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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.
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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.
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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