Tecanology for A
AMEricans [

A Rationale
and Structure for
the Study of Technology




Technology is
buman innovation
m action






echnology for Al Americans:

A Rationale and Structure for
the Study of Technology

Technology for
All Americans Project

International Technology
Education Association



This material is based upon work supported by the following:

National Science Foundation under Grant No. ESI-9355826 and the
National Aeronautics and Space Administration under Grant No.
NCCW-0064. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of the author(s)
and do not necessarily reflect the views of the National Science
Foundation or the National Aeronautics and Space Administration.

Copyright © 1996 by the International Technology Education
Association. All rights reserved. Except as permitted under

the United States Copyright Act of 1976, no part of this publication
may be reproduced or distributed in any form

or by any means, or stored in a database or retrieval system, without
the prior written permission of the publisher.

ISBN 1-887101-01-02

Copies of this document are being disseminated by the International
Technology Education Association

1914 Association Drive

Reston, Virginia 20191

(703) 860-2100 (voice)

(703) 860-0353 (fax)

itea@tmn.com (e-mail)
http://www.tmn.com/Organizations/Iris/ITEA.html (home page)



Contents

PREFACE 1

THE POWER AND THE PROMISE OF TECHNOLOGY 2
The Need for Technological Literacy 6
The Goal of Technological Literacy for All 13
A STRUCTURE FOR THE STUDY OF TECHNOLOGY 14
The Need for a Structure 14
The Universals of Technology 16

Processes 18

Knowledge 25

Context 32
TEACHING TECHNOLOGY 34
Technology Education During the Elementary School Years 36
Technology Education During the Middle School Years 38
Technology Education During the High School Years and Beyond 40

TAKING ACTION 42
The Need for Standards 42
A Call to Action 44

REFERENCES AND RESOURCES 45

APPENDICES 49

Technology for All Americans Project 49
International Technology Education Association 51
Foundation for Technology Education 52
Acknowledgments 54

Reviewers 5§



Technological literacy
is much more than
just knowledge about
computers and their

application.

Preface

his document is about educa-

tion and a subject vital to

human welfare and economic

prosperity. It is about invigorat-
ing the entire educational system
with high interest, student-focused
content and methods. It is about
developing a measure of technolog-
ical literacy within each graduate so
that every American can under-
stand the nature of technology,
appropriately use technological
devices and processes, and partici-
pate in society’s decisions on tech-
nological issues.

Technological literacy is much
more than just knowledge about
computers and their application. It
involves a vision where each citizen
has a degree of knowledge about
the nature, behavior, power, and
consequences of technology from
a broad perspective. Inherently, it
involves educational programs
where learners become engaged
in critical thinking as they design
and develop products, systems, and
environments to solve practical
problems.

A Rationale and Structure for
the Study of Technology is the first
publication in a series envisioned to
help educators improve and
strengthen the preparation of each
learner. Subsequent work will build
upon this background and present
technology education standards.
The standards will provide a gener-
al framework from which schools
can develop curricula and pro-
grams. This material will also

provide the criteria for student
assessment, teacher preparation,
and enhancement and improvement
of the learning environment.

The first part of this document
discusses the power and the
promise of technology and the need
for technological literacy. The next
section outlines the universal
processes, knowledge, and contexts
of technology. The third part
describes how technology should be
integrated into the core of the cur-
riculum from kindergarten through
secondary and post secondary edu-
cation. The fourth and final section
of this document challenges all con-
cerned to establish technology edu-
cation standards based on the
universals outlined in this docu-
ment, and to make technological
literacy a national priority.

This document has been pre-
pared by the Technology for All
Americans Project through assis-
tance from writing consultants. It
has been reviewed by hundreds of
practitioners of technology, science,
mathematics, engineering, and
other areas at all levels. Input has
been gathered from a group of
writing consultants, a National
Commission for Technology
Education, and educators across
the country. Please read the docu-
ment, study it, and join the
International Technology Education
Association in calling for and
implementing the educational
reform necessary to ensure techno-
logical literacy for all.



hrough technology, people have
changed the world. In the drive
to satisfy needs and wants,
people have developed and
improved ways to communicate,
travel, build structures, make
products, cure disease, and provide
food. This has created a world
of technological products and
machines, roadways and buildings,
and data and global
communications. It has created a
complex world of constant change.
Each technological advance
builds on prior developments. Each
advance leads to additional poten-

tials, problems, and more advances
in an accelerating spiral of develop-
ment and complexity. The accelera-
tion of technological change, and
the greater potential and power
that it brings, inspires and thrills
some people, but confuses—even
alienates—others. Many people
embrace technological change,
believing that through technology
their lives will be made easier. They
see the growing ability to solve age-
old problems ranging from food
supply to education and pollution.
Others see a confusing interconnec-
tion of impersonal devices, and fear
social, ecological, or military cata-
strophe. Some people find that
through communication and trans-
portation technology they can more
easily maintain their personal rela-
tionships; others discover that the
same technologies can strain rela-
tionships. Some believe that



through technological advances
people create new jobs and new
industries; others see automation
replacing skilled labor and chang-
ing their way of life.

There is truth in all of these
views, for technology is created,
managed, and used by societies
and individuals, according to their
goals and values. For example,
biotecnological developments can
eradicate a plague or cause one.
Industrial plants can be used to
clean water or to pollute it. Nuclear
energy can be used to provide
power to heat millions of homes
or to destroy millions of lives.

Technological systems have
become so interrelated with one
another and with today’s social sys-
tems, that any new development
can have far reaching effects.
Recently people have seen that one
development in microwave technol-
ogy can alter the eating habits of
millions; that an advance in radio
telecommunications can create a
multi-billion-dollar industry almost
overnight; and that a common
refrigerant can damage the Earth’s
protective atmosphere.

The promise of the future lies
not in technology alone, but in
people’s ability to use, manage,
and understand it.

Courtesy of Bob Veltri



The Power and the Promise of Technology

Courtesy of Don Massie

Eighteenth century pioneers in the
western wildemess of the Virginia and
Pennsylvania colonies were able to
provide themselves with everything
they needed except for iron, lead, and
salt. In today’s urban society, people
are more dependent upon others and
upon technological processes and
products.

People today inhabit a world of technological products and machines, roadways and buildings, data
and global communications. Technology has become one of the major influences in the way people
work, relax, inferact, and meet their basic needs.



The Power and the Promise of Technology
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Courtesy of Bob Veltri

Itis difficult fo escape the effects of technological
developments—even when pursuing “natural”
activities, such as hiking. Shoes, dlothes, and hygiene
products are designed and made with computer—
controlled machines. This hiker could be using a global
posifioning system, or possibly a compass, to identify
her location.

The condition of the forest is influenced by human
endeavors. Will hikers dispose of waste properly? Has
the cutting of trees been managed with reforestation in
mind? Have manufacturing and transporfation systems
polluted the air causing acid rain and destroying
forests? Have the products carried into the forest been
designed to be environmentally compatible?




The Power and the Promise of Technology

The Need for Technology Literacy

major consequence of acceler-
ating technological change is a
difference in levels of techno-
logical ability and understand-
ing. There is a widening gap
between the knowledge, capability,
and confidence of the average citi-
zen and that of the inventors,
researchers, and implementors who
continually revolutionize the tech-
nological world. While it is logical
and necessary for the developers
to have advanced technological
capability, it is senseless for the
general public to be technologically
illiterate.

Because 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 viable solution,
decision making should reflect the
values of the people and help them
reach their goals. Such decision
making depends upon all citizens
acquiring a basic level of tech-
nological literacy—the ability to
use, manage, and understand
technology.

Indeed, technological literacy
is vital to individual, community,
and national economic prosperity.
Beyond economic vitality is the
realization that how people develop
and apply technology has become
critical to future generations,
society, and even the Earth’s
continued ability to sustain life.

Technological Literacy

Technological literacy is the ability to use, manage, and
understand technology.

OThe ability to use technol- OThe ability to manage
ogy involves the successful technology involves insur-
operation of the key sys- ing that all technological
tems of the time. This activities are efficient and
includes knowing the appropriate.

components of existing
macro-systems, or human
adaptive systems, and how
the systems behave.

OUnderstanding technology
involves more than facts
and information, but also
the ability to synthesize
the information into new
insights.

Practically every job today depends upon people learning new technological processes and systems.

Courtesy of Bob Veltri



The Power and the Promise of Technology

Courtesy of Alan Brown/Photonics
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Retirees have experienced tremendous changes in their lives. The advent of television, satellites,
personal computers, genetically altered food, and the threat of nuclear devastation are but some of
the changes they have witnessed since they were children. Today’s children will experience even
greater changes. What will they develop, manage, and adapt to before they refire? Will they have
the necessary skills and understanding to direct and adapt to technological change?



The Power and the Promise of Technology

Individual Needs

Participating citizens need to con-
sider issues and take part in deci-
sions regarding transportation, land
use, pollution control, defense, and
restricting or encouraging techno-
logical activities. Sound decisions
demand an understanding of the
impacts, relationships, and costs

of such technological activities.

OWorkers need to possess a variety
of technological abilities—both
the skills to use products and the
ability to identify and remedy sim-
ple malfunctions. Those directly
responsible for technological
change, such as engineers, design-
ers, consumers, manufacturers,
key decision makers, and archi-
tects, require an understanding
and ability to assess and forecast
the impacts of their actions.
Workers today also need to have
the tools to adapt to technological
change in the workplace.

OConsumers need to make deci-
sions about the purchase, use,
and disposal of appliances, infor-
mation systems, and comfort-
enhancing devices. From
entertainment to medical deci-
sions, everyday life requires a
basic technological literacy.

When making informed decisions about how to spend recreational fime, consumers often need to
consider issues involving safety, effectiveness, and effects on the environment. Such decisions require
basic technological literacy.

Societal Needs

More than personal comfort and
satisfaction is at stake. Today’s
global societies must improve their
technological literacy in order to
support growing populations and
to provide a safe environment in a
complex world.

OEffective democracy depends on
all citizens participating in the
decision-making process. The
decision-making process safe-
guards the country from yielding
control to a small, powerful elite.
Since so many decisions involve
technological issues, technological
literacy is required for all citizens.

OTechnological activities pro-
vide the base for the country’s
economy. As new advances pro-
vide more opportunities, the need
grows for technologically skilled
engineers, innovators, and work-
ers to develop and maintain a
competitive edge in a global
economy.

ODemocracy demands shared
responsibilities and contributions.
People who lack the technological
knowledge needed to participate
in the economy often become
noncontributing members of soci-
ety who must be provided for by
others.

Courtesy of Maureen Heenan



All citizens should increase their levels of technological literacy so that they can effectively parficipate
in the decisions affecting society. Should new roads be built in agricultural districts? Should logging be
restricted in an old-growth forest? How should the airwaves be regulated? Should society underwrite
research in developing technologies? These and many more questions can be best answered only if
all citizens are capable of participating in the decision-making process.

Courtesy of Roanoke Times

The Power and the Promise of Technology



The Power and the Promise of Technology

Environmental Needs

Because various technological
processes or abuses can pose eco-
logical dilemmas and create envi-
ronmental crises, technological
literacy is critical to the Earth’s
continued ability to support life.
OInnovators, developers, govern-
ments, and consumers need to
consider the consequences on the
environment when making deci-

sions about the use and develop-
ment of different processes.

OEveryone must be concerned with
the entire product life cycle. They
must consider not only the materi-
als and processes used in produc-
tion, but also what happens to

products at the end of their useful
life.

ODesigning and developing techno-
logical processes and systems that
are less threatening to the natural
environment has become very
important. When it comes to the
environment, technology can be
viewed optimistically as a means
to solve environmental problems,
not just create them.

Through technology, people will
not solve all of the problems in the
future. They will, in fact, create
some. But if people develop and
use technology in the context of
the country’s goals and values,
they will continue to offer each
other even more ways to work,
enjoy leisure, communicate, and
order their lives.

10

Much technological activity has an impact on the Earth’s natural resources. It is imperative that
people consider the consequences of their actions on the environment, and strive to minimize
damage. People are now working to develop technological processes that can prevent or repair
environmental domage.

Courtesy of Bob Veltri



Characteristics of a Technologically Literate Person

echnologically literate per-
sons are capable problem
solvers who consider techno-
logical issues from different
points of view and in relation-
ship to a variety of contexts.
They acknowledge that the solu-
tion to one problem often creates
other issues and problems. They
also understand that solutions
often involve trade-offs, which
necessitate accepting less of one
quality in order to gain more of
another. They appreciate the
interrelationships between tech-
nology and individuals, society,
and the environment.
Technologically literate persons
understand that technology
involves systems, which are
groups of interrelated com-
ponents designed to collectively
achieve a desired goal or goals.
No single component or device
can be considered without under-
standing its relationships to all
other components, devices, and
processes in the system. Those
who are technologically literate
have the ability to use concepts
from science, math, social studies,
and the humanities as tools for
understanding and managing
technological systems. Therefore,
technologically literate people
use a strong systems-oriented
approach to thinking about and
solving technological problems.
Technologically literate per-
sons can identify appropriate

solutions, and assess and forecast
the results of implementing the
chosen solution. As managers of
technology, they consider the
impacts of each alternative, and
determine which is the most
appropriate course of action for
the situation.

Technologically literate per-
sons understand the major tech-
nological concepts behind the
current issues. They also are
skilled in the safe use of the tech-
nological processes that are life-
long prerequisites for their
careers, health, and enjoyment.

Technologically literate
persons incorporate various
characteristics from engineers,
artists, designers, craftspersons,
technicians, mechanics, and soci-
ologists that are interwoven and
act synergistically. These charac-
teristics involve systems-oriented
thinking, the creative process,
the aspect of producing, and the
consideration of impacts and
consequences.

Technologically literate per-
sons understand and appreciate
the importance of fundamental
technological developments.
They have the ability to use deci-
sion-making tools in their lives
and work. Most importantly,
they understand that technology
is the result of human activity. It
is the result of combining inge-
nuity and resources to meet
human needs and wants.

The Power and the Promise of Technology

Technologically
literate persons
understand
and appreciate
the importance
of fundamental
technological

developments.

11



The Power and the Promise of Technology
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A system is a group
of interrelated
components that
collectively achieve

a goal.

Technological Systems

he basic building block of tech-

nology is the system. A system

is a group of interrelated com-

ponents designed to collectively
achieve a desired goal or goals.
Systems exist on many levels, as
shown by the bicycle.

A basic system involving a bicy-
cle is the guidance and control
system, which is made up of han-
dle bars, the wheels, brakes, and a
rider who turns the handle bars—
all working together to guide the
bicycle in the desired direction.

A rider on a bicycle comprises
another level of a system. That
system is used to transport people
from one place to another by
muscle power. The components
include the rider, subsystems of
guidance, power, and support
(frame, seat, etc.).

The rider on the bike can be
part of yet another level of system.

Courtesy of Bob Veltri

When school children ride bikes to
school, they are part of the trans-
portation system that conveys stu-
dents to schools. Other components
of the system include roads, side-
walks, school buses and drivers, bus
schedulers, parents who drive chil-
dren to school, students who walk
to school, school crossing guards,
and others.

Still another level of system is a
macrosystem, such as the country’s
transportation system, which in-
cludes all of the people, machines,
information, and infrastructure used
to move people and goods from
place to place. These macro tech-
nological systems are often referred
to as human adaptive systems.

Technologically literate persons
use a strong systems-oriented
thinking approach to solving tech-
nological problems.



The Goul of Technological Literacy for All

ow widespread is technological
literacy among Americans
today? Levels of technological
literacy vary from person to
person and depend on one’s back-
ground, education, interests, atti-
tudes, and abilities. However, most
people do not even begin to com-
prehend the basic concepts of
today’s technological society. Few
can fully comprehend the techno-
logical issues in the daily news, per-
form routine technological
activities, or appreciate an engi-
neer’s breakthrough.
Understanding of and capability
in technology traditionally have
been ignored, except for those pur-
suing education and training in
technological fields. For most
Americans, technological literacy
has been left for individuals to gain
through their daily activities.
However, technological processes

and systems have become so com-
plex that the ad hoc approach has
clearly failed most Americans.

A massive effort is needed in
order to achieve technological
literacy. This should involve the
schools, the mass media and enter-
tainment outlets, book publishers,
and museums. The country’s
schools must bear the bulk of this
effort, for the educational system is
the only means by which each child
can be guaranteed participation in
an articulated, comprehensive tech-
nology education program.

Technology education provides
an opportunity for students to learn
about the processes and knowledge
related to technology that are need-
ed to solve problems and extend
human capabilities. Incorporating
technology education into every
school system will require curricu-
lum development, teacher enhance-

The Power and the Promise of Technology

Courtesy of Bob Veliri

ment, and dedicated teaching and
laboratory space. A number of
states and school systems have
already established technology pro-
grams. These schools provide evi-
dence of high—quality technology
education at all levels. The next
part of this document describes the
structure for what should be
learned in technology, and discusses
how it can be incorporated into the
education programs of all students
from kindergarten through high
school and beyond.

13
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A Structure for the Studv of Technology

The Need for a Structure

greement on the need for The specific answers change with
technological literacy is just a person’s and community’s aspira-
the beginning. The more tions, and capabilities. A ranching
difficult problem is community in Wyoming encounters
determining how to develop this totally different issues than a manu-
literacy. What experiences, abilities,  facturing community in South
and knowledge are needed? What Carolina, or a city in the urbanized
exactly should a person know northeast corridor. The answers
about and be able to do with also change rapidly with time.
technology? What should be the Technology is advancing so quickly
content of this literacy effort? that knowledge, processes, and sys-

tems are becoming obsolete almost
as quickly as they are developed. As
technology grows more complex, it
becomes more important to define
and set boundaries for its study.

14



The following pages describe a
structure for study that focuses on
the universals of technology that
are considered to be significant and
timeless—even in an era dominated
by uncertainties and accelerated
change. These universals form the
basis for continuous learning of
technology throughout a person’s
lifetime. They constitute the funda-
mental concepts that allow individ-
uals to continually learn as
conditions change. From this pro-
posed structure, the content ele-
ments for the study of technology
can be developed that will be

appropriate for students of different

times and places.

Education programs based on
this structure will provide students
with the concepts and experience
necessary to develop the under-
standing and capability that they
will need in a constantly changing
technological world.



A Structure for the Study of Technology—Universals

Technology is human
innovation in action.
It involves the
generation of
knowledge and
processes to develop
systems that solve
problems and extend

human capabilities.

16

The Universals of Technology

echnology is human innovation

in action. It involves the gener-

ation of knowledge and proc-

esses to develop systems that
solve problems and extend human
capabilities. As such, technology
has a process, knowledge, and
context base that is definable and
universal.

The processes are those actions
that people undertake to create,
invent, design, transform, produce,
control, maintain, and use products
or systems. The processes include
the human activities of designing
and developing technological sys-
tems; determining and controlling
the behavior of technological sys-
tems; utilizing technological sys-
tems; and assessing the impacts
and consequences of technological
systems.

Technological knowledge
includes the nature and evolution
of technology; linkages based on
impacts, consequences, resources,
and other fields; and technological
concepts and principles. This
includes much of the knowledge of
how the technological processes are
developed, applied, and used.

The context of technology
involves the many practical reasons
why it is developed, applied, and
studied. People develop technologi-
cal processes and knowledge for a
reason—they want to develop and
use systems that solve problems
and extend their capabilities. The
systems that are developed can easi-
ly be categorized as informational

systems, physical systems, and bio-
logical systems.

The processes, knowledge, and
context are all equally critical to
the existence and advance of tech-
nology. One cannot exist without
the others, for they are mutually
dependent. With technological
knowledge people engage in the
processes, yet it is through the
processes that technological knowl-
edge is developed. All technological
activity is for a reason, or done
within a context.

Processes, knowledge, and con-
text, then, are the universals of
technology, and must be the foun-
dation of the structure for the study
of technology. Each of the univer-
sals is discussed in greater detail in
the following pages.



'\
CONTEXTS



A Structure for the Study of Technology—Universals

Designing and Developing
Technological Systems

PROCESSES

Much technological activity is
oriented toward designing and
creating new products, techno-
logical systems, and environ-
ments. The technological design
process involves the application
of knowledge to new situations
or goals, resulting in the develop-
ment of new knowledge.
Technological design requires an
understanding of the use of
resources and engages a variety
of mental strategies, such as
problem solving, visual imagery,
and reasoning. Developing these
mental capabilities and strategies
so that they can be applied to
problems is a significant aspect
of technological literacy. These
abilities can be developed in
students through experiences in
designing, modeling, testing,
troubleshooting, observing,
analyzing, and investigating.
After a product, system, or
environment is conceived, it is
designed or developed. The
development processes include
those activities that are used to
carry out the plans, create solu-
tions, or to test ideas that are
generated through a design
process. The development of
physical systems involves many
of the common manufacturing
and production processes. The
development of information sys-
tems includes basic data manipu-
lation and enhancing actions,
such as encoding and decoding.

18

Architects develop models of their designs in order to communicate the concepts and to

identify any conceptual flaws.

In biological systems, the devel-
opment processes include genetic
engineering, agricultural cultiva-
tion, manipulating the human
immune system, and improving
the predictive technologies for
diseases. Technological literacy
includes an understanding of
development processes involved
in physical, biological, and infor-
mational systems.

Designers and developers of
wireless communications use
computer simulations fo test the
signals.

Courtesy of Jack Mellott

Courtesy of Bob Veliri



Determining and
Controlling the Behavior
of Technological Systems

People need an understanding of
technological systems that is
based on experience and analy-
sis. This understanding forms the
basis of systems-oriented think-
ing that underlies all technologi-
cal activity. All technological
systems — whether they are sub-
systems of larger units, such as
the steering system on a bicycle,
or macrosystems made up of
many levels of smaller systems —
are composed of inputs, process-
es, and outputs that work
together to achieve what could
not be achieved individually.

A technologically literate per-
son should not only know what
technological systems are, but
also how they operate, how they
are controlled, and why they are
used. Although there are cases
where systems work for
unknown reasons, systems
understanding usually requires a
knowledge from a variety of
fields, especially science, mathe-
matics, and technology. This
knowledge is central to the inves-
tigation and determination of the
behavior of the individual com-
ponent parts and devices that are
used within a system. Once the
behavior of a system is under-
stood, the technologically literate
person is able to assess the com-
plete system to judge what neces-
sary control adjustments are
needed as variables change or
inputs become known.

A Structure for the Study of Technology—Universals

PROCESSES

Courtesy of Gary Colbert

Analysis is required in order to determine how many systems work. Analysis often uses

information from science and mathematics.

Courtesy of Virginia Tech

Many times the best way to determine what is happening in a system
is to take it apart.

19



A Structure for the Study of Technology—Universals

Classifying Systems

PROCESSES

eople classify systems in order to discuss them or study
them more easily. The classification system used depends
upon the purpose. Very often systems are classified accord-
ing to their underlying scientific principles, such as electri-
cal, mechanical, or chemical. At different times, systems may be
classified according to their purpose, such as communication
systems, production systems, and others. Sometimes, systems
are classified according to their general makeup, such as physi-
cal, informational, or biological. Technologically literate people
should be able to use and understand a variety of classification

20

systems, so that they can operate within whichever system is
most appropriate for the purpose at hand.

Controlling the Behavior of Technological Systems

—The Feedback Systems Model

Technological systems involve
the interaction of the key compo-
nents: input, process, output,
and feedback. A system’s input is
the entry of resource materials
into the total system. Sometimes
it may be viewed as the desired
result or action that a system
should achieve. The process is
the performance of the system,

INUT —————>

(Desired Result)

(OMPARE

or how the desired results will be
achieved by the system. The out-
put is the actual result or what
the process produces. A sample
of the output is fed back to the
comparison device and com-
pared to the desired result to
achieve control. This feedback
process involves measuring the
difference between the actual

Yy

MONITOR -

result and the desired result. If
the output and input are differ-
ent, then an adjustment is made
to the process to keep the output
at the desired value for which it
is designed.

> QUTPUT —>

(Actual Resulf)

FEEDBACK

FEEDBACK



Utilizing Technological Systems

People use technological systems
to satisfy their needs and wants.
This could be as fundamental as
preserving life with food and
shelter, to enhancing health and
enjoyment. People also use sys-
tems that provide them with
improved materials, mobility,
and communications. Each per-
son should know how to use
technology safely and effectively
as a means to solve problems
and to extend their capabilities.

In order to become safe, effec-
tive users of technological sys-
tems, people must have
experience with the systems that
they will commonly encounter
at home, play, and at work.
Because of the pace of tech-
nological change, new develop-
ments are quickly absorbed into
work and home environments.
This means that students will
often need exposure to the
newest, developing technologies,
because the new technologies
during their school years will be
the common technologies by the
time they graduate. In the study
of technology, students will need
ongoing experiences using vari-
ous human adaptive systems so
that they can:

OSelect appropriate technologies
for the situation,

OUse tools, materials, devices,
and processes in a correct and
safe manner,

OAcquire and use information to
solve problems and create new
technologies,

OAnalyze system malfunctions,

OAdapt to the use of new tech-
nologies throughout their life,

0Or, in some cases, choose not
to employ technological sys-
tems in a given situation.

People encounter many different
technological processes at work
and at home. Effective ufilization
depends upon safe, appropriate
use of sysfems.

A Structure for the Study of Technology—Universals

PROCESSES

Courtesy of Bob Veliri

Courtesy of Maureen Heenan

Thanks to many technological systems, preparing food can be a quick, easy task.
However, in order to select the most appropriate cooking method, the cook must
answer o number of questions. Should natural gas, electric, or propane be used for
an energy source? Which would be faster, the microwave, convection, or foaster
oven? Which process would consume the fewest resources? What is available in
the kitchen af the time?

21
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PROCESSES

22

Assessing the Impacts
and Consequences of
Technological Systems

People make decisions about
technological activities every day.
However, the growing complexi-
ty of technological systems
means that all technological deci-
sion-making should include an
assessment of the impacts and
consequences of an implemented
or proposed technological sys-
tem. All technological activity
impacts humans, society, and the
environment. Moreover, techno-
logical activity involves trade-
offs and risks. Decision makers
should understand real vs.
implied risks associated with
technological developments.
Erich Bloch, past Director of the
National Science Foundation,
said that, “Technologically liter-

ate people should be able to read
a newspaper or magazine article
and react to those articles related
to technology on a basis of some
understanding, not on a basis of
emotion.” (Bloch, 1986)
Therefore, those involved in
the study of technology need
experience assessing various
technological systems that will
affect individuals, society, and
the environment. They need to
understand the process of assess-
ment so that they can develop
their own forecasts. Forecasts are
not definite predictions, but are
“best guess estimates” based on
a variety of techniques, such as
trend analysis, modeling, cross
impact analysis, Delphi surveys,
and scenario development.

Not all malfunctions need to be
sent to repair professionals.
Technologically literate people
need fo be able o cope with
system malfunctions and
determine the appropriate
course of action.

Assessing and forecasting
processes involve:

OReflecting on historical events
and connections,

ODetermining quality and costs,
OEvaluating risks, both real and
imagined,

OMaking decisions on near-term
results of current technological
activity,

OEvaluating the results of
changes in current technologi-
cal activity,

OProjecting trends and future
developments, and

OAnticipating possible conse-
quences.
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The automobile has had great impact on today’s society. The automobile has changed where
and how people live, enabling them to create suburbs in areas previously considered out-of-
the-way. A huge infrastructure has been developed that includes roads, bridges, service
sfations, insurance systems, scrap yards, and regulations. The automobile has provided
employment for thousands of people who build cars, roads, and bridges. Another
consequence of adopting the auto as the primary mode of transportation has been thousands
of deaths and injuries each year. Environmental damage from the automobile has been o
major problem, especially in more populated areas of the country.

Courtesy of Bob Veltri

Refrigeration for long-haul frucks eliminated the
problem of food spoilage during long shipping
times—and changed the American consumers’
eating habits. The first automatic refrigeration
system for long-haul frucks was invented in
1938 by Frederick McKinley Jones, who received
more than 60 patents in his career. Jones was
inspired fo invent the refrigeration unit after
talking to a truck driver who lost  shipment of
chicken due to heat.
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The first industrial robot, called
the Unimate, was put on line in
1961 in Trenton, New Jersey.
By the 1990s, robots had been
developed to perform many
industrial functions , including
tasks in hazardous environments
such as toxic waste dumps and
nuclear facilites.

Courtesy of Henry Ford Museum and Greenfield Village

1 =kl

Courtesy of NY Conventio

Construction of the Brooklyn Bridge was completed in 1983 and designed
by John Roebling. It was the first great suspension bridge in the U.S.



The Nature and Evolution
of Technology

People need knowledge and an
understanding of the nature and
a historical perspective of tech-
nology. This will help them to
understand and analyze current
situations and issues, and to
challenge and test their decisions
about technology.

The nature and evolution of
technology is influenced by many
factors, including the following;:

ONeeds of society and individual
or group desires,

OInformation base,

Olntellectual and social climate,

OEducation of the citizens,

OSocial acceptance and
compatibility,

OLevel of development of related
technological components,
devices, and systems,

OLevel of talent and expertise
available,

OEconomic capability and desire
of society to support technolog-
ical development, and

UHuman invention and
innovation.

The nature of technology is
described by a variety of its char-
acteristics. Technology is devel-
oped and applied by people. Its
success or failure is usually deter-
mined by social acceptance and
success in the marketplace. It has
helped to satisfy some of the fun-
damental human needs of
hunger, shelter, comfort, health,
mobility, and communication,

while at the same time it has
helped to create weapons of war
and environmental degradation.
Technology is ever changing.
However, it has grown at an
exponential rate over time with
many of its major developments
taking place in the last few cen-
turies.

Part of the historical perspec-
tive of technology is an under-
standing of significant
technological accomplishments
throughout history. This can be
an immense and significant
undertaking. Moreover, what is
considered significant may
change according to the context
in which it is placed. However,
substantive technological mile-
stones usually result in a combi-
nation of the following:

OAn alteration of the way people
create new products, systems,
and environments,

OAn incorporation of new ways
of doing work and recreation,

OA widespread and dramatic
impact on individuals, social
systems, or the environment,
and

OA significant impact on the
progress in other subject fields.

A Structure for the Study of Technology—Universals

It is important that the nature
and evolution of technology be
included in the cognitive basis of
the study of technology. The
nature and meaning of technolo-
gy has evolved over thousands of
years and its understanding is
important for each person.

Part of the historical
perspective of
technology is an
understanding of
significant
technological
accomplishments

throughout bistory.

KNOWLEDGE
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Technology transfer
occurs when a
product, system,

or environment
developed for

one setting or
application gets
utilized in

another setting

or application.
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Linkages

Decisions concerning the devel-
opment and the use of technolo-
gy cannot be made in today’s
world without an understanding
of how technology influences
and is affected by society and the
environment. Individuals, soci-
eties, the environment, and
academic disciplines all affect
technology and, in turn, are
changed by new technological
developments. These influences
and impacts can be positive or
negative, anticipated or unan-
ticipated, depending upon the
situation.

Understanding the linkages
between technology, society, and
the environment is particularly
important with technology trans-

Technology and Society

TECHNOLOGY AFFECTS SOCIETY
ASIT:

OServes as an economic engine,
Olncreases human capabilities,

OCreates new linkages between people,
groups, and nations or between people
and the environment,

Olntroduces ethical and political issues,

OSolves and introduces health and safety
issues, and

Olncreases environmental problems.

fer activity. Technology transfer
can involve applying a product,
system, or environment to a set-
ting or application that is differ-
ent from the situation for which
it was developed. As technologi-
cal systems are moved from cul-
ture to culture, country to
country, organization to organi-
zation, or government laboratory
to private enterprise, what con-
siderations must be made for the
interrelated and reciprocal
behaviors of technological,
social, and natural systems?
How will the transfer of knowl-
edge and processes affect the
relationships that currently exist
between individuals, societies,
and the environment?

SOCIETY AFFECTS TECHNOLOGY
ASIT:

Olnfluences and limits development
and use,

OProvides skills and ideas, and

OProvides the need/demand for bigger,
better, faster, more efficient systems.
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Courtesy of NASA Center for Space Information

Technology transfer occurs whenever systems or processes developed in one setting are used in another. For example, in the
early 1970s, NASA had a special coating developed that would protect the launch structures from salt corrosion, rocket
exhaust, and thermal shock. More than 10 years later, the sume coating was applied to the inferior structure of the Statue
of Liberty, in order to prolong the statue’s life.
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Technology and

Other Fields of Study

Progress in all fields of study has
been enhanced by technological
tools, such as measuring devices
or information processing and
communication systems. At the
same time, technological activity
draws on information and theo-
retical tools from every other
field of study. Theoretical tools
are basic rules of truth, such as
laws, formulae, fundamental
principles, axioms, or theorems.
Technology has a particularly
strong relationship with science
and mathematics.

Science is a study of the natur-
al world (National Research
Council, 1992), and technology
extends people’s abilities to
modify that world. Science
and technology are different, yet
symbiotic. Technology is much
more than applied science and
science is quite different from
applied technology. When people
use technology to alter the natur-
al world, they make an impact
on science. Science is dependent
upon technology to develop, test,
experiment, verify, and apply
many of its natural laws, theo-
ries, and principles. Likewise,
technology is dependent upon
science for its understanding of
how the natural world is struc-
tured and functions.

Mathematics is a study of all
conceivable abstract patterns and

relationships (American Asso-
ciation for the Advancement of
Science, 1993, Project 2061
Benchmarks for Scientific
Literacy). It provides an exact
language for technology and
science. Developments in tech-
nology, such as the computer,
stimulate mathematics, just as

Music wriffen using a computer is
discussed through the use of
audio-visual equipment.

Courtesy of Bob Veltri



Artists use technological systems
to produce their works of art.
Shown above, an artist creates
an image (right) using a
computer system.

developments in mathematics
often enhance innovations in
technology. One example of this
is mathematical modeling that
can assist technological design by
simulating how a proposed sys-
tem may behave.

Technology also has interdisci-
plinary linkages with social stud-
ies, language arts, humanities,
art, music, and many other fields
of study. For example, the socio-
logical and historical aspects of
technology are very important in
social studies. Likewise, technol-
ogy has revolutionized the fields
of music and visual arts with the
recent ability to convert from
analog to digital signals.

There are strong philosophical
connections between technology
and engineering and architecture.
Historically, engineering and

Courtesy of Rick Griffiths

architecture have had some limit-
ed involvement with education in
the primary and secondary
schools. These professions need
to work with technology educa-
tors to develop alliances for
infusing engineering and architec-
tural concepts at these levels. The
alliances will provide a mecha-
nism for greater appreciation and
understanding of engineering,
architecture, and technology.

Each technologically literate
person should know some of the
underlying basic science, mathe-
matics, engineering, and architec-
tural concepts and their
relationship to technology. Also
part of this literacy includes an
appreciation and understanding
of the interdisciplinary connec-
tions between technology, lan-
guage arts, the humanities, and
social sciences.
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Technology Education and
Educational Technology

Technology education is different
from instructional technology,
also called educational technolo-
gy. Educational technology,
which involves using technologi-
cal developments, such as com-
puters, audio-visual equipment,
and mass media to aid in teach-
ing all subjects, is concerned
with creating the optimum teach-
ing and learning environment
through the use of technology.
Technology education is a school
subject designed to develop tech-
nological literacy, while educa-
tional technology is used as a
tool to enhance teaching and
learning. The role of educational
technology in technology educa-
tion is the same as it is in mathe-
matics, science, the humanities,
or any other field of study.

Courtesy of Rick Griffiths

KNOWLEDGE
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Technological Concepts
and Principles

A number of concepts and prin-
ciples can be identified that are
central and unique to the study
of technology. These concepts
must be defined in any techno-
logical literacy effort, for they
serve as the cornerstones in a
field with constantly changing
boundaries.

The following concepts and
principles are presented as exam-
ples, and are not intended to be
a comprehensive list.
OTechnology results from human

ingenuity.
OTechnological activities require
resources.

OPeople have created technologi-
cal systems to satisfy basic
needs and wants.

OTechnological activities have
both positive and negative
impacts on individuals, society,
and the environment.

OTechnology provides opportuni-
ties and triggers requirements
for careers.

OThe current state of technologi-
cal sophistication is the result
of the contributions of diverse
cultures.

OThe rate of technological
change is accelerating.

OComplex technological systems
develop from simpler techno-
logical systems.

Technological activities require
resources, such os energy—
whether it comes from the sun,
electricity, or other sources.

These concepts are compara-
ble to the basic principles of any
field. For example, in science,
the key concepts and principles
include that organisms use mat-
ter and energy for growth and
maintenance; that observation
and experimentation are the
bases of scientific inquiry and
discovery; and that the processes
that changed the Earth in the
past still exist today—the
principle of uniformity.



Courtesy of Virginia Tech
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Technology is the result of human innovation—
creativity, knowledge, and skills. Ingenuity depends
on a firm understanding of existing technology and
the ability to conceive something that does not
currently exist.

Since its invention in the eighteenth century, the hot-air
balloon has symbolized human ingenuity. With
standard materials and creativity, people were able

to soar with the birds. Ingenuity is not always
appreciated, however. A hydrogen balloon invented
about the same time as the hot air balloon stayed up
for 45 minutes and covered 15 miles. Then it was
destroyed on the ground by terrified observers.
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Systems have been developed
by people to help them
communicate across long
distances. The first satellite was
launched in 1959, and within 10
years satellites had become a
standard method of transmitting
voice, data, and video.

Courtesy of Gary Colbert

Physical systems are among the more obvious results
of technological activity. Whether used for
transportation, shelter, entertainment, production, or
study, physical systems require resources and involve
changing the form of materials.



Systems

The processes and knowledge
related to the study of technolo-
gy must be placed in the context
for their development and use.
The technological contexts can
be categorized as information
systems, physical systems, and
biological systems. All three
types of systems rely on the
processes and knowledge out-
lined in the previous pages.

Informational Systems are concerned
with processing, storing, and
using data. Such systems provide
the foundation for today’s
“information age.” Knowledge
of and experience with these sys-
tems gives people the ability to
quantify, qualify, and interpret
data as a basis for developing
new knowledge. Communication
technology is an information sys-
tem that provides the interface
between humans and humans,
between humans and machines,
and between machines and
machines.
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The ability to alter the molecular structure of living organisms has given society great medical
advances. However the ability has also caused ethical debates about altering the genetic
structure of humans and animals.

Physical Systems are those that are
tangible and made of physical
resources. Changing the form of
materials to increase their value
and purpose provide the basis
for production in physical sys-
tems. Power is considered as a
major part of the physical sys-
tems since it is important to the
operation of them. Physical sys-
tems also transport people and
things.

Biological Systems use living organ-
isms (or parts of organisms) to
make or modify products, to
improve humans, plants, or ani-
mals, or to develop micro-organ-
isms for specific use (U.S. Office
of Technology Assessment,
1988). Many of these systems
are referred to as, “biotechnolo-
gy.” Biological systems are used
in fields such as agriculture,
medicine, sports, and genetics.

Courtesy of Virginia Tech.
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uring a period of educational
reform in the 1980s, the late
Ernest Boyer, president of the
Carnegie Foundation, stated
that America needed to develop
technological literacy in all

students.

The great urgency

is for “technology lit-
eracy,” the need for
students to see how
society is being
reshaped by our inven-
tions, just as tools of
earlier eras changed
the course of history.
The challenge is not
[just] learning how to
use the latest piece of
hardware, but asking
when and why it
should be used (Boyer,
1983, p 111).

Boyer’s prescription is even truer
today. School systems across the
country must establish effective
technological literacy efforts, begin-
ning in kindergarten and continu-
ing each year through high school
and beyond. By using the structure
outlined in the last section, commu-
nities can incorporate the necessary
concepts and experiences so that all
students have the opportunity to
develop the necessary knowledge
and abilities to become technologi-
cally literate. By incorporating the
universals of technology through-
out the curriculum and in technol-
ogy courses, schools can provide
experiences that instill insight and
problem-solving capabilities.
Including the study of technology
in the core curriculum will not only
raise the technological literacy of
the community, but also help stu-
dents perform better in other sub-

Courtesy of Bob Veliri



jects. In addition, technological lit-
eracy will create a more diverse and
larger pool of graduates who are
able and motivated to pursue edu-
cation and careers in the various
technological professions.

The first priority of technology
education is to provide technologi-
cal literacy to all students. This
includes all of those students who
traditionally have not been served
by technology programs.

Technology must be a required
subject for every student at every
level of their education.
Incorporating technology education
into the country’s school systems
will require curriculum develop-
ment, teacher training, and in some
cases, dedicated teaching and labo-
ratory space. However, it is an
effort that will reap rewards for
every person in every community,
and society as a whole.
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Technology Education During
the Elementary School Years

hroughout the elementary years,

technology education should be

designed to help pupils learn

and achieve the educational
goals of the total elementary cur-
riculum. These experiences develop
the students’ perceptions and
knowledge of technology, psy-
chomotor skills, and provide a
basis for informed attitudes about
the interrelationship of technology,
society, and the environment.

Beginning in kindergarten, tech-

nology education can help deliver
the kind of active learning that chil-
dren need and enjoy. Children
should be engaged in the design of
products, systems, and environ-
ments requiring them to gain new
knowledge about technology, and
to use the knowledge they have
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learned from related subjects.
Pupils apply their knowledge when
drawing, planning, designing, prob-
lem solving, building, testing, and
improving their solutions to prob-
lems. According to research results
from cognitive science, this process
of critical thinking and creative
activity can help children construct
what they are learning into more
meaningful knowledge structures.
Technology education activities can
be used to integrate the study of
technology with related concepts
from other disciplines, such as
mathematics, science, social studies,
and the humanities.

Technology education should be
a part of integrated thematic units
that explore the relationship of
technology to humans, societies, or

Technology education provides the
active learning on which students
thrive at all ages.

Courtesy of Bob Veltri

The materials and resources required for elementary
technology education are minimal.



Elementary school pupils should apply their knowledge through drawing, planning, building, testing,
and improving their solufions to problems.

Courtesy of TIES Magazine

Teaching Technology

the environment, or incorporated
into the elementary curriculum as a
valued subject with designated time
slots. The materials and resources
required for elementary technology
education are minimal and include
student- and teacher-prepared
items, along with basic supplies
typically used at these grade levels.

Technology can and should be
taught in the regular classroom, by
a qualified elementary teacher.
Initially, many elementary teachers
feel unqualified to teach technolo-
gy, but experience has shown that
with appropriate inservice training,
these teachers perform exceptional-
ly well and excel at integrating
technological concepts across the
curriculum. However, if technology
education is to enhance what and
how children learn, all elementary
teachers will need inservice and
preservice opportunities in technol-
ogy education. Further, all teacher
preparation institutions will need to
include technology education as a
part of their undergraduate degree
requirements.

37



Teaching Technology

Technology Education During

the Middle School Years

iddle school technology edu-
cation programs should be
designed to provide active
learning situations that help
the early adolescent explore and
develop a broader view of technol-
ogy. Instructional experiences
should be organized in ways that
correspond to the distinct develop-
mental needs of learners in grades
five through eight.
Technology education should be
a part of the core curriculum for all
learners throughout their middle
school years. Programs at this level
can be implemented through inter-
disciplinary teams that include a
certificated technology education
teacher. In some cases the technolo-
gy education program will be
taught by a certificated technology
teacher(s) in a non-team-teaching
environment. Middle school tech-
nology education programs assist
students in learning about the
processes that apply to the design,
problem solving, development, and
use of technological products and
systems. Also, students begin to
develop the ability to assess the
impacts and consequences of these
systems on individuals, society, and
the environment.
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In the middle school, the stu-
dents gain further understanding of
the nature and evolution of tech-
nology. Middle school students will
deepen their level of understanding
related to the technological con-
cepts and principles which are
considered important for the
generation of new knowledge and
processes surrounding technology.
Middle school students continue
to be given opportunities to see
how technology has contextual
relationships with other fields
of study, such as science, mathe-
matics, social studies, language
arts, the humanities, and society As middle school students develop
and the environment. greater capabilfy in science,

Middle school students can pro- mathematics, and social §tudies, they

are able fo delve deeper into the

duce models and develop real tech- ) :

) workings of technological systems.
nological products, systems, and
environments. They learn how to
apply principles of engineering,
architecture, industrial design, and
computer science to gain a better
understanding of technology. By
taking core courses in technology
education at the middle school
level, students will discover and
develop personal interests, talents,
and abilities related to technology.
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. i
At the middle school level, activity-bused technology education leads to o deeper understanding and capability. Students can better understand
the components of many structures, including bridges and buildings by designing and building trusses. The students can also gain experiences in

analysis, by measuring and comparing the strength of their various structures. Finally, they can explore forecasting by predicting when their
structure will fail so that they can leam from this and build even better structures in the future.
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Technology Education During
the High School Years and Beyond

echnology education at the high

school level enhances the learn-

er’s understanding of technolo-

gy and develops a richer sense
of the relationships between tech-
nology and other school subjects.
This is especially appropriate with
courses in which there is a direct
application with technology, such
as science and mathematics. Other
relevant courses could be language,
social studies, geography, art,
music, and physical education. In
some applications, technology edu-
cation can assist the high school
student to learn in an interdiscipli-
nary nature by providing relevance
to many other school subjects.
Curriculum options should allow
students to choose from sequences
of courses that extend their studies
in specific processes and knowledge
in technological systems. Courses
such as “Introduction to Engineer-
ing” can be taken by 11th- and
12th-grade students in some
schools.

High school students’ needs for
technology education are more
diversified than younger students’
since their interests and potential
career choices are expanding. As a
result of taking technology educa-
tion, students need to:

OEvaluate technology’s capabilities,
uses, and consequences on

individuals, society, and the
environment,
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OEmploy the resources of technolo-
gy to analyze the behavior of tech-
nological systems,

OApply design concepts to solve
problems and extend human
capability,

OApply scientific principles, engi-
neering concepts, and technologi-
cal systems in the solution of
everyday problems, and

ODevelop personal interests and
abilities related to careers in
technology.

High school students engaged in
discussion, problem solving, design,
research, and the development and
application of technological devices
need to study and learn in a tech-
nology laboratory. This will ensure
a learning environment for efficient
and safe work. The technology pro-
gram at the high-school level
should be taught by certificated
technology education teachers, indi-
vidually or in a team-teaching envi-
ronment.

The ultimate goal is to have
every student who graduates from
high school to be technologically
literate. Some students who study
technology in high school will pur-
sue technological careers after grad-
uation, such as engineering,
architecture, computer science,
engineering technology, and tech-
nology teacher education.

At the high school level, students should
have the opportunity to take technology
education courses that delve deeply into
various areas that involve the develop-
ment, ufilization, and assessment of
technological systems. courtey of ik Grifis.

Beyond High School

The technological literacy level of
high school graduates should pro-
vide the foundation for a lifetime of
learning about technology. As grad-
uates pursue post secondary study,
they will meet many opportunities
to delve more extensively into tech-
nology studies.

At the community college level,
there are specialized engineering
technology programs. These pro-
grams may consist of electronics
technology and design technology,
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as well as many other associate
degree programs.

The study of technology at the
college and university level is exten-
sive and multidimensional. Typical
majors in engineering, architecture,
health sciences, and computer sci-
ence are directly involved with the
study of technology. Additional
courses related to technology may
include agriculture, industrial
design, science-technology-society
(STS), and technology education.

Some universities offer broad
courses in the study of technology
as a part of their liberal arts or core
offerings to undergraduate stu-
dents. The courses help to provide
students with technological literacy
at the baccalaureate levels. Finally,
the preparation of technology
teachers is an important component
of higher education.

e .

Courtesy of Rick Griffiths

Many high school students will pursue technological careers after graduating, such as engineering,
architecture, computer science, engineering technology, and technology teacher education.
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[aking Action

o help achieve technological
literacy for the nation,
standards should be developed
based on the universals of
technology and structure described
in this document. National
educational associations and
organizations have developed
measures to define and delineate
standards for mathematics, science,
English, language arts, geography,
music, art, social studies, foreign
languages, and other subjects. The
process of defining such standards
is worthwhile because it creates a
positive discussion about improving
the overall quality of education.
The technology education stan-
dards will provide a general frame-
work from which state and local
school systems can develop curricu-
la and programs best suited to their
students. Standards can provide a
guidance for teachers to improve

The Need for Standards

their teaching and their technology
education programs. Also, these
standards will provide the criteria
for student assessment, teacher
enhancement and teacher prepara-
tion, and improvement of the learn-
ing environment.

In developing standards for the
study of technology, the fundamen-
tal premises are:

1. That standards are needed to

establish the requirements for
technological literacy for all

students from kindergarten
through 12th grade;

2. That standards must articulate
a shared vision for what the
teachers, teacher educators,
and supervisors of technology
education expect students to
achieve through technology
education;



3. That standards are necessary
to establish qualitative and
quantitative expectations of
excellence for all students; and

4. Standards can be a means to
help those from other fields
learn more about technology
education.

It is very important that stan-
dards be set high enough to ensure
that all students can participate
fully in society. Special considera-
tions must be made in the stan-
dards to assure that all learners
benefit from technology education.

Technology educators must hold
high expectations for each student
and every school. Standards, by
themselves, cannot erase the results
of poverty, or ethnic and cultural
discrimination. It is essential that
all students have equal opportuni-
ties to study technology and that
inequalities in school resources be
addressed. It is also important that

safe and supportive environments
be provided for the teaching of
technology and that schools have
an adequate supply of knowledge-
able teachers who are motivated
and qualified to provide exception-
al learning experiences.

In the future, the Technology for
All Americans Project plans to
develop, validate, and gain consen-
sus on four sets of standards for
technology education. These
include:

1. Curriculum content standards

for students in grades K-12

(with benchmarks at grades 4,
8, and 12);

2. Student assessment standards
that include cognitive and
process achievement indica-
tors, teacher assessment,
and appropriate formative
and summative evaluation
techniques;

3. Teacher enhancement and
preparation standards; and

4. Program standards for school

systems and individual schools
within that system.
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Taking Action

A Call to Action

echnological literacy must

become a central concern of the

educational system. This will

require significant effort involv-
ing the schools, individuals, par-
ents, concerned citizens, business
and industry leaders, government
agencies, and those in the techno-
logical professions, such as engi-
neering and architecture, and
others concerned about the study
of technology.

A rationale and structure for the
study of technology has been pre-
sented here that should assure that
everyone can gain the foundation
they need to participate in and
adapt to today’s ever-changing tech-
nological world. These materials
should be compatible with the
emerging standards for technology
education. It is hoped that this will
encourage technology education
leaders to develop new curriculum
materials at the state and local lev-
els. Technology education, as pre-
sented here, must become a valued
subject at every level.

This document addresses tech-
nology education professionals and
other educators. Technology teach-
ers must realize their full potential
as the key people who can increase
awareness of the need for technolo-
gy education within their local
school system. State and local
school administrators and curricu-
lum leaders must also mobilize to
promote the idea that technology
education can become a liberating
force as a new basic and multi-dis-
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ciplinary form of education.
Technology teacher educators at the
college/university level must expand
their teacher preparation and
research in the field of teaching
technology so that many issues can
be addressed with knowledge and
understanding. Finally, student
organizations, should provide
activities that are available to all
students to develop leadership at
the local, state, and national levels.
These activities should reflect the
standards of technology education.

Professional associations and
groups both inside and outside the
technology education profession
must work to develop and imple-
ment standards for technology edu-
cation. These standards can be used
by state and local school systems
to develop high-quality technology
curricula and programs, to prepare
teachers, and to assess whether or
not students are meeting the
standards.

Parents need to become familiar
with technology education and the
benefits it can provide their chil-
dren. They should become proac-
tive in promoting the study of
technology as a core subject. The
support from the business and
industry community is crucial for
the full implementation of technol-
ogy education in the schools.

Key government decision mak-
ers, from the local to the state and
federal levels, need to be informed
about the benefits of technology
education for all students so that
their support can be obtained.

The vision of technology educa-
tion, embodied in this document,
and later in the standards, must be
shared by all of those who have a
stake in the future of all children—
not just teachers, but also adminis-
trators, policy makers, parents, and
members of the general public. This
material represents not an end, but
a beginning. It is a starting point
for universal action within states,
districts, and local schools across
the country so that technology
becomes an essential subject for
all students.
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TECHNOLOGY

FOR ALL AMERICANS

Introduction

In an effort to increase the tech-
nological literacy of all Americans,
the National Science Foundation
(NSF) and the National Aero-
nautics and Space Administration
(NASA) funded this project to
develop a nationally viable ratio-
nale and structure for technology
education. This effort has been
spearheaded by the International
Technology Education Association
(ITEA) and is called “Technology
for All Americans.” The project’s
goal is to offer those who are inter-
ested in technology education a
clear vision of what it means to be
technologically literate, how this
can be achieved at a national level,
and why it is important for the
nation.

The Technology for All Ameri-
cans Project set out to achieve this
goal by establishing a National
Commission composed of persons
who were especially aware of the
need for a technologically literate
society. Members represent the
fields of engineering, science, math-
ematics, the humanities, education,
government, professional associa-

tions, and industry. The 25-member
Commission has served in an advi-
sory capacity to the project staff
and has functioned independently
of both the project and the ITEA.
The Commission has served as a
vital resource of experts knowl-
edgeable about technology and its
interface with science, mathematics,
engineering, and education.

A team of six writing consultants
was formed from the National
Commission. Throughout the
process, the writing consultants
have represented a wealth of
knowledge, extensive background,
and a unique diversity that played
an important role in the develop-
ment of this document.

Building Consensus

This document, in draft form,
went through a dynamic develop-
ment evolution as a result of a very
structured consensus process. The
consensus process has involved a
series of workshops, along with
individual reviews and comments,
that ultimately involved the scruti-
ny of more than 500 reviewers
inside and outside the profession
of technology education.

The first workshop was held at
the ITEA Conference in March,
1995 in Nashville to gain input
from the profession on the forma-
tive items in this document. During
the initial review process, that took
place during August 1995, a draft
document was mailed to and
reviewed by more than 150 profes-
sionals, who were selected via a
nomination process. Each state
supervisor for technology education
and president of state associations
for technology education were
asked to nominate mathematics,
science, and technology educators
from elementary through high
school levels to participate in a
series of consensus-building work-
shops. The workshops were hosted
by seven NASA field centers
around the country. The draft doc-
ument was disseminated to the par-
ticipants prior to the consensus-
building workshop. They were
asked to review the draft docu-
ment, respond to several prepared
questions, and provide comments
directly on their copy of the draft.
At the workshops, participants
from 38 states and one territory
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were divided into heterogeneous
groups that represented the interest
groups of those involved (i.e., ele-
mentary school, middle school,
high school, mathematics, science,
technology). These small groups
were then asked to respond to pre-
pared questions as a group and
come to consensus on the content
of the draft document.

Input and reactions from the
field were very valuable during the
consensus process. Perspectives
were shared that had not been dis-
cussed in prior writing consultants’
meetings. Ideas for improving the
draft document were generated
from the group synergism and
regional philosophies or viewpoints
were acknowledged. This input was
analyzed to determine the needed
changes for its content. Changes
then were made to reflect the data
from the summer workshops. In
addition, these changes were “tried
out” with groups throughout the
fall of 1995 at state and regional
conferences. The project staff found
that by focusing on areas of con-
cern identified from the summer
review process, the changes that
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were made in subsequent versions
of the draft document were well
received.

Changes and revisions go hand-
in-hand with the consensus process.
This process continued throughout
the fall until a second version of the
draft document was disseminated
for review in October—-December,
1995. This second draft was dis-
seminated to more than 250 people
at eight regional locations in the
United States. This group contained
a large number of administrators. It
was felt that an important part of
the consensus process includes a
“buy-in” component. In other
words, if technology education is
to become a core subject in the
nation’s schools, then those who
hold the power to enable this vision
to become real must be involved in
the front end of this process.

Additional efforts were made to
expand the audience that reviewed
this document by making it avail-
able to anyone having access to the
Internet. Throughout this project, a
World Wide Web home page was
maintained in an effort to dissemi-
nate timely material. Access to the

draft document became part of the
home page in December 1995, and
reviewers were invited to fill out a
comment and review form on-line
and submit it to the project for
consideration prior to the final revi-
sions. The final version of this doc-
ument represents the broad support
and input that was provided
throughout this consensus process.

Technology for All Americans
Project in the Future

After developing a consensus-
based rationale and structure for
the study of technology, the goal
for the Technology for All Ameri-
cans Project is to develop standards
for technology education. This will
include kindergarten through 12th
grade curriculum content standards
with benchmarks at 4th, 8th and
12th grade; teacher enhancement
and teacher preparation standards;
student assessment standards; and
program standards. When these
standards are developed and imple-
mented, they will improve the
quality of technology education
programs in schools in the future.



=== International
Technology
Education
Association

History

The International Technology
Education Association (ITEA) was
created in 1939 by a group of edu-
cators who sought to promote their
profession and to provide a nation-
al forum for their ideas. Today, the
ITEA pursues that same purpose on
the international level and has
become a powerful voice across
North America and around the
world.

Since its beginning, the ITEA has
been dedicated to ensuring that all
children get the best education pos-
sible. It serves the professional
interests of elementary through uni-
versity technology educators and
promotes the highest standards.

Organization

The Delegate Assembly is the
ITEA’s basic governing body.
Delegates are selected by affiliated
state/province/national associations
and meet annually at the ITEA
International Conference. A 12-
member Board of Directors, elected

by the membership, oversees the
fiscal and program management of
the association and adopts policies
and procedures accordingly. A
professional headquarters staff,
located in Reston, Virginia, carries
out the day-to-day operations of
the association.

Mission

The ITEA’s mission is to advance
everyone’s technological capabilities
and to nurture and promote the
professionalism of those engaged in
these pursuits. The ITEA seeks to
meet the professional needs and
interests of its members, and to
improve public understanding of
the profession and its contributions.

No generation of educators has
ever needed to be as up-to-date on
technology trends as today’s practi-
tioners. The ever-accelerating
changes in current technologies
and the influx of new technologies
present major challenges to those
teaching about technology.

Appendices

The ITEA strives to:

UProvide a philosophical founda-
tion for the study of technology
that emphasizes technological
literacy.

UProvide teaching and learning
systems for developing
technological literacy.

OServe as the catalyst in establishing
technology education as the
primary discipline for the
advancement of technological
literacy.

Ulncrease the number and quality
of people teaching technology.

OReceive enrichment and
reinforcement on the concepts
in the sciences, mathematics,
language arts, and other subject
areas.

OWork with tools, materials,
and technological concepts
and processes.

ODevelop technological answers.
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The Foundation for Technology
Education (FTE) supports efforts to
ensure that schools prepare stu-
dents to live effectively in an
increasingly complex society. Its
emphasis is on educating a citizenry
to think and act from a technologi-
cal perspective for therein lies
strength for the individual, society,
and the economy. The Foundation
is committed to providing support-
ing programs for technology educa-
tion which:

UEnhance the knowledge and skills
of technology teachers.

OPromote collaboration between
schools and other sectors of the
community to enrich educational
resources and support school
improvement.

OStrengthen effective learning about
technology in schools.
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The FTE is a nonprofit organiza-
tion established in 1986 by the
International Technology Education
Association and governed by a
Board of Trustees, which includes
educators and leaders from busi-
ness and industry. The Foundation’s
program of giving and development
is devoted to improving and
strengthening the education of each
learner through high quality tech-
nology education.

The Foundation generates a
capability to award scholarships
and grants to teachers and future
teachers to strengthen technology
education. It strives to build a
financial base that will provide
additional means and encourage-
ment to address technological liter-
acy in schools.

For more information pertaining
to the International Technology
Education Association or the
Foundation for Technology
Education, contact 1914
Association Drive, Reston,

VA 201915 (703) 860-2100.
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