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FOREWORD 

The technology teacher education profession has grown and changed over the past 
100 years. Beginning as manual and industrial arts, the technology education profes­
sion matured during the 1980s and 1990s. Through commitment of professionals and 
our associations, the content base for our discipline has been furthered explored. 
Standards for Technological Literacy: Content for the Study of Technology (Standards for 
Technological Literacy) is a synthesis of research directed by the International 
Technology Education Association's Technology for All Americans Project. Under the 
direction of William E. Dugger, the profession has developed a set of content standards 
and benchmarks that can lead teachers in designing programs to advance technologi­
cal literacy of all students. 

With Standards for Technological Literacy, teacher educators and supervisors need 
to adjust pre-service and in-service education to enable teachers to design and deliver 
technology education programs so that students realize the knowledge and skills 
offered through the standards. This yearbook is guided by this vision. The authors and 
editors have taken what they know about teacher education and have proposed ideas 
that can be used to incorporate Standards for Technological Literacy into the practices 
of all technology education teachers. It is hoped that these writings can assist our pro­
fession in taking the next step in preparing future technology education teachers. 

John M. Ritz 
Past-President (1996-2000) 
Council on Technology Teacher Education 
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YEARBOOK PROPOSALS 

Each year, at the ITEA International Conference, the CTTE Yearbook committee reviews the progress 
of yearbooks in preparation and evaluates proposals for additional yearbooks. Any member is wel­
come to submit a yearbook proposal, which should be written in sufficient detail for the committee 
to be able to understand the proposed substance and format. Fifteen copies of the proposal should 
be sent to the committee chairperson by February I of the year in which the conference is held. Below 
are the criteria employed by the committee in making yearbook selections. 

CTTE Yearbook Committee 
CTTE. Yearbook Guidelines 
A. Purpose: 

The CTTE Yearbook Series is intended as a vehicle for communicating major topics or issues related to 
technology teacher education in a structured, formal series that does not duplicate commercial textbook 
publishing activities. 

B. Yearbook topic selection criteria: 
An appropriate yearbook topic should: 

1. Make a direct contribution to the understanding and improvement of technology teacher education; 
2. Add to the accumulated body of knowledge of technology teacher education and to the field of tech­

nology education; 
3. Not duplicate publishing activities of other professional groups; 
4. Provide a balanced view of the theme and not promote a single individual's or institution's philoso­

phy or practices; 
5. Actively seek to upgrade and modernize professional practice in technology teacher education; and, 
6. Lend itself to team authorship as opposed to single authorship. 

Proper yearbook themes related to technology teacher education may also be structured to: 
1. Discuss and critique points of view that have gained a degree of acceptance by the profession; 
2. Raise controversial questions in an effort to obtain a national hearing; and, 
3. Consider and evaluate a variety of seemingly conflicting trends and statements emanating from sev­

eral sources. 

C. The yearbook proposal: 
1. The yearbook proposal should provide adequate detail for the Yearbook Committee to evaluate its 

merits. 
2. The yearbook proposal should include the following elements: 

a) Defines and describes the topic of the yearbook; 
b) Identifies the theme and describes the rationale for the theme; 
c) Identifies the need for the yearbook and the potential audience or audiences; 
d) Explains how the yearbook will advance the technology teacher education profession and the 

technology education in general; 
e) Diagram symbolically the intent of the yearbook; 
f) An outline of the yearbook which includes: 

i) A table of contents; 
ii) A brief description of the content or purpose of each chapter; 

iii) At lease a three level outline for each chapter; 
iv) Identification of chapter author(s) and backup authors; 
v) An estimated number of pages for each yearbook chapter; and, 

vi) An estimated number of pages for the yearbook (not to exceed 250 pages). 
g) A timeline for completing the yearbook. 

It is understood that each author of a yearbook proposal will sign a CTTE Editor/Author Agreement and com­
ply with the Agreement. 
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PREFACE 

The stage is set! The play is ready to be written. The actors have been identified. The 
major group of actors has been determined. The actors of the play will determine the 
future of technology education. 

The future for technology education has been staged by two major International 
Technology Education Associations (ITEA) publications: Technology for All Americans: A 
Rationale and Structure for the Study of Technology and Standards for Technological Literacy: 
Content for the Study of Technology (Standards for Technological Literacy). The editors of this 
yearbook feel that the time is right to write the play that will stage the future for technolo­
gy education. One group of major actors in the play are technology teacher educators who 
will need to write the script and playa leadership role, which will result in technology edu­
cation teachers becoming award winning actors; this can result in their students becoming 
increasing technologically literate. The theme of the play is the modification of traditional 
and alternative technology teacher education and in -service programs that result in gradu­
ates successfully implementing Standards for Technological Literacy at the K -12 grade levels 

The goals of the play are to: 
• Provide direction for restructuring technology teacher education programs, 
• Provide ideas for alternative ways for preparing technology teachers to meet the 

shortage being experienced, 
• Provide guidance for revising state and national certification/licensure require­

ments, and 
• Provide direction for changing in-service education so our current population 

teaching technology (e.g., technology education, science, elementary) can learn 
how to implement Standards for Technological Literacy. 

The play has six acts. The first act explains the role of standards in education. The sec­
ond act summarizes the rationale and structure of technology education and provides an 
overview of Standards for Technological Literacy. The audience is expected to consult the 
Standards for Technology Literacy document for a more detailed explanation. The third act, 
which is the major section of the play, will provide insights for implementing Standards for 
Technological Literacy in technology teacher education programs. This act includes how the 
content standards should change the traditional and alternative teacher education pro­
grams. Models for each are provided. The fourth act will focus on certification/licensure 
requirements for quality technology education teachers and will outline proposed changes 
in ITEA/CTTE/NCATE technology teacher education program standards and guidelines 
based upon Standards for Technological Literacy. The fifth act will identify how technology 
teacher educators can play an active role in designing and implementing in-service educa­
tion based upon Standards for Technological Literacy. The sixth act, a summary, will make 
recommendations to the technology teacher education profession for implementing the 
technology content found in Standards for Technological Literacy. 

51st Yearbook Editors 
JohnM. Ritz 
William E. Dugger 
Everett N. Israel 
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Technology Education Standards: 
Power, Peril, and Promise 

Rodger Bybee 
Biolo~ical Science Curriculum Study 

Chapter 

I 

Our society is both largely dependent on and mostly ignorant about 
technology, a situation that should be cause for national concern (Atkin, 
1990; Selby, 1993; Raizen, et al., 1995). Technology educators have devel­
oped Standards for Technological Literacy: Content for the Study of 
Technology (Standards for Technological Literacy) and established technol­
ogy as a new basic in American education. Within the United States, other 
groups, such as Project 2061 of the American Association for the 
Advancement of Science (AAAS) and the National Research Council 
(NRC), have included technology as part of their Benchmarks for Science 
Literacy (AAAS, 1993) and National Science Education Standards (NRC, 
1996). As reported by Paul Black and Mike Atkin in Changing the Subject 
(1996), technology has emerged as a new field of study in many other 
countries. 

Standards for Technological Literacy is accurate and thorough. At the 
same time, the standards will have to be educationally sound; understand­
able by those who have to implement policy, programs, and practice; 
usable by teachers and school personnel; and achievable by students in ele­
mentary, middle, and high schools. The degree to which standards meet 
these criteria will determine the power and promise of establishing the dis­
cipline of technology in school programs. 

THE POWER OF EDUCATIONAL STANDARDS 
The power of standards lies in their capacity to change fundamental 

components of the educational system. This assertion has several key 
points. First is the capacity to cause or influence changes. To be clear, stan­
dards imply change, not an affirmation of the status quo. Second, the 
changes are fundamental components of education. Standards influence 
curriculum content, instructional techniques, assessment strategies, and 
teacher education and professional development programs. Third, stan­
dards influence the larger educational system, as opposed to one compo­
nent such as assessments. A feature of standards is that they influence the 
entire educational system by specifying outcomes, for which the concrete 
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Technology Education Standards: Power, Peril, and Promise 

expression is-What should all students know and be able to do? In edu­
cational history, clarifying educational outcomes is a shift in emphasis. It 
varies considerably from our common emphasis of modifying inputs in 
hopes of improving educational outcomes. With reference to inputs one 
can change, for example, time (length of school days, years), content 
(additional courses), materials (new textbooks or activity-based pro­
grams), and techniques (cooperative groups, project-based learning, etc.). 
These inputs are meant to enhance student learning and they may do that, 
but there is also the reality that to be optimally effective, all educational 
inputs have to be directed to a common purpose. If not, there is the sig­
nificant possibility of uncoordinated and unfocused changes; for example, 
in changing textbooks and teaching techniques with no significant change 
in outcomes. It should not surprise educators that after establishing stan­
dards, which are policies, practitioners ask for instructional materials, 
educators ask about teacher education, evaluators ask for tests, etc. 

Implementing standards facilitates greater coherence among educa­
tional components. The assumption behind this position is that greater 
coherence will enhance student achievement. By some reports, for exam­
ple, the Third International Mathematics and Science Study (TIMSS) 
states that most United States educational systems are incoherent. Goals 
are only tangential to instructional materials which are not true to assess­
ments, which are not aligned with professional development, and the list 
goes on. Using a basic definition, coherence occurs when a small number 
of basic components are defmed in a system, and other components are 
based on or derived from those basic components. There is an orderly and 
logical relationship of educational components that affords greater com­
prehension of the whole system. Over time, Standards for Technological 
Literacy will develop coherence by: 

• Defining the knowledge and abilities of technology that all students 
should develop; 

• Presenting criteria for judging technology education content and pro­
grams at different grade levels including learning goals, design fea­
tures, instructional approaches, and assessment characteristics; 

• Providing criteria for judging instructional materials, curricula, and 
learning experiences developed by national projects, state agencies, 
local districts, schools, or teachers; and 

• Including standards for the preparation and continuing professional 
development of teachers. 
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Bybee 

THE PERILS OF NATIONAL STANDARDS 
Release of Standards for Technological Literacy in the spring of 2000 

inevitably has broadened and deepened discussions about technology 
education in general and of those standards, in particular. Although the 
community was aware of their development and opportunities for review 
and input, the actual standards stimulated new discussions as different 
factions of your community are confronted with the possibility of change. 
It would be false to report that these discussions will be calm, clear, and 
civil. Unfortunately, at best this yearbook will give you some warnings and 
suggest some strategies. The warnings build awareness and prepares for 
the inevitable criticisms. The strategies provide a plan that accommodates 
many, neutralizes some, and adapts to others. 

Rather than convey a totally pessimistic warning of inevitable crisis 
and doom, the perils will be presented as paradoxes. A paradox, as 
opposed to a dilemma, is a seemingly contradictory statement that may be 
true, an apparent contradiction that may in fact be resolved in time and 
through effective leadership. 
Paradox 1: Individuals and groups will demand to know more about 
standards; yet, the more they know about them, the more inadequacies 
they will report. 

In the early stages of development, individuals want to know more, 
but as they develop awareness, they fail to see connections to their specif­
ic discipline, e.g., materials science, teacher education, and thus will claim 
the standards to be inappropriate or to not apply to them. A recommen­
dation is to consistently send the message of what standards are, what they 
are not, and how they will influence and connect various factions of the 
technology education community. 
Paradox 2: Individuals and groups will demand that standards bring 
about revolutionary improvement in technology education; yet, they 
will be reluctant to initiate change in their respective domains of tech­
nology education. 

Standards for Technological Literacy identifies that there is a need for all 
citizens to understand technology and that technology education should 
have priority in schools, but individuals will find numerous reasons not to 
initiate even small, incremental changes to achieve this goal. A clear exam­
ple of this paradox is when college and university faculty demand changes 
in K-12 education, but they are reluctant to change their programs. The 
technology education profession has to talk continually about the system 
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Technology Education Standards: Power, Peril, and Promise 

and provide examples of changes in all components of the system: the "we 
are all in this and if it is going to work, we all have to change" approach. 
Paradox 3: Individuals and groups will demand more specific and prac­
tical standards; yet, the more specific and practical you are, the more 
you will hear about the need for broad and general standards. 

This paradox applies to just about everything. For example, some 
technology education teachers will want actual examples of instructional 
materials from the National Science Foundation (NSF) and National 
Aeronautics and Space Administration (NASA). When you provide the 
examples, there will still be requests for more detail, combined with mis­
interpretations, and criticisms of the examples. Each example should 
establish a context by indicating what the example does and does not 
show. 
Paradox 4: Individuals and groups will ask for brief statements that 
express the standards; yet, any slogan you use will be taken to its most 
literal and unreasonable conclusion. 

"Less is more" is a theme commonly heard in contemporary reform. 
Critics, of course, take it to the extreme-teaching less and less about more 
and more until students know nothing about everything! This was never 
the intention of the origination of the phrase. Rather, they meant some­
thing like learning fewer concepts more deeply. 

No doubt, the meaning of the project, Technology for All Americans, 
who created A Rationale and Structure for the Study of Technology 
(Rationale and Structure, 1996), will suffer similar criticism-"You could 
not possibly mean all," critics will say. "What about severely disabled stu­
dents?" The implication here is that if exceptions can be found, the pro­
fession should change the goal. Quite the opposite is the case. The excep­
tions demonstrate the need for the goal. Changes implied by the questions 
can open the door to a future of inequalities in technology education. 

The technology education profession should not open the door, but 
stay with the slogan that will bring greater equity to all American students 
and society. The counterpoint to members of the profession is "justice for 
alL" That is, given that society embraces the goal of "justice for all:' it is fair 
to ask if the profession can fmd exceptions. Of course, the profession can. 
So, should technology education change the goal or work harder to 
achieve it? The answer is clear- we keep the goal and strive to achieve it. 
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Paradox 5: Individuals and groups will want you to achieve the goals set 
forth in the standards yet the more successful you are, the more you will 
be subject to criticism. 

With success comes criticism. Unfortunately, it is not always accurate, 
deserved, or civil. Recognize that Standards for Technological Literacy 
(2000) will not be a perfect document, so critics will find errors and the 
need for improvement. Listen and learn from criticism that is clear, justi­
fied, and civil. When unjust and undue criticism comes, ignore most of it, 
respond vigorously and adequately to some of it, and have a larger vision 
than the critics. Also, it always helps to maintain a sense of humor. 

FULFILLING THE PROMISE OF NATIONAL 
STANDARDS 

In the project on National Science Education Standards (1996), a 
strategic framework for standards-based reform was established (referred 
to hereafter as the framework) (Burrill & Kennedy, 1997). Such a frame­
work helped navigate the paradoxes, and it will help fulfill the promise of 
technology education. Table 1-1 summarizes that framework. 

Research on dissemination and change clearly indicated that actions 
by many individuals and organizations are needed if meaningful and last-

Table I-I. A Strategic Framework for Standards-Based Reform 

REFORM 

Dissemination Goal: Developing "Getting the word out" 
Awareness 

Interpretation Goal: Increasing "Getting the idea" 
Understanding and Support 

Implementation Goal: Changing Policies, "Getting the job done" 
Programs, and Practices 

Evaluation Goal: Monitoring and 
Adjusting Policies, "Getting it right" 
Programs, and Practices 

Revision Goal: Improving the 
Efficacy and Influence "Doing it all again" 
of Standards 
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ing changes are to occur (Hutchinson & Huberman, 1993). And, the larg­
er the system (e.g., the nation vs. a school), the larger and more coordi­
nated the effort needs to be. The framework provided in this section is 
intended as an organizing tool for standards-based reforms in education 
(Bybee, 1997). 

Similar to many models for change and improvement, the framework 
(see Table 1-1) has several different dimensions, each with particular goals. 
In the framework, the developer of the standards plays a role, as do other 
participants in the educational system. National organizations, such as the 
International Technology Education Association (ITEA), playa major part 
in initial dissemination of the national standards, but they do not imple­
mentthem. 

The framework helps to organize the technology education profes­
sion's thinking about what strategies are needed and clarifies where 
responsibility and authority lie for making changes in the various compo­
nents of the educational system. Although the framework is designed as a 
means of thinking about national technology education standards, it is 
equally appropriate as a means of thinking about implementing Standards 
for Technological Literacy at state and local levels. 

Dissemination involves developing a general awareness of the exis­
tence of the Standards for Technological Literacy document among those 
responsible for policy making, programs, and teaching, and providing 
support and encouragement for the changes that will be required. It 
includes addressing the questions, "What are the standards?" "Why are 
they needed?" and "How could they be used to shape policy and practice?" 
Especially during dissemination, be articulate about what they can and 
cannot do, and why they are worth supporting. Being clear in the dissem­
ination phase will help neutralize criticisms and build support. 

Interpretation is about increasing understanding of and support for 
Standards for Technological Literacy. It involves careful analysis, dialogue, 
and the difficult educational task of challenging current conceptions and 
establishing a knowledge base that helps the community respond to crit­
ics. Deeper and richer understanding of standards is the goal. It is not too 
early to plan activities, publications, and a Web site that will help with 
questions and the interpretation of the standards for different groups in 
the technology education community and for different aspects of the 
instruction core. 

6 -



Bybee 

Implementation involves changing policies, programs, and practices 
to be consistent with Standards for Technological Literacy. People modify 
the district and school technology curriculum, revise criteria for the selec­
tion of instructional materials, change teacher credentialing and recertifi­
cation, and develop new assessments. Enacting new policies, programs, 
and practices builds new understandings that can feed back into interpre­
tation. 

In the evaluation dimension, information gathered about their impact 
can contribute directly to improvement. Monitoring of and feedback to 
various parts of the system result in modification and adjustment of poli­
cies' programs, and practices. 

At some point, as a planned element of the process, revision of stan­
dards occurs. Incorporating the new knowledge developed through imple­
mentation and evaluation and drawing heavily on input and discussion 
generated in the technology education field by the original document 
reviewers will result in the revisions of the standards. It is important to 
identify this element of the strategy as it signals a dynamic and changing 
quality of the standards. 

There exists some logical sequence to the dimensions. For example, 
people need to become aware of standards before they deepen their under­
standing through interpretation activities. Likewise, implementation with­
out understanding can lead to change that is mechanical, superficial, 
and-in the extreme-can imperil reform with the dismissal that "it 
doesn't work:' Effective implementation requires interpretation and 
understanding. Revision without adequate evaluation will not reflect what 
is learned from the original effort. 

Although the framework may seem linear, its dimensions are inter­
twined. For example, because practice informs understanding, implemen­
tation can lead to a new or deeper interpretation of the standards or 
elements of them. Evaluation and reflection pervade all other dimensions. 

The different dimensions of the framework are played out with differ­
ent audiences, as shown in Table 1-2. These audiences are organized into 
four categories that reflect primary roles in the educational system: policy, 
program, practice, and political and public support. 

The framework helps to address the question of how different stake­
holders participate in standards-based reforms. For example, an interpre­
tation activity for colleges and universities could be the development of a 
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Table 1-2. Participants in Standards-Based Education 

Policy Governors and State Legislators 
State Education Departments 
State and Local School Boards 
School Districts 
Schools 

Programs Colleges and Universities 
Publishers 
Curriculum and Assessment Developers 
School Districts 
Business and Industry 
Informal Educators 
Professional Organizations 

Practices Teachers 
Students 

Political and Scientists and Engineers 
Public Support Business and Industry 

Federal, State, and Local Governments 
Parents 
General Public 
Teacher Unions 

publication that focuses on the role of design in the context of Standards 
for Technological Literacy. The publication would help post -secondary 
technology teacher education faculty and administrators to understand 
the standards more deeply so they could improve their teacher preparation 
programs. One challenge of standards-based reform is to strategically 
engage the key participants in such a way as to create the most leverage for 
change in the system. 

Although the standards developers likely have major responsibility for 
dissemination, trained state agencies, special coalitions, or cadres of lead­
ers especially can be equipped to do so. Responsibility and authority for 
implementation do not necessarily lie with the organizations that devel­
oped Standards for Technological Literacy. The organizations can provide 
support and expertise, as well as help in networking various implementers, 
but they are not always positioned to change policies and practices direct­
ly. State supervisors, curriculum developers, teacher educators, and class­
room teachers assume major responsibility for implementation. Revision 
again becomes the responsibility of the developers, with substantial input 
and interaction with others in the system. 
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CONCLUSIONS 
Standards for Technological Literacy will be an important tool in edu­

cational reform. In time, they should contribute to new perceptions of 
technology education within the larger educational community and a bet­
ter understanding of technology by citizens. The profession need not be 
distracted from the vision. The technology education profession has devel­
oped the best standards possible. Now leaders of the profession must 
understand and establish commitment and direction within the commu­
nity. They must explain to a broader public what technology standards are 
and why they are important, and pay very close attention to the single 
most important resource for achieving higher levels of technological liter­
acy for all Americans-the classroom teachers of technology. 
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A hallmark year in the reform movement of education was 1989. 
During that year President George Bush formed the National Education 
Goals Panel following the National Governors Association's endorsement 
of national education goals. The reform movement in education was fur­
ther assisted by the publication of several key documents and the contin­
uation of support by President William Clinton's administration. 

The first publications to make a strong pusH for educational reform 
were Everybody Counts: A Report to the Na\tion on the Future of 
Mathematics Education by the National Research Council (NRC) and 
Curriculum and Evaluation Standards for School Mathematics by the 
National Council of Teachers of Mathematics (N CTM), both published in 
1989. These two documents marked the beginning of the expansion of 
educational reform and the development of standards in other fields of 
study. In addition, the NCTM document demonstrated the need to open 
the door for participation of groups and individuals interested and 
responsible for the delivery of standards. 

This chapter will make the reader aware that standards have been 
around since the late 1980s. The history of standards will enable the tech­
nology education profession to understand the context of the evolution of 
standards in general and learn what and what not to do for implementing 
Standards for Technological Literacy: Content for the Study of Technology 
(Standards for Technological Literacy). Also, the history identifies the inter­
disciplinary nature of the study of technology. 
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SCIENCE 

History of Science Education Leading to National Science Education 
Standards 

The American Association for the Advancement of Science (AAAS), 
through its Project 2061, published Science for All Americans in 1989 
resulting in the clear call to action and the need for science literacy for all 
students. This publication paved the way for future developments of stan­
dards for science. Shortly after the release of Science for All Americans, the 
National Science Teachers Association (NSTA), through its Scope, 
Sequence, and Coordination Project, published The Content Core. The 
National Academy of Sciences (NAS) and the NRC coordinated the devel­
opment of National Science Education Standards (Science Standards) in 
content, teaching, and assessment. The Department of Education (DOE) 
and the National Science Foundation (NSF) provided funding for the 
development of the science standards and the NRC established the 
National Committee on Science Education Standards and Assessment 
(NCSESA) to oversee the development of the National Science Education 
Standards. 

NCSESA solicited input from large numbers of science teachers, sci­
entists, science educators, and many others interested in science education. 
Numerous public presentations were made and the many suggestions for 
improving the drafts of the National Science Education Standards were col­
lated and analyzed. Extensive revisions were made in preparation of a draft 
for national review. Many interpretations and statements of what all stu­
dents should know and be able to do in science were based on the seminal 
work of AAAS Project 2061 and the publication of Science for All 
Americans, and the follow-up publication Benchmarks for Science Literacy 
(1993). After the national review by more than 18,000 individuals and 250 
groups, the final publication of the National Science Education Standards 
was released in 1996. 
Goals of the National Science Education Standards , 

The goals of school science that underlie the National Science 
Education Standards are to educate students who are able to: 

• Experience the richness and excitement of knowing about and under­
standing the natural world; 
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• Use appropriate scientific processes and principles in making person­
al decisions; 

• Engage intelligently in public discourse and debate about matters of 
scientific and technological concern; and 

• Increase economic productivity through the use of the knowledge, 
understanding, and skills of the scientifically literate person in careers 
(NRC, 1996, p. 13). 

Organization and Structure of National Science Education Standards 
The National Science Education Standards are organized into eight 

chapters. Chapter 1 presents an introduction to the ideas behind the devel­
opment of the National Science Education Standards. Chapter 2 provides 
the defmitions of key terms and the principles and vision of science liter­
acy for all students. The outline of the standards for science teaching is dis­
cussed in Chapter 3. These standards focus on what teachers should know 
and do. Chapter 4 follows with the professional development standards 
that outline the professional knowledge and skill needed to help in the 
development of science teachers. Together, Chapters 3 and 4 provide the 
basis for " ... the conviction that scientific inquiry is at the heart of science 
and science learning" (NRC, 1996, p. 15). Chapter 5 provides the science 
education assessment standards in order to judge" ... the quality of assess­
ment practices" (NRC, 1996, p. 15). In addition, the science education 
assessment standards" ... are also designed to be used as guides in devel­
oping assessment practices and policy. These standards apply equally to 
classroom-based and externally designed assessments and to formative 
and summative assessments" (NRC, 1996, p. 15). 

The science content standards are divided into K -4, 5-8, and 9-12 
grade levels and discussed in detail in Chapter 6. An underlying principle 
in the science content standards is the idea of inquiry. Traditional subject 
topics of physical, life, and earth and space sciences are discussed and pro­
vide clear expectations. In addition, the science content standards make 
connections between science and technology, science in personal and 
social perspectives, and the history and nature of science. Fundamental 
concepts that underlie each standard are discussed and are supplemented 
with information on developing student understanding of science. 
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The science program standards " ... provide criteria for judging the 
quality of school and district science programs" (NRC, 1996, p. 16) and are 
found in Chapter 7. Chapter 8 includes the standards that reflect the crite­
ria for the science education system beyond the school and district, reach­
ing out to the people in the community who support schools. Examples of 
actual practice have been provided throughout the National Science 
Education Standards in order to demonstrate that the vision of the science 
standards is attainable provided students are given ample opportunity to 
study and learn science as it is recommended. Further, all students are rep­
resented in National Science Education Standards; therefore equity should 
be a part of all characteristics of science education. 
Content of the National Science Education Standards , 

The National Science Education Standards provide six different sets of 
standards. Science teaching standards are covered in Chapter 3; standards 
for professional development for teachers of science are discussed in 
Chapter 4; assessment standards are covered in Chapter 5; science content 
standards are covered in Chapter 6; science education program standards 
are covered in Chapter 7; and science education system standards are 
depicted in Chapter 8. Table 2-1 illustrates the science content standards 
found in Chapter 6 and shows the main concepts to be taught by grade 
level cluster. 

Note that Standard A, which focuses on inquiry, is treated as a content 
idea that is woven throughout the content standards. Also, it should be 
noted that the similar language of a standard does not show the various 
depth of coverage or building of ideas from one grade level to the next. In 
addition, the science content standards do not propose a curriculum, but 
provide a" ... comprehensive vision of science education and will be most 
effective when used in conjunction with all of the standards described in 
[the National Science Education Standards]" (NRC, 1996, p. 103). 

Throughout each of the science content standards are identified uni­
fying concepts and processes that provide the conceptual and procedural 
schemes that help students develop an understanding that builds on prior 
experience and knowledge and helps in the connections and integration of 
that knowledge. The unifying concepts and processes are: 

• Systems, order, and organization; 

• Evidence, models, and explanation; 
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Table 2-1 National Science Education Standards, 1996 
SCIENCE CONTENT K-4 5-8 
STANDARDS 

As a result of activities in As a result of activities in 
grades K-4, all students grades 5-8, all students 
should develop should develop 

Standard A: *Abilities necessary to do scientific *Abilities necessary to do scientific 
Science as inquiry is basic inquiry inquiry 
to science understanding *Understanding about scientific *Understandings about scientific 
and is fundamental to all scientific inquiry inquiry 
experiences. 

Standard B: *Properties of objects and materials *Properties and changes of 
Comprises the physical science *Position and motion of objects properties in matter 
standard domain *Light, heat, electricity, and *Motions and forces 

magnetism *Transfer of energy 

Standard C: *The characteristics of organisms *Structure and function in 
Comprises the life science *Life cycles of organisms living systems 
standard domain *Organisms and environments *Reproduction and heredity 

*Regulation and behavior 
*Populations and ecosystems 
*Diversity and adaptations 
of organisms 

Standard D: *Properties of earth materials *Structure of the earth system 
Comprises the earth and space *Objects in the sky *Earth's history 
science standard domain *Changes in earth and sky *Earth in the solar system 

(Continued on next page.) 

9-12 

As a result of activities in 
grades 9-1 2, all students 
should develop 

*Abilities necessary to do scientific 
inquiry 
*Understandings about scientific 
inquiry 

*Structure of atoms 
*Structure and properties of 
matter 
*Chemical reactions 
*Motions and forces 
*Conservation of energy and 
increase in disorder 
*Interactions of energy and matter 

*The cell 
*Molecular basis of heredity 
*Biological evolution 
*Interdependence of organisms 
*Matter, energy, and 
organization in living systems 
*Behavior of organisms 

*Energy in the earth system 
*Geochemical cycles 
*Origin and evolution of the earth 
system 
*Origin and evolution of the 
universe 
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Table 2-1. National Science Education Standards, 1996 (continued) 
SCIENCE CONTENT K-4 5-8 
STANDARDS 

As a result of As a result of 
activities in grades activities in grades 
K-4, all students 5-8, all students 
should develop should develop 

Standard E: *Abilities of technological design *Abilities of technological design 
Comprises the science and *Understanding about science *Understandings about science 
technology standard domain and technology and technology 

*Abilities to distinguish between 
natural objects and objects made 
by humans 

Standard F: *Personal health *Personal health 
Comprises the science in personal *Characteristics and changes in *Populations, resources, 
and social perspectives standard populations and environments 
domain *Types of resources *Natural hazards 

*Changes in environments *Risks and benefits 
*Science and technology in local *Science and technology in society 
challenges 

Standard G: *Science as a human endeavor *Science as a human endeavor 
Comprises the history and nature *Nature of science 
of science standard domain *History of science 

9-12 

As a result of 
activities in grades 
9-12, all students 
should develop 
*Abilities of technological 
design 
*Understandings about 
science and technology 

*Personal and community 
health 
*Population growth 
*Natural resources 
*Environmental quality 
*Natural and human-induced 
hazards 
*Science and technology in local, 
national, and global challenges 

*Science as a human endeavor 
*Nature of scientific knowledge 
*Historical perspectives 
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• Change, constancy, and measurement; 

• Evolution and equilibrium; and 

• Form and function 
The unifying concepts and processes standard can be the focus of instruc­
tion at any grade level but should always be closely linked to outcomes 
aligned with other content standards (NRC, 1996, p. 6). 
The National Science Education Standards Related to Standards for 
Technological Literacy 

Standard E: Science and Technology standard" ... emphasizes develop­
ing the ability to design a solution to a problem and understanding the 
relationship of science and technology and the way people are involved in 
both" (NRC, 1996, p. 135). Standard F: Science in Personal and Social 
Perspectives standard emphasizes that "People continue inventing new 
ways of doing things, solving problems, and getting work done. New ideas 
and inventions often affect other people; sometimes the effects are good 
and sometimes they are bad" (NRC, 1996, p. 140). These two science con­
tent standards provide a starting point for science teachers to begin to 
incorporate the study of technology into their classrooms. In addition, the 
recognition for the need for technological literacy enables science and 
technology teachers to demonstrate the distinctions between science and 
technology, yet make the connections of science while minimizing the idea 
that technology is "applied" science. 

Examination of Science Standard E and Standard F reveals a relation­
ship with Standards for Technological Literacy, in particular those dealing 
with design and its application. Together, the two science content stan­
dards, in conjunction with Standards for Technological Literacy, offer an 
opportunity for science and technology teachers to discuss the relation­
ships between science and technology and to clearly point out the distinc­
tions. This enables students to build on their experiences in both science 
and technology laboratory-classrooms and to use the resources available 
to them to develop central ideas that provide the foundations for students' 
understandings and actions as citizens. 
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BENCHMARKS FOR SCIENCE LITERACY 

HistoryofAAAS, Project 2061 - Leading to Benchmarks for Science Literacy 
In 1993, the AAAS Project 2061 published Benchmarks for Science 

Literacy to specify the steps necessary to increase understanding of stu­
dents in K-12 in order to "develop adult literacy-what all students should 
know and be able to do when they leave high school" (AAAS, 1993, inside 
cover). As stated in the history section of the development of the National 
Science Education Standards, the ideas behind the development of 
Benchmarks for Science Literacy came from the groundwork studied and 
debated in the publication of Project 2061's Science for All Americans 
(AAAS, 1989) in 1989. It was recognized from the start that teachers and 
educators would need support and guidance in the development of 
" ... curricula that would meet the content standards of [the National 
Science Education Standards]" (AAAS, 1993, p. 303). 

Over a period of several years, the six 25-member teams consisting of 
teachers from elementary, middle, and high school; principals; and cur­
riculum specialists covering subjects such as physical sciences, social stud­
ies, mathematics, technology, and other disciplines formulated the ideas of 
Benchmarks for Science Literacy. It is recognized that Science for All 
Americans deliberately omits much of the traditional content of science, 
mathematics, and technology found in curricula and textbooks, and con­
tains materials that most teachers find totally unfamiliar. Few teachers 
have had the opportunity to become familiar with how science really 
works, study the history of science, explore themes that cut across disci­
plines, or learn engineering concepts. Moreover, there is little crossover in 
the education, training, and experiences of secondary school teachers in 
science, mathematics, and technology. Also, the background of most high 
school science teachers is limited to biology, earth and space, or physical 
sciences. It is not unusual for elementary teachers to have very little of any 
of these subjects in college (AAAS, 1993, p. 305). 

The team members met with and interviewed a variety of scientists, 
engineers, mathematicians, historians, and other representatives in order 
to learn more about science, mathematics, and technology. They worked 
in cross-discipline, cross-grade discussion groups, participated in inquiry 
and design projects, and built upon each other's understandings to help 
formulate and write the steps necessary to develop science literacy for stu­
dents in grade clusters K-2, 3-5, 6-8, and 9-12. To aid them in their writ-
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ing, they developed a process known as "mapping." The process 
" ... required groups to link more sophisticated ideas in later grades to the 
more basic ones suitable in the earlier years" (AAAS, 1993, p. 305). The 
team members began to ask and look for" ... what would count as evidence 
of student understanding" (AAAS, 1993, p. 307) and learning. 

The draft of Benchmarks for Science Literacy was available for review in 
the early part of 1993. More than 1,000 reviewers from groups who were 
asked to review the document and those who volunteered or requested an 
opportunity to review the document were given a chance to voice their 
opinions. They were asked to" ... appraise the technical accuracy of the sci­
ence document, the necessity and sufficiency of precursors provided to 
anticipate later concepts, the appropriateness of grade-level placement, the 
acceptability of the language, and the overall usefulness of the bench­
marks" (AAAS, 1993, p. 308). After all reviews were compiled and analyzed 
and rewrites were completed, the document was published with the 
understanding that future updates and revisions would be necessary based 
on new fmdings on how children learn. Thus in the future it will be deter­
mined " ... which benchmarks should be shifted, eliminated, elaborat­
ed ... or even left alone" (AAAS, 1993, p. 309). 
Goals of Benchmarks for Science Literacqr 

The goals and characteristics of Benchmarks for Science Literacy 
describe its purpose and intent. They are: 

• Benchmarks for Science Literacy is a report from a cross-section of 
practicing educators. 

• Benchmarks for Science Literacy is different from a curriculum, a cur­
riculum framework, a curriculum design, or a plan for a curriculum. 

• Benchmarks for Science Literacy is a compendium of specific science 
literacy goals that can be organized however one chooses. 

• Benchmarks for Science Literacy specifies thresholds rather than aver­
age or advanced performance. 

• Benchmarks for Science Literacy concentrates on the common core of 
learning that contributes to the science literacy of all students. 

• Benchmarks for Science Literacy avoids technical language used for its 
own sake. 

• Benchmarks for Science Literacy sheds only partial light on how to 
achieve the goals it recommends. 
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• Benchmarks for Science Literacy is informed by research. 

• Benchmarks for Science Literacy is a developing product. 

• Benchmarks for Science Literacy is but one of a family of tools being 
designed by Project 206l. 

• Benchmarks for Science Literacy is a companion for Science for All 
Americans, not a substitute (AAAS, 1993, pp. xii-xiv). 

Organization and Structure of Benchmarks for Science Literacy 
Benchmarks for Science Literacy is organized into 16 chapters, with the 

first 12 discussing the benchmarks themselves. The remaining four chap­
ters provide the background for the development of Benchmarks for 
Science Literacy. Chapters 1, 2, and 3 focus on the Nature of Science, 
Mathematics, and Technology, respectively. Each chapter focuses on the 
particular subject matter and related enterprises, taking care to clearly 
define and outline the experiences needed by students to develop an 
understanding of science, mathematics, and technology, and how they are 
related. Chapter 4 follows with the physical setting, covering topics related 
to the universe and the earth with related processes that shape the earth, 
the structure of matter, energy transformations, forces, and motion. 

The living environment follows in Chapter 5, covering discussions on 
the diversity of life, heredity, and the make-up of life from cells to their 
evolution. Chapter 6 focuses more deeply on the human organism, in par­
ticular, and covers basic functions of bodily organs related to physical 
health, well being, and the learning process. The human society follows in 
Chapter 7, spotlighting social, political, and global behavior. Chapter 8 
delves into what students should know and learn about concepts and sys­
tems in technology. Chapter 9 provides a view of the mathematical world, 
highlighting what is necessary for mathematical understanding, such as 
number sense and symbiotic relationships. A historical perspective in the 
history of science is covered in Chapter 10. Common themes are explored 
in Chapter 11. These themes, systems, models, and constancy and change, 
are discussed in detail. They provide a foundation for the interrelations of 
science, mathematics, and technology, as well as exploring their distinc­
tions. Chapter 12 focuses on habits of the mind, encompassing how stu-
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dents develop computational and estimation skills, and critical thinking 
and response skills. 

Table 2-2 provides a quick reference to the chapters. Unlike the 
National Science Education Standards and Standards for Technological 
Literacy, Benchmarks for Science Literacy does not include a set of stan­
dards, but contains "statements of what all students should know and be 
able to do in science, mathematics, and technology by the end of grades 2, 
5,8, and 12" (AAAS, 1993, p. xi). The word "know" implies that students 
can explain ideas in their own words, relate the ideas to other benchmarks 
and apply the ideas in novel contexts" (AAAS, 1993, p. xviii). 
Content of Benchmarks for Science Literacy 

Three sections of Benchmarks for Science Literacy are illustrated in 
Tables 2-3, 2-4, and 2-5. They show how the ideas that are conveyed are 
mapped and move through grades building on prior knowledge and expe­
rience. Likewise, the sections that are illustrated are those that are most 
aligned with the ideas expressed in Standards for Technological Literacy. 
Tables 2-3, 2-4, and 2-5 depict the benchmarks for kindergarten through 
grade 12 and are related to Chapters 3, 8, and 11 respectively. 
Benchmarks for Science Literacy Related to Standards for Technological 
Literacy 

A major distinction between Benchmarks for Science Literacy and 
Standards for Technological Literacy needs to be discussed on the outset. 
Benchmarks for Science Literacy is written with statements that identify 
what every student should know and be able to do in science, mathemat­
ics, and technology, kindergarten through grade 12. In contrast, Standards 
for Technological Literacy is written with standards that specify what every 
student should know and be able to do in technology and each standard 
has an accompanying list of statements for kindergarten through grade 12 
that provide guidance on how the student may achieve the standard. 
Therefore, Standards for Technological Literacy uses the idea of standards 
from the National Science Education Standards and the idea of benchmarks 
from Benchmarks for Science Literacy and combines them in a presentation 
of technological literacy. 

21 _ 



Role of Standards in Different Subject Areas 

Table 2-2. Benchmarks for Science Literacy 
Chapter Headings and Subheadings 

Benchmarks Kindergarten through Grade 12 
Chapters Related Chapter Subheadings 

Chapter I :The Nature of Science A. The Scientific World View 
B. Scientific Inquiry 
C. The Scientific Enterprise 

Chapter 2:The Nature of Mathematics A. Patterns and Relationships 
B. Mathematics, Science, and 

Technology 
C. Mathematical Inquiry 

Chapter 3:The Nature of Technology A. Technology and Science 
B. Design and Systems 
C. Issues in Technology 

Chapter 4:The Physical Setting A. The Universe 
B. The Earth 
C. Processes that Shape the Earth 
D. Structure of Matter 
E. Energy Transformations 
F. Motion 
G. Forces of Nature 

Chapter S:The Living Environment A. Diversity of Life 
B. Heredity 
C. Cells 
D. Interdependence of Life 
E. Flow of Matter and Energy 
F. Evolution of Life 

Chapter 6:The Human Organism A. Human Identity 
B. Human Development 
C. Basic Functions 
D. Learning 
E. Physical Health 
F. Mental Health 

Chapter 7: Human Society A. Cultural Effects on Behavior 
B. Group Behavior 
C. Social Change 
D. Social Trade-Offs 
E. Political and Economic Systems 
F. Social Conflict 
G. Global Interdependence 
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Table 2-2. Benchmarks for Science Literacy 
Chapter Headings and Subheadings (continued) 

Benchmarks Kindergarten through Grade 12 
Chapters Related Chapter Subheadings 

Chapter 8:The Designed World A. Agriculture 
B. Materials and Manufacturing 
C. Energy Sources and Use 
D. Communication 
E. Information Processing 
F. Health Technology 

Chapter 9:The Mathematical World A. Numbers 
B. Symbolic Relationships 
C. Shapes 
D. Uncertainty 
E. Reasoning 

Chapter 10: Historical Perspectives A. Displacing the Earth from the 
Center of the Universe 

B. Uniting the Heavens and Earth 
C. Relating Matter & Energy and 

Time & Space 
D. Extending Time 
E. Moving the Continents 
F. Understanding Fire 
G. Splitting the Atom 
H. Explaining the Diversity of Life 
I. Discovering Germs 
J. Harnessing Power 

Chapter I I: Common Themes A. Systems 
B. Models 
C. Constancy and Change 
D. Scale 

Chapter 12: Habits of Mind A. Values and Attitudes 
B. Computation and Estimation 
C. Manipulation and Observation 
D. Communication Skills 
E. Critical-Response Skills 
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Table 2-3. Benchmarks for Science Literagt,J 993, pp. 49-52 
Benchmark 
Chapter and 
Subheading 

Chapter 3: 
The Nature of 
Technology 
lb: Design and 
Systems 

Kindergarten through Grade 21 Grades 1 through 5 

By the end of the 2nd grade, 
students should know that 

*People can use objects and 
ways of doing things to solve 
problems. 
*People may not be able to 
actually make or do everything 
that they can design. 

By the end of the 5th grade, 
students should know that 

*There is no perfect design. 
Designs that are best in one 
respect (safety or ease of use, 
for example) may be inferior in 
other ways (cost or appear­
ance). 

*Usually some features must 
be sacrificed to get others. 
How such trade-offs are 
received depends upon which 
features are emphasized and 
which are down-played. 

Grades 6 through 8 

By the end of the 8th 
grade, students should 
know that 

*Design usually requires taking 
constraints into account. Some 
constraints, such as gravity or 
the properties of the materials 
to be used, are unavoidable. 
Other constraints, including 
economic, political, social, ethi­
cal, and aesthetic ones, limit 
choices. 

*AII technologies have effects 
other than those intended by 
the design, some of which may 
have been predictable and 
some not. In either case, these 
side effects may turn out to be 
unacceptable to some of the 
population and therefore lead 
to conflict between groups. 

*Almost all control systems 
have inputs, outputs, and 

(Continued on next page.) 

Grades 9 through 12 

By the end of he 12th 
grade, students should know 
that 

*In designing a device or 
process, thought should be 
given to how it will be manu­
factured, operated, maintained, 
replaced, and disposed of and 
who will sell, operate, and take 
care of it. The costs associated 
with these functions may intro­
duce yet more constraints on 
the design. 

*The value of any given tech­
nology may be different for dif­
ferent groups of people and at 
different points in time. 

*Complex systems have layers 
of controls. Some controls 
operate particular parts of the 
system and some control 
other controls. Even fully auto­
matic systems require human 
control at some point. 
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Benchmark 
Chapter and 
Subheading 

Chapter 3: 
The Nature of 
Technology 
3b: Design and 
Systems 

Kindergarten through Grade 2 Grades 3 through 5 

--

Grades 6 through 8 

feedback. The essence of con-
trol is comparing information 
about what is happening to 
what people want to happen 
and then making appropriate 
adjustments. This procedure 
requires sensing information, 
processing it, and making 
changes. In almost all modern 
machines, microprocessors 
serve as centers of perfor-
mance control. 

*Systems fail because they have 
faulty or poorly matched parts, 
are used in ways that exceed 
what was intended by the 
design, or were poorly 
designed to begin with. The 
most common ways to prevent 
failure are pretesting parts and 
procedures, overdesign, and 
redundancy. 

Grades 9 through 12 

*Risk analysis is used to mini-
mize the likelihood of unwant-
ed side effects of a new tech-
nology. The public perception 
of risk may depend, however, 
on psychological factors as 
well as scientific ones. 

*The more parts and connec-
tions a system has, the more 
ways it can go wrong. 
Complex systems usually have 
components to detect, back 
up, bypass, or compensate for 
minor failures. 

*To reduce the chance of sys-
tem failure, performance test-
ing is often conducted using 
small-scale models, computer 
simulations, analogous systems, 
or just the parts of the system 
thought to be least reliable. 
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Table 2-4. Benchmarks for Science Literacy, 1993, pp. 188-191 
Benchmark Kindergarten Grades 3 Grades 6 
Chapter and through Grade 2 through 5 through 8 
Subheadiin!! 

Chapter 8: The By the end of the 2nd grade, By the end of the 5th grade, By the end of the 8th grade, 
Designed World students should know that students should know that students should know that 
8b: Materials *Some kinds of materials are *Naturally occurring materials *The choice of materials for a 
and better than others for making such as wood, clay, cotton, and job depends on their proper-
Manufacturing any particular thing. Materials animal skins may be processed ties and on how they interact 

that are better in some ways or combined with other mate- with other materials. Similarly, 
(such as stronger or cheaper) rials to change their proper- the usefulness of some manu-
may be worse in other ways ties. factured parts of an object 
(heavier or harder to cut). *Through science and technol- depends on how well they fit 
*Several steps are usually ogy, a wide variety of materials together with other parts. 
involved in making things. that do not appear in nature *Manufacturing usually involves 
*Tools are used to help make at all have become available, a series of steps, such as 
things, and some things cannot ranging from steel to nylon to designing, obtaining product 
be made at all without tools. liquid crystals. and preparing raw materials, 
*Each kind of tool has a spe- *Discarded products con- processing the materials 

cial purpose. tribute to the problem of mechanically or chemically, and 
*Some materials can be used waste disposal. Sometimes it is assembling, testing inspecting, 
over again. possible to use the materials and packaging. The sequence of 

in them to make new prod- these steps is also often 
ucts, but materials differ widely important. 
in the ease with which they *Modern technology reduces 
can be recyded. manufacturing costs, produces 
*Through mass production, the more uniform products, and 
time required to make a prod- creates new synthetic materials 
uct and its cost can be greatly that can help reduce the deple-
reduced. Although many things tion of some natural resources. 

(Continued on next page.) 

Grades 9 
through 12 

By the end of the 12th 
grade, students should know 
that 

*Manufacturing processes have 
been changed by improved 
tools and techniques based on 
more thorough scientific 
understanding, increases in the 
forces that can be applied and 
the temperatures that can be 
reached, and the availability of 
electronic controls that make 
operations occur more rapidly 
and consistently. 
*Waste management includes 
considerations of quantity, 
safety, degradability, and cost. It 
requires social and technologi-
cal innovations, because waste-
disposal problems are political 
and economic as well as tech-
nical. 
*Scientific research identifies 
new materials and new uses of 
known materials. 
*Increased knowledge of the 
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Table 2-4. Benchmarks for Science Literacy, 1993, pp. 188-191 (continued) 
Benchmark Kindergarten Grades 3 Grades 6 Grades 9 
Chapter and through Grade 2 through 5 through 8 through 12 
Subheadiing 

Chapter 8: By the end of the 2nd grade, By the end of the 5th grade, By the end of the 8th grade, By the end of the 12th 
The Designed students should know that students should know that students should know that grade, students should know 
World are still made by hand in some *Automation, including the use that 
8b: Materials parts of the world. almost of robots. has changed the molecular structure of mate-

and everything in the most techno- nature of work in most fields. rials helps in the design and 

Manufacturing logically developed countries is including manufacturing. As a synthesis of new materials for 

now produced using automatic result. high-skill. high-knowl- special purposes. 

machines. Even automatic edge jobs in engineering. com-
machines require human puter programming. quality 
supervision. control. supervision. and main-

tenance are replacing many 
routine. manual-labor jobs. 
Workers therefore need better 
learning skills and flexibility to 
take on new and rapidly chang-
ing jobs. 
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Table 2-5. Benchmarks for Science Literacy, 1993, pp. 264-266 
Benchmark Kindergarten Grades 3 Grades 6 
Chapter and through Grade 2 through 5 through 8 
Subheadiing 

Chapter II: By the end of the 2nd grade, By the end of the 5th grade, By the end of the 8th grade, 
Common students should know that students should know that students should know that 
Themes *Most things are made of *In something that consists of *A system can include process-
II a: Systems parts. many parts, the parts usually es as well as things. 

*Something may not work if influence one another. *Thinking about things as sys-
some of its parts are missing. *Something may not work as tems means looking for how 

*When parts are put together, well (or at all) if a part of it is every part relates to others. 

they can do things that they missing, broken, worn out, mis- The output from one part of a 

couldn't do by themselves. matched, or misconnected. system (which can include 
materials, energy, or informa-
tion) can become the input to 
other parts. Such feedback can 
serve to control what goes on 
in the system as a whole. 

*Any system is usually con-
nected to other systems, both 
internally and externally. Thus 
a system may be thought of as 
containing subsystems and as 
being a subsystem of a larger 
system. 

(Continued on next page.) 

Grades 9 
through 12 

By the end of the 12th 
grade, students should know 
that 

*A system usually has some 
properties that are different 
from those of its parts, but 
appear because of the inter-
action of those parts. 

*Understanding how things 
work and designing solutions 
to problems of almost any 
kind can be facilitated by sys-
tems analysis. In defining a 
system, it is important to 
specify its boundaries and 
subsystems, indicate its rela-
tion to other systems, and 
identify what its input and its 
output are expected to be. 

*The successful operation of 
a designed system usually 
involves feedback. The feed-
back of output from some 
parts of a system to input for 
other parts can be used to 
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Table 2-5. Benchmarks for Science Literacy, 1993, pp. 264-266 (continued) 
Benchmark Kindergarten Grades 3 Grades 6 
Chapter and through Grade 2 through 5 through 8 
Subheadiing 

Chapter II: By the end of the 2nd grade, By the end of the 5th grade, By the end of the 8th grade, 
Common students should know that students should know that students should know that 
Themes 
II a: Systems 

II 
~ 

II 

Grades 9 
through 12 

By the end of the 12th 
grade, students should know 
that 

encourage what is going on in 
a system, discourage it, or 
reduce its discrepancy from 
some desired value. The sta-
bility of a system can be great 
when it includes appropriate 
feedback mechanisms. 

*Even in some very simple 
systems, it may not always be 
possible to predict accurately 
the result of changing some 
part or connection. 
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Role of Standards in Different Subject Areas 

As stated before, there are three chapters of Benchmarks for Science 
Literacy that make direct correlations to the standards listed in Standards 
for Technological Literacy. These chapters are Chapter 3: The Nature of 
Technology, Chapter 8: The Designed World, and Chapter 11: Common 
Themes. Without listing all possible connections and relationships, the key 
ideas presented in Tables 2-3, 2-4, and 2-5 help to demonstrate the inter­
relations between science and technology and their distinctions. In addi­
tion to the specific chapters discussed above, there are sections in other 
chapters that also make a connection or passing comment that is in direct 
correlation to or integrates the study of technology. For example, "Chapter 
10: Historical Perspectives, includes a discussion of the Industrial 
Revolution" (AAAS, 1993, p. 42). It is to the advantage of technology 
teachers to be aware of the ideas and concepts presented in Benchmarks for 
Science Literacy. A clear understanding of the relationships between 
Benchmarks for Science Literacy and Standards for Technological Literacy 
will help teachers dialogue about how" ... technology has been a powerful 
force in the development of civilization, all the more so as its link with sci­
ence has been forged" (AAAS, 1993, p. 41). 

MATHEMATICS 

History of Mathematics Education-Leading to Principles and Standards 
for School Mathematics 

The National Council of Teachers of Mathematics (NCTM) worked 
for more than three years before the 1989 historic release of their first stan­
dards, Curriculum and Evaluation Standards for School Mathematics. 
By 1991, NCTM released Professional Standards for Teaching Mathematics, 
followed by the 1995 release of the Assessment Standards for School 
Mathematics. NCTM looked to the future, and thus continued the 
ongoing process of evaluating the standards to improve mathematics 
education. 

By October of 1998, NCTM had a new draft document of standards. 
Copies of the draft were circulated to over 30,000 readers and various 
associations. Readers were requested to provide feedback. In April of 2000, 
at the national conference, NCTM released Principles and Standards for 
School Mathematics. The 402-paged document encompasses curriculum, 
professional, and assessment standards in a single document as it strength­
ens the rigor of mathematics education and builds on the trio of standards 
released in 1989. 

= 30 = 



Newberry and Hallenbeck 

Clearly the 1989 Curriculum and Evaluation Standards for School 
Mathematics had a profound impact on mathematics education in the 
United States. Learned societies looked to NCTM as a model for creating 
standards. Mathematics educators turned to the 1989 standards to support 
mathematics reform. While it is too early to know the impact of Principles 
and Standards for School Mathematics, there is no doubt the standards will 
influence the future of mathematics education in the United States. 
Goals of Mathematics Education 

Principles and Standards for School Mathematics" ... supplies guidance 
and vision while leaving specific curriculum decisions to the local level" 
(NCTM, 2000, p. 6). Not only does the document set goals for mathemat­
ics education for students of mathematics, as well as teachers, it also pro­
vides resources for educators teaching mathematics. Principles and 
Standards for School Mathematics can serve as a common tool or basis for 
communication in mathematics education. 

Teachers can use Principles and Standards for School Mathematics to 
guide not only the rigor of the curriculum, but also to guide their role in 
the classroom, as well as the role of assessment. The standards help teach­
ers see the connections within mathematics as well as connections to other 
curriculum and fields of study. Such a connection example, in the content 
area of measurement, inspires teachers to see that "Opportunities to use 
and understand measurement arise naturally during high school in other 
areas of mathematics, in science, and in technical education" (NCTM, 
2000, p. 321). 

The intent of the document is to: 
• Set forth a comprehensive and coherent set of goals for mathematics 

for all students from pre-kindergarten through grade 12 that will ori­
ent curricular, teaching, and assessment efforts during the next 
decades; 

• Serve as a resource for teachers, education leaders, and policy makers 
to use in examining and improving the quality of mathematics 
instructional programs; 

• Guide the development of curriculum frameworks, assessments, and 
instructional materials; and 

• Stimulate ideas and on-going conversations at the national, provincial 
or state, and local levels about how best to help students gain a deep 
understanding of important mathematics (NCTM, 2000, p. 6). 
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Organization and Structure of the Principles and Standards for School 
Mathematics 

The Principles and Standards for School Mathematics contains six guid­
ing principles, five content standards, and five process standards for math­
ematics. The eight -chapter document devotes the first chapter to the 
vision for school mathematics. The second chapter gives a brief overview 
of each of the six principles of school mathematics. These principles serve 
as a foundation in describing characteristics of high-quality mathematics 
education. 

The third chapter serves as an introduction to the 10 standards for 
school mathematics from pre-kindergarten through grade 12, while 
Chapters 4, 5, 6, and 7 delve more deeply into the standards by grade 
bands. Principles and Standards for School Mathematics has designed four 
grade bands as: Pre-Kindergarten-2, 3-5, 6-8, and 9-12. All of the five con­
tent standards and five process standards are included in each of the four 
grade bands with specific expectations delineated within the given grade 
band as shown in Figure 2-l. 
Content of the Principles and Standards for School Mathematics 

"Standards are descriptions of what mathematics instruction should 
enable students to know and do" (NCTM, 2000, p. 28). Principles and 
Standards for School Mathematics was written with knowledge of the enor­
mous task that lie ahead for mathematics educators, that " ... teaching 
mathematics well is a complex endeavor, and there are no easy recipes" 
(NCTM, 2000, p. 17) and that the standards would be rigorous. 
"Ambitious standards are required to achieve a society that has the capa­
bility to think and reason mathematically" (NCTM, 2000, p. 28). 

"Historically, number has been a cornerstone of the mathematics cur­
riculum" (NCTM, 2000, p. 32), and thus begins the process in delineation 
in presenting Principles and Standards for School Mathematics. 

While one may note the standards are listed for each content and 
process, which spread the width of all grades from Pre-Kindergarten-12, 
one must also be aware that each specific grade band clearly delineates 
more specific expectations for instructional programs for students within 
each standard. As indicated in Table 2-6, each standard extends through­
out the grades, the depth of the studies by grade band is reflected in the 
number of specific expectations as well as the complexity of each. As illus-
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Figure 2-1. PSSM, 2000, p. 30 
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trated in the following three examples, one specific standard for instruc­
tional programs within algebra, geometry, and measurement have been 
taken and the expanded expectations per grade band have been cited. Thus 
each of the standards listed in Table 2-6 (National Science Education 
Standards) replicate the design to be shown in Tables 2-7, 2-8, and 2-9 
(Principles and Standards for School Mathematics). That is to say, all gener­
al standards are more clearly defined as grade level expectations. 
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Table 2-6. Principles and Standards for School Mathematics, 2000 
Note: Shaded areas are further developed through Tables 2-7,2-8, and 2-9. 

Algebra 

Geometry 

Measurement 

in various contents 

*Analyze characteristics and properties of two-and 
three-dimensional geometric shapes and develop math­
ematical arguments about geometric relationships 
*Specify locations and describe spatial relationships 
using coordinate geometry and other representational 
systems 
*Apply transformations and use symmetry to analyze 
mathematical situations 

*Apply appropriate techniques, tools, and formulas to 
determine measurement 

Data Analysis & Probability *Formulate questions that can be addressed with data 
and collect, organize, and display relevant data to 
answer them 

Problem Solving 

34 

*Select and use appropriate statistical methods to ana­
lyze data 
*Develop and evaluate inferences and predictions that 
are based on data 
*Understand and 

*Build new mathematical knowledge through problem 
solving 
*Solve problems that arise in mathematics and in other 
contexts 
*Apply and adapt a variety of appropriate strategies to 
solve problems 
*Monitor and reflect on the process of mathematical 
problem solving 
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Table 2-6. Principles and Standards for School Mathematics, 2000 
(cont.) 

Reasoning & Proof *Recognize reasoning and proof as fundamental aspects 
of mathematics 
*Make and investigate mathematical conjectures 
*Develop and evaluate mathematical arguments and 
proofs 
*Select and use various types of reasoning and 
methods of proof 

Communication *Organize and consolidate their mathematical thinking 
through communication 
*Communicate their mathematical thinking coherently 
and clearly to peers, teachers, and others 
*Analyze and evaluate the mathematical thinking and 
strategies of others 
*Use the language of mathematics to express mathe-
matical ideas precisely 

Connections *Recognize and use connections among mathematical 
ideas 
*Understand how mathematical ideas interconnect and 
build on one another to produce a coherent whole 
*Recognize and apply mathematics in contexts outside 
of mathematics 

Representation *Create and use representations to organize, record, 
and communicate mathematical ideas 
*Select, apply, and translate among mathematical repre-
sentations to solve problems 
*Use representations to model and interpret physical, 
social, and mathematical phenomena 
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Table 2-7. Algebra Standard Excerpt: One of Four Standards in Content Area of Algebra (PSSM, 2000) 
Algebra Content Pre-K-2 Expectations Grades 3-5 Grades 6-8 Grades 9-12 
Standard Expectations Expectations Expectations 

Instructional programs Instructional programs Instructional programs Instructional programs from 

from prekindergarten from prekindergarten from prekindergarten prekindergarten through grade 12 

through grade 12 should through grade 12 should through grade 12 should should enable all students to-

enable all students to- enable all students to- enable all students to-

Understand *Sort, classify and order *Describe, extend, and *Represent, analyze, and *Generalize patterns using explicitly 

patterns, objectives by size, number, make generalizations about generalize a variety of pat· defined and recursively defined func-

relations, and and other properties; geometric and numeric pat- terns with tables, graphs, tions; 

functions *Recognize, describe, and terns; words, and when possible, *Understand relations and functions 

extend patterns such as *Represent and analyze pat· symbolic rules; and select convert flexibly among, and 

sequence of sounds and terns and functions, using *Relate and compare differ- use various representations for them; 

shapes or simple numeric words, tables and graphs. ent forms of representation *Analyze functions of one variable by 
patterns and translate for a relationship; investigating rates of change, intercepts, 
from one representation *Identify functions as linear zeros, asymptotes, and local and global 
to another; or nonlinear and contrast behavior; 

*Analyze how both their properties from tables, *Understand and perform transforma· 
repeating and growing pat- graphs, or equations. tions such as arithmetically combining, 
terns are generated. composing, and inverting commonly 

used functions, using technology to 
perform such operations on more 
complicated symbolic expressions; 

*Understand and compare the proper-
ties of classes of functions, including 
exponential, polynomial, rational, loga-
rithmic, and periodic functions; 

*Interpret representations of functions 
of two variables. 
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Table 2-8. Geometry Standard Excerpt: One of Four Standards in Content Area of Geometry (PSSM, 2000) 
Geometry Pre-K-2 Expectations Grades 3-5 Grades 6-8 Grades 9-12 
Standard Expectations Expectations Expectations 

Instructional programs from Instructional programs from Instructional programs from Instructional programs from 
prekindergarten through prekindergarten through prekindergarten through grade prekindergarten through 
grade 12 should enable all grade 12 should enable all 12 should enable all students grade 12 should enable all 
students to- students to- to- students to-

Use visualiza- *Create mental images of *Build and draw geometric *Precisely describe, classify, and *Analyze; 
tion, spatial geometric shapes using spatial objects; understand relationships among *Explore relationships 
reasoning, memory; *Create and describe mental types of two- and three-dimen- (including congruence and 
and geometric *Recognize and represent images of objects, patterns, sional objects using their defin- similarity) among classes of 
modeling to shapes from different per- and paths; ing properties; two- and three-dimensional 
solve problems spectives; *Identify and build a three- *Understand relationships geometric objects, make and 

*Relate ideas in geometry to dimensional object from two- among angles, side lengths, test conjectures about them, 

ideas in number and mea- dimensional representations perimeters, area, volumes of and solve problems involving 

surement; of that object; similar objects; them; 

*Recognize geometric shapes *Identify and build a two- *Create and critique inductive *Establish the validity of geo-

and structures in the environ- dimensional representation of and deductive arguments con- metric conjectures using 

ment and specify their loca- a three-dimensional object; cerning geometric ideas and deduction, prove theorems, 

tion. *Use geometric models to 
relationships, such as congru- and critique arguments made 

solve problems in other areas 
ence, similarity, and the by others; 

of mathematics, such as num- Pythagorean relationship. *Use trigonometric relation-

ber and measurement; ships to determine lengths 

*Recognize geometric ideas 
and angle measures. 

and relationships and apply 
them to other disciplines and 
to problems that arise in the 
classroom or in everyday life. 
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Table 2-9. Measurement Standard Excerpt: One of Two Standards in Content Area of Measurement (PSSM, 2000) 
Measurement Pre-K-2 Expectations Grades 3-5 Grades 6-8 Grades 9-12 
Standard Expectations Expectations Expectations 

Instructional programs Instructional programs from Instructional programs Instructional programs from 
from prekindergarten prekindergarten through grade from prekindergarten prekindergarten through 
through grade 12 should 12 should enable all students through grade 12 should grade 12 should enable all 
enable all students to- to-- enable all students to-- students to-

Understand *Recognize the attributes of *Understand such attributes as *Understand both metric *Make decisions about units 
measurable length, volume, weight, area, length, area, weight, volume, and and customary systems of and scales that are appropri-
attributes of and time; size of angle and select the appro- measurement; ate for problem situations 
objects and *Compare and order priate type of unit for measuring *Understand relationships involving measurement. 
the units, objects according to these each attribute; among units and convert 
systems, and attributes; *Understand the need for measur- from one unit to another 
process of *Understand how to mea- ing with standard units and become within the same system; 
measurement sure using nonstandard and familiar with standard units in the *Understand, select, and use 

standard units; customary and metric systems; units of appropriate size and 
*Select an appropriate unit *Carry out simple unit conversions, type to measure angles, 
and tool for the attribute such as from centimeters to perimeter, area, surface area, 
being measured. meters, within a system of mea- and volume. 

surement; 
*Understand that measurements 
are approximations and understand 
how differences in units affect pre-
cision; 

*Explore what happens to measure-
ment of a two-dimensional shape 
such as perimeter and area when 
the shape is changed in some way. 
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Principles and Standards for School Mathematics Related to Standards for 
Technological Literacy 

The Principles and Standards for School Mathematics and Standards for 
Technological Literacy complement each other. As one reads from the 
Principles and Standards for School Mathematics such verbiage as, "In some 
activities, models allow a view of a real-world phenomenon, such as the 
flow of traffic, through an analytic structure imposed on it" (NCTM, 2000, 
p. 70), may make one feel as if he or she is reading from Standards for 
Technological Literacy. "Systematic reasoning is a defining feature of math­
ematics" (NCTM, 2000, p. 57) as systematic thinking is a defining feature 
of technology. 

Not only do Tables 2-7,2-8, and 2-9 illustrate the width of all grades 
Pre-kindergarten-12, as well as the specific grade band expectations with­
in each standard, they also illustrate common connections that mathe­
matics and technology share. Technology and mathematics educators can 
find value in reading and referencing both documents to produce students 
who can globally compete in tomorrow's world. "Change is an ubiquitous 
feature of contemporary life, so learning with understanding is essential to 
enable students to use what they learn to solve the new kinds of problems 
they will inevitably face in the future" (NCTM, 2000, pp. 20-21). 

COMPARISON OF NATIONAL SCIENCE 
EDUCATION STANDARDS, BENCHMARKS FOR 
SCIENCE LITERACY, PRINCIPLES AND STAN­
DARDS FOR SCHOOL MATHEMATICS,AND 
STANDARDS FOR TECHNOLOGICAL LITERACY 

Technology has many interdependent relationships with science and 
mathematics. These points are made clear when studying the four docu­
ments: National Science Education Standards, Benchmarks for Science 
Literacy, Principles and Standards for School Mathematics, and Standards 
for Technological Literacy. Helping students become informed about the 
history of technology, apart from that of science and mathematics, yet rich 
in interrelationships, is necessary for complete understanding. 

With the ideas and concepts identified that correlate and support each 
subject matter, there are clear distinctions in the format and layout of each 
document. In addition to specifying the standards that every student needs 
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to know and be able to do in order to understand science in the National 
Science Education Standards or mathematics in the Principles and 
Standards for School Mathematics, each document serves as a guide to help 
teachers in their classroom roles and to provide assessment to determine 
student learning and understanding. In contrast, Benchmarks for Science 
Literacy does not provide additional guidance for a teacher, however, this 
is clarified in companion documents titled, Designs for Science Literacy 
(AAAS, 2000) and Blueprints for Reform, Science, Mathematics, and 
Technology Education (AAAS, 1999). 

A major concept, system thinking, is common across all four docu­
ments. System thinking is the ability to analyze parts, subsystems, interac­
tions, and matching of parts beyond just calling them a system. 

The main goal of having students learn about systems is not to 
have them talk about systems in abstract terms, but to enhance 
their ability (and inclination) to attend to various aspects of par­
ticular systems in attempting to understand or deal with the whole 
system (AAAS, 1993, p. 262). 

In addition, the documents recommend offering opportunities to 
learn about systems in a variety of approaches to enable students the 
opportunity to understand a system and how its components interact. 
Research has shown that students develop misconceptions about systems 
and their properties, as well as develop misunderstandings about systems 
when viewed in limited situations. 

OTHER SUBJECT MATTERS STANDARDS 
RELATED TO STANDARDS FOR TECHNOLOGI­
CAL LITERACY 

Geography for Life Standards 
Geography for Life (GESP, 1994, p. 243) states that the guidelines for 

geographic education, K-12, established the five themes of geography: 
location, place, region, human environment and interaction, and move­
ment. The five themes led to the development of five skills: asking 
geographic questions, acquiring geographic information, organizing geo-
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graphic information, analyzing geographic information, and answering 
geographic questions. The results of this initial work led to the develop­
ment of the Geography Education National Implementation Project in 
1985, which developed guidelines for grades K-12 from 1987 to 1989. 
Following the Education Summit in 1989, which focused on five subject 
areas: geography, science, mathematics, English, and history, work began 
on the geography standards. The standards document titled, Geography for 
Life (GESP, 1994), has a mission, which is geographic competency. "To 
achieve geographic understanding on a national scale requires a concerted 
effort by the educational system to ensure that all students receive a basic 
education in geography" (GESP, 1994, p. 26). The standards are intended 
for life. A geographically informed person "allows [one] to see, under­
stand, and appreciate the web of relationships between [among] people, 
places, and environments" (GESP, 1994, p. 29). 

Geography for Life is divided into eight chapters: The Geographic View 
of Our World, The Components of Geography Education, Geographic 
Skills and Perspectives, The Subject Matter of Geography, National 
Geography Standards-Grades K-4, National Geography Standards­
Grades 5-8, National Geography Standards-Grades 9-12, and Student 
Achievement in Geography. Technology is covered in various areas in the 
document, but it can be found explicitly in Standard 10: Human Systems 
Grades 9-12 and Standard 16: The Changes that Occur in the Meaning, 
Use, Distribution, and Importance of Resources (GESP, 1994). 

The results of the efforts to develop geography standards have been 
mixed. Most states are not rising to the recommendation as noted in State 
Curriculum Standards (Munroe & Smith, 1998). A select few have adopted 
the recommendations and one state, Colorado, has developed a strong 
program that emulates the ideas as set forth in the standards. 
"Unfortunately, some states have rejected the ideas suggested by the 
Geography for Life. For example, the Commonwealth of Virginia made the 
decision to do their own work stating they could do better on their own 
during the development of the Standards of Learning. The result is very 
little geography reflected in the state mandated guidelines" (R. Morrill, 
personal communication, September 27, 2000). 
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National Standards for History 
The National Endowment for the Humanities and the United States 

Department of Education co-funded the National History Standards 
Project in 1992. A broad-based consensus building process was used to 
develop understanding about the purpose for history in schools and to 
identify what students need to know. The resulting publication by the 
National Council for History Standards (NCHS) was the National 
Standards for History. It took four years to complete and was published in 
1996. 

The mission of National Standards for History is to set the stage for 
helping students begin to develop " ... a comprehensive understanding of 
the history of the world, and of the peoples of many cultures and civiliza­
tions who have developed ideas, institutions, and ways of life different 
from students' own" (NCHS, 1996, p.l). The idea that people are doomed 
to repeat the history they are not aware of is apparent in the opening pages 
of the document. The significance of history and its relationship to 
society and the study of technology are also captured in the ideas put forth 
in Chapter 1. Through the study of history" [s 1 tudents may acquire the 
habit of seeing matters through others' eyes and come to realize that by 
studying others, they can also better understand themselves" (NCHS, 
1996,p.1). 

The initial reception of preliminary documents released in 1994 was 
negative at best. The developers of the history standards after much debate 
agreed to revise the document resulting in the 1996 publication. The early 
criticisms were directed primarily at the teaching examples provided and 
not the standards themselves. The revised publication of National 
Standards for History resulted in clear, concise statements of what students 
should understand. 

The revised standards call attention to the rise of individualism, 
the development of representative government, and the impor­
tance of the European Enlightenment in shaping America, as well 
as the growth of the middle class. An entirely new standard calls 
for study of science and technology and their role in revolutioniz­
ing American life (Ravitch & Schlesinger, Jr., 1996, paragraph 9). 

The document is divided into two main parts: National Standards for 
History (K-4) and National Standards for United States and World 
History. Technology is covered throughout the document, but it can be 
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found explicitly in K -4 Topic 4: The History of Peoples of Many Cultures 
Around the World-Standard 8: Major Discoveries in Science and 
Technology, Their Social and Economic Effects, and the Scientists and 
Inventors Responsible for Them, and grade cluster 5-12 Era 1: The 
Beginnings of Human Society-Standard 1: The Biological and Cultural 
Processes that Gave Rise to the Earliest Human Communities, and 
Standard 2: The Processes that Led to the Emergence of Agricultural 
Societies Around the World. 

Since the release of National Standards for History, many states have 
adopted versions of the recommendations and developed related state 
standards. In the past two years there has been a strong improvement in 
establishing what students should know in history as reported by David 
Warren Saxe in the report of the State of the State Standards 2000 prepared 
by The Thomas B. Fordham Foundation. "For the vast majority of the 
states, history is now part of the educational infrastructure" (Saxe, 2000, 
paragraph 1). 
Standards for the English Language Arts 

The International Reading Association (IRA) and the National 
Council of Teachers of English (NCTE) prepared Standards for the English 
Language Arts through the English Language Arts Standards Project. The 
project began in 1991 and Standards for the English Language Arts was pub­
lished in 1996. The document is organized based on two guiding princi­
ples: 

There is not one best way to organize subject matter in a given 
field of study, rigorous national standards should not be restrict­
ed to one set of standards per subject area and content standards 
should embody a coherent, professionally defensible conception 
of how a field can be framed for purposes of instruction (NCTE, 
1996, pp. vii-viii). 

The mission of Standards for the English Language Arts is to: 

define what students should know about language and be able to 
do with language. Our goal is to define, as clearly and specifically 
as possible, the current consensus among literacy teachers and 
researchers about what students should learn in the English lan­
guage arts-reading, writing, listening, speaking, viewing, and 
visually representing (NCTE, 1996, p. 1). 
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The document is divided into four chapters: Setting Standards in the 
English Language Arts, Perspectives Informing the English Language Arts 
Standards, The English Language Arts Standards, and Standards in the 
Classroom. A glossary and appendices with suggestions and background 
follow each chapter on the development of the standards. The concept of 
technology is covered in the characteristic style of information and com­
munication as multi-media relates to the delivery and presentation of 
ideas. 

Since the release of Standards for the English Language Arts, many 
states have risen to the call for strong standards in English and language 
arts and several states met the "common core criterion" as established by 
the American Federation of Teachers. In the report, The State of State 
Standards 2000, Stotsky states, "Altogether, these grades (and the ratings on 
which they are based) suggest that the current documents, whether final 
drafts or under revision, are generally stronger than those I examined [in 
1997]" (p. 14, paragraph 3). The general reception of Standards for the 
English Language Arts has been well received and overall very positive. 

READER REFLECTION 
Prior to the release of the National Science Education Standards, 

Benchmarks for Science Literacy, Principles and Standards for School 
Mathematics, and Standards for Technological Literacy, " .. .in the United 
States, unlike in most developed countries in the world, technology as a 
subject has largely been ignored in the schools. It is not tied to graduation 
requirements, has no fixed place in elementary education, is absent alto­
gether in the college preparatory curriculum, and does not constitute part 
of the content in science courses at any level (Benchmarks for Science 
Literacy, 1993, p. 41) 

The description above is slowly changing in some school districts 
around the country, but not in significant numbers. It is clear that the use 
of the documents mentioned will help in laying the foundation for build­
ing " ... technology education into the curriculum, as well as use technolo­
gy to promote learning, so that all students become well informed about 
the nature, powers, and limitations of technology" (Benchmarks for Science 
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Literacy, 1993, p. 41). However, teachers and teacher educators need to be 
aware of the need to understand the standards and benchmarks described 
in the National Science Education Standards, Benchmarks for Science 
Literacy, and Principles and Standards for School Mathematics and their 
relationship to each other and to Standards for Technological Literacy. This 
understanding would result in the study of technology giving reason for 
studying of other subject matter fields and integrating the- subject matter 
fields together. Hence, learning would become interdisciplinary and reflect 
the real world. 

SUMMARY 
A review of standards in different subject matter fields makes the read­

er aware that their development has existed since the late 1980s and they 
have had a profound effect on education. Standards have established 
desired outcomes in given subject matter fields, which results in the sub­
ject matter educational systems being revamped to achieve the desired 
outcomes. Most of the subject matter fields included technology. 

The more knowledgeable educators are about other subject matter 
standards and their relationship to the study of technology, the more effec­
tive they will be in using time and resources to the full benefit of students 
at all grade levels. The territorial barriers that have long been a part of the 
education system must be removed and collaborative efforts employed in 
order to minimize redundancy and enhance relevancy for why students 
need to know and be able to understand the various fields of learning. 
Time is an enemy. It takes time to understand the ideas conveyed in the 
separate documents. Yet, it is apparent, even on a small scale that technol­
ogy is a common thread that may be used to help integrate and motivate 
the knowledge necessary for students. All documents cited in some way 
referred to a technological artifact or process and relied on current tech­
nological systems and processes to enable the transfer of ideas. Helping 
students to recognize the validity and necessity to develop an understand­
ing of interrelated knowledge will empower them to develop deeper think­
ing, and enable them to make sense about the world in which they live. 
This is the ultimate mission of all learning. 

- 45 



Role of Standards in Different Subject Areas 

REFERENCES 

American Association for the Advancement of Science (AAAS). (1989). 
Science for all Americans. New York: Oxford University Press. 

American Association for the Advancement of Science (AAAS). (1993). 
Benchmarks for science literacy. New York: Oxford University Press. 

American Association for the Advancement of Science (AAAS). (1999). 
Blueprints for reform, science, mathematics, and technology educa­
tion. New York: Oxford University Press. 

American Association for the Advancement of Science (AAAS). (2000). 
Designs for science literacy. New York: Oxford University Press. 

Geography Education Standards Project (GESP). (1994). Geography for 
life: National geography standards. Washington, D.c.: National 
Geographic Research and Exploration. 

International Technology Education Association (ITEA). (2000). 
Standards for technological literacy: Content for the study of tech­
nology. Reston, VA: Author. 

Munroe, S. & Smith, T. (February, 1998). State geography standards: An 
appraisal of geography standards in 38 states and the District of 
Columbia. [On-line]. 

National Council for History Standards (NCHS). (1996). National stan­
dards for history. Los Angeles, CA: National Center for History in 
the Schools. 

National Council of Teacher of English (NCTE). (1996). Standards for the 
English language arts. Urbana, IL: International Reading 
Association and the National Council of Teachers of English. 

National Council of Teachers of Mathematics (NCTM). (2000). Principles 
and standards for school mathematics. Reston, VA: Author. 

National Research Council (NRC). (1996). National science education stan­
dards. Washington, D.C.: National Academy Press. 

Saxe, D.W. (January, 2000). The state of state standards in history in the 
report The state of state standards 2000. [On -line] . 
http://www.edexcellence.netllibrary/soss2000/2000soss. 
html#history 

Stotsky, S. (January, 2000). The state of state standards in English language 
arts/reading in the report The state of state standards 2000. [On­
line] .http://www.edexcellence.netllibrary/soss2000/2000soss. 
html#English 

46 = 



Rationale and Structure 
for Standards for 
Technological Literacy 

G. Eugene Martin 
Southwest Texas State University 

Chapter 

3 

Every major organized endeavor has a point of beginning-a genesis, 
but not necessarily an ending point. Such has been the case to date with 
the development of the content standards for technology education. 

The International Technology Education Association (ITEA) first pre­
sented the technology content standards to the profession in the publica­
tion, Standards for Technological Literacy: Content for the Study of 
Technology (Standards for Technological Literacy), at the beginning of the 
new millennium. Leaders in the profession had worked tirelessly for six 
long years to develop first a Rationale and Structure for the study of tech­
nology and then the technology content standards. 

In 1996 the ITEA published a Rationale and Structure document and 
in April 2000, the technology content standards became public. Content 
standards informed the profession and the general public what "should 
be;' and the Rationale and Structure told them the reason "why." It was 
only logical that a Rationale and Structure be developed first as the profes­
sion and general public had to know the reason "why" before it could even 
possibly know what "should be:' A Rationale and Structure document 
would be the profession's first definitive and public argument for the 
development of technological literacy for all Americans. 

The development of what ultimately resulted in the publication, A 
Rationale and Structure for the Study of Technology (Rationale and 
Structure), had its beginnings in the early 1990s when it became evident to 
technology education leaders that the field lacked a specific and organized 
direction as might be provided in a comprehensive set of standards. Other 
subject areas had already commenced the development of a set of stan­
dards for their disciplines. Technology education standards-content, stu­
dent assessment, teacher enhancement and preparation, and program­
would provide a general framework from which state and local school 
systems' personnel could develop curricula and ultimately programs. 
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As a result of successfully securing two major grants, one each from 
the National Science Foundation (NSF) and the National Aeronautics and 
Space Administration (NASA), the ITEA formed three major groups in 
1994 to address the development of a Rationale and Structure document. 
The first group was the Project Staff. The second group was The National 
Commission for Technology Education, a commission consisting of emi­
nent scholars and leaders from the fields of engineering, science, mathe­
matics, the humanities, education, government, professional associations, 
and industry. The third group was the Writing Consultants (a subgroup of 
the National Commission) who had the unenviable task, with the assis­
tance of the Project Staff, of writing the many early drafts of the Rationale 
and Structure. Without the collective and collaborative energies of all three 
groups, and the talents of hundreds of practitioners of technology, science, 
mathematics, engineering, and other areas at all levels who served as 
reviewers and evaluators, the answer to the reason "why" of technology 
studies would never have corne to fruition, particularly in the form of a 
publication. 

Why was a Rationale and Structure document so important to the pro­
fession at this time in its history? What could possibly be accomplished by 
publishing such a document? Who was its intended audience? What was 
the desired action of the reader once the Rationale and Structure had been 
read? These questions, and hundreds of others just like them, simply 
helped to underscore the profession's need for a formal document that 
would provide a definitive argument calling for and implementing major 
educational reform on a grand scale. Never before had the power and 
promise of technology been so eloquently and so thoroughly addressed 
and never before had the need for technological literacy been so substan­
tiated as was found in the words, photographs, and even the wisdoms of 
the Rationale and Structure. Technological literacy, people's ability to use, 
manage, and understand technology, became the profession's 'calling card' 
since no other discipline was claiming the study of technology solely as its 
body of knowledge like what was being done by the technology education 
profession. When asked, "What is the product of your program?, class­
room teachers, teacher educators, and supervisors could honestly, justifi­
ably, and proudly say, "a technologically literate person." Technology, 
human innovation in action, gave the profession a common defmition 
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from which to operate. The Rationale and Structure helped the reader 
understand why technology is the result of human innovation in action 
and that technologically literate people, for example, possess the ability to 
understand the nature, power, and consequences of technology. 

PREPARING STUDENTS FORA 
TECHNOLOGICAL WORLD 

The Great Integrator 
The power of technology resides with the people who develop it, while 

the promise of technology rests with the people's ability to use, manage, 
and understand it. In the final analysis, however, power and promise are 
inseparable in a democratic society. Without technology, the world as we 
know it today would not exist; as a result of technology, people and 
societies have learned how to adapt by modifying their local, regional, 
national, and international environments. For example, people developed 
products, processes, and systems to construct the United States interstate 
highway system, a complex network of roadways that connects all parts of 
America into one giant transportation system. In turn, the interstate sys­
tem has an effect on everyone's life. People are closer together due to this 
transportation system. People also die as a result of automobile accidents. 

As this example shows, technology has created a complex world but 
with one common denominator - constant change. Some people embrace 
technology and its potential for rapid acceleration of change, while others 
are threatened by it; some people welcome it and all of its complexities, 
while others view it as impersonal and even try to ignore it; some people 
see technology as solving major societal problems, while others view it as 
creating major problems. The fact remains that regardless of one's person­
al views about technology, we as educators have a challenge to create a sub­
ject that encompasses and embraces what might be the total universe of all 
possible personal views, nurture these views, and then allow them to flour­
ish in a teaching and learning environment. 

One of the Rationale and Structure's purposes is to call attention to all 
these possibilities because in the final analysis, technology is created, man­
aged, and used by societies and individuals, according to their goals and 
values. Goals and values thus become the determining factor as to which 
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technologies will be developed, which technologies will be ignored, and 
which technologies will be eliminated. As each decision is made, there are 
consequences - short and long term. The consequences come about as a 
result of the interrelatedness of technologies and technological systems. 
Ultimately, however, people who possess the ability to use, manage, and 
understand technology have better positioned themselves to make judg­
ments about the nature, power, and consequences of technology. 
Technological Literacy 

Great differences exist throughout the world in individuals' and soci­
eties' technological ability and understanding, and maybe it is nowhere 
more self-evident than when one examines the economic prosperity of 
nations. At any given point in time, nations that exhibit high economic 
prosperity are nations that also exhibit high technological activity. A 
nation's people decide what technology should be developed, how it 
should be developed, and when it should be developed. The what, how, 
and when decisions are based upon their goals and are a reflection of their 
values. Their comfort zone in making what, how, and when decisions is 
based upon their ability to use, manage, and understand technology. 
Differences in technological ability and understanding will exist within a 
nation and among nations; that is, there will be differences in technologi­
cal literacy. 

The challenge to technology educators is to recognize and accept that 
there will be differences in technological ability and understanding of their 
students and then develop a "measure of technological literacy within each 
graduate so that every American can understand the nature of technology, 
appropriately use technological devices and processes, and participate in 
society's decisions on technological issues" (ITEA, 1996, p. 1). 

DIMENSIONS OF TECHNOLOGY 
The Rationale and Structure sets forth a framework for implementing 

the educational reform necessary to ensure technological literacy for all. 
Foremost and at center stage, it defines technology as "human innovation 
in action" involving the "generation of knowledge and processes to devel­
op systems that solve problems and extend human capabilities" (ITEA, 
1996, p. 16). People develop technological knowledge, for example, to gain 
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a better understanding of the nature and evolution of technology and to 
better comprehend and appreciate the linkages between how technology 
influences and is affected _py society and the environment. Through 
human innovation, people also create, invent, design, transform, produce, 
control, maintain, and use products or systems. These are technological 
processes. People use technological knowledge to create, invent, design, 
etc., new technological processes and sometimes in creating, inventing, 
designing, etc., these technological processes, new technological knowl­
edge is also created. There would not be a need for technological 
knowledge and processes unless we also fully understood the context in 
which they will be developed, applied, and studied. "People develop tech­
nological processes and knowledge for a reason - they want to develop and 
use systems that solve problems and extend their capabilities" (ITEA, 1996, 
p. 16). It is this individual or societal desire to solve problems and to 
extend capabilities that provides the foundation for developing technolog­
icalliteracy for all Americans. 

Technology is not science, mathematics, social studies, language arts, 
the humanities, art, music, or any other field of study. Yet, it has close link­
ages to all of them. In fact, some people would argue rather strongly that 
you cannot "know" and "do" technology in isolation from these other 
fields of study. When people study science, for example, they are studying 
the natural world. Technology, you will recall, is human innovation in 
action and when people alter the natural world, they are making an impact 
on science. Science depends on technology "to develop, test, experiment, 
verify, and apply many of its natural laws" and technology depends on sci­
ence for its "understanding of how the natural world is structured and 
how it functions" (ITEA, 1996, p. 28). Mathematics, unlike science and 
technology, provides both with their exact language. Technology has also 
helped revolutionize the fields of music and visual arts. A technologically 
literate person exhibits functional levels of understanding and apprecia­
tion of the interdisciplinary connectedness of these different fields. The 
technologically literate person's comfort zone includes the ability to com­
municate and interact with peers from these different disciplines. 

The Rationale and Structure defines technological literacy as the "abil­
ity to use, manage, and understand technology" (ITEA, 1996, p. 6), while 
recognizing that each individual and society possesses varying levels of 
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technological knowledge, capability, and confidence, at any given moment 
in time. To clearly differentiate between use, manage, and understand 
technology, the Rationale and Structure provides the following descrip­
tions: 

• The ability to use technology involves the successful operation of the 
key systems of the time. This includes knowing the components of 
existing macro systems, or human adaptive systems, and how the sys­
tems behave. 

• The ability to manage technology involves ensuring that all techno­
logical activities are efficient and appropriate. 

• Understanding technology involves more than facts and information, 
but also the ability to synthesize the information into new insights. 
(ITEA, 1996, p. 6) 

It is interesting to note that when the technology content standards were 
developed, "assess" was inserted into the definition of technological litera­
cy. 

In a democratic society, technological literacy has individual, societal, 
and environmental implications. As individuals, for example, people need 
(a) to develop technological abilities so they will better know how to use 
products; (b) to assess the impacts of technological actions; and (c) to 
develop better decision making abilities in order to determine which tech­
nological system or process to use or not use. As a society, technological 
literacy provides a basis for people (a) to make conscious decisions about 
technological issues confronting that society; (b) to engage in technologi­
cal activities to improve the country's economy; and (c) to participate 
responsibly and make contributions in the technological decision making 
process. Finally, technological literacy is critical to the Earth's ability to 
sustain life. Technologically literate people, for example, understand the 
consequences to their environment of any decisions they make about the 
use and development of different technological processes. They also 
understand that their decisions can help solve environmental problems 
and maybe even create them. 

What is a technologically literate person? How would you best 
describe a technologically literate person? Is the level of technological lit­
eracy that one achieves influenced by a country's goals and values? Listed 
below are a few statements from the Rationale and Structure that describe 
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the characteristics of a technologically literate person. The list is not 
exhaustive and the reader should add to it. 

o They are capable problem solvers who consider technological issues 
from different points of view and in relationship to a variety of con­
texts. 

o They acknowledge that the solution to one problem often creates 
other issues and problems. 

o They appreciate the interrelationships between technology, individu­
als, society, and the environment. 

o [They] understand that technology involves systems, which are 
groups of interrelated components designed to collectively achieve a 
desired goal or goals. 

o [They] can identify appropriate solutions, and assess and forecast the 
results of implementing the chosen solution. 

o [They] understand the major technological concepts behind the cur­
rent issues. 

o They are skilled in the safe use of the technological processes that are 
lifelong prerequisites for their careers, health, and enjoyment. 

o [They] understand and appreciate the importance of fundamental 
technological developments. 

o Most importantly, they understand that technology is the result of 
human activity. It is the result of combining ingenuity and resources 
to meet human needs and wants. (ITEA, 1996, p. 11) 
Should every American possess the same level of technological under­

standing and capability? How influential are one's background, education, 
interests, attitudes, and abilities in his or her level of technological litera­
cy? Why do most Americans not even begin to comprehend the basic 
concepts of today's technological society? Why can only a few Americans 
comprehend technological issues in the daily news, perform routine tech­
nological activities, or appreciate a technological breakthrough? While 
these questions beg for answers, it is clear that if our society is to achieve 
technological literacy on a grand scale, a major effort is needed. The 
Rationale and Structure underscores the role of our nation's educational 
system in assisting every child to become technologically literate. The 
Rationale and Structure also calls for an "articulated, comprehensive tech-
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nology education program" (ITEA, 1996, p. 13) that guarantees participa­
tion by every child. This program will provide students an opportunity to 
further develop technological knowledge and learn technological process­
es needed to solve problems and extend human capabilities. The program 
referred to in the Rationale and Structure is called technology education or 
technological studies. It is a school subject specifically designed to develop 
technological literacy skills in every child. 

Never before in our lifetime has there been such a sense of urgency for 
effective technology studies programs from elementary through high 
school and beyond; a sense of urgency for a school subject that provides 
experiences that instill insight and problem solving capabilities; and, a 
sense of urgency to include technological studies in the core curriculum. 
While technology education has an extremely important role to play in 
addressing this sense of urgency, it cannot do it alone. It will take the com­
bined energies of stakeholders in all subject areas if the goal of a techno­
logically literate society is to be realized. Tantamount to this effort is total 
and unequivocal collaboration among all subject areas, including teachers, 
curriculum designers, and administrators. While technology education 
must take the lead role in bringing about this major yet fundamental 
change in the school curriculum, other subjects such as science, mathe­
matics, social studies, art, the humanities, etc., must also come to the 
realization that they have an equally important role in developing techno­
logical literacy skills and knowledge in children. Technology education 
teachers are at the threshold of an opportunity to perform a key leadership 
role in this total school collaborative effort. 

Technological studies also have a critical role to perform in helping 
children learn content in other subjects within the school environment. 
That is, it has a strong and powerful role as an integrator of knowledge by 
reinforcing and complementing material students learn in other school 
subjects. This role is no more evident than in technology laboratory-class­
rooms as these facilities provide a teaching and learning environment for 
people of different subjects to come together to develop solutions to prac­
tical problems. Students just don't use technological knowledge in isola­
tion. They must synthesize and apply knowledge from other subjects to 
solve practical problems. Subject matter integration helps not only to 
develop connections among different subject areas but also to appreciate 
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that all knowledge is interconnected. This interconnectedness once again 
underscores that all subjects have a role to play in the development of a 
technologically literate society. 

EVOLUTION OF TAXONOMIC ORGANIZERS 
FOR THE STUDY OF TECHNOLOGY 

In the Rationale and Structure, the study of technology is provided in 
a taxonomic structure in the universals of technology (ITEA, 1996, pp. 16-
17). This structure is presented by three universals which represent the 
processes, knowledge, and context for the study of technology. 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 tech­
nological systems, determining and controlling the behavior of technolog­
ical systems, utilizing technological systems, and assessing the impacts and 
consequences of technological systems. Technological knowledge includes 
the nature and evolution of technology; linkages based on impacts, conse­
quences, resources, and other fields, and technological concepts and prin­
ciples. This includes much of the knowledge of how the technological 
processes are developed, applied, and used. The contexts of technology 
involve the many practical reasons why technology is developed, applied, 
and studied. People develop technological 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 easily be cat­
egorized as informational systems, physical systems, and biological sys­
tems (ITEA, 1996, p. 16). 

In Standards for Technological Literacy, the 20 standards provide an 
evolution of the universals from the Rationale and Structure. Some of the 
universals were elevated to a higher taxonomic level while others were 
given a lower taxonomic status in the standards. Refer to Figure 3-1 for a 
visual representation of how the universals in the Rationale and Structure 
evolved to the 20 standards in Standards for Technological Literacy. 

It is important to recognize that the universals in the Rationale and 
Structure were instrumental in providing the philosophical and content 
foundation for what led to the creation of the 20 standards in Standards for 
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Figure 3-1. Evolution of Taxonomic Organizers 

KNOWLEDGE 
*Nature and Evolution 
ofTechnology 
*Linkages 
*Technological Concepts 
and Principles 

PROCESSES 
*Designing and 
Developing Technological 
Processes and Systems 
*Determining and 
Controlling the 
Behavior of Technological 
Systems 
*Utilizing Technological 
Systems 
*Assessing the Impacts 
and Consequences of 
Technological Systems 

CONTEXTS 
*Biological and Chemical 
Systems 
*Informational Systems 
*Physical Systems 

From Rationale & Structure 
(ITEA, 1996) 

THE NATURE OF TECHNo'LOGY 
Std I :The Characteristics and Scope of Technology 
Std 2:The Core Concepts of Technology 
Std 3: Relationships Among Technologies and the 
Connections Between Technology and Other Fields 
TECHNOLOGY AND SOCIETY 
Std 4:The Cultural, Social, Economic, and Political 
Effects ofTechnology 
Std 5:The Effects ofTechnology on the Environment 
Std 6: The Role of Society in the Development and 
Uses of Technology 
Std 7:The Influence of Technology on History 

DESIGN 
Std 8: The Attributes of Design 
Std 9: Engineering Design 
Std 10:The Role of Troubleshooting, Research and 
Development, Invention and Innovation, and 
Experimentation in Problem Solving 
ABILITIES FOR A TECHNOLOGICAL WORLD 
Std I I: Apply Design Processes 
Std 12: Use and Maintain Technological Products 
and Systems 
Std 13: Assess the Impact of Products and Systems 

THE DESIGNED WORLD 
Std 14: Medical Technologies 
Std I 5: Agricultural and Related Biotechnologies 
Std 16: Energy and Power Technologies 
Std 17: Information and Communication 
Technologies 
Std 18: Transportation Technologies 
Std 19: Manufacturing Technologies 
Std 20: Construction Technologies 

From Standards for Technological Ute racy (ITEA, 2000) 

Technological Literacy. Without the research and work that was grounded 
in the universals, the profession could not have produced the breadth and 
depth of content, which was refined in the reviews of the fmal Standards 
for Technological Literacy. 
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REFLECTIONS 
In many ways, the ITEA's Rationale and Structure is a landmark publi­

cation for the technology education profession. Its true significance, how­
ever, may be found in the collective and collaborative talents, energies, and 
imaginations of people who came together to create it and through the 
consensus building process that brought it to fruition. 

Through the demonstrated leadership of the ITEA's office staff and its 
officers and the Technology for All Americans Project staff, the profession 
came together to develop a definitive statement on the Rationale and 
Structure for the study of technology. While some people may wish to take 
argument with the specifics of the Rationale and Structure publication, no 
one can question the sincerity of the intent and the integrity of the key 
individuals who caused it all to happen. Questions will always be raised 
about the publication, and they should be raised-but they should be 
raised, discussed, and debated in professional meetings where all have an 
opportunity to participate and engage in the discourse. 

There are many topics identified in the Rationale and Structure publi­
cation and no topic is more significant or more important than the argu­
ment made for developing a functional level of technological literacy in all 
Americans. The argument put forth is clear, concise, and convincing and 
now it is up to those who teach technological studies to bring life to the 
term technological literacy. Just as the publication was the result of a col­
laborative process, so must the implementation of technology studies be a 
collaborative process. If technology teachers try to do it alone, they will 
surely fail. They must learn to integrate and connect technology studies 
with other subject matter areas, as that may just well be where its true 
strength lies as a school subject. 

The Rationale and Structure is a professional publication, but it must 
be more than that if it is to have any significant impact at the K -12 level. 
Classroom teachers, teacher educators, and supervisors have a very critical 
role to perform when implementing technology studies. For some indi­
viduals, this may require in-service training and for others, pre-service 
training will be required. Whatever the requirements, now is the time for 
action. 

The Rationale and Structure is a point of beginning, not an ending. It 
is the genesis for a new way of offering a technological studies program. 
Successful implementation of this program depends on the knowledge 
and creativity of people who call themselves technology teachers. 
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What is the importance of standards on public education in the 
United States? In an article in Education Week (October 21, 1998), 
Christopher T. Cross, president of the Council for Basic Education, stated, 
"I am often asked in forums across the country whether standards are here 
to stay or simply a passing fad that will soon be replaced by another fad. 
My answer remains firm and consistent: Standards are here to stay. The 
effort has survived almost a decade of attempts to sabotage it and, in fact, 
public support is stronger than ever." He also stated that most policymak­
ers in education have yet to understand that content standards are only the 
first step in the process which involves curriculum revision, assessment 
standards, program standards, teacher in-service standards, and teacher 
pre-service standards. There must be close collaboration between all of 
these components to assure that the standards will act as a positive catalyst 
for reform across the educational spectrum. The bottom line is whether 
student learning is improving. 

The International Technology Education Association (ITEA) released 
Standards for Technological Literacy: Content for the Study of Technology 
(Standards for Technological Literacy) on April 6, 2000, at its conference in 
Salt Lake City. This publication was the culminating effort of over 4,000 
educators, administrators, engineers, scientists, parents, and others over a 
four-year time period (1996-2000). These standards, in the later versions, 
went through a rigorous review by the technology community, the 
National Research Council (NRC), and the National Academy of 
Engineering (NAE). It is significant to note that this marks the first time 
that the NAE supported a publication that it did not write. 

Broadly speaking, standards are written statements about what is val­
ued in education that can be used for making a judgment of quality. More 
specifically, content standards specify what students should know and be 
able to do in technology. They indicate the knowledge and processes that 
are essential in the study of technology that should be taught and learned 
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in school in grades K-12. Standards for Technological Literacy is not a cur­
riculum. A curriculum specifies how the content is delivered day-in and 
day-out by the teacher(s) which includes the structure, organization, bal­
ance, sequencing, and presentation of the content in the laboratory-class­
room from the learner's point of view. Curriculum developers, teachers, 
and others should use Standards for Technological Literacy as a guide for 
developing curriculum. The standards do not specify what should go on in 
the laboratory-classroom. Similarly, Standards for Technological Literacy 
does not prescribe courses or programs (groups of courses) at grade lev­
els. Qualified education personnel at the local or state level should devel­
op the curriculum, courses, and programs. Standards for Technological 
Literacy is voluntary and does not represent a federal policy or mandate. 
Finally, Standards for Technological Literacy does not prescribe an assess­
ment process that deals with how well students learn the content in tech­
nology. 

Standards for Technological Literacy provides a vision for what a tech­
nologically literate person should be. If a student goes through an articu­
lated standards-based technology education program from grades K -12, 
he or she will be technologically literate at graduation from high school. 
Standards for Technological Literacy was created with the following guiding 
principles: 

• They offer a common set of expectations for what students should 
learn in the study of technology. 

• They are developmentally appropriate for students. 

• They provide a basis for developing meaningful, relevant, and articu­
lated curricula at the local, state, and provincial levels. 

• They promote content connections with other fields of study in 
grades K-12. 

• They encourage active and experiential learning. 
What is included in Standards for Technological Literacy? How is it for­

matted and organized? What are the benchmarks that follow each 
Standard? What information in the publication prepares a person philo­
sophically for technological literacy as interpreted through the standards? 
Are there examples of classroom activities provided that will help in inter­
preting the standards into everyday teaching and learning? The answers to 
these and other questions are found next in this chapter. 
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Standards for Technological Literacy is designed to help a person easily 
find information that is needed. It is laid out to be user-friendly, and the 
table of contents at the front of the book coupled with the index at the end 
of the book help the reader to locate what is available. There is plenty of 
"white space" on the pages to allow for notes to be written by the user. 

Standards for Technological Literacy begins with an impressive fore­
word (2000, p. v) by William A. Wulf, President of the NAE. He documents 
a need for technological literacy in this country. Moreover, Wulf calls for 
support for Standards for Technological Literacy as a dynamic document, 
which can enhance the technological literacy of the nation. 

Standards for Technological Literacy includes the following parts: 
• Chapter 1 (Preparing Students for a Technological World) establishes 

the need for technological literacy for everyone through a standards­
based study of technology. 

• Chapter 2 (Overview of Standards for Technological Literacy) describes 
the format of the standards and their enabling benchmarks. Also pre­
sented in this chapter is a discussion of the primary users of the stan­
dards. 

The following five chapters discuss the standards and benchmarks in 
five major categories: 

• Chapter 3 (The Nature of Technology) presents what students should 
understand about the nature of technology in order to become tech­
nologically literate. It includes standards, which address what 
technology is, the common core of concepts, which permeate all tech­
nologies' and the relationships among various technologies and 
among technology and other fields of study. 

• Chapter 4 (Technology and Society) deals with how technology 
affects society and the environment, as well as how society influences 
the development of technology, and how technology has changed and 
evolved over the course of human history. 

• Chapter 5 (Design) discusses what the attributes of design are, and 
specifically how students will develop an understanding of engineer­
ing design. Also in this chapter is a standard that presents what stu­
dents should know about some other problem solving approaches, 
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such as troubleshooting, research and development, invention and 
innovation, and experimentation. 

• Chapter 6 (Abilities for a Technological World) presents the develop­
ment of important abilities by students for a technological world, 
which include applying the design process, using and maintaining 
technological products and systems, and assessing products and sys­
tems. 

• Chapter 7 (The Designed World) is the product of a design process, 
which provides ways to turn resources-materials, tools and 
machines, people, information, energy, capital, and time-into prod­
ucts and systems. It includes standards in major organizational areas 
of technology, including medical technologies, agricultural and bio­
related technologies, energy and power technologies, information 
and communication technologies, transportation technologies, man­
ufacturing technologies, and construction technologies. 

• Chapter 8 (Call to Action) presents the challenges which need to be 
overcome in achieving the vision of Standards for Technological 
Literacy by various individuals and groups including teachers, cur­
riculum developers, publishers, equipment designers and manufac­
turers, students, the overall educational community, parents, the engi­
neering profession, researchers, and other technology professionals. 

• Appendices include a brief history of the ITEA's Technology for All 
Americans Project, a listing of all the 20 standards, a compendium of 
all the benchmark topics under the standards, and an articulated cur­
riculum vignette for grades K-12. Additionally, in the appendix is a 
list of references, an acknowledgements section recognizing the con­
tributions of many individuals and groups who assisted in the devel­
opment and review of Standards for Technological Literacy, a glossary 
of most used terms in the book, and an index. 

STRUCTURE OF STANDARDS FOR 
TECHNOLOGICAL LITERACY 

Standards 
The standards specify what every student should know and be able to 

do in order to be technological literate. They offer criteria to judge 
progress toward a vision of technological literacy for all students. All stan-
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dards should be met for a student to obtain the optimal level of standards 
technological literacy at graduation from high school. There are 20 stan­
dards in the book, which are expressed in sentence form. Standards for 
Technological Literacy should be applied in conjunction with other nation­
al, state, and locally developed standards in technological studies and for 
other fields of study. The standards should be integrated with one anoth­
er rather than being presented as separate parts (e.g., Standard 1 with 
Standard 8 or Standard 19 with 17 and 20). 

The individual standards fall into two types: what students should 
know and understand about technology, and what they should be able to 
do. The first type, which could be termed "cognitive" standards, sets out 
basic knowledge about technology - how it works, and its place in the 
world - that students should have in order to be technologically literate. 
The second type, the "process" standards, describes the abilities that stu­
dents should have. The two types of standards are complementary. For 
example, a student can be taught in a lecture about a design process, but 
the ability to actually use a design process and to apply it for finding a 
solution to a technological problem comes only with hands-on experience. 
Likewise, it is difficult to perform a design process effectively without hav­
ing some theoretical knowledge of how it is usually done. See Table 4-1 for 
a comprehensive listing of the standards under each of the categories in 
Chapters 3-7. 

After each standard, a brief ( one to two page) narrative follows which 
explains the intent of the standard. Grade level material is presented next 
for grades K-2, 3-5, 6-8, and 9-12. Under each grade level, a narrative fol­
lows that further explains the standard specifically at the grade level under 
discussion and provides suggestions on how the standard can be imple­
mented in the laboratory-classroom by the teacher. 

References that were used in the development of Standards for 
Technological Literacy include the following standards in other subject 
areas: National Science Education Standards (National Research Council, 
1996), Benchmarks for Science Literacy (American Association for the 
Advancement of Science, 1993), Curriculum and Evaluation Standards for 
School Mathematics (National Council of Teachers of Mathematics, 1989), 
Principles and Standards for School Mathematics (National Council of 
Teachers of Mathematics, 2000), and others. It is important to keep in 
mind that the standards are the target and these should be kept as ultimate 
goals for achieving technological literacy by all students. 
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Table 4-1. The Standards for Technological Literacy 
The Nature of Technology (Chapter 3) 
Standard I. Students will develop an understanding of the characteristics and scope 

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

technology. 
Standard 3. Students will develop an understanding of the relationships among tech­

nologies and the connections between technology and other fields of study. 

Technology and Society (Chapter 4) 
Standard 4. Students will develop an understanding of the cultural, social, economic, 

and political effects of technology. 
Standard 5. Students will develop an understanding of the effects of technology on 

the environment. 
Standard 6. Students will develop an understanding of the role of society in the 

development and use of technology. 
Standard 7. Students will develop an understanding of the influence of technology on 

history. 

Design (Chapter 5) 
Standard 8. Students will develop an understanding of the attributes of design. 
Standard 9 Students will develop an understanding of engineering design. 
Standard 10. Students will develop an understanding of the role of troubleshooting, 

research and development, invention and innovation, and experimentation in 
problem solving. 

Abilities for a Technological World (Chapter 6) 
Standard I I. Students will develop the abilities to apply the design process. 
Standard 12. Students will develop the abilities to use and maintain technological 

products and systems. 
Standard 13. Students will develop the abilities to assess the impact of products and 

systems. 

The Designed World (Chapter 7) 
Standard 14. Students will develop an understanding of and be able to select and use 

medical technologies. 
Standard 15. Students will develop an understanding of and be able to select and use 

agricultural and related biotechnologies. 
Standard 16. Students will develop an understanding of and be able to select and use 

energy and power technologies. 
Standard 17. Students will develop an understanding of and be able to select and use 

information and communication technologies. 
Standard 18. Students will develop an understanding of and be able to select and use 

transportation technologies. 
Standard 19. Students will develop an understanding of and be able to select and use 

manufacturing technologies. 
Standard 20. Students will develop an understanding of and be able to select and use 

construction technologies. 
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Benchmarks 
Each grade level discussion is followed by a series of benchmarks, 

which provide the fundamental content elements under the broadly stat­
ed standards (See Table 4-2). Benchmarks, which are statements that pro­
vide the specific knowledge and abilities that enable students to meet a 
given standard, are provided for each of the 20 standards at the K-2, 3-5, 
6-8, and 9-12 grade levels. The benchmarks are identified by an alphabet­
icallisting (e.g., A, B, C) and are highlighted in bold type. They are fol­
lowed by supporting sentences (not in bold) that provide further detail, 
clarity, and examples. An example of a standard and its enabling bench­
marks (C and D) for grades 3-5 is shown in Table 4-2. 

The standards and benchmarks were established for guiding a stu­
dent's progress toward technological literacy. To better understand the 
conceptual organizational structure between the standards, the categories, 
and benchmarks, please refer to Figure 4-1. The benchmarks, which are 
not listed in Figure 4-3 for each grade level for each standard, are required 
in order for students to meet the standards. Teachers may create addition­
al benchmarks if they think that these will help students to meet a specif­
ic standard. 

Table 4-2. A Representative Standard and Benchmarks 

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

In order to realize the attributes of design, students in grades 3-5 should 
learn that 
C. The design process is a purposeful method of planning practi­

cal solutions to problems. The design process helps convert ideas 
into products and systems. The process is intuitive and includes such 
things as creating ideas, putting the ideas on paper, using words and 
sketches, building models of the deSign, testing out the deSign, and evalu­
ating the solution. 

D. Requirements for a design include such factors as the desired 
elements and features of a product or system or the limits 
that are placed on the design. Technological designs typically have to 
meet requirements to be successful. These requirements usually relate 
to the purpose or function of the product or system. Other require­
ments, such as size and cost, describe the limits of a design. 
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Figure 4-1. Structure of the Standards 
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The benchmarks are articulated from grades K-2 through 9-12 to 
progress from very basic ideas at the early elementary school level to more 
complex and comprehensive ideas at the high school level. Certain content 
"concepts" are found in the benchmarks, which extend across various lev­
els to ensure continual learning of an important topic related to a stan­
dard. 
Vignettes 

A selection of vignettes is included in Standards for Technological 
Literacy to provide snapshots of laboratory-classroom experiences. They 
offer detailed examples of how the standards can be implemented by a 
teacher. A large majority of the vignettes were authentic in that they have 
been successfully used in an actual laboratory-classroom with students. A 
few of the vignettes were generated especially for these standards and are 
fictional-they were not tried and tested. Readers should be cautioned 
that any vignette is presented as a possible example and should not be 
interpreted as a curriculum. 

A COMPENDIUM OF STANDARDS AND 
BENCHMARKS FOR STANDARDS FOR 
TECHNOLOGICAL LITERACY 

A compendium is provided in Standards for Technological Literacy, 
which provides a summary of the content included in the 20 standards 
and their enabling benchmarks by grade levels of K-2, 3-5, 6-8, and 9-12. 
While the compendium provides an abbreviated overview of the standards 
and benchmarks, it is recommended that the reader use the full text in the 
actual standards and benchmarks to comprehend the accurate meaning 
intended by the developers of this document. A compendium of technol­
ogy standards is presented in Table 4-3. 
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II Table 4-3. Compendium of Major Topics for Technology Content Standards 
Standard Benchmark Topics Benchmark Topics Benchmark Topics 

~ Grades K-2 Grades 3-5 Grades 6-8 

Nature of Techno log X • Natural world and • Things found in nature • Usefulness of technology 
Standard I: The human-made world and in the human- • Development of technology 
Characteristics and • People and made world • Human creativity and II 
Scope of Technology technology • Tools, materials, and motivation 

skills • Product demand 
• Creative thinking 

Standard 2: The Core • Systems • Systems • Systems 
Concepts of Technology • Resources • Resources • Resources 

• Processes • Requirements • Requirements 
• Processes • Trade-offs 

• Processes 
• Controls 

Standard 3: The • Connections • Technologies • Interaction of systems 
Relationships Among between technology integrated • Interrelation of technological 
Technologies and the and other subjects Relationships between environments 
Connections Between technology and other • Knowledge from other fields 
Technology and Other fields of study of study and technology 
Fields 

Technologx and • Helpful or harmful • Good and bad effects • Attitudes toward develop-
Society • Unintended ment and use 
Standard 4: The consequences • Impacts and consequences 
Cultural, Social, • Ethical issues 
Economic, and Political • Influences on economy, 
Effects of Technology politics, and cultur~ 

Benchmark Topics 
Grades 9-12 

• Nature of technology 
• Rate of technological 

diffusion 
• Goal-directed research 
• Commercialization of 

technology 

• Systems 
• Resources 
• Requirements 
• Optimization and Trade-offs 
• Processes 
• Controls 

• Technology transfer 
• Innovation and Invention 
• Knowledge protection and 

patents 
• Technological knowledge 

and advances of science and 
mathematics and vice versa 

• Rapid or gradual changes 
• Trade-offs and effects 
• Ethical implications 
• Cultural, social, economic, 

and political changes 
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Table 4-3. Compendium of Major Topics for Technology Content Standards (continued) 
Standard BenchmarkTopics BenchmarkTopics Benchmark Topics Benchmark Topics 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Standard 5: The Effects o Reuse and/or recy- o Recycling and disposal o Management of waste o Conservation 
of Technology on the cling of materials of waste o Technologies repair damage o Reduce resource use 
Environment o Affects environment o Environmental vs. economic o Monitor environment 

in good and bad ways concerns o Alignment of natural and 
technological processes 

o Reduce negative conse-
quences of technology 

o Decisions and trade-offs 

Standard 6: The Role of 0 Needs and wants of o Changing needs and o Development driven by o Different cultures and 
Society in the individuals wants demands, values, and interests technologies 
Development and Use of o Expansion or limita- o Inventions and innovations o Development decisions 
Technology tion of development o Social and cultural priorities o Factors affecting designs 

o Acceptance and use of and demands of 
products and systems technologies 

Standard 7: The 
o Ways people have o Tools for food, cloth- o Processes of inventions and o Evolutionary development 

Influence of Technology lived and worked ing, and protection innovations of technology 
on History 

o Specialization of labor o Dramatic changes in society 
o Evolution of techniques, mea- o History of technology 

surement, and resources o Early technological history 
o Technological and scientific o The Iron Age 

knowledge o The Middle Ages 
o The Renaissance 
o The Industrial Revolution 
o The Information Age tl 

~ 
~ 
-; 



II 
Table 4-3. Compendium of Major Topics for Technology Content Standards (continued) 

Standard BenchmarkTopics Benchmark Topics Benchmark Topics Benchmark Topics 
Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

~ 
Design • Everyone can design • Definitions of design • Design leads to useful • The design process 
Standard 8: The • Design is a creative • Requirements of products and systems • Design problems are usually 
Attributes of Design process design • There is no perfect design not clear II 

• Requirements • Designs need to be refined 
• Requirements 

Standard 9: Engineering • Engineering design • Engineering design • Iteration • Design principles 
Design process process • Brainstorming • Influence of personal 

• Expressing design • Creativity and • Modeling, testing, evaluating, characteristics 
ideas to others considering all ideas and modifying • Prototypes 

• Models • Factors in engineering 
design 

Standard 10: The Role • Asking questions and • Troubleshooting • Troubleshooting • Research and development 
of Troubleshooting, making observations • Invention and • Invention and innovation • Researching technological 
Research and • All products need to innovation • Experimentation problems 
Development, Invention be maintained • Experimentation • Not all problems are tech-
and Innovation, and nological or can be solved 
Experimentation in • Multidisciplinary approach 
Problem Solving 

Abilities for a • Solve problems • Collecting information • Apply design process • Identify a design problem 
Technological World through design • Visualize a solution • Identify criteria and • Identify criteria and 
Standard I I: Apply the • Build something • Test and evaluate constraints constraints 
Design Process • Investigate how solutions • Model a solution to a • Refine the design 

things are made • Improve a design problem • Evaluate the design 
• Test and evaluate • Develop a product or 
• Make a product or system system using quality control 

• Reevaluate final solution(s) 
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Table 4-3. Compendium of Major Topics for Technology Content Standards (continued) 
Standard Benchmark Topics Benchmark Topics Benchmark Topics Benchmark Topics 

Grades K·2 Grades 3·5 Grades 6·8 Grades 9·12 

Standard 1 2: Use and • Discover how things • Follow step· by-step • Use information to see how • Document and communi-
Maintain Technological work instructions things work cate processes and 
Products and Systems • Use tools correctly • Select and safely use • Safely use tools to diagnose. procedures 

and safely tools adjust. and repair • Diagnose a malfunctioning 
• Recognize and use • Use computers to • Use computers and system 

everyday symbols access and organize calculators • Troubleshoot and maintain 
information • Operate systems systems 

• Use common symbols • Operate and maintain 
systems 

• Use computers to 
communicate 

Standard 13: Assess • Collect information • Use information to • Design and use instruments • Collect information and 
the Impact of Products about everyday identify patterns to collect data judge its quality 
and Systems products • Assess the influence • Use collected data to find • Synthesize data to draw 

• Determine the quali- of technology trends conclusions 
ties of a product • Examine trade-offs • Identify trends • Employ assessment 

• Interpret and evaluate techniques 
accuracy of information • Design forecasting 

techniques 

The Designed World • Vaccinations • Vaccines and medicine • Advances and innovations in • Medical technologies for 
Standard 14: Medical • Medicine • Development of medical technologies prevention and 
Technologies • Products to take devices to repair or • Sanitation processes rehabilitation 

care of people and replace certain parts • Immunology • Telemedicine 
their belongings of the body • Awareness about genetic • Genetic therapeutics 

Use of products and engineering Biochemistry 
systems to inform 
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Table 4-3. Compendium of Major Topics for Technology Content Standards (continued) 

Standard Benchmark Topics Benchmark Topics Benchmark Topics _Benchmark Topics 

;j Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Standard 15: Technologies in o Artificial ecosystems o Technological advances in o Agricultural products and 
Agricultural and Related agriculture o Agriculture wastes agriculture systems II 
Biotechnologies o Tools and materials o Processes in o Specialized equipment and o Biotechnology 

for use in ecosys- agriculture practices o Conservation 
tems o Biotechnology and agriculture 0 Engineering design and man-

o Artificial ecosystems and agement of ecosystems 
management 

o Development of refrigeration, 
freezing, dehydration, preser-
vation, and irradiation 

Standard I 6: Energy o Energy comes in o Energy comes in o Energy is the capacity to do o Law of Conservation of 
and Power Technologies many forms different forms work Energy 

o Energy should not o Tools, machines, prod- o Energy can be used to do o Energy sources 
be wasted ucts, and systems use work using many processes o Second Law of 

energy to do work o Power is the rate at which Thermodynamics 
energy is converted from one 0 Renewable and non renew-
form to another able forms of energy 

o Power systems o Power systems are a 
o Efficiency and conservation source, a process, and a load 
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Table 4-3. Compendium of Major Topics for Technology Content Standards (continued) 
Standard Benchmark Topics Benchmark Topics Benchmark Topics BenchmarkTopics 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Standard 17: • Information • Processing • Information and • Parts of information and 
Information and • Communication information communication systems communication systems 
Communication • Symbols • Many sources of • Communication systems • Information and communi-
Technologies information encode, transmit, and receive cation systems 

• Communication information • The purpose of information 
• Symbols • Factors influencing the design and communication 

ofa message technology-
• Language of technology • Communication systems and 

sub-systems 
• Many ways of communicat-

ing 
• Communication through 

symbols 

Standard 18: • Transportation • Transportation system • Design and operation of • Relationship of transporta-
Transportation system use transportation systems tion and other technologies 
Technologies • Individuals and • Transportation sys- • Subsystems of transportation • Intermodalism 

goods tems and subsystems system • Transportation services and 
• Care of transporta- • Governmental regulations methods 

tion products and • Transportation processes • Positive and negative 
systems impacts of transportation 

systems 
• Transportation processes 

and efficiency 
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II 
Table 4-3. Compendium of Major Topics for Technology Content Standards (continued) 

Standard Benchmark Topics Benchmark Topics Benchmark Topics Benchmark Topics 

~ Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Standard 19: • Manufacturing • Natural materials • Manufacturing systems • Servicing and obsolescence 
Manufacturing systems • Manufacturing • Manufacturing goods • Materials II 
Technologies • Design of products processes • Manufacturing processes • Durable or non-durable 

• Consumption of • Chemical technologies goods 
goods • Materials use • Manufacturing systems 

• Chemical technologies • Marketing products • Interchangeability of parts 
Chemical technologies 

• Marketing products 

Standard 20: • Different types of • Modern communities • Construction designs • I nfrastru ctu re 
Construction buildings • Structures • Foundations • Construction processes and 
Technologies • How parts of • Systems used • Purpose of structures procedures 

buildings fit • Buildings systems and • Requirements 
sub-systems • Maintenance, alterations, and 

renovation 
• Prefabricated materials 
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WHAT IMPACTS WILL THE STANDARDS 
HAVE ON TECHNOLOGY TEACHER 
EDUCATION PROGRAMS? 

College and University Teacher Education Programs 

Dugger 

Standards for Technological Literacy will have a major impact on col­
lege and university technology teacher education programs throughout 
the country. The colleges and universities preparing the teachers for the 
future will need to put the standards into practice. Since the study of tech­
nology is a vital field of education, those in charge of teacher education 
programs need to revise their curricula and teaching methodologies to 
reflect the vision of Standards for Technological Literacy. Faculty members 
in technology teacher education programs should address Standards for 
Technological Literacy and what they mean for enhancing the technologi­
cal literacy of future students. Becoming an effective technology teacher is 
an on-going process that begins in the earliest days of pre-service prepa­
ration in the undergraduate years and continues throughout one's profes­
sional career. Since the study of technology is a continuously changing 
field of study, teachers must be well prepared and have the ability and 
desire to stay informed and current on technological and educational 
advances throughout their careers. 

The preparation of teachers should assume that all pre-service stu­
dents are prepared in the content areas as specified in Standards for 
Technological Literacy. It is imperative that the 20 standards be infused into 
the technology courses, the technological laboratory courses, professional 
courses, the clinical experiences, and the university core courses, which are 
taken by each pre-service student. 

The preparation of teachers requires that the knowledge and process­
es of technology be integrated within pedagogical courses. This will 
provide a connection between the study of technology and technology 
education. Teachers need to be lifelong learners themselves to inspire in 
others the desire to continue learning as an integral part of life. Colleges 
and universities can provide excellent examples here through their profes­
sors. Professors can set examples by being scholars, researchers, and pro­
fessionals keenly interested in and involved in the study of technology. 

As previously stated, those who prepare technology teachers should 
review and revise undergraduate and graduate degree programs by using 
Standards for Technological Literacy as the basis for teaching technology. 
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Furthermore, strategies can be designed and implemented for recruiting 
and preparing a sufficient number of newly trained and credentialed tech­
nology education teachers. 
Alternative Teacher Education Programs and Certification/Licensure 

Alternate certification/licensure programs may be established in states 
and provinces with serious shortages of technology teachers. If alternate 
certification/licensure programs are established, they should comply with 
Standards for Technological Literacy. The institutions and agencies provid­
ing alternate certificationllicensure should become very familiar with the 
content listed in Standards for Technological Literacy so that the students 
enrolled in the alternate certification/licensure program will become 
knowledgeable about and know how to use Standards for Technological 
Literacy. The teacher being prepared under alternate certification/licensure 
programs should be qualified both philosophically as well as in the con­
tent dealing with the teaching of technology. 
Other Leadership Roles for Technology Teacher Education Faculty 

It is also necessary to develop in-service programs to teach technolo­
gy educators how to implement Standards for Technological Literacy. 
Supervisors are encouraged to provide support and philosophical leader­
ship for reform in the field because they are in an ideal position to imple­
ment long-range plans for improving the delivery of technology education 
subject matter at the local, district, state, and province levels. It is vital to 
gain the support of the technology education profession in the acceptance 
and implementation of Standards for Technological Literacy. By using this 
document as a basis for modifying their instruction, teachers will demon­
strate the importance of technological studies, the value of technological 
literacy, and their own abilities to teach about technology. 

Other leadership roles for technology teacher education faculty 
include serving as ITEA/CTTE/NCATE program reviewers. This is a very 
important role that the faculty member can play in assessing other teacher 
education programs in the United States. Also, faculty members can work 
on committees when their undergraduate degree program comes up for 
NCATE approval. This will give them valuable experience in planning to 
assure that they are in compliance with the ITEA/CTTE/NCATE 
Curriculum Guidelines (ITEA/CTTE/NCATE, 1997). Additionally, tech­
nology teacher education faculty can work with committees within their 
program to assure that they meet certification/licensure requirements 
which are based on Standards for Technological Literacy. 

= 76 = 



Dugger 

Teacher education programs can provide valuable in-service to tech­
nology teachers. This can be done through regular graduate courses or 
conducting special workshops for teachers within the state or at certain 
school districts or regions. Historically, teacher education programs in the 
United States have provided valuable in-service to technology teachers 
who are becoming re-certified or being certified under temporary license 
or requirements. 

Another leadership role for technology teacher education faculty is to 
provide service to other agencies in education. These include working with 
state departments of education and state supervisors of technology educa­
tion in enhancing the teaching of technology within a given state. Also, it 
is very important that faculty in technology teacher program work with 
faculty from other university disciplines to develop interdisciplinary tech­
nology-based courses that contribute to the education of future technolo­
gy education teachers. 

PHASE III OF THE TECHNOLOGY FORALL 
AMERICANS PROJECT 

The ITEA's Technology for All Americans Project is currently develop­
ing additional standards to complement and support Standards for 
Technological Literacy. This is made possible because of continued support 
and funding from the NSF and the NASA. These additional standards 
include: 

• Assessment Standards for Technological Literacy 

• Professional Development Standards for Technological Literacy 

• Program Standards for Technological Literacy 
All of these standards will impact teacher education programs. 

Additionally, the Council on Technology Teacher Education (CTTE) 
is using Standards for Technological Literacy to revise the 
ITEA/CTTE/NCATE Curriculum Guidelines (ITEAICTTE/NCATE, 1997), 
accreditation guidelines for technology education. 

CONCLUSIONS 
For the first time in history, the technology education profession has a 

set of nationally developed and reviewed standards that prescribes what 
the content for the study of technology should be. The ultimate vision of 
these standards is that every student should and can become technologi-
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cally literate. The difficult task is what lies ahead in implementing 
Standards for Technological Literacy in classrooms in school districts across 
the nation, in state departments of education, and in teacher preparation 
programs at colleges and universities. The seeds of progress have been 
sown, now the profession will have to nurture and cultivate them to create 
a new level of technology understanding and literacy for the generations 
to come. 
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Throughout the history of humankind, civilizations have struggled to 
find better ways to coexist. Some have been more successful than others 
and the reasons are many, and sometimes varied and complex. Todars 
global society demands that people develop their knowledge and abilities 
to their fullest potential. A significant part of this process and one measure 
of success is the development of a literate society and literate individuals. 
Raising literacy levels and lowering illiteracy levels are challenges in every 
society. 

A LITERATE CITIZENRY 
A literate person is commonly referred to as being an educated person 

who understands the culture in which one lives. As might be expected, 
functional levels of literacy vary from one society to another and from one 
individual to another. When the phrase is spoken, "he or she is a literate 
person;' it commonly refers to an educated and cultured person. Thus, to 
the layperson, literacy is often associated with reading and writing, and 
sometimes even speaking and mathematics. But there are many other 
forms of literacy including music literacy, art literacy, history literacy, 
social studies literacy, etc., that also deserve equal attention. Today, a new 
form of literacy is gaining the attention and respect of all the inhabitants 
of our global society. It is called technological literacy. A person cannot 
attain a functional level of technological literacy unless a functional level 
of basic literacy has first been achieved. Gardner (2000) recognizes the 
important role that literacy plays in education today. He believes that 
training students in the basic literacies and then introducing them to the 
major families of subject matter areas is fundamental to helping them 
understand the world around them. 
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World leaders have recognized for decades that technology is the one 
discriminating factor that separates industrialized from non-industrial­
ized nations, developed from underdeveloped nations, and powerful from 
non-powerful nations. Yet, while its importance is recognized and accept­
ed by leaders, globally very little is being done in formal school settings to 
create laboratory-classroom environments that foster the study of tech­
nology. For example, the study of technology is not widely practiced in any 
form on a grand scale at the elementary, middle, and secondary school lev­
els, at least not in the United States and in most other countries of the 
world. At a time when business and community leaders and other key and 
influential members of our society are promulgating the need for a school 
subject in the study of technology, there has been a significant decline both 
in the number of technology teacher training programs and in new 
licensed technology teachers entering the field. Unfortunately, both situa­
tions, may, in the future, cause the closing of many technology studies or 
technology education programs in elementary, middle, and secondary 
schools. 

The United States educational system has simply not kept pace with 
what's happening in the technological world, resulting in its inability to 
respond quickly and decisively to meet the changing technological needs 
of society. There has also been a lack of technology education standards­
content, student assessment, professional development, and program-to 
provide a general framework from which state and local school systems' 
personnel could develop curricula and ultimately programs. Factors such 
as these have placed schools and their personnel and curricula, and teacher 
training institutions in a precarious situation. How do school personnel 
provide a program for the study of technology when teacher-training 
institutions are not licensing a sufficient number of teachers to meet the 
demand for new and existing technology education teaching positions? 
How do school personnel add a new curricular area to an already crowd­
ed school curriculum? Does the study of technology make a contribution 
to the learning of other subject matter content areas? These questions and 
many others continue to beg for answers. With the release of ITEA's 
Standards for Technological Literacy: Content for the Study of Technology 
(Standards for Technological Literacy) in 2000, these questions can be pro­
vided with many of the answers. 

Technology is human innovation in action and since we as people cre­
ate technology, technology helps to shape our lives and our society, and in 
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turn, our society helps to shape technology. Since technological change is 
driven by the purposeful actions of people, it is of paramount importance 
that when people make decisions as to which technology is to be devel­
oped, which technology is used, which technology is to be modified, and 
even which technology is to be eliminated, the people making those deci­
sions must be technologically informed, or, in other words, they must be 
technologically literate. Since all people are part of the decision making 
process in a democratic society, this means that they must have a func­
tional level of technological literacy. All people must be able to use, 
manage, assess, and understand technology in order to be contributing 
members of their society. In fact, possessing the ability to use, manage, 
assess, and understand technology clearly defines the nature of a techno­
logically literate person, and when people attain this ability, neither will 
they be threatened by technology nor necessarily obsessed by it. Finally, 
technologically literate people possess the capability of making educated 
decisions about which technological process to use and the what, how, and 
when to develop or use various technological systems. 

While technological literacy and technical literacy are often used inter­
changeably, they are definitely not the same. Technologically literate peo­
ple possess the ability to use, manage, assess, and understand technology, 
while technically literate people place greater importance on their ability 
to perform with tools (psychomotor skill development, e.g., automotive 
repair person) and to communicate using technical terms. In the process 
of becoming technologically literate, people learn about technology and 
they learn to do technology. In the process of becoming technically liter­
ate, people learn to do technology with less or little emphasis on learning 
about technology. 

Now more than ever before the global society needs to become more 
technologically literate. In the United States, this need can be addressed by 
implementing the study of technology in elementary, middle, and sec­
ondary schools. The outcome of this program is a technologically literate 
person. When the development of technological literacy becomes one of 
the primary goals and is central to the mission of our schools, then there 
will be direct measurable benefits to our students and society. Examples of 
these benefits are people understanding the role of technology in society 
and culture, making technology decisions including the ability to differen­
tiate which technology to use to solve an individual or societal problem, 
and technology career awareness. 
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The publication, Standards for Technological Literacy, clearly under­
scores the need for technological literacy development at all levels of edu­
cation. Furthermore, it argues rather convincingly that if the United States 
is to remain the most technologically advanced country in the world, an 
improved program of study in technology needs to be implemented 
immediately. It calls for developing functional levels of technological liter­
acy in all school-age children so they will be able to use, manage, assess, 
and understand technology in the world around them. Finally, it calls for 
children to learn about technology and learn to do technology. 

The immediate challenge to teacher education program personnel is 
to develop quality curricula and modes of instruction that prepare future 
teachers to teach in this new laboratory-classroom environment. This may 
require some teacher educators to redefine the role and scope of their 
teacher education programs and to collaborate with school personnel 
throughout the process, and that they do it continuously without inter­
ruption. While teacher educators must not teach to the new content stan­
dards, it is important that they use the standards to set the framework for 
preparing new technology education teachers. 

DIMENSIONS OF TECHNOLOGY 
In A Rationale and Structure for the Study of Technology (1996), the 

ITEA takes the position that "Technology is human innovation in action. 
It involves the generation of knowledge and processes to develop systems 
that solve problems and extend human capabilities" (p. 16). Therefore, 
with human innovation in action as the focal point of technology, it must 
have a process, knowledge, and contextual base (p. 16). One cannot exist 
in isolation of the others, as they are mutually dependent on one another. 
For example, people must have technological knowledge to create a tech­
nological product and at the same time, the creation of the product and 
the knowledge used to create it must be done within a technological con­
text or as used in this example, there must be a reason for the development 
of the product. As existing technological knowledge is used to create a new 
product, new technological knowledge may also be created and new tech­
nological contexts in which the product might be developed may also be 
generated. It is a never-ending life cycle of generating new technological 
knowledge, new technological processes, and new technological contexts, 
with the creating of new technology being at the heart of the life cycle. 
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IMPLEMENTING TECHNOLOGY EDUCATION 
PROGRAMS 

The publication, ROAD MAPS: Perspectives for Excellence in 
Technology Education Programs (Road Maps) (Balistreri, Daugherty, Gray, 
& Valesey, 1998), provides four authoritative perspectives on " ... what 
should be addressed by administrators and professional educators in their 
quest for excellence" (p. 1) in technology education programs. Their per­
spectives are based on an array of professional experiences at the local 
administration, state/provincial administration, higher education, and 
state/provincial association levels. Their message is very clear and direct. If 
technology education is ever to be successfully implemented on a grand 
scale throughout all the educational systems in the United States, then 
teachers and administrators of elementary, middle, secondary, and post­
secondary school technology programs must become more" ... active edu­
cators, prove the value of their programs, set high expectations, teach 
effective courses, put goals into action, verify quality, and market the tech­
nology education experience" (p. 1). The challenge to the technology pro­
fession is immense and immediate, and it requires that all its members 
work constructively and collaboratively to bring about purposeful change 
and then sustain the change process. Road Maps was published before 
Standards for Technological Literacy was released. They contain informa­
tion that should be helpful in implementing Standards for Technological 
Literacy. 

Road Maps provide a framework to initiate substantial change. As it 
relates to teacher education programs and the potential positive impact of 
the content standards, the process should include but not be limited to the 
following: 

• Frame a teaching and learning environment that promotes the value 
of research by first establishing a research agenda for all faculty and 
undergraduate and graduate students. Integrate research activities 
throughout the teacher preparation curriculum. Emphasize the value 
of research by making it an integral part of the life cycle of the teacher 
preparation experience. 

• Emphasize the importance of recruitment of the highest order. 
Recruit individuals to become technology teachers who are good peo­
ple-persons and who are committed to making a difference in the 
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lives of others. Make yourself (teacher educators) visible at meetings 
where potential new teachers are in attendance and interact with 
them. Identify successful recruitment strategies used in other subject 
matter areas and emulate and incorporate them when developing and 
implementing a recruitment plan. Learn from others so as not to 
repeat their mistakes in your efforts. 

• Be a proactive proponent for technology education at all meetings 
where standards for teacher preparation or enhancement, such as the 
Professional Development Standards for Technological Literacy 
which will be released in 2003, are an agenda topic. As content stan­
dards are developed in other subject matter areas, form alliances with 
these areas, particularly those whose standards might have an impact 
on technology education. 

• Remember that professional development is a lifelong process and 
every technology teacher education program should. have a profes­
sional development program for teachers in its service area. Include 
program topics (e.g., selected content standards) that are most 
germane to the immediate needs of teachers. Form a professional 
development council that includes classroom teachers as part of its 
membership to help identify these topics. 

• Set and maintain high expectations and content standards beginning 
at the initial teacher preparation experience (pre-service) and contin­
uing through all in-service activities. Lead by example and attend and 
participate in professional meetings, serve on committees, volunteer 
in the community, present professional papers, expose students to 
outstanding practicing teachers in the community, and reward stu­
dents with excellent student teaching and clinical experiences. 

• Develop and maintain a technology teacher preparation program that 
is recognized in the university community for its relevancy and qual­
ity. Form technology program advisory groups or councils that 
include membership from representatives of the university commu­
nity and from industries in the community. Actively seek grants and 
other forms of financial support to initiate new endeavors such as 
implementing content standards, curricular revision, and profession­
al development of technology teachers. 

• Serve and be recognized as the leader in bringing about change in the 
technology education community. Promote your teacher education 
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program by being the "hub" of activity in Standards for Technological 
Literacy implementation, regardless of the implementation level. Host 
workshops, and in-service and professional development activities 
that focus on the standards implementation. Appoint one faculty 
member in your department to be the first point of contact to the 
public on implementing Standards for Technological Literacy imple­
mentation. 

• Serve and be recognized as the leader in your geographical area for 
developing and implementing quality assessment measures including 
assessment tools and programs. Ensure that measures of quality 
teaching and learning are recognized as vital functions of the teacher 
preparation experience and that they continue throughout the life 
cycle of being a classroom teacher. 

• Perform the lead role in collecting data on the teaching and learning 
experience. Analyze, interpret, and distribute results to the technolo­
gy education community in order to bring about purposeful 
improvements in student learning, content, programs, and teaching 
methodologies. Host in-service workshops for classroom teachers to 
interpret and disseminate the data and share the results of the data 
collection and interpretation processes with leaders in other subject 
matter areas. 

• Most importantly, market the value of technology education to indi­
viduals and groups who make decisions about the worthiness of a 
program of study in technology. In consultation with marketing 
experts, develop strategies that will change public perceptions, 
increase student enrollments, and increase financial support for your 
technology program. Serve as the lead institution in your geographi­
cal area and coordinate the marketing of technology education pro­
grams at all levels in the area. 

While the preceding statements provide ideas to initiate the process of 
establishing excellence in technology teacher education programs, includ­
ing the implementation of Standards for Technological Literacy, the key to 
success lies in the people who will ultimately bear the responsibility to 
implement and maintain these programs at a high level of quality. 
Technology teacher educators must share in this responsibility both per­
sonally and professionally. Personally, they must commit their time and 
talent and make a concerted effort to improve the overall teaching and 
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learning environment. Professionally, they must be dedicated to preparing 
quality technology teachers, through both in-service and pre-service 
activities, that will be fully qualified to engage students in a contemporary 
technology studies program. Also, they must be leaders in establishing 
alternative teacher preparation programs, determining licensure criteria, 
getting technology teacher education programs approved by International 
Technology Education Association, Council on Technology Teacher 
Education, and National Council for Accreditation of Teacher Education 
Approved Curriculum Guidelines (ITEA/CTTE/NCATE Curriculum 
Guidelines) (ITEA, 1997), establishing state curriculum guides for tech­
nology education, and participating in national professional organiza­
tions. 

WHAT SHOULD TECHNOLOGY TEACHERS 
DO DIFFERENTLY? 

Fostering Technological Literacy 
A contemporary and effective technology education program that fos­

ters Standards for Technological Literacy requires that educators have a 
sound philosophical basis of the study of technology. This philosophical 
foundation should provide pre-service teachers with the reasons why the 
study of technology is important, major tenets of the technology, histori­
cal foundations, and future directions. This knowledge is necessary in 
order for the pre-service student to make connections from the content of 
technology education to the broader educational goals established by 
society. Further, this knowledge will serve future educators well as they 
articulate the need for the study of technology as a core subject and its rel­
evance to society. Teacher educators at the postsecondary level must help 
pre-service teachers to: 

• Understand the nature and significance of technology in human 
affairs. 

• Use technological devices and processes and manage their appropri­
ate use. 

• Assess technology in terms of its social, cultural, and environmental 
consequences. 

• Recognize the limitations of science and technology in solving 
problems. 
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• Apply technology-based problem solving as a method to foster cre­
ativity and verify conclusions. 

• Utilize value-clarification skills and processes for making informed 
decisions and considering alternative modes of behavior with regard 
to technological endeavors. 

• Develop and implement curriculum that is in alignment with state 
and national standards. 

• Assess student outcomes and curriculum in light of the best practices 
of teaching and learning. 

The above items should not be considered a laundry list that teacher 
educators can select from at will. If technology education is to be success­
ful in fostering the development of a technologically literate individual, 
then we can expect no less from our future educators. Thus, our future 
educators must be technologically literate prior to graduating from a post­
secondary institution. Graduates who operate at high functional levels of 
technological literacy will be better prepared to implement Standards for 
Technological Literacy. 
Curriculum Development 

To successfully foster technological literacy at the K -12 levels, technol­
ogy teacher educators must move beyond the traditional approaches used 
in the past to develop curriculum. Standards for Technological Literacy is 
more inclusive than the study of industries around the thematic areas of 
communication, construction, manufacturing, transportation, and power 
and energy. While these content areas served the profession well in the 
past, today they represent only a portion of the technologies used in soci­
ety. For example, agricultural, biotechnologies, and medical technologies 
are influencing society at an ever-increasing rate, and technology teacher 
educators need to be prepared to teach in these areas. Additionally, many 
technology educators have treated these content areas as distinct technical 
units of instruction. They have failed to include how the nature of tech­
nology influences society, illustrated the interdependencies that exist 
among these technical units, nor explained how scientists, engineers, and 
technologists who work in these technical endeavors make decisions. 

The Standards for Technological Literacy calls for an in-depth study of 
technology in order to develop technological literacy. This social applica­
tion of technology requires future teachers to develop knowledge and 
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skills in the following areas: 
• Nature of Technology 

• The Role of Technology in Society 

• Design 

• Abilities for a Technological World, and 

• The Designed World 

It is the authors' perspective that an in-depth knowledge of technolo­
gy can only be achieved when a radical departure from the traditional tool, 
material, and skill development approaches used in some technology 
teacher education programs has occurred. The future technology teacher 
education program must be restructured to include the study of technol­
ogy from a holistic perspective. This coherent curriculum should hold 
together and make sense as a whole. It should be logically integrated, have 
a sense of purpose, be relevant, and provide a series of unforgettable expe­
riences for pre-service teachers. A dynamic and coherent technology edu­
cation curriculum includes a study of the following: 

• The roles of engineering, design, and product development. 

• Sustainable development of technological endeavors. 

-. Resource management and integrated planning. 

• Bio-related technologies and environmental ethics in all systems. 

• Technology assessment and forecasting. 

• The role of innovation and invention to solve technological problems. 

• The connections between technology, science, mathematics, and 
other subjects. 

• System integration and interdependencies. 

• The history and trends of technology. 

To bring about this curriculum, technology teacher educators will 
have to foster new instructional strategies. These strategies and curriculum 
will likely require the interdisciplinary efforts of technologists, scientists, 
mathematicians, engineers, environmentalists, political scientists, philoso­
phers, and others who can illustrate the connections of technology with 
the humanities and the social sciences. Fortunately, these educators 
already have a prominent role at colleges and universities. By developing 
partnerships with these professionals and with conceptually designed 
programs that use team teaching, multisensory learning, and student-
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centered activities, teacher educators would have the ability to enhance the 
technological capabilities of their students. More importantly, our future 
educators would be positioned to implement Standards for Technological 
Literacy upon leaving the university with the knowledge acquired from the 
above partnerships. 

Delivering technology education programs will involve making deci­
sions about delivery strategies, teaching approaches, facilities, and assess­
ment (both curriculum and student assessment) to enhance the skills of 
pre-service teachers. The curriculum developed at postsecondary teacher 
education programs must be connected to each of the above elements in 
order to be successful. 
Delivery Strategies and Teaching Approaches 

Technology teacher educators will have to link the appropriate 
delivery strategy with its content and activities to enhance the teaching­
learning process. As Beane (1995) noted, students benefit from a delivery 
system that is structured to meet their needs, interests, and individual abil­
ities. Delivery strategies and teaching approaches most appropriate to 
technology pre-service education may include anyone or more of the fol­
lowing: Applied Science Approach, Design Education Approach, 
Integrated Subject Approach, Science/Technology/Society Approach, or a 
Technology Concepts Approach. Each of these different approaches is pre­
sented briefly below. 

The Applied Science Approach 
The Applied Science Approach has typically used science teachers to 

demonstrate the application of scientific concepts and theories. Examples 
of this approach can be seen in CORD's Applications in 
Biology/Chemistry (2001) courses. Technology teacher educators could 
use this approach to explore the design of new technologies. While science 
teachers emphasized only the theoretical understanding of scientific ideas, 
the technology teacher educator could emphasize the practical applica­
tions of science and engineering concepts. 

The Design Education Approach 
The Design Education Approach allows students individually or in 

teams to identify a problem and develop one or more solutions to test and 
redesign a project or product to meet its intended purpose. While tech-
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nology educators utilize this approach, some of the design problems or 
materials used to solve problems may have no social or cultural relevance. 
The problems provided to students are merely problem solving activities. 
This approach, however, could be used to allow students to investigate and 
solve social and/or environmental problems that are relevant at the local 
or regional level (Wright, 1995). 

The Integrated Subject Approach 
The Integrated Subject Approach uses the integration of several cur­

riculum areas into one unified curriculum endeavor. Thus, the teaching 
can range from the use of a single instructor integrating subject matter 
areas, to teams of teachers using multidisciplinary instruction in a single 
or integrated laboratory environment. This approach can also have a top ... 
ical or thematic base. As previously noted, this approach can be used in 
teacher preparation programs to bring about a greater understanding to 
the significance of technology in human affairs. While science, mathemat­
ics, engineering, and environmental studies might seem to have the most 
logical connections to the study of technology, other curricular areas 
should also be considered when technology content and activities are inte­
grated across the K-12 curriculum (American Association for the 
Advancement of Science, 1989; Zuga, 1988). 

The Science/Technology/Society Approach 
The Science/Technology/Society Approach has been used in liberal 

arts and science courses. Science/Technology/Society courses are usually 
organized around science issues that are occurring at the local level (e.g., 
students explore scientific concepts and attempt to solve the problem 
at hand in view of current economic and social considerations). These 
courses often explore the interactions between science, technology, and 
society. Technology teacher education programs can successfully use this 
approach by focusing on the technology element of these types of investi­
gations. Technology teacher educators have a unique opportunity with the 
use of Science/Technology/Society (STS) approach due to the laboratory­
based nature of these studies. When team-taught with educators from a 
variety of subject matter areas, this approach can provide a powerful stim­
ulus in the teaching-learning process (Gilberti, 1992; Hurd, 1995). 
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The Technology Concepts Approach 

The Technology Concepts Approach focuses on learning about the 
processes of technological development. This approach also focuses on 
system concepts and models. A teacher education program can expand 
upon this approach by including how technologists solve problems via 
design and innovation processes. With such an approach, the use of mod­
els and simulations can be used more effectively (Schwaller, 1995). 

When implementing these teaching approaches and delivery strate­
gies, teacher educators will have to design laboratories to meet the needs 
of students and the curriculum under study. Currently, some technology 
educators have used industrial technology laboratories to provide for a 
skilled workforce (e.g., computer-aided design, electronics, robotics, etc.). 
These laboratories, by their nature, emphasize the production of objects 
rather than design, research and experimentation, or the interactions of 
technology on society, culture, or the environment. 
Facilities for the Future -

The future laboratories in technology teacher preparation programs 
must become more versatile and, therefore, serve as an aid in student 
learning. For example, laboratories need to be equipped in a way to allow 
students to 'design' the laboratory environment for the problem, activity, 
or content being investigated. Laboratories should include the full range of 
machine tools for students to prototype new devices, manufacture prod­
ucts, and explore system operations. Further, laboratories should provide 
the necessary equipment to allow students to conduct research, experi­
ment with materials and processes, and develop simulations. 

While the temptation may be to outfit laboratories with state-of-the­
art machines used by contemporary business and industry, this may not 
always be the best approach. Tabletop equipment can often be used to 
demonstrate the key concepts to be learned, and these are viable alterna­
tives to industrial-based equipment. Moreover, these tools are more likely 
what pre-service teachers will be able to afford in their own technology 
education programs when they leave the university. These types of 
machines also allow for the quick setup, breakdown, and storage needed 
when designing and constructing technology activities. 

Perhaps more importantly, the technology teacher educator of the 
future must move beyond the traditional approaches to teaching and 
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learning. While most technology teacher educators have relied on state­
assisted funding to secure laboratory equipment, there are numerous 
teaching and learning laboratories that exist within the local community. 
For example, technology teacher educators could develop partnerships 
with local industries to allow students to have access to technologies not 
available to them at the postsecondary institution. Additionally, by using 
the full range of opportunities to study technology, as it exists at the local 
or regional level, pre-service teachers will see a greater relevance to their 
studies. Pre-service educators will also be more likely to use these same 
approaches when they graduate. 

EVALUATION OF TECHNOLOGYTEACHER 
EDUCATION PROGRAMS 

Assessment 
To assess the effectiveness of standards-based technology teacher edu­

cation programs, all levels of the teaching-learning environment will need 
to be evaluated. This assessment will need to focus on the appropriateness 
of the curricula being used, the instructional and delivery processes, and 
the knowledge and skills obtained by pre-service teachers as they move 
through the teacher preparation program. The overall purpose of these 
assessments should be to provide information that improves the teaching 
and learning environment. These assessments should also provide evi­
dence to determine whether the intended learning outcomes have been 
achieved in relation to pre-established performance standards. 

To perform these assessments, both formative and summative assess­
ments will have to be used. Formative assessments are ongoing and pro­
vide data that can help to improve teaching and learning during a regular 
cycle of activities. Examples of formative assessments include tests, oral 
reports, and exams at the end of a unit of study. 

Summative assessments occur periodically and provide data about 
student achievement at the conclusion of a specific time period (e.g., at the 
end of the first year of studies). These assessments can include the use of 
benchmark assessments like national standardized tests. Additionally, 
summative assessments can take the form of senior projects or student 
portfolios. These types of assessments may also be used to examine the 
effectiveness of curriculum, teaching strategies, or instructor competency. 
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Regardless of the type of assessment being used, the overall assessment 
should provide useable data to what students know and can do as a result 
of instruction and laboratory experiences. The assessments used in tech­
nology education teacher preparation programs must be authentic and 
challenging. Assessments should also be based on the accepted practices 
established for the profession. Thus, the assessments should be perfor­
mance based. 

Performance based assessments should allow pre-service teachers to 
perform the following: 

• Demonstrate an understanding that shows what students know and 
can do in meaningful contexts. 

• Generate in-depth responses rather than produce pre-provided brief 
responses. 

• Demonstrate their knowledge base according to a set of criteria or 
standards. 

It is important to note that performance assessments should be based on 
actual student demonstrations or student observations. These assessments 
have the potential to redirect learning so that pre-service teachers take a 
more active Tole in their learning process. They can be used to assess the 
lifelong learning outcomes of critical thinking, communication skills, 
teamwork, and integrating content from multidisciplinary activities. 

ITEAlCTTE/NCATE CURRICULUM 
GUIDELINES 

In order to bring about a quality technology teacher education pro­
gram, more effort needs to be directed to helping institutions meet the 
ITEAICTTEINCATE Curriculum Guidelines (ITEA, 1997). These guide­
lines have been put into place to assure that pre-service teachers are 
acquiring the knowledge and skills necessary to become effective technol­
ogy teachers. To assure the overall quality of these programs, the 
ITEAICTTEINCATE Curriculum Guidelines will be rewritten to reflect 
Standards for Technological Literacy (See Chapter 9). 

Further, all technology teacher education programs that have met the 
ITEAICTTEINCATE Curriculum Guidelines should have in place a proce­
dure for in-service education. The technology education profession has a 
tremendous need for continual in-service education to implement the 
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content standards and to make the teaching-learning environment a con­
tinuallifelong commitment for educators. As more educational research 
impacts the profession of teaching and as technology is constantly chang­
ing, educators will require continual in-service to be effective and skilled 
resource managers of their curriculum area. 

REFLECTION 
Technology teacher educators are focusing their energies to better pre­

pare students to enter the vibrant and dynamic world of teaching. They are 
positioning their programs to cause significant change in the role and 
scope of elementary, middle, and secondary school programs through the 
integration of a technology curriculum. 

Teachers in the 21st century need to possess many traits. Technology 
teachers, for example, need to understand technology, have a thirst for new 
knowledge and skills, a strong commitment to the growth and develop­
ment of children, and an awareness of the importance of being profes­
sionally active throughout their teaching careers. 

Technology teacher educators have a responsibility to make a signifi­
cant contribution to the development of these traits. They need to place 
greater emphasis on the importance of preparing quality teachers who 
possess the desire and ability to work collaboratively with colleagues 
in other subject matter areas in order that technology studies be integrat­
ed throughout the K-12 curriculum. They need to ensure that their grad­
uates are well educated and trained in delivery strategies and teaching 
approaches that promote the development of technological literacy. They 
need to prepare their graduates to be able to successfully work and com­
municate with elementary and secondary school teachers and administra­
tors, while providing them convincing arguments why technological liter­
acy should be an equal partner with all other forms of literacy. They need 
to prepare technology studies teachers in ways to design and implement 
assessment measures that ensure the continued development of techno­
logical literacy in K -12 students. And, in the final analysis, they need to 
prepare future teachers who accept that the product of every technology 
studies program is a person who possesses a functional level of technolog­
icalliteracy " ... a person who understands-with increasing sophistica­
tion-what technology is, how it is created, how it shapes society, and in 
turn is shaped by society is technologically literate" (ITEA, 2000, p. vi). 

= 94 = 



Gilberti and Martin 

A challenge now before every technology teacher educator is to iden­
tify methods of preparing future teachers through pre-service education 
and practicing teachers through in-service education to implement 
Standards for Technological Literacy. The challenge may cause some educa­
tors to restructure their curriculum in order to make it more coherent, 
cohesive, and in tune with the development of the new content standards. 
While the challenge may be great, it cannot be ignored if technology edu­
cation is to be widely accepted as an integral part of the K -12 curriculum. 

THOUGHT-PROVOKING ACTIVITIES 

1. What are the characteristics of a literate citizenry? What does it mean 
to say that a person has a functional level of literacy? Is it possible to 
be literate in one area (e.g., mathematics) and illiterate in another 
area (e.g., technology)? 

2. Some countries are implementing technology studies in their school 
systems at a rate faster than what is being done in the United States. 
Identify some of these countries and illustrate what they are doing 
that the United States may not be undertaking. 

3. Technology is an integral part of every person's life in the 21st cen­
tury. People who make decisions about what is included in the K-12 
curriculum and who ignore the importance of including technology 
studies are depriving students the opportunity to study in an 
enriched and dynamic program. Develop a list of convincing argu­
ments that underscore the importance of incorporating technology 
studies in the K-12 curriculum. Which items on your list would you 
present to your peers? A school principal? A group of parents? 
Members of the local chamber of commerce? The state board of edu­
cation? 

4. Undertaking a research project provides the investigator valuable 
data to solve a problem that is being researched. University faculty, 
undergraduate and graduate students, and classroom teachers in ele­
mentary and secondary schools all conduct research. Identify one 
problem area that you believe needs to be researched in technology 
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education and describe how you would go about investigating the 
problem. 

5. Currently, an insufficient number of people are entering the teaching 
profession, and this shortage is at a critical point in technology edu­
cation. Identify some strategies to attract more students to become 
technology teachers. What techniques could be used to market these 
strategies? Develop a recruitment plan that includes the identified 
strategies and marketing techniques. What should be the main ingre­
dients of a recruitment plan? How would a recruitment plan for 
technology education be different from a plan for another subject 
matter area? 

6. Education is a lifelong process. Most technology studies teachers will 
need to participate in professional development activities to keep 
their endorsements current and to be better prepared as teachers. 
What are some in-service activities that technology educators will 
need in order to be a successful teacher during the first 10 years 
of employment? What have been your most rewarding in-service 
activities? 

7. Identify the knowledge, skills, and attitudes that are important to 
becoming a technologically literate person. Compare the knowledge, 
skills, and attitudes identified with those of your peers. How are they 
the same? How are they different? 

8. What needs to be done at the postsecondary level to better prepare 
students to implement the content standards for technology educa­
tion? Compare the list developed with those of your peers. What are 
the similarities and dissimilarities? 

9. This chapter identified five delivery strategies and teaching 
approaches for technology pre-service education. Select one of the 
five approaches and illustrate how to incorporate it in a classroom­
laboratory environment. Be specific with your response and illus­
trate at least four laboratory activities that can be used with middle 
or high school students. 
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10. Explain the difference(s) between formative and summative assess­
ments. Identify specific examples when a teacher would use each type 
of assessment in a technology education program. 

11. Portfolio based assessments provide physical evidence of students' 
ability to meet desired program standards and lifelong learning 
skills. How should pre-service teacher portfolios be developed to 
represent transition points in their education? Illustrate how multi­
ple validations and portfolios could be weighted in a technology 
teacher education program. 
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Chapter 

6 

In a recent report on the role of standards as a catalyst for education­
al reform issued by the National Research Council (NRC), the assertion is 
made that significant improvement in student learning is "unlikely until 
teachers are educated in ways that enable them to implement and teach 
curricula that are consistent with the vision, goals, and content of the 
national standards" (NRC, 2000, p. 18). Viewed from this perspective, 
standards assume a more critical role than simply identifying, clarifying, 
and structuring the content knowledge of a discipline, as if that were a 
simple matter. Rather, before meaningful change can occur at the K-12 
level of implementation, teacher education programs must engage in crit­
ical and honest reflection about how well they are addressing national 
standards. 

Over the next few years, technology teacher educators will decide the 
extent they agree or disagree with this assertion-that educational reform 
at the K -12 level is fundamentally grounded in seriously addressing 
Standards for Technological Literacy: Content for the Study of Technology 
(Standards for Technological Literacy) (ITEA, 2000). At one level, the issue 
is curricular (i.e., configuring courses and student activities to align with 
standards). Viewed more broadly, serious engagement with the standards 
has the potential of triggering fundamental reform of how technology 
teacher education is configured and delivered. As indicated in previous 
chapters, implementing the standards will include changing the teacher 
education curriculum, but it is only one component for implementing a 
technology based education system. From this perspective, the stakes are 
much higher and the risks associated with significant change are very real. 

The National Commission on Teaching and America's Future 
(NCTAF), in a report critical of teacher education in America, reported 
that the view persists that anyone can teach, especially if they have ade­
quate content knowledge (NCTAF, 1996). The report goes on to voice the 
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view, shared by many, that "teacher preparation programs contribute little 
to the production of qualified teachers and high-quality teaching" 
(NCTAF, 1996). Some of these same perceptions, and misperceptions, are 
also apparent in technology education. Within technology education, the 
perception (and perhaps the reality) persists that the profession is strong 
on activities and limited in terms of content knowledge. The profession is 
in an exciting, and perhaps even terrifying, period of time when many 
teachers are uncertain of their grasp of content knowledge as well as their 
ability to employ the kinds of new teaching methods required to meet the 
standards. Given this situation, it is very important that technology 
teacher education programs be equipped to have a major effect on stu­
dents who are preparing to become technology education teachers. 

Thus, the challenge for technology teacher educators and the purpose 
of this chapter extends beyond how to teach pre-service educators how to 
teach the content contained in Standards for Technological Literacy in their 
K-12 classrooms. Rather, it is important that the field think more broadly 
about curricular reform, including such thorny challenges as integrating 
technology content across disciplines, stimulating students to engage in 
meaningful reflection on technological activities, and equipping students 
to cope with the inherently dynamic and expansive nature of technology. 

It is important to note at the outset that the authors' purpose through­
out this chapter is to raise, frame, and clarify curricular issues that, in our 
judgment, must be addressed as a function of what Standards for 
Technological Literacy contains. The authors have attempted to refrain 
from prescribing how our colleagues at various teacher education pro­
grams should respond in making their curricular decisions. Those are 
local decisions and the profession stands to benefit by the development of 
a variety of creative implementation strategies and models. The authors' 
charge is to raise the issues and stimulate dialog. 

COMPETENCE FOR TECHNOLOGY 
TEACHERS 

At a basic level, the preparation of technology education teachers 
involves three primary dimensions: knowing, doing, and valuing. These 
are not new and a strong element of each is woven throughout the stan­
dards. Throughout the history of the field, the profession has in various 
ways concentrated on all three, with arguably a primary emphasis on the 
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"doing" component. If successful, Standards for Technological Literacy will 
cause the profession to rethink these dimensions in several important 
ways. First, these standards contain material that redefines and expands 
what it is that technology educators have traditionally known, done, and 
valued. All three dimensions have been dramatically expanded to include 
content that may be relatively new to many teachers and teacher educators. 
It will take time, hard choices, and considerable professional development 
to conceptualize and craft new curriculum materials capable of delivering 
this expanded body of content. 

A second shift has to do with an increased emphasis on the knowing 
(content) dimension. It is important to recognize that Standards for 
Technological Literacy is inherently designed to define the essential content 
knowledge of technology education. The National Science Education 
Standards by NRC (1996) and American Association for the Advancement 
of Science (AAAS) Benchmarks for Science Literacy (1993) and Principles 
and Standards for School Mathematics (2000) by National Council of 
Teachers of Mathematics (NCTM) were specifically intended to identify, 
clarify, and structure the content knowledge of their respective fields. They 
both raised and attempted to address the question, "What, in this modern 
world, do students need to know about science and mathematics?" To a 
lesser extent, both subject matter areas addressed broader learning and 
pedagogical issues. But the primary focus was on content. Standards for 
Technological Literacy also contains a strong emphasis on content. What is 
the base content knowledge of technology? What do all citizens in a tech­
nological culture need to know about technology? What does it mean to 
be a technologically literate person? The profession has and will continue 
to ask, "What do students need to be able to do with and value about tech­
nology?" But, the standards were developed on the premise that there is 
such a thing as a body of technological knowledge and that technology is 
more than the application of knowledge from other subject matter areas 
(e.g., mathematics and science). 

As such, technology teacher education must continue to concentrate 
on the knowing, doing, and valuing aspects of technology. What must now 
be addressed is how to best equip new teachers to deliver an expanded 
(and perhaps unfamiliar), standards-based body of content and activity. A 
significant part of this challenge is to do so in a way that maintains an 
appropriate balance among the three. It simply will not do to recast the 
study of technology into a passive, intellectual exercise devoid of active 
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engagement with a variety of technologies. At the same time, Standards for 
Technological Literacy will force the profession to confront a tendency to 
engage in activities apart from meaningful and focused learning. Also, it is 
quite likely that this will force us to engage in increased levels of collabo­
ration with other academic disciplines in ways that may be threatening 
and challenging. 

FUNDAMENTAL KNOWLEDGE BASE FOR 
THE STUDY OF TECHNOLOGY 

The first ten technology standards deal generally on defining the base 
content knowledge for the study of technology. More specifically, three 
general areas of concentration (Chapters 3-5) are identified and developed 
in detail. These include a fundamental understanding of The Nature of 
Technology, Technology and Society or its role and function in society, and 
Design or the elements and essence of design and problem solving. The 
authors will address each of these three categories. In each case, the 
authors will attempt to pinpoint key curricular issues that in our judgment 
need to be addressed in order to implement the standards. 
The Nature of Technology 

The first three initial standards focus on The Nature of Technology. 
Technology teacher education curricula must include components that 
cause students to think in depth about what is meant by technology. There 
are at least three challenges associated with this aspect of the content. First, 
considerable confusion persists, and will almost certainly continue to per­
sist, about the meaning of the term, technology. The vast majority of 
Americans think of technology as having something to do with comput­
ers. Simply, technology is how we as humans change our natural world. 
The evening news reports on the technology (computer-related) stocks. 
Politicians strike a positive chord when they promote the increased use of 
technology in the schools. Curriculum materials need to be designed that 
increase the awareness of the complexity of the term to include artifacts 
(things), processes (ways of doing), and technological knowledge. 
Students need to think about technology as tools, as a mechanism for 
extending human capability, and about how technology is distinct from 
the study of science and the study of the natural world. So, an initial cur­
ricular challenge is to conceive of ways to expand students' awareness of 
the complexity of what is meant by technology. 
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A second challenge follows directly from the first. As with many other 
content areas, it is one thing to reflect and think about the complexities of 
technology within the walls of the university. It is quite another to config­
ure university level curriculum in ways that will enable future teachers to 
engage K-12 students in thinking about technology in engaging and devel­
opmentally appropriate ways. 

A third challenge has to do with program and curriculum marketing. 
The release of Standards for Technological Literacy certainly will not lead to 
automatic and immediate acceptance in the school curriculum. The 
schedule is already full. Future teachers must know that it is one thing to 
possess basic understanding of the nature of technology. It is quite anoth­
er matter to be able to communicate these understandings in clear and 
compelling ways to educational decision-makers. It is essential that uni­
versity level curricula be developed to cause students to wrestle with these 
issues in depth and to learn and practice techniques needed to quickly and 
effectively capture the imagination of a variety of audiences (e.g., students, 
other teachers, administrators, and parents). Technology education teach­
ers must market the study of technology for all Americans. 

One unique and interesting aspect of The Nature of Technology that 
has been embedded in Standards for Technological Literacy has to do with 
"core concepts" of technology (Standard 2). The framers of the standards 
attempted to address the question, "What are the core concepts that col­
lectively make technology distinct from other areas of study?" As concep­
tualized in this standard, these include systems, resources, requirements, 
optimization and trade-offs, processes, and controls. While other elements 
could be (and have been) identified, this section presents an interesting 
and potentially useful conceptual framework for curriculum and program 
developers. It also represents a substantial departure from the structures 
used historically to frame curriculum in technology education, which 
among others have included materials (woods, metals, plastics, etc.), sys­
tems (transportation, manufacturing, production, communication, etc.), 
processes (printing, welding, finishing, etc.), and more. A key issue here is 
how to incorporate and infuse these core elements into the curriculum. 
Can they be used as major organizers or do they more appropriately serve 
the curriculum as persistent threads of emphasis within other curriculum 
organizational structures? These questions remain to be addressed. But the 
challenge remains to consider these core concepts seriously as essential to 
the study of technology. 
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Technology and Society 
Another aspect contributing to a fundamental understanding of tech­

nology has to do with its interaction with social and cultural structures 
identified in the four standards classified as Technology and Society. Since 
technology is fundamentally a human activity, students must reflect about 
the ways in which the two, technology and society, interact and exert influ­
ence on one another. In some respects, this emphasis on Technology and 
Society is not new to the technology education curriculum. Jackson's Mill 
Industrial Arts Curriculum Theory (Snyder & Hales, 1981) used the term 
"human adaptive systems" and many university level technology educa­
tion programs have been offering courses in technology and society on a 
campus-wide, general education basis. 

What is new in Standards for Technological Literacy is an emphasis on 
the bi-directional nature of the interaction between technology and soci­
ety. The technology education profession has had much to say about the 
"impact of technology" on society. This is appropriate and true, but it is 
simplistic and ignores the complexities of the relationship. Technology has 
affected virtually every aspect of culture and social institutions in power­
ful ways including patterns and modes of travel, mechanisms used to com­
municate with others around the world, forensic analysis of crime scenes, 
altering natural biological processes, and much more. Society and culture 
have been fundamentally and profoundly changed by the dramatic and 
pervasive growth of technology. Standards for Technological Literacy quite 
appropriately acknowledges and elaborates on this important point. 

But Standards for Technological Literacy also contributes another 
important understanding to this discussion. Not only does technology 
impact and influence society, the reverse is also true. Cultural values and 
social institutions have a powerful shaping influence on technology. 
Technologies are selected, shaped, marketed, and used, not because they 
are inherently valuable or even needed. Rather, technology is shaped by 
powerful cultural and social influences, including factors such as status, 
competition, efficiency, comfort, and much more. 

Technology teacher educators need to understand and help their stu­
dents understand that this is more than just an interesting academic 
nuance. Rather, it moves students beyond a simplistic and deterministic 
view of the role that technology plays in society by causing them to think 
in more sophisticated ways about the complex, two-way interactions 
among multiple technologies and complex social systems. Engineering, at 
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its best, is much more involved than designing efficient, functional devices 
that will somehow impact society, hopefully in positive ways. Rather, most 
engineering activity is embedded within a rich social context that contains 
a complex mix of social, cultural, political, and economic constraints, 
which collectively interact to force engineers to make tradeoffs and com­
promIses. 

Technologically literate citizens are aware of how technology influ­
ences their lives and communities, both in positive and negative ways. 
Conversely, they are also equipped and empowered to participate in the 
process of selecting and shaping the technologies that ultimately gain 
acceptance and help to decide what will be rejected. Technologically liter­
ate citizens are full, participating partners and decision makers, capable of 
reflecting intelligently about decisions that affect their communities, oth­
ers, and the environment. To simply observe that technology "impacts" 
society is to relegate its citizenry to a helpless and passive position. When 
viewed as a complex interaction among technological and social systems, 
citizens become active and engaged participants and decision-makers. 
This is technological literacy and is as it should be in a participative 
democracy. 
Problem Solving. Design. and Technology 

The three design standards in Chapter 5 of Standards for Technological 
Literacy identify the elements and essences of design and problem solving. 
The technology education profession has a rich history of activity-based 
and applied learning. At best, laboratory activities have involved complex 
problem solving and sophisticated procedures. At times, technology activ­
ities have involved rather low level, uncritical repetition of demonstrated 
procedures. "Do it this way because it's the best way." Further, some activ­
ities have been developed to enhance and reinforce clearly established edu­
cation goals and objectives. Unfortunately, many technology education 
activities are selected primarily because they are fun and engaging, instead 
of their inherent educational value. 

If taken seriously, Standards for Technological Literacy will challenge 
and enable teacher educators to develop action-based curricula that clear­
lyare designed to facilitate student learning and enhance technological lit­
eracy. This will not be an easy task. As noted earlier, Standards for 
Technological Literacy is designed to clarify the content base of technology, 
which means that the emphasis will, to some extent, shift away from doing 
and activities and move toward knowing, reflecting, and thinking. A sig-
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nificant challenge for curriculum developers will be to find ways to facili­
tate student learning of concepts in active and engaging ways. 

Another challenge for teacher educators will be to understand the 
multidimensional nature of technological problem solving. While 
Standards for Technological Literacy places considerable emphasis on 
design, a careful reading will reveal that range of technological activity is 
actually much broader. This is an important point. Standards for 
Technological Literacy presents design and problem solving as a continuum 
of related, but different processes, which are accomplished in a variety of 
ways. Standards for Technological Literacy resists the tendency to reduce 
design and problem solving to a series of generic steps that can be applied 
universally to all situations. They instead realize that different situations 
and problems may trigger a variety of different strategies and approaches, 
depending on factors such as expertise, knowledge base, and preferred 
problem-solving style. In short, most problems can be and are solved in a 
variety of different ways. One important implication of this for technolo­
gy teacher education, beyond accounting for the complexity of technolog­
ical activity, has to do with research. Much remains to be learned about 
how a variety of factors influence how students learn how to solve a vari­
ety of technological problems. This represents fertile ground for research 
in technology education. 

The discussion will now turn to a description of the broad framework 
used in the standards for understanding technological problem solving 
and design. As stated in Standards for Technological Literacy (ITEA, 2000), 
" ... problem-solving is basic to technology. Design is one type of problem 
solving, but not all technological problems are design problems. 
Technology includes many other types of problems and different 
approaches to solving them ... " (p. 90). This is an important point, for 
more than conceptual reasons. The purpose of technology education and 
technological literacy extends well beyond teaching students how to be 
good designers. Rather, engagement with a variety of design and problem­
solving situations provides a rich context for learning and can trigger a 
variety of positive outcomes including learning transfer, critical thinking, 
active inquiry, and more. 

Technological problem solving is a broad category that contains many 
different types of activity. Students also need to know that not all problems 
are technological problems. Some problems are social, for example, when 
two individuals are embroiled in conflict. Other problems may be politi-
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cal, economic, or psychological. As important as these problems are, the 
focus of technology educators is primarily on solving problems that are 
technological. 

Technology teacher education programs should attempt to configure 
curricula to engage students across the entire spectrum of technological 
problems. These include primarily design, troubleshooting, research and 
development, invention and innovation, and experimentation in problem 
solving (ITEA, 2000, p. 106). Design involves goal directed activity within 
a set of constraints. The design process is inherently open-ended, with 
often, endless solution possibilities as various individuals and teams 
approach the design task in different ways. Often, design solutions reflect 
the knowledge base and interests of individual designers. Also, counter to 
what is sometimes taught, there is no single, generic design process that 
works in all situations. 

Troubleshooting is a distinctly different form of technological prob­
lem solving. Whereas multiple solutions are possible with design prob­
lems, troubleshooting situations typically concentrate on identifying and 
isolating a single fault in a system. Also, successful troubleshooting will not 
occur in the absence of specific technical knowledge. More complex tech­
nological systems require increasingly more specialized knowledge. For 
example, specialized knowledge is required to diagnose and repair a mal­
functioning computer network. Good troubleshooting typically involves a 
systematic and deliberate set of procedures designed to test and to isolate 
a specific fault. Usually, this involves a set of experiments where a variety 
of tests are applied on various systems configurations. Research and devel­
opment involves a wide range of activities designed to move products 
from design concepts to the market. Most initial designs represent "proofs 
of concept;' where the primary focus is on a design's functionality. Will it 
work? Research and development addresses a set of larger and typically 
more complex issues including those that are both technical (how can 
design be best refined and optimized?) and social (is there sufficient 
demand for a product or service of this type?). Research and development 
efforts often engage collaborative teams of engineers, technicians, design­
ers, and scientists. 

Invention involves developing creative new technological solutions to 
address a wide range of needs or possibilities. Typically, invention is a cre­
ative enterprise where individuals "think outside of the box" to transform 
abstract ideas into new objects, devices, or systems. Thought processes are 
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typically divergent, where knowledge is drawn from diverse fields in ways 
that are often ingenious and sometimes surprising. 

Innovation is another key element of technological problem solving. 
In many cases, innovation represents a "mindset" or corporate philosophy 
rather than an isolated activity or step in a process. For example, the 3M 
Corporation, as part of its corporate culture, promotes and awards inno­
vation. Employees are encouraged to come up with new ideas for products 
as well as new applications for existing products. Innovation involves 
"thinking outside of the box." Many industries and companies have found 
that innovation can be stimulated when it is rewarded as part of the cor­
porate culture and teams of employees from diverse departments and var­
ied backgrounds are encouraged to collaborate on finding new solutions 
to difficult problems. 

Experimentation is a form of technological problem solving that is 
closely associated with science and the scientific method. It is important to 
note that experimentation is not the same thing as trial and error. Trial and 
error tends to involve uninformed and even random activity, where the 
hope is that something will eventually work - that a workable solution will 
emerge. In contrast, experimentation is much more deliberate and inten­
tional. At its best, it is much more closely associated with the systematic 
procedures of the scientific method, where steps are planned and tested 
based on data and experience. Given the need for data and expertise, 
experimentation is typically conducted collaboratively with scientists, 
engineers, and technicians. 

Procedural development ranges from implementing procedures and 
plans that have been developed by others to developing the procedures 
based on knowledge of technological processes. Examples of the first type 
include assembling a bicycle, exercise machine, or sound system following 
a set of directions that was included with the packaging materials. An illus­
tration of the second is when an individual uses experience and knowledge 
of procedures to develop a process plan (step-by-step) from a set of draw­
ings. Similar to the design process, procedural development often involves 
multiple possibilities. 

In sum, the challenge of Standards for Technological Literacy is to 
develop curricula that encompass the breadth of technological problem 
solving experiences. One serious danger is that technology education pro­
grams will concentrate on only one or two forms of technological problem 
solving to the exclusion of a broader range of experiences and activities. 

= 108 = 



Custer and Wright 

Given the prominence of design in Standards for Technological Literacy, the 
tendency may exist to focus exclusively on design. As important as design 
is to technology, the focus is unnecessarily restrictive. 

Another tendency that should be resisted is the impulse to reduce var­
ious types of technological problem solving and design to simplistic for­
mulas or steps. Real problems are typically quite complex and draw on a 
range of knowledge from a variety of disciplines. Different people and 
groups solve many of these problems in different ways. As the profession 
develops the curriculum needed to implement the standards, it is impor­
tant that pre-service students be engaged in a rich variety of authentic, 
creative, and integrative experiences. As with other components of the 
curriculum, this must be done in ways that are developmentally appropri­
ate and within the reasonable grasp of students' ability. This said, it is 
important that the profession resist the tendency to oversimplify complex 
technological activities. 

FUNDAMENTAL PROCESSES FOR THE 
STUDY OF TECHNOLOGY 

As noted in Chapter 4 of this Yearbook, there are two major types of 
standards in Standards for Technological Literacy: What students should 
know and understand about technology, and What they should be able to 
do. The first ten standards could be termed as "cognitive" standards. The 
second ten standards could be classified as "process" standards, which 
describes the abilities they should have. The process standards are classi­
fied as Abilities for a Technological World (Standards for Technological 
Literacy, Chapter 6) and The Designed World (Chapter 7). 

Abilities for a Technological World 
Humans must balance their daily activities in three distinct worlds. 

Surrounding all inhabitants of the globe is the natural world with its laws 
and principles that are described by science. People interact with other 
people through their social world with its cultures, mores, political and 
legal systems, religions and beliefs, and economic activities. Finally, 
humans have created the designed world with its technological systems 
and artificial environments to enable them to adapt to and partially con­
trol the natural world. 

A comprehensive knowledge of technological actions and activities is 
essential for an understanding of the designed world. This requires indi-
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viduals to know how people develop, produce, use, and assess technologi­
cal products, systems, and environments in a number of different contexts. 

Design Abilities 
The designed world is a product of human creativity and volition. 

There are numerous ways that the products and structures that make up 
the designed or human-built world come into being. These activities are 
often described using terms such as troubleshooting, research and devel­
opment, innovation, invention, experimentation, and engineering. All of 
these techniques involve creativity, problem solving, critical thinking, and 
decision-making. Commonly these approaches are grouped under a term 
called design, which should be a fundamental focus for any contemporary 
technology teacher education program. In these programs, students 
should engage in activities that develop both the knowledge of design and 
the ability to design artifacts and systems. The students should be prepared 
to describe and apply the principles of design to a technological problem 
or opportunity that has appropriate requirements and constraints. This 
would involve conducting research into consumer and technical issues 
related to the problem, using divergent thinking to identify or create 
numerous solutions that solve the problem, using convergent thinking to 
select an appropriate solution, communicating the solution through 
appropriate graphic and verbal techniques, and constructing, testing, and 
evaluating the solution. 

Producing Abilities 
Designs become useful to people only when they are used to make the 

things we need or want. A design for a more fuel-efficient automobile is of 
little value until the design is materialized through production activities. 
Technology teacher education students should have experiences that allow 
them to develop fundamental understandings of and abilities to use tools, 
materials, and technical means to transform materials into products, 
structures, and environments. They also need to have experiences with 
organizing, communicating, and storing data, information, and ideas as 
well as with converting and applying various forms of energy to do appro­
priate tasks, growing and processing food crops and animals, moving peo­
ple and cargo, and improving the health and well-being of people. 
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Using Abilities 
Humans use technological products and systems daily and, in many 

cases, without much thought or understanding. However, a technological­
ly literate person should be able to select, use, and manage appropriate 
technological products and systems. Therefore, technology teacher educa­
tion students should develop the ability to identify a range of products and 
systems that will fulfill needs, select appropriate products or systems for 
various applications, properly and safely use technological devices and sys­
tems, diagnose operational malfunctions, and identify maintenance that is 
required to restore the product or system to its intended use. 

Assessing Abilities 
People have serious differences of opinion on the appropriateness of 

various technologies. A cursory review of any major newspaper will high­
light these differences. Technology education students should learn how to 
assess technology on its merits including, identifying intended and unin­
tended outcomes, and measuring negative and positive impacts, suggest­
ing courses of action to emphasize the intended positive impacts while 
reducing negative impacts on people and the environment. 
The Designed World 

Technology is as old as humankind. Its development is one important 
aspect that differentiates humans from other living beings. Early technol­
ogy was crude and limited in scope while today's technology is extremely 
complex and varied. Technology teacher education students should be 
able to understand how technology is developed, produced, and used in 
various technological contexts. One list of contexts appears in Standards 
for Technological Literacy (ITEA, 2000, p. 139). It is important to note that 
this list was intended to represent current and major arenas of technolog­
ical activity. Given the rapid pace of technological change, other contexts 
will emerge over time. Given this, the standards document suggests that it 
is easier to study and understand technology using a classification system 
that divides the technology into smaller parts or contexts of activity. The 
activity contexts listed in the document are medical, agricultural and relat­
ed biotechnologies, energy and power, information and communication, 
transportation, manufacturing, and construction technologies. The 
importance of such a list of contexts for technology teacher education stu-
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dents is that they need to understand how technology is embedded in a 
variety of contexts as they study how technological products and systems 
are developed, produced, used, and assesse9. 

TEACHING TECHNOLOGY 
Being an effective technology teacher requires more than knowing 

technological information and possessing certain capabilities. Technology 
teachers must be able to teach others about technology. 
Developing and Using a Philosophy 

Early in the educational experience, technology teacher education stu­
dents should develop a contemporary philosophy that is built upon an 
understanding of the role of schools in meeting the needs of students and 
the needs of society. They should understand the challenges involved with 
balancing the needs of society and the need of individuals in a democrat­
ic society. This philosophy should focus on developing technological liter­
acy in all students at all grade levels. The philosophy should also help 
students articulate the social, cultural, and economic benefits for studying 
technology. 

They should use this philosophy to develop educational goals for tech­
nology education programs and individual courses. These goals should 
focus on helping students learn to understand, use, and manage techno­
logical products, systems, and environments. 
Determining Program and Course Content 

In addition to developing a sound philosophy and appropriate educa­
tional goals, technology teacher education students should develop the 
ability to identify the body of knowledge called technology. This body of 
knowledge includes events and people that have contributed to the forma­
tion of the discipline (e.g., inventions and leaders), techniques that are 
used to develop new knowledge and practices within the discipline (e.g., 
design process, invention, and innovation), communication avenues 
unique to the discipline (e.g., technical vocabulary and technical drawing), 
and processes used by people in the discipline (e.g., material processes, 
communication processes, and energy conversion processes). 

Students also need to learn how to use their philosophies and goals 
to select appropriate program and course content from the body ofknowl­
edge. This content should defme the scope of the course and be sequenced 
so that students can see logic in the way it is presented. In essence, this 
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is what Standards for Technological Literacy was intended to defme and 
clarify. 
Developing and Presenting Courses 

The essence of the teacher education program is to prepare teachers to 
present technology to students in an interesting and exciting way. To do 
this, technology teacher education students must learn how to use numer­
ous teaching methods and strategies. These strategies should range from 
content -centered to process-centered, individual to group activities, and 
teacher -led to student -directed experiences. 
Assessing Achievement 

Finally, technology teacher education students should be challenged 
with experiences that prepare them to assess at least three different factors. 
They should be able to assess program adequacies using approved local, 
state, and national standards. They should also be able to identify strengths 
of these programs and develop remedial methods to address deficiencies 
and gauge teacher effectiveness using self, peer, and student evaluation. 
Third, they should assess student progress using performance measures, 
examinations, and portfolios. 

TECHNOLOGY TEACHER EDUCATION 
MODELS 

No single model can be developed for a technology teacher education 
program. Since there is considerable diversity among the states and coun­
tries and even teacher education institutions within a state, this chapter 
will present two representative models. One model will be for a technolo­
gy teacher education program, which is a "stand-alone" program where 
the majority of the technology education technological, technical, and 
pedagogical courses are delivered by technology education faculty. The 
other is an "imbedded" program in which the majority of the technical 
content is delivered by industrial technology or engineering faculty with 
the technological and pedagogical instruction controlled by technology 
education faculty members. 

Regardless of the type of program, most university teacher education 
programs contain four components. First, there is a general education 
component that is required of all students in the university or the college 
of education regardless of the subject matter specialty the student is pur­
suing. Generally, this component has a strong liberal arts focus. Second, 

= 113 = 



Restructuring the Technology Teacher Education Curriculum 

there is a general pedagogical component that is required of all students in 
the college of education regardless of the major being pursued. Third, the 
subject -specific pedagogical component addresses the teaching concerns 
and abilities unique for a specific major. Finally, there is the department 
technical component that addresses the knowledge and skills needed to 
teach a specific subject in elementary and secondary schools. 

This discussion will address the components that are generally under 
the control of the faculty that delivers technology teacher education; 
namely, the unique pedagogical and technical content needed by the tech­
nology teacher education student. 
Stand-Alone Program Model 

The stand-alone program allows the university to deliver courses that 
are focused directly on developing the knowledge and abilities needed to 
be an effective technology teacher. The students in the program take 
courses designed to develop broad understanding and general proficien­
cies needed by technology teachers rather than completing in-depth 
technical courses from other majors that tend to develop narrower under­
standings and more specific skills. The representative course titles and 
descriptions for one example of a stand-alone program are teaching tech­
nology courses, design courses, producing courses, using and assessing 
courses, and capstone courses. 

Teaching Technology Courses 
Introduction to Technology. Presents an overview of technology and 

how it interacts with individuals, society, and the environment. 
Exploring Technology Education. Introduces teaching technology in 

elementary and secondary schools. 
Teaching Technology. Studies the development and implementation 

strategies for teaching technology education. 
Curriculum Development and Implementation. Studies the design and 

evaluation of technology-based curriculum and instruction. 

Design Courses 
Design Techniques. Introduces techniques for developing and commu­

nicating technological designs with experiences in sketching, rendering, 
mechanical and computer-aided drawing, modeling, and presentation 
skills. 
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Product Design. Explores a variety of design models and techniques 
with a focus on elements and principles of design; design processes; and 
developing, evaluating, modeling, and presenting solutions. 

Designing Technological Systems. Explores the design of technological 
systems and their interrelationship with individuals, society, and the envi­
ronment. 

Producing Courses 
Processing Techniques. Presents the tools and machines used for mate­

rials, energy, and information processing. 
Medical Technology. Studies how medical technology has improved 

and extended human life. 
Agricultural and Medical Technology. Studies how technology is used to 

improve life through agriculture, biotechnology, and medical applications. 
Communication and Information Technology. Studies communication 

and data processing techniques and systems with emphasis on electronic 
and graphic media and computer systems. 

Construction Technology. Studies construction systems, materials, and 
processes as they apply to producing buildings and structures. 

Energy and Power Technology. Studies how energy is converted and 
applied to do work. 

Manufacturing Technology. Studies technological systems that are used 
to produce products. 

Transportation Technology. Studies technology as it is applied to vehic­
ular and support systems for moving people and cargo in various envi­
ronments. 

Using and Assessing Course 

Using and Assessing Technology. Explores the appropriate use and 
assessment of technology. 

Capstone Courses 

Technological Enterprise. Presents the relationship between technolo­
gy and the corporate sector with emphasis on the organization, manage­
ment, operation, and impacts of a technological enterprise. 

Capstone Experience in Technology. A technological product, process, 
or system is studied through an in-depth research on an approved topic 
related to technology. 
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Stand-Alone Program Model Variations 
In addition to the typical stand-alone program model (described 

above), emerging trends in education and the thrust of Standards for 
Technological Literacy suggests two possible variations. These are (a) an 
integrated, multidisciplinary model and (b) a core concept model. 
(a) Integrated, Multidisciplinary Model. One important aspect of edu­

cation reform has focused on the desirability and importance of 
multidisciplinary connections, integrated content, and learning 
transfer. As a result, related disciplines (particularly science and 
mathematics) have included technology components in their con­
tent standards and are actively pursuing collaborative opportunities 
with technology education. Indicators of this interest include the 
active support of technology education in recent years such as 
involvement with organizations such as the National Science 
Foundation and the National Academy of Sciences and Engineering. 

An innovative integrated, multidisciplinary model could be devel­
oped where large blocks of time could be dedicated to integrated 
modules, team taught by faculty from different disciplines (e.g., tech­
nology and science education faculty). These courses could focus on 
such topics as the shared content between disciplines, the challenges 
associated with promoting interdisciplinary teaching in the public 
schools, shared activity ideas, etc. These integrated modules could 
serve as "plug-ins" in lieu of (or in addition to) more typical stand 
alone model courses or topics (i.e., construction, design, etc.). These 
could be conducted on a seminar or short course basis, which would 
facilitate flexibility. Alternatively, these courses could be processed 
through the formal curriculum process and become regularly offered 
and required by participating departments. 

While the development of this type collaborative model usually 
presents difficult challenges for academic administrators and faculty, 
the thrust of multiple sets of standards and the demand for and 
interest in cross-disciplinary collaboration suggest interesting and 
exciting possibilities. 
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(b) Core Concept Model. A second variation on the stand-alone model 
focuses on core concepts. One of the historical problems that have 
confronted technology education has been a tendency to emphasize 
activities and processes over content and conceptual development. 
The development of the Standards on Technological Literacy repre­
sents a major step forward by shifting the emphasis toward what it is 
that students should be learning through activity-rich technology 
classes. 

Similar to the multidisciplinary "plug-in" model described above, 
a course could be designed to explore core technological concepts in 
depth. This would focus on the concepts identified in Standard 2 of 
Standards for Technological Literacy (i.e., optimization, trade-offs, 
systems, etc.), but it could also be expanded to focus on topics such 
as outcomes, technological assessment, technology transfer, etc. 
Again, as with the integrated, multidisciplinary model variation, this 
core concept model represents an alternative conceptual framework 
for program and curriculum development. 

Imbedded Program Model 
The primary difference between the stand-alone and imbedded pro­

gram models for technology teacher education has to do with the method 
used to deliver technical content and experiences. The general education 
and pedagogical components of the two program models are typically very 
similar. The discussion in this section will concentrate on the technical 
component of the program. 

In many universities around the United States, technology teacher 
education is housed in departments of industrial or engineering technol­
ogy where a comprehensive range of technical and managerial courses are 
being delivered by industrial or engineering technology faculty to non­
teaching and teaching majors. Within these programs, typical concentra­
tions include manufacturing, electronics, computer-aided drawing/design, 
printing, graphic design, construction management, computer network 
systems, telecommunication systems, industrial safety and maintenance, 
aviation technology, and automotive systems. 
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The primary rationale for delivering technical courses in these 
programs is to provide students with a general base of experience and 
knowledge with the types of equipment and processes that are used by 
technicians. In many cases, the equipment is similar to that used in indus­
try and the focus is on preparing technically-oriented managerial profes­
sionals. These arrangements pose some difficulty for technology educa­
tion students, who need to be prepared to use smaller table-top 
equipment, modules, and other more generally applicable tools and 
equipment. Among the significant challenges for technology teacher edu­
cation faculty in institutions using the imbedded model is to assist stu­
dents in thinking through how to appropriately translate their learning 
obtained in industrially-based laboratories into the kinds of laboratories 
and classrooms that they will encounter in the public schools. The old 
adage that "we teach how we were taught" still applies. It is important that 
university technology teacher education faculty discuss these distinctions 
rather than assuming that students will be able to figure it out when they 
enter their public school classrooms and laboratories. 

With regard to content, technology teacher education students in 
imbedded programs typically enroll in the same courses as their fellow 
industrial or engineering technology students. In most cases, however, 
teacher education programs specify a broad selection of courses spanning 
a range of technological systems (e.g., transportation, production, con­
struction, communication). This is in contrast to industrial and engineer­
ing technology programs where technical courses are categorized in a 
particular industrial area (e.g., electronics, printing, computer-aided man­
ufacturing, construction management). Conceptually, the difference is 
that teacher education programs are designed to focus on general techno­
logical literacy for all students (breadth), whereas industry-based pro­
grams concentrate on preparing students for middle management roles in 
industry (depth). 

Consistent with the comments previously made about laboratory dif­
ferences, it is important that university technology teacher education fac­
ulty assist students with connecting and "translating" technical content 
into activities and curricula that are appropriate for technology education 
at the K-12 level. This must be an intentional process for the faculty. Since 
many teachers teach the way they have been taught, technology teacher 
educators must show students how to take highly technical content, such 
as that learned in university industrial technology laboratories, and trans-
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late it into curriculum and activities appropriated for K -12 technology 
education classes. 

Strategies for helping students grapple with the differences between 
technical experiences obtained in industry-based courses and what they 
must be prepared to deliver in K-12 classrooms include: 

• Have teacher education assignments in technical courses as alterna­
tives to those focused on industrial applications (i.e., developing a 
unit of instruction or a lesson plan). 

• Engage teacher education students in focused discussion of how to 
translate their laboratory experiences into their classrooms. Most 
teacher education programs using the imbedded model conduct 
this type of discussion as part of advanced level teaching methods 
courses. 

• Form ties between technical courses and methods courses. 

• Constantly work with technical course faculty, encouraging them to 
provide teaching major alternatives and opportunities. 

• Encourage students to utilize electronic portfolios or other techniques 
to keep a catalog of technical experiences for use in the classroom. 

CONCLUSION 
Standards for Technological Literacy represents a significant opportuni­

ty and challenge for the technology education field. This is particularly 
true for technology teacher educators, who are charged with the critically 
important task of reconceptualizing pre- and in-service education to align 
with Standards for Technological Literacy. Taken seriously, this could repre­
sent one of the most significant and demanding challenges to be con­
fronted in the history of technology teacher education. 

THOUGHT-PROVOKING ACTIVITIES 

1. What components of Standards for Technological Literacy are not yet 
being incorporated into your technology teacher education pro­
gram? What would you need to change in order to incorporate these 
components? 

2. Given the strong emphasis of design and problem solving in 
Standards for Technological Literacy, what changes are needed in your 
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program to prepare pre-service teachers to teach this content and 
ability in their classrooms? 

3. In the curriculum and program development components of your 
teacher education program, and in light of Standards for 
Technological Literacy, what suggestions will you make to pre-service 
teachers about how to structure courses and curriculum? Should 
curriculum be organized around the Designed World contexts 
(Standards 14-20) or around topics such as design, technology and 
society (Standards 4-7), core concepts (Standard 2), etc.? 

4. This chapter outlines two models for technology teacher education 
programs, the Stand-Alone Program Model and the Imbedded 
Program Model. Which most closely describes your program and 
what aspects of the alternative model could be incorporated to 
improve your program? 
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7 

Alternative teacher preparation is abuzz in the educational communi­
ty. Teacher preparation institutions and state agencies for education are 
concerned how they will meet the demand for qualified teachers. State 
accrediting groups are being pressured. There are those who believe that 
higher education, state education agencies, and accreditation associations 
such as the National Council on the Accreditation of Teacher Education 
(NCATE) have a monopoly on how teachers are prepared and judged to 
qualify to enter the teaching profession. 

As the 21st century begins, there is a shortage of qualified technology 
education teachers. School systems are being forced to hire under-quali­
fied individuals to carry out the responsibilities of teachers. Lobbying 
groups are backing individuals who are content experts in teaching disci­
plines and seeking to teach. This has caused politicians to ask state boards 
of education for waivers or alternative licensure plans. Some refer to these 
populations as career changers or switchers. They are individuals who 
have a wealth of experience in the subjects they wish to teach, but they 
have been rejected by educational systems because they do not qualify for 
a teaching license. Some believe these individuals should be hired to teach 
because of their content knowledge. However, they have been judged as 
not qualified for the classroom, because they have not completed the nec­
essary teacher preparation courses or had the practical field experiences 
obtained through student teaching. 

Some have sought to develop and gain approval for alternative licens­
ing programs. Through alternative technology teacher preparation pro­
grams, the delivery of courses and their competencies are varied to meet 
the needs of the teaching candidates and employing school systems. 
Through alternative programs, faculties can continue to maintain the 
same licensure content standards as required in their state approved 
teacher preparation program. However, they may vary the class meeting 
schedules for technical courses (weekends or evenings), grant credit for 
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work experience, integrate professional course content into single name 
courses, provide alternative course delivery methods (distance learning), 
and vary the way and time that field experiences are gained. State agencies 
that license teachers usually consider these to be "variations" of the uni­
versity approved program. These changes are similar to the professional 
development schools that are being implemented by colleges of education. 
These programs provide alternatives that seek the same outcome, qualified 
teaching candidates with the content and pedagogical skills learned 
through slightly altered means. 

Examples of alternative models for technology teacher preparation 
will be discussed in this chapter. In addition, content for alternative pro­
grams will be proposed that will lead to technology teaching licenses and 
the knowledge and skill needed to implement Standards for Technological 
Literacy: Content for the Study of Technology (Standards for Technological 
Literacy) (ITEA, 2000) will be discussed. Finally, a virtual program will be 
presented that would prepare teachers to educate learners to become the 
technologically literate citizens of the 21st century. 

NEED FOR QUALIFIED TECHNOLOGY 
TEACHERS 

As the 21st century begins, too few candidates are being prepared for 
technology teaching positions through the traditional pathways of under­
graduate study. Studies by Weston (1997) and Ritz (1999) indicate the 
United States will be short by 4000 qualified technology teachers through 
the 2001 school year. Weston predicted the number of vacancies; Ritz pro­
jected the number of graduates that would be qualified through teacher 
education programs. The 1999 Executive Summary, Teacher Supply and 
Demand in the United States (2000), indicates technology education is one 
of the most demanded subject areas for teacher need following the severe 
shortages for special education. In the Northwest and Great 
Plains/Midwest regions of the United States, considerable shortages of 
technology education teachers are reported. In the West, South Central, 
Southeast, Great Lakes, Middle Atlantic, and Northeast, some shortages 
exist (American Association for Employment in Education, Inc., 2000). 

These statistics and the need for the preparation of additional tech­
nology education teachers are the prime reasons for the development of 
alternative technology teacher preparation programs. Currently, many 
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universities are unable to recruit sufficient numbers of traditional students 
into their teacher preparation programs. While the supply of qualified 
teachers is low, technology education programs continue to expand in 
both elementary and secondary schools. Besides being a practical subject 
that can contribute to student's technological literacy and capabilities, 
block scheduling has afforded students additional elective courses to 
enroll, and technology education seems to be the subject of student choice 
in many schools. Increasing numbers of technology education teachers 
will be needed. 

EXAMPLES OF ALTERNATIVE TECHNOLOGY 
TEACHER EDUCATION PROGRAMS 

Some universities have seen the shortages of teachers in their service 
areas and have created alternative programs to reduce the problem. 
Following are descriptions of alternative technology teacher preparation 
programs that have developed in our field. 
Old Dominion University 

At Old Dominion University, technology teacher education faculty 
became interested in alternative teacher preparation when they saw the 
results that other campus teacher preparation programs had in recruiting 
active duty military personnel to become teachers. During the 1990s, the 
military was downsizing its ranks. The campus unit that worked closely 
with the military was known as the Military Career Transition Program. 
Old Dominion University is located in Southeastern Virginia. It is the East 
Coast homeport for the United States Navy. In addition there are Army, 
Marine, Air Force, and Coast Guard bases throughout the region. 

Faculties felt that senior enlisted personnel and officers had a wealth 
of real world applications that they could use to enhance teaching, and 
most senior military personnel had instructor experience while in service. 
The government, through its Troops to Teachers Program, supported these 
types of transition programs. The program assisted retiring military mem­
bers with tuition payment and also paid qualifying school systems a per­
cent of the teacher's salary for the first five years of employment. Also, the 
state education agency allowed this program to reduce student teaching 
time, from ten to six weeks, for those who were seeking a teaching license 
through the Master of Science (MS) degree and who also served as an 
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instructor in the military. The university offered classes on the military 
bases after duty hours for student convenience. 

In technology teacher preparation, the university initially was granted 
permission by the Virginia Department of Education to offer a special 
license for middle school technology teachers. This was a variation from 
the state licensure regulations. Later, faculty revised the program using a 
variation from its standard licensure program, grades 6-12, and used mil­
itary schooling to replace up to half of the technical courses required for 
licensing, 18 semester credit hours. Old Dominion University uses military 
courses that have been reviewed by American Council on Education 
(ACE) and recommended as university credits. Old Dominion will use 
technical credits such as those earned by the candidates who attended mil­
itary schools for aviation electronics, electronics, airframe maintenance, 
machinist, ship and aircraft power systems, construction trades, etc. 
Although these credits are more closely aligned with industrial technolo­
gy, faculty structure the remainder of the licensing program so it allows 
teaching candidates to understand the technology education curriculum 
and differentiate it from trade or occupational education and industrial 
technology. If teaching candidates are in the Bachelor of Science (BS) 
degree program, they continue to undertake two seven-week student 
teaching placements. MS degree candidates complete one secondary 
teaching placement. A number of professional teaching courses are 
required. Students must complete or have equivalent courses to drafting 
and design with Computer-Aided Drawing/Design (CAD), materials pro­
cessing, manufacturing/construction, graphic communication processes, 
and communication technology. In addition, students complete a course 
on the social and cultural impacts of technology and a course on labora­
tory management, including modular laboratories and program renewal. 
Other pedagogy courses that meet state licensing requirements are 
designed into the program. 
Florida Model, 2 Plus 2 Program 

The Florida 2 plus 2 program was designed at the University of South 
Florida. Technology education in Florida receives significant support for 
laboratory installations and renovations from the Florida State 
Government. However, like so many areas, Florida has a severe shortage of 
technology education teachers. 
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Students who enter the University of South Florida alternative" ... pro­
gram are expected to have successfully completed, at a community college, 
most of the technical laboratory courses required for Florida Teacher" 
(http://www.coedu.usf.edu/adltvoct/technoled/bsteched.htm ) licensure. 
Florida licensure requires students to have completed 30 technical hours 
of credit, with three hours in four of the following areas: materials and 
processes, drafting and design with CAD, energy, graphics, electronics, 
construction, or industrial systems (Smith, 1998). 

University of South Florida technology education students must com­
plete a professional education core of 40-41 semester hours including a 
teaching internship, in addition to 23 semester hours in pedagogy in the 
technology education teaching specialty. These 23 semester hours are 
composed of courses in technology and society, program management, 
curriculum construction, technology education methods, and facility 
design and management. 

This 2 plus 2 model builds upon a technical major that a student may 
complete at a technical or junior college. With Florida's shortage of 
licensed technology education teachers, their state government has creat­
ed an additional incentive to attract students to teaching areas where a 
shortage of qualified teachers exists. It is a loan forgiveness program and is 
based on the Florida Teacher Critical Needs List. Graduates of programs 
on this list, such as technology education, can borrow $4,000 their junior 
year and $4,000 their senior year and the loans will be forgiven if the 
graduates teach in Florida for two years. This loan program also applies 
to graduates of other states who move to Florida to teach technology 
education. 
Interdisciplinary Model 

The interdisciplinary alternative technology teacher preparation 
model was adopted by Texas A&M University. It provides candidates with 
technical content preparation from engineering and other technical 
departments outside the professional education unit. "The Bachelor of 
Science in Interdisciplinary Technology program utilizes courses in math­
ematics, science, and computer science as well as technical courses that are 
intended for students in engineering and other technical majors" 
(Householder, 1992, p. 7). Technical course work is taken in four areas: 
contemporary technological systems, communication systems, energy 
systems, and production systems. Table 7-1 lists the required technical 
courses in the Texas A&M program. 
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Table 7-1. Technical Courses for the Texas A&M Interdisciplinary 
Program 

Agricultural Engineering 
Farm Tractor and Power Units 
Fundamentals of Farm Building 

Construction 
Agri-Industrial Applications of 

Electricity 

Construction Science 
Construction Materials and 

Methods I 

Environmental Design 
Environmental Design I 
Course Making 

Health and Physical Education 
Introduction to Safety 

Education 

Civil Engineering 
Plane Surveying 
Transportation Engineering 

Computer Science 
Introduction to Computing 

Engineering Design Graphics 
Engineering Graphics 

Physics 
Mechanics 
Electricity 

Engineering Technology 
Manufacturing and 

Assembly Processes I 
Manufacturing and Assembly 

Processes II 
A Study of Modern Industry 
Numerical Control and 

Computer-Aided 
Manufacturing 

Electronic Systems I 
Electronic Systems II 
Robotic Applications 

English 
Technical Writing 
Technical Writing and Editing 

History 
Technology and 

Engineering in Western 
Civilization 

Journalism 
Graphics 
Photojournalism I 

Philosophy 
Technology and Human Values 

Mathematics 
Engineering Mathematics I 
Engineering Mathematics II 

Texas A&M students must complete an 18 semester hour sequence of 
professional education courses. This includes student teaching and an 
early field experience. While meeting Texas licensure requirements, this 
program is a practical alternative for technology teacher preparation. It 
could become more prevalent as universities eliminate technicallaborato­
ries because of the costs involved in updating and maintenance. 
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Marvland Model , 

Maryland is one of only a few states that require a technology educa­
tion credit for graduation for high school students. Changes in the high 
school graduation requirements, along with upgrading of program offer­
ings to reflect current technology and growing school populations, have 
resulted in program expansions and increased enrollment in technology 
education programs in Maryland. The University of Maryland, Eastern 
Shore is the only institution in Maryland offering an approved under­
graduate technology teacher education program. A graduate program was 
recently established to provide advanced professional development and 
licensure opportunities statewide. The university offers courses to assist 
with the growing need for technology education teachers at the Maryland 
Center for Career and Technology Education Studies in metropolitan 
Baltimore, in the western region of the state at an area technical center, and 
at Frostburg State University. Several courses have been delivered through 
distance learning and others are planned and being developed using vari­
ous virtual formats. Eighty to 100 pre-service and in-service teachers pur­
sue study part-time at these locations. The majority is enrolled in 
Baltimore pursuing licensure through traditional routes approved by the 
Department of Education. 

In Maryland, it became clear that the traditional routes of access to 
licensure of technology education teachers were not adequate to meet the 
need. To address this problem, an emergency licensure program was 
developed. This program provides an alternative route for licensed teach­
ers from selected disciplines to become technology teachers in an acceler­
ated schedule. The emergency program is based on existing state 
guidelines, but it is performance based and delivered using "best practices" 
that reflect the integration of mathematics and science, design and prob­
lem solving, and authentic assessment. The program allows local school 
systems to recruit Maryland public school licensed teachers from several 
disciplines including computer science, general science, physics, chemistry, 
social studies, agriculture, media technology, biotechnology, biology, and 
mathematics. Degreed career and occupational (vocational) teachers can 
also be recruited from the areas of electronics, communications, graphic 
arts, drafting, heating/ventilation/air conditioning and refrigeration, auto­
motives, construction, industrial maintenance, and business education. 
Teachers cannot be recruited from critical shortage subject matter areas. 
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Five, 3 semester hour in-service, courses are required in this program 
including foundations of technology education, technology education 
instructional management and delivery, core technologies I & II (includ­
ing mechanical, structural, optical, electrical, electronic, fluid, thermal, 
biological, and materials technology), and information systems. These 
course experiences are designed to provide specific technical content 
knowledge for teachers who possess pedagogical skills and teaching expe­
rience but wish to change disciplines and teach technology education. 
Course content covers the mission and goals of technology education, lab­
oratory management and safety, nature of technology and society, and 
knowledge and skills related to the core technologies. Technical graphics, 
communication systems, and computer applications are also topics taught 
in relation to design and problem solving and technological literacy. 
Teaching and learning strategies that have proven successful in the deliv­
ery of technology education content are emphasized and demonstrated 
throughout the licensure experience. When the candidate has completed 
the program, his or her name is submitted to the designated specialist in 
the Division of Certification and Accreditation at the Maryland State 
Department of Education with a recommendation for certification. 
United Kingdom Open University Model 

In 1994, the Center for Research and Development in Teacher 
Education at the Open University in the United Kingdom (UK) launched 
the largest pre-service distance learning teacher education program in 
Europe. Using a mixture of audio-visual and text materials, combined 
with an on-line computer conferencing system, each year 1500 potential 
teachers are educated and trained part-time at home with a series of full­
time school placements. The program is intended to provide a new point 
of access for graduates from any university who wish to train to teach 
through a part-time route at home. The government, which had a prob­
lem of teacher supply in some areas of the UK and some subjects, was par­
ticularly interested in the Open University model. They agreed to fund a 
new part-time program for primary teachers, and secondary teachers in 
the six subjects of English, mathematics, science, technology, history, and 
modern languages, e.g., French. 

Progressively, students move from the position of observer and helper 
of experienced practitioners towards solo teaching. Students work in a 
school close to their home, which has agreed to enter into a partnership 
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with the university to jointly train the beginning teacher. The schools are 
resourced to enable them to appoint an experienced member of the staff 
to serve as a "mentor" while the student is on placement at the school. To 
avoid a theory and practice separation, experiences from school 
placements are used to contribute to and support study with the distance 
learning materials used at home. This program works as a three term con­
tinuous practicum, where students apply the knowledge learned through 
distance learning course work directly into the classroom as they learn it. 

The program lasts eighteen months. Students are then ready to begin 
their first employment when the school year starts in September. Although 
this is part-time study, students are required to carry out three blocks of 
full-time school experience. The program is in three stages. Stage One: the 
induction phase is where students become familiar with the life of a school 
and mainly observe and assist with the teaching of an experienced class 
teacher who serve as their mentor (three week block practice). Stage Two: 
the collaborative teaching phase is where students work with their school 
mentor to develop and analyze their beginning teacher skills (four week 
block practice). Stage Three: the solo teaching phase is where students 
have responsibility for planning and teaching lessons on their own but still 
working in close cooperation with their school mentor (eight week block 
practice). 

The distance learning materials used are "multi-media" in the sense 
that they exploit the strengths of different traditional means of communi­
cation as well as using more modern devices such as video and computers. 
The program is directed from a text-based study guide which links togeth­
er the different components - resource boxes, video and audio-cassettes, 
school experience activities, and computer-based resources. 

Each student is loaned a computer during the eighteen months of the 
course, after which time it is given to the school as part of the resource 
allocation for its involvement in the program. Each student is able to 
develop his or her own instructional technology skills, to produce high 
quality classroom materials, and to word-process assignments. The com­
puter enables communication between students on the same subject who 
might be geographically remote, with their personal tutor, and with mem­
bers of the course team. As the program develops, students are encouraged 
to access central databases to download curriculum materials and to up 
date elements of the course. The program is based on a set of competen-
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cies and professional qualities and students are required to provide evi­
dence of mastery of each element by the end of the course. The compe­
tency model was developed to be vigorous enough to give a valid judgment 
of the classroom expertise of the student, but also to be manageable by all 
mentors in any type of schooL The Open University describes the teaching 
process in terms of five areas of teaching competence: (1) 
Curriculum/subject planning and evaluation; (2) Classroom/subject 
methods; (3) Classroom management; (4) Assessment, recording and 
reporting; and (5) The wider role of the teacher (Banks, 1998). 
The Engineering Model 

The Department of Technology and Society at the State University of 
New York at Stony Brook has proposed an alternative technology teacher 
preparation program based on Standards for Technological Literacy. It uses 
engineering as the base discipline for this alternative modeL The faculty's 
belief is that Standards for Technological Literacy is closely aligned with 
engineering studies and that engineering graduates possess the technolog­
ical knowledge needed for teaching technology education. 

The engineering model will enable engineering and engineering tech­
nology graduates to pursue further study that leads to licensure as a tech­
nology education teacher. This model is a 21 semester credit graduate 
licensure program that provides the theory and practice needed to teach in 
New York. The program's focus is on instructional methods, adolescent 
growth and development, and supervised student teaching. The develop­
ers of this model believe students entering the program will have mastery 
of mathematics, science, and technology knowledge and skills. The tech­
nology content has been attained through the students' preparation to 
become engineers and engineering technologists. The engineering model 
emphasizes developing skills for the delivery of Standards for Technological 
Literacy to K-12 learners (Liao, 2000). 

CONTENTTO BE ADDRESSED 
THROUGH ALTERNATIVE TEACHER 
EDUCATION MODELS 

In the development of alternative technology teacher education pro­
grams, it is important to base curriculum and program development deci­
sions on Standards for Technological Literacy. This section will make 
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suggestions of curriculum content and literacy standards that should be 
included in alternative technology teacher education programs. 
Elementary Grades 

Technology has been taught to elementary students for many years. 
Usually it has been used as an activity method to increase the interest of 
learners. Technology education professionals might remember working on 
social studies or history projects at night with parents. Technology was 
also used to reinforce core academic content. In the study of the core aca­
demic areas, technological developments were introduced as major events 
that changed society. Students learned of the covered wagon, steamboat, 
and railroad as technologies that opened up nations so populations could 
be more mobile. They learned of air and space travel in science. Reading 
and literature taught the changes that technology had on the lives of indi­
viduals and communities. Although addressed as new knowledge, often 
testable, these subjects were usually not taught from a technological edu­
cation prospective, as our profession would like. 

With the recent development of technological standards and bench­
marks for learners K-5, a need arises for integrating Standards for 
Technological Literacy into the elementary teacher preparation curriculum. 
As a minimum, elementary teachers need to know the nature of technol­
ogy, so they can assist learners in understanding that the world is full of 
human-made products, that people create and use technology, and that 
technological systems and products are designed by humans using 
resources and processes. They also need to learn of the interrelatedness of 
technology and other subject areas. Technology uses other academic sub­
jects in solving problems, and it also provides knowledge and tools to help 
with the understanding of other subject matter areas. Teachers and stu­
dents need to realize that technology is a thinking process and the results 
of technology affect individuals, societies, culture, and the environment. 
Both elementary teachers and students need to understand that the tech­
nological world is a human-made, designed world. They should experi­
ment with creative designs to visualize various types of products and sys­
tems that have resulted from technological innovation, i.e., medical, 
agricultural, energy, information, etc. Specific standards information that 
focuses on the nature of technology, technology and society, design, etc., 
can be found in Standards for Technological Literacy. These are the out­
comes that need to be integrated into the elementary teacher preparation 
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curriculum. Technology professionals must be involved in leadership roles 
to have this occur. School leaders must be convinced of the need to study 
technology at the elementary level and shown that it can make a difference 
in student performance and achievement of academic standards estab­
lished in their states. 
Middle Grades 

At the middle school level, grades 6-8, alternative programs for tech­
nology teacher preparation must also expand their outlook toward the 
content and processes of technology, so teaching candidates can deliver 
appropriate technological literacy content standards to these grade levels. 
Some alternative technology teacher preparation programs may focus only 
on the licensing of middle education teachers. With this option, candidates 
should be required to master basic technical knowledge while in teacher 
preparation. However, with the adoption of Standards for Technological 
Literacy, there is a new need for the development of a teaching philosophy 
in those teachers who complete the licensing program. New content and 
processes must be learned so Standards for Technological Literacy can be 
integrated into the programs for grades 6-8. 

Teachers of the middle grades will need preparation that will enable 
their students to achieve specific standards. Important in the redesign of 
alternative teacher preparation programs is to provide courses that study 
the nature of technology and its relationship with society. Specifically, 
teacher education programs should include courses in technology as a cul­
tural experience, engineering design, and application of the design 
processes to the study of technology. Technical courses are also needed 
which will develop abilities to use technological tools and apply these to 
the systems that transform technology into meaningful outcomes. Teacher 
educators must analyze the level of technical sophistication that teachers 
need for teaching technology at the middle grades. What technical capa­
bilities will they need to teach about the systems of medical technologies, 
agricultural and related bio-technologies, energy and power technologies, 
information and communication technologies, transportation technolo­
gies, manufacturing technologies, and construction technologies? 

It is not suggested that middle school teaching candidates should have 
separate courses in each of the technological systems, but broader content 
experiences. Alternative teacher preparation courses could be designed 
that would allow middle grade teachers to efficiently teach a sixth grade 
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course such as Exploring Technology (broad conceptual-based course to 
introduce the study of technology), a seventh grade course titled 
Innovation and Engineering Design (where students would be involved in 
design work, problem-solving, and the creation of innovative products), 
and an eighth grade course titled Technological Systems (where they 
would explore the systems of technology that have resulted from the 
design work of people working with technology). (Note: these are recom­
mended ITEA Center to Advance the Teaching of Technology & Science 
(CATTS) courses for the middle school.) 

To teach these courses, what knowledge and skills would the teacher 
need? The authors believe that the alternative teacher preparation courses 
should include technology and culture, design principles and processes, 
planning and designing effective instruction, and courses to develop basic 
technical capabilities and skills (i.e., sketching, CAD, materials processing, 
and system control). It is suggested that the middle school teacher should 
complete courses that explore the various technological systems and use 
these to solve contextual problems related to technology. This is where 
technology teacher educators need to be creative. The authors do not 
believe that future teachers need to develop in depth technical skills for the 
seven systems found in Standards for Technological Literacy. They only 
need technical capabilities to assist them in the design of curriculum, 
instruction, and activities that will excite students about the various appli­
cations of technology. The focus should be on the nature of technology, its 
design applications, and its impact on people, societies, culture, and the 
environment. 

In the pedagogy area, future teachers of middle school learners need 
to be able to analyze the technology content standards. Suggested courses 
for teacher preparation are those that prepare teachers to plan, deliver, and 
evaluate instruction. These could include: 

• Practicum (early field experience(s) to observe how students learn, 
teachers work, technology education is taught, and schools are oper­
ated) 

• Instructional Strategies (the planning and preparation of lessons; 
approaches to teaching; individual and group learning; providing lec­
tures, demonstrations, projects, modules; instructional materials and 
media; assessment of learners; etc.) 
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• Curriculum for Technology Education (what to teach by grade level; 
approved curriculum frameworks for the state in which the teacher 
will teach; international and national curriculum trends; establishing 
and managing student organizations; course, unit and lesson plan­
ning; linkages with academic standards; etc.) 

• Planning and Designing Effective Instruction (program renewal; lab­
oratory organization; classroom management including modular set­
tings; assessment; human development and its relationships to tech­
nological potentials, etc.) 

• Student Teaching or Mentored Internship (development and applica­
tion of teaching talents) 

After completing alternative course work and developing these skills, 
the middle school technology teacher should be able to deliver the grades 
6-8 standards. 
Secondarv Grades 

, 

Secondary program teachers (those who may be certified/licensed to 
teach grades 6-12 or 9-12) will need to implement those standards and 
benchmarks related to the upper grade levels. What is the minimum that 
teachers need to know and be able to do, so they feel comfortable teaching 
technological literacy to advanced students? To answer this question, an 
additional review of the standards is needed. This discussion will suggest 
what would be required to design the curriculum for an alternative teacher 
preparation program to deliver this knowledge. 

Candidates will need similar course work as those preparing for the 
middle grades, i.e., nature of technology, technology and society, and 
design. However, their depth of knowledge and skill should be developed 
to a higher level. Examples of high school courses that technology teach­
ers should teach include ITEA/CATTS recommended general courses such 
as the Foundations of Technology (a course that looks at the nature of 
technology and the resources and systems of technology) and Technology 
Assessment (an investigation of the impacts of technology and trends of 
future developments). Additionally, some advanced courses such as Issues 
in Technology and Engineering Design Fundamentals might be devel­
oped. These should be determined by consulting with the various tech­
nology groups in the state/region, since the state education agency plays a 
major role in what is approved to be taught in schools. 

"How much depth is needed?" will always be a question that will 
concern technology teacher educators? If too much depth in technical 
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courses is provided, it could be confusing to the formation of future 
teacher's philosophical development. Distinguishing between technology 
education and industrial technology could become a problem. Should 
technical competence or technological literacy become their instructional 
aim? 

It would be a recommended route to direct the teacher education pro­
gram toward technological literacy by developing a compromise in using 
courses that develop abilities for a technological world. In addition to the 
same pedagogy courses used for the preparation of the middle grade tech­
nology education teacher, the secondary technology education teacher 
should study with some depth the systems covered in the designed world 
section of Standards for Technological Literacy. These courses could include 
combinations of content matter and skill such as combining medical, agri­
cultural and biotechnologies studies all within one course. Combining 
energy and power with transportation technology could do the same. 
Manufacturing and construction could serve as another combined 
alternative content teacher preparation course. Information and commu­
nication technologies could become another specific course. A key for 
appropriately teaching such courses is to establish course requirements 
that use the design processes and problem solving and, at the same time, 
develop technological abilities. Within these courses, basic technological 
principles and impacts should be integrated. This integration will lead to 
the development of more comprehensive teaching practices by the teach­
ing candidate. 

This study of technological abilities course content should always be 
discussed with the teacher education candidate and set into the context of 
technological literacy. Tomorrow's teachers should develop a philosophy 
of how programs should be designed so students become technologically 
literate. Secondary technology teacher education courses should remain 
general and investigate the nature of technology, its many systems appli­
cations, and the interrelationship between technology and society. 

A VIRTUAL MODEL PROGRAM 
Alternative teacher preparation models are making a difference by 

providing an additional supply of technology education teachers. A poten­
tial alternative that the profession might explore is a virtual technology 
teacher preparation program. This idea has developed because of the cur­
rent capabilities of electronic transmission of instruction. Various univer-
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sities are delivering classes via the web and television transmission. They 
have found that theory-based courses such as human growth and devel­
opment and the inclusion of special needs learners are deliverable using 
distance learning formats. Also, methods and curriculum development 
courses can be properly taught through television or other distance learn­
ing delivery. Email has been found to be an exceptional method of keep­
ing watch and exchanging knowledge during courses and field experiences 
such as practicum and student teaching. 

However, can universities deliver technical laboratory courses through 
a virtual means? Safety and liability issues and access to equipment and 
materials continue to be factors that keep most universities away from 
teaching these courses in a virtual environment. For years, the health pro­
fessions have used internships to enable their students to leave the confines 
of universities to practice their newly learned skills with patients under the 
watchful eyes of mentors at health care facilities. Is this a possibility for 
technology education? Could learners receive lectures and demonstrations 
via electronic means, i.e., web, live satellite television, videotape, or CD? 
Could mentors be instructed and used to oversee the university student 
learning and mastering of technical skills? Could future teachers be placed 
in an internship situation to practice their teaching skills during the regu­
lar school day and the teacher/mentor oversee their learning of technical 
skills after school in technology education laboratories? Could teaching 
candidates complete their assignments and laboratory experiences after 
school hours to ensure they can properly perform technical processes and 
refining the technical skills they need to instruct and creatively solve tech­
nical design problems? 

With virtual programs and courses, mentors would need to be trained. 
Practicing technology education teachers already possess the training and 
skills to teach technology education. Many are members of professional 
associations and keep up with the changes in the profession, including 
Standards for Technological Literacy. They currently instruct students in a 
safe and productive manner. Using mentors with ties to virtual programs 
could cause us to plan for new logistical problems. The logistics involve 
training the mentor teachers and gaining permission to use public envi­
ronments, schools, or community college laboratories. Who would be 
responsible? Who would pay for access to the technical facilities? How 
would the mentor teachers be selected? What criteria would be used and 
how much would mentor teachers be paid for their services? 
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The profession is challenged to identify answers to the problems asso­
ciated with the implementation of an alternative, virtual delivery of tech­
nology teacher preparation. Could cohorts of future technology teachers 
be identified and be trained at the same time that their mentors would be 
trained, perhaps during the summer before the program would begin? The 
profession currently trains mentors to supervise student teachers, and 
most do a quality job. Would community leaders and school superinten­
dents be willing to accept the liability for the training of the new teacher? 
If the candidates were employed as interns and pledged to teach for the 
school system after they earned licenses, the school system might be will­
ing to assist. These questions and possible solutions to the virtual prepa­
ration of technology education teachers need further study. 

One technology that is emerging for this potential type of instruc­
tional delivery is called video streaming. It can be used to telecast courses 
from university studios to desktop computers. The format allows the 
learner to view video, live or at any time, and see instructor media such as 
computer-generated slides or other graphics. It allows for on-line chats 
and question and answer sessions with the instructor. Technical demon­
strations could be given and captured on video and incorporated into 
courses. Development costs, along with instructor's time, are challenges 
that would need to be resolved. 

If courses of this nature could be prepared by a number of teacher 
preparation institutions, one institution would not be required to under­
take the entire developmental burden. Learners could enroll in courses 
from various institutions, usually paying in -state tuition costs, since the 
courses can be delivered to the student's home. This would enable more 
learners to have access to the curriculum when their schedules permit. 

Distance or virtual learning is in its electronic and logistical infancy 
but has a great deal of promise. Will technology teacher educators be will­
ing to use this technology to provide alternative means for their prepara­
tion of technology teachers? 

SUMMARY 
Due to our continued shortage of qualified teachers and the increased 

demand for student's study of technology in our schools, K-12, alternative 
technology teacher preparation programs will continue to be needed. This 
chapter has reviewed alternative technology education programs that have 
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been successful and has shown how alternative teacher preparation pro­
grams could be altered so new teachers could be prepared to deliver 
Standards for Technological Literacy. The authors have identified the stan­
dard that will need to be addressed in alternative programs for preparing 
quality elementary, middle school, and high school technology education 
teachers. The authors have also challenged the profession to develop a vir­
tual alternative technology teacher preparation program to meet the 
shortage of technology teachers. The virtual model could reach a larger 
population of potential teachers and focus on preparing them to deliver 
Standards for Technological Literacy. 

THOUGHT-PROVOKING ACTIVITIES 

1. With the possibility of only seven, three-credit courses, what courses 
and content would you offer to prepare middle school teachers who 
can deliver the concepts needed for students to become technologi­
cal literate? 

2. Your technology faculty has an opportunity to develop a course for 
elementary teacher preparation. Outline what should be taught in 
this course. 

3. You have one month, 9-5 daily, to prepare career switchers who have 
bachelor's degrees to become technology teachers. What would you 
teach them during the month-long training? What would you do as 
follow-up during their first year of teaching? 
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The role of technology teacher licensure l in the United States lies with 
each individual state. Licensure requirements that evolved throughout the 
20th century were designed to ensure proficiency with both subject mat­
ter and pedagogy. Although the primary intent of teacher licensure has 
always been the improvement of teacher quality, teacher licensure prior to 
the 1900s sometimes strayed from this goal. An 1893 Arkansas law, for 
example, denied teacher licensure eligibility to atheists. The first teacher 
licenses in the early 1900s were blanket licensures covering all subjects and 
all academic levels. Even with licensure requirements established in most 
states, as late as the 1950s more than half of all elementary teachers in the 
United States had not graduated from college (Lucas, 1997, p. 51). The 
subject matter specific and level specific licenses we know today are a rel­
atively recent development in education, having evolved in most states 
during the last 50 years. 

1 The terms "licensure" and "certification" are sometimes used interchangeably, some­
times not. For example, some states "certify" teachers instead of issuing "licenses." Others 
issue "certificates" initially and provide "licensure" upon completion of additional 
requirements such as master's level coursework and/or tenure. Still others use the term 
"licensure" when referring to the initial teaching credential, and use "certification" to 
refer to a more specific credential earned later in one's career. The term "licensure" is 
used throughout this document to refer to the process of issuing a teaching credential to 
those who meet a state's criteria for initial employment as a teacher. The term "certifica­
tion" is used in historical context or when it appears within passages quoted from prima­
ry sources. 
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BENEFITS OF LICENSURE 
While secondary level subject specific licensures have undoubtedly 

benefited all subjects by ensuring familiarity with subject matter and 
appropriate pedagogy, perhaps no field has benefited more from licensure 
requirements than has technology education. This is due, in part, to the 
unique laboratory-based nature of the technology education curriculum 
that has historically demanded appropriate instruction in the safe use of 
machinery and in laboratory management. Licensure has also helped to 
ensure that technology education teachers hold baccalaureate degrees and 
are well prepared in a broad spectrum of technical areas and pedagogy. 
Thus, technology education licensure has helped to differentiate technol­
ogy education teachers from vocational trade and industry teachers, who 
may be licensed without a college degree, so long as they have occupation­
al trade experience and complete a relatively limited number of college 
courses. Most recently, licensure requirements have helped to ensure that 
minimal subject matter knowledge in technology-related content has been 
provided to all pre-service teachers, regardless of their method of entry 
into the technology teaching profession. This has been especially impor­
tant throughout the late 1990s as a shortage of fully qualified technology 
education teachers has led many persons with various backgrounds to 
pursue technology teaching positions via alternative methods of licensure. 

SHORTCOMINGS OF LICENSURE 
Teacher licensure has its shortcomings as well. Perhaps the most note­

worthy is that despite a general increase in licensure requirements such as 
successful completion of the Praxis® exams, criminal record checks, an 
approved course of study at an accredited institution, and successful 
tuberculosis testing, there simply is no guarantee that a licensed teacher 
will be a successful teacher. At best, licensure ensures that individuals are 
minimally qualified to serve as teachers, by virtue of successful completion 
of a state's licensure requirements. 

Licensure can be a double-edged sword; the same licensure require­
ments that have been adopted to ensure competence also limit the num­
ber of individuals qualified to teach technology education. In times of 
technology teacher shortages, as is currently the case, licensure require-
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ments significantly extend the investment of time and money needed to 
become a technology education teacher. This undoubtedly dissuades some 
capable individuals from pursuing licensure in technology education. 

Present state licensure requirements are not reflective of the instruc­
tional content standards outlined in the Standards for Technological 
Literacy: Content for the Study of Technology (Standards for Technological 
Literacy) (ITEA, 2000). As a result, many states are now considering, or will 
soon consider a revision of their technology education licensure require­
ments. But the process of changing state licensure requirements is a com­
plex and politically charged task. On the one hand, the Standards for 
Technological Literacy suggests an expanded content base for technology 
education teachers. On the other hand, there is a grave shortage of tech­
nology education teachers, providing pressure to license new teachers 
under streamlined alternative licensing models. From yet another per­
spective, there is public pressure for universities to graduate students in 
four years, which has caused universities to impose limits on the number 
of credits required to earn baccalaureate degrees. Finding balance in the 
midst of these competing pressures makes licensure reform a very tricky 
business. If the various ramifications of licensure revision are not careful­
ly considered, the revision process could result in a new set of problems, 
such as playing havoc with university course limits or simply making the 
licensure process unfeasible for a growing number of prospective candi­
dates. 

Because each state has its own unique licensure requirements, there 
are uneven licensing practices across the United States, therefore, some 
states do not honor licenses from others. In the absence of universallicen­
sure reciprocity, teacher mobility is compromised, a problem that is exac­
erbated by the critical shortages of teachers in the field. 

HOW TEACHER LICENSURE WORKS 
The appointment of teachers was a local matter until the middle of the 

19th century, when states began to provide funding for schools. The need 
for greater accountability of state spending on education led-as it gener­
ally does-to the development of a new state bureaucratic system general­
ly referred to as the "state board of education." In the 1900s, county exams 
used for teacher "certification" gave way to state certification regulations 
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based upon courses and clinical experiences successfully completed, and a 
prescribed distribution of credits (Gardner and Palmer, 1982, p. 20). 
Colleges, in turn, developed their teacher education programs in align­
ment with these state certification requirements. 

Throughout this century, teacher education programs have been 
monitored at the state level. Since the 1920s, the conventional way to earn 
a teaching license in the United States was by graduating from a "state 
approved program" (Darling-Hammond, 1999, p. 238). Under this model, 
state boards of education, or related state agencies, establish a review 
process for teacher education programs within their respective states. 
Teacher education programs that meet state criteria are known as 
"approved programs." Students graduating from these approved teacher 
education programs are assured of meeting the credit hour/clinical expe­
rience requirements established for initial teaching licensure. Currently, 49 
of the 50 states operate under the "approved program" model. In addition, 
most states require prospective teachers to pass the Praxis® exams-a 
nationally developed/administered test of professional and subject area 
knowledge-or equivalent state examinations before receiving their initial 
state teaching license. 

Until the 1980s, teacher licensure regulations had been formulated 
independently by each of the 50 states, and these licensure regulations pro­
vided the framework for teacher education programs to become "state 
approved programs:' Licensure was very much a "state's right;' and thus 
licensing of technology education teachers, for example, varied substan­
tially from one state to another. But all of that began to change in the 
1980s. 

Educational reform efforts over the past two decades have had a most 
significant impact on teacher education licensure, certification, and pro­
gram accreditation practices. Public concern regarding the quality of edu­
cation led to a chain-reaction of events in the late 1980s that has fueled 
these changes. Recommendations from A Nation Prepared: Teachers for the 
21st Century (Carnegie Forum on Education and the Economy, 1986) led 
to the 1987 formation of the National Board for Professional Teaching 
Standards (NBPTS), which sought to identify what teachers should know 
and be able to do (Yinger, 1999, p. 98). That same year, the Council of 
Chief State School Officers sponsored the formation of the Interstate 
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Teacher Assessment and Support Consortium (INTASC), to encourage 
cooperation/collaboration among states interested in rethinking teacher 
licensure standards. The National Council for Accreditation of Teacher 
Education (NCATE), which had been established in 1952, stepped up its 
efforts to "partner" with states and professional associations in developing 
teacher education accreditation standards. In addition, Tomorrow's 
Teachers, the report of the Holmes Group (1986) reinforced the need for 
teacher education reform. 

By the mid-1990s, the work of the NBPTS, INTASC, and NCATE 
resulted in a "remarkable consensus" regarding ideals and standards for 
teacher licensure, accreditation, and certification (Yinger, 1999, p. 98). 
What Matters Most (National Commission on Teaching and America's 
Future, 1996) referred to program accreditation, initial teacher licensure, 
and professional certification as the "three legged stool of quality assur­
ance" in teacher education. 

The significance of these collective efforts of the 1980s was that, for the 
first time, the development of professional guidelines and standards for 
teacher education resulted from national consensus guided by profession­
al associations, rather than state agencies. NCATE had facilitated this shift 
through their state partnership program, in which they worked with states 
to develop a review process for teacher education programs that would 
seek to eliminate redundancy between state and NCATE reviews. By the 
end of the century, NCATE had established partnerships with 45 states and 
the District of Columbia to "conduct joint reviews of colleges of education 
(NCATE, 2000). These partnerships, according to NCATE "". integrate 
state and national professional teacher preparation standards, increase the 
rigor of reviews of teacher education institutions, and reduce the expense 
and duplication of effort that occurs when states and NCATE conduct two 
separate reviews:' By 1997, 45 states were using NCATE standards to 
approve all of their teacher education institutions (Darling-Hammond, 
1999, p. 243). There are, in fact, three types of state/NCATE partnerships 
(NCATE, "Three Types;' 2000): 

A. NCATE/State Based Partnership Framework, in which NCATE uses 
its standards to review the operation of the teacher education "unit." 
The state conducts a separate review of the content preparation pro­
grams. The state program standards are "subject to NCATE recogni-
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tion based on optional program reviews by national specialized pro­
fessional associations." There are currently 23 states and the District 
of Columbia in this type of NCATE partnership. 

B. NCATE-Based Partnership Framework, in which NCATE reviews 
both the unit and content preparation programs using NCATE stan­
dards. The state then uses NCATE's review findings in determining 
whether or not the program is to be an "approved" teacher education 
program. There are 19 states in this type of partnership with NCATE. 

C. Performance-Based Partnership Framework, in which NCATE con­
ducts the review using a state-developed performance-based system 
that meets NCATE criteria. Three states are currently operating 
under this partnership option. 

Some state boards of education are beginning to tell teacher education 
programs they will not be "state approved programs" unless they meet 
NCATE standards. Therefore, NCATE standards are influencing tradition­
al teacher licensure requirements. 

While all of these national associations worked in concert to facilitate 
change in teacher education, NCATE was the group that has had the most 
impact on technology education. From its inception in 1952, when 
NCATE was formed collaboratively by the American Association of 
Colleges for Teacher Education, the National Education Association, and 
state school officers, the intent was to promote quality and professional 
standards in teacher education programs. This was to be accomplished 
through voluntary membership of the various professional education 
associations and a system of peer assessment and self-regulation (Gardner 
and Palmer, 1982). Dues from these member organizations/schools sup­
ported NCATE's work. 

In the early 1980s, using committees drawn from its member con­
stituencies, NCATE established a new set of standards and guidelines for 
the accreditation process. This new set of standards addressed five key 
areas: a) knowledge base for professional education; b) relationship to the 
world of practice; c) students; d) faculty; and e) governance and resources 
(Gollnick & Kunkel, 1986, p. 23). 
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In 1986, the executive boards of the ITEA and its affiliate, the Council 
on Technology Teacher Education (CTTE) voted to join NCATE. Though 
membership dues were significant, the general feeling was that NCATE 
affiliation would benefit the image and stature of the profession in the 
long run. Moreover, NCATE accreditation procedures were seen as an 
opportunity to assist the field in its transition from industrial arts to tech­
nology education. 

The CTTE was recruited to draft the first program guidelines for tech­
nology teacher education programs to be issued collaboratively by the 
ITEA, CTTE, and NCATE. These new guidelines took effect in 1987. Since 
that time, 35 technology teacher education programs have been approved 
by NCATE under these ITEA/CTTE/NCATE Curriculum Guidelines 
(ITEA,1997). 

PERCEIVED IMPACT OFTHE STANDARDS FOR 
TECHNOLOGICAL LITERACY ON TEACHER 
LICENSURE 

Though the Standards for Technological Literacy, was published in 
March 2000, review drafts had been circulated within the profession and 
beyond for about two years prior to their formal publication. Therefore, 
many in the profession had a reasonable preview of the Standards for 
Technological Literacy and by Summer 2000 had formulated an impression 
of their potential impact upon the profession. With that in mind, Sanders 
(2000) conducted a national study in July 2000 with a purposeful sample 
of leaders in technology education to get a sense of how they felt the 
Standards for Technological Literacy might influence teacher licensure. He 
developed and distributed a survey instrument to 50 state supervisors, 30 
selected technology teacher educators (one from each of 30 different states 
around the United States), and 15 state technology education association 
officers. Thirty individuals, 32 percent response rate, representing 26 states 
completed and returned the survey. 

One of the items on the survey asked, "In what ways, if any, do you 
think the Standards for Technological Literacy will impact technology 
teacher education licensure requirements in your state?" Nine respondents 
said they thought the Standards for Technological Literacy would have little 
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or no impact on their state licensure requirements. Twelve respondents 
seemed cautiously optimistic, suggesting that the change was likely to be 
limited, and would take some time for these changes to occur. Their com­
ments included, for example: 

• "I can't see the Standards having an impact for years." 

• "This is a long-term project. It will take five years to change." 

• "No impact yet, due to the political process involved in making those 
changes:' 

• "We are currently updating licensure requirements, and the 
[ Standards for Technological Literacy] will be an excellent resource as 
we determine specific competencies." [state technology education 
supervisor] 

Several of these "cautiously optimistic" responses cited the indirect 
influence the Standards for Technological Literacy would have on licensure 
by first influencing the ITEAICTTEINCATE Curriculum Guidelines (ITEA, 
1997): 

• "The only impact may be indirectly, through the university program:' 

• "This will probably not effect licensure until changes are made at the 
university level." 

• "Our [licensure] standards are based on NeATE. As it changes, we 
change:' 

"[ Standards for Technological Literacy] will probably have some 

impact over time, especially if the [ITEAICTTEINCATE Curriculum 
Guidelines] change." 

"Technology education licensure is aligned with 
[ITEAICTTEINCATE Curriculum Guidelines]. We are anxious to 
see the translation of Standards for Technological Literacy into 
[ ITEAICTTEINCATE Curriculum Guidelines]." 

The survey results underscore the fact that change in education never 
comes easily. It is most often the result of political action borne of public 
opinion. The current standards movement, which encompasses not only 
national standards in most school subject areas, but also state "standards 
of learning" in nearly every state across the United States is a political 
movement, with public support behind it. As such, there is reason to 
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believe that standards will generate change in education, and there is con­
siderable evidence of the influence of standards in nearly every subject 
matter area and at every level in the education hierarchy. 

IMPLICATIONS OF STANDARDS FOR 
TECHNOLOGICAL LITERACY FOR TEACHER 
LICENSURE IN TECHNOLOGY EDUCATION 

Determining the implications of Standards for Technological Literacy 
on future teacher licensure in technology education is fraught with con­
jecture. This is true; in particular, since Standards for Technological Literacy 
are content standards, identifying what K-12 students should know and be 
able to do. Inferring what teachers should know and be able to do from 
student content standards is tricky business. As Griffin (1999, p. 22) noted, 
''An issue for teacher educators and the profession at large as well as poli­
cymakers, then, becomes establishing the link between teacher standards 
and student standards, a difficult methodological and conceptual task." 
Nonetheless, developing teacher education pre-service standards is a logi­
cal next step, and in fact, is on the agenda of the Technology for All 
Americans Project. 

For the past two centuries, it has been generally understood that 
teachers need two types of knowledge to be successful: subject matter 
knowledge and professional knowledge (Sosniak, 1999, p 186). They need 
to be comfortable with both content and pedagogy. Recent research 
(Shulman, 1986, 1987) suggests expert teachers also possess "pedagogical 
content knowledge" -a rich understanding of pedagogy that relates 
specifically and uniquely to their discipline, providing them with cognitive 
roadmaps that guide the assignments, assessments, and types of assistance 
they provide students. Teachers with pedagogical content knowledge can 
anticipate the kinds of difficulties their students will face, and teach 
accordingly. In addition, teachers need a working understanding of stu­
dent behavior management, special needs issues, developmental stages of 
youth, legal issues, ethics, etc. 

Since Standards for Technological Literacy are subject matter content 
standards, they provide considerable guidance as to the type of subject 
matter knowledge technology education teachers should understand (See 
Table 8.1). They do not, however, provide specific guidance with respect to 
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Table 8-1. Technology Content Standards 

Chapter Std# Standard 
3: Students will develop an I The characteristics and scope of 
understanding of the Nature technology. 
of Technology. This includes 2 The core concepts of technology. 
acquiring knowledge of: 3 The relationships among 

technologies and the connections 
between technology and other 
fields. 

4: Students will develop an 4 The cultural, social, economic, and 
understanding of Technology political effects of technology. 
and Society. This includes 5 The effects of technology on 
learning about: the environment. 

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

7 The influence of technology on 
history. 

5: Students will develop an 8 The attributes of design. 
understanding of Design. This 9 Engineering design. 
includes knowing about: 10 The role of troubleshooting, 

research and development, 
invention and innovation, and 
experimentation in problem 
solving. 

6: Students will develop II Apply the design process. 
Abilities for a Technological 12 Use and maintain technological 
World. This includes becoming products and systems 
able to: 13 Assess the impact of products 

and systems. 
7: Students will develop an 14 Medical technologies. 
understanding of The Designed 15 Agricultural and related 
World. This includes selecting biotechnologies. 
and using: 16 Energy and power technologies. 

17 Information and communication 
technologies. 

18 Transportation technologies. 
19 Manufacturing technologies. 
20 Construction technologies. 

(ITEA, 2000, p. 15) 
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"professional knowledge;' or the relationships between technology educa­
tion subject matter and professional knowledge-the pedagogical content 
knowledge-that expert teachers regularly draw upon in their work. 
Accordingly, their initial impact upon technology teacher licensure will be 
primarily with respect to subject matter, and will most likely manifest in 
the form of course requirements. More specifically, Standards for 
Technological Literacy suggests the need for technology teacher education 
content to address the nature of technology, the interaction between tech­
nology and society, design principles and applications, and each of the 
technical areas identified in Chapter 7 of Standards for Technological 
Literacy as outlined in Table 8.1. While there are many ways to organize 
technology education curricula, the likely initial impact of the Standards 
for Technological Literacy is in the following three areas: 

• Technical course requirements relating to Chapter 7 of Standards for 
Technological Literacy; 

• One or more additional courses and/or additional content within 
existing courses that addresses the interactions among science, tech­
nology, society, and culture; and 

• An increased emphasis on design and problem-solving in the cur­
riculum. 

There is, however, much more to technology teacher education than 
providing content knowledge. Professional teaching standards must also 
address pedagogical knowledge and pedagogical content knowledge. For 
example, the four "Standards for Professional Development of Teachers of 
Science;' published as a component of the National Science Education 
Standards (National Research Council, 1996, pp. 55-73) clearly illustrate 
how different teacher education standards are from K-12 student content 
standards (see Table 8-2). Note that these science teaching standards con­
tain few references to subject matter content, and focus, instead on profes­
sional knowledge for the relationship between content and pedagogy. 
Similarly, the current ITEAICTTEINCATE Curriculum Guidelines address 
technology education philosophy and instructional development and 
management techniques in addition to knowledge of content. 
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Table 8-2. Standards for the Professional Development of Science 
Teachers 

Professional Development Standard A 
Professional development for teachers of science requires learning essential science 
content through the perspectives and methods of inquiry. Science learning experi­
ences for teachers must: 

Involve teachers in actively investigating ... 
Address issues, events, problems, or topics significant in science ... 
Introduce teachers to scientific literature, media, and technological resources ... 
Build on teachers' current science understanding ... 
Incorporate ongoing reflection on the process and outcomes of under­

standing science through inquiry ... 
Encourage and support teachers in efforts to collaborate ... 

Professional Development Standard B 
Professional development for teachers of science requires integrating knowledge of 
science learning, pedagogy, and students; it also requires applying that knowledge to 
science teaching. Learning experiences for science must: 

Connect and integrate ... 
Occur in a variety of places ... 
Address teachers' needs as learners ... 
Use inquiry, reflection, and interpretation of research ... 

Professional Development Standard C 
Professional development for teachers of science requires building understanding and 
ability for lifelong learning. Professional development activities must: 

Provide regular and frequent opportunities for individual and collegial 
examination ... 

Provide opportunities for teachers to receive feedback ... 
Provide opportunities for teachers to learn and use various tools and tech-

niques for self-reflection; support the sharing of teacher expertise .. . 
Provide opportunities to know and have access to existing research .. . 
Provide opportunities to learn and use the skills of research to generate 

new knowledge ... 

Professional Development Standard D 
Professional development for teachers of science must be coherent and integrated. 
Quality pre-service and in-service programs are characterized by: 

Clearly shared goals based on a vision of science learning ... 
Integration and coordination ... 
Options that recognize the developmental nature of teacher professional growth ... 
Collaboration ... 
Recognition of history, culture, and organization of the school environment ... 
Continuous program assessment ... 

Note:The dots ( ... ) indicate abbreviated statements. 
(NRC, 1996, pp. 55-73) 
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The ITEA's Technology for All Americans Project is currently in the 
process of developing Professional Development Standards for Technological 
Literacy for pre- and in-service technology education teachers. These pro­
fessional development standards will undoubtedly be guided by Standards 
for Technological Literacy and address pedagogical issues that were not 
addressed in the standards document. These new professional develop­
ment standards will in turn impact future revisions of the 
ITEAICTTEINCATE Curriculum Guidelines and state licensure regula­
tions. So, while Standards for Technological Literacy have already begun to 
impact the thinking about state licensure regulations and technology 
teacher education curricula, their initial impact will be augmented by the 
ITEA's Technology for All Americans Project Professional Development 
Standards for Technological Literacy, scheduled for publication in 2003. 

THOUGHTS AND RECOMMENDATIONS 
RELATING TO CHANGES IN STATE 
LICENSURE REQUIREMENTS 

Standards for Technological Literacy poses both challenges and oppor­
tunities for those responsible for establishing technology education 
teacher licensure requirements at the state level and for technology teacher 
education programs that must meet those requirements. Standards for 
Technological Literacy provides a road map for some of the needed course 
and content alterations. At the same time, the content changes they fore­
tell can call attention to the inadequacies of existing technology teacher 
education programs and state licensure requirements. That is, current 
technology teacher education programs and state licensure requirements 
will require revision to encompass the broad scope of new content sug­
gested in Standards for Technological Literacy. 

Change is not new to technology education, and there is reason to be 
cautiously optimistic about the profession's ability to continue to evolve. 
Over the past two decades, the field has made significant progress in edu­
cating students about the interactions between technology and society and 
about contemporary topics such as information and manufacturing tech­
nologies. Similarly, the technological problem-solving method is now 
widely used in the field, and technology education teachers across the 
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United States now consider the teaching of problem-solving to be the pri­
mary purpose of technology education, a significant departure from 
teaching tool skills, which was considered the primary purpose two 
decades ago (Sanders, 2001). Standards for Technological Literacy calls 
upon the profession to significantly expand its content base once again, 
which will require yet more change in the immediate future. In addition to 
Standards for Technological Literacy addressing content, such as the inter­
action between technology and society, problem-solving, design, energy 
and power, information and communication, and manufacturing tech­
nologies, Standards for Technological Literacy also identifies medical tech­
nologies, and agricultural and related biotechnologies as major headings, 
as well as the "core concepts of technology;' (optimization and trade-offs, 
resources, systems, requirements, processes, and control) and a continuum 
of design and problem-solving activities (troubleshooting, research and 
development, invention and innovation, and experimentation) (ITEA, 
2000, pp. 32-3, 34-43, 90, 139). 

The new content areas identified in Chapter 3 (The Nature of 
Technology), Chapter 4 (Technology and Society), Chapters 5 and 6 
(Design), and Chapter 7 (Medical Technologies, Agricultural and Related 
Biotechnologies) of Standards for Technological Literacy beg the question: 
How much content must a technology teacher be expected to know? 
Shulman, a champion of strong subject area knowledge, has conducted 
research on the relationship between subject area knowledge and teaching 
ability and has observed, "Very few of us simply know our field deeply or 
don't know our field deeply. Our fields are too complex for that kind of 
oversimplification. In fact, we know a real lot about some parts of our 
fields, and damn little about others, even when we are professors thereof" 
(1990, p. 3). This issue led Sosniak to ask, "Should we abandon the idea of 
a high school science teacher, and advocate instead that we certify teachers 
in more focused areas of physics or biology or chemistry .... What about 
mathematics? Should we argue for separate licenses for teachers of algebra, 
geometry, and statistics?" (Shulman, 1999, p. 190). 

Those involved in the technology teacher education profession might 
also ask how much subject area content is too much to expect of pre-
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service teachers? Sosniak (1999, p. 190) supports this issue by stating: "It is 
hard to imagine how it could be possible to add more to already overbur­
dened technology teacher preparation programs." He argues in favor of 
extending formal teacher education into the first years of teaching to pro­
vide additional time needed to address the increased professional knowl­
edge and subject area content teachers are expected to ingest. 

To those outside the teaching profession, it might seem logical that 
newly prepared teachers and those in teacher education programs should 
be prepared to deliver this content by taking pre-service course work in 
these content areas. There is, however, much work to be done before this 
might occur. A review of the 1999-2000 edition of the Industrial Teacher 
Education Directory (Bell, 1999-2000) revealed not one faculty member in 
a technology teacher education program with a teaching emphasis in med­
ical technology, agricultural technology, or biotechnology. Even if new fac­
ulty with expertise in these areas were hired or if existing faculty taught 
these courses, incorporating additional course work into an already over­
crowded curriculum would be extremely difficult. Most of the five tech­
nology teacher education programs currently recognized as exemplary by 
CTTE criteria already require credit in excess of the generally accepted 120 
credit minimum for graduation and most offer no more than three hours 
of free elective credit. The already -overcrowded technology teacher educa­
tion curriculum makes additional requirements a difficult proposition for 
students, faculty, and administrators. 

One option would be to abandon some advanced level courses that 
provide depth in a particular content area such as communication and 
manufacturing in favor of adding new courses that provide an introduc­
tion to the new content areas specified by Standards for Technological 
Literacy, such as medical technology and biotechnology. The trend of cur­
tailing depth of content in technology education has prevailed for the past 
century, and particularly in the last two decades. Further dilution of con­
tent via this "breadth versus depth" approach could jeopardize technology 
teacher education graduates' ability to effectively deliver high school level 
courses in subjects such as communication or manufacturing. 
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There are many important questions that must be addressed as tech­
nology teacher licensure requirements are revised in states across the 
United States. Among the questions to be asked and answered are the fol­
lowing: 

• How much subject area content is enough to prepare competent 
"entry level" technology education teachers? 

• How much professional teaching knowledge (such as knowledge of 
pedagogy, human growth and development, professional ethics, spe­
cial needs students, diversity, etc.) is enough to prepare competent 
"entry level" technology education teachers? 

• How much course work is too much to reasonably expect in a bac­
calaureate degree program? 

• What is the proper balance between subject area content know­
ledge and professional teaching knowledge for technology education 
teachers? 

RECOMMENDATIONS RELATING TO STATE 
LICENSURE REQUIREMENTS 

Standards for Technological Literacy is serving as a catalyst for change 
at all levels of the profession. Though changing state licensure regulations 
is, as noted earlier, a complex and politically charged task, licensure regu­
lations can and will change in the coming years. In view of the changes 
implied by Standards for Technological Literacy, the authors offer the fol­
lowing recommendations with respect to the evolution of state technolo­
gy education teacher licensure requirements: 

a. Standards for Technological Literacy and the Technology for All 
Americans Project's professional development standards should be 
used to revise the ITEA/CTTE/NCATE Curriculum Guidelines, 
because of the increasingly important role these guidelines play in 
most states with respect to the revision of teacher licensure require­
ments. 

b. State departments of education should look to the 
ITEA/CTTE/NCATE Curriculum Guidelines when making decisions 
regarding state licensure requirements in technology education. 
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Given that the ITEAICTTEINCATE Curriculum Guidelines were 
developed and are revised every five years by the profession at large, 
they are the appropriate place to look for the "consensus" of the pro­
fession on teacher education program guidelines. 

c. State departments of education should take stock of the research on 
the importance of pedagogy and pedagogical content knowledge 
with respect to teacher education and be sure these are effectively 
addressed when altering licensure requirements. 

d. On whole, Standards for Technological Literacy has implications for 
more robust-rather than less comprehensive-teacher education 
programs. At the same time, the dire shortage of teachers has result­
ed in new "alternative licensure" models in many states in which the 
requirements for entry into the profession are radically reduced 
(Litowitz & Sanders, 1999). Standards for Technological Literacy 
provides further reason for state departments of education to con­
sider/reconsider the long-range implications of these radically 
scaled-down licensure models. 

e. Technology education initial licensure guidelines should place 
greater emphasis on design and problem-solving methodologies. 
Four of the 20 standards from Standards for Technological Literacy 
focus explicitly on design theory and practice. Tomorrow's technol­
ogy education teachers will need to be comfortable with the "tech­
nological design and problem-solving" methodology as yesterday's 
industrial arts teachers were with the "project approach." 

f. Because Standards for Technological Literacy significantly expands the 
content base of technology education well beyond what is currently 
being taught to prospective technology education teachers (without 
eliminating much, if any, of the currently taught content), and 
because teacher education programs are already "maxed out" with 
course requirements, "limited licensure models" (Litowitz & Sanders, 
1999) should be considered. Specifically, the authors' recommend: 
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g. A Middle School (only) endorsement, with coursework emphasizing 
breadth of understanding rather than depth in anyone technical 
area, and coursework and clinical experiences aimed at understand­
ing the philosophy and pedagogy of middle school education. This 
endorsement might, for example, require one or two technical cours­
es in five or more of the seven technical areas outlined by Chapter 7 
of Standards for Technological Literacy, as well as sufficient course­
work in pedagogy and clinical experiences to prepare technology 
education teachers to teach effectively in middle school settings. 

h. Separate High School endorsements in each of four different "spe­
cialty areas": a) Medical, Agriculture, and Related Biotechnologies; 
b) Production Technologies (Manufacturing and Construction); 
c) Power/Energy/Transportation Technologies; and d) Information/ 
Communication Technologies. These specialty area endorsements 
might require three or more courses in a particular technical area, 
such as information/communication technology. The requirements 
for one or more specialty area endorsements could be completed 
during a typical baccalaureate program, thus leading to initiallicen­
sure at the high school level in one or more technical areas. 
Additional "add on" endorsements for other technical areas could be 
added thereafter with additional coursework in those areas. This 
method of specialty area endorsement could reduce the overall num­
ber of technical courses required to teach technology education at 
the high school level, while providing graduates with sufficient tech­
nical background to effectively teach the subject areas for which they 
are endorsed. 

The net result of implementing the two options noted above is a 
streamlined path to initial licensure that would nonetheless maintain the 
integrity of the baccalaureate technology teacher education program. 
These streamlined technology teacher education programs would be con­
siderably more attractive and marketable to college freshmen and, even 
more importantly, to "internal transfer" students. Given the perennial 
shortage of technology education teachers, this is a critically important 
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point, since: a) internal college transfers often account for the majority of 
students in our programs; and b) most internal transfers require five years 
or more to graduate from technology teacher education programs, because 
of the multitude of university and licensure requirements. 

RECOMMENDATIONS ABOUT LICENSURE 
RELATING TO TECHNOLOGY TEACHER 
EDUCATION PROGRAMS 

Technology teacher education programs will be expected to play a 
leadership role by infusing contemporary thinking (knowledge of stan­
dards and curricular and instructional change) within the profession that 
will allow for new licensure guidelines. With this in mind, and in view of 
the changes implied by Standards for Technological Literacy, the authors 
offer the following recommendations with respect to technology teacher 
education programs: 

1. The field should recognize that technology education programs can 
playa large part in the development of a technologically literate cit­
izenry' but they alone cannot be responsible for all technological lit -
eracy any more than English programs should be responsible for the 
development of all reading and writing skills or mathematics for all 
mathematical proficiencies. Technological literacy-as defined in the 
Standards for Technological Literacy-is bigger than the technology 
education profession, and other subject areas such as the biological 
sciences or earth sciences may best deliver some components of tech­
nologicalliteracy. 

2. In order to deliver on the goal of technological literacy for all, tech­
nology teacher education programs will need to develop courses that 
encompass content from new and emerging technologies which may 
be outside the current comfort level of the profession. These courses 
should be initially designed for delivery at the middle school level, 
where some states maintain requirements for technology education 
and technological literacy. 
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3. Technology teacher education programs need to consult with other 
departments across their campuses to determine what courses they 
offer that may be beneficial in addressing new content identified in 
Standards for Technological Literacy. On some campuses, it may be 
possible to require a limited number of courses in the general edu­
cation block such as chemistry, biology, and science and technology 
studies, which could play an important part in the delivery of com­
prehensive technological literacy. 

4. Technology teacher education programs should fmd ways to place 
greater emphasis on the principles and applications of design, which 
have received greater attention in Standards for Technological Literacy 
than ever before. 

5. Technology teacher education programs should find ways to place 
greater emphasis on the impacts of technology upon our society. 
Standards for Technological Literacy implies greater emphasis in the 
cultural, social, and political and environmental impacts of technol­
ogy, the role of society on the development and use of technology, 
the influence of technology on history, and the integration of tech­
nology in other fields. 

THOUGHT-PROVOKING ACTIVITIES 
Standards for Technological Literacy has begun to influence change 

throughout the profession. Until the last decade or so, the establishment of 
technology teacher licensure requirements and accreditation of teacher 
education programs was addressed individually within each of the 50 
states. But in recent years, the various teaching professions/fields have 
enjoyed an opportunity for greater input into the revision of state licen­
sure requirements, by virtue of their involvement with the standards 
movement and through their work with NeATE, which in turn has 
formed partnerships with most states. Perhaps now more than ever, the 
profession has an opportunity, and an obligation, to provide input and 
leadership with respect to technology teacher licensure. Those individuals 
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and groups responsible for revision of licensure requirements might ben­
efit from a review of questions such as those that follow, as they ponder the 
tricky business that lies before them. 

1. What content is identified in Standards for Technological Literacy 
that is not currently addressed by existing licensure guidelines? 

2. Are your state teacher education programs in a position to deliver a 
curriculum that can satisfy changes in licensure requirements? 

3. Will revisions in licensure requirements reflect only changes in con­
tent, or will pedagogy also be addressed? 

4. How much subject area knowledge is realistic to expect of pre-service 
teachers? 

5. How will NeATE's role in state licensure and review of teacher edu­
cation programs evolve over the next decade or more? NeATE's 
emphasis on "state partnerships" over the past decade has positioned 
them to play an increasingly important role in the development and 
administration of state licensure requirements. But the role that 
NeATE will play in the future licensure decisions and teacher educa­
tion program reviews is not altogether clear right now, and how that 
role "plays out" in the future has implications worth considering. 

161 



The Implications of Standards for Technological Literacy for Teacher Licensure 
in Technology Education 

REFERENCES 

Bell, G. L. (1990). Teacher certification requirements for technology edu­
cation in the United States. (Doctoral dissertation, Oklahoma 
State University, 1990). Dissertation Abstracts International. DAI, 
51, no. lOA, (1990): 3388. 

Bell, T. P. (Ed.). (1999-2000). Industrial Teacher Education Directory 
(ITED) , CTTE and NAITTE, Department of Industry & 
Technology, Millersville University of Pennsylvania, Millersville, 
PA. 

Carnegie Forum on Education and the Economy (CFEE). (1986). A nation 
prepared: Teachers for the 21st century. New York: Carnegie 
Council. 

Darling-Hammond, L. (1999). Educating teachers for the next century: 
Rethinking practice and policy. In G.A. Griffin. (Ed.). The educa­
tion of teachers: Ninety-eighth yearbook of the National Society for 
the Study of Education, (pp. 221-256). Chicago: University of 
Chicago Press. 

Gardner, W., & Palmer, J. (1982). Certification and accreditation: 
Background, issues, analysis, and recommendations. Washington, 
DC: US Department of Education. 

Gollnick, D. M., & Kunkel, R. C. (1986). The reform of national accredita­
tion. Phi Delta Kappan, 68(4),310-314. 

Griffin, G. A. (1999). Changes in teacher education: Looking to the future. 
In G.A. Griffin (Ed.). The education of teachers: Ninety-eighth year­
book of the National Society for the Study of Education, (pp. 1-28). 
Chicago: University of Chicago Press. 

Holmes Group. (1986). Tomorrow's teachers. East Lansing, MI: Author. 
International Technology Education Association (ITEA). (2000). 

Standards for technological literacy: Content for the study of tech­
nology. Reston, VA: Author. 

International Technology Education Association/Council on Technology 
Teacher Education/National Council for Accreditation of Teacher 
Education (ITEA/CTTE/NCATE). (1997). ITEAICTTEINCATE 
Curriculum guidelines. Reston, VA: International Technology 
Education Association. 

162 = 



Sanders and Litowitz 

Litowitz, 1., & Sanders, M. (1999). Alternative licensure models for technol­
ogy education: Monograph #16 of the Council on Technology 
Teacher Education. Reston, VA: Council on Technology Teacher 
Education. 

Lucas, C. J. (1997). Teacher education in America: Reform agendas for the 
21st century. New York: St. Martin's Press. 

National Commission on Teaching and America's Future. (September 
1996). What matters most: Teachingfor America's future. New York: 
Author. 

National Council for Accreditation of Teacher Education (NCATE). 
(2000). State/NCATE partnerships. Washington, DC: Author. 
Retrieved July 20, 2000, from the World Wide Web: 
http://www.ncate.org/partners/m_partners.htm 

National Council for Accreditation of Teacher Education (NCATE). 
(2000). Three types of state partnership. Washington, DC: Author. 
Retrieved September 30, 2000, from the World Wide Web: 
http://www.ncate.org/partners/3types.htm 

National Research Council (NRC). (1996). National science education stan­
dards. Washington, DC: Author. 

Sanders, M. E. (2000). Technology teacher education licensure survey. 
Unpublished raw data. Blacksburg, VA: Virginia Tech. 

Sanders, M. E. (2001). New paradigm or old wine: The status of technolo­
gy education practice in the US. Journal of Technology Education, 
12(2).35-55. 

Shulman, 1. (1986). Those who understand: Knowledge growth in teach­
ing. Educational Researcher, 15(2), 4-14. 

Shulman, 1. (1987). Knowledge and teaching: Foundations of the new 
reform. Harvard Educational Review, 57, 1-22. 

Shulman, 1. (1990). Aristotle had it right: On knowledge and pedagogy. 
Occasional Paper #4. East Lansing, MI: The Holmes Group. 

Sosniak, 1. A. (1999). Professional and subject matter knowledge for 
teacher education. In G.A. Griffin (Ed.). The education of teachers: 
Ninety-eighth yearbook of the National Society for the Study of 
Education, (pp. 185-205). Chicago: University of Chicago Press. 

Yinger, R. J. (1999). The role of standards in teacher education. In G.A. 
Griffin (Ed.). The education of teachers: Ninety-eighth yearbook of 
the National Society for the Study of Education, (pp. 85-133). 
Chicago: University of Chicago Press. 

= 163 = 





Changes in Program 
Accreditation Guidelines for 
Technology Education 

Anthony E. Schwaller 
St. Cloud State University 

Chapter 

9 

In the field of technology education, accreditation has taken on a more 
important role. In the past 15 years, guidelines for accreditation of tech­
nology education programs have been implemented into many technolo­
gy teacher education programs. More recently, through the efforts of many 
individuals in the field of technology education, the Technology for All 
Americans Project has developed Standards for Technological Literacy: 
Content for the Study of Technology (Standards for Technological Literacy) 
(ITEA, 2000). This chapter is written to help the reader explore accredita­
tion agencies, their policies and procedures, and how the existing 
International Technology Education Association (ITEA) , Council on 
Technology Teacher Education (CTTE), and National Council for 
Accreditation of Teacher Education (NCATE) curriculum guidelines 
might be better aligned to relate directly to Standard for Technological 
Literacy. Specifically, this chapter will identify the role and importance of 
regional and national accreditation standards and guidelines. It will exam­
ine various national and regional accreditation agencies to determine how 
these organizations relate to Standards for Technological Literacy. The role, 
policy, and procedures of the NCATE will be explained. Then, processes 
and procedures used by the CTTE for review of technology teacher edu­
cation programs will be described and how Standards for Technological 
Literacy can be integrated into the [TEA/CTTE/NCATE Curriculum guide­
lines will be reviewed. 

ROLE AND IMPORTANCE OF REGIONAL AND 
NATIONAL ACCREDITATION 
STANDARDS/GUIDELINES 

Definition of Terms . , 

To accomplish the objectives of this chapter, it becomes important to 
understand common terms and definitions about the components of 
accreditation. To begin, it should be noted that NCATE accredits colleges 

= 165 = 



Changes in Program Accreditation Guidelines for Technology Education 

or units of education throughout the United States. Technology education 
programs, as part of this overall accreditation process, are then evaluated 
for program approval with guidelines that have been approved by NCATE. 

The term accreditation can be defined in many ways. For example, 
accreditation can be defined as to ascribe or attribute to (Schwaller, 1997, 
p. 4). This means that when an educational program makes a decision to 
become accredited, it has agreed to ascribe to or agree to a certain set of 
standards or guidelines. In reference to technology education, programs 
should be designed to meet certain standards, guidelines, technological lit -
eracy skills, benchmarks, etc. 

A second definition of accreditation is to supply with credentials or 
authority (Schwaller, 1997, p. 4). A technology education program that has 
adhered to a set of guidelines through the accreditation process will be 
looked upon by outside individuals as having attained a certain level of 
credentials, or a certain level of authority. 

A third definition of accreditation is to attest to and approve as meet­
ing a prescribed standard (Schwaller, 1997, p. 4). Technology education 
programs that have program approval through the accreditation process 
agree to meet a prescribed set of standards or guidelines. The set of guide­
lines for technology teacher education programs has also been developed, 
revised, and approved by NCATE three times over the past 15 years. This 
set of guidelines is part of the ITEAICTTE/NCATE technology teacher 
education program review process. Thus, when a technology education 
program goes through the review process, it agrees to prepare its students 
to a certain set of guidelines, criteria, or literacy level. 

A fourth definition to help define accreditation is to recognize an 
institution of learning as maintaining those standards requisite for its 
graduates to gain admission to other reputable institutions of higher 
learning or to achieve credentials for professional practice (Schwaller, 
1997, p. 5). The key point in this statement is that educational programs 
that have program approval meet certain guidelines to achieve a certain 
level of professional practice. Programs that do not have program 
approval with a certain set of guidelines mayor may not meet any level of 
professional practice, not necessarily those accepted by the profession. 

Another definition to help understand accreditation is to grant 
approval to an institution of learning by an official review board after the 
school has met specific requirements (Schwaller, 1997, p. 5). The impor­
tant part of this statement is that an official review has occurred from pro-
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fessionals other than from within the profession. In reference to technolo­
gy education the guidelines have been reviewed by outside professionals in 
addition to professionals within the technology education field. Such 
practices can only serve to strengthen technology teacher education 
programs. 
Advantages of Having Technology Education Guidelines 

When technology education programs are reviewed for program 
approval, there are various advantages. Some of the more noticeable 
advantages are described by Brown and Race (1996) and can be applied to 
technology education. First, when a program receives program approval, 
there is an increase in professional respect from technology professionals 
both within the field and from outside the field. In the past, this has been 
a major problem for technology teacher education programs. Having pro­
gram approval with a given set of guidelines enhances the respect given to 
technology teacher education professionals and programs from other 
departments and faculty. Second, in many cases, if a technology education 
program has approval related to a set of guidelines, it often increases the 
possibilities of resource allocation. Resource allocations may include 
faculty positions, supply dollars, equipment dollars, or physical space for 
laboratory classes. Third, advertising and marketing of the technology 
education program can also use the accreditation process and program 
approval as a means to draw students into the program. In many cases, 
stating that a technology teacher education program has approval with a 
regional or national accrediting association in a marketing or advertising 
brochure increases the likelihood of drawing more students into the pro­
gram. Fourth, the profession of technology education has had a problem 
with image. Technology education professionals in the past, typically have 
not been overly concerned about how the profession is perceived by those 
outside of our discipline. To this end, having a technology teacher educa­
tion program with program approval related to a set of guidelines will 
improve the image of the profession, the program, and the students. Fifth, 
having program approval related to a set of approved guidelines means 
that the departmental faculty knows exactly what level of proficiency, level 
of knowledge, competencies, and concepts each student should have 
acquired upon graduation from the program. Sixth, the technology edu­
cation program that has program approval by ITEA/CTTE/NCATE means 
that students have improved job opportunities. 
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Other Accreditation Agencies 
There are many accreditation bodies within the United States that 

accredit various education programs. However, few relate directly to tech­
nology teacher education programs. Business schools, medical school, as 
well as other fields of study all have accreditation agencies. One important 
group of education accreditation agencies is the regional accreditation 
bodies. These include the Middle States Association, New England 
Association, Northwest Association, Southern Association, Western, 
Association and the North Central Association (NCA). For example, many 
schools in the Mississippi Valley region are accredited by NCA. These 
accreditation bodies review the entire school rather than specific pro­
grams. Although these regional accreditation bodies do not directly 
accredit technology education programs, they do review and assess these 
programs and other curriculum areas within the university during the 
accreditation process. These regional accreditation bodies also accredit 
secondary and other post secondary schools throughout the United States. . 
They observe the operation of the schools and review the curriculum for 
the total school. In many cases, consultants review the curriculum within 
specific disciplines. In terms of technology education, it is advisable to 
have consultants who are thoroughly familiar with the guidelines and 
standards for technology education. 

There are also other educational accreditation bodies including the 
National Association of Industrial Technology (NAIT) and the ABEr. 
NAIT accredits Industrial Technology and ABET accredits engineering, 
engineering technology, and applied science programs. Applied science 
programs used to be known as related technology programs. 

Another important accreditation body is called the National Board for 
Professional Teaching Standards (NBPTS). The NBPTS created the teach­
ing profession's first standards-based professional certification system for 
what accomplished teachers should know and be able to do in the class­
room. Performance assessments for 21 certificate fields are available. 
Performance assessments for each of these 21 fields challenge teachers to 
demonstrate that they know how their students grow and learn, know the 
subject they teach, and know how to teach it. They also assess if the teacher 

1 In the past ABET stood for Accreditation Board for Engineering and 
Technology. They have changed their name to ABET without the initials stand­
ing for anything. 
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can effectively manage and monitor student learning, can analyze and, 
when appropriate, revise teaching methods, and work effectively with par­
ents and other school professionals. 

In regards to technology education and the National Board for 
Professional Teaching Standards (NBPTS), presently the curriculum area 
of technology education is not one of the 21 certified fields available. 
However, efforts continue with the ITEA, CTTE, and the NBPTS to devel­
op assessments and certification for the field of technology education. 

NATIONAL COUNCIL FOR ACCREDITATION 
OF TEACHER EDUCATION 

NeATE Organizational Structure 
One of the largest and most influential accreditation agencies in the 

field of education is NCATE. It is the primary agency that sets and 
approves accreditation standards and guidelines for university level col­
leges or units of education throughout the United States. NCATE looks at 
standards or guidelines as a means for quality assurance within the total 
education profession. NCATE believes that every child in America has the 
right to be taught by a qualified teacher. NCATE also believes that if teach­
ing is to become a truly respected profession, professional quality assur­
ance is necessary. 

NCATE's mission is two-fold (NCATE, 2001, p. 1): 
1. Improvement of teacher performance through quality teacher prepa­

ration, and 

2. Accountability to school children, their parents, and the public-at­
large for quality teacher preparation. 

The NCATE standards that are developed for education programs are 
designed to provide teachers with: 

• A broad liberal-arts education 

• An in-depth study of the teaching field 

• A strong foundation of professional knowledge 

• Structured, diverse clinical experiences 

• Integration of preparation with practice 

• Multiple measures of performance to evaluate skills and knowledge 
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In order to help accomplish these goals, NCATE is organized into four 
boards. The Executive Board consists of educational leaders from all sec­
tors of education policymakers who make decisions about the operation 
of NCATE. The Unit Accreditation Board reviews the folios that have been 
prepared by units of education from across the United States to see if their 
particular program meets NCATE's college unit standards. The State 
Partnership Board helps to compare state licensure standards and certifi­
cation with NCATE's standards. The Specialty Areas Studies Board (SASB) 
reviews and approves program standards/guidelines for specific disci­
plines such as the technology education specialty area guidelines. 
Specialty Area Studies Board 

The SASB reviews and approves specific subject matter area standards 
and guidelines, which includes guidelines for technology teacher educa­
tion programs. The SASB consists of professional educators from different 
subject matter areas that conduct the rigorous review process. The spe­
cialty area programs that have NCATE approved standards and guidelines 
include (NCATE,2001): 

• American Alliance for Health, Physical Education, Recreation, and 
Dance 

• American Association of School Administrators 

• American Council on the Teaching of Foreign Languages 

• American Educational Research Association 

• American Library Association 

• Association for Childhood Education International 

• Association for Educational Communication and Technology 

• Association for Supervision and Curriculum and Development 

• Association of Teacher Education 

• Council for Exceptional Children 

• Council for Learned Societies in Education 

• International Reading Association 

• International Society for Technology in Education 

• International Technology Education Association/Council on 
Technology Teacher Education 

• National Association of Black School Educators 
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• National Association for the Education of Young Children 

• National Association of Elementary School Principals 

• National Association of School Psychologists 

• National Association of Secondary School Principals 

• National Council for the Social Studies 

• National Council of Teachers of English 

• National Council of Teachers of Mathematics 

• National Middle School Association 

• National Science Teachers Association 

• Teachers of English to Speakers of Other Languages 

Each of these professional specialty organizations has developed a set 
of standards or guidelines that have been approved by the SASB and are a 
part of the NCATE accreditation process. Hence, the technology teacher 
education program is a significant part of the total NCATE accreditation 
process. 

The first set of guidelines for technology education were written by 
the CTTE Accreditation Committee and approved by the SASB in 1987. 
They were again revised and rewritten which the SASB approved in 1992 
and 1997. According to NCATE policy, these guidelines must be revised, 
reviewed, and/or approved every five years. Future revisions of the tech­
nology teacher education guidelines will be aligned with Standards for 
Technological Literacy. This will ensure that future technology teachers are 
prepared to implement the standards in their elementary, middle, and sec­
ondary programs. 
State Guideline Review Process 

Over the past several years, more and more states have developed a 
partnership agreement with NCATE (NCATE, 1993). These partnership 
agreements are made through the State Partnership Board (SPB) of 
NCATE. They are made to reduce duplication of standards and guidelines 
used during state review of programs for the purposes of program 
approval and licensure and certification review processes. 

Typically, each state has a set of specialty subject matter guidelines. In 
addition, there are the NCATE specialty area standards or guidelines. 
Written and approved by ITEA/CTTE/NCATE, the guidelines entitled 
ITEAICTTEINCATE Curriculum Guidelines (ITEA, 1997) are available as 
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schools or colleges of education prepare program review folios. Thus, it is 
important that state partnerships work with NCATE and the SASB to have 
a common set of specialty guidelines or to make sure the state specialty 
guidelines are parallel and/or similar to the ITEAICTTEINCATE 
Curriculum Guidelines. Note that each state partnership agreement is dif­
ferent depending upon the specialty area guidelines and the state licensure 
process. 

The CTTE Accreditation Committee has developed an NCATE 
approved process to review technology education state licensure guide­
lines. When a state requests to have its licensure guidelines reviewed by 
NCATE and CTTE, a process is followed. 

1. The state contacts the Chairperson of the CTTE Accreditation 
Committee to request review of state guidelines or assistance in 
developing technology education guidelines similar to the 
ITEAICTTEINCATE Curriculum Guidelines. 

2. The Chairperson of the Accreditation Committee forwards the name 
of a trained folio reviewer in that geographical area of the state to 
contact. 

3. The ITEA/CTTE/NCATE folio reviewer and the state representative 
then meet to determine needed assistance. For example, state licen­
sure guidelines may need to be written to be more in-line with 
ITEAICTTEINCATE Curriculum Guidelines. 

4. The ITEA/CTTE/NCATE folio reviewer establishes a three-member 
committee consisting of two other regional folio reviewers to assist 
in the development or comparison between the specialty area and 
state licensure guidelines. 

5. After review of the state licensure guidelines, the three-member com­
mittee may accept, reject, or encourage modifications of the state's 
guidelines. Depending upon the degree of comparison, they may 
continue to assist in the refinement of the state licensure guidelines. 

6. Future university technology education program folios prepared for 
state review can now be either approved by the state licensure team 
or by the normal ITEA/CTTE folio review process, depending upon 
the exact wording of the NCATE and state agreement. 
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ITEAlCTTE/NCATE PROGRAM APPROVAL 
PROCESS 

Institutions with technology teacher education programs, that wish to 
seek NCATE approval, are encouraged to respond to ITEA/CTTE/NCATE 
Curriculum Guidelines. To respond to the guidelines, each technology 
teacher education program must assemble a folio (ITEA/CTTE/NCATE, 
1997). A folio is a document, roughly 100 pages in length, that shows evi­
dence that a particular technology teacher education program meets the 
approved guidelines. Trained representatives from CTTE, called folio 
reviewers, review the folio and make recommendations to the SASB, which 
in turn, acts upon CTTE's recommendations. The specialty area review 
process is separate from the NCATE on-site unit or college of education 
accreditation process and precedes it by approximately one and one-half 
years. 
Revising the Review Process 

The ITEA/CTTE/NCATE Curriculum Guidelines and the folio process 
are revised every five years. Presently, technology teacher education pro­
gram folios are sent through the college unit on campus and received by 
NCATE. NCATE sends the technology teacher education folios to the 
CTTE folio coordinator. The folio coordinator establishes a team of three 
regional folio reviewers. The team works together to agree on the 
strengths and weaknesses of the folio. Their report is sent to the folio coor­
dinator. 
The Folio Review Team 

Each regional team folio reviewer is sent a copy of the folio being 
reviewed. The team members are selected based upon their regionalloca­
tion. After each member has reviewed the folio individually, the team 
communicates findings with each other. This is typically done at an 
upcoming regional conference, at a scheduled meeting place, bye-mail, 
and/or by a conference telephone call. The final team report, which is sent 
to the folio coordinator, stipulates the strengths and weaknesses of the 
technology teacher education program. The folio coordinator sends the 
final report back to NCATE. NCATE communicates accordingly with the 
technology teacher education program through the college unit on the 
particular campus. 
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Need for Training Folio Reviewers 
To help assess technology teacher education programs and to assure 

that they reflect high standards and contemporary practices, folio review­
ers need to be updated on programmatic changes for technology teacher 
education programs. This is especially true as the ITEA/CTTE/NCATE 
Curriculum Guidelines are revised to reflect Standards for Technological 
Literacy. 
Training Reviewers 

In the past, folio reviewers (both new and those needing updating) 
were trained at workshops at the annual ITEA conference. This process has 
been replaced with a two-on-one training session between two trained 
folio reviewers and the folio reviewer needing training. The CTTE 
Executive Committee, through consultation with the Accreditation 
Committee, first nominates individuals to become reviewers. This makes 
appointments more attractive to CTTE members. 

After an individual is nominated and accepts the invitation to become 
a reviewer, the new folio reviewer is then assigned to a three-member 
review team to review technology teacher education folios. The two expe­
rienced reviewers provide guidance, explanations, and mentoring to the 
new reviewer during the folio review process. The new folio reviewer may 
work on several such folio review teams before being considered fully 
trained. This same process is used for updating reviewers as well. 
Appeal Procedures 

At times, technology teacher education programs may not agree with 
the folio review results and may appeal the findings. When this is the case, 
the folio coordinator, in conjunction with the CTTE President, identifies 
three experienced reviewers who become the Folio Review Appeals 
Committee. The Folio Review Appeals Committee does a detailed review 
and assessment of the folio documentation and the appeal. The Folio 
Review Appeals Committee reports its actions to the folio coordinator. 
The folio coordinator corresponds with the appealing institution, CTTE 
President, and NCATE to make judgments regarding the appeal. If further 
clarification is required, the CTTE President intervenes and makes the 
final appeal decision. 
Continuing Program Approval 

ITEA and CTTE believe that program review is a continual process. As 
such, procedures are in place for an interim five-year review for technolo-
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gy teacher education programs that have program approval through the 
ITENCTTE/NCATE approval process. The goal of the interim five-year 
review is to assure that technology teacher education programs are con­
tinually assessing their performance and making appropriate changes. The 
college unit is notified by NCATE that the technology teacher education 
program needs to submit the interim five-year review. It is the college's 
responsibility to notify faculty in the technology teacher education pro­
gram of the forthcoming review at least 12-18 months before the report is 
due to NCATE. 

For the interim five-year review, the institution, through the technol­
ogy teacher preparation program, submits a report addressing the follow­
ing questions. 

1. Describe the progress toward addressing each specific guideline 
found to be "not met" or not addressed during the last folio review. 

2. Describe progress toward addressing each weakness/recommenda­
tion noted during the last folio review. 

3. Describe changes in the program since the last folio review and 
explain how those changes might impact program approval with the 
curriculum guidelines of the specialty organization. 

4. Describe institutional/programmatic circumstances or special con­
siderations that were or were not included in the initial folio review, 
which might help the folio reviewers better understand the program. 

S. Describe changes in resources such as faculty, technology, etc., and 
explain how these changes have impacted the program. 

6. Describe added faculty resources, new emphasis, or areas of study for 
the continued development of this program since the last folio 
reVIew. 

KNOWLEDGE BASE FOR TECHNOLOGY 
EDUCATION 

A subject area can be defined as having a stand-alone knowledge base 
validated by research. A sound knowledge base is important because it val­
idates that the standards and guidelines are valid for the particular field. 
Within the field of technology education, there has been continuous 
research for the technology education knowledge base. 
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lackson's Mill Curriculum Theorv -
In the field of technology education, there is documented history of 

changing its knowledge base from the study of industry to technology. 
Today, it is the study of technology. 

The technology education profession has undergone curricular and 
programmatic changes since the Jackson's Mill Curriculum Theory 
(Jackson's Mill Project) was published in 1981 (Snyder & Hales, 1981). This 
research and the supporting documents called for far-reaching changes. 
One major change was the recognition of technology as a viable knowl­
edge base. A second was the way technology education was structured and 
delivered at the elementary, middle, and high school and post -secondary 
levels. 

The knowledge base and guidelines established for technology teacher 
education programs have been refmed since their adoption in 1987. The 
first and second editions of the ITEA/CTTE/NCATE Curriculum 
Guidelines, that were approved by the SASB in 1987 and 1992, relied heav­
ily on the research, recommendations, and conclusions provided by the 
Jackson's Mill Project. 
Conceptual Framework for Technology Education 

After the Jackson's Mill Project, the knowledge base and research used 
to revise the guidelines that were approved in 1997 by SASB were based 
upon A Conceptual Framework for Technology Education (Savage & Sterry, 
1991). The knowledge base was established through research conducted by 
practicing technology education teachers, teacher educators, administra­
tors, and other leaders working with the ITEA. This refined knowledge 
base has allowed technology education programs to increasingly focus 
instruction on critical technological analysis and technological problem 
solving, rather than on product and materials processing related instruc­
tional methodologies. The identified knowledge base organizers for devel­
oping curriculum were the technological systems of communicating, 
constructing, manufacturing, and transporting. 
Additional Research for a Technology Knowledge Base 

Since 1990, there have been several published documents that have 
contributed to the knowledge base of technology education. One was the 
44th CTTE Yearbook, Foundations of Technology Education (Martin, 
1996). This document, researched and written by leaders in the profession, 
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presented a complete review of the most current thinking in the field of 
technology education pertaining to the bases for technology education, 
curriculum theory, professional practices, and leadership. A second was A 
Rationale and Structure for the Study of Technology (Rationale and 
Structure) (ITEA, 1996). This research publication outlined the rationale 
and structure for the study of technology and was the knowledge base for 
Standards for Technological Literacy. 

The CTTE has also developed other yearbooks that have recently con­
tributed significantly to the knowledge base for technology education. 
Some of the more important titles include: 

• Kemp, W. H., & Schwaller, A. E. (1988). Instructional strategies for tech­
nology education. New York: Glencoe McGraw-Hill. 

• Liedtke, J. A. (1990). Communication in technology education. New 
York: Glencoe McGraw-Hill. 

• Dyrenfurth, M. R, & Kozak, M. R. (1991). Technological literacy. New 
York: Glencoe McGraw-Hill. 

• Wright. J. R, & Komacek, S. (1992). Transportation in technology edu­
cation. New York: Glencoe McGraw-Hill. 

• Seymour, R. D., & Shackelford, R L. (1993). Manufacturing in tech­
nology education. New York: Glencoe McGraw-Hill. 

• Wescott, J. W., & Henak, R. M. (1994). Construction in technology edu­
cation. New York: Glencoe McGraw-Hill. 

• Custer, R L., & Wiens, E. A. (1996). Technology and the quality of life. 
New York: Glencoe McGraw-Hill. 

• Rider, B. L. (1998). Diversity in technology education. New York: 
Glencoe McGraw-Hill. 

• Martin, E. G. (2000). Technology education for the 21st century: A col­
lection of essays. New York: Glencoe McGraw-Hill. 

The Technology for All Americans Project as a Knowledge Base 
The information presented in the Rationale and Structure (ITEA, 

1996) was the basis for the development of Standards for Technological 
Literacy (!TEA, 2000). This project developed national technology stan­
dards for K-12 technology education programs. The National Science 
Foundation (NSF) and National Aeronautics and Space Administration 
(NASA) funded this project. The project took approximately four years to 
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complete and was presented to the technology education profession at the 
ITEA Conference in Salt Lake City, April 2000. 

RECOMMENDED CHANGES BASED UPON 
STANDARDS FOR TECHNOLOGICAL 
LITERACY 

Standards for Technological Literacy provides standards and bench­
marks for curriculum development in grades K-2, 3-5, 6-8, and 9-12. 
Thus, the technology teacher of all grades must be completely familiar and 
schooled in Standards for Technological Literacy. 
Comparisons between [TEA/CTTE/NCATE Curriculum Guidelines and 
Standards for Technological Literacy 

ITEA/CTTE/NCATE technology teacher education curriculum guide­
lines were approved by SASB in 1987, 1992, and 1997. All university tech­
nology education programs that have been reviewed through the folio 
process in the past have been reviewed in comparison with these guide­
lines. There are 33 guidelines, which can be subdivided into five major 
areas. These include: 

1. Philosophy-These two guidelines assess whether the technology 
teacher education student has a sound technology education philos­
ophy, which is congruent with the most recent research on knowl­
edge bases. 

2. Interdisciplinary Nature-This guideline measures the study of 
depth and breadth in other related disciplines that the teaching can­
didate has in mathematics, science, history, social studies, etc., so 
he/she can better study and teach technology education. 

3. Technological Knowledge-These 13 guidelines assess the technolo­
gy teacher candidate's knowledge about technology in general and 
the systems of communication, construction, manufacturing, and 
transportation technology, including tools, materials, machines, 
appropriate concepts, and problem solving and design. 

4. Managing and Evaluating-These 13 guidelines assess technology 
teacher candidate's knowledge about teaching skills including select­
ing instructional content and strategies, implementing laboratory 
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management, developing objectives and lesson plans, the using stan­
dards, developing and following a professional development plan, 
etc. 

5. Success as a Technology Teacher-These four guidelines assess the 
technology teacher education candidate's ability to teach in the class­
room including managing activities, applying multicultural and 
global perspectives, and incorporating values and ethics related to 
the study of technology. 

If a comparison is made between Standards for Technological Literacy 
and the ITEAICTTEINCATE Curriculum Guidelines, there are certain par­
allels. All of Standards for Technological Literacy deals with technological 
content in the following areas: 

• Nature of Technology-Characteristics, concepts, and relationships 
of technology. 

• Technology and Society-Social! cultural and environmental effects 
and influences of technology. 

• Design-The attributes of design, design processes, and research and 
development. 

• Abilities for a Technological World-Applying and using designs and 
assessing impacts. 

• The Designed World-Medical, agricultural and related biotechnolo­
gies, energy and power, information and communication, transporta­
tion, manufacturing, and construction technologies. 

Blending Standards for Technological Literacy with ITEAICTTEINCATE 
Curriculum Guidelines 

As part of the ITEA's Technology for All Americans Project, addition­
al funding was provided in 200 I for the project to develop a set of 
Professional Development Standards for Technological Literacy. Thus, it is 
important to blend the following three components into . future 
ITEAICTTEINCATE Curriculum Guidelines: 

• Standards for Technological Literacy (ITEA, 2000) 

• Professional Development Standards for Technological Literacy (pro­
posed to be published in 2003 by ITEA/Technology for All Americans 
Project) 
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• Existing technology education folio guidelines from 
ITEA/CTTE/NCATE. 

It should also be noted that NCATE has changed the format concern­
ing how specialty area guidelines or standards are written. Future 
ITEAlCTTE/NCATE technology education curriculum guidelines or stan­
dards need to be performance-based, thus including observable outcomes 
that can be demonstrated by technology teacher education students. In 
addition, guidelines are now called standards and are defined as broad 
statements that are supported by a set of performances or performance 
indicators. The following are being proposed as technology teacher edu­
cation standards and performance indicators for future folio development 
and program approval. 

Standard I-Nature of Technology 
Technology education teacher candidates understand the nature of 

technology, its characteristics and core concepts, and how technology 
relates to other disciplines by creating meaningful learning experiences 
that analyze the nature of technology. 
Performances 

The technology teacher candidate will: 
1. Identify and describe technology. 

2. Identify the characteristics and scope of technology including the 
relationship between people and technology, and the relationship 
between the natural and human-made world. 

3. Apply the core concepts of technology including systems, resources, 
requirements, optimizations and trade-offs, processes, and controls. 

4. Identify the relationship among technologies and the connections 
between technology and other disciplines. 

Standard 2-Technology and Society 
Technology education teacher candidates understand the relation­

ship between technology and society, the effects of using technology, 
and the role technology plays in our society by creating meaningful edu­
cational experiences in a technology education classroom. 
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Performances . 
The technology teacher candidate will: 

1. Define the cultural, social, economic, and political effects of 
technology. 

2. Analyze the effects of technology on the environment. 

3. Identify the role of society in the development and use of 
technology. 

4. Analyze the influence of technology on history. 

Standard 3-Technology and Design 
Technology education teacher candidates understand the design 

process as related to technology products by creating meaningful learn -
ing experiences through the technology education curriculum. 
Performances 

The technology teacher candidate will: 
1. Define the importance of design in the human-made world and the 

attributes of design. 

2. Describe engineering design processes and principles. 

3. Analyze the role of troubling-shooting, research and development, 
invention and innovation, and experimentatipn in the process of 
problem solving. 

Standard 4--Abilities for a Technological World 
Technology education teacher candidates understand how to apply, 

use, and assess the design process by creating meaningful design experi­
ences in a technology education curriculum. 
Performances 

The technology teacher candidate will: 
1. Apply design processes and the processes for solving technological 

problems. 

2. Use and maintain technological products and systems, including 
identifying how various technologies work, working safely using 
technological tools, and using common technological symbols. 
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3. Assess the impact of technological products and systems including 
collecting data, identifying trends, and troubleshooting to maintain 
technological systems. 

Standard 5-The Designed World 
Technology education teacher candidates understand the compo­

nents and systems of the major technologies used in our society today 
and are able to implement these technologies into a technology educa­
tion curriculum. 

Performances , 

The technology teacher candidates will: 
1. Incorporate medical technologies into the technology education cur­

riculum. 

2. Design technology education curriculum that includes agricultural 
and related biotechnologies. 

3. Use energy and power technology in the curriculum. 

4. Apply information and communication technologies into the 
curriculum. 

5. Use transportation technology content when designing curriculum. 

6. Use manufacturing technology content when designing curriculum. 

7. Incorporate construction technology into the curriculum. 

Standard 6-Curriculum 
Technology education teacher candidates design, implement, and 

evaluate effective curricula based upon Standards for Technological 
Literacy. 
Performances 

The technology teacher candidates will: 
1. Engage in collaborative long term planning (scope and sequence) to 

create curriculum for the future. 

2. Select, develop, and evaluate curriculum and instructional materials. 

3. Integrate content from other fields of study with technology. 

4. Improve curriculum by using multiple sources of information. 

5. Maintain a dynamic curriculum by incorporating current techno­
logical developments. 
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Standard 7-Effective Teaching 
Technology education teacher candidates use a variety of effective 

teaching practices that enhance and extend the learning of technology. 
Performances , 

The technology teacher candidates will: 
1. Base instruction on a contemporary teaching philosophy consistent 

with Standards for Technological Literacy. 

2. Apply the principles of learning and student differences to the deliv­
ery of instruction. 

3. Select and use a variety of instructional strategies. 

4. Use materials, tools, equipment, and processes to enhance student 
learning about technology. 

5. Analyze teaching performance to improve instruction using self­
reflection, student outcomes, and other inputs. 

6. Exhibit enthusiasm to create meaningful and challenging learning 
experiences that lead to positive student attitudes toward technology. 

Standard 8-Learning Environment 
Technology education teacher candidates design, create, and man­

age learning environments that promote technological literacy. 
Performances , 

The technology teacher candidates will: 
1. Create a resource rich learning environment that provides for varied 

educational experiences. 

2. Provide an environment that encourages, motivates, and supports 
student innovation, design, and risk taking. 

3. Provide an environment that recognizes and accommodates diversi­
ty of students. 

4. Create and maintain a learning environment that accommodates 
varying learning behaviors, controls discipline, and maintains class­
room procedures and rules. 

5. Design, manage, and maintain a physically safe technology-learning 
environment. 
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6. Create and manage a flexible learning environment that is adaptable 
to the future. 

Standard 9-Professional Growth 
Technology education teacher candidates value and engage in com­

prehensive and sustained professional growth to improve the teaching 
9f technology. 
Performances , 

The technology teacher candidates will: 
1. Build an increased understanding of the knowledge base and 

processes of technology. 

2. Continue to implement improved instructional practices that pro­
mote technological literacy within the students. 

3. Demonstrate a personal commitment to continuous professional 
growth. 

4. Collaborate with others to promote one's own growth by contribut­
ing to the profession. 

5. Assume leadership roles to promote the study of technology and 
technology education. 

6. Participate in professional organizations and promote technology 
organizations for students. 

This suggested guide or model of the ITEAICTTE/NCATE standards 
and performances includes a total of nine major standards with 44 perfor­
mances or guidelines to help assess these standards. This model will be 
used to guide the development of new accreditation standards. 

SUMMARY 
As the technology education field continues to grow and mature, it 

becomes important for technology teacher education programs to meet a 
set of approved technology standards and guidelines. This is done through 
the NCATE accreditation processes. In addition, the technology education 
knowledge base continues to expand. The most recent contribution to the 
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technology education profession has been the research completed in the 
ITEA's Technology for All Americans Project and the resultant documents. 
In the future, Standards for Technological Literacy will be implemented into 
the ITEAICTTE/NCATE standards and guidelines revision and approved 
by the SASB. This will move the technology education teaching profession 
into the future. To do this, a model has been presented that includes a total 
of nine standards and 44 performance indicators to assess the technology 
teacher education program and students. It is suggested that this model be 
used to revise the ITEAICTTEINCATE Curriculum Guidelines. 

THOUGHT-PROVOKING ACTIVITIES 
The technology teacher education programs that have been reviewed 

and have program approval with the existing ITEAICTTEINCATE 
Curriculum Guidelines must submit an interim report to the profession 
every five years listing how the program has changed or improved. In addi­
tion' technology teacher education programs continue to prepare their 
folios for future review by NCATE. In this chapter, a total of nine standards 
and 44 performance indicators were presented. Consider that your tech­
nology teacher education program is either getting ready for a CTTE spe­
cialty subject matter review or preparing for the five-year interim report. 
To this end, compare your technology teacher education program to these 
nine standards and 44 performance indicators. Use a scale of 1 to 5 with 1 
meaning that your students are not meeting the performance indicators 
and 5 meaning that your students are fully meeting the performance 
indicators. Evaluate your program against the nine standards and 44 per­
formance indicators. After completing your review, do you believe your 
technology teacher education program would receive program approval 
with the new standards and performances? What would need to change in 
your program to assure program approval with the nine standards and 44 
performance indicators? Also, along with each performance indicator 
describe student assignments that illustrate each performance indicator 
has been accomplished. Reviewing your program against these standards 
and performance indicators, and identifying student assignments that ver­
ify how guidelines are being met will help prepare for future 
ITEAICTTE/NCATE folio reviews and interim reports. 
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The undergraduate experience in technology teacher education is an 
intensive four-year experience that concentrates on how to teach technol­
ogy to children. It represents a minimum of 120 semester hours or up to 
2000 contact hours. Increasingly, technology education teachers earn 
additional hours in graduate programs that could add another 30 semes­
ter hours or 450 contact hours. Upon graduation, technology education 
teachers can expect their school system to provide an average of 12 contact 
hours of in-service education each year for the rest of their working 
careers. In most cases, that in-service experience will be broadly focused 
and rarely dedicated to the teaching of technology education. What's 
wrong with this picture? 

In a dynamic discipline such as technology, the pressure to keep pace 
provides stress that can burn technology education teachers out at a faster 
rate than other colleagues with more stable subject matter areas do. Add to 
this dilemma recent professional changes and the new challenge of imple­
menting Standards for Technological Literacy: Content for the Study of 
Technology (Standards for Technological Literacy) (ITEA, 2000) and the 
"world begins to tilt" for the average public school technology education 
teacher. This issue is so critical to the technology education profession that 
major efforts are being planned by national and state professional associ­
ations to provide regular workshops to implement the new Standards for 
Technological Literacy at conferences and special in-service seminars. But, 
it is also time for the technology teacher educators to actively provide 
opportunities for classroom teachers beyond the typical offering of credit 
courses and invite them to campus for enhancement of philosophical, 
technical, curricula, and instructional skills based on Standards for 
Technological Literacy. 

This chapter explores the issues of technology education teacher in­
service education and the role of the university in providing this service. It 
will also cover the various types of in-service education and the advan­
tages of each. Some types of in-service education may be used to in-ser-

= 189 = 



Technology Teacher Education's In-servicing of Technology Education Teachers 

vice teachers for implementing Standards for Technological Literacy. Once 
accomplished, attention will be given to the issue of national Standards for 
Technological Literacy and how best to provide public school teachers with 
the necessary knowledge and tools to implement the new goals and objec­
tives for achieving technological literacy. The chapter concludes by dis­
cussing three case studies, including one university that has successfully 
in-serviced over 250 technology teachers during the past ten years. 

EFFECTIVENESS AND SHORTCOMINGS OF 
IN-SERVICING TECHNOLOGY TEACHERS 

Typical public school in-service education consists of a day or two in 
the fall and again in the spring when teachers gather to hear an invited 
outside consultant present a topic of interest. Usually the topic is broad 
(e.g., student discipline, drugs in the schoolhouse, or sexual harassment) 
so that all teachers can participate. In the afternoon, teachers retreat to 
their academic departments where common issues are discussed and 
preparations are made for the incoming students. Sometimes, academic 
departments also provide in-service by reviewing a document (i.e., nation­
al or state standards), or using a state consultant, an outside consultant, or 
a teacher educator to conduct a work session. These sessions are much 
more focused and may include some role-playing of activities and discus­
sions about curricula and instructional strategies. On occasion, technolo­
gy education teachers have also been able to visit other programs in 
neighboring towns and/or visit a local industry to view the latest techno­
logical innovations. All these forms and styles of in-service are useful and 
effective for updating teachers about current events. However, they fall 
drastically short in providing enough material or experience to change a 
teacher's behavior. The in-service experiences are simply too short and too 
shallow to cause sustained change. 

According to Harris and Bessent (1969, p. 4) the need for in-service is 
not something new and has been described in the literature for well over 
30 years. However, there are some fundamentally important reasons for 
providing in -service programs: 

• Pre-service preparation of professional staff members is rarely ideal 
and may be primarily an introduction to professional preparation 
rather than professional preparation as such. 
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• Social and educational change makes current professional practices 
obsolete or relatively ineffective in a very short period of time. This 
applies to methods and techniques, tools, and substantive knowledge 
itself. 

• Coordination and articulation of instructional practices require 
changes in people. Even when each instructional staff member is 
functioning at a highly professional level, employing an optimum 
number of the most effective practices, such an instructional program 
might still be relatively uncoordinated from subject to subject and 
poorly articulated from year to year. 

• Other factors argue for in-service education activities of rather 
diverse kinds. Morale can be stimulated, but improvement of any 
dynamic kind does not occur. 

The typical model used for in-service education is called direct teach­
ing. That is, a professional consultant "teaches" the faculty about a topic. 
"Because direct teaching is currently much of what the public and many 
districts consider staff development, it is important that teachers, admin­
istrators, and policymakers become aware of new and broader conceptions 
of professional development. At present, many districts have one to seven 
days of in-service education in the school year where teachers are intro­
duced to new ideas (e.g., math standards, new forms of assessment). Some 
school districts conduct workshops on themes or particular subjects. They 
often hire consultants to handle implementation of these ideas. While 
learning about new ideas that affect both the content and the processes of 
teaching is important, ideas unrelated to the organization and context of 
one's own classroom have a hard time competing with the daily nature of 
work-even when teachers are excited about and committed to them 
(Lieberman & Miller, 1999, p. 5). Figure 10-1 describes direct teaching, 
learning in school, and learning out of school as methods for organizing 
future professional development for teachers. 

There are a number of collaborative opportunities available to school 
districts. With the increasing capability of on-line linkages between 
schools and universities, networks have been developed that approach a 
new way of delivering in-service education at all levels. But breaking the 
traditional mold, according to Lieberman (1995, p. 5), is very difficult, but 
it must be done to get past the following limitations: 
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Figure 10-1. Organizing for Professional Development 
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• Teacher development has been limited by a lack of knowledge of how 
teachers learn. 

• Teachers' definitions of the problems of practice have often been 
ignored. 

• The agenda for reform involves teachers in practices that have not 
been part of the accepted view of teachers' professional learning. 

• Teaching has been described as a technical set of skills leaving little 
room for invention and the building of craft knowledge. 

• Professional development opportunities have often ignored the criti­
cal importance of the context within which teachers work. 

• Strategies for change often do not consider the importance of support 
mechanisms and the necessity of learning over time. 

• Time and the necessary mechanisms for inventing as well as consum­
ing new knowledge have often been absent from schools. 

• The move from "direct teaching" to facilitating "in-school learning" is 
connected to longer-term strategies aimed at changing not only 
teaching practice but also the school culture. 

• Networks, collaborations, and partnerships provide teachers with 
professional learning communities that support changed teaching 
practices in their own schools and classrooms. 

In technology education, the changeover from industrial arts has put 
a great deal of pressure on the public school teacher. Pre-service education 
prior to 1980 was focused on the traditional areas of content. Unless a 
teacher was able to return back for a master's degree during the 1980s, it is 
likely that his/her background is not sufficient for teaching the new con­
tent areas of technology education without some assistance. Lieberman 
(1995) calls for including practice in in-service education especially for 
technology education. In fact, in-service education for implementing 
Standards for Technological Literacy will be much more successful if there 
is a component that deals with hands-on activities for teachers. 
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MOTIVATING TECHNOLOGY TEACHERS 
TO IMPLEMENT STANDARDS FOR 
TECHNOLOGICAL LITERACY 

The primary motivation for implementing Standards for Technological 
Literacy is to increase the technological literacy of students. Having said 
that, the reality of why teachers will be interested in adopting Standards for 
Technological Literacy will be much less lofty. In practice, the difficult issue 
of decreasing enrollments continues to plague many public school pro­
grams. In state after state, the closing of programs and the continuing 
trend of not replacing retiring teachers is a red flag indicator that the rel­
evance and value of industrial arts curricula in the public school is being 
questioned. Programs that have changed to technology education are able 
to reverse this trend and create a new excitement for both students and 
teachers. Challenges remain for the profession as science teachers are using 
technology activities to motivate their students, and computer teachers are 
being called technology teachers making the role of technology education 
less clear to administrators and parents. 

It is interesting to note that governors are in a high technology frenzy 
trying to attract the "clean, high paying high tech companies" to locate in 
their states. Workforce readiness needed to sustain such a movement heav­
ily relies on a technological literate workforce and it is a "no-brainer" to 
make the connection to programs in technology education-yet, technol­
ogy education has not gained on the workforce development forefront. 
Never-the-less, most technology education teachers will be motivated to 
implement Standards for Technological Literacy if they: 

• Feel comfortable with the new content and teaching strategies, 

• Can convince their colleagues and administrators that all students 
need this type of education, 

• Believe that enrollment increases will occur with the new curriculum 
offerings, and 

• Can secure some assistance in the change process. 

State supervisors can play an important role in securing funding that 
rewards the implementation of Standards for Technological Literacy. They 
can also play an important role in convincing state officials and local 
administrators that Standards for Technological Literacy are an essential 
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component of general education and the basic incubator for the future 
needed by a high technology workforce. If this is possible, new funding to 
support the implementation of Standards for Technological Literacy could 
be forthcoming from the coffers of economic development and/or labor as 
well as education. New funding would be a major motivator for teachers 
and administrators to implement Standards for Technological Literacy. 

Teacher burnout and boredom are also motivators for implementing 
Standards for Technological Literacy, especially for those teachers who are 
still teaching industrial arts content. The national technology education 
demonstration centers funded by the United States Office of Education in 
the early 1990s found that bored and turned-off industrial arts teachers 
were re-vitalized when they changed over to technology education. Some 
of these teachers, as was the case in the state of Connecticut, put off plans 
to retire because the new content was such fun to teach and they enjoyed 
the new self-image of being a technology education teacher (Wright, 
1992). School administrators need to capitalize on Standards for 
Technological Literacy as a vehicle for changing traditional programs into 
meaningful curricula that can enhance their district's offerings. 

MONDAY MORNING UNITS OF 
INSTRUCTION 

Things they do to help students understand technological concepts 
motivate technology teachers. Therefore, the activities become an impor­
tant aspect for implementing Standards for Technological Literacy. During 
the past 10 years a number of excellent design briefs have been developed 
to create problem-solving situations for students at all levels. An excellent 
source for such "Monday morning" ideas is the student activities section of 
The Technology Teacher (ITEA) produced for public use by technology 
education faculty of Old Dominion University. Another source of activi­
ties can be found in the university where future teachers are generating 
new instructional materials as part of their teacher education program. 
This is particularly true when locating materials in the bio-related tech­
nology area. 

The least developed areas for teaching materials and student activities 
are bio-related and transportation. The works of Dr. Ernie Savage at 
Bowling Green State University and Dr. John Wells at West Virginia 
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University in bio-related technologies have been beneficial for under­
standing the role of technology education. Dr. Paul DeVore (retired) at 
West Virginia University, Dr. Myron Bender (retired) at University of 
North Dakota, and Dr. Stan Komacek at California University of 
Pennsylvania provide an excellent array of philosophical and curricula 
positions along with a number of Monday morning activities to support 
the teaching of transportation and energy. ITEA also has excellent 
resources for Monday morning ideas providing a number of support 
materials including action videos, curriculum materials, and student 
activity kits. 

For the past ten years, the ITEA annual conference has featured a 
Technology Festival that provides an opportunity for teachers to share 
ideas, curriculum, student activities, and instructional strategies. 
Additionally, commercial vendors have been sharing ideas in special inter­
est sessions as well as on the show floor where the latest supplies, kits, and 
equipment can be viewed. More and more states have adopted the concept 
of the technology festival and most provide opportunities for vendors to 
show their equipment, supplies, and educational kits at annual confer­
ences. 

Most recently the Internet has been a resource used to share ideas and 
exchange teaching strategies. To participate, log-on to the professional 
organizations, universities, state agencies, vendors, or free float by search­
ing titles such as technology education, design, problem-solving, 
transportation, communication, information, energy, construction, man­
ufacturing and bio-technology. One distinct advantage of this resource is 
its international orientation bringing concepts and practices from a num­
ber of participating countries. 

INSTRUCTIONAL STRATEGIES 
The implementation of the Standards for Technological Literacy 

requires a mental transformation from that of a "fountain of knowledge" 
to that of a "facilitator of knowledge:' Technology is a dynamic discipline 
that grows exponentially rather than arithmetically. Standards for 
Technological Literacy support the "process" approach for implementing 
content. This is best exemplified by the use of design briefs and setting up 
problem-solving situations that allow students to use technical means to 
solve problems. As students go through the discovery process of solving 
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problems, the teacher becomes a facilitator who helps students understand 
technology. Does that mean that the teacher no longer stands up and 
teaches the content? No, content is still important because information is 
the foundation of technology and problem-solving. 

But the real question is what to teach. At Eastern Illinois University 
(1976-80) a number of graduate students under the direction of Dr. 
Ronald E. Jones began the task of building content organizers for the 
Illinois Technology Education State Plan. Using a taxonomy approach, the 
students classified the technical, social, cultural, and systems relationships 
of transportation, communication, production, and energy. In the process, 
they learned the importance of logic when organizing content. Now tech­
nology teacher educators and technology education teachers can use the 
logic identified in Standards for Technological Literacy to determine con­
tent, instructional strategies, and student learning experiences. If students 
understand the "logic" of technology and the logic of a technological con­
text (e.g., information and communication), then the logic will be trans­
ferable to other technologies. 

At about the same time as the British educators were experimenting 
with a process approach for studying design and technology, and using a 
design brief approach that set up student problem-solving situations, the 
"Conceptual Framework" (Savage & Sterry, 1990) group met in 1986. The 
leaders were divided between "process" and "content" instructional strate­
gies. What resulted was the blending of process and content called the 
technological method. This method is still valid with the new Standards for 
Technological Literacy and is a powerful way to provide instruction for the 
study of technology (See Figure 10-2). 

One negative aspect of using a number of high impact design and 
problem-solving activities is placing less emphasis on "stand-up" content 
teaching. The temptation to simply run one activity after another is often 
too much to resist. But, if the teacher is to teach content, the complex 
question of what to teach and what is important must be addressed. 

Thankfully, in Standards for Technological Literacy, we have a tool 
to help us address the mismatch between dependency and under­
standing. Through an arduous four-year process, involving many 
levels of review and countless revisions, the International 
Technology Education Association has successfully distilled an 
essential core of technological knowledge and skills we might wish 
all K-12 students to acquire (ITEA, 2000, p. v). 
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Processes 

Figure 10-2. The Technological Method (Savage & Sterry, 1990) 

Standards for Technological Literacy is based on the premise that all 
students should become technologically literate. In the process of acquir­
ing literacy there are a number of ways we could approach the develop­
ment for students. For instance, technical literacy is important for students 
in Applied Technology programs where the focus is on career skill sets. 
However, if the purpose is general: 

... [T]hen technological literacy is important for all students, even 
those who will not go into technological careers. Because technol­
ogy is such an important force in our economy, anyone can bene­
fit by being familiar with it. Corporate executives and others in the 
business world, brokers and investment analysts, journalists, 
teachers, doctors, nurses, farmers, and homemakers all will be able 
to perform their jobs better if they are technologically literate" 
(ITEA, 2000, p. 10). 

"Efforts toward implementation of technology education have 
aroused considerable interest in the curriculum area and have fostered the 
rapid growth of contemporary resource materials. However, the process of 
implementing a technology education program is a complex undertaking. 
It also requires a change in philosophy, curriculum, and instructional 
practices" (Larkin, 1999, p. 100). Standards for Technological Literacy "pull 
all the bits and pieces" together so that a united approach to the study of 
technology can be undertaken by the profession. Perhaps the most frus­
trating aspect of implementing a technology program is the design or 
redesign of the laboratory facilities. The use of "soft" materials in K -8, and 
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"high tech" equipment in 9-12 can be a difficult transition if careful plan­
ning is not undertaken during the transition. 

IN-SERVICE LABORATORY ACTIVITIES 
Technology education teacher in-service has taken many forms. Many 

different types of in-service facilities have been used with success in bring­
ing about change in the profession. Four key elements in bringing about 
change are for participants to want to change, to conceptualize the "logic" 
of technology and the logic of a technological context (e.g., energy and 
power, information and communication), to develop strategies for imple­
menting the change in their facilities, and to have enough in-service time 
to make the desired change. 

Understanding the "logic" of technology can result in a technology 
education teacher being successful in a variety of instructional facilities. 
Can technology education be taught in a traditional industrial arts labo­
ratory? Absolutely! In fact, Dr. Paul DeVore (retired) and Dr. David 
McCrory at West Virginia University conducted a series of experiments 
from 1973-80 called Project Open that demonstrated that technology edu­
cation could even be taught successfully in a general classroom with min­
imum technical support. However, the optimal situation will be realized if 
laboratory design is intentional and focused on intended learning out­
comes. 

Elementary school programs are easily served by portable technology 
centers that provide students with a variety of basic tools and materials. 
These centers are stored when not in use allowing the elementary teacher 
a great deal of flexibility in a limited (usually self-contained classroom) 
facility. Soft materials (e.g., paper, foam board, cardboard) can be 
processed easily on regular tables as students sketch their ideas and con­
struct their design solutions. 

Middle schools can provide additional flexibility by creating general 
technology laboratories. These laboratories should have the capability to 
engage students in medical, biological, agricultural, energy and power, 
information and communication, transportation, manufacturing, and 
construction technologies. Portable and modular configurations are use­
ful because of their flexibility and multiple use capability. Technology 
islands can be used for utilities, computers, and storage, allowing students 
to bring a variety of technologies together. Also useful is a basic modeling 
area where students have access to material processing equipment as they 
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construct their experiments, working models, and design solutions. 
Additionally, there are a number of commercial vendors who will provide 
facility design services and modular solutions for middle schools. 

Technological system laboratories best serve high schools. The most 
popular are production, transportation, communication, biotechnology, 
energy, and materials processing. A more recent trend is the senior level 
research and development laboratory where pre-engineering classes can 
be taught. Instrumentation and equipment becomes more complex and 
computerized, and students work with both soft and hard materials. 
Students do all types of design and problem solving activities, which 
include troubleshooting, research and development, invention, innova­
tion, experimentation, and procedural development. Students' technolog­
ical interests can be used as the medium for student learning. Students are 
required to study a given technological context in a technological, social, 
and cultural setting. 

THE IN-SERVICE ROLES OF TECHNOLOGY 
TEACHER EDUCATORS 

University professors conduct a great deal of public school in-service 
work, usually on a consultant basis where they contract with schools for 
on-site short-term seminars and workshops. A second area of in-service, 
usually longer in duration and more outcomes-oriented, is funded by 
grants. These grants can be awarded to the school district or the universi­
ty, depending on the type of grant and/or the proposal writer. In the con­
sensus publication, A Rationale and Structure for the Study of Technology 
(ITEA, 1996), the authors challenge teacher educators to " ... expand their 
teacher preparation and research in the field of teaching technology so 
that issues can be addressed with knowledge and understanding" (p. 44). 
Additionally, "In-service programs must be developed to teach technology 
educators how to implement Standards for Technological Literacy " ... [and] 
"[t]hose who educate technology teachers should review and revise under­
graduate and graduate programs ... " (ITEA, 2000, p. 201). This is a call for 
technology teacher educators to move beyond their credit-bearing pre­
service roles and get involved as a university in the implementation of 
Standards for Technological Literacy in the public schools using both tradi­
tional and innovative in-service models. 

The process of change is never smooth, rational, or linear. When 
things do not go well in schools that are transforming, they develop the 
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courage to regroup, plan again, and find ways out of the confusion. 
Despite conflict, which sometimes seems ubiquitous, teachers learn how to 
make it productive - rather than destructive. Sometimes it takes external 
help to teach people how to talk to one another in a way that works, rather 
than expressing interpersonal differences. If people can collaborate, then 
they can make progress. Having many perspectives is critical to school and 
teacher transformation (Lieberman & Miller, 1999, p. 90). 

Technology teacher educators have the distinctive advantage of know­
ing a number of technology teachers, since most of them are graduates of 
their university. The support of teacher educators is also reassuring in that 
it is acceptable to change what they were taught as undergraduates. 
Teacher educators are also experienced change agents and understand the 
change process and all its implications. By strategically working with inno­
vators, communicators, laggards and adopters, professors can move the 
change process along in an orderly and professional manner. By serving as 
a driving force for change, teacher educators can reduce peer pressure for 
opposing points of views. 

In a sense, the technology teacher education program has the profes­
sional responsibility to re-train alumni who were taught methods of yes­
terday and who struggle with implementing Standards for Technological 
Literacy new content and teaching strategies. Because Standards for 
Technological Literacy reflect a philosophy of technological literacy for all 
Americans, just about everyone in the profession benefits from in-service 
education on the Standards for Technological Literacy. 

IN-SERVICE MODELS FOR TECHNOLOGY 
EDUCATION 

The following is a description of university initiated in-service models 
for public school technology teachers. The programs were developed to 
help teachers change from industrial arts to technology education. They 
represent a pro-active approach to advance the technology education 
agenda in West Virginia, Connecticut, and the northeastern region of the 
United States. There are many other models that could be featured in this 
section of the chapter, but these three models are unique and different 
than the traditional approaches highlighted by Lieberman. These actual 
case studies can serve as models for universities who want to provide assis­
tance to public schools that want to implement Standards for Technological 
Literacy. 
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Project Open 
In 1973 West Virginia University's Technology Education Program 

entered into an agreement with two public school districts to provide 
assistance in changing their industrial arts programs to technology educa­
tion over a three-year period. The curricula, in-service initiative was called 
Project Open and was the first comprehensive change model of its type in 
technology education. Under the leadership of Dr. Paul DeVore (retired) 
and Dr. David McCrory, two change models were designed to work in two 
totally different situations. 

A consultant model was established for the school that had an existing 
program (combination of middle/high school) with two seasoned teach­
ers. The university consultant (doctoral student) provided 20 hours each 
week of in-service to help teachers make the conversion and to provide 
intensive assistance in curricula and instructional strategies. During the 
summer months, the consultant prepared teaching materials for the next 
academic year. Over a three year period, seven courses were developed, 
new teaching materials were developed, and the facility was completely 
renovated to allow the teachers to teach communication, transportation, 
manufacturing, and construction technologies with emphasis on techno­
logical impacts and consequences. 

A second model was called a direct implementation approach where 
two doctoral students teamed together to teach and support a new 
program in a standard middle school classroom space. During the fall 
semester, one of the doctoral students went to a secondary school to begin 
teaching general technology. The other team member remained at the uni­
versity and provided curricula and instructional support. During the half­
year holiday break, the team flip-flopped and reversed roles of teacher and 
supporter. After three years, courses in technology education were imple­
mented and the classroom was retrofitted to accommodate the teaching of 
technology and its impact on humankind. 

Over the next 15 years, the Project Open in-service models served a 
number of public schools. The programs were totally funded by the pub­
lic schools and made an impact in all parts of the West Virginia and parts 
of Southwestern Pennsylvania. This change model would be ideal for those 
universities that have advanced graduate degree programs and a resource 
for school districts in need of curriculum development to align them with 
Standards for Technological Literacy. 
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Technology Teacher Enhancement Center 
Dr. John Larkin launched the Technology Teacher Enhancement 

Center (TTEC) at Central Connecticut State University (CCSU) during 
Fall, 1991. This long-term in-service approach modeled after the success­
ful Schenely Teacher Center in Pittsburgh, Pennsylvania. The basic 
concept was to provide long-term enhancement programs to revitalize 
experienced practicing teachers so that they can bring new innovations 
into the field. 

The CCSU program provided 12 all-day in-service sessions that 
focused on the implementation of technology education at middle and 
high school levels. National experts provided minds-on, hands-on sessions 
which were topical in nature and comprehensive in practice. Each pre­
senter was required to provide action-oriented activities, design briefs, 
and/or other teaching materials that could be used on Monday mornings. 
Topics included philosophy, outcome assessment, transportation, biotech­
nology, communication, production, facility design, teaching methods, 
and national and state standards. Each teacher was able to accumulate a 
large amount of resources, argue and debate the positive and negative 
aspects of technology education, and talk to each other about issues relat­
ed to teaching public school technology education. 

In the eight years that the TTEC was offered, over 250 technology edu­
cation teachers were in-serviced. This resulted in program change and 
refinement in Connecticut's schools, teacher bonding and networking, 
and an increase in enrollments at CCSU in the undergraduate technology 
teacher education program. Another unique feature was that the universi­
ty cost -shared the program with the public schools using Perkins Funds 
allocated to the local education agencies. Dr. Larkin received re-assigned 
time to organize and coordinate the program. Most schools sent at least 
two teachers to the TTEe. A few districts in-serviced all their teachers. The 
success of the model lies in the long-term (12 consecutive Friday's) com­
mitment of the school districts and the ability of the university to bring 
national experts to deliver the program. 
Northeast Technology Education Consortium 

In 1991 the United States Office of Education requested research 
funded proposals (RFPs) to develop four national technology education 
demonstration centers. The concept was to develop centers of excellence 
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that technology education public school teachers could visit and see tech­
nology education in action with actual teachers and students. A secondary 
goal of the program was to develop new instructional and curricula mate­
rials, and facility designs. 

CCSU took the initiative to organize several universities and public 
schools into a consortium for the purpose of responding to the RFP. 
University faculty, public school teachers, and state supervisors met in 
Auburn, MA, and agreed to participate in the project. CCSU wrote the 
final proposal. 

The proposal was funded and the Northeast Technology Education 
Consortium (NETEC) was created to develop the centers of excellence. 
Two public schools in New York were selected: one in the city and the 
other in an upstate affluent community. A rural regional school was select­
ed in Rhode Island and a small rural middle school was selected in 
Vermont. Rounding out the NETEC schools was a medium sized city 
school in Maine. The schools were selected because of their commitment 
to teaching technology and their willingness to accept large amounts of 
visitors over several years. The state supervisors tried to select schools that 
were regionally accessible to all northeast teachers. 

The demonstration schools received large amounts of in-service edu­
cation organized by Bill Boudreau, the Director of NETEC and delivered 
by consortium members. A large number of vendors provided assistance 
by donating over $700,000 worth of equipment to the schools and in-ser­
vice time to help the NETEC teachers learn to use and teach the new tech­
nology. NETEC teachers also designed and developed new facilities that 
were state-of-the-art for teaching technology education. 

When visiting teachers arrived at a NETEC demonstration site, they 
were given in-service by the teachers, allowed to visit the laboratories, and 
watched live classes while teachers taught and students did their work. In 
many cases, the students were the best ambassadors for technology educa­
tion. During the first three years of the project over 1,000 teachers visited 
the NETEC sites. Some state supervisors organized field trips to NETEC 
sites using school buses to help cut travel costs. Teachers in the northeast 
still visit NETEC demonstration schools. 

The advantage of this in-service model was its ability to show tech­
nology education in action. Many teachers are reluctant to change because 
they fear technology education will not work. NETEC demonstrated that 
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technology education does work in all situations; city to rural, and rich to 
poor, and every teacher can teach and engage students in the study of tech­
nology. 

RECOMMENDED CHANGES FOR 
TECHNOLOGYTEACHEREDUCATORSFOR 
IN-SERVICING TECHNOLOGY TEACHERS 

Technology education is at an interesting crossroad in its history. After 
20 years of philosophical dialogue, curricula change, and instructional 
experimentation, the ITEA has put forth the most comprehensive and col­
laborated set of national standards, entitled Standards for Technological 
Literacy, in the history of the profession. What is profound about the tech­
nology education movement is that the leadership came from states and 
public schools rather than technology teacher educators who had been the 
primary innovators in the past (Wright, 1999). But now, it is time for 
teacher educators to "step up to the plate" and get behind the implemen­
tation of Standards for Technological Literacy. 

It is time for teacher education program faculty, chairpersons, and 
deans to provide resources for post-service education. In a non-tradition­
al manner, like CCSU, teacher educators should be given reassigned time, 
with credit toward tenure and promotion, for working with teachers and 
public schools to assure proper implementation of Standards for 
Technological Literacy. Never before has the profession needed compre­
hensive post -service education more than now, and never before has the 
profession needed the support of technology teacher educators more than 
now. 

Teacher educators also need to revise methods and curriculum 
courses to address Standards for Technological Literacy. Student teachers 
should be given the opportunity to implement Standards for Technological 
Literacy and cooperating teachers should be in-serviced on Standards for 
Technological Literacy before being allowed to supervise new teachers. 
Technology teacher education graduate programs need to be revised. The 
role of the teacher education program is significant in both pre-service 
and post -service technology education. 

"The conventional view of staff development as a transferable package 
of knowledge to be distributed in bite-sized pieces needs radical transfor-
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mation and rethinking. It carries not only a limited conception of teacher 
learning, but one grounded in a set of assumptions about teachers, teach­
ing, and the process of change that does not match current research or 
practice" (Grimmett & Neufield, 1994, p. 592). The days of individual cur­
riculum plans by innovative teacher educators are over. The new genera­
tion of curriculum leaders must work collaboratively with the ITEA to 
assure high quality curriculum for all Americans. Fortunately, the tech­
nology education profession has many distinguished technology educa­
tors who serve as role models for all ... but technology educators must take 
the lead and reform traditional programs and outdated practices (Wright, 
1999, p. 197). They must be ready to meet the challenge to make sure that 
Standards for Technological Literacy are at the core of what the profession 
is all about. 

The role of technology teacher educators in in-servicing technology 
teachers on how to implement Standards for Technological Literacy is sig­
nificant. Traditional methods of providing consulting to public schools 
have their limitations in terms of time, costs, and effectiveness. The teacher 
education programs have a professional responsibility to its alumni to 
keep them abreast of new changes in the profession. This responsibility 
goes beyond an occasional newsletter or presentation at the state confer­
ence. It must be a comprehensive, pro-active approach to bring everyone 
on-board. 

In-service based on long term commitments between the university 
and public schools is long overdue. This chapter has argued that the one­
day, "start-up and shutdown" models used in the past are not intense or 
comprehensive enough to cause real change in the classroom. Long-term 
funded and unfunded projects between the teacher education program 
and public school technology programs must be designed to help imple­
ment Standards for Technological Literacy. Teacher educators must get as 
committed to post-service education as they are for pre-service education. 
And university administrators must value fieldwork as important, schol­
arly, and acceptable for consideration in promotion and tenure decisions 
if the profession expects professors to seriously meet the challenge. 
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In the past 20 years, state supervisors, professional associations, and 
public school teachers have taken the lead for the development and imple­
mentation of technology education. It is time for teacher educators to 
"step up to the plate" of action and provide meaningful in-service educa­
tional opportunities based upon Standards for Technological Literacy. At a 
time when teacher education enrollments are modest, it would appear to 
be ideal for the profession to dedicate itself to Standards for Technological 
Literacy leadership. The stars appear to be lined up and our profession has 
never been better organized. The expectations are high and the potential 
enormous. The profession needs a new generation of technology teachers 
and teacher educators to enhance the team that's out there everyday. If 
everyone pulls, the load is light. 

THOUGHT-PROVOKING ACTIVITIES 

1. What is the value of long-term in-service education? What barriers 
must be removed in order to provide the necessary time away from 
school? 

2. If you were the curriculum coordinator, how would you provide 
opportunities for technology teachers to become familiar with the 
Standards for Technological Literacy? 

3. How would you plan a five-day retreat for technology teachers to 
learn about Standards for Technological Literacy? Provide a topical 
outline for the five-day session. 

4. What assets do you think teacher educators have to assist in the 
implementation of Standards for Technological Literacy? 

5. What methodologies would you employ to provide in-service for 
public school technology teachers? 
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Teachers have long been expected to be change agents. They are 
expected to carry out the broad mission of public education, i.e., imple­
ment programs, enforce policies, conduct evaluations, and develop new 
curriculum to implement in public education. Now increasingly, they are 
expected to assume leadership roles in school reform. 

One aspect of this leadership is the implementation oflocal, state, and 
national standards. Technology education teachers are expected to imple­
ment Standards for Technological Literacy: Content for the Study of 
Technology (Standards for Technological Literacy) (ITEA, 2000). It must be 
remembered that teachers continue to be the link between curriculum and 
learning. Key to this linkage is teachers staying current with educational 
reform efforts like Standards for Technological Literacy. This document 
provides the foundation for curriculum design and classroom innovation. 
Proper understanding of the purpose and use of standards is the role of 
teacher educators and state departments of education. 

This chapter examines the role that technology teacher educators and 
state department of education supervisors of technology education can 
play in the preparation of technology education teachers and establishing 
collaborative partnership in implementation of Standards for Technological 
Literacy. Specifically, this chapter presents major partnership concepts 
with examples from three states: Wisconsin, Florida, and Georgia. Some 
major ideas and concepts outlined support the implementation of 
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Standards for Technological Literacy as they relate to establishing a collabo­
rative partnership, marketing, and funding teacher in-service, and inno­
vative instructional strategies. Best practices in states committed to 
implementing Standards for Technological Literacy and that offer a diverse 
approach to the in -servicing of teachers are also examined. 

RELATIONSHIP BETWEEN TEACHER 
EDUCATION AND STATE DEPARTMENTS 

Wisconsin 
Wisconsin has a long collaborative relationship between its technolo­

gy education teacher preparation programs and the State Department of 
Public Instruction. History reveals a very close working relationship 
between faculty at both the University of Wisconsin-Stout and the 
University of Wisconsin-Platteville teacher educator institutions and the 
state department. Much of this is due to the leadership of the faculty at 
both universities in the early days of the profession, and it continues today 
in the research and educational design of contemporary technology edu­
cation programs. 
Florida 

Florida also has had a long institutionalized relationship between its 
technology education teacher preparation programs and the Florida 
Department of Education. Teacher educators and state department staff 
have been the driving force of the leadership programs for the state serv­
ing on the prestigious State Technical Committees, Council for 
Supervisors, and numerous executive committees of the profession. This 
combined vision for the advancement of the field is necessary in moving 
technology education forward in Florida. 
Georgia 

Just as cooperative relationships have been established in Florida and 
Wisconsin, the State of Georgia has expanded technology teacher in-ser­
vice by partnering with the ITEA Center to Advance the Teaching of 
Technology and Science (CATTS). The CATTS consortium of states has 
focused on the development of resources to implement Standards for 
Technological Literacy. 
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ESTABLISHING A COLLABORATIVE 
PARTNERSHIP 

As the role of teachers change and the impact of technology plays an 
even greater role in the content for the curriculum and its delivery, it is 
increasingly clear that the knowledge and skills teachers need to succeed 
can only be acquired through greater investments in teacher preparation 
and continued professional development. Success in today's classroom 
requires high levels of knowledge and a broad range of skills. Current edu­
cation reform also creates a broader range of roles for teachers in develop­
ing standards-based curriculum and assessments of student performance 
related to these standards. 

Local education agencies and state departments of education must 
partner with colleges and universities in the development and support of 
teacher pre-service and in-service programs that support the changing 
needs of the classroom teachers and the implementation of Standards for 
Technological Literacy. It is clear that at least four essential elements con­
tribute to successful collaboration when implementing Standards for 
Technological Literacy. These include: 

• Strong relationships built upon shared beliefs. A common set of 
shared beliefs is foundational to the "message sent to the field." 
Classroom teachers must see and hear a clear and consistent message 
whether it comes from their continued professional education or 
from state directives. The belief is simple. The research and knowl­
edge base for curriculum and instructional methodologies rests in the 
hands of the university faculty with proven expertise and the oppor­
tunity to extend curriculum capabilities. The continued connection 
to local schools and assessment of program improvement is the 
responsibility of state department staff. 

• A common vision for technology education and teacher preparation. 
Each partner must have a common understanding of each other's 
role. Strategies that can help reach this common vision are shared 
roles on program and state advisory committees, jointly developed 
and sponsored teacher pre-service and in-service, and cooperative 
research and funding initiatives that support technology education 
and the Standards for Technological Literacy. 
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• A common knowledge base and curriculum that supports the teach­
ing of technology. Critical to providing effective professional in­
service is a common understanding of Standards for Technological 
Literacy that makes up the knowledge base for technology education. 
Technology education programs have evolved from a rich history and 
a wide variety of implementation models found within local schools. 
One thing that is consistent in the standards is the base for techno­
logical literacy and the content knowledge for all programs. State 
leadership has set the direction for local schools in curriculum, 
implementing the standards, and learning assessment. Ensuring the 
success of this direction, university teacher educators must adopt the 
standards and integrate them into pre-service and in-service pro­
grams. 

• Establishing goals, implementing the standards, and identifying pro­
gram expectations. While each of these efforts can stand alone, the 
strength comes from the integration of these for implementing 
Standards for Technological Literacy and their accompanying instruc­
tional resources into all aspects of state department and university 
initiatives. State staff and teacher education faculty rely on each other 
to support and reinforce Standards for Technological Literacy. 

The culminating success of these four elements result in the achieve­
ment of established goals. State departments of education staff and teacher 
educators should work together to ensure teacher support, resource devel­
opment, technical assistance, and financial commitment. 

A major educational reform effort such as the infusion of Standards 
for Technological Literacy into the existing state department and teacher 
education institutions staff development activities is possible because of 
the attitudes of the shared partnership. State departments of education 
provide leadership in critical areas described such as funding, program 
approval and guidance, and leveraging political change. Teacher educators 
share in this responsibility by undertaking supportive research and 
reforming undergraduate and graduate programs to reflect Standards for 
Technological Literacy. 

Standards for Technological Literacy serve as a road map for reform. 
They trace a strong history and will lead to a new and exciting future. State 
leadership is critical and can be established by embracing Standards for 
Technological Literacy in the process of teacher preparation, continued 
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professional development, teacher certification, and overall general public 
awareness. 

MARKETING AND FUNDING 
Marketing is certainly an aspect that cannot be neglected. Public 

awareness, teacher engagement, and school district support are all aspects 
of marketing Standards for Technological Literacy. Wisconsin, as well as 
Florida and Georgia, has leveraged the leadership of state department staff 
and university faculty to connect Standards for Technological Literacy to the 
existing state standards. Providing models of standards-based curriculum 
design and demonstrating student achievement based on those standards 
is essential. Teacher in-service through state-called meetings, professional 
association conferences, university conferences, informational web pages, 
listserves, and workshops provide vehicles to communicate the value and 
inspire leadership at the local level for the use of the national standards. 
Teachers throughout the state can participate in meetings, conferences, 
and email exchanges with state leaders to discuss the process of standards 
reform. State resources provide additional support for teachers and 
teacher educators to attend national meetings to expand their vision for 
the implementation of Standards for Technological Literacy. In Wisconsin, 
a cadre ofleaders have developed supportive resources such as a matrix for 
the integration of Standards for Technological Literacy with mathematics, 
science, language arts, and social studies standards, a scope and sequence 
for program development, a series of professional development experi­
ences, a model curriculum, and assessment tools for technology teachers. 
Each of these resources helps to demonstrate to teachers and administra­
tors the valuable role standards play in connecting educational content 
and teacher preparation. 

Like many states, the current environment for education in the State 
of Florida is legislatively controlled by elected officials who need to hear a 
constant message from the field in regards to technology education. It is 
important that the message be one that moves technology education for­
ward. This is only possible if the stakeholders in the profession work 
together and relay the message precisely and systematically. 

A good example of the results of a unified voice has been the tremen­
dous amount of legislative approved funds (over 55 million dollars) in the 
1990s, plus countless millions from local sources for the re-design and ren-
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ovation of old industrial arts laboratories into trend setting, state-of-the­
art technology education facilities. Efforts in marketing are critical to gain­
ing overall support for Standards for Technological Literacy. These efforts 
must be built upon knowledge that technology education administrators, 
teacher educators, and teachers are the creators, designers, and imple­
menters of Standards for Technological Literacy. 

TEACHER IN-SERVICE 
With financial support from the State Department of Education and 

the expertise of teachers and teacher educators, Georgia has begun the 
process of comprehensive reform in technology education. This effort 
includes the development of state content standards, adoption of stan­
dards-based curriculum, and systematic training of technology education 
teachers. The in-servicing of teachers is a comprehensive venture between 
the state department, professional associations, and teacher educators. A 
variety of strategies have been implemented to address the growing need 
to expand the in-servicing options. Traditional university course offerings 
and conference workshops continue to provide quality experiences for 
teachers. New models of in-servicing such as distance education, the use of 
the internet, and industry training all provide excellent resources for 
teacher in-servicing. 

To assist in the development and implementation of Standards for 
Technological Literacy, Georgia has joined the ITEA CATTS consortium. 
With CATTS, it is necessary to establish a model that will provide systemic 
and on-going in-service training. Teacher educators may be excellent 
trainers in such a model as they directly impact pre-service as well as in­
service experiences. In every case, a common understanding and collective 
partnership between teacher educators, state staff, and contracted in-ser­
vice providers is critical to the overall success of the process. 

Another example of how state departments of education can success­
fully collaborate with teacher educators is to work together to leverage or 
influence administrators or institutions in a philosophical change, which 
will move technology education forward. In Florida, hundreds of thou­
sands of dollars have been used for the design and implementation of uni­
versity courses that meet current teacher certificate demands and for 
implementing Standards for Technological Literacy. A change, that could 
take years if universities had to complete the work themselves, can be 
reduced to weeks. Many new ideas have been tried in Florida, but the most 
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successful one is the benefits from the strong partnerships between the 
teacher educators and the state department of education. 

In Wisconsin, the process of teacher in-service is just that, a process. 
Teacher educators and state department staff continually work together to 
provide innovative opportunities for teachers. One unique model that has 
proven successful is the Wisconsin Staff Development Initiative. This is a 
National Science Foundation and local business partnership funded effort 
that brings together mathematics, science, and technology teachers, train­
ing them in curriculum development, standards implementation, and cur­
riculum integration. 

Teachers are the catalysts for change and Standards for Technological 
Literacy will serve as a guide to innovation and continued curriculum 
development. In-servicing teachers should include a collective outreach 
that extends the role of teacher educators and state department staff to 
assist in teacher training. State professional associations, business and 
industry technology training opportunities, local leadership, and integrat­
ed in-service opportunities with other subject matter areas are all influ­
enced by Standards for Technological Literacy. Teacher educators and state 
departments must provide leadership to all entities that impact teacher 
training. 

INNOVATIVE INSTRUCTIONAL STRATEGIES 
In Wisconsin, new initiatives have been created around equity and 

technological literacy for all students. Efforts led by teacher educators and 
the state staff have created a bold, new vision for the inclusion of young 
women in the teaching of technology. The Technology Action Coalition to 
Kindle Lifelong Learning Project provides training and information to 
increase the number of girls and young women in technology education 
through virtual resources over the Internet. National research was con­
ducted and a knowledge base was created that led to the identification of 
five factors that influence whether young women will participate in tech­
nology education. The technology curriculum and instruction proved to 
be important factors in getting young women to participate. More specif­
ically, the effort must include connecting subject matter to procedures and 
subject matter across a variety of curricular areas. Standards for 
Technological Literacy allows the profession to connect the curriculum and 
lead to the measurement of student success. 
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A second innovative strategy is the Wisconsin Technology Articulation 
Initiative. Teacher educators, state staff, and local school districts have 
partnered to create a two college credit course titled Exploring Technology. 
This course is designed to teach concepts of technological literacy and pro­
vide high school students with college credit. The course is based on the 
state standards for technological literacy and links student experiences in 
high school with future experiences they will gain in college. With techno­
logical literacy as the expected outcome, the content standards drive the 
curriculum and its delivery. 

In Florida, the state legislature approved a program where one student 
from every public and private high school in the state is eligible to receive 
a college scholarship to become a technology education teacher. The pro­
gram also covers tuition reimbursement for any current teacher (in any 
field) to take a university level class in technology education. Last, under 
the Loan Forgiveness Program, new teachers in technology education can 
receive up to $10,000 to repay student loans. These programs would not be 
possible without a strong partnership between teacher education and state 
staff, which has been cultivated over the decades. No one entity can work 
independently; collaborative efforts have been the key to success in 
Florida. 

SUMMARY 
States are using the framework of Standards for Technological Literacy 

to redefine teacher certification standards, local program funding initia­
tives, and university teacher educator programs. Standards for 
Technological Literacy can serve as an important catalyst to connect state 
departments and teacher educators. This chapter was designed to show­
case selected, best practices and spark creativity in building relationships. 
It is important to remember that any partnership takes a commitment and 
continuous dedication to achieve success. Teacher educators and state 
department staff are critical to the overall success of implementing 
Standards for Technological Literacy. Only by establishing a strong positive 
network of professionals at all levels within each state will the profession 
achieve the vision of technological literacy for all our children. 
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Throughout this chapter, the authors have learned that there are many 
factors that impact the success of implementing Standards for 
Technological Literacy. Personal commitment, financial support, and inno­
vative practices were described through the examples provided by 
Wisconsin, Florida and Georgia. The ideas presented will continue to serve 
as guiding principles in future reform. Foremost among these is the need 
to focus on building collaborative partnerships between teacher educators 
and state department of education staff members. The second is the neces­
sity to fully involve and support teachers in the development, training, and 
preparation of programs that implement Standards for Technological 
Literacy. Finally, there is the need to be "champions" of innovation and 
provide the leadership to challenge the traditions of our profession. 

Change comes slowly. Even so, technology educators face a challeng­
ing task as we strive to make the technology curriculum relevant to the 
lives of students. Standards for Technological Literacy provides a roadmap 
for future professional updating. 

THOUGHT-PROVOKING ACTIVITIES 

1. Collaboratively plan a series of four evening workshops led by state 
staff and teacher education faculty that could be provided regionally 
within states to introduce Standards for Technological Literacy to 
technology education teachers. 

2. Plan an agenda for a meeting between technology teacher educators 
and state department staff to plan for the introduction of Standards 
for Technological Literacy to parents, public school administrators, 
and technology education teachers. Plan an agenda for a press con­
ference. Develop a press release to advertise the events. 

3. What state level activities should occur during the next several years 
to implement Standards for Technological Literacy? 

4. Outline a state plan for developing and using assessment tests to 
measure the technological literacy of students in your state. 
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12-

"To improve is to change; to be perfect is to change often." 
Winston Churchill 

National organizations such as the International Technology 
Education Association (ITEA) and its councils are a powerful force in 
determining the direction that technology teacher education will take in 
preparing and in-servicing the next generation of teachers. The mission 
and energy from national organizations have the power to transform a 
profession that was unnoticed into one that is a major focus of society, a 
segment of a profession that is passive into one that comes alive, and a field 
that was formerly positioned on the sidelines into one more centrally 
focused in people's minds. The creation and implementation of Standards 
for Technological Literacy: Content for the Study of Technology (Standards 
for Technological Literacy) (ITEA, 2000) will succeed because of the ability 
of people, their institutions, and relationships with other principle groups 
working together to advance education. The result is a higher focus on 
teaching technology education, credibility for creating a content area, and 
recognition for advancing the profession and education in general. 

Just as people need nurturing and opportunities to grow and excel, 
professional fields such as technology education need a similar type of 
nurturing. National organizations play a significant role in providing 
opportunities and nurturing technology education for its worth as a viable 
part of the educational system. Organizations are involved in the funding 
of projects and directions, creating standards or guidelines for the profes­
sion, providing professional development and forums to discuss issues, 
advancing policy and promoting the field, assisting in the positioning of 
the profession within the entire arena of education, and representing the 
institutions and programs in situations where advocacy is important. 

There are many types of national organizations, each with its own per­
sonality, that playa role that is specifically unique and in line with their 
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expertise. Often these organizations will "team up" to provide a bigger 
alliance for gaining additional support. Their intent is very genuine in 
working with others to improve a particular function or part of society. 
Table 12-1 lists the types of national organizations that exist, their general 
focus/mission, and selected examples of organizations that fall into each of 
the categories. 

Table 12-1. Types of National Groups Working with Standards 

National Group Focus/Mission Selected Examples of Group 

Unions Represent teachers National Education Association 
as workers American Federation of Teachers 

Foundations Address initiatives Rockefeller, Ford, Sloan 
outlined in their 
charters for giving 

Trade Associations Promote selected Society of Manufacturing Engineers 
occupations, American Society of Mechanical 
technology, or Engineers 
industry Institute of Electrical & Electronic 

Engineers 

Educational Advance policy, International Technology Education 
Associations administrations, or Association 

curriculum National Science Teachers 
Association 

National Council of Teachers of 
Mathematics 

American Society of Engineering 
Education 

Alliances/Coalitions Provide forums for Triangle Coalition for Science & 
initiatives on issuesl Technology Education 
topics that are Alliance for Curriculum Reform 
directly addressed 
by an individual 
organization 

Governmental Represent national Department of Education 
Agencies initiatives on topics National Science Foundation 

deemed important National Aeronautics & Space 
by government Administration 

National Academy of Science 
National Academy of Engineers 
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It is important to note that each of these organizations has its own 
operating procedures and policies. They are regulated by bylaws, estab­
lished governing guidelines, and unique policy acceptance procedures. 
Their bylaws and mission statements provide direction that is often 
described in credos. They have elected or appointed boards of governors, 
directors, or trustees who help them frequently adjust the nature of initia­
tives for projects, activities, and giving. 

Technology teacher education is no different from other areas of 
education in enjoying the support of national organizations. Although 
technology education teaching is not comprised of large numbers when 
compared to the whole field of education, it enjoys the same respect and 
attention experienced by the other fields in terms of licensing, standards, 
and practices that come primarily as a result of national organizations 
working on its behalf. 

For example, the Council on Technology Teacher Education (CTTE) 
and the International Technology Education Association joined with the 
National Council for the Accreditation of Teacher Education (NCATE) to 
create a certification process that provides guidance for technology teacher 
education as well as many other fields of education. The end result has 
been a strengthening of both technology education as well as other subject 
areas. CTTE/ITEA is comprised of professionals from higher education 
institutions who help set the ITEA/CTTE/NCATE Curriculum Guidelines. 
Therefore, ITEA/CTTE/NCATE becomes the mechanism or avenue for 
improving technology teacher education as a result of its involvement in 
initiatives that create improvement and change. This is only one example 
of how national organizations work to improve technology teacher educa­
tion while strengthening higher education. 

Few educators ever realize the significant role that national organiza­
tions play in their formal and informal education. Educators who are 
actively involved in forging new directions as well as refinement of suc­
cessful practices do realize that they make a difference in their profession 
and teacher education by being active in organizations. While the majori­
ty of teacher preparation is designed and delivered by a teacher education 
institution, that institution and the people preparing or in-servicing 
teachers have a relationship with all types of organizations. This relation­
ship directly affects the nature of course offerings, offers teacher enhance­
ment for the institution, creates standards, develops instructional 
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materials, and more that support the whole education process. Ordinarily, 
the teacher in training or in-service never realizes the effects of such rela­
tionships although all who are involved profit from the interaction. 

The role of an association such as ITEA as it relates to teacher educa­
tion and standards for the profession is one of being a change agent. 
Members of the association and profession work to adapt the standards. 
They create materials, resources, and models to be tried and implemented. 
They work to research a more effective teaching and learning situation and 
use the association as a vehicle for trying to advance their ideas through 
professional development. Members also use an association for position­
ing and conducting advocacy campaigns that will strengthen the field's 
status and impact. In a standards-based education, the association 
becomes the mechanism for sharing and advancing common ideas about 
philosophy, leadership, promotion, and implementation. 

ITEA members, with the assistance of other agencies, created 
Standards for Technological Literacy. CTTE and other councils within the 
Association were actively involved in this process. Years of work were put 
into the original proposal. Countless meetings with potential supporters 
and funding groups were initiated and conducted. Once the support was 
created and the funding secured, work to complete Standards for 
Technological Literacy was advanced. 

These steps were taken because of the necessity to change technology 
education from its current status into a curriculum positioned to better 
serve the profession and education. Change in technology education has 
not been swift, nor has the thinking that has gone into a lot of change 
reflected deep thought of what students should "know" and "be able to do" 
as it relates to the study of technology. Rather, much of the change has 
been as a result of an entrepreneur mentality with a genuine intent to do 
right. Unfortunately, many of the changes reflected a mentality with the 
teacher as a "follower" rather than a "thinker" and "leader" in determining 
the content being delivered in their programs. 

THE STATUS OF TECHNOLOGY EDUCATION 
BEFORE STANDARDS FOR TECHNOLOGICAL 
LITERACY 

A status review of technology education and technology teacher edu­
cation before the advent of Standards for Technological Literacy would 
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show many programs unaltered in decades of existence. This stagnation in 
the secondary schools has resulted in suffering enrollment for once popu­
lar courses such as woods, metals, and drafting. These programs have lost 
stature in to day's school curriculum and as a result have either been 
altered or dropped from educational programs. Ultimately, it has become 
obvious to many students and their parents that these courses were not 
appropriate for a curriculum to reflect technology. 

Technology educators have experimented with various curricula, such 
as the Jackson's Mill Curriculum Theory (Snyder & Hales, 1981), in 
attempts to produce the first generation of technology education while 
closing the last generation of industrial arts. These changes have been slow, 
but in all fairness to industrial arts and technology educators, more change 
has happened within the field than all of the other areas of the school cur­
riculum. Educational reform in the United States has not been known for 
its quick impact. 

The field of technology education has also suffered from the lack of 
consistency and accountability. This would stand to reason, for a field that 
has not had a rationale and structure for the study of technology and 
devoid of content standards from which to use as a basis for a common 
ground, certainly could not be expected to have any accountability (ITEA, 
1996). The result has been a poor attempt at creating a research base for 
continuing to build the profession, study factors pertaining to teaching 
and learning, and proving the worth of technology education. 

At the university level, entire departments have either been closed or 
subsumed into other departments for various reasons. One main reason 
has been the failure to stay on the leading edge of the latest practices that 
could advance the field. University departments that led the profession in 
ideas and innovation during the 1960s decade are nonexistent or without 
direction at the turn of the century. These departments, to regain the posi­
tion that they once held as a leader in the profession, have exhibited little 
effort. Departments have seemingly taken on the characteristic that 
plagues the university tenure system. That is, once tenure has been 
reached, research, creativity, and educational innovation have decreased. 
At times, university departments have been rudderless in their attempts to 
provide leadership to the profession. 

Research pertaining to the worth of technology education can easily 
be described as "an extremely small stream with little water worth drink-
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ing." Fewer research institutions have been able to sustain a strong research 
program that could prove the worth of technology education, evaluate 
practices in teaching and learning, or create models that could be replicat­
ed in any area of the profession. University departments have neither tried 
to establish nor promote their expertise in any aspect of technology edu­
cation. Research seems to have been limited to surveys on the status of or 
feelings about a particular aspect of technology education. 

Further, serious questions arise as to any advancement in teaching and 
learning practices at the university level. Only recently have departments 
experimented with new delivery techniques that have mostly related to 
educational or instructional technology. Few university technology pro­
grams have made adjustments for the delivery of education through the 
Internet. 

One could easily conclude from this foregoing discussion that the pro­
fession has been without direction. It would seem that the passion and 
enthusiasm for teaching technology has waned! It has not! The field of 
technology education has had to endure all that has happened to the entire 
field of education. In other words, the big picture as it pertains to educa­
tion has not been pleasant with resulting effects on technology education. 
Such ills of education as policy, funding, public perception, and more have 
not been kind to educators. 

Dissatisfaction with education during the 1980s, for example, caused 
a whole series of studies that called for reform. The public became critical 
of education and the resulting years have been filled with unhappiness 
with the performance of students in the classroom. The standards move­
ment spun out of the need to describe performance that students should 
attain and the need to adjust educational practices to better educate our 
population. Technology education teaching was one of the last curriculum 
areas to create standards and attempt to identify what students should 
"know" and "be able to do" as it pertains to the study of technology. 

AN OPPORTUNITYTO REINVENT A SUBJECT 
MATTER AREA 

The funding of the ITEA Technology for All Americans Project, by the 
National Science Foundation (NSF) and the National Aeronautics and 
Space Administration (NASA), was in itself a signal to technology educa-
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tors of new things to come. This was the first time that either of these two 
science, technology, engineering, and mathematics (STEM) oriented agen­
cies had funded a major project dealing with technology education. 

The nature of the project would, for the first time, create A Rationale 
and Structure for the Study of Technology (Rationale and Structure) (ITEA, 
1996). This rationale would serve as the basis from which to build content 
standards for the field. The field had never created content standards in all 
of its years of existence. Instead, the field had used an activity-based, career 
orientation and often was considered a subset of vocational education. 
This subset was only partially successful in positioning the field. 

With NSF and NASA funding, new opportunities for structuring the 
field and strengthening its position within the field of education arose. 
The Rationale and Structure could be used as a basis for creating content. 
The field of technology had an opportunity to position itself as a subject 
matter area alongside the mathematics and science content areas. 
Technology education teaching also had an opportunity to more closely 
align its content with engineering, architecture, and other high technolo­
gy areas. 

These types of opportunities for repositioning a subject matter area 
based upon its content, created a crucial time in the history of the field. 
None of this would have happened without ITEA members and staff 
working with other national organizations who could see a need for 
improving teaching and learning about technology, a new basis for the 
field to build upon, and positioning a field to make a larger contribution 
to K-12 education in the country. 

The progress of the standards project attracted additional attention in 
the STEM content areas as the project utilized fellow educators to capital­
ize on their expertise and experiences in building standards from their 
subject matter areas. Contacts with the Center for Science, Mathematics, 
and Engineering Education (CSMEE), National Research Council (NRC), 
National Academy of Science (NAS) , and the National Academy of 
Engineering (NAB) created relationships and support not anticipated at 
the beginning of the project. The strong ties with NSF and NASA were 
continued and strengthened. 

ITEA was successful in obtaining additional funding for a formal 
review of the standards as a step towards gaining approval from these 
communities. The NRC, on behalf of the academies, conducted the 
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detailed review that approved Standards for Technological Literacy. The 
National Academy of Engineers conducted its own review on behalf of the 
engineering community. These steps toward approval from agencies out­
side the field were major historical accomplishments toward recognition, 
integrity, and respect for Standards for Technological Literacy content-ori­
ented direction. The input from these national organizations serving in 
their role toward the promotion of education helped the technology edu­
cation profession tremendously. 

DELIVERING STANDARDS-BASED 
CURRICULUM AND INSTRUCTION 

National organizations exist in education to influence curriculum and 
instruction and to help teachers. Foundations, associations, and govern­
mental agencies typically fund projects that follow preset goals or direc­
tions that have been determined by their governing bodies. Alliances and 
coalitions provide initiatives that advocate set directions that promote 
standards and their use. Education is influenced by all these organizations, 
which are the motivators, organizers, directors, and funding agencies of 
teacher education initiatives, and research that affects the implementation 
of standards. Teacher educators are often members of these organizations 
and are stakeholders in the directions taken. 

The advent of Standards for Technological Literacy gave reason for 
ITEA and CTTE members to work with credentials and licensing groups 
that set criteria for technology teacher education institutions. This work 
must be coordinated because it affects teachers at the K -12 grade levels as 
well as in higher education. 

Governmental agencies were also contacted to create an awareness of 
the standards and to encourage their use in advancing work related to 
technology education teaching. Such agencies help determine educational 
statistics, terminology, research, and legislation. 

ITEA created the Center to Advance the Teaching of Technology & 
Science (CATTS) as a part of its commitment and mission to implement 
the standards. There also was a commitment to strengthen, broaden, and 
deepen the subject matter and pedagogical knowledge of teachers. 

The Center has given leadership and support to improve the results of 
learners studying technology and science as it pursues four continuing 
goals: Research on Teaching and Learning, Curriculum Development, 
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Teacher Enhancement, and Curriculum Implementation and Diffusion 
(ITEA, 1999). 

The intent of these goals is described as follows: 
• Research on Teaching and Learning. The Center plans and conducts 

research on the factors that underlie effective teaching and learning of 
technology and science at all levels. CATTS projects have included 
research with NASA on micro-gravity activities to be used in tech­
nology and science. Other projects include aerospace missions and 
unique topics pertaining to NASA and education. In work of this 
nature, CATTS research writers coordinate the needs of the associa­
tion and profession with major initiatives being funded by agencies, 
foundations, or corporations. The result is research on teaching and 
learning that helps technology and science teachers. 

• Curriculum Development. The Center plans and develops curricu­
lum and instructional materials that incorporate appropriate content, 
instructional delivery, student activities, and assessments. For exam­
ple, CATTS has worked with ITEA's Technology for All Americans 
Project in creating and providing in-service for promoting Standards 
for Technological Literacy at the elementary, middle school, and high 
school levels. 

• Teacher Enhancement. The Center plans and develops programs to 
strengthen the preparation of teachers at all grade levels to effectively 
include the study of technology and science within the school cur­
riculum. ITEAICATTS has conducted professional development 
workshops on implementation of Standards for Technological Literacy, 
activities for the technology classroom, and children's engineering. 
Work with the children's engineering workshops has been done in 
conjunction with the National Association of Elementary School 
Principals (NAESP). ITEA has also made an electronic version of its 
journal, Technology & Children, available to NAESP members to sup­
port the teacher enhancement work. 

• Curriculum Implementation and Diffusion. CATTS also utilizes a 
consortium to identify needs, develop interest, generate support, and 
maintain a commitment to advance the teaching of technology and 
science. Through the consortium, organizations and agencies can 
build alliances and pool resources, whereby expediting solutions to 
their respective needs for high quality professional development. 
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• Alliances are established among public agencies, institutions, organi­
zations, and private businesses to facilitate the development of rele­
vant products and services. A contractual agreement and fee entitles 
consortium members to receive deliver ables, e.g., instructional activ­
ities, curriculum guidelines, professional development workshops, 
etc. Grants are also used to support the Center's activities and to sup­
plement the consortium's low fees. 

• This consortium work has resulted in the largest technology curricu­
lum development effort in the profession within the last 30 years with 
teacher enhancement and leadership being provided to consortium 
states throughout the United States. Plans and activities are being 
implemented to create a new series of technology courses at the sec­
ondary level including additional work with activities at the elemen­
tary level. 

• ITEA conducts extensive work beyond CATTS and other project 
efforts on a continual basis with ongoing professional development 
programs. For example, Standards for Technological Literacy has been 
the major focus of the last four major conferences with general ses­
sion and special workshop sessions designed for teacher education. 
Publications and extensive worldwide web activities are aimed at 
implementing Standards for Technological Literacy and helping 
teacher educators in every way possible. 

THE CHALLENGES AHEAD 
Most technology educators have not even begun to realize the true 

potential of their field. They have not realized the possibility of their field 
being a core subject. Years of thinking in a career rather than a content 
direction has led technology education teachers to be trapped into think­
ing that they are in a vocational career subject matter area when they have 
an opportunity to teach the major technology content and become a 
major player in the overall education of students. The traditional thinking 
gives security and stifles efforts to mature the field into its full potential. 

The advent of technology with the beginning of the Internet era has 
caused changes in society resulting in an increased awareness about the 
effects of technology on our lives. The last time that technological change 
of this magnitude affected society may have been with the creation of elec-
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tricity and the light bulb. Such inventions create profound changes in 
work patterns and family relationships. The major institutions in society 
such as economic, religious, governmental, and education are impacted as 
well as the major organizations that operate within these contexts. 

It is widely known that technology has changed society over the past 
centuries. The innate human ability to innovate has led to those changes. 
However, the field of education has not until recently addressed the 
importance of learning more about technology. To the average member of 
society, technology has been so sophisticated that it seems like magic or so 
basic that it has been overlooked. Science has often been given credit for 
many technological advances with such terms as "rocket scientist" when 
perhaps the more accurate term would have been "rocket engineer or tech­
nologist." 

Interest in teaching about technology has risen. The Rationale and 
Structure and Standards for Technological Literacy have brought focus to 
the technology curriculum. Technology teacher education has a unique 
opportunity to reinvent itself into a dynamic subject matter area. If tech­
nology teacher educators do not take advantage of this window of oppor­
tunity, others will probably teach the subject matter area. The choices are 
simple: either technology teacher educators study technology, focus on 
this subject matter area, and understand how to implement Standards for 
Technological Literacy, or stand idly by as other areas of education attempt 
to teach technology according to their own interpretations. 

Technology teacher educators can easily be leaders in learning innova­
tion. There is no secret formula or special prerequisites. All that is needed 
is an intense desire to study, lead, and implement what can be the most 
dynamic subject area ever. 

The environment exists to reposition the study of technology in peo­
ple's minds and in schools throughout the nation. National organizations 
such as ITEA, engineering associations, and many more, as well as govern­
mental agencies such as the NAE, NASA, NSF, and more are helping to 
bring about those changes. Now, technology teacher education institu­
tions must look at their programs, assess their higher education role, and 
provide solid leadership. 

The real danger facing higher education institutions is the potential 
for apathy in providing leadership. Standards for Technological Literacy 
provides a focus on technology that is not technical education, vocational 
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education, skills preparation, or career education. The focus is on the 
study of technology! Technology education cannot reach its full potential 
unless teacher educators realize their important role in focusing the pro­
fession on the study of technology. 

The biggest challenge for technology teacher education is shedding its 
traditions and moving forward with the positioning starting from the 
creation of Standards for Technological Literacy. For example, many tech­
nology education teachers of today are actually teaching more specific 
technical education under the title of technology education without any 
realization of this practice. The field has the burden of having a large num­
ber of teachers who are unfamiliar with the content associated with the 
study of technology. Many teacher educators actually teach about voca­
tional education while calling it technology education. The rest have been 
muddling together the purposes of technical, technology, career and/or 
vocational education, which does not help any of these areas reach their 
potential. 

Educational administrators, fellow teachers, parents, students, and 
countless other decision makers will need to be educated pertaining to the 
changes that have occurred in the field. Work in this area has already 
begun with writing efforts such as the 63 pages of the National Association 
of Secondary School Principals (NASEP), The Bulletin, devoted entirely to 
technology education (NASSP, 1999). Many more activities will be com­
pleted in the future as a result of interactions with other national organi­
zations. For example, ITEA now has a partnership with the (NAESP) to 
co-produce professional development and provide Technology and 
Children to NAESP members. With these thoughts in mind, it is obvious 
that professionals will use association work to strengthen teacher educa­
tion in the years ahead. 

Failing to address these challenges by technology teacher educators 
and technology education teachers will result in the field never fully real­
izing its potential for becoming one of the most dynamic and exciting sub­
ject matter areas in the school curriculum. A prime opportunity exists to 
take the profession through the following steps (See Figure 12-1) in the 
creation of solid technology education programs. 
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Figure 12-1. Continuum for Creating Technology Programs 

(R) rationale and structure for the study of technology , 
(C) standards for technological literacy , 

(C) curriculum that interprets those standards , 
(C) courses and lesson plans , 

(E) evaluation and assessment 

Each of these steps is significant for the profession. The association 
and every teacher education institution have their hands full with the 
amount of work to be completed. The opportunities for leadership from 
every institution exist. The future of the field depends upon how well each 
department rises to the challenges of using Standards for Technological 
Literacy to improve their positioning, research base, teacher quality, teach­
ing and learning, and positioning of the field as a strong viable part of 
everyone's general education. The time span to take advantage of these 
opportunities is limited. Technology teacher education institutions that do 
not react will lose their position in the field and be replaced by others who 
may not be in the teacher preparation business at this time. 

Table 12-2 describes selected major thought patterns that must evolve 
or change for technology teacher education to assume a leadership role. 
Associations can and will help with these positioning challenges. However, 
these changes will occur more quickly if teacher educators take on an 
active posture in implementing Standards for Technological Literacy. 

As technology teacher educators consider the changes that must be 
made in their field, they must focus on the opportunities and not dwell on 
the perils of creating change. As Henry Kissinger (1999, p. 73) noted: 

For any student of history, change is the law of life. Any attempt 
to contain it guarantees an explosion down the road; the more 
rigid the adherence to the status quo, the more violent the ulti­
mate outcome will be. 
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Table 12-2. Positioning of Technology Teacher Education 

Thinking along traditional lines 

Owned and taught primarily by 
technology educators 

Passive existence with few major 
initiatives beyond special projects 

~ Thinking as a change agent 

~ Owned and taught by various 
subject area educators with 
leadership provided by technology 
educators 

~ Leadership potential in 
philosophical, curriculum, 
research, teacher 
enhancement, assessment, etc. 

Grouping primarily with vocational ~ Grouped with math, science, and 
offerings and administration engineering curriculum and 

ad min istration 

Manipulative skills dealing with 
careers 

~ Thinking, problem solving, 
innovation, and manipulative 
skills 

Focus on splintered set of activities ~ Focus on teaching/learning 
with inconsistent curriculum curriculum, activities, and research 

No consistent course content 
unless technical or career emphasis 

No systemic accountability in 
place 

Vendor-driven philosophy, 
materials, and direction 

~ Opportunity for consistent 
course offerings (nationWide) 

~ Teacherllearning measuring 
capability on national/international 
level 

~ Teacher educator/teacher driven 
with standards as the basis 

Technology teacher educators must become the change agents and 
leaders who help take the national organizations, their own institutions, 
and profession toward the true role that technology education should play 
in an education appropriate for a technological society. What is at stake at 
this point in history is whether technology educators have the enthusiasm 
and drive to provide the leadership for the changes to be made. 
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The intellectual capability is present, the obvious directions have been 
identified, and national organizations are doing their part. Now, the time 
has come for technology teacher educators to take advantage of the oppor­
tunities before them or face the consequences of playing an insignificant 
role in the future of the field. The students in our society will be the real 
winners when the opportunities are addressed. The following scenario 
identifies the future direction for national organizations implementing 
Standards for Technological Literacy and technology teacher educators' 
important role in advancing the profession. These thought provoking 
questions should stimulate your thinking about what needs to take place 
in the future. 

SCENARIO 
The advancing technological world has caused remarkable develop­

ments, which are already transforming business, communications, and 
lifestyles. There is no reason to believe that education will not also under­
go a tremendous change to reflect the rest of the world. Associations and 
teacher education institutions will take on different mentalities, partly to 
survive and partly as a result of changes coming from the outside world. 

Teacher education will not only become more electronic, it will change 
because of the remarkable developments of the electronic revolution. 
Computers and video power will be everywhere making the current com­
puter age seem very basic as more developments continue to change our 
environment. This will affect what we traditionally thought to be out­
standing on-site technology teacher preparation programs. The context 
and delivery of teacher education will have no borders, different guide­
lines, and competition from businesses that were not in existence at the 
turn of the century. 

Knowledge, skills, and natural resources are today considered a source 
of comparative advantage for any nation. The strong educational system of 
the future will place emphasis on knowledge and skills as a part of a coun­
try's social investment. The strong countries will be those which use the 
computer as a tool to reinvigorate their science and technology base. The 
importance of natural resources in the strength of a country will slowly 
wane. 

Computing in the future will be everywhere because of the ability to 
plant more knowledge into smaller spaces. This will cause our society to 
go from being observers to choreographers of nature with the advances in 
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genetics, biotechnology, and every other type of technology. How can 
teacher education not change in this type of world? 

Teacher education of the future, as compared with today or past years, 
will definitely be considered non-traditional-non-traditional in terms of 
its setting, requirements, timing, instructional systems, delivery, and stan­
dards. The essence of human nature will also change as is already evident 
with one's ability and often desire to be in touch no matter where they may 
be on or around our planet. 

There will always be a starting point for knowledge and skills in what­
ever times we may live, a need for a rationale and structure for the study 
of technology even as technology and people change, and a need for stan­
dards from which to set goals and measure progress. Human teachers will 
be needed even as we become sophisticated enough to create robots with 
higher skills and intelligence. 

With those teachers comes a compelling challenge to produce students 
with the ability to lead the next generation of thinkers for our civilization. 
Technology teacher education will be faced with the task of not only cre­
ating teachers who can impart experiences and knowledge of the scientif­
ic and technology world, but they must also be able to use the computer 
tools available everywhere for delivering that knowledge. 

The role of organizations and teacher educators in this type of world 
will be necessary as long as there is learning to take place. There will be a 
need to constantly re-establish standards and develop experiences for 
learning. There will also be a need for visions by educators to adapt to the 
changing environment, roles of technology teacher educators, and organi­
zations in the educational systems of the future. 

THOUGHT-PROVOKING ACTIVITIES 
With those thoughts in mind, 

1. How do we design education that can effectively prepare members of 
our society to be technologically literate? 

2. What are the effective ways to produce teachers with an understand­
ing of technology content and the ability to be quality teachers? 
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3. How can education be designed to effectively teach technology in all 
subject areas and settings other than schools such as museums, fairs, 
home, and more? 

4. What strategies can be utilized to create consistent measures of stu­
dent learned knowledge about technological capabilities at the local, 
state/provincial, national, and international levels? 

5. What should be the design and benefits of future technology teacher 
organizations and teacher education institutions? 

SUMMARY 
A significant step has been taken at this point in technology teacher 

education. A Rationale and Structure for the Study of Technology has been 
developed. Standards for Technological Literacy exists where they were 
absent in the past. The groundwork or foundation to build a stronger cur­
ricular area is in place. 

The profession can expect Standards for Technological Literacy to be 
revisited and adjusted in the future. We can expect new players and sys­
tems of content delivery as "dot com" companies seek to improve educa­
tion. We can expect more attention being played to technology education 
teaching as other than the traditional technology teachers start to address 
the content. As these changes evolve, national organizations will continue 
to promote the core beliefs of the profession, work with existing universi­
ty and professional development personnel, while taking advantage of 
opportunities resulting in a better technology education for all. 
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Standards for Technological Literacy: Content for the Study of 
Technology (Standards for Technological Literacy) (ITEA, 2000) presents a 
vision for the content of technology to prepare technologically literate stu­
dents. In order to deliver this vision, all teachers of technology (technolo­
gy education, science, social studies, etc.) must become knowledgeable of 
the subject's content, methods of delivery, and students needs for studying 
technology. In the preparation of qualified and licensed teachers, the 
teacher education program must take an active role in preparing the best 
teachers possible to deliver the content presented in the 20 standards in 
Standards for Technological Literacy. This active role of the universities is 
vital and fundamental for the successful delivery of technological literacy 
to each student. 

This yearbook has provided the best thinking of the Council on 
Technology Teacher Education to transition teacher education to the next 
phase, using the Standards for Technological Literacy as the knowledge base 
for the preparation of future technology education teachers. In Section 1 
of this yearbook, the authors provided an overview of the role of standards 
in education. Educational reform and the need for improving learning cre­
ated a need for educational standards. In technology education, the oppor­
tunity and financial support were garnered through the efforts of the 
International Technology Education Association and its members. 
Although Standards for Technological Literacy have provided new knowl­
edge to be delivered through technology education, if the profession does 
not act, nor act intelligently and conclusively, it can encounter many stum-
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bling blocks and not realize the power that can result from a planned 
reform effort. Also in this section, the authors examined the standards that 
have been developed for other school subject areas. These were reviewed 
and those that have a close relationship with the study of technology were 
explained. This information should help technology educators see that 
they are not in the standards arena alone but can work with colleagues 
from other teaching areas to use their subjects to support the development 
of technology education teachers. 

The authors of Section 2 provided the background research that was 
used to establish Standards for Technological Literacy. Through funding by 
the National Science Foundation (NSF) and the National Aeronautics and 
Space Administration (NASA), an opportunity was created for the mem­
bers of the technology education professions. Rationale and Structure for 
the Study of Technology (1996) provided the knowledge base from where 
the Standards for Technological Literacy were developed. The chapter on 
Standards for Technological Literacy: Content for the Study of Technology 
summarized the standards and suggested how they can be used in the re­
design of technology teacher education programs. 

Section 3 authors provided ideas for the actual integration of 
Standards for Technology Literacy into technology teacher preparation. 
Visions were created of what a technology teacher education program 
should consider in its re-design. Models for how the curriculum for 
teacher education should change to deliver Standards for Technological 
Literacy were suggested. The authors did not limit their thinking to one 
model, but proposed several that teacher educators can consider as cur­
riculum changes are prepared for the future education of teachers. Also 
within this section, several alternatives were explored that have been suc­
cessful in the preparation of teachers from non-traditional perspectives. 
Futuristic visions were also set forth, one that used mentors and electron­
ic means for the preparation of technology education teachers. This was 
done in hopes of reducing the shortage of licensed technology education 
teachers. 

Licensure and accreditation are two external factors that regulate the 
preparation of teachers. Authors of Section 4 addressed the implications 
that Standards for Technological Literacy have on future technology educa­
tion teacher licensing. With the re-design of teacher education programs, 
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teacher educators must be cognizant of adhering to accreditation stan­
dards. Within this section, a vision was set forth of what the 
ITEA/CTTE/NCATE Curriculum Guidelines might look like in the near 
future. This vision can assist with the re-design of teacher preparation cur­
riculum. 

Since many practicing technology teachers were not schooled in 
implementing Standards for Technological Literacy, ideas were set forth in 
Section 5 for providing in-service education for re-designing the delivery 
of technology education for K-12 teachers. The role of teacher education 
in providing effective in-service strategies for implementing Standards for 
Technological Literacy was discussed. Also, the authors reviewed coopera­
tive arrangements between departments of education, schools systems, 
and universities in providing in -service training so practicing teachers can 
become aware of and develop curriculum, courses, instruction, and activ­
ities using Standards for Technological Literacy. Since a majority of our 
teachers already teach, the importance of in-service education was 
addressed. Finally, this section reviewed the role of national associations in 
developing cooperative relationships for the profession and the develop­
ment of instructional materials and professional development for technol­
ogy teacher education. 

With this yearbook, the stage has been set for technology teacher edu­
cation to deliver the Standards for Technological Literacy. The authors pro­
vided ideas for the re-design of technology teacher education. In this final 
chapter, the editors build upon these ideas and suggest some planning 
strategies that can be used for integrating Standards for Technological 
Literacy into technology teacher preparation. 

STRATEGIC FRAMEWORK FOR 
IMPLEMENTING STANDARDS FOR 
TECHNOLOGICAL LITERACY 

Each technology teacher education program should prepare a written 
strategic framework for integrating and implementing Standards for 
Technological Literacy into its undergraduate program. The strategic 
framework for implementing Standards for Technological Literacy should 
include the following steps: 
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1. Orient technology education faculty to Standards for Technological 
Literacv. -

Most technology education faculty need an orientation to the com­
plete Standards for Technological Literacy. The department chair/program 
leader should organize a workshop for this purpose. An International 
Technology Education Association (ITEA) staff person, a Technology for 
All Americans Project staff member, or Standards Specialist who has been 
trained in the philosophy and content of Standards for Technological 
Literacy can conduct the workshop. A minimum of one-day should be 
devoted to orienting the technology teacher education faculty to the stan­
dards. These workshops should focus on the relationships between 
Standards for Technological Literacy and the ITEAICTTEINCATE 
Curriculum Guidelines (ITEA/CTTE/NCATE, 1997). It is possible that a 
state agency may provide financial support for a technology teacher edu­
cation faculty workshop. This allows all technology teacher educators in 
one state to become oriented to Standards for Technological Literacy and to 
discuss implementation into teacher education programs. 

2. Work to gain consensus on Standards for Technological Literacy by the 
faculty. 

Once the technology teacher education faculty has been given an ori­
entation to Standards for Technological Literacy, they need to discuss the 
implementation of these standards within the technology teacher educa­
tion program. The faculty must gain consensus on implementing the stan­
dards in the program. The department chair or some designee should lead 
the faculty through this consensus gaining process in order to assure that 
all items are discussed and the faculty is given an opportunity to resolve 
concerns. By doing this and gaining consensus, each faculty member has a 
degree of ownership in the decisions for implementing the standards in 
their technology teacher education program. 

3. Convert the technology teacher education program to be based on 
Standards for Technological Literacy. 

Standards for Technological Literacy provides the content basis for the 
study of technology. It presents the content of what every child should 
know and be able to do in order to become technologically literate. The 
standards provide a rich basis for the content at the teacher education 
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level, since graduates should be prepared to deliver this content in grades 
K-12. The knowledge base for the content, which is presented in Standards 
1-10, is important for their infusion into the coursework of the under­
graduate degree program. The content developed around the categories of 
the Nature of Technology, Technology and Society, and Design provides a 
rich cognitive and effective foundation for the study of technology. 
Likewise, the knowledge and abilities presented in Standards 11-20, which 
deal with Abilities for a Technological World and The Designed World, 
provide the basis for much of the hands-on laboratory-based content for 
the technology teacher education program. These 20 standards should 
provide the foundation for what should be offered in the technology 
teacher education courses. Also, activities provided for by the Technology 
Education Collegiate Association (TECA) can provide co-curricular expe­
rience for the students based on the Standards. The professional clinical 
experiences can provide rich real world experiences and should be based 
on Standards for Technological Literacy. Likewise, the pedagogical courses 
typically offered by the department or the college can be designed so that 
they include the 20 content standards for technological literacy. 

It is important that other majors outside of the technology teacher 
education program learn about Standards for Technological Literacy in 
hopes that they will deliver technology content within their classes. This is 
certainly true for such pre-service candidates as science, mathematics, 
social studies, language arts, and history teachers. 

It also may be possible to select certain university core requirements, 
which complement Standards for Technological Literacy. Such possible 
courses could include History of Technology, Technology and Society, 
Science, Technology, and Society (STS), as well as related engineering and 
computer science courses. 

A committee should modify the existing technology teacher education 
program based on Standards for Technological Literacy. This modified cur­
riculum should cut across all areas of the undergraduate degree program 
including technology courses, clinical experiences, pedagogy courses and 
experiences, and university core requirements. The committee should 
work to develop a comprehensive plan for revising the undergraduate 
degree curriculum, which is within the acceptable timeframe of the uni­
versity. 
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It is also essential to contact personnel in state departments of educa­
tion licensure area to make sure that the proposed changes will meet the 
state licensure requirements. The program leader must meet with key peo­
ple at the state department to secure approval for the proposed changes. 

4. Gain college/university support of the new technology teacher edu­
cation program. 

Once the committee has studied the revision of the undergraduate 
degree program, it needs to take the recommendations through the com­
mittee process within the college and/or university for approvaL This usu­
ally is an arduous process that takes time and effort to navigate the changes 
through the curriculum approval process successfully. The committee 
should be prepared to argue for reasons why the changes in the program 
are necessary and why it will produce better-qualified teachers. 

The committee must be prepared to inform other faculty and admin­
istrators within the college and university about what is involved in the 
study of technology and why everyone needs to be technologically literate. 
This should be perceived by technology teacher education faculty as an 
opportunity, instead of a problem, for educating key university personnel 
about the importance for all citizens becoming technological literate. 

5. Implement new program. 

Once the college or university has approved the modified technology 
teacher education program, the department leader and other faculty need 
to implement the program. This involves informing and educating 
students about proposed changes. Previous program graduates and 
department alumni should be made aware of the program changes and the 
benefits of implementation. Also, those who hire graduates or supervise 
technology education student teachers must be informed of the rationale 
for and the change in the teacher education program. 

An implementation schedule should be developed so that the pro­
posed program can be phased into the undergraduate degree program 
over a period of time. Undergraduate degree advisors should be trained on 
the new degree requirements and how to advise students in the degree 
program. Off campus teachers and others who work with undergraduate 
technology education majors in clinical experiences should be informed of 
program changes so they are familiar with both what has been done and 
why the modifications occurred. 

242 



Dugger, Ritz, and Israel 

6. Recruit new maiors . . 

It is imperative that the technology teacher education faculty recruits 
new majors as soon as possible. Many times because change is underway, 
it becomes more difficult to take time to recruit majors. Strategies should 
be developed to recruit high school graduates, transfers from other aca­
demic departments, and transfers from community colleges and other 
universities. It is critical to work with key teachers around the state or 
region who have historically recruited students to enroll in the university 
technology teacher education program. Since there is a major national 
shortage of technology education teachers, it is mandatory that every tech­
nology teacher education faculty recruits future technology education 
teachers. 

7. Market this new program to key stakeholders. 

The new program needs to be marketed to key stakeholders, e.g., other 
faculty within the college and university, the university's administration, 
potential new majors, and as previously stated, alumni. Key stakeholders 
also include school systems that hire graduates from the undergraduate 
degree program as well as teachers who worked as student teacher super­
visors and other clinical supervisors. Marketing the new program to state 
department personnel is also imperative in an effort to gain support, 
which may result in possible funding for standards-based reform. Last, it 
is important to market the new program to other teacher education pro­
grams nationwide. This may be done through ITEA's Council for 
Technology Teacher Education (CTTE) Web sites and/or department 
and/or university Web sites. Other universities can review program 
changes in the new technology teacher education program. 

8. Evaluate the program. 

It is imperative that the undergraduate degree program be periodical­
ly evaluated. This can be done through formal II;1eans, such as formal 
accreditation processes or through informal means such as self-evaluation 
procedures. It is recommended that the program leader initiate an internal 
review to assess progress four to five years after program modification is 
implemented. Questions need to be answered, such as "Were the changes 
beneficial to producing high quality graduates in technology education?" 
Also, evaluation should include the opinions of graduates as well as key 
stakeholders that hire undergraduate degree majors. The results of this 
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evaluation should be formulated into a report so that faculty within the 
department as well as those in the college or university administration can 
see the effects of the revision and changes over this time period. This 
report will also be useful when preparing documentation for an 
ITEAICTTE/NCATE program review. 

9. Revise on regular basis. 

Based on the evaluation and input received over the four to five year 
period, it is imperative that the undergraduate degree program be revised 
on a regular basis. The evaluation data provide a rich resource for further 
improving the undergraduate degree program. The faculty should focus 
on what works and what does not, and further changes should be made to 
improve the undergraduate degree program. Evaluation through either 
internal review or external accreditation provides an excellent means for 
further refinement of the pre-service technology teacher education pro­
gram. 

HOWTHETHREE COMPANION STANDARDS 
WILLASSISTTHE IMPLEMENTATION 
PROCESS FOR STANDARDS FOR 
TECHNOLOGICAL LITERACY 

ITEA's Technology for All Americans Project is unique on a worldwide 
scale because no other agency or association has developed standards for 
technological literacy. As a result, there is an acute need for a cadre of 
teachers, curriculum developers, teacher educators, and administrators 
who can effectively lead educational reform and implementation in tech­
nological studies. 

The National Science Foundation (NSF) and the National Aeronautics 
and Space Administration (NASA) have funded the ITEA's Technology for 
All Americans Project, from 2001-2003, to develop three additional sets 
of standards in Phase III of the project. The goals for Phase III that 
follow outline the necessary leadership skills to make technological litera­
cy a reality. 

The goals for Phase III include: 
1. To develop student assessment standards based on Standards for 

Technological Literacy. 
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2. To develop professional development standards (in-service and pre­
service) based on Standards for Technological Literacy. 

3. To develop program standards that are used as criteria to assess the 
overall quality of and conditions for technology programs in schools, 
based on Standards for Technological Literacy. 

4. To develop a cadre of teachers, curriculum specialists, and adminis­
trators who can effectively lead reform in education and implement 
Standards for Technological Literacy (NASA initiative). 

A Rationale and Structure for the Study of Technology (Rationale and 
Structure, 1996) and Standards for Technological Literacy: Content for the 
Study of Technology (Standards for Technological Literacy, 2000) will create 
the need for educational reform in technology education. An implemen­
tation strategy is being developed to help educators bring about the 
desired change in technology education based upon the standards. 
Technological literacy will not become a reality for all students until criti­
cal support documents proposed in Phase III are created for student 
assessment, program development, and professional development stan­
dards. ITEA's Center to Advance the Teaching of Technology and Science 
(CATTS) also helps in this important implementation process. 

Other standards, such as the National Science Education Standards and 
Principles and Standards for School Mathematics, in addition to content 
standards, have developed standards, which addressed assessment, pro­
grams, and professional development standards. 

Assessment Standards 
Assessment is the systematic, multi-step process of collecting information 

on student learning, understanding, and capability and using the results to 
inform instruction. 

The vision articulated in Standards for Technological Literacy empha­
sizes that assessment is central to providing feedback in the study of tech­
nology. As an integral part of the learning process, assessment should be 
ongoing (formative) rather than simply marking the end of a learning 
cycle (summative). The assessment process should be at the school level to 
inform students and teachers about their progress toward technological 
literacy. The data should provide a measure of the effectiveness of the pro-
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gram goals, instructional strategies, classroom practices, planned curricu­
la, learners, and report student progress. In other words, assessment 
should not only be a measure of students' learning outcome, but also an 
integral part of the entire instructional process. Finally, assessment will 
offer information to high stakes policymakers concerning the success of 
implemented policies. 

Assessment must reflect the vision of educational reform in techno­
logical studies. Central to this vision is an agreed-upon content that is 
based on what every student should know and be able to do with technol­
ogy. The primary goal of assessment is to advance students' learning and 
to inform teachers as they make instructional decisions. Assessment 
involves a multi-phased process of systematically collecting and interpret­
ing educational data. The data can be used in the classroom to plan cur­
riculum and instruction and to guide learning. The data will determine 
whether special and/or gifted students are gaining meaningful experiences 
in the study of technology. The data also may be used to validate the devel­
opment of an educational philosophy. Regarding policy, assessment data 
can assist policymakers in monitoring the effectiveness of specific policies 
and procedures. This may determine the allocation or reallocation of 
resources to meet future needs. In terms of teacher preparation, the data 
can be used for establishing credentials and licensing future teachers. 

Assessment standards provide criteria to judge the progress toward the 
vision that all students should be technologically literate. Assessment stan­
dards do not develop assessment instruments; rather, they should specify 
parameters for good practice. The end use of the assessment standards 
directly affects students, parents, teachers, educational policymakers, and 
administrators. In the broader spectrum, institutions for higher education 
are affected by the assessment process in terms of pre-service and in-ser­
vice for teachers. 

Professional Development Standards 
Professional development is a continuous process of lifelong professional 

learning and growth - from pre-service in undergraduate years to in-service 
through the end of a professional career. 

The professional development standards directly relate to the careful­
ly planned pre-service and in-service of all teachers in grades K-12. The 
colleges and universities who are preparing the future teachers will be 
involved in putting these standards into practice. Because the study of 
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technology is a vital field of education, those in charge of all teacher edu­
cation programs need to revise their curricula and teaching methodologies 
to reflect the vision of Standards for Technological Literacy. 

The study of technology is a continuously changing field of study, and 
teachers must, therefore, be well prepared and have the ability and desire 
to stay informed and current on technological advances throughout their 
careers. The professional development standards will provide the guide­
lines for in-service training for school teachers already in the classroom 
and laboratory. 

Because many states are experiencing a shortage of qualified and 
licensed teachers, in-service and pre-service training is essential. The pro­
fessional development standards will address the education of technology 
education professionals, as well as other educators, including those at the 
elementary school level and in other school disciplines. 

Program Standards 
The program standards include the totality of the program (courses) of 

study, curriculum and assessment, teaching, equipment and resources, and 
the teaching/learning environment across grade levels in a school or school 
district. 

The International Technology Education Association's Technology for 
All Americans Project will develop program standards for the study of 
technology. Program standards deal with all elements for teaching tech­
nology across grade levels within schools. The technology program should 
be coordinated to promote interdisciplinary learning. 

The program standards are grounded in the assumption that thought­
ful design and implementation of technology programs at the school and 
district level are necessary to provide comprehensive and coordinated 
experiences for all students across all grade levels. Because coordinated 
experiences result in effective learning, the program standards must be 
synchronized with Standards for Technological Literacy. The study of tech­
nology should be developmentally appropriate for every student, and it 
should be coordinated with science, mathematics, the humanities, social 
studies, geography, career and technical education, and all areas of the 
school curriculum. The technology program must extend beyond the 
domain of the school to involve the community, business and industry, 
school-to-work programs, as well as professionals in engineering and 
other careers related to technology. 
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VISION FOR THE FUTURE 
We live in a world that is increasingly dependent on technology. 

Technology has been a growing human endeavor since the first chipped 
edge flint tool was created by our ancestors approximately 1.5 million 
years ago in what is now Kenya. Today, technology exists to a degree 
unprecedented in history. Furthermore, technology is evolving at an extra­
ordinary rate with new technologies being created and existing technolo­
gies being improved and extended each day. 

Surprisingly, there is much confusion in today's society about what 
technology actually is. Some people think that technology is just comput­
ers or information technology. Unfortunately, this is a myopic view of 
what other people consider a very powerful presence in all our lives. In its 
simplest terms, technology is how humans have modified our natural 
world. This includes not only computers and information technology, but 
also medical technologies, agricultural and related biotechnologies, ener­
gy and power technologies, transportation technologies, manufacturing 
technologies, and construction technologies. Also, it is essential in the 21st 
century for a person to know the nature of technology, to have an under­
standing of technology and society, and to be educated in design and 
problem solving. Knowledge of and abilities in all of these areas provide 
the basis for a person to be technologically literate. Our citizenry needs to 
be technologically literate in order to make wise decisions about technol­
ogy in the future. These decisions should be based on a quality education 
related to the study of technology rather than through emotion or hap­
penstance. Technology teacher education programs at colleges and univer­
sities playa very important role in developing the technological literacy of 
teachers and, in turn, their students. 

Our role as citizens will be very different ten or twenty years from now. 
People have a choice about how technology affects their future. They can 
march into the future with their eyes open and decide for themselves how 
technology will affect them, or they can remain ignorant of technology 
and its effects on their lives. A vision for the future is that technological lit­
eracy, provided through the study of technology as presented in Standards 
for Technological Literacy, will enable people to make conscious and edu­
cated choices. 
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Dugger, Ritz, and Israel 

By understanding the role that standards play in education, teacher 
educators are better prepared to develop teacher education programs that 
produce competent teachers. Standards for Technological Literacy can serve 
as a basis for program improvement. This yearbook had this goal in mind 
throughout its preparation. It has suggested ideas for program improve­
ment. Suggestions have also been made for changes in teacher preparation, 
licensure, program accreditation, and in-service education. The editors 
hope that the ideas set forth by this yearbook's authors will assist technol­
ogy teacher educators in the re-design of their programs, which can 
provide the education to deliver Standards for Technological Literacy 
throughout the education community. 
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