the regular school curriculum. For example, your students might
select the use of computers in professional or amateur sports, or the use
of computers in some branch of medicine. Challenge them to become

Have
of

the class expert in this topic. Then, provide them with an opportunity to
share their expertise with each other. You could have them produce a
hypermedia product, give an oral presentation, or create a class newspaper to share the information.

Activity 3
Your students are often more comfortable and skilled with computers

than their parents. Have them think of a particular computer skill they
think about how they could teach
have developed. Challenge them
this skill to an adult. If possible, have them actually use their planned
instructions with an adult. Ask them to share what this experience was
like for them. How did the adult feel about learning from them? What
feelings did they observe in the adult as the session continued? Did they
learn anything about their own level of computer knowledge?

to
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Background Information
It is not easy to predict how today’s new technology will impact society
tomorrow. It is even difficult to predict which new technologies will
survive and which won’t. Music is readily available in the familiar
cassette form but for a brief time 8-track audiotape was the emerging
standard. And the vinyl records that provided hours of enjoyment have
been replaced with the more durable CDs available today. Even the
present videotape format of today was the survivor from two U.S.

videotape standards—Beta and VHS. At the time 8-track audiotape,
records, and Beta videotape were introduced to the world, one could not
foresee their demise in favor of something else.

in

existing technology
Predicting continued improvements and changes
easier. By analyzing trends of the past and present, you can
speculate on which trends will continue. For example, there has been a
steady increase in the ability to put more transistors on chips. This
steadily improving technology has produced incrementally better and
more powerful microprocessors and computer memory. Based on these
past changes, we may be able to make relatively accurate forecasts
about chip technology.
is somewhat

©
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Exponential Growth
Gordon Moore, co-founder of Intel, researched the rate at which
correspondmemory chips increased in capacity, size, and speed with
Law
in
His
known
Moore's
conclusion,
as
price.
ing decrease
or The
that
He
concluded
Product Evolution Theory, was amazing.
every 2
years the complexity of the memory chips being produced had doubled.
His conclusion continues to be remarkably accurate. Moore’s Law can
also be applied to the microprocessor industry.

a

©

His prediction provided a means for predicting what future technology
could include. This provided the motivation for making
should

or

Unit 8

»

What’s Next?

electronic devices that allowed compatibility with future devices. For
people involved in the technology industry, his insight makes
possible
to recognize that by focusing on one or more of performance, size, and
price, you could keep your business competitive (Malone: The Microprocessor: A Biography).

it

Networking
There

is alsotheexplosive growth in the bandwidth of the communication

world. Fifieen years ago, a 300 baud—bits per second—
systems of
modem was common for home use. Now, many people have 33,600
baud modems in their homes. Some people have already moved to
56,000 baud modems. New technology is just coming to market that
allows a 1.5 million bits per second World Wide Web connection and a
voice connection to go on at the same time over an ordinary telephone
line. This 1.5 million bits per second is 5,000 times the 300 baud speed
of only 15 years ago.
Fiber optic cable has provided huge improvements in bandwidth over
the telephone line that was adapted for use in the digital information
world. But, even while fiber optic cables are becoming commonplace,
the carrying capacity of
fiber continues to increase. Recent research
fiber optics indicate that in a few years we can expect
breakthroughs
a 400-fold increase in the carrying capacity of the fiber being installed.

for

A

a

Global Library

Today’s libraries contain a lot of information. For example, the national
library in the United States—the Library of Congress—contains about
100 million books, magazines, research journals, and other materials.
And, the total amount of information in the world is growing rapidly.
Some people estimate that the total amount of information is doubling
every 10 years. Others estimate that it is doubling much faster—perhaps, every 5 years.
No one can keep up. People have to decide which information is important to them. A biologist becomes an expert with a narrow focus within
biology. A doctor becomes a specialist in one area of the medical field.
Even in a narrow specialization, people read some of the new informais needed.
tion, and learn to locate other information when

it

When you combine the power of computer technology, the network
connections, and the information stored all over the world, you begin to
establish a global library. This
a single library that incorporates every

is
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bit of information in the world and provides access for every person that
has a network connection.

Implications
Technological progress is certain to cause significant societal changes.
*

Individuals will carry with them powerful computing
the networks of the world.
can easily connect

to

»

»

»
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that

Worldwide networks will be capable of supporting videophones and
other interactive face-to-face communications technologies.
There will be steadily increasing access to information. Libraries,
museums, and art galleries of the world will be online. People will
also have online access to information from weather stations, satellites, and other instruments that gather scientific data.
Access to computer-assisted learning and distance learning will
steadily increase. People throughout the world will have access
learn, at a time and
formal instruction about whatever they want
place that suits their personal convenience.

to

«

devices

to

Computer systems will become steadily more “intelligent.” The
software will become more user friendly and powerful. For example, digital assistants that help individuals manage their personal
information will be increasingly common.
Computer technology will be everywhere. Embedded processors
and general-purpose microcomputers will be ubiquitous. At the
moment, we still make a decision to use our computers and must go
situated to do so. In the future, computers
to where the computer
will be part of the structure of our world. Computer access will be
so prevalent that we will use them without consciously deciding that
we will.

is

Reflection on these innovations provides a clear message—despite the
many changes you've seen in the field of computer technology, the near
future will bring more change.

Resources

v

Negroponte, N. (1995). Being Digital. New York: Alfred A. Knopf.
Based on the computer technologies that already exist, the author
discusses many current research projects and makes predictions
about the future suitable for teachers.
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Papert, S. (1996). The Connected Family. Atlanta: Longstreet Press.
This book reflects on the fact that children explore their world in
this information age differently than children explored the world in
any previous generation and this interaction is changing the way
families relate to the world—suitable for older students and teachers.

v

Turkle, S. (1995). Life on the Screen. New York: Simon and
Schuster.
An interesting book about people, with reflections on the ways
computers are affecting how we perceive our own identity in this
age of networked computers—suitable for older children and teachCrs.

Baker, C. (1994). How Did They Do It? Computer Illusion in Film and
TV. Indianapolis, IN: Alpha Books.
Cotta Vaz, M. & Hata, S. (1994). From Star Wars to Indiana Jones: The
Best of the Lucasfilm Archives. San Francisco: Chronicle Books.
Denning,
Years

& Metcalfe, R. (1997). Beyond Calculation: The Next Fifty
of Computing. New York: Springer-Verlag.
P.

Key Technologies for the 21st Century. (1995, September). Scientific
American (150th anniversary issue).

Swadley, R. (Pub.). (1993).
IN: SAMS.

On

the Cutting Edge Of Technology.

Carmel

in the 21st Century. (Special Issue updated 1995). Scientific American.

The Computer

Tomayko, J. (1994). Computers in Space: Journeys
napolis, IN: Alpha Books.

With NASA.

India-

Wolkomir, R. (1994, September). We're going to have computers
coming out of the woodwork. Smithsonian.
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Teacher Materials
The Video-based Lesson looks at state-of-the-art computer-based applications, and it looks into the future. This lesson provides a glimpse into
computer technology that will be commonplace as your students reach
adulthood. The optional teaching proceduresare activities that require
students to think about the world of predictions. Consideration is given
to predictions that have been proven true or untrue. You and your
students are encouraged to think about what changes might be anticipated in the future.

Summary of the Video—Segment 8
No one can predict the future, but it is fun to try. In today’s world, the
convergence of technology between the PC, the television and the
evident. This segment explores future technologies. This
telephone
includes the connected car, using your body as a network system to
transmit information, and learning by using virtual reality. This segment
includes a visit with some students who have successfully created new
ways to make use of technology.

is

Time: 10 minutes 36 seconds.

Goals and Objectives

The goal of this lesson is for students to increase their understanding of
the changes occurring in digital technology.
«

+

Students will gain insights into current state-of-the-art computing
and networking.
Students will gain insight into the future of computer technology.

Time Considerations
The Video-based Lesson is designed to provide material for 25 to 55
minutes of class time. If the available time is short, use only the required teaching procedures.

If you plan to use the Extension Lesson

unit, you may want to
in this lesson.
included
complete the optional teaching procedures
in this
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Preparation, Materials, and Equipment
*

VCR

*

The Journey Inside: The Computer—student video segment 8

*

Overhead projector

*

Overhead transparencies

*

Copies of Student Materials

*

*

*

Catalogs that provide you with state-of-the-art technology-based
devices—Damark, Sharper Image, The Edge Company, Best 'N
Deals, Hammacher Schlemmer, Tech Update, Topix, etc.

The video High Stakes in Cyperspace, a special episode done by
Frontline that discusses predictions of the cyber revolution (see
resources).
An absolute must for preparing for this lesson is for you to read the
article by Richard Wolkomir, titled We re going to have computers
coming out of the woodwork, found in the September 1994 issue of
Smithsonian. Similar material is in the article The Computer for the
21st Century by Mark Weiser
the September 1991 Scientific
American special issue.

in

*

Take the time to watch an episode or two of Star Trek: Deep Space 9
or Star Trek: Voyager. Take notes of the items you observe that
border on ubiquitous computing. For example, the uniform badge
worn is a fab—a small computer able to maintain constant communication between the wearer and the main computer.

Vocabulary
transmission rate in bits per second.
Exponential growth—A rate of growth that is calculated by multiplying

Baud—A measure

of

the present rate by a value equal to that number.

Moore's Law—Every two years, the complexity (processing speed,
capacity, power) of chips doubles.
Pad—A pad is envisioned as a blend of the features provided by a sheet
of paper and the present laptop computer or personal digital assistant (PDA) that can be utilized and left where it was found for the
next person to use. Pads would be available everywhere a person
went to provide immediate access to online resources.

OD
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Personal digital assistant (PDA)—A small, lightweight computer that
provides a way to take notes and consult reference files while away
from your desk computer and also enables you to move files to and
from your desktop computer.
Tab—A small computer envisioned to be worn like a badge that allows
tracking of the wearer’s location, triggers automatic doors, allows
telephone forwarding, and other conveniences meant to connect the
person on the move with their home base.
Ubiquitous computing—The use of computers so prevalent and intevirtually
grated into every facet of one’s life that the technology
is
task
in
whatever
being
used
invisible but is simply there to be
done.

is
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Lesson Plan
This

lesson focuses on the future.

rapid growth

in

Help your students understand the
the
and
implications of this growth.
technology

Required Teaching Procedures
1.

Ask your students to bring copies of advertisements for futuristic
products and services to class. They can check in magazines, catalogs, and newspapers. Develop a bulletin-board display of these
advertisements and articles. Have them discuss some of the items
that are displayed.

ro

the student video.
Ask students to identify some the most interesting ideas illustrated in this segment the video and have them explain why that
View Segment 8

of

of

of

particular idea caught their interest.

Have students complete the Ubiquitous Computing handout.
Have your students discuss their answers to the handout and try to
give them insight into the perspective that may actually see computing advance until the actual machine “disappears into the woodwork—Iliterally. ... and the microprocessors are embedded in the
walls, desks, light sockets, doorknobs and practically every other
square foot of your workplace and home” by Weiser, Ubiquitous
Computing (Smithsonian, 1994).

Optional Teaching Procedures
6.
7.

Have students complete the Modern School handout.

to

see that the concept of the ubiquitous comHelp your students
activities
and
their
involving their future school are connected.
puter
in
The concept
possible terms of technology as we now know

is

it.

Share selected excerpts from the tape High Stakes in Cyperspace
done by Frontline if you have it available.

D
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Ubiquitous Computing
Marc Weiser, researcher at Xerox Parc has proposed the idea of
a
Weiser’s model, you would still have desktop
ubiquitous computing.
In

computers, but in addition you would have pads and tabs.
A pad is somewhat like a piece of paper—it is a very thin screen on
which information is displayed. You might have a pad for each magaread. You might have a pad in your classroom that
zine you want
displayed the lunch menu. Another pad might contain your math book.
These pads would be automatically updated on a regular basis so that
information.
you could always access the most recent version of your

to

The tab computer, worn as a badge, is equipped with microprocessor,
infrared sensors, transmitters, and batteries (note internal view).

A tab is an even smaller computer about the size of a name badge you
can wear on your shirt. You can easily carry a tab with you. This tab
identifies you to any computer you encounter. Furthermore, once you
accessible instantly becomes
are identified, whatever pad or computer
“yours” so you can access your own digital library. Regardless of where
you are in the world, you have access to your own resources and any

is

other source of information you choose.

There could even be sensors everywhere so that others could locate you
by the signals sent out from your tab. This completely wireless network
lets you carry the “computer power” you need anywhere you go.

Unit 8
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Activities
1 Identify some examples of information that might be put on a pad.

How would you use a pad? Will you always have one with
you or
will you find one in every room you enter? Should pads be individually owned or should they just be available in convenient places for
any person to use?

ro

Movies, television, and science-fiction books give us an imaginary
world. However, sometimes what is seen in science fiction movies
or television programs gives you an idea of the devices soon to be
available to the world. For instance, Star Treks actors used a small,
folding handheld communicator—a handheld telephone—long
before the public had access to cellular telephones.

Think about any such programs you have watched. Identify examples of devices that you think might fit into this category. In what
ways are these items signs of ubiquitous computing?
A tab keeps

track ofyou so that the computer can
like the “badges” worn on Star Trek.

locate you at any
What happens
you misplace your tab? Should a tab be automatically destroyed if
someone else tries to wear it? Does having a tab keeping track of
your life make you feel threatened in any way? Do you feel like a
tab is watching everything you do?
Collect ads for and descriptions of personal digital assistants
(PDAs). Examine their range of capabilities. Examine their limitations relative to a portable computer
a desktop computer. In what
devices
these
tabs
are
like
or pads?
ways
time—much

if

or

Keeping in mind the many convenient devices available and the
incredible changes that are taking place in technology, spend some
time designing an invention of the future. Think of an item
you
would like to improve in some way. Many devices have limitations—smoke detectors, cross-walk signals, pagers, and medical
instrument. How could you improve such a device to better meet the
needs of the user? Write a description of your invention and complete a diagram illustrating the device.
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Modern School
Personal computers are useful to students of all ages. The following is a
short description of a school you might like to attend. While this deis all possible and some
scription may sound like science fiction,
students are enjoying attending schools that already offer many of these

it

options.
When students enter Modern Middle School, they are issued a portable
personal computer. This computer runs on batteries that can be recharged each evening. It is light, rugged, and about the size of a textbook. Students are expected to carry their computers with them, so they
can use them at home and in all of their classes. All teachers have a
use it.
similar computer and know how

to

is

Modern Middle School
completely networked but the network is
wireless. Think of this as having a radio transmitter and receiver built
into each computer. When you want to access someone else’s computer
the Internet, you can do so from any place you choose.
or connect

to

©

Students at such a school can communicate with any other student in the
school. In addition, they can just as easily communicate with students
throughout the world. With video transmission, their computers allow
visual and text exchanges to occur. Any library in the world with network connections is available for instant use. And of course, you don’t
have to be at school
access such things. With the hardware installed
at home, you can do these things whenever you choose.

to
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While some classes are conducted in their usual classroom settings,
others are conducted totally online. Students in the class study material
presented by teachers from other states and other countries. All class
discussions and assignments are done using the computer.
The

portable computers are powerful. These computers

are multimedia
machines—they work with text, sound, graphics, and video. They have
powerful software for helping to solve problems in math, science and
business. They can be used as creative tools in art and music.

in

All the students are given instruction
the use of their computers.
Computers are everyday tools in all classes. Teachers expect that students will use the computers in all of their courses. Use of computers
has largely replaced the use of pencil and paper.

Activities
1.

Make list of the things you think you would really like
Middle School. Explain.

in

Modern

2.

Make a list of the things you think you would dislike
Middle School. Explain.

3.

Identify ways in which students might change the way they communicate with other students and teachers
each carried and used a
computer of the manner described.

4.

Imagine you are going to this school. How would it be different
from your present school? How would it be the same? What would
be better, and what would be worse?

in

Modern

if

©
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Teacher Materials
This lesson examines some
relation to technology.

of

the

predictions that have been made

in

Goals and Objectives

The goal of this lesson is for students to increase their understanding of
the difficulty of forecasting the future.
«Students will explore the idea
+

of

forecasting.

Students will explore some of the possible changes they may be
expected to face in their future and identify positive and negative
effects of these changes.

Time Considerations
This lesson contains readings and activities that can engage students for
as much as 120 minutes.

Preparation, Materials, and Equipment
»

Overhead projector

»

Overhead transparencies

«

Copies of student handouts

Unit

8

«
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Lesson Plan
at

in

This lesson looks
relation to various technolopeople’s predictions
gies. Some are predictions that have already been proven totally incorrect. Those made more recently are still to be proved or disproved.

Teaching Procedures
I;

Review ideas from the video and the Video-based Lesson.

2

Engage your class in a discussion on the topic of predictions. Can a
person accurately predict their score on a quiz or test? Can they
predict the day they will be a particular height? What good does
do to be able to make relatively accurate predictions of the future?
Does an accurate prediction allow you to change what you foresee?

it

Have your students consider some jobs where predictions are part of
the job. For example, how do weather forecasters do their jobs?
How is it possible to forecast an eclipse of the moon or of the sun?
Is it possible to predict whether a new recording on a CD or audiotape will be a hit?
Organize the class into small groups and give them the Proven
Predictions handout. Assign two specific predictions to each group
so that every prediction gets attention from at least one group.
Provide each group with a large piece of paper so they can produce
a poster of their answers. Have them complete the activities in a
specific time so that their answers can be shared in class. Put the
posters on display.
Give students the handout Unproven Predictions.

to

the handout. Challenge them
Have students share their responses
to predict their scores on upcoming tests or quizzes or predict the
winner of a particular sports event. Discuss what kind of research
would be needed for them to make such predictions.
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Proven Predictions
Many people spend a great deal of time and energy working out predictions of the future. Often statements that seemed reasonable when they
were made seem totally ridiculous just a short time later. Many business
leaders have regretted their inability to accurately see into the future.
This handout contains several amusing quotations that can be thought of
as predictions of the future. Each of these predictions was made by a
respected, knowledgeable person. Since we are reading these quotations
is easy to laugh at the inaccuracies
many years after they were made,
of the statements.

it

Checkmate

Chess Masters in 2010
A computer might be able to beat him or another human chess champion in 2010—*or maybe never.”

Garry Kasparov, youngest World Chess Champion ever, 1996.

The Telephone
This telephone has too many shortcomings to be seriously considered as
a means of communication. The device is inherently of no value to us.
Western Union internal memo, 1876.
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Electronic Digital Computers
I

think there

is a

world market for maybe five computers.
Thomas Watson, chairman

of IBM,

1943.

The Radio
The wireless music box has no imaginable commercial value. Who
would pay for a message sent to nobody in particular?
David Sarnoff’s associates in response to his urging
for investment in the radio in the 1920s.

The Transistor
the future may weigh no more than 1.5 tons.
Popular Mechanics, forecasting the relentless march of science, 1949.

Computers

in

Personal Computers
There is no reason anyone would want a computer in their home.
Ken Olson, President, Chairman and
Founder of Digital Equipment Corporation, 1977.

Computer Memory
640K ought to be enough for anybody.
Bill Gates, 1981.

Airplanes
Airplanes are interesting toys but of no military value.
Marshall Ferdinand Foch, Professor
Strategy,
Ecole Superieure de Guer.

of

Heavier-than-air flying machines are impossible.
Lord Kelvin, President, Royal Society, 1895.

Inventions
Everything that can be invented has been invented.
Charles H. Duell, Commissioner,
U.S. Office of Patents, 1899.

The Movies
Who wants to hear actors talk?
Harry
318

M. Warner, Warner Bros., 1927.
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Activities
of the quotes above.
Your group is to prepare answers to the following questions and to
provide any other comments you feel would be helpful. Prepare to
share your results with the rest of your classmates.

1 Your group has been assigned to work with two

Why do you think the person/company was qualified to make a
prediction about this particular topic?
Make a note of the date that prediction was made. Speculate on how
long you think it took before the prediction was proved incorrect.
Why do you think the prediction turned out to be so wrong?

319
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Unproven Predictions
it

You are aware that
is difficult to predict the future. In the following
list you will find predictions made in recent
about the future of

years
various inventions. The predictions have been credited to the person or
company responsible for making the statement. Some of these predictions may prove to be correct; some may prove to be entirely wrong.
This is your chance to see how good you are at predicting the future.

Solar-Powered Automobiles in 2001
As soon as 2001, cars will take advantage of onboard solar-power
generators for supplemental power, and so there will be an emergence
of electric cars that use solar
power to recharge their batteries.
Christopher Flavin,

Vice

President for Research,

Worldwatch Institute, 1996.

Computer Handwriting Recognition in 2002

of

the population will ever use such personal
Only a small segment
digital assistants (those that can translate a person’s longhand directly
into type on the computer) to transfer their field notes into word documents on their desktop computers.
Robert Jacobson, Founder and President,
World Design Corporation, 1996.
320
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House Cleaners in 2005
We

won't have anthropomorphic vacuum cleaners, but instead

a fleet

of

mouse- or cockroach-sized robots scurrying around the floor efficiently
sucking up dirt or emitting static electricity to become dust magnets.
John Canny, Associate Professor of Computer Science,
University of California, Berkeley, 1996.

Automated Highway Systems by 2017
Cars will be able to travel the highways on “autopilot” and zipping
home along a route preprogrammed to avoid gridlock.
Richard L. Klimisch, Vice President of Engineering,
American Automobile Manufacturers Association, 1996.

Humans on Mars in 2020
Mankind has long searched the skies and wondered if other civilizations
exist on other planets. The first close-up images of Mars were received
in July of 1965. More recent discoveries indicate there are traces of
primitive organic compounds on the planet. It is possible that man will
walk on Mars by 2020 and
year 2044 a permanent colony may be
in place.
Timothy Ferris, Author of The Mind's Sky, and
Emeritus Professor of Journalism, University of California, Berkeley.
by

the

Gold Replaces Silicon in Chips—soon
Researchers at Purdue University have produced molecule-thin linked
clusters of networks of gold so small that is possible to conduct
electricity one electron at a time. This would eliminate heat build-up on
the chip’s surface, speed up data transmission, and allow further reduction of chip size. Chips in the future will use gold rather than silicon as
their basic ingredient.
Popular Mechanics, February 1997.

it

Electronic Books by 2013
Books will not disappear but will be reinvented. Rather than the printed
page of today’s books, books will consist of digital pages. The display
will look and read just like an ordinary print page but books will be
erasable and the pages can be reused any number of times.
Joe Jacobson, MIT Media Lab, 1996.
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Power Houses of 1997
Rather than a traditional roof on

your home which effectively keeps you
safe from the elements, you can now accomplish more than one task
when you cover the top of the house. Using special solar cell or thermal
panels, you can construct a roof that keeps the house dry and supplies
heat and power. Windows will have similar photovoltaic cells that take
the place of windows and skylights. To lower the cost of using this
technology, the photovoltaic cells will be embedded into building
material that is already used. It is even possible that if such cells become efficient enough, your home will contribute power to the community power system.
Judith Gunther writing for Popular Science, May 1996.

Microprocessor of 2011
Our

best

estimates—based upon past performance, existing technology,

and the laws of physics—show that the microprocessor of 2011 could
be like this: a processor with 1 billion transistors; a die (chip) size of 1.8

inches, about the size of a half-dollar; a performance of 10 gigahertz;
and running 100,000 millions instructions per second.
Andy Grove, CEQ Intel Corporation, 1996.

Activities
1.

of

For each
the predictions, you are going to rate the accuracy of the
statements. Using a scale of through 5, where 5 indicates that you
think the prediction will be totally correct, and indicates that you
think the prediction will be totally incorrect. Give at least two
reasons for the rating you have given the prediction.
1

1

Think of an item that you use now that has an embedded processor.
Keeping in mind what you already know you can do with this
device, make a prediction of what this same device will look like 10
years from now. Why do you think this item will still exist? What
extra features do you think this will have in 10 years time?
Create an advertisement, similar to what you might see in magazines, for the future device that you described in the previous activity. Be sure you include the primary features of the device and
provide reasons why someone should buy your device. Imagine
what the price of this device might be and include it in your advertisement.

Unit 8

®

»

What's Next?

Optional Activities
The following suggestions can be used to supplement your work in Unit
8. If you prefer, substitute these activities for the ones that are given. If
you decide to use them, you will need to create a student handout page.

Activity

1

There are many choices of science-fiction stories and movies that
interest your students. Many of these use a future world as the setting.
Have students either read or watch something that fits into this category.
Then have them identify some of the things the author used in the story
that could be thought of as predictions. Have them share their reactions
to these predictions. How likely do they think it is that these predictions
will come true?

Activity 2
One thing that interests many students is the study of weather. If you
have access to the World Wide Web, then you have a resource that
accesses incredible amounts of weather information up to the most
recent forecasts and weather pictures. Have your students research the
field of weather forecasting. Have them examine the role that computers
play in this work. Ask them to consider why the fastest of modern
computers are used in weather forecasting. Consider contacting your
local television station. Often, there are school programs available
based on weather facts and forecasts.

Activity 3

Your students are aware of the availability of portable computers and
the ease of carrying a powerful computer to use away from home. Have

them consider what kind of company would be possible where every
employee worked at home or on the road rather than going in to the
office each day. What would change about the way each person’s job
completed?

is
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Activity 4
Isaac Asimov has written many books and essays on a wide variety of
topics. One of his very early works is a short story titled The Feeling of
Power. This science-fiction story is set in a future world where the
knowledge of mathematics has been totally forgotten. One person
discovers the truths of mathematics and begins
influence his world.
Finally, a great war breaks out. The story ends with “Nine times seven is
in
tell me. The computer
sixty-three...and I don’t need a computer
him.”
it
And
that
head.
the
of
was
amazing
feeling
my
gave
power

to

to

If possible, locate the story and have your students read

is

it. A class
discussion on the world created by Asimov will provide students an
opportunity to reflect on their own learning and the value of knowledge.
You might challenge your students to write their own creative short
story using a similar theme.
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Glossary
10Base-2—Network cable that is thin, coaxial
cable able to operate at up to 10 MB per
second and supports cable length of up to
607 feet (also called thin Ethernet).
10Base-T—An unshielded twisted-pair cable
capable of operating at 10 MB per second
and intended for use with baseband networks.

Baud—A measure of transmission rate
per-second.

in

bits-

Binary—Anything that has only two states
such as on/off or yes/no.
Binary code—A coding system that relies on
the use of bits—0s and 1s—to encode
information.
Binary digit—Either character used in the
binary number system, soa O ora I.
Bit—A binary digit,aO

ora

I.

AC power adapter—Converts alternating
direct current.
current

Broadband network—A type of network that
allows transmission of several types of data
at the same time.

Adapter (Converter)—A device that is used to
convert current from one form to another

Bug—An error in the code of a program or an
error in the design of a hardware compo-

A

to

nent.

form.

Alternating current (AC)—Current that
changes direction on a regular time interval.

Ampere—The unit used to measure current.
One ampere is 6.28 x 10" electrons passing
a specific point in one second.
American Standard Code for Information
Interchange (ASCII)—(Pronounced
asskee). An agreed method for pairing the
alphanumeric character set with binary
representations used in computers.
Arithmetic logic unit—The portion of the
microprocessor used for numerical and
logical calculations.

Bandwidth—The amount of data a cable can
carry.

Baseband network—A network that sends data
as direct signals, which means only one
person can transmit data at any given time.

Bunny suit—Special clothing worn by workers
in a clean room that helps to keep human
contaminants away from the chips.
Byte—A grouping of eight adjacent binary
digits or bits, Os and 1s, operated on by the
computer as a single unit.

C
Capacitor—A device used in a circuit to
temporarily store electricity.
Charge—The condition of having an excess or
deficiency of electrons.
Chip—An integrated circuit. A thin piece of
silicon that contains all the components of
an electronic circuit.
Circuit diagram—A representation of the
circuit using special symbols for each part
placed in the circuit.
Circuit line—A pathway used to move electricity from one component to another, often
made of small wires or deposited metals.
331

Client—A computer that makes requests of
other devices in a network or that uses
resources available through the servers.
Coaxial cable—Networking cable that provides some shielding between the insulation and outside of the cable which helps to
prevent interference problems with the
signals.
Conductor—A material that in its pure form
allows the flow of an electrical charge to
pass through it easily.
Contamination—Intrusion or contact with dirt,
dust, or impurities that adversely affect
chip fabrication.
Control unit—The circuits on the microprocessor that tell the microprocessor to carry out
the instructions and control the timing of
the instructions.
Current—The flow of electrons.

Data block—The amount of information from
the message that is contained in one packet.
Debug—To locate and correct the error in a
program.
Decode—Translation of information from a
code into a form that has meaning to the
Microprocessor.
Decode unit—The circuits used to translate the
instructions into control signals and directions, and holds them in sequence until
they are requested by the control unit.
Digital information—Information that can be
expressed in a numerical form. The computer uses the binary number system for
this purpose so Os and 1s are used to
express all the information entered into the
computer.
Diode—A device that
332
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used to limit the

movement of electricity to move in one
specific direction. Some diodes are designed to also produce light or to act as a
switch in an electrical circuit.
Direct current (DC)—Current that only moves
in one direction.
Disk drive—A mechanism that holds, spins,
reads, and writes magnetic or optical disks.

Drain—The post of a transistor that passes the
current from the transistor and on through
the closed circuit.

Electric charge—The potential of electrons or
protons to attract each other.
Electrical current—The movement of electrons
from one atom to another.

or

circuit that
Electrical load—Any component
it
delivered
to
a power
by
consumes power
is
circuit
source, the action a particular
designed to accomplish.
Electron—A particle that is held loosely
orbit around the nucleus of an atom.

in

Embedded processor—A chip designed with a
specific set of usable instructions. The user
cannot change the instructions an embedded processor was programmed to understand.
Etching—The removal of selected portions
materials to define layers on computer
chips.
Ethernet—A popular network protocol and
cabling scheme that allows transmission
rates of 10 megabits per second.
Execute—To carry out an instruction
has been decoded.

after

of’

it

Expansion slot—A connector inside a computer designed to allow a user to add

printed circuit boards—daughter boards—

H

to the motherboard.

Hard disk (hard drive)—A reusable magnetic
storage medium that uses hard platters as
the storage surface.

Exponential growth—A rate of growth that is
calculated by multiplying the present rate
by a value equal to that number.
External bus unit—The pathway provided to
move data to and from the microprocessor.

F
Fab—The fabrication plant housing all the
various processes needed to support a
business dedicated to manufacturing
computer chips.
Fabrication—The process of manufacturing a
computer chip.
Fetch—The portion of the microprocessor
dedicated to requesting and receiving
instructions.
Fiber optic cable—A high speed network cable
that carries light signals on specially
manufactured optical fibers.

Hardware—The physical parts of the computer
system that you can touch and feel such as
the keyboard, monitor, and computer case.
Host site—The machine that provides processing capabilities for attached terminals,
nodes, or clients.
Hub—A device that acts as a common termination point for multiple nodes and relays
signals along the appropriate paths. This
ability is often included with another
device.

i
Impure silicon—Silicon that has purposely
been mixed with some other material to
increase the conducting ability of the
material.

Filament—A thin fragile thread of material
(often carbon or metal) that produces a
light when electrons move through it.

Information processing—Capturing, storing,
updating and retrieving data and information. A computer
an information-processing machine.

Floppy disk—A reusable magnetic storage
medium that uses a thin mylar circular disk
as the storage surface.

Input—The data that is entered into a computer. The act of entering data into a com-

G

Insulator—A material that does not allow an
electrical charge to pass through it.

is

puter.

Gate—The post of a transistor that receives the
current used to turn the switch on completing the circuit so electricity can flow.

Integrated circuit—A complete circuit on a
chip, built by a chip fabrication process.

Gateway—Hardware and/or software that
connects two different network environments.

Internal bus unit—Circuits that manage the
flow of information from one part of the
another.
microprocessor

Gauge—A linear measurement according to
the distance
some specific system such
between the rails of a railroad.

Internal cache—A place on the microprocessor
reserved for temporarily storing instructions that might be needed in the near

as

to

future.
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Internet—The connection of many smaller
networks to form large, global wide
network.

a

ISDN—A standard of networking that allows
all data
be transferred in digital form.

to

ISO standards—The seven-layer ISO (International Standardization Organization)
reference model developed to control how
types of computer systems will interconnect.

K
Keyboard—A computer input device that uses
a set of keys to put data into the computer.

L
LAN (Local Area Network)—A collection of
two or more computers that are located
within a limited distance of each other and
that are connected to each other, directly or

indirectly.
Light Emitting Diode (LED)—A diode that
produces light when current is present.
Logical address—The address of a client
assigned by the system supervisor.

Mask—A patterned plate or template used to
expose selected areas of a wafer’s layer to
light in the process of fabricating a computer chip.

when the instructions are done, and help
organize the way instructions and data are
stored.
Message identifier—Information that is placed
at the front of the packet to allow each
station in the network to identify the
message.
Microcode—The built-in set of instructions
used by the microprocessor.
Microelectronics—A branch of electronics that
deals with the miniaturization of electronic
circuits and components.
Micron—A unit of measure that is one millionth of a meter; synonymous with micrometer.
Microprocessor—The main processing unit of
a computer or information processing
device; the “brains” of the machine carrying out instructions, performing calculations, and interacting with the components
used to operate the computer. Handles the
fetch, decode and execute steps of the
computer.
Modem—A device that is able to change
information back and forth from digital
format to continuous analog format allowing computers to use telephone systems for
transmitting data.

one

Monitor—A computer output device that uses
a display screen to present the processed
information.

Memory—A place to store information; usually coded in a binary format; see RAM,
ROM.

Moore’s Law—The hypothesis that says that
every two years, the complexity (processing speed, capacity, power) of chips
doubles.

Megahertz (MHz)—A measure
million cycles per second.

of

speed,

Memory management unit—The circuits
designed to keep track of information that
has been processed, reclaim the space
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a

Motherboard—The main circuit board of
computer housing the microprocessor and
providing the means of connecting all the
components that make up the computer.

and left where it was found for the next
person to use. Pads would be available
everywhere a person went to provide
immediate access to online resources.

Provides a means for adding special control
units such as sound boards to the computer
via expansion slots or sockets.
Mouse—A computer input device used as a
pointing and drawing instrument by selecting specific positions on the monitor
display.
Mylar—The type of plastic that is used to
create floppy disks.

Personal computer (Microcomputer)—A
computer that serves one user at a time.
Personal digital assistant (PDA)—A small,

lightweight computer that provides a way
to take notes and consult reference files
while away from your desk computer and
also enables you to move files to and from

N
N-type silicon—Silicon created by adding
phosphorus to produce an abundance of
electrons—a negative charge.
Node—Any device connected to

a

network.

0

Ohm—The unit of resistance exerted on the
flow of electrons.

Output—The computer generated information
that is displayed to the user in some discernible form such as a screen display,
printed page, or sound.

your desktop computer.
Photoresist—A light sensitive material that
changes chemically when exposed to light.
Physical address— The number given to a
device for identification purposes if the
device becomes a node on the network.
Pixel (Picture element)—The smallest unit on
a display screen grid that can be stored,

displayed or addressed.
Primary storage—The computer’s immediate
internal memory, RAM and ROM.

P

Program—The set of instructions needed to
accomplish a given task.

P-type silicon—Silicon created by adding
boron to produce a material lacking in
electrons—a positive charge.

Protocols—The rules or standards that determine how two or more processes communicate and interact to exchange data.

Packet switching—A transmission method for
sending information on a network that
share the network
allows many users
in
efficient
manner.
an
structure

to

Packets—The defined block of information
consisting of header, data, and trailer that
serves as the information exchange method
on the network.
Pad—A pad is envisioned as a blend of the
features provided by a sheet of paper and
the present laptop computer or personal
digital assistant (PDA) that can be utilized

Q
Quality control—A formal procedure used in
manufacturing to ensure that the product
being produced meets a specific standard.

R
Random Access Memory (RAM)—Temporary
storage memory chips that form the
computer's primary work space; contents
are lost if the power is disrupted.
Read Only Memory (ROM)—Storage memory
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that are able to

maintain their condisrupted. ROM chips
tents if the power
have their contents determined at the time
oftheir fabrication; can be written to only
once.
chips

is

Registers—Circuits on the microprocessor
where values of internal operations can be
temporarily stored such as the addresses of
instructions being executed and the storage
location of data.

is

located a
Remote terminal—A terminal that
moderate or great distance from a host or
network and is generally connected by
telephone line.

Repeater—A hardware device that functions at
the physical layer of the network and is
used to increase the strength of the signal at
certain intervals so the signal is maintained.
Resistance—A characteristic of material that
opposes the flow of electrons.
Resistor—A device with a measurable ability
to impede the flow of electrons; used to
adjust the strength of the current in a
circuit.
Router—In a network, this device is used to
determine the pathway used to transmit any
signal between different network nodes.
Ss

Scanner—A computer input device that can
read text, images, and bar codes and transJate them into digital code that a computer
understands.
Secondary storage—Storage that is not involved in the processing of information.
This type of storage is used to maintain the
digital information for later use. Includes
such storage devices as disks, tapes, and
CDs.
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Semiconductor—A material that when combined with some other material can be
turned into an insulator or a conductor.
Sequence ID—A number given to a chunk of
data from a message so that the message
can be reassembled in the correct order.
Server—A device that provides some type of
network service such as access to files or
devices, transport or translation facilities,
and so on.
Signal—The electrical impulse representing
data that
being transmitted from one
another.
to
place

is

Silicon—The most common element in nature
and the material used to create most transistors and most integrated circuits.

is

able
Silicon compiler—An application that
to produce the mask or pattern needed for a
particular layer on the chip using the
information that is contained in the circuit
diagram.
Software—Instructions that are provided for
the computer. A series of instructions that
provide direction to perform a particular
task is referred to as a program.
Source—The post of a transistor that receives
the electricity from the circuit’s pathway.
Standards—Something set up and established
a rule for the
by authority or custom
measure of quantity, weight, extent, value,
or quality of something.

as

Storyboard—A series of panels on which a set
of sketches
arranged depicting consecutively the important changes ofscene and
action in a series of shots in a film, animation, television show, or commercial.

is

Switch—Any device that allows the flow of
electricity in a circuit when turned on
thereby completing the circuit pathway or

stopping the flow of electricity when off by
creating a break in the circuit pathway.

T
Tab—An envisioned small computer worn like
a badge that allows tracking of the wearer’s
location, triggers automatic doors, allows
telephone forwarding, and other conveniences meant to connect the person on the
move with their home base.
Transistor—A type of switch that contains no
moving parts and uses electricity to turn
itself on and off.

U
Ubiquitous computing—The use of computers
that is prevalent and integrated into every
facet of one’s life to such an extent that the
just
technology is virtually invisible but
there to be used.

is

Unshielded twisted pair—A type of network
cable that is inexpensive but limited in
performance.
Vv

Voltage—The force or strength of the electrical
pressure in a circuit.

w

WAN—A network whose elements may be
separated by some distance; usually involves two or more LANs and dedicated
high-speed telephone lines.

Wireframe image—The outline of a final
object presented as a combination of threeand four-sided geometric shapes that are
used to describe the shape of the object in
the computer.

Index

C

A

alligator clips 87
alternating current (AC) 65, 79
American Standard Code 121
ampere 65
Analytic Engine 23
AND 149
animation 290
Arithmetic Logic Unit (ALU) 155
ARPANET
(Advanced Research Projects Agency Network) 225
ASCII 121, 139, 146, 286
B

Babbage 23
bandwidth 254
Bardeen 16
baseband 227
batteries 65
battery 81
binary 122, 128
binary code 117, 129, 130, 146
binary counter 134
binary information 102
binary number system 67, 117, 133,
binary system 26, 125, 139
blank
ASCII for 122
bridge 230
Brittain 16
broadband 229
browser 226
bug 156, 178
bunny suit 196
Bus Unit 156
byte 121, 146

143

cable
coaxial 233
fiber optic 232
unshielded twisted pair 233
cache memory 28, 119
CAD software 190
Canny 321
capacitors 63, 97
ceramic package 64
Cerf 231, 2532
character
storage of 121
chess 166
chip 16, 155
circuit designer 187, 188
design architect 187
layout designer 187, 188
logic designer 187, 188
mask 191
chip capacity 187
chip design 155, 187
chip fabrication 187, 192, 206
chip speed 187
chips 62
circuit diagram 99, 102, 104, 109
circuit lines 63
circuit logic 149
circuit pattern 110
circuits 61, 92
city planner 189
Clarke 15
clean room 206, 215
contamination 195
dress code 196
lighting 195
ventilation 195
coaxial cable 233
components 25
Computer Assisted Design 188
computer history 38
computer language 176
computer literacy 9
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computer networks 26
conducting path 62
conductivity
of liquids 89

of solids 82

conductivity meter 89
conductors 65, 74, 81, 93
constructivism 19
Control Unit 155
current 61, 102
D

debug 156, 178
decimal system 143
decisions 149
decode 155, 156, 168, 169
Decode Unit 155
deposition 192
diagramming circuits 92
diffusion 193
Digital information 25
diodes 63, 65, 97
direct current (DC) 65, 79
discovery-based learning 20
drain 66, 105
Duell 318
E

Eastman Kodak Company 218
electric charge 61
electric current 77
electrical circuit 81
electrical diagrams 99
electrical engineer 61
electrical load 62
electrical symbols 99
electricity 61
electronic digital computer 15
embedded links 226
embedded processor 16, 42, 288
embedded processors 28
ENIAC 17, 23, 55, 56
Eniac 56

etching 193, 215
execute 155, 156, 168, 169
External Bus Unit 155
F

fabrication plant 201
fabrication process standards 218
Ferris 321
fetch 155, 156, 168, 169, 177

fiber optic cable 232, 300
filament 64
Flavin 320
Foch 318
G

gate 66, 105
Gates 318
gateway 230
gigabyte (GB)

141

global library 300, 311
Grove 322
Gunther 322
Gutenberg 53, 261
H

hardware 49
High Technology High School 237
Hollerith 24
household current 76, 79
I

icons
definitions 12
implant 193
incandescent bulb 64
Industrial Revolution 262
Information Age 17
information processing 25
information processing machine
input 25
Input devices 41
input devices 125
insulators 65, 74, 81

15

integrated circuit 16, 155, 288
integrated circuits 62
Intel Museum 125
interface 18
International Standards Organization (ISO)
230

Internet 225
communities 225
culture 225

local area network (LAN) 227, 243

logical address 229
login 230
logout 230
long-term storage 27,
look-up table 118

125

M

Kahn 231, 252
Kasparov 317
Kelvin 318
keyboard 118
keypal 241
Kilby 16
kilobyte (K) 141
Klimisch 321

Mark II 178
mask 193, 215, 216
mechanical calculators 23
mechanical switches 101
megabyte (MB) 141
Memory Management Unit 156
mental model 20
micron 205
Microprocessor 42
microprocessor 118, 155, 168, 219
modem 227, 300
Moore 299
Moore’s Law 299
motherboard 25, 95
movies
animation 290
rendering 291
special effects 292
wireframe image 290

L

N

World Wide Web (WWW) 226
ions 66

ISDN (Integrated Services Digital Network)
228

J
Jacobson 320, 321
Jacquard loom 24
K

layering
deposition 192
diffusion 193
etching 193
implant 193
in chip fabrication 192
mask 193
oxidation 192
photolithography 193
photoresist 193
LED 64, 78, 82, 97, 103
LED circuit 73
Library of Congress 300
light emitting diode 64
211

340

n-channel

transistors 67, 106

N-type silicon 66, 105
National Medal of Technology 252
Naval Weapons Museum 178
network
baseband 227
broadband 229
logical address 229
physical address 229
protocols 230
security 241
Noyce 16

oO

ohmmeter 114
ohms 65
Olson 318
OR 149
output 25, 120
Output devices 42
oxidation 192
RB

p-clips 87
P-type silicon 66, 105
packet switching 231, 252
packets 232, 252
pad 309
parallel circuits 107
Pascal 23
Pentium 156, 168, 190, 194, 286
photolithography 193
photoresist 193
picture elements 119
pixel 130
plasma etching 194
plasma reactor 194
Popular Mechanics 318, 321
power source 62
predictions 316
proven 317
unproven 320
primary memory 141
printing press 270
prototype 187
proven predictions 317
Q
quality control 194, 211, 220
R

railway gauge 283
RAM 27, 119

read/write window 50
Reich 263

rendering 291
repeater 230

resistance 65
resistors 63, 97
Resources 28
robot 167, 176
ROM 27, 119

router 229
S

safety standard 284
Sarnoff 318
Scheregon 284
secondary memory 141
semiconductor 65, 66, 105
semiconductors 93
series circuits 108
Shockley 16
silicon 66, 105
silicon crystal 192
silicon ingot 192
silicon wafer 191
software 49
source 66, 105
special effects 292
special-purpose computers 28
standard 281
standards 283
storage 25, 118
storage devices 24, 41
switches 62, 92, 101, 110, 164
T
tab 309
technology
changes in jobs 262
digital age 263
enhance communication 261
impact on school 311
impact on society 261, 270
job trends 273
movie making 290
musical instrument 281
predicting future 299
school 273

telegraph 262
testing for quality 194
The Product Evolution Theory 299
Tietelbaum 286
transistor PNP 67
transistor-NPN 67
Transistors 26
transistors
16, 63, 66, 87, 97,

Turtle 181
Turtle Graphics
typewriter 281

105, 155, 203, 206

181

U

ubiquitous computing 306
unproven predictions 320
user friendliness 18
V

vacuum tube 16, 26
vacuum tubes 63, 178
Video Graphics Array (VGA) 120, 130
Video summary

segment 5 201
segment 6 237
segment 7 267
segment 8 305
Video summary:
segment 33
segment 2 73
segment 3 125
segment 4 161
voltage 109
1

Ww

wafer 191, 192,
Warner 318

193

Watson 318
Web 226
browser 226
URLs 226
Weiser 306, 308, 309
wet etching 194
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wide area network (WAN) 227, 243
wireframe image 290
Wolkomir 306
write-protect 51

Chip Kit Replacement
Item

Number

Vendor

Included in
theChip Kit
C Cell

Batteries

6

#935

Rose Electronics
San Jose, CA

408-943-0200

9 V Batteries

8

#216

Rose Electronics
San Jose, CA

408-943-0200

12

V Lamps/Wire
#CMS8-A223

6

Wes-Garde Components
Northridge, CA
800-275-7101

Transistors
#TIP 48

3

Wes-Garde Components
Northridge, CA
800-275-7101

Red Wire

3

ft.

#801-2

Wes-Garde Components
Northridge, CA
800-275-7101

Black Wire

3

ft.

#801-0

Wes-Garde Components
Northridge, CA
800-275-7101

Slide Switches

4

#85-22F25-09

Wes-Garde Components
Northridge, CA
800-275-7101

Wes-Garde Components
Northridge, CA
800-275-7101

Electrical Tape
#64-2340
Wafer*

1

Wafer Replacement
39159 Paseo Padre Parkway
Suite 206

Fremont, CA 94538
Wafer availability is extremely limited. We can only offer replacements
for those wafers broken in transit. Please submit your replacement request
in writing on school letterhead. Allow two weeks for delivery.
*

Note: No minimum purchase

is required for the items listed above.

Evaluation of the Education kit
The next four pages contain an evalution and feedback form. Teachers
are requested to complete this form and submit the pages to Intel. The
purpose of including these pages with a request for teachers to submit
their answers is to obtain formative evalution data from teachers who
are making use of the Education Kit. This information will be used by
Intel to revise the materials so that they better meet the needs of students and teachers.

Teacher Evaluation Form
Intel wishes to express their thanks to you for providing feedback on the
Education Kit. The information that you provide will be used as guid-

ance for future programs.
It would be particularly helpful to have a copy
tions that you made to the materials.

of any changes or addi-

Teacher Name:
School Name:
School Address:

©

1.

Please indicate the number of years of experience you have had in
teaching each of the following areas:
Biology
Chemistry
Computers
Earth Science
Integrated Science
Physics
Other sciences (please specify)
(a)
(b)

The materials in the kit were used at grade level(s):
Number of students in the each class:

2.

Which levels in each unit did you use with your students. (Indicate
by placing a check mark in the table.)

Video-based
Lesson
Req.
Unit

Video-based
Lesson

Extension
Lesson

Opt.

1:

Introduction to
Computers
Unit 2:
Circuits &
Switches
Unit 3:

Digital
Information
Unit 4:

Microprocessors
Unit 5:

Creating Chips
Unit 6:

Networking
Unit 7:
Technology &

Society
Unit 8:

What's Next?
3.

Which components

of

the

kit did you use? (Circle each item used)

Student video

Teacher's guide

Chip kit

Teacher’s vidco

Classroom poster

4.

Rate each of the kit components from 1-5 using the scale:
1.

very poor

2. poor

3.

satisfactory

4. good

5.

very good

Teacher’s video
1

2

3

4

5

2

3

+

5

Teacher’s guide
1

346

Student video
1

2

8

-

S

2

3

RB

5

3

4

5

Chip kit
1

Classroom poster
2

1

Overall assessment

of the kit The Journey

2

1

Inside: The Computer.
4

3

5

Circle the appropriate number to show how strongly you Disagree
or Agree with the following statements about teaching computer
hardware ideas from the kit The Journey Inside: The Computer.
1.

strongly disagree

2. somewhat disagree

3.

ncutral

4. somewhat agree

5.

strongly agree

Teaching from the kit helped me learn about what goes on inside a
computer.
1

2

4

3

5

The safety instructions that were provided were adequate.
1

2

4

S

8

My students enjoyed working on the material in this kit.
1

2

My students found the material
1

2

4

3
in

5

the kit easy to understand.

3

4

5

The lessons in this kit helped students learn about what goes on
inside a computer.
1

2

3

+

5

Did you create extension activities to use with the kit?
(If you would like to share your ideas, please include a copy of your
activities when you submit this form. Or, check the IDEA Notebook
at Intel's Web site at www.intel.com/education/k12/resource.htm
to submit online.)
Do you plan to use the kit next year?

8.

Use this page to share your feelings about using The Journey Inside:
The Computer. Please tell us what you liked and disliked in the
units. Specific examples of activities you particularly liked or
disliked, with some explanation, would be helpful. (Use a separate
page if needed.)

Please send this form to:

intal
IDEA Programs
Education Evaluation RN5-26
2200 Mission College Blvd.
P. O. Box 58119
Santa Clara, CA 95052-8119

