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Dedication

his publication is dedicated to two individuals

who played a significant role in creating

this project and then assisting with its early
stages— Dr. Walter B. Waetjen (1920-1997)
and Mr. Thomas A. Hughes, Jr. The project
was launched because of their dedication and
proceeded because of their enthusiasm to advance
the teaching of technology. Their spirit and pur-
suit of excellence have served as guides in the

creation of these standards for technology.




e are a nation increasingly dependent on technology.

Yet, in spite of this dependence, U.S. society is largely

ignorant of the history and fundamental nature of the

technology that sustains it. The result is a public that

is disengaged from the decisions that are helping shape
its technological future. In a country founded on democratic

principles, this is a dangerous situation.

Thanktully, in Standards for Technological Literacy: Content
[for the Study of Technology (Technology Content Standards), we
have a tool to help us address the mismatch between depen-
dency and understanding. Through an arduous four-year
process, involving many levels of review and countless revi-
sions, the International Technology Education Association has
successfully distilled an essential core of technological knowl-

edge and skills we might wish all K-12 students to acquire.

It is worth noting that the view of technological literacy
spelled out in these standards includes reference to computers
and the Internet, but it correctly does not focus unduly on
these technologies, which comprise only a small part of our

vast human-built world.

The standards and associated benchmarks in this document
have been carefully written to ensure they are age appropriate.
They are crafted to build increasingly sophisticated under-
standing and ability as students mature. In this way, Zechnology
Content Standards provides an ambitious framework for guid-

ing student learning,.



The standards should not be viewed as static and immutable.
Rather, Technology Content Standards — as is true for all good
standards — will undergo periodic reassessment and reevalua-

tion. It is very much a living document.

It is not enough that the standards are published. To have

an impact, they must influence what happens in every K-12
classroom in America. This will not happen without the
development of new curricula, textbooks, and student assess-
ments, to name just a few of the more important factors.
And, certainly, it cannot happen without the participation

of teachers — all teachers, not just technology educators.

Indeed, the standards cannot succeed without the concerted
effort of many stakeholder groups. In this regard, I urge all
readers to review Chapter 8, Call to Action. As anyone
involved in U.S. education knows, meaningful and lasting
change occurs over many years, if not decades. While we need
to be aware of this long timeline, we should not be discouraged
by it. There is much to be done and much to be hopeful about.
The ITEA standards provide a clear vision for the many indi-
viduals and organizations around the country committed to

enhancing the technological literacy of the nation.

Wm. A. Wulf
President
National Academy of Engineering



ith the growing importance of technology to our
society, it is vital that students receive an education
that emphasizes technological literacy. Standards
for Technological Literacy: Content for the Study of
Technology (referred to henceforth as Zechnology
Content Standards) presents a vision of what students
should know and be able to do in order to be technologi-
cally literate. These standards do not attempt to define a
curriculum for the study of technology; that is something
best left to states and provinces, school districts, and teach-
ers. Instead, as the name implies, the standards describe
what the content of technology education should be in
grades K-12. By setting forth a consistent content for tech-
nology education in schools around the country, Zechnology
Content Standards will help ensure that all students receive

effective instruction about technology.

Technology Content Standards was created under the aegis
of the International Technology Education Association and
its Technology for All Americans Project (see Appendix A),
and hundreds of educators and professionals have partici-
pated in its development and revision. We thank everyone
who was involved in this important consensus-building
process. As a result of their efforts, we believe that
Technology Content Standards can be a catalyst for reform,
bringing about significant change in the study of tech-
nology and resulting in the recognition of technology

education as an essential core field of study in the schools.

vii



viii

Anyone interested in seeing that students receive a high-quality
and relevant education, particularly those involved in decisions
about what our schools teach, should find this document
useful. The document’s intended audience includes teachers,
curriculum developers, school administrators, teacher educa-
tors, school board members, parents, engineers, business
leaders, and others in the educational community, as well

as the community as a whole.

Technology Content Standards does not represent an end, but
a beginning. In other fields of study, developing standards has
often proved to be the easiest step in a long, arduous process.
Therefore, we can predict that getting these technology stan-
dards accepted and implemented in grades K-12 in every
school will be far more difficult than developing them has
been. Only through the combined efforts of educational
decision-makers everywhere will we be able to ensure that

all students develop higher levels of technological literacy.

This work has been made possible by the generous support

of the National Science Foundation (NSF) and the National
Aeronautics and Space Administration (NASA), and we would
like to express our appreciation to both agencies. We are excited
about the difference that Zechnology Content Standards can
make, and we urge each of you to work collaboratively to use it

as a basis for improving the study of technology.

William E. Dugger, Jr. Anthony F. Gilberti
Director President
Technology for All Americans Project  International Technology Education
International Technology Education Association
Association



Preparing Students for

a Technological World

H umans have been called

the animals which make things,

and at no time in history has that
been so apparent as the present.
Today, every human activity is
dependent upon various tools,
machines, and systems, from
growing food and providing shelter
to communication, healthcare, and
entertainment. Some machines, like
the tractor, speed up and make more
efficient activities that humans have
done for hundreds or thousands of
years. Others, such as the airplane

or the Internet, make possible things
that humans have never been able to
do before. This collection of devices,
capabilities, and the knowledge that

accompanies them is called technology.



roadly speaking,

technology is how people
modify the natural world to suit
their own purposes. From the
Greek word techne, meaning art
or artifice or craft, technology
literally means the act of
making or crafting, but more
generally it refers to the diverse
collection of processes and
knowledge that people use to
extend human abilities and to

satisfy human needs and wants.

The Need for Technological Literacy

Technology has been going on since humans first formed a blade
from a piece of flint, harnessed fire, or dragged a sharp stick
across the ground to create a furrow for planting seeds, but
today it exists to a degree unprecedented in history. Planes,
trains, and automobiles carry people and cargo from place to
place at high speeds. Telephones, television, and computer
networks help people communicate with others across the street
or around the world. Medical technologies, from vaccines to
magnetic resonance imaging, allow people to live longer,
healthier lives. Furthermore, technology is evolving at an
extraordinary rate, with new technologies being created

and existing technologies being improved and extended.

All this makes it particularly important that people understand
and are comfortable with the concepts and workings of modern
technology. From a personal standpoint, people benefit both

at work and at home by being able to choose the best products
for their purposes, to operate the products properly, and to
troubleshoot them when something goes wrong. And from a
societal standpoint, an informed citizenry improves the chances
that decisions about the use of technology will be made
rationally and responsibly.

For these reasons and others, in the past several years, a growing
number of voices have called for the study of technology to be
included as a core field of study in elementary, middle, and
secondary schools. Among the experts who have addressed

the issue, the value and importance of teaching about technology
is widely accepted.

Despite this consensus, however, technology laboratory-
classrooms, the formal environment in the school where the
study of technology takes place, are available in only a small
number of elementary, middle, and secondary schools around
the country. A few school districts have put comprehensive
technology programs in place, and a handful of states and
provinces have set forth technology standards, but nationwide
most students receive little or no formal exposure to the study
of technology. They are graduating with only a minimal
understanding of one of the most powerful forces shaping
society today.
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The reasons for this situation are not hard to
find. One is simple inertia. To keep doing
what one has been doing is always easier than
learning to do something new. A bigger
reason, though, lies with the pressures on the
educational system today. The back-to-basics
push has emphasized competency in such
traditional courses as English, mathematics,
science, history and social studies, but
technology has never been a basic part of
education for most students. Furthermore,
the growing emphasis on standardized
competency tests has encouraged schools to
teach to those tests, which generally contain
few questions gauging technological literacy.
So, squeezed for time and resources, relatively
few local school districts and states or
provinces have opted for what they see as the
luxury of including the study of technology

as part of the core curriculum.

Compounding these problems is the fact

that the study of technology (technology

education) is a mystery to many teachers and
administrators. As a field of study that has
evolved over the past fifteen to twenty years
from industrial arts programs, technology
education is just beginning to establish a new
identity that people outside the field recog-
nize and understand. There is still widespread
confusion about the differences between
technology education and educational
technology, which uses technology as a tool
to enhance the teaching and learning process.

The standards and enabling benchmarks in
this document have been developed to help
clear up this confusion and to build the case
for technological literacy by setting forth
precisely what the outcomes of the study of
technology should be. Technology teachers,
as well as science and mathematics teachers,
and other educators and experts from
around the country, collaborated to spell out
what students in kindergarten through
twelfth grade should be learning about




technology. These people, along with
curriculum specialists and representatives
from the National Research Council and the
National Academy of Engineering, reviewed
Technology Content Standards and suggested
changes and additions. The result is a docu-
ment that both defines the study of tech-
nology as a field of study and provides a road
map for individual teachers, schools, school
districts, and states or provinces that want to
develop technological literacy in all students.

The standards presented here do more than
provide a checklist for the technological
facts, concepts, and capabilities that
students should master at each level.

Along the way, they explain how and why
technological literacy fits with the broad
mission of schools, and they describe the
benefits of the study of technology for
students. In short, they make the case for
why — despite inertia, despite the back-to-
basics movement, despite the growing
emphasis on standardized competency
exams, and despite the various other
pressures on educators — the study of
technology should be an integral part

of the curriculum of our schools.

Learning About Technology

Students who study technology learn about
the technological world that inventors,
engineers, and other innovators have created.
They study how energy is generated from
coal, natural gas, nuclear power, solar power,
and wind, and how it is transmitted and
distributed. They examine communications
systems: telephone, radio and television,
satellite communications, fiber optics, the
Internet. They delve into the various
manufacturing and materials-processing
industries, from steel and petrochemicals to

computer chips and household appliances.
They investigate transportation, information
processing, and medical technology. They
even look into new technologies, such as
genetic engineering or emerging technol-
ogies, such as fusion power that is still years
or decades away.

Because technology is so fluid, teachers of
technology tend to spend less time on specific
details and more on concepts and principles.
The goal is to produce students with a more
conceptual understanding of technology and
its place in society, who can thus grasp and
evaluate new bits of technology that they
might never have seen before.

To this end, Technology Content Standards
emphasizes comprehension of the basic
elements that go into any technology. One
of these elements, for example, is the design
process, the main approach that engineers,
designers, and others in technology use to
create solutions to problems. Another is
development and production, whereby

the design is transformed into a finished
product, and a system is created to produce
it. A third element is the use and main-
tenance of the product, which can determine
the product’s success or failure. Each of these
steps in the technological process demands
its own set of skills and mental tools.

Besides understanding how particular
technologies are developed and used, students
should be able to evaluate their effects on
other technologies, on the environment, and
on society itself. The benefits of a technology
are usually obvious — if they were not, it
would probably never be developed — but
the disadvantages and dangers are often

hidden. When chlorofluorocarbons (CFCs)

were invented, for example, no one realized
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that these chemicals used as refrigerants and
blowing agents for foam would eventually
damage the ozone layer. Today, the Internet is
having profound effects on society — how
people interact and communicate with one
another, how they do business, and how they
get their entertainment and recreation — but
no one knows exactly what to expect from it
in the long run.

One of the basic lessons in studying
technology is that not only can technology
be used to solve problems, but it may also
create new ones. Many of these new prob-
lems can be solved or ameliorated by yet
more technology, but this may in turn beget
other problems, and so on. Technologies
inevitably involve trade-offs between benefits
and costs. Intelligent decisions made about a
technology need to take both into account.
Students should come to see each technology
as neither good nor bad in itself, but one
whose costs and benefits should be weighed
to decide if it is worth developing.

Learning to Do Technology

One of the great benefits of learning about
technology is also learning to do technology,
that is, to carry out in the laboratory-classroom
many of the processes that underlie the
development of technology in the real world.
Recent research on learning finds that many
students learn best in experiential ways — by
doing, rather than only by seeing or hearing —
and the study of technology emphasizes and
capitalizes on such active learning,

For instance, students in technology
laboratory-classrooms are taught practical
problem-solving skills and are asked to put
them to work on different types of real-world
problems. Engineers, architects, computer

scientists, technicians, and others involved in
technology use a variety of approaches to
problem solving, including troubleshooting,
research and development, invention,
innovation, and experimentation. Students
will become familiar with these approaches
and learn about the appropriate situations in
which to use them. They will also learn that
design (sometimes called “technological
design”) is the primary problem-solving
approach in technology. In learning to design,
students will master a set of abilities that will
serve them well throughout their lives.

The design process generally begins with

identifying and defining a problem — there




is some need to be met or some want to be
fulfilled, and the designer must understand
exactly what it is. After investigating and
researching the problem, the designer
generates a number of ideas for a solution.
Because it is particularly helpful for several
people to brainstorm ideas, students will
generally work in groups at this stage. Then,
considering the original criteria, along with
various constraints, one design — or, in some
cases, more than one — is chosen as the most
promising. The selected design is modeled
and tested, and then reevaluated. If necessary,
the original design is dropped and another is
tried. Eventually, through a series of
iterations, repeating the various steps of the
process as necessary, a final design is chosen.

This design process can be applied to almost
any sort of design. In one elementary school
classroom, for instance, the students were
asked to design and build a “pop rocket” to
demonstrate Newton’s Third Law. In high
school technology laboratory-classrooms,
one assignment might be to design a water-
purification system for a catfish farm. One
of the first lessons that students learn from
exercises like these is that there are many
possible solutions to a technological
problem, and that while some answers are
clearly wrong — they don’t work, or they
work poorly — there is no such thing as
“the” correct answer.

Such design projects are inevitably more
than just mental exercises. Students
generally work in teams when building
models of their design proposals, and,
depending on the device, they may build
working prototypes as well. Such hands-on
learning engages the students in a way that
lectures, problem solving on paper, or lab
exercises that follow a preset series of steps

cannot. In other words, design exercises
encourage active learning rather than
passive learning.

In addition to problem-solving skills,
students are given opportunities to use and
maintain technological products correctly,
again with an emphasis on learning how to
learn. Because it would be impossible to
instruct students on every product they
might encounter, they are given experience
with some common tools and systems to
gain familiarity with the basic principles of
using and maintaining technological
products. They are also taught how to learn
about products on their own — by reading
instructions, or searching for information
on the Internet, for instance. The
confidence and familiarity with technology
that they acquire will prepare students to
deal intelligently with current and future
technological products.

Technological Studies
as an Integrator

Perhaps the most surprising message to
emerge from Zechnology Content Standards —
surprising, at least, to those who have not
themselves taught technology classes — is the
role technological studies can play in
students’ learning of other subjects. When
taught effectively, technology is not simply
one more field of study seeking admission to
an already crowded curriculum, pushing
others out of the way. Instead, it reinforces
and complements the material that students
learn in other classes.

As envisioned by the standards in the
following chapters, the study of technology is
a way to apply and integrate knowledge from
many other subject areas — not just



Technology
is the modi-
fication of
the natural
environment
in order to
satisfy
perceived
human needs
and wants.

Technological
literacy is the
ability to
use, manage,
assess, and
understand
technology.
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mathematics, science, and
computer classes, but also
the liberal and fine arts.
Consider, for instance, a
field trip taken by a class of
fourth-graders in Michigan
to Greenfield Village, a
historical museum with
restored houses and shops.
The class had just finished
a history unit on America
at the turn of the twentieth
century, which prepared
them for what they would
find. While there, each
class member chose an
artifact of a particular
technology used at the
time — a hay thresher, for
instance, or a light bulb, or
a car, or a clothes washing
machine — and acted as a
reporter by quizzing the
docents for details about
that device. Later, each
student sketched and
determined the proper
scale needed to make a model of the artifact
he or she had chosen. The students made
models and prepared reports on the devices,
including such information as their purpose,
how they were made, how they were used,
their roles in the economic and social life of
the village, and a description of how they
worked. Afterward, the class worked together
to develop and create a video that would
describe the technology of Greenfield Village
as a part of a communications technology
unit for future fourth-grade classes. The
assignment taught the students a good deal
about the technology of the era, and it
reinforced lessons from other parts of the

curriculum. The assignment brought turn-of-

the-century America to life in history class; it
exercised composition skills from English
class; and it allowed the students to apply
what they had learned in a motion and forces
unit in science class. As teachers all know,
having students apply material in a way that
captures their interest and imagination is the
best way to make sure they retain it. And
when students can bring together lessons
from several classes or content areas, they truly
make the material their own.

Such integration among subjects 1s easlest 1n
elementary schools where the same teacher



handles most or all of a student’s classes

during the school day and does not have
to work with several other teachers to
coordinate lesson plans. At the elementary
level, the standards are designed to be
implemented in the regular classroom by

teachers with appropriate in-service training.

In middle and high schools, by contrast,
licensed technology teachers should work

with others in the
delivery of tech-
nological studies; in
the middle grades,
much of the teaching
about technology
can be done in units
taught by inter-
disciplinary teams;
and in high school
technology should be
taught in stand-alone
courses as well as
being integrated into
the rest of the
curriculum.

Because instruction
becomes increasingly
specialized at higher
grade levels, inte-
grating technology
with other subjects
can be more diffi-
cult, but the payoffs
are proportionately
higher. As subjects
become more
compartmentalized,
students find it more
difficult to see how
they intersect with
one another or to
understand the place
of each in the world outside. Technology
laboratory-classrooms provide a neutral
ground for different subjects to come
together, often in the guise of devising a
solution to some practical problem. A
typical assignment might be to design a car
with certain characteristics — being crash-
worthy, energy efficient, or using alternative
fuels. In developing their designs, students



CHAPTER Preparing Students for a Technological World

could operate various computer programs
and perhaps retrieve information from the
Internet, apply lessons from physics or
chemistry classes, and use skills from their
mathematics classes as well. In researching
the background to their problem, they
might delve into the history of the car and
how it has shaped American society in the
twentieth century. They might use statistics
to analyze automobile fatality rates at
different speeds and in cars of various sizes.
They could study the chemistry or the
health effects of the ozone smog afflicting
cities, or they could analyze the economics
of gasoline prices. In an attempt to
understand the world’s petroleum reserves,
they might study geology and explore how
petroleum is formed. When writing a
report on their final product, they would
need to do so in clear prose, probably with
a bibliography. They might even translate
it into a second language or convert it into
‘HTMUL format for access on the Internet.

Many teachers have reported that this sort
of real-world problem solving helps students
with their other courses by making the
subject matter meaningful to them. The
best way to learn something — to truly
master and retain it, not just to learn it well
enough to pass a test — is to apply it. This,
of course, is the rationale for lab sessions in
chemistry class, word problems in
mathematics, and conversational periods in
French. But technology classes take this
logic one step further because students are
expected to synthesize and apply informa-
tion from other subjects as well as from
within the study of technology. In this way,
they learn to make connections among
different fields of study and begin to
understand how all knowledge is
interconnected.

People who are unfamiliar with technology
tend to think of it purely in terms of its
artifacts: computers, cars, televisions,
toasters, pesticides, flu shots, solar cells,
genetically engineered tomatoes, and all
the rest. But to its practitioners and to the
people who study it, technology is more
accurately thought of in terms of the
knowledge and the processes that create
these products, and these processes are
intimately dependent upon many factors
in the outside world.

Technology is the modification of the natural
environment in order to satisfy perceived
human needs and wants. To determine what
those needs and wants are and to figure out
how to satisfy them, one must consider a
wide range of factors simultaneously. For this
reason, although the study of technology may
sometimes be a separate subject, 1t can never
be an isolated subject, cut off from the rest of
the curriculum.

Technological Literacy

Technology Content Standards is designed as
a guide for educating students in developing
technological literacy. Technological literacy
is the ability to use, manage, assess, and
understand technology. A technologically
literate person understands, in increasingly
sophisticated ways that evolve over time,
what technology is, how it is created, and
how it shapes society, and in turn is shaped
by society. He or she will be able to hear a
story about technology on television

or read it in the newspaper and evaluate the
information in the story intelligently, put
that information in context, and form an
opinion based on that information. A
technologically literate person will be
comfortable with and objective about
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technology, neither scared of it nor
infatuated with it.

Such technological literacy benefits students
in a number of ways. For the future engineers,
the aspiring architects, the students who will
have jobs in one area of technology or
another, it means they will leave high school
with a head start on their careers. They will
already understand the basics of such things as
the design process, and they will have a big
picture of the field they are entering, allowing
them to put the specialized knowledge they
learn later into a broader context.

But technological literacy is important

for all students, even those who will not
go into technological careers. Because
technology is such an important force in
our economy, anyone can benefit by being
familiar with it. Corporate executives and
others in the business world, brokers and
investment analysts, journalists, teachers,
doctors, nurses, farmers and homemakers
all will be able to perform their jobs better
if they are technologically literate.

On the individual level, technological
literacy helps consumers better assess
products and make more intelligent buying
decisions: What are the important factors in
evaluating the latest computer or electronic
device? Should I avoid genetically engineered
food? Should I put my infant in cloth or
disposable diapers? A few years from now do
I buy a solar-powered car or one that runs on
hydrogen? Among people who have no
familiarity with or basis for evaluating
technological products, some of these
decisions will be based simply on guesswork,
gut feelings, or emotional responses.

On the societal level, technological literacy
should also help citizens make better
decisions. As the 21st century dawns, new
technologies will open up possibilities for
humankind that have never existed before.
This power will bring with it hard choices.
Do we place limits on the flow of
information? How much heed do we pay to
the worries that genetic engineering could
lead to the inadvertent creation of
unwelcome new species? At the same time,
older, established technologies will also
demand that choices be made: Should we,
for instance, cut back sharply on carbon
dioxide emissions in an attempt to slow
down global warming?

In the United States, such decisions will be
greatly influenced by individual citizens. In
some countries, average citizens have little
input into technological decision making,
which is left to a technological elite or the
country’s rulers. But the political structure of
the United States is open, and regular citizens
can — and generally do — shape techno-
logical issues through their legislators, through
public hearings, and through court cases.
Having a technologically literate citizenry may
not guarantee that the best decisions are made
on these knotty, contentious issues, but it
certainly improves the odds.

Our world will be very different 10 or 20 years
from now. We have no choice about that. We
do, however, have a choice whether we march
into that world with our eyes open, deciding
for ourselves how we want it to be, or whether
we let it push us along, ignorant and helpless
to understand where were going or why.
Technological literacy will make a difference.



Overview of Technology

Content Standards

B ecause of the power of today’s
technological processes, society

and individuals need to decide what,
how, and when to develop or use
various technological systems. Since
technological issues and problems
have more than one available solution,
decision-making should reflect the
values of the people and help them
reach their goals. Such decision-making
depends upon all citizens, both indi-
vidually and collectively, acquiring a
basic level of technological literacy —
the ability to use, manage, and

understand technology.

Technology for All Americans:
A Rationale and Structure for

the Study of Technology
1996



echnology Content Standards

presents, in a coherent
manner, what students should
know and be able to do in order
to achieve a high level of tech-
nological literacy. In other
words, the standards prescribe
what the outcomes of the study
of technology in grades K-12
should be, but they do not put
forth a curriculum to achieve
those outcomes. Technology
Content Standards also is
designed to act as a catalyst

for educational reform.

12

The foundation for Zechnology Content Standards was laid with
the publication of Zechnology for All Americans: A Rationale and
Structure for the Study of Technology (Rationale and Structure).
The Rationale and Structure presents the structure and content
for the study of technology, and Technology Content Standards

is an extension and elaboration of that earlier work.

Technology Content Standards

Technology programs across the United States generally have
varying structures and content. Thus, a student who takes a
technology course in one area of the country may not receive
the same core information or study the same basic concepts and
principles as a student in another area, even when the course
titles are the same or nearly so. Zechnology Content Standards
offers a way to provide a consistent content for the study of
technology that will enhance the learning of K-12 students no
matter where they live and what their future goals may be.

In the following chapters, Zechnology Content Standards lays out
what should be learned and accomplished by each student in the
study of technology at four levels, beginning with grades K-2
and continuing through 3-5, 6-8, and 9-12. The standards and
benchmarks are tailored to be age and gender appropriate and
are planned so that the material at each level builds on,
amplifies, and extends the standards and benchmarks of earlier
grades. Furthermore, the standards and benchmarks have been
designed to prescribe the content knowledge and abilities of
what students should know and be able to do in order to be
technologically literate.



Technology
Content
Standards

lays out what
should be
learned and
accomplished
by each student
in the study of
technology at
four levels.

Features of Technology Content Standards

Technology Content Standards was created
with the following basic features:

* It offers a common set of expectations for
what students in technology laboratory-
classrooms should learn.

* It is developmentally appropriate for
students.

* It provides a basis for developing mean-
ingful, relevant, and articulated curricula
at the local, state, and provincial levels.

* It promotes content connections with

other fields of study in grades K-12.

Technology Content Standards is not a
curriculum. A curriculum provides the
specific details on how the content is to be
delivered, including organization, balance,
and the various ways of presenting the
content in the laboratory-classroom, while
standards describe what the content should
be. Curriculum developers, teachers, and
others should use Zechnology Content
Standards as a guide for developing
appropriate curricula, but the standards do
not specify what should go on in the
laboratory-classroom.

In laying out the essentials for the study of
technology, Technology Content Standards
represents a recommendation from
educators, engineers, scientists, mathe-
maticians, and parents about what skills
and knowledge are needed in order to
become technologically literate. It is not,
however, a federal policy or mandate.

Téchnology Content Standards does not
prescribe an assessment process for
determining how well students are meeting
the standards, although it does provide criteria

CHAPTER n Overview of Technology Content Standards

for such an assessment. Assessment practices

deal with how well students learn the content
in Technology Content Standards. Closely tied
with assessment is how well a teacher has
directly taught and guided students in the
learning process, as well as how much support
the school and school district have provided
in this effort. The ultimate goal in any
educational assessment process is to be able to
determine how well each student is attaining
technological literacy in grades K-12.
Assessment takes place in many forms, from
daily records of students’ work, interviews,
quizzes, and tests, portfolios of longitudinal
activities in the laboratory-classroom, to
standardized tests administered by the school
system or state. Plans for comprehensive
assessment throughout the student’s education
must be designed, implemented, and
continually monitored.

13



Benchmarks in
Technology
Content
Standards
provide the
fundamental
content ele-
ments for the
broadly stated
standards.
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Format of Technology Content Standards

The individual standards presented in
Technology Content Standards are organized
into five major categories, each of which is
addressed in a separate chapter:

1. The Nature of Technology (Chapter 3)
Technology and Society (Chapter 4)
Design (Chapter 5)

Abilities for a Technological World
(Chapter 6)

5. The Designed World (Chapter 7)

Each chapter begins with a narrative that

W

defines a category, explains the importance
of each topic within a category, and gives a
brief overview of the chapter. The standards
in Chapter 3 ask that students understand
what technology is, become familiar with its
concepts, and recognize the relationships
between technology and other fields of study.
Chapter 4 examines the use of technology in
a broader context by examining its effects on
human society and the physical environ-
ment, by exploring how societal factors
shape technology, and by tracing the history
of technology. The standards in Chapter 5
focus on a cognitive understanding of a
design process with an emphasis on the
attributes of design, the engineering design
process, and other problem-solving
approaches. Chapter 6 deals with developing
abilities in designing, making, developing,
operating, maintaining, managing, and
assessing technological products and systems.
Chapter 7 covers selecting, using, and
understanding major technologies that are
common today. See Table 2.1 for a listing of
the chapters and the standard topics.

Standards
Technology Content Standards specifies what

every student should know and be able to

do in order to be technologically literate,
and it offers criteria to judge progress
toward a vision of technological literacy for
all students. There are a total of 20
standards in this document and the
individual standards fall into two types:
what students should know and understand
about technology, and what they should be
able to do. The first type, which could be
termed “cognitive” standards, sets out basic
knowledge about technology — how it
works, and its place in the world — that
students should have in order to be
technologically literate. The second type,
the “process” standards, describes the
abilities that students should have. The two
types of standards are complementary. For
example, a student can be taught in a lecture
about a design process, but the ability to
actually use a design process and to apply it
for finding a solution to a technological
problem comes only with hands-on
experiences. Likewise, it is difficult to
perform a design process effectively without
having some theoretical knowledge of how
it is usually done. See Appendix B for a

comprehensive listing of the standards.

Benchmarks

Benchmarks in Zechnology Content
Standards provide the fundamental content
elements for the broadly stated standards.
Benchmarks, which are statements that
provide the knowledge and abilities that
enable students to meet a given standard,
are provided for each of the 20 standards

at the K-2, 3-5, 6-8, and 9-12 grade levels.
The benchmarks are identified by an
alphabetical listing (e.g., A, B, C) and are
highlighted in bold type. They are followed
by supporting sentences (not in bold) that
provide further detail, clarity, and examples.
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Listing of Technology Content Standards

CHAPTERS

Students will develop an
understanding of The Nature
of Technology. This includes
acquiring knowledge of:

Students will develop an
understanding of Technology
and Society. This includes
learning about:

Students will develop an
understanding of Design.
This includes knowing about:

Students will develop
Abilities for a Technological
World. This includes
becoming able to:

Students will develop
an understanding of
The Designed World.
This includes selecting
and using:

1

10

11

12

13

14

15

16

17

18

19

20

STANDARDS

The characteristics and scope of technology.

The core concepts of technology.

The relationships among technologies and the
connections between technology and other fields.

The cultural, social, economic, and political
effects of technology.

The effects of technology on the environment.

The role of society in the development and use
of technology.

The influence of technology on history.

The attributes of design.

Engineering design.

The role of troubleshooting, research and development, inven-
tion and innovation, and experimentation in problem solving.

Apply the design process.
Use and maintain technological products and systems.

Assess the impact of products and systems.

Medical technologies.

Agricultural and related biotechnologies.
Energy and power technologies.

Information and communication technologies.
Transportation technologies.

Manufacturing technologies.

Construction technologies.

15
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The benchmarks are required in order for
students to meet the standards.

Research in education has shown that when
previously learned knowledge is tapped and
built on, students are more likely to acquire
a more coherent and thorough under-
standing of these processes than if they are
taught as isolated abstractions (National
Research Council, 1999).

With this in mind, the benchmarks are
articulated from grades K-2 through 9-12
to progress from very basic ideas at the early
elementary school level to more complex
and comprehensive ideas at the high school
level. Certain content “concepts” are found
in the benchmarks, which extend across
various levels to ensure continual learning
of an important topic related to a standard.

Vignettes

A selection of vignettes is included in this
document to provide snapshots of labora-
tory-classroom experiences. They offer
detailed examples of how the standards can
be implemented by a teacher. A large
majority of the vignettes are authentic in that
they have been successfully used before in an
actual laboratory-classroom with students. A
few of the vignettes were generated especially
for these standards and are fictional — they
have not been tried and tested. Readers
should be cautioned that any vignette should
not be read too literally or narrowly, nor
should they be interpreted as a curriculum.

Format

The format of each standard follows this
structure: (See Figure 2.1 for a sample layout)

1. The standard is expressed in
sentence form.

2. A narrative follows that explains
the intent of the standard.

3. Grade-level material is presented next

for grades K-2, 3-5, 6-8, and 9-12.

4. Under each grade-level, a narrative
follows that explains the standard
at the grade-level under discussion
and provides suggestions on how
the standard can be implemented
in the laboratory-classroom.

5. Each grade-level essay is followed by a
series of benchmarks in bold type that
detail the particular knowledge and
abilities that students must attain in order
to meet the standard. Each benchmark is
further explained by supporting sentences
(not in bold type) that offer examples
and additional details.

6. Vignettes, which are scattered
throughout each of the chapters,
provide examples of laboratory-
classroom experiences and offer
illustrations of how the standards
can be put into practice.

The standards and benchmarks were
established for guiding a student’s progress
toward technological literacy. References
that were used in the development of
Technology Content Standards include the
following standards in other subject areas:
National Science Education Standards
(National Research Council, 1996);
Benchmarks for Science Literacy (American
Association for the Advancement of
Science, 1993); Curriculum and Evaluation
Standards for School Mathematics (National
Council of Teachers of Mathematics,
1989); and National Council of Teachers

of Mathematics Standards 2000 Draft
(NCTM, 1998) and others.
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Organizational Format of a Sample Standard and Benchmark

e

Medical technologies are used to maintai
14 restore, and improve human health. .

cople in today's health-oriented
socicty spend more time and money
than in any other time in history in
scarch of how to improve their
lifesyle in order to live longer and

‘more productive lives. Technology has

providers do their work more efficiently
and cffcctively, thus improving the delivery
of medicine. Today, technologies, such as
telemedicine (the use of telecommuni-
cations technologies to deliver health carc)

are being designed and developed to

made to medicine
over the years. d i

medical expertise, to

breakthroughs are at the core of most
diagnostic and treatment practices. For
example, major surgeries used to require
long hous of surgery followed by an
extensive hospital stay. Today, through the
use of the lasers, new drugs, and updated
medical procedures, long hours in the
hospital operating room have been reduced
0 outpatient procedures in a doctor’ office,
and recuperation time has been reduced
from weeks to days.

Medical miracles are sighted often in the
news, such as the reattachment of a limb or
the saving of a life through a new medical
procedure made possible by a new device or
system. New ways of studying how the
human body functions or reacts to change
are being introduced at alarming rates.
Devices and systems are being designed o
prod, check, evaluate, and operate with
computerized and clectronic controls in
order to extend human capabilicies and help
improve human health from the risks of the
changing world.

The development of good nutrition and
preventive medicine has played a key role in
helping individuals live longer, more
productive lives. Medical advances, such as
vaccines, are developed to help healthcare

dispersed services,
to improve the w of care, and to gain

1. STANDARD
Describes what students should know and
be able to do as a result of the study of

technology.

maximum produlbity from cxpensive
medical and technical resources.

With the increase in technologics in the
‘medical industry, it is important to take
into consideration the consequences that
accompany them. Products and systems,
such as lfe-support systems and
pharmaceuticals, have helped protect and
improve human health. However, these
same products and systems have raised
many concerns, such as the length of time a
person should remain on a life-support
system and equal access to lfe-saving
procedures for cveryone.

Tn 1900 an American’s life expectancy
was 47.3 years; today, it exceeds 76 years.
Worldwide, human life expectancy has
been prolonged through the development
of sanitaion practices, vaccines, waste
disposal systems, and other products and
systems. This increase in lfe expectancy
has led to a worldwide population
explosion. The issues surrounding the use
of many technologies often conflict with
cach other or with the opinions and cthics
of those affected by its use. Therefore,
knowledge based on scientific fact is

important in making sound decisions.

3. GRADE LEVEL

 this level, the technologies used for

4. NARRATIVE OF THE STANDARD EXPLAINING THE BENCHMARK BY

GRADE LEVEL

Describes where and how this standard should be presented within
the students’ laboratory-classroom experiences at each grade level.
Suggestions are given on how the benchmarks may be implemented.

5. BENCHMARKS (in bold)
Provides specific requirements or enablers of what the student should
know or be able to do in order to meet this technology content standard.
The sentences that follow (not in bold) provide further elaboration and

9-12 health and medicine should be

ariically researched and discussed,
including the global concerns of the
use of these technologies on the
environment and the cthical concerns about
alering lfe. Students should gain the
abiliy to debate such questions as: How do
people know when a medical technology is
beneficial? At what point should people be

biedinchsos@of a medical

invention and innovation? To what degree
are designers responsible for the safecy of

their producs or systems? How will certain
products and systems affect the current and
future environment?

Students should have opportunities o
identify emerging health and medical
technologies by using trends, rescarch, and
forccasting techniques. Students should
examine healthcare technology and new
areas of development, such as the use of
lasers, computers, and telemedicine. For
" Jd srudy and |

2. NARRATIVE OF STANDARDS
Gives the explanation of what is included
in the standard and why it is important.

I e —

the rescarch that s on- going. In addicion,
students should be aware of such topics as
population control, gene mapping, and the
‘medical cffects of pesticide usage. Similarly,
students should examine how compuers in
the healtheare system play an integral role
keeping track of patient’s diagnostic
information, medicines, and resuls of
procedures. Computers also aid in analyzing
dara in order o help clinicians do their
work more efficiently and effectively. For
example, many hospitals use computer
erminals in a nerworked station to provide
up-to-the minute information on patients as
they are moved through the hospiral system.

In order to select, use, and understand
medical technologies, students in
grades 9-12 should understand that

K. Medical technologies include
prevention and rehabilitation;
vaccines and pharmaceuticals;
medical and surgical procedures;

; and the systems

examples of the benchmark.

[T e —

VIGNETTE A Pharmacy Conne

This example uses
avisit to a local
pharmacy to encourage
students to develop and
put to use their under-
standing of how the
design of a vaccine or
medicine relates to the
process of design and
how vaccines and
medicine are

related to various
technological devices.
[This example hightights
some elements of

3-5 Technology Content
Standards 1, 3, 6, 7,8, 9,
10, 11, and 14.]

The students in M. B' fifth grade class visited their local crug store to
learn more about the various medicines and individualized kits designed
to help people leam more about their bodes.

Ms. A, the local druggist, showed the students how people use various kits
to check their bodies’ pH and glucose levels, as well as their protein and
enzyme levels. The students were particularly interested in the saliva
testing kits used to determine sugar levels. In addition, the students
noticed all the different devices available for checking their temperature -
from the traditional thermometer to the new strips used on the forehead.
Ms. A demanstrated how the electronic ear thermometer worked.

When they were shown the various drugs kept in a pharmacy, the
students seemed overwhelmed. They asked Ms. A how she was able to
keep track of all the information about the drugs and the customers.

She explained that thousands of records were kept in large filing cabinets
before they had computers. Ms. A further explained that computers
enable pharmacists to link customer information with doctors’ orders.
Computers also help in delivering advice to customers regarding the safe
usage of medicines.

how a laser works by making, testing, and
evaluating a model and then relating its
adaptation t0 use in many surgical
procedurcs. They should communicate their
findings o a wide variety of audiences
including pecrs, family, and the community,
in order to explain their viewpoints on how.
products and systems can be used to
promote safe and healthy living.

Advances in medical technology have helped

I 0 improve human health by reducing the
instances of such serious discascs as polio
and smallpox. Yer, there is stll a great need
for continued improvements and more
innovations. Students should investigate the
advances in medicine for the trearment of
cancer, AIDS, and heart discase, as well as

Ater the students retured to me-” i
investigate more about the developB of various medicines and
vaccines, in addition to some of the tools used in their development.
She asked the students to refer to lessons they had studied on design
and to consider what processes of design may have been used in the
development of a medicine or vaccine. A few students used the Internet
to check information, and others referred to several books about medical
technologies. After the students had written down their information,
Ms. 8 provided them with an opportunity to share their findings. The
students reported that in order for many vaccines to work, physicians
send things into the body that tell them how the body works. They

are then able to determine if a vaccine is functioning properly. Many.
students commented on how similar the design and use of a vaccine
was to the design and use of a product or system.

6. VIGNETTE

Gives ideas or examples of how standards

T WITC gl is protected and
‘maintained. For cxample, the
development of vaccines and drugs,

such as the polio vaceine, penicillin,
and chemotherapy, has helped to
eradicate o cause remission of serious
illnesses. The development of diagnostic
tools, such as the x-ray machine,
computerized tomography (CT) scan,

and lasers, allows for less invasive

interior views of the body than surgery.
The use of specally designed
cquipment can help provide
rehabilication to disabled persons. Using
a wheelchair and other specially
designed equipment, a paraplegic
person i able to play baskecball. Many
technologies designed for health,

can be implemented in the laboratory-

classroom.
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Primary Users of
Technology Content Standards

A variety of groups and individuals can be
expected to use ZTechnology Content Standards.
Curriculum developers at the state, province,
and local level, along with textbook pub-
lishers and developers of laboratory equip-
ment, may be among the first users of the
document. They will use it to fashion cur-
riculum and resources for each grade-level.

Ultimately, of course, once the standards have
been adopted at the local and state or pro-
vincial level, teachers will implement them.
Some teachers may not wait for their states or
provinces, or school districts to act. Either
way, the ultimate success of Zechnology
Content Standards rests with teachers.

Other users of Technology Content Standards
will include superintendents, principals, and
other administrators, curriculum coordina-
tors, directors of instruction, and supervisors,
all of whom will be a part of the planning,
overseeing, and delivering of standards-based
education. Teacher educators should use the
document in designing pre-service programs
for future technology teachers. Furthermore,
parents should familiarize themselves with
the document in order to become involved
with their children’s education and to
reinforce the concepts and processes being
taught. Finally, if students are home schooled,
parents should incorporate Zechnology
Content Standards into their instruction.

Recommendations for Using
Technology Content Standards

Individuals involved in curriculum develop-
ment, teaching, or assessment should
consider the following recommendations:

Technology Content Standards represents
the careful thought of many people and
is meant to be used in its entirety. All
standards should be met for a student to
obtain the optimal level of technological
literacy at graduation from high school.

The benchmarks, which are required for
meeting the standards, specify how the
student should progress toward tech-
nological literacy and what students need
to know and be able to do in order to
meet the standards.

The standards must be integrated with
one another rather than being presented
as separate parts (e.g., Standard 1 with
Standard 8 or Standard 19 with Standard
17 and 20).

Technology Content Standards should be
included in the curriculum at each grade,
both in the technology laboratory-
classroom and in other subject areas.
Teachers should be familiar with
standards preceding and following

the grades in which they teach.

Teachers and curriculum developers
should address minority, gender, and
equity issues to ensure that students are
encouraged and motivated to succeed in

the study of technology.
Technology Content Standards should be

applied in conjunction with other
national, state, provincial, and locally
developed standards in technological
studies and for other fields of study.

School systems should begin to move
toward a K-12 technology program for all
students. (See Appendix D for an articu-
lated curriculum example for grades K-12.)



Administrator’s Guidelines
for Resources Based on
Technology Content Standards

A variety of resources, including instruc-
tional materials, textbooks, supplies,
modules, and kits to aid the laboratory-
classroom teacher, are necessary to meet the
technology content standards. Admin-
istrators should ensure that these resources
are age and gender appropriate and
progressively more rigorous and richer in
content. Each should have a clearly
designated level of application specifying
one or more of the four grade levels (K-2,

3-5, 6-8, and 9-12).

Resources based on Zechnology Content
Standards should:

¢ allow for innovations and alterations that
take into account the changing nature

of technology.

* integrate the standards, rather than
focusing on a single one.

* provide opportunities for students to
make connections among a variety of
technologies, thereby helping them
develop a common core of technological
learning. The resources should also allow
for the integration of other fields of study
into technological studies.

* incorporate varied methods of assessment
in order to provide a broad picture of a
student’s progress; these assessment
measures should allow teachers to
compare the progress of different
students and to prepare individualized
activities that take into account a
student’s strengths and weaknesses.

¢ reflect the different standards of the
designed world (Chapter 7).

CHAPTER n Overview of Technology Content Standards

* include various teaching methodologies
and student learning styles that address
diversity.

* incorporate motivational components
that will encourage students to pursue
their ideas and complete projects and
that ensure lifelong learning for all
students.

* include experiences and activities that
enhance and promote hands-on learning,
including problem-based and design-based
learning. These experiences and activities
also should be open-ended, requiring
students to develop and use technological
thinking and challenging them to use and
apply it in a variety of settings.

* incorporate knowledge and process
activities that enable students to think
and do for themselves, as well as to be
effective team members.

¢ include activities that demonstrate to
students the need to be adaptable.

* provide opportunities for students to
demonstrate their understanding of
technology and its value to them and
society.

Compendium

A compendium of the technology content
standards is presented in Appendix C.

The compendium provides a brief summary
of the content of technology as presented in
the standards and benchmarks by grade-levels.
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The Nature of Technology

STANDARDS
Students will develop an
1 understanding of the
characteristics and scope
of technology p. 23

Students will develop an
2 understanding of the core
concepts of technology p. 32

Students will develop an

3 understanding of the relationships
among technologies and the
connections between technology
and other fields of study p. 44




veryone recognizes that such
things as computers, aircraft,
and genetically engineered plants
are examples of technology,
but for most people the
understanding of technology

goes no deeper.

22

Yet because it shapes nearly every part of our lives, a basic
understanding of technology is essential to make sense of

today’s changing world.

Put simply, technology is how humans modify the world around
them to meet their needs and wants or to solve practical
problems. It can range from building protective shelter and
growing food to formulating cancer-fighting drugs and
constructing a multi-level network. Technology extends human
potential by allowing people to do things they could not

otherwise do.

Technological activity is purposeful and directed towards
specific goals, and sometimes the results are unintended.

The development of a particular technology is influenced by
a variety of factors, including the needs of individuals, groups,
and society as a whole, as well as by the level of development

of related technological components, devices, and systems.

This chapter describes what students should understand about
the nature of technology in order to become technologically
literate and adaptable. The three standards contained in
Chapter 3 address what technology is, its general core
concepts, and the relationships among various technologies

and between technology and other areas of human endeavor.
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STANDARD

1 Students will develop an understanding of
the characteristics and scope of technology.

he word “technology” encompasses Engineers are the professionals who are

many meanings and connotations. most closely associated with technology.
It can refer to the products and artifacts Although they are the innovators and
of human invention — a videocassette designers, many other people are involved

recorder is a technology, as are as well — from distributors, manufacturing

pesticides. It can denote the body of
knowledge necessary to create such
products. It can mean the process by which

and construction workers to operators,
managers, regulators, maintenance people
and ultimately, consumers.

such knowledge is produced and such
products are developed. Technology is
sometimes used very broadly to connote an
entire system of products, knowledge,
people, organizations, regulations, and social
structures, as in the technology of electric
power or the technology of the Internet.

Through their innovations, people have
modified the world around them to provide
necessities and conveniences. A tech-
nologically literate person understands the
significance of technology in everyday life
and the way in which it shapes the world.

Throughout history, the modification of
the natural world has taken on different
forms. Understanding these different forms
and how the human-made world differs
from the natural world can lead to an
understanding of human innovation. In the
Stone Age, for instance, a major technology
involved chipping flakes from pieces of flint
to shape useful tools — a task that could be
done from start to finish by one person.
Today, the products of technology generally
involve a much more complicated process,
often requiring the efforts of many people
to transform an idea or concept to its final,
practical form.

23



GRADES

K-2

24

n grades K-2, students will begin to
understand that people use creative or
inventive thinking to adapt the natural
world to help them meet human needs
and wants. Students should be actively
engaged in identifying the differences
between the natural world and the human-
made world, in addition to learning about
some of the tools and techniques people use
to help them do things. At this grade,
students should begin to explore how
people have developed ways to shape their
world in order to improve comfort, ease
workloads, and increase leisure time.

Young children are aware of the world in
which they live, but they do not generally
know how the technologies they encounter
came about. For instance, students may not
understand how the food they eat is grown,
transported, and processed. By learning how
technological developments, such as build-
ings, highways, telephones, and artificial
foods have enhanced the natural world,
students can begin to comprehend the vast
influence of technology on their lives.

STANDARD ‘ Scope of Technology

In order to comprehend the scope of
technology, students in grades K-2
should learn that

A. The natural world and human-made
world are different. The natural world
includes trees, plants, animals, rivers,
oceans, and mountains. The human-
made world includes buildings,
airplanes, microwave ovens,
refrigerators, and televisions.

B. All people use tools and techniques
to help them do things. By using
technology, people adapt the natural
world to meet their needs and wants
and to solve problems. All people use
technology in their jobs and in their
daily tasks — from librarians and
teachers to truck drivers, homemakers,
and police officers.



GRADES

3-5

n these grades, the study of technology
should enhance previous learning by
increasing the students’ understanding
of how technology helps people. As
students continue to develop a clearer
understanding of the natural world as
opposed to the human-made world, they
will develop an understanding of the
differences between technology and science.

When students observe how various things
are made, grown, or used, they should
begin to see that different processes and
techniques are used. Teachers should
encourage their students to explore these
differences in order to determine those
unique qualities. Finding answers to their
questions will lead to more questions,
which in turn will lead to a deeper
understanding of processes and techniques.

In addition, students should investigate
how technology has altered people’s
perceptions of the world. For example, they
can explore how television has enabled
people to view programs and news releases
from any part of the globe, how transporta-
tion systems have made it possible to travel
across a country in a few hours, and how
information technology systems let people
search libraries without leaving their desks.

Technological development is shaped by
economic and cultural influences. As new
technologies appear and some demands are
satisfied, the wants of humans change, new
ideas and innovations emerge, and the cycle
repeats itself. This continuing effort to
improve products and systems dictates that
technology change constantly, thus leading
to both positive and negative implications
for people and society. To see this principle
in action, students could explore the
changing forms of specific products and

CHAPTER n The Nature of Technology

systems. They might trace, for example,

the progression of recorded music from
cylinders through records, eight-track tapes,
cassettes, compact disks, and laser disks.

In this way, they could develop an under-
standing of how creative thinking and
problem solving were used to create new
and different ways of recording music to

fit the changing technological capabilities.

In order to comprehend the scope of
technology, students in grades 3-5
should learn that

C. Things that are found in nature
differ from things that are human-
made in how they are produced
and used. For example, the essentials
for natural plant growth are sunshine
(photosynthesis), air, water, and
nutrients, while human-made items
require an idea, resources (e.g., time,
money, materials, and machines), and
techniques. Things found in nature,
such as trees, birds, and wildflowers
require no human intervention. On
the other hand, creating a human-made
object, such as a garment, requires
human participation and innovation.
For instance, the fibers from the bolls of
a cotton plant are transformed into cloth
through spinning and weaving so that
they can be made into a cotton garment.

D. Tools, materials, and skills are used
to make things and carry out tasks.
People make tools to help themselves or
others do their work: a cook uses knives
to cut vegetables; a gardener uses a hoe
to remove weeds; an accountant uses a
computer to store information. People
also use materials, such as paper, wood,
cloth, and stone to make things they
use every day. Most people develop the

25



GRADES

3-5

26

STANDARD

ability to do common tasks, such as
cutting paper with scissors, and some
people develop special abilities, like
flying an airplane.

. Creative thinking and economic

and cultural influences shape tech-
nological development. For example,
the interests, desires, and economy of a
group of people will cause a transporta-
tion system to develop in one way and
not another. A transportation system
for a large city may rely on mass transit,
while one in a town might require
reliance on personal vehicles, such

as bicycles or cars.

‘ Scope of Technology



GRADES

6-8

tudents in the middle-level grades will
explore in greater detail the scope of
technology. From personal and
classroom experience, students will be
familiar with specific ways in which
technology is dynamic, and teachers should
build on this experience by reinforcing the
idea that technology is constantly changing.

Classroom activities in grades 6-8 should
help students understand that technology
enables people to improve current tech-
nologies, to further their understanding of
other technological ideas, and to develop
new technologies. For example, computers
are used to develop models before a product
is actually made.

In addition, students will learn how
creativity is central to the development

of products and systems. The development
of an invention or innovation is closely
related to addressing a need or want. In
recent years, however, the development

of something new has sometimes preceded
the need or identification of a problem.
This practice leads to a different growth in
knowledge that focuses on the development
of the product or system instead of meeting
the need or desire of a person.

In order for new technologies to be
developed, new knowledge and processes
must be developed first. This is often done
through research and development (R&D),
the practical application of scientific and
engineering knowledge for discovering new
knowledge about products, processes, and
services, and then applying that knowledge
to create new and improved products,
processes, and services that fill market needs.
For example, new knowledge developed
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about microprocessors by engineers and
scientists led to the development of modern
computer systems. Companies spend
considerable resources on developing new
understandings of how things work in hopes
of creating new products and systems or
improving existing ones. Students will
evaluate the commercial application of
technology and how economic, political,
and environmental concerns have
influenced its development.

In order to comprehend the scope of
technology, students in grades 6-8
should learn that

F. New products and systems can
be developed to solve problems
or to help do things that could
not be done without the help of
technology. For example, engines
increase the speed at which people
can travel, and pumps move water to
locations where it is needed. The use
of technology sometimes helps to
improve personal lives by lessening
threats, such as disease, toil, or igno-
rance. However, the desire or need
for a new product or system can cause
negative consequences, such as when
people travel long hours to work in
order to pay for improvements for
their homes or child and healthcare.

G. The development of technology is a
human activity and is the result of
individual or collective needs and
the ability to be creative. Making
life easier involves generating new
products and systems through creativity
and innovation. For example, from the
time of the first gas cook stove in 1936
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to the time of the microwave oven in
1967, the focus was on simplifying the
process of cooking and reducing the
time of food preparation.

Technology is closely linked to
creativity, which has resulted in
innovation. Most inventions are
inspired by perceived needs and
wants — the hairbrush, for example.
Other inventions are linked to
developing creative ideas and the way
a person uses them, not necessarily
their intended use. For example, the
invention of the tea bag grew out of a
packaging strategy to replace expensive
tin containers. Although tea was
packaged in small silk bags to give
away as samples, some users thought
it was a new way to brew the tea,

and thus the tea bag was born. An
invention can always be improved,
and trying new ideas is often key to
that improvement.

Corporations can often create
demand for a product by bringing
it onto the market and advertising
it. Although market demand generally
determines the success or failure of a
technology, companies often develop
products or systems before a need is
identified. In order for a technology
to be profitable, there must be a
market for it — either preexisting or
created through an advertising cam-
paign. The promotion of a product or
system often determines its popularity
and demand.
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VIGNETTE

The following example
uses an unforeseen
problem as an oppor-
tunity to encourage
students to develop and
use their understanding
of how technology can be
used to solve problems.
Students in Ms. K's
technology class noticed
a problem while gluing
some wings on their
rocket launch system —
the smell of the glue.
Concerned about the
effects of breathing the
fumes, the students
decided to solve their
problem by creating a
safer gluing station.
[This example highlights
some elements of Grades
6-8 Technology Content
Standards 1, 3, 9, 11,
and 20.]

Creating a Safer Working Environment

Ms. K first asked the students to define what their problems were and then
to brainstorm some possible solutions. The students began Llisting their
concerns:

1. Awful smell

2. Hard to breathe
3. No air circulating
4. Cold outside

After allowing students time to consider their problems, Ms. K divided the
class into teams and asked them to identify the most important and pressing
concern that could be addressed by designing and building a safer gluing
station. After several minutes of working in teams, each group presented its
concern to the rest of the class. Each concern was recorded, and the class
narrowed them to “awful smell” and “no air circulating.”

Next, the students spent two class periods determining the physical
limitations of the room and measuring the space necessary for a gluing
station. Everyone agreed that the gluing station should be well ventilated and
have a safe gluing surface. Students then measured the height of the windows
through which the fumes were to be vented, and made rough sketches of the
stations using a Computer Aided Design system to refine them.

Once the plans were finalized, the students made a list of the resources they
would need to turn their designs into reality: a 3' cardboard box, two 4' x 3'
sections of heavy paper, a window fan, a 2' square piece of high-density press
board, a roll of duct tape, an electrical cord, a 3' square section of wire mesh,
and a 110-volt outlet. The teacher was able to provide recycled and surplus
supplies including a discarded double-motored window fan with a bad cord.

After collecting the necessary drawings, materials, and tools, the students
created the gluing station by applying skills that they had learned earlier

in the year: using form cutting to turn a box into an encasement for the
station, attaching the fans to the box using pop rivets, and soldering a cord
between the fan and switch. They used a reducer to connect the square hole
coming from the fan in the box to a round pipe made from the heavy paper,
a device that served as the ductwork leading to the window. Duct tape was
used to connect the paper pipe to the cardboard box, and wire was cut to
fit the inside of the gluing station to protect fingers from the fan blades.

The students also put their mathematical skills to work to determine if

the cubic feet per minute (CFM) rating of the fan was sufficient for the job.
After completing the calculations, they decided that the fan did evacuate
the fumes quickly enough to avoid inhalation.
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n grades 9-12, students will gain a
broader perspective of the importance of
human innovation and ingenuity in
refining existing technologies and
developing new ones. They will also
continue to develop higher-order thinking
skills, such as questioning, investigating,
and researching. By the time they graduate,
students should have developed an under-
standing of the scope of technology. This
realization includes knowing what tech-
nology is and recognizing that it has an
intellectual domain and a content base
of its own.

Technology is intricately woven into the
fabric of human activity and is influenced
by human capabilities, cultural values,
public policies, and environmental
constraints. Students need to recognize
these influences and understand how
their integration affects technological
development. For example, the develop-
ment of earmuffs was a direct result of
harsh, cold winters. Chester Greenwood,
a young boy whose ears seemed to be
especially sensitive to the cold, decided

to develop something new. He designed a
special device made of loops of wire and
covered with black velvet and beaver fur.
Neighbors and friends were so pleased with
Chester’s invention that they, too, wanted
earmuffs, and thus a demand was created,
which lead to an 1872 patent for the
apparatus. The particular environment, in
addition to human activity and capability
and the resulting demand, determined the
success of earmulffs.

New technologies change people’s lives and
the way they do things in both expected
and unexpected ways. Technological
advances build on prior developments and

STANDARD ‘ Scope of Technology

lead to additional opportunities, challenges,
and advances in an accelerating spiral of
complexity. These advances make modern
society vastly different from what was
known 10 or 20 generations ago.

Students should realize that inventions
occur both by design (e.g., putting a human
on the moon) and by serendipity (e.g., 3M
Post-it® notes and spin offs). In addition,
they should realize innovations are planned
and aimed at, such as Edison’s light bulb,
while others grow unexpectedly out of lines
of work that take off in new directions
almost as if they have a life of their own.
The purposeful application of scientific
and technological knowledge speeds up
development, while various changes in the
physical, political, or cultural environment
can act to either speed up or slow down
technological development. For example,
the appearance of AIDS has spurred
research for new vaccines, and the Cold
War accelerated the development of both
military and space technologies. Ethical
concerns have at times restrained the
development of certain reproductive and
genetic engineering technologies.

Finally, students should understand that the
scope of technology involves its essence, its
relation to the natural world, and its rapid
and often unexpected development. At the
same time, students should also understand
that the scope of technology includes the
commercialization of products and systems.
This commercialization frequently results in
the development of many inventions and
innovations based on market research —
who the customers are, what they will
purchase, how they will purchase it, and
where they will purchase it. The product or
system is then prominently presented
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through advertising to encourage people to the buildup of plaque in the arteries
purchase it. The intention of advertising is through laser angioplasty.

to influence a purchase so that a demand )
. P . M. Most development of technologies
will develop from a desire or an unknown B
. these days is driven by the profit
need. The development and marketing of )
: . motive and the market. The success
many entertainment devices illustrate such . ,

of a technology is often determined
an approach. o

by whether or not it is affordable and

In order to comprehend the scope of whether or not it works. People often
technology, students in grades 9-12 develop and apply technology in a
should learn that centralized and large-scale fashion to

optimize efficiency and reliability, thus
J. ;I:clli:(?lt:;:c:lnlfni:izz :1:::1 of resulting in lower production costs.
processes are functions of the setting.
For example, the tractor, plow, and hay
bailer are designed specifically for use
around farms, while the pick-up truck,
tanker, and tractor-trailer are vehicles
commonly used to move goods from

farms to other areas.

K. The rate of technological develop-
ment and diffusion is increasing
rapidly. The rate of development of
inventions and innovations is affected
by many factors, such as time and
money. New technologies are built on
previous technologies, often resulting
in quick development and dispersion.
For example, the first hand-held
electronic calculator was designed to
perform simple arithmetic. It has
quickly evolved from a bulky product
owned by a few people to a miniature,
multi-function version owned by many.

L. Inventions and innovations are the
results of specific, goal-directed
research. For example, years of research
led to the design and development
of a laser system used in atmospheric
studies. This same laser system was
then modified and reapplied to treat
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ike any other branch of knowledge,

technology has a number of core

concepts that characterize it and set it

apart from other fields of study. These

concepts serve as cornerstones for the
study of technology. They help unify this
study, which could otherwise appear as a
collection of ideas that seem only minimally
connected, and they provide students with
guidance to help them understand the
designed world.

The core concepts of technology
highlighted by Zechnology Content
Standards are systems, resources, require-
ments, optimization and trade-offs,
processes, and controls. Because these
concepts are integral areas of technology,
they should not be taught as separate
topics, but rather, they should be integrated
into classes at every opportunity and
presented in whatever context is being
studied at the time. To that end, the
concepts described will also be found
interspersed throughout the other
standards. In particular, Chapter 7, “The
Designed World,” will show these core
concepts in action in various types of
technologies.

The core concepts of technology include:

* Systems. A system is a group of
interrelated components designed
collectively to achieve a desired goal.
Systems thinking involves understanding
how a whole is expressed in terms of its
parts, and conversely, how the parts relate
to each other and to the whole.

Students will develop an understanding of
the core concepts of technology.

Troubleshooting a malfunctioning system
demands considering the various parts and
how those parts affect the entire system.
Systems should be studied in different
contexts, including the design, trouble-
shooting, and operation of systems both
simple and complex.

* Resources. All technological activities
require resources, which are the things
needed to get a job done. The basic
technological resources are: tools and
machines, materials, information, energy,
capital, time, and people. Tools and
machines are those devices designed to
extend and enhance human capability.
Materials have many different qualities and
can be classified as natural (e.g., wood,
stone, metal, and clay), synthetic (e.g., glass,
concrete, and plastics), and mixed —
natural materials modified to improve
properties (e.g., leather, plywood, and
paper). Information, or the organization of
data (facts and figures), is critical to the
operation of products and systems. Energy
involves the ability to do work, and all
technological systems require energy to be
converted and applied. Capital is the
money and other finances available for the
creation and use of technological products
and systems. Time, which is allotted to all
technological activities, is limited, and
therefore, its effective use is critical in
technological endeavors. Finally, people are
the most important resource for all
technological activity.

* Requirements. Requirements are the
parameters placed on the development of a



product or system. Requirements include
the safety needs, the physical laws that will
limit the development of an idea, the
available resources, the cultural norms, and
the use of criteria and constraints. Criteria
identify the desired elements and features
of a product or system, while constraints
involve the limitations on a design. In
addition, knowing how robustness, or
over-design, affects the requirements

will also aid in developing an under-
standing of technology.

* Optimization and Trade-off. Optimiza-
tion is a process or methodology of designing
or making a product, process, or system to
the point at which it is the most fully
functional, effective, or as near perfection as
possible. The development of the wheel
represents a good example of the application
of optimization. The entire process of
creating should include optimization — from
the initial idea to the final product or system.
Trade-off involves a choice or exchange for
one quality over another. For example, the
decision to favor the best material regardless
of weight in order to achieve maximum
strength may require a designer to make a
trade-off of costs. In order to maintain
established requirements, trade-offs are made
in order to meet the characteristics of an
optimum design.

* Processes. A process is a systematic
sequence of actions used to combine
resources to produce an output. An
understanding of processes requires time
and may not transfer well to other
situations without a variety of opportunities
in which connections can be made.
Designing is the process of applying
creative skills in the development of an
invention or innovation. The process of
making models, as well as modeling in
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virtual environments, is used to
demonstrate concepts and to try out visions
and ideas. Maintenance is the process of
working with the parts of a system or the
system as a whole to ensure proper
functioning and to prevent unnecessary
errors. Management, which is the process
of planning, organizing, and controlling
technology, is used to control resources
and to ensure that technological processes
operate effectively and efficiently. Assess-
ment of products and systems requires
asking questions and looking beyond
isolated events to deeper patterns. The
end goal of assessment is to improve

the product or system.

e Controls. Controls are the mechanisms
or activities that use information to cause
systems to change. The household thermo-
stat is an example of a control used to
regulate room temperatures. Controls do
not always succeed or work perfectly.
Understanding the role of feedback, or the
use of information about the output of a
system to regulate the inputs to a system, is
important in being able to determine how
controls work in various kinds of systems,
such as social, civil, or technical.
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GRADES

K-2

tudents in the early elementary grades

will acquire a basic understanding of

many core concepts of technology that

will help them as they learn more

about the subject. Repeated exposure
to those concepts will enable them to make
connections and begin to recognize patterns
in technological development. They will
begin to notice, for example, how the use of
a system, such as a heating system, depends
on resources and requirements.

Through hands-on activities students will
learn that technological activity requires
tools, materials, movement, safety, and
planning. In addition, they will discover
how many of these same concepts relate to
other parts of their lives. Students should
have as many opportunities as possible to
talk about how the technological items they
encounter on a daily basis fit into the world
around them and how they relate to the

core concepts of technology.

The laboratory-classroom should have
available a variety of opportunities for
students to discuss, explore, and encounter
these concepts. Such activities can help
students begin to recognize the core
concepts of technology.

In order to comprehend the core
concepts of technology, students in
grades K-2 should learn that

A. Some systems are found in nature,
and some are made by humans. The
solar system in space and the circula-
tory system in the body are examples
of natural systems. One example of a
technological system is the information
and communication system, which
consists of such things as telephones,
televisions, printed materials, e-mail on
the computer, and letters.

STANDARD ‘ Core Concepts of Technology

Systems have parts or components
that work together to accomplish

a goal. For example, a bicycle can be
thought of as a system. It has many
parts — wheels, handlebars, pedals,
brakes, gears, and chains — and each
is important for the bike to function

properly.

Tools are simple objects that help
humans complete tasks. Many tools
have specific functions, and selecting
the right tool makes the task easier.
People can use tools to make things.
There are many different kinds of tools
used in preparing food, such as pots
and pans, utensils, and appliances.
Children use scissors to cut paper, glue
sticks to fasten components together,
markers to sketch ideas, and computers
to search for information.

Different materials are used in
making things. Paper, wood, cloth,
and cardboard are the most common
materials children use in making the
tools and things they design.

People plan in order to get things
done. For example, children learn that
if they want to accomplish something,
such as make a birthday card for a
parent, they must have the materials
available, and they must have the card
ready by a given date.
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3-5

n grades 3-5, a strong emphasis will be
placed on the concepts of systems,
resources, requirements and processes. At
this level, becoming more familiar with
the core concepts of technology will help
students in their development of a total
picture of the study of technology. For
example, students should be able to identify
available resources in their own communities.
These resources could include tools and
machines in their homes, materials used in
building the roads and sidewalks they use
when going to and from school, or the
information needed to use a new product.

In their mathematics and science lessons,
students sort and classify figures, shapes,
plants, and animals. Students also should
have an opportunity to classify technological
systems in order to explore them more easily.
Problem solving is another major aspect of
mathematics, science, and technology.
Through the study of diverse resources

and processes, students can develop skills
appropriate for solving technological
problems. As students get older, they can
use more advanced tools to extend their
potential. Whether they are using glue guns
or computers with design-oriented software,
they need to recognize the importance of
tools in getting things done.

Introducing the concept of requirements
will provide a foundation that will enable
students to understand the more complex
ideas of later grades. Students will begin to
understand the parameters that determine a
design or how a product will be developed
and used — the safety needs, the physical
laws that will limit the development of an
idea, the resources available, and the cultural
norms. Future discussions of requirements
will be related to the use of resources and
other core concepts of technology.
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In order to recognize the core concepts
of technology, students in grades 3-5
should learn that

F. A subsystem is a system that
operates as a part of another system.
An example of a subsystem is the
collection of water pipes in a house,
which is part of a larger fresh-water
distribution system in a town.

G. When parts of a system are missing,
it may not work as planned. A radio
does not work when electricity fails or
when a battery has been removed.

H. Resources are the things needed to
get a job done, such as tools and
machines, materials, information,
energy, people, capital, and time.
Energy transformed into power is
used for all technological activities.
For example, a battery provides

energy to power a flashlight bulb.

I. Tools are used to design, make,
use, and assess technology. There
are many kinds of tools that are used
when designing, such as paper, pencils,
and rulers or programs specially
developed for computers.

J. Materials have many different
properties. For example wood, stone,
metal, glass, and concrete are hard;
leather, paper, and some metals can be
bent; and glass and some plastics are
transparent. The properties of a specific
material determine whether it is
suitable for a given application.

K. Tools and machines extend human
capabilities, such as holding, lifting,
carrying, fastening, separating,
and computing. The use of tools
and machines, such as shears, clamps,
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vises, carts, drills, saws, and computers
makes it possible for people to
accomplish more tasks.

. Requirements are the limits to

designing or making a product

or system. For example, it is often
impossible to make a product in a
certain way because of the costs of
materials or because of time con-
straints, such as needing the product
to be made more quickly than is
possible with the method in question.
These limits are considered in
making decisions about designing
and making a product.

STANDARD ‘ Core Concepts of Technology
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VIGNETTE The Bicycle as a Vehicle for Learning

This example uses the
bicycle to help students
develop an understanding
of the various aspects of
systems thinking.
Students explore the
various components of a
bicycle and begin to
discover how they work
together. The teacher
leads the students in
making connections
between their discussion
and prior classes. The
students explore and
work with gears,
sprockets, and chains and
are given opportunities
to tie together
conceptual ideas learned
in technology and science
classes. [This example
highlights elements of
Grades 3-5 Technology
Content Standards 2, 3,
5, and 18.]

Mrs. N’s fourth-grade class is exploring how various parts of a system work
together. She chose the bicycle as an appropriate system because children
are familiar with it, and her students had recently learned in a social studies
and technology unit that people all over the world rely on bicycles for their
transportation needs. The students also had learned in their technology lab
that other modes of transportation consume scarce resources and pollute the
environment. Mrs. N brought her bicycle in and asked the class to explain
how it worked. Bob volunteered that you just get on the bicycle and ride.

Caitlin says, “Well, you are pedaling, and that makes the wheels go.”
“But if you don't steer, you'll crash or tip over,” Alice adds.

Pointing to the bicycle, Mrs. N restates the children’s comments by observing
that there are really several things happening: the rider is pedaling and steering,
the wheels are turning, and the bicycle is moving.

Mrs. N then uses this explanation to introduce how many systems operate. There
is input — in this case, energy coming from the rider pedaling the bicycle; a
process, or something happening — pedals making the wheels turn; output —
the bicycle moving; and a feedback loop — the rider observing that the bicycle
is moving in the direction and speed that is desired.

After discussing the systems and experimenting with the bicycle, Jerome
suggests, “Let’s call this pedaling system the power system of the bicycle.”

“Great idea. Is anything else happening?” Mrs. N asks.
“Well, you have to steer,” Jamie says.

“Would you consider steering to be a system also?” Mrs. N asks. Alice thinks
for a moment and then answers in the affirmative. “What else?” she asks.

“You have to brake,” Jamie notes.

“Would you consider the brakes to be a system also?” Mrs. N asks. After
contemplating the question, Jamie decides that the input is the brake lever,
the process is the brake pads acting on the wheels, and the output is slowing
down or stopping.

“It would appear, then, that a technological system might be made up of
several subsystems,” Mrs. N concludes. “In the case of the bicycle, there
is a power system, steering system, and braking system.”

“Thinking about the unit we studied last week on machines, do you observe
any simple machines in the bicycle?” Mrs. N asks.

“It has wheels and axles,” Megan says.

“The chain sprocket is like a wheel too, and there is a pulley and a lever,”
Kendall says.

Tomorrow, Mrs. N will help the children discover the relationship between speed
and the forces that produce rotation as they experiment with pedaling and
shifting the upside-down bicycle. Although the students aren’t ready yet for
math calculations, Mrs. N plans to have them develop simple charts to depict
the relationships.

Gears, sprockets, and chains will also tie the technology and science units
together. Some of the students had already experimented with gears and
chains by using the constructive building sets during their open discovery time.
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fter developing a general under-
standing of the core concepts of
technology in the prior grades,
students now can investigate these
topics and their interrelationships
in greater depth. Many aspects of the
development and use of technology deal
with these systems, resources, requirements,
optimization and trade-offs, processes, and
controls. Understanding these main ideas
will provide a strong foundation for concept
development, application, and transfer of
technological knowledge in later years.

Students should continue to explore and
learn more details about systems, such as
the fact that they can take many forms and
that systems may have numerous sub-
systems. Students might investigate, for
example, how automated production lines
function as a subsystem of the manufac-
turing system. Simple and complex systems
are a vital part of students’ lives. Just as the
students have organs that will not function
apart from their bodies, the parts and
subsystems of a technological system will
not work properly unless the system is
complete. If, for example, a system
controlling traffic lights were to suddenly
malfunction and cause traffic lights to get
out of sequence, the result could be a major
traffic jam and many irate citizens.

Most people find it easier to understand how
technology works if they see it as a system
comprised of connected parts. A new core
idea for students at this grade level is systems
thinking. Systems thinking is a practice that
focuses on the analysis and design of the
whole system as distinct from its many parts.
Students should learn to look at a problem
in its entirety by taking into account all
possible requirements and trade-offs. Prior to
this level, students have tended to
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concentrate on the parts that make up the
whole. This shift in focus can be difficul,
requiring many opportunities for students to
develop understanding. Teachers should
approach this technique as an introduction
to future work in higher grade levels.

Experiences working with different types of
technologies and processes help students learn
how devices work, as well as how to fix them
when they break. This information is used in
determining the cause of a malfunction,
maintaining products and systems, and
managing various aspects of technological
development. Understanding various
processes requires knowing the context in
which a particular process should be used and
when it is needed. Therefore, students should
have varied opportunities to use many
resources, requirements, and processes in
order to experience how trade-offs and
feedback systems affect results. Students need
to learn how to determine if a product,
service, or system conforms to specifications
and tolerances required by a design.

In order to recognize the core concepts
of technology, students in grades 6-8
should learn that

M. Technological systems include
input, processes, output, and,
at times, feedback. The input consists
of the resources that flow into a techno-
logical system. The process is the
systematic sequence of actions that
combines resources to produce an
output — encoding, reproducing,
designing, or propagating, for example.
The output is the end result, which
can have either a positive or negative
impact. Feedback is information
used to monitor or control a system.
A system often includes a component
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that permits revising or refining the
system when the feedback information
suggests such action. For example, the
fuel level indicator of a car is a feedback
system that lets the user know when the
system needs additional fuel.

Systems thinking involves
considering how every part relates
to others. Systems are used in a
number of ways in technology.
Systems also appear in many aspects
of daily life, such as solar systems,
political systems, civil systems, and
technological systems. Analyzing a
system is done in terms of its
individual parts or in terms of the
whole system and how it interacts
with or relates to other systems.

For example, discussing a computer
system may involve the particular
parts of a single computer, or it may
include the entire computer network.
In contrast, discussing the solar
system may involve listing the planets,
stars, and other celestial bodies, or it
may be discussed by comparing our
solar system to other solar systems in
the universe.

An open-loop system has no
feedback path and requires human
intervention, while a closed-loop
system uses feedback. An example
of an open-loop system is a micro-
wave oven that requires a person to
determine if the food has been heated
to the required temperature. An
example of a closed-loop system is the
heating system in a home, which has a
thermostat to provide feedback when
it needs to be turned on and off.

P
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Technological systems can be
connected to one another. Systems
can be connected with the output of
one system being the input to the
next system. Sometimes the connec-
tion provides control of one system
over another system.

Malfunctions of any part of a
system may affect the function

and quality of the system. When
part of a system breaks or functions
improperly, the results can range from
a nuisance to a disaster.

Requirements are the parameters
placed on the development of

a product or system. These
parameters are often referred

to as criteria or constraints.

Trade-off is a decision process
recognizing the need for careful
compromises among competing
factors. For example, a comparison
may be made between increasing the
takeoff power of a spacecraft and using
lightweight materials. The increased
power may result in larger engines,
which may be heavier, while the use of
the newly developed materials may
offset weight concerns. When trade-offs
are made, there is a choice or exchange
for one quality or thing in favor of
another.

Different technologies involve
different sets of processes. For
example, data processing includes
designing, summarizing, storing,
retrieving, reproducing, evaluating,
and communicating, while the
processes of construction include
designing, developing, evaluating,
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making and producing, marketing, and
managing.

Maintenance is the process of
inspecting and servicing a product
or system on a regular basis in
order for it to continue functioning
properly, to extend its life, or to
upgrade its capability. All techno-
logical systems will eventually fail.
Maintenance reduces the possibility of
failing earlier. If maintenance is not
done, failure is certain. The rate of
failure depends on such factors as how
complicated the system is, what kinds
of conditions it must operate in, and
how well it was originally built.

Controls are mechanisms or
particular steps that people perform
using information about the system
that causes systems to change.

The essence of a control mechanism

is comparing information about what
is happening to what is desired and
then adjusting devices or systems to
make the desired outcomes more likely.
For example, a microprocessor may be
used to control the performance of a
microwave or traditional oven in cook-
ing food to a desired temperature.

STANDARD ‘ Core Concepts of Technology
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9-12

y the time students enter high school,

they should be familiar with the core

concepts of technology. At this level

they can begin to analyze how those

concepts interact in issues that affect
them, their community, and the world.
Such cross-theme topics as how resources
can be sustained and how resources are
related to requirements or optimization
considerations should be discussed and
explored in great detail.

Students should focus on the concepts of
systems analysis, stability of systems, and
control systems. They should recognize that
the order in which processes are used is
variable and that new technologies are often
created out of existing ones. The marketing
of these new technologies has a direct effect
on future developments and innovations.

Students need to shift from focusing on
how the development of technology affects
them locally to a broader, global outlook.
The use of systems thinking requires
students to examine all aspects of a
problem, such as its criteria, constraints,
benefits, and consequences. Using systems
thinking helps students to determine if the
development of a particular system is worth
the efforts and cost, and to determine the
best approach. Resources can also be
examined from a global perspective by
exploring the sustainability of the Earth’s
resources. The management of work and
resources is a major factor in the success of
the commercial applications of products
and systems. Poor management can lead to
excessive costs, poor quality, and
inefficiency. Good management helps
ensure that processes and resources operate
effectively and efficiently. The use of
schedules, in addition to the allocation of

CHAPTER n The Nature of Technology

material and space, affects the use of many
technologies.

Students should learn that the processes of
technology do not always happen in a linear
order. For example, prototypes, which are
often made as part of the design process, are
used to help assess the quality of a design
before the product or system is actually
made and used. Likewise, students need to
understand that new innovations are
seldom ready for market. Once innovations
have been designed, they must be tested
and prepared for future use. Because of
requirements — capital, timing, demand,
and production problems, for example —
not all technologies make it to market. The
lifecycle of a product (or system) includes
the processes from concept to eventual
withdrawal from the marketplace. Some
product lifecycles are quite long while
others may be very short.

Optimization and trade-offs are topics that
require more time and effort for students to
develop an understanding of their
importance in technological development.
Students should have opportunities to use
simulation or mathematical modeling, both
of which are critical to the success of
developing an optimum design. If a
mathematical model is not possible, then
students will have to rely on their personal
experience and use of physical models.
Students will need to recognize the
limitations of physical models and the limits
their use imposes on being able to make
various adjustments. Likewise, students
need repeated exposure in determining
trade-offs because this important principle
will be encountered in many areas of
science, in addition to technology.
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Finally, the study of controls involves
simple as well as complex systems.

The human body includes controls that
determine breathing, circulation, and
digestion. These systems in nature are
much more complicated and sophisticated
than the most advanced human-made
control systems. Reliability, feedback,
and the basic function of a control device
determine how efficient and beneficial it
proves to be. Therefore, students need
exposure to an array of experiences

and activities which focus on designing
and working with control systems.

In order to recognize the core concepts
of technology, students in grades 9-12
should learn that

W. Systems thinking applies logic
and creativity with appropriate
compromises in complex real-life
problems. It uses simulation and
mathematical modeling to identify
conflicting considerations before
the entire system is developed.

X. Systems, which are the building
blocks of technology, are embedded
within larger technological, social,
and environmental systems. For
example, a food processor is a system
made up of components and sub-
systems. At the same time, a food
processor is only one component in
a larger food preparation system that,
in turn, is a component in a larger
home system.

Y. The stability of a technological
system is influenced by all of the

components in the system, especially

those in the feedback loop. Cruise
control in an automobile, for example,
automatically detects and controls the

BB.

CC.

DD.

STANDARD ‘ Core Concepts of Technology

speed of the car. Some delay in
feedback or in functioning can
cause a cycle to develop in a system.

Selecting resources involves trade-
offs between competing values, such
as availability, cost, desirability, and
waste. Technological development
involves decisions about which
resources can and should be used.

For example, some homes are very
energy efficient, while others con-
sume large amounts of energy.

Requirements involve the
identification of the criteria and
constraints of a product or system
and the determination of how they
affect the final design and develop-
ment. Sometimes requirements can
be constraints, criteria, or both.
Balancing the two is the optimum.

Optimization is an ongoing process
or methodology of designing or
making a product and is dependent
on criteria and constraints. Optimiza-
tion is used for a specific design purpose
to enhance or to make small gains in
desirable characteristics. An optimum
design is most possible when a mathe-
matical model can be developed so that
variations may be tested.

New technologies create new
processes. The development of

the computer has led to many new
processes, such as the development of
silicon chips, which led to smaller-
sized components.

Quality control is a planned process
to ensure that a product, service, or
system meets established criteria.

It is concerned with how well a



EE.

product, service, or system conforms
to specifications and tolerances
required by the design. For example,
a set of rigorous international
standards (ISO 9000) has been
established to help companies
systematically increase the quality
of their products and operations.

Management is the process of
planning, organizing, and con-
trolling work. Management is
sometimes called getting work done
through other people. Teamwork,
responsibility, and interpersonal
dynamics play a significant role in
the development and production

of technological products.

CHAPTER n The Nature of Technology

FE. Complex systems have many layers

of controls and feedback loops to
provide information. Controls do
not always succeed or work perfectly.
The more parts and connections in
a system, the more likely it is that
something may not work properly;
therefore, human intervention may
be necessary at some point.
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he products of technology are used in

every field of study. Technological

progress often sparks advances and

sometimes can even create a whole

new field of study. For example, the
telescope made possible the era of modern
astronomy, and the movie camera led to a
whole new art form. Conversely, tech-
nology borrows from and is influenced by
many other areas. There may be no field of
study as intimately connected with so many

other fields as technology.

Technology has its own unique content
base with specific concepts and principles
that set it apart from these other fields.
Technologies are intimately related, such as
the manufacturing used to produce gener-
ators and motors that are then used in
energy and power technology. Because
technology cannot really be appreciated
in isolation, students need to understand
that these interrelationships exist and to
gain an appreciation for how the relation-

ships shape technology.

Standard 3 discusses various opportunities
to connect ideas and procedures that
demonstrate how technologies are inter-
related and combined. This standard also
addresses how new products and systems
build on previous inventions and inno-
vations, while demonstrating how
knowledge acquired in one setting can

be applied in another. For example,
understanding how to mass-produce a
biological product developed in a research
laboratory is essential to the building of a
biotechnology company. The biotech-

Students will develop an understanding of the
relationships among technologies and the connections
between technology and other fields of study.

nology industry has learned that there is
a vast difference in engineering a product
in a laboratory and mass-producing it for
customers. Research about the various
efforts addressing production problems
associated with bioprocesses is proving
to be vital.

Science and technology are like Siamese
twins. While they have separate identities,
they must remain inextricably connected in
order to survive. Science provides the
knowledge about the natural world that
underlies most technological products
today. In return, technology provides
science with the tools needed to explore the
world. The two fields have many
similarities, such as the development of
codified sets of rules and reliance upon
testing of theories in science and of designs
in technology. The fundamental difference
between them is that science seeks to
understand a universe that already exists,
while technology is creating a universe that
has existed only in the minds of inventors.

Mathematics and technology have a similar
but more distant relationship. Mathematics
offers a language with which to express
relationships in science and technology and
provides useful analytical tools for scientists
and engineers. Technological innovations,
such as the computer, can stimulate progress
in mathematics, while mathematical
inventions, such as numerical analysis
theories, can lead to improved technologies.

Other fields of study also have relationships
with technology. The designers of bridges,
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dams, and buildings are often influenced by
art forms. In turn, technology affects the
humanities, often quite profoundly, with
inventions that offer new capabilities and
approaches. For example, the synthesizer
and the computer have aided in the
composition and performance of music,
while computer databases have revolution-
ized research in the social sciences.
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STANDARD ‘ Relationships Among Technologies and Other Fields

earning becomes more meaningful when

students can connect knowledge gained

in the classroom to their everyday

experiences. The study of technology

provides many opportunities to make
such connections. As students establish these
connections early in their education, they will
begin to understand how technology
influences their daily life.

Because the study of technology has
numerous relationships with other areas of
the K-12 curriculum, it is particularly
important to introduce technology at this
level. Teachers can focus on the common
ground between technology and other
subjects (e.g., science, mathematics, social
studies, language arts, health, physical
education, music, and art).

One effective method is to use themes from
familiar literature, such as Richard Scarrys
How Things Work, Charlottes Web, The Three
Lirtle Pigs, or Jack and the Beanstalk, to make
connections with the study of technology.
For example, E.B. White’s novel, Charlottes
Web, could offer an opportunity to learn
about such connections.

Once the book is read in class, students
could use photographs, drawings, or actual
spider webs to examine and describe the
design of various webs. They could copy a
particular design using materials, such as
yarn, string, or strips of construction paper
and then decide which materials were
easiest to use, best suited for the design, or
provided the best results. Classroom
discussions about the novel could provide
opportunities for students to build
connections between science and the study
of technology: How do spiders make webs?
How do they use their webs? Why are the
small strands in webs so strong? How do

humans apply similar designs (nets, for
example)? The children’s classic, The Three
Little Pigs, could provide the inspiration for
students to build models of each house and
then test them for strength and durability.
By understanding which structure is the
best for the pigs, even very young students
should grasp concepts such as the properties
of materials, construction techniques,
measurement, and scale.

Through activities in grades K-2, students
will have the opportunity to explore,
discover, and make connections between
technological studies and other fields of
study — an important component in the
process of learning and understanding
about the value of technology to society
and culture. Through the combined
investigation of these fields of study,
students will develop a well-rounded

knowledge base.

In order to appreciate the relationships
among technologies, as well as with
other fields of study, students in
grades K-2 should learn that

A. The study of technology uses many
of the same ideas and skills as other
subjects. For example, many ideas
learned in mathematics are also used in
the study of technology, such as basic
rules of numbers and using numbers
to represent measurements. The use
of ideas or skills learned in the study
of technology, such as measuring and
building an object, may be used to
build a representation of data collected
during mathematics instruction.
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This example uses the
story line of Stuart Little,
by E. B. White, to help
students develop an
understanding of how
the study of technology
relates to other fields

of study and vice versa.
The students develop a
basic understanding of
how things work and

how the topics they learn
in school are related.
[This example highlights
some elements of Grades
K-2 Technology Content
Standards 1, 2, 3, 10,
11, and 20.]

Helping Out Stuart Little

To provide continuity throughout the school year, Ms. L, a second-grade
teacher, chose to use Stuart Little by E. B. White as the basis for many of her
classroom activities. By using this popular children’s story, she was able to
introduce her students to many concepts in the study of technology, as well
as other subject areas.

While she was reading the book to the students, they decided the Little
family needed a new home, one that would fit Stuart and his family.
Ms. L used this opportunity to discuss with the class the differences
between fundamental needs (shelter, food, and clothing) and wants.

Working in teams, the students selected different rooms that they would
build for the Little home. Each team selected a cardboard box that was the
appropriate size and shape for the room that they were developing. Using
the materials provided, the students constructed doors, windows, stairs, and
furniture for the Littles. Next they chose colors and materials to decorate
their particular room, and with the aid of their teacher, they used simple
electrical devices to wire their model house for lights.

When they read about the Big Cat coming around, the students, with

the guidance of Ms. L, applied what they had learned about safety and
protection to develop a security system. Using aluminum foil, cards, wire,
lights, and buzzers, they designed and assembled an early warning cat-alarm
system that would alert the Little family when the Big Cat stepped onto

the porch.

Later in the year, the students planned a local trip to the zoo for the Little
family. They built different vehicles for the family’s travel and used maps to
determine where the zoo was located, how far they would have to travel,
and how long it would take to get there.

In the spring, the students planned a trip to China for the Little family.
They located China on a map and determined how far away it was. They also
learned about Chinese customs, and the value of U.S. money in China, and
even constructed passports so the Littles could get through customs.
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STANDARD ‘ Relationships Among Technologies and Other Fields

s a result of their experiences in
grades 3-5, students will have an
understanding of and an
appreciation for many possible
relationships that exist among
technologies and between the study of
technology and other fields of study.
Students then need to develop the
confidence to apply these relationships
to help them construct a greater under-
standing of how things work, how the
designs of many technologies use natural
phenomena, and how technologies affect
the development of other technologies.

Various technologies are often combined in
the development of new products and
machines. Mechanical parts, such as
springs, wheels, belts, gears, levers, and cam
and cranks, for instance, are used to make
simple machines that in turn are combined
to produce more complex machines and
systems. The combination of technologies
is not always obvious. It is hard to see the
components that make up a microwave
oven or a high-powered microscope.
However, the combinations of technologies
are more obvious in other devices — a
roller coaster, for example.

Although technology is a human enterprise
with a content and history of its own, it is
interdependent with other fields of study.
By creating laboratory-classroom
environments where this interdependency is
highlighted, teachers can increase the
opportunities for ideas to flow naturally
from lessons in one subject to lessons in
another. For example, rockets and space
fascinate many children and offer a natural
opportunity for teachers to bring together
several fields of study. Students could begin
by studying about the moon’s surface and

movement in their science lessons. Next,
they could take a historical look at the
development of various rockets. The
students could then design a rocket and
build a model to test their design. They
could apply their estimation skills learned
in a prior mathematics lesson to determine
how far their rockets could fly. Finally, they
could write a creative paper describing what
it would be like to be an astronaut traveling
in space. By seeing these connections made
in the classroom, students would gain a
clearer understanding of why they need to
learn certain concepts and principles.

In order to appreciate the relationships
among technologies, as well as with
other fields of study, students in
grades 3-5 should learn that

B. Technologies are often combined.
For example, an escalator uses the
wheel and axle, inclined plane, pulley,
gears, belts, and an electric motor to
move people from one level to
another.

C. Various relationships exist between
technology and other fields of
study. For example, the study
of technology includes the study
of natural scientific laws, systems,
design, modeling, trade-offs, and side
effects. These topics are also explored
and studied in science and mathe-
matics. Likewise, numerous fields
of study share the common concepts
of communication, scale, constancy,
and change.
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hrough the study of technology,

students in grades 6-8 begin to discover

the answer to the perennial question,

“When am I ever going to use this

knowledge?” The study of technology
in the middle-level grades helps students
recognize relationships among different
topics in technology, make connections
across fields of study, and integrate ideas
and activities in a structured setting.

For example, learning about aviation
technology could involve the study of key
technological design and performance
characteristics of planes and helicopters,
mathematical calculations used for altitudes
and airwave movement, and technical
documentation of the history of aviation
and scientific principles of flight. This
information could help students make
connections across various subjects or
disciplines, while providing opportunities
for them to expand their knowledge
through making, testing, and exploring
their designs in the technological studies
laboratory-classroom.

Students need various opportunities to
explore how technological ideas, processes,
products, and systems are interconnected.
For example, in the healthcare system
technological devices that monitor the
heart, blood pressure, and breathing are
dependent on other technological devices,
software, and hardware in order to perform
properly. In the home, heating systems are
dependent upon a thermostat system. If
one aspect of a system is not functioning
properly, the entire system may mal-
function or break down. Students also can
study relationships within technology by
exploring the role of various occupations,
such as engineering.

CHAPTER n The Nature of Technology

The free sharing of processes and tech-
niques has generally been limited to the
federal government. Because of economic
interests, businesses and industry do not
typically give ideas away. Rather, they rely
on patents to protect ideas so that others
cannot copy them without permission.
The sharing of technological knowledge

is viewed as a means to improve the quality
of life and bolster the country’s competi-
tiveness in the global marketplace. For
example, the ideas developed in genetic
engineering, first used in plants in space
program research, are now being transferred
to research and new developments involv-
ing human tissue.

Students should be encouraged to look

for relationships between the study of
technology and other fields of study. They
should understand that knowledge gained
in one field of study could be applied to
another. Such experiences will enable
students in grades 6-8 to develop systems
thinking by understanding how parts work
together to form the whole.

In order to appreciate the relationships
among technologies and other fields of
study, students in grades 6-8 should
learn that

D. Technological systems often interact
with one another. In automated
manufacturing, for example, computer
systems interact with manufacturing
systems.

E. A product, system, or environment
developed for one setting may be
applied to another setting. For
example, a computerized pump based on
biological laboratory design for the Mars
Viking space probe was modified for use

49



GRADES

6-8

50

STANDARD ‘ Relationships Among Technologies and Other Fields

as an insulin delivery mechanism that
provides diabetics with an automatic and
precise way to control blood sugar.

. Knowledge gained from other fields

of study has a direct effect on the
development of technological
products and systems. Studying the
history of technology provides people
with a way to learn from the successes
and failures of their predecessors. In
addition, skills learned from other fields
of study enhance technological
developments. For example, skills
learned in language arts are used in
making design presentations. The
concepts and principles of drawing are

used in designing and rendering

examples of technological products and
systems. Scientific and mathematical
knowledge and principles influence the
design, production, and operation of
technological systems. Science concepts,
such as Ohm’s Law, aerodynamic
principles, and the periodic table of
elements, are used in the development
of new materials and designs.
Mathematical concepts, such as the use
of measurement, symbols, estimation,
accuracy, and the idea of scaling and
proportion are key to developing a
product or system and being able to
communicate design dimensions and
proper function.
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9-12

t the 9-12 grade level, students will

increase their understanding of

technology to include an in-depth

understanding of its relationships

and connections. Developing an
appreciation for the vast relationships in
technology will help students begin to
understand how future developments and
society’s well-being is dependent on how
well technology is understood, developed,
used, and restricted.

The sharing of the development and
production of an invention (a new product
or system) or innovation (an improvement
of an existing product or system) expands
the knowledge base of technology. This
new knowledge base will have a direct effect
on the ability of people to develop and
produce more technologies, which is
referred to as technology transfer.
Technology transfer, or spin-offs, is an
exciting concept for students. Students
need to have various opportunities to
investigate how technology transfer
happens within a technology, among
technologies, and across other fields of
study. They also need to study the
economic benefits of technology transfer.
By using various resources to gather
information on technology transfer, for
example, students can prepare a
presentation that demonstrates how
technology is transferable, its potential for
new applications, and its benefits.

In the highly competitive world of business,
obtaining patents is critical. Patents are
designed to protect the financial potential
of an idea, invention, or innovation by
prohibiting others from copying the
processes and final products unless they
provide financial compensation to the
developer, or unless they wait until a given

CHAPTER n The Nature of Technology

period of time has passed. In contrast,
scientific knowledge is often communicated
openly to the public through presentations
at professional meetings and publications in
scientific journals.

Science, mathematics, engineering,
language arts, health-related fields, fine and
performing arts, and social studies offer
direct connections to technology content.
Teachers in these fields of study can include
the use of tools, artifacts, resources, simula-
tions, and computer models to better illus-
trate the knowledge or concepts they are
teaching. Likewise, students in a technology
laboratory-classroom can use content from
other fields of study when studying about
technology.

For instance, when students in a physical
education class are discussing ergonomics
(the study of the body as it relates to
design), they could build on experiences

by applying ergonomic principles in their
technology laboratory-classroom. They
could then relate information learned in
their physical education class about stresses
applied to the body, combined with
knowledge from science and mathematics
dealing with the forces of motion, to design
a model of an amusement park ride or
functional furniture. Connecting and
synthesizing technological knowledge with
other fields of study can provide valuable
information for students as they learn more
about the world around them.

In order to appreciate the relationships
among technologies, as well as with
other fields of study, students in
grades 9-12 should learn that

G. Technology transfer occurs when
a new user applies an existing
innovation developed for one
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STANDARD

purpose in a different function.
Aerospace composite materials, for
instance, were used to design an
advanced wheelchair that proved to be
lightweight and easy to maneuver.

Technological innovation often
results when ideas, knowledge,
or skills are shared within a tech-
nology, among technologies,

or across other fields. The sharing
of knowledge about irrigation tech-
niques, for instance, can enable
developing countries to try out new
ideas and make innovative adjust-
ments to their current systems to
improve the delivery of water.

Technological ideas are sometimes
protected through the process

of patenting. The protection of a
creative idea is central to the sharing
of technological knowledge. Most
often an idea is protected through the
long and tedious process of obtaining
a patent. The purpose of a patent is
to safeguard the investment of the
inventor or creator and to give credit
where and when it is due.

Technological progress promotes
the advancement of science and
mathematics. Likewise, progress in
science and mathematics leads to
advances in technology. The develop-
ment of binary language, a digital
language made up solely of ones and
zeros; the invention of the transistor, a
device designed to replace the vacuum
tube; and the use of integrated cir-
cuits, a collection of millions of
miniature transistors, helped spawn a
new generation of machines, from
laptop computers and compact disc

‘ Relationships Among Technologies and Other Fields

players to digital television. The
mathematical and scientific ideas
applied in the development of these
digital devices promoted further
developments that resulted in new
tools, such as computer modeling.
These tools, in turn, are used to
explore new scientific and mathe-
matical ideas, thereby spawning
additional discoveries.
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This example demon-
strates how collaboration
and coordination of cur-
riculum allows students
to make connections and
understand the relation-
ships of the study of
technology with other
fields. [This example
highlights some elements
of Grades 9-12 Technology
Content Standards 1, 3,
11, 12, and 14.]

CHAPTER n The Nature of Technology

A Hands-On Experience

The science teacher, Mr. C, and the technology teacher, Ms. M, worked
together to develop a unit concerning joints, tendons, muscles, and
prosthetic devices.

In their science class, students learned how these different body parts
function by using a human skeleton and related pictures to identify each
part of the body.

In their technology class, the students learned about the development of
prosthetic devices from a historical standpoint. The students then divided
into groups to fabricate a prosthesis for one of their own hands. Each group
received a poster board, string, elastic strips, straws, glue, and a utility
knife. The criteria and constraints stated that the hand must be able to pick
up a table tennis ball, pick up a piece of paper lying flat on a table top,
dial a rotary phone, and be displayed in a stand-alone presentation. After

a couple of class periods, the students tested their “hands” and determined
if they met the criteria and constraints.

As a result of the learning experiences in both classes, students developed a
clear understanding of the unique functions of joints, tendons, and muscles,
in addition to how various technologies were used in the development and
operation of prosthetic devices that mimic body functions.
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Technology and Society

Students will develop an
understanding of the cultural,
social, economic, and political
effects of technology p. 57

Students will develop an
understanding of the effects
of technology on the
environment p. 65

Students will develop an
understanding of the role

of society in the development
and use of technology p. 73

Students will develop an
understanding of the influence
of technology on history p. 79



o be understood properly,
technology must be put
into a social, cultural,

and environmental context.

56

To a large degree, a society will determine the wants and needs
that the use of technology seeks to address. This in turn shapes
the paths that technological development will take. The physical
environment, too, can play a role by creating constraints or
causing certain needs. The initial development of the steam
engine, for instance, was driven by a need to pump water out

of coal mines, and the coal mines were needed because most of

the wood in British forests had already been burned for fuel.

Conversely, technology affects both society and the environ-
ment. Technology has been called “the engine of history” for
the way in which its use drives changes in society; it influences
cultural patterns, political movements, local and global
economies, and everyday life. And, as technology has grown to
meet the demands of the world’s billions of people, its power
over the environment has grown as well, to the point where its
use has the potential both to improve or to cause great damage

to the environment.

In general, the effects of society on technology and technology
on society go hand in hand, so that the two march together
toward the future. The invention of the personal computer,
for example, was driven by the interest of a small number of
hobbyists. Once the computer was invented, people in the
business world and general population began to find uses

for it. This sparked more development, which made it

useful for greater numbers of people, whose interest drove
further development, and so on, in an ever-accelerating

spiral of adoption and development.

This chapter deals with how the use of technology affects society
and the environment, as well as how society influences the
development of technology, and how technology has changed

and evolved over the course of human history.
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A

n many ways, technology defines a

society or an era. This delineation is

reflected in the naming of time periods

to reflect the respective technological

milieus: Stone Age, Bronze Age, Iron
Age, Industrial Age, Information Age, and
so forth. Technology shapes the environ-
ment in which people live, and over the
course of time, it has become an
increasingly larger part of people’s lives.
Meanwhile, the natural components of the
environment have become correspondingly
smaller. Most people in our country live in
houses or apartments, work and shop in
large buildings, move about in vehicles, eat
prepared foods, drink water from a public
system, and rely on newspapers, radio,
television, and the Internet for much of
their communication. People occupy a
technological world.

Many of technology’s effects on society are
widely regarded as desirable. Advances in
medicine and public health have enabled
people to live longer, healthier lives while
eradicating diseases that once prevented
many children from living to adulthood.
Public water and sewer systems have
provided water to remote areas and
removed contaminants. Improved
transportation and communication systems
have brought the world closer together, and
automated manufacturing systems have
allowed the average citizen to own cars,
televisions, computers, and a host of other
consumer goods.

CHAPTER Technology and Society

Students will develop an understanding of the cultural, social,
economic, and political effects of technology.

Other effects of technology are sometimes
regarded as less desirable. Traditional ways
of life have been displaced by technological
development. This trend tends to magnify
the inequalities among peoples and among
societies by creating a situation in which a
minority of people and groups control and
use a majority of the world’s resources. As
the pace of technological change continues
to increase, questions arise as to whether
society’s political and social norms can
effectively keep up with the changes.

Such factors dealing with the use of
technology make it important that
decisions be made with care about any
particular product or system. For instance,
the emerging technology of genetic engi-
neering has great potential for improving
agriculture and the treatment of disease,

it carries a number of concerns and ethical
quandaries as well. In a democratic society
such as ours, individual citizens need to be
able to make responsible, informed deci-
sions about the development and use of
such technologies.
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GRADES

K-2

y the time they enter kindergarten,
students have already been exposed
to various home appliances, building
tools, communication products, and
transportation vehicles. A natural
place for students to start learning about
technology is by having them reflect on
how they use such things. For example, a
teacher might ask students to identify
products and systems they use and how
they use them (e.g., the refrigerator keeps
food cold, the microwave oven cooks food,
and the television provides entertainment).

Through guided inquiries, observations,
and discussions, students can also become
aware of other forms of technology in their
lives, how they are used, and what makes
them effective. For example, students could
explore what bell is used for recess and how
that bell is different from the bell used in a
fire drill. Building an awareness of how
technology is connected to each persons life
provides a foundation for a later exploration
of its effects.

Students should be encouraged to look at
both the positive and negative results of the
use of technology. Although products and
systems are generally designed to enhance
life and improve living conditions, the
outcome is not always positive. Laboratory-
classroom activities can help students
recognize that when products do not work
as planned, problems can be created.
Likewise, students should look at
technologies that enhance life and improve
living conditions. For example, teachers
could encourage students to ask questions
to determine the positive and negative
effects of artificial light. The students could
examine how home, office, and street
lighting is used to illuminate dark

STANDARD ‘ Effects of Technology

environments and provide protection and
security. They also could examine how
different kinds of light fixtures are used
in a variety of situations.

In order to recognize the changes
in society caused by the use of
technology, students in grades K-2
should learn that

A. The use of tools and machines can
be helpful or harmful. Scissors can
be used to cut paper, but they can also
cause injury. A wagon can be used to
haul toys, but if the wagon tips, the
toys will spill and may break.



GRADES

3-5

tudents are eager to know about the

world around them — how things

work, or why they work the way they

do. They ask questions, such as: Why

does a plane fly, and how is it built?
How did early people measure the length of
something? How do escalators and elevators
work? What makes a computer work the
way it does? Learning how technology
influences or changes their lifestyles takes
time and experience. Providing opport-
unities for students to explore, ask
questions, and use information resources
allows them to begin to find answers to their
technology questions, which in turn will
lead to more questions and more answers.
As they explore and make connections,
students begin to build a knowledge
foundation they will use later in solving
problems and understanding the influence
of the use of technology on society.

For instance, students who have been
studying pulleys and counterweights might
then investigate how an elevator operates.
After building a model of an elevator, they
could see how pulleys and counterweights
work to create a machine that can move
people and goods up and down. From there,
they could discuss how such machines
improve the mobility of people and goods
and the effect that elevators have on the
design and construction of buildings.

Students can consider the issues
surrounding transportation, land use,
pollution control, and communication to
become knowledgeable about the decisions
made during their development. In
examining how such decisions are made,
students should recognize that the use of
technology results in both expected and
unexpected consequences. They might,
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for instance, discuss landfills and how poor
design or construction has sometimes led to
the contamination of surrounding soil and
water. Through these exercises, students
will learn that making sound decisions
demands examining both the costs and
benefits of technological development.

In order to recognize the changes
in society caused by the use of
technology, students in grades
3-5 should learn that

B. When using technology, results can
be good or bad. These results may
affect the individual, family, com-
munity, or economy. An example of a
good result is using air conditioning to
help keep cool. However, during a
heat wave, the overuse of air condi-
tioning can result in a power outage,
which can leave a community without
electricity. Ships transport oil, which
helps people by supplying fuel for
homes, cars, and other things. But
when a ship wrecks and oil spills into
the ocean, the environment can suffer
immeasurably.

C. The use of technology can have
unintended consequences. When
a dam is built for the purpose of
supplying water for a city, it can also
provide a habitat for plants and ani-
mals uncommon to the area. At the
same time, covering a large area with
water can destroy native plants and
animals. Developers must decide
whether the product or system will be
helpful, and if so, what the best plan
will be to put it into use.
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6-8
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n the middle-level grades, students will

discuss how technology causes cultural,

social, economical, and political changes

in society, with an emphasis wherever

possible on how the use of technology
influences their own lives. For example,
students could examine how technology
used in education has changed their
learning environments. They also could
reflect on how their safety and comfort are
enhanced by new products and systems in
buildings and classrooms. Likewise, stu-
dents could determine how the use of
certain technologies affects choices and
attitudes of school personnel and the
students themselves.

Students should understand that technology
itself is neither positive nor negative, but that
the use of products and systems can have
both desirable and undesirable consequences.
When technologies work as intended, the
consequences can be desirable, such as
providing comfort from the elements,
mitigating diseases, and using natural
resources more efficiently. Sometimes,
however, the consequences are undesirable,
such as loss of jobs, the loss of resources, or
the misuse of time. Some children, for
instance, spend many hours watching
television or playing video games instead of
doing their homework or exercising. By
investigating such issues, students will come
to understand the various roles of technology
and the value of its use in society. For
example, students could be taught how the
development of motion pictures led to the
creation of the movie industry, which in turn
has affected the economy, particularly in
southern California.

Understanding the effect that the use of
technology has on cultural, social,

STANDARD ‘ Effects of Technology

economical, political, and ethical issues is
another important concept. Exploring such
issues will provide students with opport-
unities to consider principle concerns,
employ critical questioning, and determine
the benefits and changes in society caused
by the use of different technologies. Such
exploration will enhance their reasoning,

logic, and critical thinking skills.

In order to recognize the changes

in society caused by the use of tech-
nology, students in grades 6-8 should
learn that

D. The use of technology affects humans
in various ways, including their
safety, comfort, choices, and attitudes
about technology’s development and
use. People’s attitudes toward and
knowledge about a product or system,
along with their subsequent actions,
vary greatly and are influenced by their
moral, social, or political beliefs. For
example, some might support the
construction of a high-voltage electric
transmission line because it would
provide electricity to people in remote
areas, while others who live near the
path of the power line might not
support it because of potential effects
on their health and safety. Sometimes
people are well informed about a
product or system, while at other times
they have limited information to make
their choices about whether a tech-

nology should be developed or used.

E. Technology, by itself, is neither good
nor bad, but decisions about the use
of products and systems can result
in desirable or undesirable conse-
quences. For example, fossil fuels

have both desired and undesired



consequences. While these fuels pro-
vide a good source of energy, their use
may damage the environment.

The development and use of
technology poses ethical issues.
People often wonder whether the use
of some technologies is ethically
acceptable. For example, should we
allow everyone to purchase a gun?

CHAPTER Technology and Society

G. Economic, political, and cultural
issues are influenced by the

development and use of technology.

For example, information technology

systems have been used to both
inform and influence society.

Technology also affects the way
people of different cultures live,

the kind of work they do, and

the decisions they have to make.
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tudents at this level will continue to

study how the development of various

technologies affects cultures and

societies in both subtle and obvious

ways. Working from this foundation,
students will learn that the changes caused
by technology have been driven by the
desire to improve life, increase knowledge,
and conquer time.

New technologies are often developed

in response to an identified need or want
or a technological demand. But some
novel products and systems, such as some
entertainment devices, medicines, and
foods, have emerged as a result of the
application of new technological knowledge
or techniques. Students should explore
these emerging technologies and develop
the skills to evaluate their impacts. They
should learn to reason and make decisions
based on asking critical questions, not on
the basis of fear or misunderstandings. The
goal is to equip them with the necessary
knowledge and the proper mental tools to
be able to examine technological issues and
come to their own conclusions in a
responsible, ethical manner.

A classroom activity might, for instance,
have students explore the use and
development of synthetic rubber and its
related products, such as nylon. Teachers
could guide students to recognize the various
decisions and issues that were a part of the
development process and the effects initiated
by world events. For example, the study of
World War II could provide an opportunity
to discover why there was a need for
synthetic rubber to replace natural rubber.
Due to the war, resources were limited
because of military needs, and natural
products were not readily available. Thus,

STANDARD ‘ Effects of Technology

experimentation and new developments
grew out of urgent wartime needs.

Finally, students need to recognize the value
of transferring technological knowledge
within and among cultures and societies.
They should be able to point out how the
transfer of technology from one society to
another affects other cultures, societies,
economies, and politics.

In order to recognize the changes in
society caused by the use of technology,
students in grades 9-12 should learn that

H. Changes caused by the use of
technology can range from gradual
to rapid and from subtle to obvious.
Those changes have resulted in people
having information overload, rapid
adaptation or acceptance of short-
lived relationships, and the need for
instant gratification. For example,
when people listen to a classic album
or watch television on their high-tech
entertainment system, they are able to
program segments of the album to
play in a certain sequence or watch
two television programs at once while
they preview the highlights of a third

and record a fourth.

I. Making decisions about the use of
technology involves weighing the
trade-offs between the positive and
negative effects. These decisions can
have lasting impacts, sometimes affect-
ing living habits and cultural patterns
on a global scale. The construction and
use of the interstate system require
considering the benefits of providing a
safe and quick mode of transportation,
as well as the effects on the economy
and society.



J.

Ethical considerations are important
in the development, selection, and
use of technologies. For example,
medical advances for prolonging life
and treating illness have triggered
concerns about health care providers
giving more attention to the best
technological solution than to human
values or needs. Questions about how
medical technologies should be used to
sustain life and the related costs must
be considered. High-tech medicine has
transformed the philosophy of doing
everything possible to prolong life into
a consideration that living longer may
not necessarily mean living better.

The transfer of a technology from
one society to another can cause
cultural, social, economic, and
political changes affecting both
societies to varying degrees. Sharing
methods to increase food production
and preservation can alter a country’s
living habits in significant ways. For
example, the idea for developing flash
freezing, a method to freeze foods that
preserves the flavor, appearance, and
nutritional value, was based on how
the people of Labrador preserved their
food. The resulting invention, frozen
food that is ready to heat and eat, has
considerably changed the living habits
and culture of many societies.

CHAPTER Technology and Society
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This example involves
students learning about
the various issues raised
during the development
of a local airport site.
Students are encouraged
to consider all issues
and to look at how the
use of technology causes
cultural, social, economic,
and political changes in
their own area. They are
asked to work in collabo-
ration with students in a
biology class and to make
a joint presentation of
their findings. [This
example highlights some
elements of Grades 9-12
Technology Content
Standards 4, 5, 6, 10,
11, and 18.]

Students Plan New Airport Site

Students in Ms. T's technology class were discussing the issues
surrounding the development of the new regional airport near their
school. The students thought it would be a good idea to design a layout
of the airport and see how their plan compared with that of the
developers. Ms. T asked students to review aerial photos of a practical
site, outline the area on a land plot book, and sketch a geographical map
of their proposed site.

The students soon discovered just how much the airport would affect the
region. Because of the amount of acreage needed, a state highway would
need to be rerouted, part of a creek bottom would need to be rechan-
neled, and many farms would need to be bought. The students voiced
concern about the impact on the local economy, the environment, and
political issues, as well as the relocation of residents. After much
discussion, the class decided that a good science activity would involve
studying about wetlands preservation and the pollution that the airport
could bring to the area.

Mr. D’s biology class joined in on the project and began looking at the
effect of the proposed action on the various species of wetland animals.
Additionally, the biology students designed a survey to send to the
residents near the site to obtain information concerning how the citizens
felt about the proposed airport project. In another activity, students
participated in a field trip to a regional airport 50 miles from their site
and recorded sounds at varying distances from the airport. Mr. D then
asked the class to divide into groups and develop reports on the
wetlands, resident life, noise pollution, and political issues.

After the two classes had worked independently for several weeks, the
technology and biology students met jointly to share their work. The
technology group had completed a CAD layout based on proposed plans
for the airport, which included details of the terminal, runways, control
tower, and support facilities. One group of students had completed a new
land plot map to show the geographical changes the airport would create
in the rural area. Another group had created a scale model of the airport,
while yet another had designed a rerouting plan for the state highway.

The biology students presented a report on the wetlands supported by
photos, graphs, and charts of the animals, which would be endangered by
the airport development project. Students who had conducted the survey
about the impact of the airport on residents’ lifestyles presented another
report. Yet another group attended local hearings and prepared a report
that outlined the political issues of the proposed airport. The final report
contained a probability study of noise pollution on the surrounding area.

Because the information developed by the two classes was so significant,
the teachers encouraged the students to combine their findings into a
comprehensive impact study that could be presented to the Regional
Economic Development Council. This project provided a firsthand
experience for the students to observe how technological activities can
affect society and how society can affect the development of technological
activities. Also, the activity represented a practical problem of meeting
human needs in relation to cultural and economic consequences.
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STANDARD

5 Students will develop an understanding of
the effects of technology on the environment.

s with its influences on society, the

impact of the use of technology on

the environment can be positive or

negative. Technology can clean a

river or pollute it; it can clear skies
or darken them. As the use of technology
has grown, so too, has its potential to affect
the environment — a hundred million cars
have an effect that a hundred do not. It is
therefore essential that all decisions about
the use of technology be made with the
environment in mind.

Managing resources through conservation
and recycling is one of the best ways to use
technology to protect the environment.
The entire lifecycle of a product must be
taken into account before the product is
created, from the materials and processes
used in its production to its eventual
disposal. Optimizing a technological
process can make sense both
environmentally and economically because
optimization minimizes waste, maximizes

recycling, and conserves resources.

Increasingly, engineers have incorporated
such environmental responsiveness into
their designs. Many new chemical-
processing technologies, for instance,
have been engineered to produce less waste,
as well as waste that is less toxic. Other
technologies have been created to clean
effluents before they are dumped into
the surrounding water or air. Still others
have been designed to incorporate waste
materials, which would normally end up
in landfills, into new products.

Yet, the careless use of technology has
created negative effects through waste and
by-products — the toxic sludge from a
chemical plant, for example, or the
emissions from automobiles. The use of
technology also may cause damage simply
by its presence, as when the habitat of an
endangered species is displaced by a dam-
created lake. There is usually lictle
economic incentive for a company or other
entity to prevent such damage from its
products because the cost of the destruction
is spread among the millions of people
affected by it, while the cost of avoiding
that damage would be borne by the
company alone. Thus, a society usually
creates alternate incentives via the political
system and through the use of laws,
regulations, and court decisions. If citizens
are to participate effectively in this political
process, they need to be educated about the
environmental effects of technology.
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GRADES

K-2

t this age, children have only a basic
knowledge of the world around
them. Their main focus is on their
immediate surroundings and their
individual lives. Thus, K-2 students
should be introduced slowly to broader
scale thinking that leads them to realize that
their actions affect things in their individual
homes, schools, and neighborhoods.

Children at this age are often encouraged
to use scrap paper, used cardboard,

and recycled cans when they design and
make products. Because they typically
demonstrate concern about the
environment, younger students often
cooperate enthusiastically with a school-
recycling program. They should have a
basic understanding that pollution can
affect people and animals. They should
realize that a great deal of pollution results
directly from using things and then
throwing them away. Teachers can boost
this understanding of reuse, recycling, and
pollution by teaching students the best
ways to use technology.

It is important that students in grades K-2
consider whether a material, product, or
system will affect the environment. To
accomplish this, students could examine
various materials and products to determine
if they can be reused or recycled for
disposal. If they conclude that an item can
be reused, the students could develop ideas
and plan ways to reuse the item. If they
conclude that an item cannot be recycled,
they could discuss an alternative plan. They
could also experience hands-on recycling by
designing, making, and testing a variety of
containers — for cans, paper, plastic, glass,
cardboard, and other materials. Afterwards,
they could take their containers home and
actually use them for their own recycling.

STANDARD ‘ Effects on the Environment

In addition to learning about the benefits
of reuse and recycling, students should
learn that acquiring information about
materials and products is necessary in
order to make decisions. This will be
helpful in preparing students for lessons
about the use of technology and the
environment in later grades.

In order to discern the effects of tech-
nology on the environment, students
in grades K-2 should learn that

A. Some materials can be reused
and/or recycled. Materials, such
as plastic or glass containers and
cardboard tubes and boxes, may be
reused to make useful items. Other
materials, such as used newspapers,
glass, and aluminum, may be recycled.



GRADES

3-5

he environment directly affects the

quality of human life. Clean air and

water are central to a healthy and

productive life. Although the

development and use of technology
can solve many environmental problems,
improper application may pose serious
threats to the environment. It is important
for students in grades 3-5 to begin to
understand how technology affects the
environment in both positive and negative
ways. They also need to realize that it is
important to look for alternative ways to
protect their environment.

Students should have opportunities to
explore and discuss environmental issues
that are apparent locally, such as resource
management and pollution. They could
investigate ways that various technologies
are being developed and used to reduce
improper use of resources. On a broader
scale, they could look at issues affecting the
environment globally, such as dwindling
tropical rain forests and depletion of the
ozone layer. Students should use this
information while learning to make
decisions about the effects of technology
on the environment.

The proper disposal of waste and the
consistent use of recycling represent two
ways to help keep the environment healthy
and enjoyable for the future. It is not too
soon for students to understand what
happens to waste and whether it is being
disposed of appropriately. Students may
also explore how alternate forms of
transportation can reduce pollutants that
affect the environment.
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In order to discern the effects of tech-
nology on the environment, students
in grades 3-5 should learn that

B. Waste must be appropriately recycled
or disposed of to prevent unnecessary
harm to the environment. Biode-
gradable materials can be composted,
and many solid materials can be
recycled. It is important to reduce the
amount of material going to landfills.

C. The use of technology affects the
environment in good and bad ways.
For example, the development of a mass
transit system through a wooded area
can improve the environment by
reducing the number of automobiles
traveling through it. However, such a
system might cause destruction of
vegetation, present danger to native
animals, and compromise natural
aesthetics.
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GRADES

6-8

he various opportunities for

understanding the lifecycle of a material

or product should begin with learning

about the origins of various materials

and products. Students should explore
how a waste product is recycled, re-used, or
re-manufactured into a new product — old
rubber tires being ground and re-used in
road pavement or re-manufactured as soles
for shoes, for example. Once they under-
stand how products are developed, students
can then examine their use and ultimate
disposal. By tracing the lifecycle of a
product from its inception to its disposal,
students will be able to identify various
points in the sequence where technology
plays a role.

For example, students could study the
growing of corn, tomatoes, or other garden
projects. After learning details about how
the soil is prepared, how the plants are
fertilized, how the products are harvested,
packaged, transported, and marketed, the
students could examine the effects of these
various processes on the environment and
come up with more environmentally
friendly modifications.

Unfortunately, the environment is not
always friendly to humans. However,
technology can be used to modify the
environment. Technological products and
systems have been used to improve dreadful
conditions caused by natural disasters, such
as earthquakes, tornadoes, and hurricanes.
New construction and agricultural
techniques have been developed to reduce
or prevent harm to people and property.

Students should investigate how technology
has affected the natural world in both
positive and negative ways. Examples of
positive effects of technology include

STANDARD ‘ Effects on the Environment

wastewater treatment plants that make it
possible to keep rivers, lakes, and oceans
clean, and pollution-control devices that have
reduced much of the destructive acid rain.
On the other hand, the negative effects of
technology can be observed in the depletion
of the ozone layer, acid rain, deforestation,
and air and water pollution. Students should
learn how to objectively look at the pros and
cons of a given technology in order to be
informed decision makers.

Finally, students should research the
potential clash between environmental and
economic concerns created by technological
products and systems. They could look at
how the development and use of tech-
nologies sometimes cause environmental
and economic concerns to be at odds. For
example, students could follow the debates
concerning the development of Antarctica.
In the past, technological capabilities
limited the use of Antarctica to a scientific
reserve. Owing to recent technological
advances, the future of the continent and its
marine life are in question. A heightened
economic interest in the potential to
develop and use minerals from Antarctica is
causing debate about the future use of the
continent and the unknown impacts.

In order to discern the effects of tech-
nology on the environment, students
in grades 6-8 should learn that

D. The management of waste produced
by technological systems is an
important societal issue. Recycling
materials, such as glass, paper, and
aluminum has decreased the waste that
is sent to landfills, thereby reducing the
need for new disposal sites.
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E. Technologies can be used to repair F. Decisions to develop and use tech-

damage caused by natural disasters
and to break down waste from the use
of various products and systems. New
building technologies and landscaping
techniques can be used to reduce the
effects of earthquakes and major storms.
In addition, innovative ways of reducing
waste production can aid in repairing
the environment. For example, the use
of bacteria in sewage treatment helps to
clean human waste prior to being
released into rivers or lakes.

nologies often put environmental
and economic concerns in direct
competition with one another.

For example, decisions on the use

of nuclear power, wetlands preservation,
and placement of roads and highways
are sometimes in direct conflict with
many different viewpoints and interests.

69



STANDARD ‘ Effects on the Environment

VIGNETTE The Best Bag in Agawam
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This example uses a
common object, a grocery
bag, for students to
investigate how well it
works and what the
consequences of its use
are for the environment.
Students work in teams
to gather data and to
determine which grocery
bag is best suited for
hauling groceries safely.
They also gather data
regarding environmental
effects and discover that
the use of a technology
has a direct effect on
local waste management.
[This example highlights
some elements of Grades
6-8 Technology Content
Standards 5, 6, 8, 9, 10,
and 13.]

“Would you like paper or plastic?” This familiar question became the basis for
determining the effect on the environment and a technological assessment of a
common item, the grocery shopping bag. The students compared the bags by
designing and using a spreadsheet to record their characteristics and their effects
on the environment.

The class began the unit by brainstorming about the various characteristics of
grocery bags and then selecting the most important characteristics to use in their
experiment. Next, they researched different tests for evaluating each bag.

Once the tests were selected, the students divided into teams and decided which
team leader positions (“Managers”) would be necessary to complete the activity.
The five groups included the Data Team, the Inflation Team, the Puncture Team,
the Environmental Impacts Team, and the Weight Team. A sixth group, the
Management Team was made up of the leaders of each of the other five teams, in
addition to an overall project manager. The team leaders were assigned titles to
reflect their respective teams, and the students then developed resumes and
applied for the team manager positions. After reviewing the resumes and
interviewing their classmates, the class selected the management team. The
management team then selected the remaining students to serve as members of
their respective teams and developed a timeline. The teacher served as consultant.

The Management Team selected ten stores in their town from which to gather
bags. They collected the bags, along with specifications that included both the
minimum and maximum dimensions.

The Data Group designed a spreadsheet to chart the test results using an
ascending scale of 1 to 10. The score was assigned according to how well the bag
performed on each test. The spreadsheet was designed to measure the results of
the individual tests, as well as overall performance.

The Inflation Team constructed a test apparatus that allowed them to blow a blister
on samples from each bag and then to compare thickness differences at set pounds
per square inch (PSI). The team tested the thickness of the bags before and after
inflation at different PSI and noted at what PSI the bag ruptured.

The Puncture Team designed bottles and boxes that were attached to the rims of
pneumatic cylinders. After each sample bag was struck by the bottles and boxes,
the Puncture Team noted at which PSI the bag ruptured.

The Weight Group suspended the bags by their handles and then filled the bags
with sand in order to find out at what weight the handles would tear. After testing
a couple of bags, the group decided to change their test to include the weight at
which the seams separated.

The Environmental Team surveyed local consumers to determine how the bags were
used after they were taken home. The students noted if the bags were recycled or

trashed. The team also checked with the local waste management office for data on
discarded grocery bags. All information was added to the spreadsheet for each bag.

After the tests were completed, and the scores were tallied, the bag with the
highest score was declared the winner. The students then contacted the distributor
of the winning bag to determine why the distributor chose to sell that particular
bag. The students were surprised to learn that the bag was chosen for its looks and
not its strength or recyclability. The students agreed that appearance was important
because a bag with visual appeal plus durability would be reused. However,
the students concluded that more study would be needed to determine if
other measures could be used to limit the number of bags being wasted.



GRADES

9-12

tudents in grades 9-12 need to

understand the delicate balance

among people, technology, and

the environment. For example,

conservation of natural resources,
improvement of older technologies, and
large-scale use of technologies are resulting
in global changes. Learning to appreciate
the decisions that are made to maintain a
balance among society, technological use,
and the environment is central to
developing technological literacy.

Although many technological products or
systems are developed with the good of the
environment in mind, sometimes unin-
tended side effects occur. To develop an
understanding of the effect of technology
on the environment, students need to study
and have experiences with technological
devices and systems designed to help
prevent or repair damages to the environ-
ment. For example, students could design,
develop, build, and control a waste-
management or water-treatment system
that would treat soil pollution or purify
water. To reinforce this lesson, students
could visit a local water treatment facility to
determine how water treatment and waste-
disposal practices affect the surrounding
environment.

Environmental disasters are reported
regularly on the evening news. Students
should develop an understanding of how
technological advances in landscaping and
architecture are being used to mitigate such
disasters. At the same time, mishandled
materials and products may affect the
environment and, in turn, the health and
safety of people. Students could research,
design, and build a model showing a
cutaway view of their local terrain,
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complete with caverns, sand, soil, water
flow patterns, ponds, and lakes. Such a
model could be used to show how spilled
fuels or other liquids affect watersheds and
bodies of water. Students could then design
and develop solutions for fixing a potential
spill in their own area.

Students can determine how to evaluate
their needs or wants for a product or system
versus the effect that it will have on the
environment. Such an evaluation involves a
very complex process. For example, dams
and high-powered electric lines are needed
for generating power and providing service
to many communities. Yet, the damming of
streams and rivers and the diversion of
natural water flows is damaging to many
habitats and environments. Understanding
the trade-offs that must be made and then
making decisions accordingly helps students
to recognize the positive and negative effects
that can result from technological solutions.

In order to discern the effects of tech-
nology on the environment, students
in grades 9-12 should learn that

G. Humans can devise technologies to
conserve water, soil, and energy
through such techniques as reusing,
reducing and recycling. For example,
water treatment and filtering tech-
nologies can facilitate the reuse of
water; wind and water erosion can
be reduced by no-till farming; and
aluminum containers can be recycled.

H. When new technologies are
developed to reduce the use of
resources, considerations of trade-
offs are important. Examples include
the cost and limited output of photo-
voltaic cells to produce electricity
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I.

mainly in remote areas and the poten-
tial long-term side effects of new drugs.

With the aid of technology, various
aspects of the environment can be
monitored to provide information
for decision-making. The develop-
ment of a wide range of instru-
mentation to monitor the effects of
human-made gases, such as CFCs or
monitor the effects of weather
patterns (meteorology) and other
atmospheric conditions are examples
of these technologies.

The alignment of technological
processes with natural processes
maximizes performance and reduces
negative impacts on the environ-
ment. For example, buildings can be
strategically oriented to the sun to
maximize solar gain, and biode-
gradable materials can be used as
compost to make the soil more
productive.

Humans devise technologies to
reduce the negative consequences of
other technologies. Examples include
scrubbers for coal burning generation
facilities, fuels that burn more clearly
and, materials separation processes
that aid in the recycling process.

STANDARD ‘ Effects on the Environment

Decisions regarding the
implementation of technologies
involve the weighing of trade-offs
between predicted positive and
negative effects on the environment.
For example, the implementation of
advanced transportation technologies,
such as shuttles and metrorails, has had
an enormous impact on the ability to
travel. At the same time, roadways,
urban sprawl, and automobile
emissions have directly affected the
environment. Indirect effects include
factors such as pollution caused by
manufacturing and junked cars.



CHAPTER Technology and Society

STANDARD

6 Students will develop an understanding of the role
of society in the development and use of technology.

ust as technology molds society, so too

does society mold technology, shaping

it in big ways and small. The most

obvious influence that society wields

is the vote on whether a particular
product satisfies a need or want. If enough
people find a product useful or desirable, it
will generally be continued and developed
further; if it is not accepted, it will vanish
from the technological universe. In most
cases this vote is tallied by the market —
products that are profitable survive; others
do not — but sometimes, most often for
risky technologies, the decision is made
politically. Nuclear power, for example, has
been banned by a number of governments
around the world.

Because most innovations today are
developed inside organizations, organiza-
tional culture plays an important role in
shaping technology — the personal
computer as developed by Apple is a much
different machine than the personal
computer developed by IBM, for example.
Government regulations, subsidies, and
financial incentives can favor some
technologies and be a disadvantage to
others. Market forces and competition
among businesses will often shape
technological choice, as has happened in
the battle between Microsoft and Netscape
over Internet browser technology. And
individuals from Henry Ford to Ralph
Nader have stamped their personal marks
on technology as well. Corporations will
create technological demand, over-
shadowing needs and wants in favor of
developing or increasing market value.

The values and beliefs of individuals shape
their attitudes toward technology. For
instance, genetic engineering is viewed by
some as a way to produce more and better
agricultural products at lower prices, while
others see it as a possible environmental
hazard and an economic threat to small
farms. More generally, some people tend to
be sanguine about technology, believing it to
represent progress, while others view it with
suspicion, arguing that its disadvantages too
often outweigh its benefits.
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oung children are interested in
learning about various technological
products and systems and about how
such things can satisfy their own
needs and wants. This interest can be
used to teach the lesson that, in general, such
products and systems are designed with the
goal of meeting individual needs, wants, or
demands. For example, students might
explore how the desire to see after dark and
the demand for safer, more reliable sources of
light led to the use of candles, oil lamps, gas
lamps, and, eventually, the electric light
bulb. Teachers should help students
understand that the electric light bulb
displaced the candle and gas lamp because it
had a number of desirable characteristics: it
provided a brighter, steadier, and more

STANDARD ‘ Impact of Society on Technology

natural light; it was cleaner; and it was less
likely to cause a fire. This example
demonstrates that personal likes and dislikes
and preferred characteristics help shape
product development.

In order to realize the impact of
society on technology, students in
grades K-2 should learn that

A. Products are made to meet indi-
vidual needs and wants. For example,
people need water, so a system for
providing water to the home and
school was created. Because people
like to play video games, computer
software designers have responded

with an on-going supply of new games.
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This is an example of how
students may approach
the ideas behind how
people shape the
development and use

of technology and relate
them to the evolutionary
change and history of a
single product or group
of similar products.

[This example highlights
some elements of Grades
K-2 Technology Content
Standards 4, 6, 7,

and 11.]

The Development of the Button

Two people from the community, dressed in simply draped robes, visited

Mr. B's elementary classroom to help introduce a unit on the development of
technology. By asking carefully directed questions, Mr. B helped the children
realize that the robes did not have zippers, pins, or buttons — only belts
and fabric knots held the robes together. Using selected students to act as
mannequins, students demonstrated how the robe was draped and secured
using only the belts and fabric knots.

After the demonstration, the class reviewed and discussed information on
how clothing fasteners have changed over time, including the development
of buttons and buttonholes in the thirteenth century, and how the needs
and wants of individuals drove those changes. To reinforce the discussion,
the students experimented by making buttons out of materials representing
various periods of history.

Following the making and testing of their buttons and buttonholes, the
teacher and children explored why the button was so successful. Mr. B
helped the children see that buttons made clothes fit better and therefore
kept people warmer. The example enabled Mr. B to explain that the
invention of the button helped to keep babies warm in the cold, drafty
houses of the time. Thus, the button improved the survival rate of the
babies — quite an accomplishment for such a simple little device.
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tudents in grades 3-5 should learn

that people’s needs and wants have a

direct influence on the development

of technology. If people have no

desire for a certain product or system,
companies will not generally develop it.
Furthermore, once people lose interest in a
product or system, even one that was pre-
viously seen as a necessity, it will probably
be removed from the marketplace and
quickly forgotten.

In contrast, companies often encourage the
demand for a product through such tactics as
marketing or deliberately creating a shortage.
Furthermore, because people’s wants and
needs are constantly changing, technology
too is constantly changing. Toy sales can
exemplify this principle. Many toys are made
and brought to market because parents and
children demand them. If the demand for
certain toys drops, prices will also drop, and
companies will reduce production of those
items. Students should learn that when
people are deciding which product to
purchase, they are also influencing the rise

and fall of technological development.

STANDARD ‘ Impact of Society on Technology

In order to realize the impact of
society on technology, students in
grades 3-5 should learn that

B. Because people’s needs and wants
change, new technologies are
developed, and old ones are
improved to meet those changes.
Before the days of air conditioning,
covered porches on homes were very
popular because people could go
outside to enjoy a cool breeze in a
comfortable, shaded area. Now that air
conditioning is widely available, new
houses seldom feature open-air front
porches; rather, uncovered backyard
decks are favored to accommodate
modern day preferences.

C. Individual, family, community,
and economic concerns may expand
or limit the development of tech-
nologies. The development of a
product or system is related to the
wants, interests, and acceptance of
individuals. Just because a product or
system could be developed does not
mean it should be. Sometimes an
industry is able to deliver a product or
system, but because of misunder-
standing or fear, a product or system
is not developed. For example, the
electric car, nuclear power, and genetic
terminator seeds have stimulated both
public mistrust and misunderstanding,.
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echnology is widely recognized as
causing many changes in society, but
the converse is also true — society plays
a critical, if not always obvious role in
the development and use of technology.
Students in grades 6-8 should recognize
that inventions and innovations are created
to help meet the demands and interests of
individuals and communities. Likewise,
they should have opportunities to discuss
and explore various long-term research and
development projects that have resulted in
major impacts, such as fusion, space
exploration, and genetic engineering.

Students could study how modern
transportation stems from people’s needs to
move quickly from place to place. The
invention of powerful engines and motors
has helped to meet the desire for faster and
more comfortable modes of travel, which
in turn has affected the transportation
technologies by causing an increase in the
number of vehicles and roadways. The
result is a spiral of ever-improving
transportation technologies and an ever-
increasing demand for even better ones.

In order to realize the impact of
society on technology, students in
grades 6-8 should learn that

D. Throughout history, new technologies
have resulted from the demands,
values, and interests of individuals,
businesses, industries, and societies.
The development of the typewriter
helped speed the preparation of docu-
ments for many businesses, while the
development of the photocopying
machine revolutionized the process of
duplicating documents. The typewriter
and photocopying machine were
followed by many other innovations

CHAPTER Technology and Society

including an electronic facsimile (fax)
machine, and electronic mail (e-mail),
which continue to change the way
people correspond and keep records.

The use of inventions and innovations
has led to changes in society and the
creation of new needs and wants.

For example, the initial creation of radios,
televisions, and sound systems has led to
an ever-growing demand for entertain-
ment and information. Thus, the
development of technology sometimes
creates the demand.

Social and cultural priorities and
values are reflected in technological
devices. For example, an unenthusiastic
attitude toward the use of genetically
engineered foods has affected the
development of this technology, yet
many seed-producing companies are
pressed to develop insect- and disease-
resistant plants. Likewise, consumer
tastes influence technological designs,
such as the color and contours of
household appliances. For example, new
appliances are not marketed in the
rounded shapes of the 1950s or the

avocado green color of the 1970s.

Meeting societal expectations is the
driving force behind the acceptance
and use of products and systems.
Whether or not a technology is
accepted by society depends, first,

on whether it does its job and, second,
on how well it accords with various
economic, political, cultural, and
environmental concerns. With little
regard to underlying technology, people
expect buildings to provide shelter,
bridges to span water, and dams to
provide power and recreation.
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echnology is connected with and
influenced by all of society’s institutions,
including economic, family, political,
and educational. These societal
institutions have a powerful influence
on how people live, work, play, and learn.
Students in grades 9-12 need to realize the
influence of society on technology and how
its decisions will directly affect the
development of a product or system.

Students at this level begin to search for
their place in a technologically complex
world. They need to learn that decisions
they will be asked to make can be affected
by their own understanding of technology.
The more opportunities they have to
practice their technological thinking and
decision making, the better prepared they
will be to make decisions regarding
outcomes of a product or system.

Students should study how public opinion
and demands directly affect the market-
place. When a product or system is not
regarded favorably, the developers must
decide whether to continue or halt its
development. Just because a product or
system can be developed does not mean
that it should be — acceptance or rejection
by society often determines its success or
failure. If companies do not consider public
opinion, their products or systems can be
doomed to failure, which can lead to
significant financial losses. To demonstrate
this concept, students could study
inventions or innovations with limited
success: the Edsel, named for Henry Ford’s
son, was considered a poorly designed
automobile; after the Hindenburg disaster,
production of the dirigible, a large
hydrogen-filled balloon, was halted. It is
extremely difficult to convince people to
abandon an established product in which

STANDARD ‘ Impact of Society on Technology

there has been a tremendous investment.
Students should understand the importance
of public opinion — those who reap the
benefits have an advantage on influencing
decisions regarding the development and
implementation of technology.

In order to realize the impact of
society on technology, students in
grades 9-12 should learn that

H. Different cultures develop their own
technologies to satisfy their indi-
vidual and shared needs, wants,
and values. American transportation
systems are closely linked to freedom
and independence, whereas other
cultures might place more value on
the speed and convenience associated
with mass transportation systems.

I. The decision whether to develop a
technology is influenced by societal
opinions and demands, in addition to
corporate cultures. The technological
expertise to develop a particular product
or system may be available, but if the
public reaction to such development is
in opposition, or if a corporation refuses
to adjust to new and complex ideas, the
development is most often limited or

stopped.

J. A number of different factors, such as
advertising, the strength of the econ-
omy, the goals of a company, and the
latest fads contribute to shaping the
design of and demand for various
technologies. Sometimes these forces
are consistent with one another. At other
times, they may compete. The general
public may or may not be aware of the
influences that shape technology or of
how technological development will
impact the environment.
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STANDARD

7 Students will develop an understanding
of the influence of technology on history.

echnology began with very simple tools:

rocks or other natural items that were

modified to better serve whatever purpose

their maker had in mind. As time passed,

humans became more sophisticated at
making tools and also learned to process raw
materials into forms that did not exist in
nature — bronze and iron, ceramics, glass,
paper, and ink. These new materials opened
the way to improve existing tools and to
create whole new technologies. People
learned to put individual parts together to
create systems — the wheel and axle, the
lever, and the bow and arrow — that could
perform jobs no single item could. The
division of labor allowed people to become
specialists and to cooperate in making
products more complicated and sophisticated
than any individuals were likely to achieve on
their own.

A major boost to technology came with the
rise of science in the sixteenth and seven-
teenth centuries. Scientific knowledge
opened the way to a new type of design,
one not based completely on trial and error,
but based partly on being able to predict
how something should work even before

it was built.

History has seen at least three great
transformations that were driven by
technology. The development of agriculture
some 14,000 years ago was the first. By
providing a stable food supply, agriculture
allowed societies to grow and flourish,
which in turn led to the first great flowering
of civilization. The second transformation
came in the eighteenth century with the

development of the steam engine and a
number of other important machines and
the establishment of the first factories.
These changes ushered in the Industrial
Age, a time of mass production. The
creation of an interconnected system of
suppliers, manufacturers, distributors,
financiers, and inventors revolutionized the
production of material goods, making them
widely available at low cost and high
quality. The most recent transformation —
the development of powerful computers
and high-speed telecommunication
networks — has taken place over the past
few decades. These technologies have
achieved for the field of information what
the previous two revolutions did for food
and material goods. The ability to store,
manipulate, and transfer information
quickly and inexpensively has profoundly
affected almost every part of society, from
education and entertainment to business
and science.

Knowing the history of technology — the
major eras, along with specific events and
milestones — helps people understand the
world around them by seeing how
inventions and innovations have evolved
and how they in turn produced the world
as it exists today. In studying past events,
one begins to see patterns that can help in
anticipating the future. In this way, the
study of technology equips students to
make more responsible decisions about
technology and its place in society.
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tudying about the history of tech-
nology in the early school grades is
important because it provides students
with a basic understanding of how the
world around them came about. This
foundation will be important as they

progress through school.

Students will learn how technology has
evolved from early civilizations when the first
humans created primitive tools by chipping
away the edges of flint stones. Making and
using tools were among the first tech-
nologies; they were — and still are — a
means to extend human capabilities and to
help people work more comfortably.
Students will realize that humans have
become more than just toolmakers. Over
time, people have improved their capability
to create products or systems for providing
shelter, food, clothing, communication,
transportation, weapons, health, and culture.

STANDARD ‘ The History of Technology

In order to be aware of the history of
technology, students in grades K-2
should learn that

A. The way people live and work has
changed throughout history because
of technology. Once people learned to
provide shelter for themselves — first
with simple huts and later with houses,
castles, and skyscrapers — they were no
longer forced to seck natural shelter, such
as caves. The invention of the plow and
other agricultural technologies, along
with such simple devices as fish hooks
and the bow and arrow made it easier for
people to feed themselves, which freed
up time for other pursuits. People’s
ability to communicate with one another
over space and time has been improved
by the use of such tools and processes as

smoke signals, bells, papermaking,

telephones, and the Internet.
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hroughout history, people have

developed various products and systems

to help in their pursuits. To understand

this concept, students in grades 3-5

might study, for instance, the evolution
of construction. They could trace the
development of structures from the earliest
people to Egyptian pyramids, Roman
aqueducts, sailing ships, to modern day
skyscrapers. In this way, students will come
to see how the history of civilization has
been closely linked to technological
developments.

A variety of activities based on historical
periods can help students learn how people
improved their shelter, food, clothing,
communication, transportation, health, and
safety, and, therefore, promoted their
culture. For example, to develop an
understanding of the evolution of
communication, students could replicate
different forms of communication, starting
with cave drawings and carvings and
moving on to maps and charts, then to
photography, and finally to graphic design.
They could trace the progression of
artificial light from primitive cave fires to
candles, and on to gaslights and electric
light bulbs, and finally neon lights,

fluorescent lights, and lasers.

By the time they complete the elementary
grades, students will have gained a perspec-
tive on the importance of technology
through its historical development.

In addition, they will have gained an
understanding of the importance of tools
and machines throughout history.

CHAPTER Technology and Society

In order to be aware of the history of
technology, students in grades 3-5
should learn that

B. People have made tools to provide
food, to make clothing, and to
protect themselves. The products and
systems developed did not always work.
Often many attempts and variations
were tried before an idea became a
reality. For example, the development
of pottery stretched over 10,000 years.
People learned to mix various clays to
make stronger items and to fire pottery
in ovens to harden the clay faster.
Various containers, such as jugs, vases,
and cups were designed and developed
for holding things, such as water, milk,
seed, and grains. Not all of the designs
worked, and variations in some may be
seen in every ancient civilization.
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This example explores the
history of communication
and provides an oppor-
tunity for students to
begin to develop and

put to use their under-
standing of how the
evolution of technologies
relates to the history

of humankind. [This
example highlights some
elements of Grades 3-5
Technology Content
Standards 3, 4, 6, 7,

13, and 17.]

A Time Line Comparison of Communicating a Message

Understanding historical perspectives becomes critical when educators
consider that their students have never known much technology that is
more than a few years old. This point became clear to Mr. S when he
realized his fourth-grade students had never heard of the railroad
telegraphers” Morse Code mentioned during their lesson on westward
expansion. Mr. S chose communication systems as a way to help his
students explore the history of technology.

To begin the study, Mr. S provided background information, and the
students conducted basic research. The students then created a time line,
which depicted communication methods from prehistoric times to the
present. Their time lines included such milestones as drums, messengers,
whistles, mirrors, telephones, fax machines, and e-mail. The class
separated into teams, and each group researched particular types of
communication and then shared their findings with the other teams. The
class experimented with earlier forms of communication (e.g., sending
messages by foot, whistling, and using mirrors) between their school and
the school down the street. After discussing the results of these basic
forms of communication, the students concluded that more modern forms
would be necessary for their project.

The students were given an opportunity to work with modern types of
communication when their school was celebrating the networking of all
18 classrooms to the Internet. Mr. S approached his fourth graders with
the challenge of testing the new system to see if it worked as well as, or
better than, previous communication systems.

To do this, the class composed a message that read, “Our school has just
completed networking our classrooms to the Internet, so please help us
celebrate by sending back this message A.S.A.P. using the way it was sent
(e.g., inter-school mail, telephone, letter, e-mail, and fax). This is a test of
our new communication system. Thanks for participating in our celebration.”

In teams the students sent the message to 10 other schools in the
district. Each team used a different mode of communication and recorded
the amount of time it took for the recipient to respond. One team used
the inter-school hand-delivered mail system, another used the telephone,
a third mailed letters via the postal service, a fourth e-mailed the
message, and a fifth used the office fax machine.

All 10 schools replied to the message using the same form of com-
munication from which they received it. The students then were able to
compare the response rate and accuracy for each type of communication
and then assess the pros and cons of each. Finally, Mr. S's students
prepared reports for other classes with information about appropriate forms
of communication for a given purpose (e.g., postal mail for formal
invitations and e-mail for informal notes, reports). As a result of this
exercise, Mr. S's class learned a great deal about the historical changes and
improvements in communication, which were brought about by technology.
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CHAPTER Technology and Society

In order to be aware of the history of
technology, students in grades 6-8
should learn that

n the middle-level grades, students will
learn about many of the technological

milestones in human history. They will
recognize the ways in which technology

has affected people from different
historical periods — how they lived,
the kind of work they did, and the
decisions they made. Seeing the history
of technological developments in the
broader context of human history will
enable students to understand how the
impact of technology on humankind has
changed over time.

Teachers can inspire students’ curiosity
about the history of technology in a
variety of ways. They might, for example,
have students explore various structures
that provide shelter and investigate how
their climate-control systems, such as
heating and cooling, have made life
indoors more comfortable and enjoyable.
In conducting their research, students
could use such sources as books, the
Internet, and even older members of the
community to learn about life before
homes were air-conditioned and centrally
heated. Once they have gathered their
information, the students could present it
to the class in various formats, such as
building a model, making a slide
presentation, or producing a video. Any
number of other topics, including food,
clothing, communication, transportation,
weapons, and health, could also serve as
the basis for such an exercise. By
investigating the major inventions and
innovations from various times in history,
students will be able to draw conclusions
about how society and culture influence

technological development and vice versa.

C. Many inventions and innovations
have evolved by using slow and
methodical processes of tests and
refinements. For example, during the
development of the incandescent light
bulb, Thomas Edison and a team of
20 highly skilled technical personnel
performed more than 1,000 tests
before they narrowed their ideas to
the one that worked. Since that first
light bulb burned for 13 hours in
1879, there have been many
innovations and design changes.

D. The specialization of function
has been at the heart of many
technological improvements. For
example, the early steam engine was
originally designed with a single
chamber in which steam expanded
and then was condensed — thus
performing both of the two very
different functions of the steam
engine in the same place. Fifty years
later, by isolating the functions of the
cylinder and steam condenser into
separate components, James Watt
created a more efficient steam engine.

E. The design and construction of
structures for service or conven-
ience have evolved from the
development of techniques for
measurement, controlling systems,
and the understanding of spatial
relationships. For example, the
purpose of Roman aqueducts was to
provide a service by moving water
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from the surrounding hills to the city.
The water flowed through channels,
some above ground on high arches or
tiers, while most were underground
and were designed with a slight
downward grade. Building the
aqueducts required much organiza-
tion, as well as an understanding of
the materials and terrain.

In the past, an invention or innova-
tion was not usually developed

with the knowledgeof science.

STANDARD ‘ The History of Technology

The introduction of science
knowledge combined with tech-
nological knowledge led to a great
increase in engineering and
technological development. The
development of a new product or
system often happens in areas that
have not been analyzed by science or
in areas where science knowledge is
being gathered alongside the tech-
nological development, such as in
space programs.
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tudents in grades 9-12 should learn

that sometimes technological changes

are abrupt and obvious, and at other

times, they are evolutionary and

subtle. The effects of technological
advancements can also be very powerful,
irreversible, and global.

To develop an understanding of the history
of technology, students at this grade level
should learn about the origins and history
of various inventions and innovations as
they relate to particular periods of time.
Historical periods have been defined and
named in terms of the dominant products
or systems of the time. For instance,
students would learn that the Stone Age
began with the development of chipped-
stone tools, which later evolved into hand
axes, blade tools, spears, and the bow and
arrow, and that fire was also harnessed at
this time. Other historical periods have
been characterized by significant tech-
nological developments — the wheel, the
printing press, mass production, and the
computer, for example.

Without question, key developments in
technology have pushed civilization forward
and laid the foundation for the present
high-technology era. Over the past 200
years, technological and scientific growth
has become closely linked with the idea of
progress. Thus, students should compare
the various eras and come to understand
that studying the history of technology is
also studying the process of change.

Students should also understand that while
history tends to be told in terms of heroes
and individual inventors, in reality many
people with different backgrounds have
worked together and separately over time to
develop technology.

CHAPTER Technology and Society

In order to be aware of the history of
technology, students in grades 9-12
should learn that

G. Most technological development
has been evolutionary, the result
of a series of refinements to a basic
invention. For example, the develop-
ment of the pencil was a long and
tedious process. Engineers, designers,
and technicians developed many
different techniques and processes to
use a variety of materials in order to
develop the best pencil possible. Often
a product or system will have a direct
impact or dependence on another,
which will affect the pace and nature
of the change in one or both of them.
For example, information and com-
munication technologies have had an
enormous impact on the development
of the transportation system.

H. The evolution of civilization has
been directly affected by, and has
in turn affected, the development
and use of tools and materials.
Communication, agriculture, and
transportation, for example, have
evolved out of the political, economic,
and social interests and values of the
times. The use of electricity, farm
tractors, and airplanes have enhanced
safety and comfort, aided in different
means of communication, and helped
provide food and transportation.

I. Throughout history, technology
has been a powerful force in
reshaping the social, cultural,
political, and economic landscape.
The study of the history of technology
helps determine possible scenarios for
the future. For example, the develop-
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ment of the mechanical clock in the
fourteenth century changed how
people regarded their use of time.

Early in the history of technology,
the development of many tools and
machines was based not on scientific
knowledge but on technological
know-how. The Stone Age started
with the development of stone tools
used for hunting, cutting and pound-
ing vegetables and meat and progressed
to the harnessing of fire for heating,
cooking, and protection. The Bronze
Age began with the discovery of copper
and copper-based metals. Agricultural
techniques were developed to improve
the cultivation of food and its supply.
This period also involved the develop-
ment of better ways to communicate
through the development of paper, ink,
and the alphabet, to navigate with
boats made of timbers, and to under-
stand human anatomy with the aid of
an embalming process.

The Iron Age was defined by the
use of iron and steel as the primary
materials for tools. During this
period, sustained technological
advancement caused many people to
migrate from farms to developing
towns and cities. Other influential
developments in this age included
weaving machines and the spinning
wheel, which advanced the making
of cloth, and gunpowder and guns,
which were an improvement over
previous weapons for both hunting
and protection. The wide application
of new agricultural technologies, such
as the sickle, the plow, the windmill,
and irrigation, enabled fewer farmers
to grow more food.

L.

STANDARD ‘ The History of Technology

The Middle Ages saw the develop-
ment of many technological devices
that produced long-lasting effects
on technology and society. This
period saw the development of the
waterwheel, the block printing
process, paper money, the magnetic
compass, and the printing press. In
many ways, all of these devices are still
being used today, although they have
been greatly modified from their
earlier designs.

The Renaissance, a time of rebirth
of the arts and humanities, was also
an important development in the
history of technology. Leonardo Da
Vinci, an Italian painter, architect, and
engineer, created drawings and written
descriptions of the human flying
machine, a helicopter, parachutes,
diving bell suit, articulated chains, a
giant crossbow, and circular armored
vehicles. Gunsmiths, while seeking a
means to adjust their gun mechanisms,
invented the first screwdriver. The
camera obscura, silk knitting machines,
the telescope, the submarine, the
hydraulic press, and the calculating
machine also were developed during
this time period.

The Industrial Revolution saw the
development of continuous manu-
facturing, sophisticated transporta-
tion and communication systems,
advanced construction practices,
and improved education and leisure
time. Major developments of this
period included the continuous-process
flourmill, power loom and pattern-
weaving loom, steam engine, electric
motor, gasoline and diesel engines,
vulcanized rubber, airplane, telegraph,



telephone, radio, and television. The
concepts of Eli Whitney’s inter-
changeable parts and Henry Ford’s
movable conveyor added to the
advances made in the production of
goods. Extended free time was possible
as a result of increased efficiency, and
consequently, widespread education
became possible because children were
not needed on the farm and could stay
in school longer.

The Information Age places
emphasis on the processing and
exchange of information. The
development of binary language,

CHAPTER Technology and Society

transistors, microchips, and an
electronic numerical integrator and
calculator (ENIAC) led to an
explosion of computers, calculators,
and communication processes to
quickly move information from place
to place. Holography, cybernetics,
xerographic copying, the breeder
reactor, the hydrogen bomb, the lunar
landing ship, communication
satellites, prefabrication, biotech-
nology, and freeze-drying have all
been major developments during this

time period.
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esign is regarded by many

as the core problem-solving
process of technological develop-
ment. It is as fundamental to
technology as inquiry is to science
and reading is to language arts.
To become literate in the design
process requires acquiring the
cognitive and procedural knowledge
needed to create a design, in addi-
tion to familiarity with the processes
by which a design will be carried out

to make a product or system.

More broadly, problem solving is
basic to technology. Design is one
type of problem solving, but not all
technological problems are design
problems. Technology includes many
other types of problems and different
approaches to solving them, includ-
ing troubleshooting, research and
development, invention and

innovation, and experimentation.

90

The development of a technology begins as a desire to meet a need
or want. These needs or wants could belong to a single inventor or
be shared by millions of people. Once needs or wants have been
identified, the designers must determine how to satisfy or solve
them. The modern engineering profession has a number of well-
developed methods for discovering such solutions, all of which
share certain common traits. First, the designers set out to meet
certain design criteria, in essence, what the design is supposed to
do. Second, the designers must work under certain constraints,
such as time, money, and resources. Finally, the procedures or steps
of the design process are iterative and can be performed in different
sequences, depending upon the details of the particular design
problem. Once designers develop a solution, they test it to discover
its shortcomings, and then redesign it — over and over again.

Designing in technology differs significantly from designing in
art. Technological designers work within requirements to satisfy
human needs and wants, while artists display their mental images
and ideas with few constraints. Additionally, technological
designers, such as engineers, are concerned with the usability and
desirability of a product or system. As a result, efficiency is a
major consideration in technological design, while the beauty or
appearance of the product is often less important. In artistic
design, by contrast, aesthetics and beauty are central issues, while
efficiency is not. For those who appreciate them, technological
designs can be viewed as works of art that showcase creativity
equal to a well-crafted poem or an inspired painting. Industrial
design may strike a balance between art and technology.

Over the last three decades, many countries have moved the
teaching of design in technology from the periphery of the school
curriculum towards its center. Because technological design
involves practical, real-world problem-solving methods, it teaches
valuable abilities that can be applied to everyday life and provides
tools essential for living in a technological environment. Tech-
nological design also promotes teamwork as a method by which
people work together to accomplish a common goal. If students
know how problem-solving methods work, they can gain a better
appreciation and understanding of technology. In addition, by
practicing these problem-solving methods, students acquire a
number of other valuable skills — performing measurements,
making estimates and doing calculations — using a variety of tools,
working with two- and three-dimensional models, presenting
complex ideas clearly, and devising workable solutions to problems.
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STANDARD

8 Students will develop an understanding
of the attributes of design.

esign is the first step in the making
of a product or system. Without
design, the product or system cannot
be made effectively. Technological
design is a distinctive process with a
number of defining characteristics: it is
purposeful; it is based on certain require-
ments; it is systematic, it is iterative; it is
creative; and there are many possible
solutions. These fundamental attributes are
central to the design and development of
any product or system, from primitive flint
knives to sophisticated computer chips.

Technological design is purposeful because
a designer must have a goal when devising a
new product or system — some function or
list of functions that the product or system
should perform. Without a purpose, design
is no more than doodling. The design
process is a system that converts inputs into
outputs, or ideas into completed products
and systems.

A designer or engineer is always working
within requirements, such as criteria and
constraints. The criteria set the parameters
for a design by identifying the key elements
and features of what the product or system is
and what it is supposed to do. Efficiency, for
example, is an important criterion in most
designs. Constraints are limits on a design.
Some constraints are absolute — no one can
build a perpetual-motion machine, for
instance. But most of the constraints that a
designer works with are relative — funding,
space, materials, human capabilities, time, or
the environment — that must be balanced
against each other and against how well the

design satisfies the requirements. In order to
make solutions as good as possible, the
design must go through a process of
optimization, with a series of adjustments
being made to the design to improve its
effectiveness within the given requirements.
Sometimes trade-offs are made in selecting
one design over another.

Technological design must be systematic.
Because so many different designs and
approaches exist to solving a problem, a
designer is required to be systematic or else
face the prospect of wandering endlessly in
search of a solution. Over time, the
engineering profession has developed well-
tested sets of rules and design principles
that provide a systematic approach to
design. Design measurability, which is a key
concept in the engineering profession today,
is concerned with a designer’s ability to
quantify the design process in order to
improve the efficiency. Design is not a
linear, step-by-step process. Rather, it
should be an iterative, or repeating process
that allows designers to explore different
options in a pragmatic way, become
independent decision makers, and envision
multiple solutions to a problem.

Technological design inevitably involves a
certain amount — sometimes a great deal —
of human creativity. No matter how exact the
requirements or how definitive the design
principles are, there are always choices to be
made and there is always room for a fresh
idea or a new approach. As they search for
the most elegant designs that yield the best

solutions, designers and engineers will
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depend on intuition, feelings, and
impressions gained from prior experience to
determine which directions to explore.

Finally, there are many possible solutions to
a design problem. What may be the best
solution for one situation may not be the
optimum answer for another. The problem
solver should look at many different
solutions and determine which one (or
ones) is best under the circumstances.
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K-2

or many students, the K-2 classroom
will provide their first structured
experience with design and technology.
Starting at an early age, students
should be introduced gradually to the
importance of design, of visualizing objects,
of translating ideas into sketches, and of
using the design process to solve problems.

Research on how children learn suggests
that young children’s imaginations are
better stimulated when they have the
opportunity to work with actual materials.
By working individually or brainstorming
in teams, discussing their ideas, manipu-
lating materials, and investigating how
materials can be changed, students will
begin to understand what design is while
enhancing their imaginations.

Students at this age are creative, often
demonstrating an uncanny ability to
generate original solutions. In grades K-2,
students need to understand that there can
be several solutions to a given problem, and
that some of the solutions are better for a
particular situation than others. They need
to be encouraged and rewarded for
individual and team creativity as they
formulate their own solutions.

CHAPTER H Design

In order to comprehend the attributes
of design, students in grades K-2
should learn that

A. Everyone can design solutions to
a problem. When searching for a
purposeful solution to a design
problem, many ideas should be
considered, rather than looking for one
right solution. For example, if asked to
design a playhouse, students could
brainstorm various ideas, such as using
a cardboard box for the walls, building
it out of plywood, or draping a sheet
between chairs.

B. Design is a creative process. When
people think about problems in order
to solve them, it helps to stimulate
innovation and turn ideas into action.
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CRADES n grades 3-5, students will learn that In order to realize the attributes of
3 - 5 design is a useful process of planning that design, students in grades 3-5 should
allows them to come up with workable learn that

luti d ical problems.
SoTamons to evetyday practica’ probems C. The design process is a purposeful
Building on the foundation laid in grades thod of olann cical
K-2, students at this level should develop a me ,0 of planning practic )
. . solutions to problems. The design
more in-depth understanding of how a . .
. . process helps convert ideas into
product or system is designed, developed, d d Th .
made, used, and assessed. Students should p rf .?‘cts an d -sysltezins. Ef ;)CCSS '
be encouraged to consider all stages when n ul, 1ve';;n e ‘es SlLC d 1ngs as
creating their designs. They should be creating 1deas, putting the 1deas o
enco d I . d ded paper, using words and sketches,
uraged to ask questions and provide - i )
iy building models of the design, testing
opportunities to seeck more than one . :
solution to a eiven broblem out the design, and evaluating the
& p ’ solution.

Students should recognize that positive
. 8 P ) D. Requirements for a design include
and negative side effects are common in .
. . . . such factors as the desired elements
designing. As in life, sometimes generating
. and features of a product or system
a solution to one problem may create . .
. or the limits that are placed on the
additional problems. They should have the desien. Technological desi -l
. esign. Technological designs typica
freedom to model, test, and evaluate their 8 g ghs typically
. .. : have to meet requirements to be
designs before redesigning them. This )
. . successful. These requirements usually
process of continuous improvement ,
: : relate to the purpose or function of the
is one of the key concepts in modern i
. . product or system. Other requirements,
technological progress. The design process . ) ..
] ) such as size and cost, describe the limits
consists of a goal or purpose and is -
. : of a design.
bounded by a set of requirements. Typical

requirements include such things as cost,
appearance, use, safety, and market appeal.
In the laboratory or classroom, a specific
problem, the cost of materials, and the tools
that can be used are typically specified in
advance. These specifications then become
the exact requirements that students have to
work within.
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6-8

Il humans have the ability to

design and solve problems — it

is a fundamental human activity.

Building upon the foundation laid

in grades K-5, middle-level students
will strengthen their understanding of what
design is and how it relates to basic human
activities in everyday life.

Design is a creative process that allows
people to realize their dreams and ideas for
a better environment. To design is to plan,
create, modify, refine, build, and enjoy.
Good design turns ideas into products and
systems, which, in turn, pleases and excites
the users.

The design process is never considered to
be final, and multiple solutions are always
possible. As a result, technological problem
solving differs from problem solving in
other fields of study in which absolute, or
“right,” answers are sought.

In grades 6-8, students will learn more
about the influence of requirements in the
design process. At this age, students can be
easily engaged in the identification of
problems and opportunities they might
pursue. The goal is to get them to work
within reasonable requirements for a design
by providing focus for their ideas. The
Apollo space program, for instance, faced
obvious requirements, such as cost, size, the
need to withstand extreme temperatures,
and a requirement for life-sustaining
mechanisms for humans. These
requirements forced engineers to be creative
in order to put an astronaut on the moon.

Requirements encompass the factors of
criteria and constraints. Learning to work
with criteria and constraints is a challenge that
students will face throughout life and is an

CHAPTER H Design

important concept to understand at an early
age. Some criteria questions that should be
asked include: “Will it work correctly?” “Will
it be effective for its design?” “Does the size
appear to be appropriate?” Some constraints,
which specify the limitations on the design,
include: “Are the proper materials available?”
“How much will this item cost?” “How much
space is needed to build (or use) this product
or system?” “What are the important human
capabilities needed to use it?”

In order to comprehend the attributes
of design, students in grades 6-8
should learn that

E. Design is a creative planning
process that leads to useful
products and systems. The design
process typically occurs in teams
whose members contribute different
kinds of ideas and expertise.
Sometimes a design is for a physical
object such as a house, bridge, or
appliance and sometimes it is for a
non-physical thing, such as software.

F. There is no perfect design. All
designs can be improved. The best
designs optimize the desired qualities
— safety, reliability, economy, and
efficiency — within the given
constraints. All designs build on the
creative ideas of others.

G. Requirements for a design are made
up of criteria and constraints.
Criteria identify the desired elements
and features of a product or system
and usually relate to their purpose or
function. Constraints, such as size and
cost, establish the limits on a design.
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VIGNETTE

This example uses the
design process to create a
gift to recognize and pay
tribute to the teachers in
the student’s school
during Teacher Apprecia-
tion Week. [This example
highlights some elements
of Grades 6-8 Technology
Content Standards 8, 9,
10, 11, and 19.]

STANDARD ‘ Attributes of Design

Designing a Gift of Appreciation

After learning about the basics of materials and the design process, students
were given the task of designing an appreciation gift for all the teachers in
their middle school. The students outlined the design criteria and
constraints, which included: the cost for each item must be less than $1.50;
gifts must be designed and made in the technology laboratory; and the gift
should be useful.

The class began by brainstorming possible design ideas as a group. They
came up with note centers, penholders, marker racks, computer disk bins,
and other gift ideas. After selecting the computer disk bins, they dis-
cussed different materials to use. Next, each student worked individually
researching different materials, sketching ideas, and developing a model.
To estimate the cost of the various ideas, students used recent catalogs
with material prices, called local dealers, and accessed information on
the World Wide Web. They developed spreadsheets to calculate various
combinations of costs depending on the idea.

Each student presented a model to the class. Class members evaluated
the models according to the design constraints. After discussing each of
the constraints, such as costs, usefulness, and aesthetic appearance, the
class selected the model that would be based on their design constraints.
The model was then manufactured in quantity in the technology
laboratory for all teachers in the school.



GRADES

9-12

s high school students develop a
greater comprehension of the design
process, they will have opportunities
to explore the attributes of design in
greater depth. The attributes of
design include the following characteristics:
the design is purposeful; it is based on
speciﬁc requirements; it is systematic; it is
iterative; it is creative; and there are many
solutions to a design problem. They will
learn that seeking multiple solutions for a
problem is a hallmark of the practice of
technology. In order to come up with a
variety of designs that offer multiple
solutions to a problem, students should
develop an ability to use a nonlinear
approach to solving problems. The steps
of the design process serve as important
guideposts to help adept problem-solving
students use their intuition and ingenuity
to arrive at a variety of solutions. Revisiting
steps in the design process allows students
to view various solutions in a pragmatic
way. This process provides opportunities to
make adjustments to the designs. Students
begin to see the systematic, yet iterative
nature of the design process.

Designs typically are ill defined with no
natural end to the process. In searching for
the best solution, the designer redesigns,
tests, refines, and remodels again and again.
Sometimes an ingenious idea will allow
designers to come up with a design that
does exactly what they want it to do, so that
they can finish the design process.

Requirements, which include criteria and
constraints, are among the attributes of
design to be considered. Criteria are
decisions that help identify the specifications
of the design. They include such factors as
familial, economic, environmental, political,
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ethical, and societal issues that could create
problems and conflicting solutions. Because
requirements can compete with one another,
accommodating one often results in conflicts
with others. These conflicts result in trade-
offs that must be considered. For example,
the demand for high quality frequently
competes with a desire for low cost. Because
of such conflicting demands, perfect designs
simply do not exist. To find the best design,
students should learn to focus on as many
solutions as possible.

In general, efficiency is central to the require-
ments for nearly every technological design.
Efficiency specifies how well a given product
or system performs and how close that
performance is to the ideal. Optimization can
help ensure that a product or system is as
efficient as possible. Optimization processes
include features such as experimentation, trial
and error, and development.

In order to recognize the attributes of
design, students in grades 9-12 should
learn that

H. The design process includes
defining a problem, brainstorming,
researching and generating ideas,
identifying criteria and specifying
constraints, exploring possibilities,
selecting an approach, developing a
design proposal, making a model or
prototype, testing and evaluating
the design using specifications,
refining the design, creating or
making it, and communicating
processes and results. The design
process is a systematic, iterative
approach to problem solving that
promotes innovation and yields
design solutions. To systematically
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9-12

98

seek an optimum design solution,
engineers and other design pro-
fessionals use experience, education,
established design principles, creative
intuition, imagination, and culturally
specific requirements.

Design problems are seldom
presented in a clearly defined form.
Design goals and requirements must
be established and constraints must
be identified and prioritized during
the time when designs are being
developed. Design decisions typically
involve individual, familial, economic,
social, ethical, and political issues.
Often, these issues lead to conflicting
solutions. For example, what may be
politically popular may not make good
economic or social sense. Based on
these issues and depending on the
impact of the design, certain design
solutions should not be developed.

The design needs to be continually
checked and critiqued, and the ideas
of the design must be redefined and
improved. The design process also
involves considering how designs will be
developed, produced, maintained,
managed, used, and assessed. As a resul,
multiple solutions are possible. More
knowledge or competing technologies
cause a design to change with time.

Requirements of a design, such as
criteria, constraints, and efficiency,
sometimes compete with each other.
When such competition happens,
trade-offs occur, and the design is
modified to accommodate these
requirements. Different people may
choose different solutions, depending
on how they weigh factors.

STANDARD ‘ Attributes of Design
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STANDARD

0 Students will develop an
understanding of engineering design.

ngineers who are developing a
technology use a particular approach
called the engineering design process.
The design process is fundamental
to technology and to engineering.
Also referred to as technological design,
the engineering design process demands
critical thinking, the application of
technical knowledge, creativity, and
an appreciation of the effects of a design
on society and the environment.

There are many models found in literature
today that attempt to describe the engineer-
ing design process. Some are linear and
describe the progress as a series of steps that
take place in a well-defined sequence. Many
engineers, however, do not believe this
model truly reflects what takes place in the
engineering design process. Other models
picture the engineering design process in
terms of a circle with the design steps
around the circumference or as a spiral.
These models try to represent the iterative
nature of the engineering design process as
well as to indicate that the steps of the
process do not have to begin in any
prescribed sequence. Although the
engineering profession has not come to a
consensus on which model best describes
the process, they do agree on several steps
that should be included when describing it.
These steps do not have to be performed in
a set order, but rather they should be used
by designers in ways that their intuition
tells them is best suited for solving the
problem at hand. The environment in
which the engineers design should be open

and encourage creativity.

One step in the engineering design process
is identifying the problem. Another step is
generating ideas by using such techniques
as brainstorming and conducting research.
The requirements of the problem should be
identified, and the designer should explore
possibilities for solving the problem and
then select approaches that may lead to
solutions. To help evaluate the solutions,
models and prototypes can be built and
tested, and the results can then be used to
determine how well the solutions meet the
previously identified requirements. The
solution must constantly be refined as
information is gathered through feedback
and new ideas are generated. It may be
necessary to retrace a number of steps in
order to iteratively refine the design solution
before the optimum one is selected. One
of the final steps in the engineering design
process is to build or construct the actual
product or system in order to determine if
it works. Once the designer is pleased with
the solution, the final product or idea can
be produced and marketed.
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K-2

100

hildren at this age enjoy doodling,

sketching, and building simple

things. In grades K-2, they will learn

about and be able to apply these

abilities, and others, as they are
introduced to the engineering design
process. Students will understand that the
engineering design process is a method used
to solve problems. All the products and
systems they see around them must have
been designed and made — from the fork
they eat lunch with, to the toys they play
with, to the clothes they wear.

The engineering design process helps give
structure to creative and innovative thinking,.
The process includes a number of steps,
which are appropriate for young children to
learn. In a very simple form, the steps of the
engineering design process include identify-
ing the problem, looking for ideas, develop-
ing solutions, and sharing solutions with
others. Because students at this age are
focused on their immediate environments,
they should be given problems that relate to
their individual lives, including their inter-
actions with family and school environ-
ments. Looking for ideas, or researching, can
take many forms, including reading books
and talking to others. Another method for
generating new ideas is for students to
investigate things they currently use and
search for ways to improve them. As a result
of their research, students often will develop
several solutions.

As they use the engineering design process,
students should communicate their ideas
and solutions to classmates, teachers, and
family and community members using
sketches, models, and verbal descriptions.
Through this communication process,

they will be able to reflect on their progress,
as well as to receive ideas from others.

STANDARD ‘ Engineering Design

In order to comprehend engineering
design, students in grades K-2 should
learn that

A. The engineering design process
includes identifying a problem,
looking for ideas, developing
solutions, and sharing solutions
with others. In the design process,
there are many solutions to a problem,
with some being better than others.
Each design can be made better by
refining it.

B. Expressing ideas to others verbally
and through sketches and models
is an important part of the design
process. A sketch, which typically
describes the appearance of a product,
can help put ideas into a form that can
be used to communicate with others.
Sketches are more efficient than words
for conveying the size, shape, and
function of an object, while models
are effective in imparting a three-
dimensional realism to a design idea.
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VIGNETTE Can You Help Mike Mulligan?

This vignette is an
example of using
childhood literature in
the study of technology.
It uses a problem
presented in a book to
create a classroom
learning activity. This
example can be used in
the K-2 classroom to
stimulate interest and
motivate students toward
technology and literature.
[This example highlights
some elements of Grades
K-2 Technology Content
Standards 3, 9, and 10.]

Virginia Lee Burton’s book, Mike Mulligan and His Steam Shovel, provided a
problem-solving challenge for Mr. C's second grade class. After reading this
story to the point that Mike Mulligan realizes he didn't leave a way out

of the cellar hole, Mr. C asked his students to identify the problem. The
students recognized that Mike Mulligan and the steam shovel were stuck
in the hole. Mr. C then engaged the class in a brainstorming session to
generate various methods that Mike Mulligan could use to get the steam
shovel out of the hole.

After compiling a list of their ideas on the board, Mr. C divided the class
into teams of three to four students. Each group was given a tub of wet
sand with a hole dug in it and a miniature steam shovel in the bottom of
the hole. They were also given a box of materials that included such items
as spools, straws, string, wire, Popsicle sticks, yarn, paper clips, clay, glue,
tape, and rubber bands. He challenged them to use the problem-solving
skills that they had been learning in class to find a method to get the steam
shovel out of the hole without touching it.

The students then went to work as a group designing various methods that
would allow them to solve the problem. The first solutions didn't work for
most of the groups. After evaluating why their ideas didn’t work, some
groups decided to redesign their solutions while others came up with new
solutions. Mr. C offered the students resource books that contained
suggestions for various solutions.

Once the students had generated a solution and built a model of it, they
sketched a picture and labeled the simple machines that were involved in
the method. Each group then wrote a new ending to the story based on the
machine that their group developed.

The entire class gathered for the presentations. The groups demonstrated the
method and the machine they had created and read their stories to the
class. After the presentations were finished, Mr. C read the end of the story
to the class.
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tudents in grades 3-5 should build
upon what they have learned in K-2
about the engineering design process
by adding several additional steps.
They should realize, for example, that
the purpose of the engineering design
process is to convert ideas into finished
products and systems. Sometimes a design
results in physical products (e.g., a sewing
machine, a bridge, or a car), and at other
times, a design may result in processes (e.g.,
how to use a computer program, how to
make a drawing, or how to bake brownies).

The engineering design process as
understood by students in grades 3-5
includes defining the problem, generating
ideas, selecting a solution, making the item,
evaluating the outcome, and presenting the
results. As the students work with the
engineering design process, it is important
that they realize that these steps do not have
to be completed in a set sequence. Rather,
they should be completed in any sequence
that will produce the best results.

Each step of the engineering design process
involves students obtaining certain informa-
tion and developing specific skills. When
generating ideas, for instance, students should
be encouraged to be creative and to consider
thoughttully all ideas. Once they select the
solutions, students should make sketches and
drawings of what they will look like. Then,
using available resources, they should create or
make their solutions and evaluate them.
Evaluation is a back-and-forth process of
assessing the performance of solutions and
then using that information to fine-tune and
improve them. Once the students have
finalized their solutions, they should present
what they have learned to others in their class,
to the teacher, and to other members of the

STANDARD ‘ Engineering Design

school and community. In this communi-
cation process, students should describe not
only what went well, but also some of the
obstacles that they encountered in the
engineering design process.

In order to comprehend engineering
design, students in grades 3-5 should
learn that

C. The engineering design process
involves defining a problem,
generating ideas, selecting a
solution, testing the solution(s),
making the item, evaluating it, and
presenting the results. At the
beginning of this process, it is
important that students gather as
much information about the problem
as they can find. This “wide open”
consideration of all ideas will help as
they seek the best solution for their
problem.

D. When designing an object, it is
important to be creative and
consider all ideas. The design process
can unlock creative thinking and turn
ideas into reality. Having a lot of ideas
gives the designer many possibilities to
draw from and use.

E. Models are used to communicate
and test design ideas and processes.
Models are replicas of an object in
three-dimensional form. Models can
be used to test ideas, make changes to
designs, and to learn more about what
would happen to a similar, real object.
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6-8

hen learning the engineering design

process the teacher and students first

need to define the problem. Once the

problem is determined, brainstorming

becomes an important group problem-
solving technique for generating as many ideas
as possible. It allows for creative input from a
number of people and encourages everyone to
speak without fear of their ideas being judged
or belittled. The more ideas an individual can
draw from, the better the chances that an
optimum solution can be found. After the
initial brainstorming session is completed, the
group should determine which of the ideas
suggested are the most appropriate. These
ideas should then be researched in more depth.
The designer also needs to specify constraints
and identify criteria in order to establish the
requirements of the design. Throughout the
iterative process, alternative solutions should
be considered.

At this point, an approach for solving a
problem should be selected, and a design
proposal should be developed. A design
proposal is a written plan that specifies what
the design will look like and what resources
are needed to develop it. It can be com-
municated through various forms, such as
sketches, drawings, models, and written
instructions. Models allow a designer to make
a smaller version without having to invest the
time and expense of making the larger item.
Physical, mathematical, and graphic models
can also be used to communicate an idea.

After an idea has been developed, it is
important to test and evaluate the design based
on the requirements. This testing and
evaluating process leads to the refinement and
improvement of the design. Next, the refined
design is developed and produced. This may

involve making one or more items.

CHAPTER H Design

In order to comprehend engineering
design, students in grades 6-8 should
learn that

F. Design involves a set of steps,
which can be performed in different
sequences and repeated as needed.
Each design problem is unique and
may require different procedures or
demand that the steps be performed in
a different sequence. In addition,
engineers and designers also have their
preferences and problem-solving styles
and may choose to approach the design
process in different ways.

G. Brainstorming is a group problem-
solving design process in which each
person in the group presents his or her
ideas in an open forum. In this process,
no person is allowed to criticize anyone
else’s ideas regardless of how inane they
may seem. After all of the ideas are
recorded, the group selects the best ones,
and then further develops them.

H. Modeling, testing, evaluating, and
modifying are used to transform
ideas into practical solutions.
Historically, this process has centered
on creating and testing physical models.
Models are especially important for the
design of large items, such as cars,
spacecraft, and airplanes because it is
cheaper to analyze a model before the
final products and systems are actually
made. Evaluation is used to determine
how well the designs meet the
established criteria and to provide
direction for refinement. Evaluation
procedures range from visually inspect-
ing to actually operating and testing
products and systems.
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n engineer is, in essence, a problem
solver who uses the engineering
design process to solve problems.
The task of an engineer is more than
simply designing a product that
works. He or she must consider many other
factors, such as safety, environmental
concerns, ethical considerations, and risks
and benefits. In the design process, it is vital
that people with different interests and
expertise work together when devising
solutions to a problem. These diverse
individuals bring various perspectives
to the solution of a problem.

In educating students about engineering
design, a teacher must stimulate the
curiosity of the students so that they
become interested in the design process

and motivated to learn more about it. The
students should have many opportunities to
design so that they will develop an in-depth
understanding of this important process.

Students in grades 9-12 are introduced to
two more concepts in the engineering
design process: making prototypes and
using design principles. A prototype is a
working model that is conceived early in
the design process. Prototypes provide a
means for testing and evaluating the design
by making observations and necessary
adjustments. Computer prototypes allow
design solutions to be tested in virtual
settings. Students are also introduced to
design principles, such as balance,
proportion, function, and flexibility. These
principles are universal across all types of
design and establish the rules that designers
use to create designs that are pleasing to the
eye and functional to use. Design principles
also are used to evaluate existing designs
and to collect data.

STANDARD ‘ Engineering Design

There are many factors that influence a
design, including how safe the design
solution will be. Reliability is another
concern in the design process, as is quality
control. Environmental concerns, as well as
how well the solution can be produced
(manufactured), must be taken into
account when designing solutions to
technological problems. After designed
products or systems have been created, it is
important to maintain and repair them.
This becomes a consideration which must
be incorporated into the design. Finally,
human factors engineering, sometimes
referred to as ergonomics, is another
significant concept that is applied to many
designs. Human factors engineering is
concerned with how a design can be used
to modify tools, machines, and the environ-
ment to better fit human needs. For
example, ergonomically designed chairs are
easier to sit in and provide positive support
to the human body.

In order to comprehend engineering
design, students in grades 9-12 should
learn that

I. Established design principles are
used to evaluate existing designs, to
collect data, and to guide the design
process. The design principles
include flexibility, balance, function,
and proportion. These principles can
be applied in many types of design
and are common to all technologies.

J. Engineering design is influenced
by personal characteristics, such
as creativity, resourcefulness, and
the ability to visualize and think
abstractly. Individuals and groups of
people who possess combinations of
these characteristics tend to be good



at generating numerous alternative
solutions to problems. The design
process often involves a group effort
among individuals with varied
experiences, backgrounds, and
interests. Such collaboration tends to
enhance creativity, expand the range
of possibilities, and increase the level
of expertise directed toward design
problems.

K. A prototype is a working model

used to test a design concept by
making actual observations and
necessary adjustments. Prototyping
helps to determine the effectiveness of a

design by allowing a design to be tested

before it is built. Prototypes are vital to

CHAPTER H Design

the testing and refinement of a product
or system with complicated operations
(e.g., automobiles, household
appliances, and computer programs).

The process of engineering design
takes into account a number of
factors. These factors include safety,
reliability, economic considerations,
quality control, environmental con-
cerns, manufacturability, maintenance
and repair, and human factors
engineering (ergonomics).




STANDARD

Students will develop an understanding of the role of
10 troubleshooting, research and development, invention
and innovation, and experimentation in problem solving.
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ngineering design is a major type of
problem-solving process, but it is not
the only one. There are many other
approaches that are used in solving
either formal (well-defined) or
informal (ill-defined) problems. Trouble-
shooting is a specific form of problem
solving aimed at identifying the cause of a
malfunctioning system. Often the problem
can be traced to a single faul, like a broken
wire, a burned-out fuse, or a bad switch.
Good troubleshooters are systematic in
eliminating various possible explanations as
they focus on the source of the problem.

As a problem-solving method, research and
development (R&D) is much broader in scope
than troubleshooting. After something has
been conceived, it can take considerable time
for teams of people to refine and work the
bugs out before it becomes a product ready for
market. If there are flaws in the design, these
need to be researched, analyzed, redesigned,
and corrected. Unlike troubleshooting, R&D
tends to address a wide range of issues concur-
rently. The product must work. It must be
reliable, safe, and have market appeal. Some-
times, questions about its value to society or
potential harm to the environment must be
researched and addressed.

Invention and innovation are among the
most open-ended and creative problem-
solving approaches. Unlike other forms of
problem solving that deal with things
already in existence, invention launches
into the unknown and the untried.
Invention is the process of coming up with
new ideas, while design is concerned with

applying these ideas. On the other hand,
an innovation is an improvement of an
existing product, system, or method of
doing something. Creativity, in addition
to an ability to think outside the box and
imagine new possibilities, is central to the
processes of invention and innovation.
All technological products and systems
first existed in the human imagination.

Experimentation is the form of technological
problem solving that resembles most closely
the methods that scientists use. Using
methods that are similar to the scientific
approach, technological problem solvers
apply iterative processes to experiment on
technological products and systems. For
example, performing hardness tests on
various metals may be needed before using
those metals to make tools. Another example
is testing airplanes in various situations to see
why similar models crashed. Because the
goals of technologists and scientists differ,
their approaches to work also differ.
Scientists use experiments to gain a better
understanding of the natural world.
Technologists, on the other hand, use
experiments to understand and change the
human-made world. Quality control should
be used in the process of experimentation to
assure that a desired standard is met.

These different types of problem solving are
not always easy to distinguish from one
another. Sometimes they go on at the same
time as teams focus on very large problems.
In addition, some problems require the
expertise of both science and technology in
order to find solutions.



GRADES

K-2

n the early grades, students will learn
some of the basic approaches to problem
solving. The design process, one
approach to problem solving, was
discussed in the previous two standards.
Other approaches to problem solving can
also be introduced at this level. For
example, when a product or system quits
working, troubleshooting can be used to
isolate and correct the problem. Students
should be introduced to troubleshooting by
learning how to correct problems with
simple systems. For example, they could
determine and correct a problem with a
flashlight that does not produce light.
Using a systematic process, students can
determine whether the bulb, batteries, or
the switch was the source of the problem.

Young students also can be inventive.
Students at this level enjoy the challenge of
inventing something new for a given
purpose. Students should be taught the best
ways to ask questions in order to get
accurate and timely information.
Additionally, they should gain the ability to
observe technological processes, products,
and systems to gain a firsthand knowledge
on how things function. Teachers should
create a non-threatening working
environment that encourages students to
come up with ideas.

Another important concept for children to
learn is that malfunction and failure are
common in technological products and
systems. With proper maintenance, many
of these products and systems can be made
to last longer. When they do fail, they often
can be repaired. At other times, however,
the products and systems cannot be fixed
and must be discarded.

CHAPTER H Design

In order to be able to comprehend other
problem-solving approaches, students
in grades K-2 should learn that

A Asking questions and making
observations helps a person to
figure out how things work. One
of the best ways to learn is through
asking simple questions: “How do
these two parts fit together?” or “What
tool do we need to fix the bicycle?”
Another important way of learning is
to look at something and try to figure
out how it works.

B. All products and systems are subject
to failure. Many products and
systems, however, can be fixed.
Some stop working because they are
old, and others because a part wears
out. Troubleshooting helps people find
what is wrong with the product or
system so that it can then be fixed.
Products and systems need to be
maintained in order to keep them in
good operating order.
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n grades 3-5, students should build upon
their problem-solving abilities that were
developed in earlier grades. They should
be challenged to troubleshoot more
complex systems that do not work.

Invention and innovation can be especially
exciting for students in grades 3-5. For
example, students could be challenged

to invent a toy for preschool children. To
learn about innovation, students could be
challenged to modify an existing toy in order
to improve upon its design or purpose.

Experimentation is also an important part
of technology. During the fourth and fifth
grades, students will be introduced to it in
their science lessons. Experimentation in
technology can be demonstrated through
the search for solutions to technological
problems. For example, the problem is
identified, a hunch (hypothesis) about the
source of the problem is generated, tests are
conducted, and data is gathered. These data
often reveal the nature of a problem, which
helps in knowing the proper course of
action to take in order to solve it.

STANDARD ‘ Other Problem-Solving Approaches

In order to be able to comprehend other
problem-solving approaches, students
in grades 3-5 should learn that

C. Troubleshooting is a way of finding
out why something does not work so
that it can be fixed. Troubleshooting
involves a logical and orderly process of
discovering what the problem is in a
part or system.

D. Invention and innovation are creative
ways to turn ideas into real things.
Technology starts with invention and
is improved through innovation. Inven-
tions are new things, while innovations
change things that already exist.

E. The process of experimentation,
which is common in science, can
also be used to solve technological
problems. Typically, experimentation
includes testing something under
controlled conditions in order to
improve or change it.



VIGNETTE

CHAPTER H Design

This vignette presents
some problems to solve
related to transportation
technology. Specifically,
students are encouraged
to invent new ways and
innovate older methods
to navigate while on a
ship. [This example high-
lights some elements of
Grades 3-5 Technology
Content Standards 3, 10,
and 18.]

Navigational Technology

Historical examples of how individuals used problem-solving skills to solve
technological problems can provide opportunities for students to learn a
variety of principles from several fields of study. During a unit on explora-
tion, Ms. H assigned her class to read Pedro’s Journal, a novel by Pam
Conrad. This book provided the backdrop to investigate different examples
of navigational technology.

Students discovered that with relative ease, sailors could determine their
latitude by measuring the angle of elevation of the North Star (Polaris).
Ms. H then introduced the concepts of angles and a global-grid coordinate
system. In the classroom, students used protractors and measuring angles
to construct working astrolabes. Using multimedia software, the apparent
motion of the stars was simulated. It became clear to the students that
Polaris was the only star in the Northern Hemisphere that could be relied
upon to remain in a constant position relative to the observer.

An accurate star chart of the circumpolar constellations was posted on the
ceiling of the classroom. Students then used problem solving to navigate
their way around the room, determining the “latitude” of their desk, or
whether the pencil sharpener was at more northern or more southern
latitude than the teacher’s desk. In a discussion, the class came to the
conclusion that the astrolabes were only able to specify the latitude and
that several points around the room seemed to share the same latitude. It
was clear that the early mariners needed to develop additional technology
to position themselves precisely while at sea.

The students then were assigned teams to develop navigational equipment
that could have solved this problem and allowed the mariners to precisely
position themselves on the open seas. The groups brainstormed different
ideas and conducted research in the library and on the Internet before they
selected the best idea to pursue. With the help of their teacher, each group
made a model of its equipment and tested it to determine how well it
worked. The groups later presented their findings to their classmates and
demonstrated their equipment.

In the novel, the students read about sailors measuring speed by putting
a rope over the stern and counting the knots as the rope ran over the
gunwale. The class talked about how inaccuracies in this method gave
Columbus the opportunity to easily deceive his crew into believing that
they were closer to home and further east than they really were.

Through studying the development of navigational technology, the class
learned about various methods of problem solving, measurement, angles,
grid coordinate systems, and precision versus accuracy; astronomy; speed,
time, and distance calculations; researching, designing, developing, and
testing; Western history; and reading comprehension.
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t the middle level, students will work
with solutions to more complicated
and demanding technological
problems. By the time students enter
the middle grades, they should be
able to distinguish different kinds of
problems. For example, they should realize
that designing something using a set of
requirements requires a different problem-
solving process than determining why a
device does not work. In addition to design,
students at this level should expand their
knowledge about problem solving to
include troubleshooting, invention and
innovation, and experimentation. Different
kinds of problem solving require different
abilities, knowledge, attitudes, and
personalities. Sometimes success with
problem solving comes down to self
confidence and trusting one’s ability and
instincts. Because people are unique, with
different strengths to offer, they differ in
their ability to solve various types of
problems. As a result, teamwork becomes
important. Teamwork allows individuals
to pool their strengths in order to arrive
at better solutions to problems.

Inventors tend to be creative and have
excellent imaginations. They often
demonstrate the ability to see possibilities
that others miss. By contrast, trouble-
shooting almost always requires specific
knowledge. To figure out why an
automobile does not start requires specific
knowledge about automobile systems.
Without the right kind of knowledge, many
people resort to inefficient and ineffective
practices and oftentimes still fail to find the
cause of the problem. Experimentation is
one of the most formal types of problem
solving, requiring a person to follow an
established set of procedures.

STANDARD ‘ Other Problem-Solving Approaches

In order to be able to comprehend other
problem-solving approaches, students
in grades 6-8 should learn that

F. Troubleshooting is a problem-
solving method used to identify
the cause of a malfunction in a
technological system. These kinds
of probl