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Technology transfer has become a hot
topic in business, industry, nongovernmen-
tal organizations, governments, and
academia in the past several years (Baker,
David, & Soucy, 1995; Johnson, Gatz, &
Hicks, 1997). With an increase in the speed
of technology transfer, especially from the
West to the developing world, issues of
technology transfer demand special atten-
tion. There is a need to develop a univer-
sally accepted view and definition of tech-
nology transfer by integrating the various
models. Such an integrated model would
include sociocultural, economic, and po-
litical factors pertinent to the adoption and
diffusion process. This article draws upon
the existing definitions, views, and models
of technology transfer to provide a concep-
tual model of international technology trans-
fer that encompasses sociocultural, eco-

nomic, and political factors that bear upon
the adoption and diffusion of technology.

Various definitions of technology transfer
exist. Williams and Gibson (1990) defined
technology transfer as the moving of ideas
from a research laboratory to the market-
place.  Thus, technology transfer is an ex-
change of technical information between the
research and development workers who in-
novate and the end users (Rogers, 1995). The
problem with these definitions is that they are
too academic. They ignore the environment
and tend to assume that once proper chan-
nels of communication are in place, transfer
and diffusion should occur.  While these
definitions focus on technology as the core,
they also neglect other important elements,
such as sociocultural, economic, and politi-
cal environments that impact technology
transfer.  An inclusive definition of technol-

ogy transfer should include the transfer item;
the developer of the technology; various chan-
nels to accomplish it, including communica-
tion; and the end users (Market, 1993).

Leonard-Barton (1990) classified technol-
ogy transfer into two generic rhetorical situa-
tions: point-to-point and diffusion. Point-to-
point implies that a source develops an inno-
vation for a highly specified purpose to a
known audience user. Diffusion suggests that
a source develops an innovation for a more
general audience user whose purpose may or
may not be clearly known.  Unfortunately,
most of the technology transfers take this
latter form of diffusion.

The Model
The conceptual model of technology

transfer (see Figure 1) has three broad cat-
egories surrounding the core technology: (a)

Developmental Stage
• Needs assessment
• Sociocultural and environmental factors:

Existing practices, experience, and
capacity

• Characteristics and types of technology
• Economic:  Financial resources
• Timing

Core Technology

Diffusion
• Sociocultural, environmental

factors, and communication
barriers

• Target group: Opinion leaders and
change agents

• Research centers and institutions
• Government and politics
• Infrastructure

Implementation Process
• Sociocultural, environmental, and

political factors
• Resources: Financial, human, time,

and information channels
• Research centers and institutions
• Education and training
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Figure 1. Conceptual model of technology transfer.
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developmental stage, (b) implementation pro-
cess, and (c) diffusion. Technology transfer in
this model is a cyclical rather than a linear
process whereby the developers of the new
technology collaborate with other forces of
transfer, including the end users. This ar-
rangement is important because it gives the
developer an opportunity to assess future
strengths, weaknesses, opportunities, and
threats that might enhance or inhibit success-
ful transfer. This way, the developer is able to
apply appropriate strategies for implementa-
tion and diffusion of the new technology.

Technology transfer starts with a new
idea, or a modification of an existing one
(Johnson et al., 1997). The double-sided
arrows in the model infer that the variables
in each of the three categories (develop-
mental stage, implementation process, and
diffusion) reciprocally affect the core tech-
nology being developed or modified. Some
elements are found in more than one cat-
egory of the model. This implies that these
elements have multiple roles in the entire
process of technology transfer. For example,
an understanding of cultural, environmen-
tal, and political elements is important in
the design stage to enable the developer of
new or modified technology to find the
“best fit.” Technologies designed and de-
veloped with due consideration of the end
users’ needs and wants are likely to be
adopted faster because many of the transfer
barriers will have been addressed in the
assessment. Culture, environment, and poli-
tics also play an important role not only in
the transfer process, but also in diffusion
(Rogers, 1995).

The elements in the developmental stage
are concerned with the intended end us-
ers of the new technology being devel-
oped or modified. These elements are
specifically important in the design stage
because they enable the developer to
comprehend the culture of the intended
local users, their economic capability,
and their levels of willingness to use the
new technology. A careful assessment of
these elements should be a prerequisite
for further steps in the transfer process.
The implementation process elements are
vehicles that facilitate technology trans-
fer (Jones, 1995; Parayil, 1992). Reynolds
and Nadler (1993) argued that most inter-
national technology transfers fail at the
implementation stage, perhaps because
these elements are underutilized by the
developers of new technology. Accord-
ing to the model, the development of
human resources, such as capital and
research institutions, are prerequisites for
sustainable development of new tech-
nology. These institutions may be used as
training centers for the end users to en-
hance their participation and ownership.

The diffusion process is the final stage in
this model. At this stage individuals or groups
of people decide whether or not to adopt
and use the new technology. In most devel-
oping nations, given their traditional and
cultural orientations, the role of the govern-
ment and opinion leaders is paramount to
successful diffusion of any new technology.
Although infrastructure may not be under
the control of the developer, it serves as a
measure of the potentiality of the intended
end users.

ELEMENTS OF TECHNOLOGY
TRANSFER

Needs Assessment
Needs assessment is the first step in

determining the needs and requirements of
a specific country or society in which a new
or modified technology is to be transferred.
It is a systematic examination of conditions
conducted for the purpose of identifying
general strengths, weaknesses, and oppor-
tunities of the proposed technology in rela-
tion to the intended users. Needs assess-
ment helps incorporate new technology
into the prevailing physical and cultural
environments of the receiving country (Kofler
& Meshkati, 1987).  Savage and Sterry (1990)
suggested that the following questions are
important when conducting needs assess-
ment: What will be the social costs? What
kind of personnel, materials, tools, and
knowledge will be needed to build, install,
and operate the proposed new technology?
What risks are associated with the proposed
technology? What risks will the new or
modified technology present to other physi-
cal environments? Answers to these ques-
tions are likely to provide solutions to what
have been characterized as timing, cultural
issues, communication obstacles, and prob-
lems of infrastructure (Rogers, 1995).

Although needs assessment is important,
it is often ineffective in the transfer of short-
term, fast-changing technologies—either due
to changes in consumers’ tastes or the speed
of advancement of a particular technology—
such as computer software. Nonetheless,
some sort of assessment in terms of consumer
survey to determine product effectiveness is
necessary. Obviously, needs assessment is a
prerequisite for long-term technologies—tech-
nologies with lasting effects on the end users,
for instance, educational, training, economic,
and political policies.

Sociocultural and Environmental Factors
Sociocultural and environmental factors

are embedded within the three categories of
the model. Technology and culture impact
one another; for instance, the introduction
of new technology brings profound effects
on a culture and people’s beliefs, and some
changes may even occur in the characteris-

tics of community customs.  Such changes
are likely to have an influence on the trans-
ferability and/or diffusion of the technology.
Therefore, it is imperative that we consider
the role of sociocultural factors in the pro-
cess of developing and transferring technol-
ogy. In many instances, economics and
political urgencies have been the driving
principles of the development of the new
technology—not the status of the end users.
Consequently, disappointing results have
ensued.

This model suggests that the practices
and experiences of the intended users need
to be considered in determining the appro-
priateness of new technology. Failure to
consider cultural constraints, for instance,
was reported to have contributed to the
unsuccessful transfer of the American trac-
tor to Russia (Dalrymple, 1964). Socialist
authorities gave more weight to political
factors than to sociocultural factors of the
Russian people. Technologies constructed
within an existing culture have the greatest
chances of success because the developers
can use local institutional frameworks to
identify problems and opportunities.

Characteristics and Types of Technology
The transfer of technology is greatly influ-

enced by the nature and type of technology
being transferred (Rogers, 1995). Rogers (1995)
identified five characteristics of innovation: rela-
tive advantage, compatibility, complexity,
trialability, and observability (herein referred to
as technology). Relative advantage refers to the
degree to which the new technology is per-
ceived to be much better compared to the
existing technology. In the American cotton
textile industry, the draper loom was easily
transferred and diffused in the South in the
1960s because of perceived advantages such
as labor savings (Feller, 1974). By contrast,
the perceived disadvantage of its high initial
cost hindered its adoption in the North.

Compatibility is the degree to which the
innovation is consistent with the values,
needs, and experience of the recipients. For
example, the role of societal norms and
values was a major factor in the transfer and
diffusion of technology in the American
textile industry during the 19th century (Jer-
emy, 1973). However, not all technology
transfers need to be compatible or interac-
tive with the local situations to be effectively
adopted.  For example, large innovations
such as structural adjustment programs for
developing nations require the bureaucratic
procedures to get fully adopted. Complexity
is the degree to which an innovation is
perceived to be difficult. If technology is
perceived to be complex and difficult by the
end users, it may not be transferred easily.
One example of this is the fast adoption of
the “Sembradora” by the Mexicans despite
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the numerous advantages of the large trac-
tors brought in by the Americans (DeWalt,
1978). Trialability is the degree an innova-
tion can be experimented on a regular basis
before final adoption. This characteristic
has been widely used in business organiza-
tions and in agriculture. Observability is
based on the assumption that people are
always motivated to learn new things. This
concept explains the motive behind
people’s scrambling for new products or
services whenever they are first intro-
duced into the market.

Economic: Financial Resources
 Technological transfers require high

financial resources. In most cases they
involve substantial amounts of capital
that must be met by the recipient nations.
Consequently, economic capabilities of
the intended end users must be analyzed
at the developmental stage. Such analy-
sis provides an opportunity for the devel-
oper to design technology suitable for the
local economy for sustainable develop-
ment.  Before a commitment is made
about a new technology, the following
questions should be asked (Savage &
Sterry, 1990): What will the proposed
new technology cost to build or operate?
How does that compare to the cost of the
alternatives?

A new technology may have relative
advantage and compatibility with the
existing situations, but if the cost of main-
tenance and operation exceeds what the
intended nation can afford, it becomes a
burden. This is typical of some of the
heavy and sophisticated machinery that
was transferred to developing countries,
especially in the field of agriculture, that
the recipients could not maintain. Finan-
cial capabilities of technology recipient
nations need to be given significant con-
sideration if the process of technology
transfer is to ensure continuity.

Timing
Although the concept of timing has

received little attention in the technology
transfer literature, it plays a very impor-
tant role in an innovation’s ability to
progress (Johnson et al., 1997; Rogers,
1995). As in any competitive environ-
ment, good timing is a valuable strategy
for successful technology transfer. India’s
Green Revolution (Parayil, 1992) is a
classic example of new technology com-
ing at the right time. The country had
been undergoing a devastating drought
so that any attempt to provide a solution
was readily accepted.

Education, Training, and Human Resources
Education and training are major factors

in the successful facilitation and implemen-
tation of technology transfer. The periods
preceding independence in Africa witnessed
a massive investment in education and train-
ing by the Western world. This was in-
tended to develop and to train African hu-
man capacity capable of handling Western
technologies. Further, it hoped to prepare
African nationals to fill positions left by
colonial masters. Indeed, this turned out to
be a good strategy. Africans were able to
successfully replace their former masters.
Education and training probably provide
the best vehicle to successful technology
transfer. Educated and skilled people are
more apt to use new technology than un-
educated people since educated individu-
als adopt new approaches and alternative
perspectives more readily. Therefore, some
kind of education and skills are required to
sustain the transfer of technology.

Communication Channels: Research
Centers and Institutions

Communication is a process in which
people share ideas (Rogers, 1995). But that
communication proceeds more readily be-
tween individuals with similar backgrounds
in education, social status, beliefs, and lan-
guage than between people of different
backgrounds. Unfortunately, most transfers
of technology involve people with different
backgrounds, such as country, culture, dis-
cipline, or language. Therefore, learning to
overcome communication barriers is a pre-
requisite for successful transfer of technol-
ogy. The use of existing research centers
and institutions may be a good strategy to
facilitate the transfer of technology.

Target Group: Opinion Leaders and
Change Agents

Change agents and opinion leaders are
important elements in the transfer of tech-
nology. They are individuals who are knowl-
edgeable in the social and political life of
their respective societies. Many of them
have been recognized by society for their
past performance; hence, they are very in-
fluential. Research has indicated that people
are more likely to listen and adopt ideas of
those who are familiar to them than those
they meet for the first time (Rogers, 1995).
Therefore, it is important to establish some
form of connection with the local leaders
who understand the culture in which the
new  technology is to be introduced.

Government and Politics
Politics plays a central role in the transfer

of technology because it directly influ-
ences culture. Before the demise of the
Communists, for example, Africa was di-
vided politically into Eastern and West-
ern blocks. During this period, the trans-

fer of Western technologies in military,
agriculture, and education reached most
developing countries through the support
of the local governments. Another classical
example may be found in the Structural
Adjustment Programs initiated by the Inter-
national Monetary Fund. Lack of govern-
ment commitment has been cited as a
major cause of program failure in almost all
communities where there have been fail-
ures. Since successful technology transfers
require a coordinated approach between
the receiving governments and the devel-
opers, we need to recognize the role that
the state plays in the dissemination of new
ideas, whether it is a democratically elected
government or otherwise.

On the other hand, politics can be a
hindrance to the transfer and diffusion of
technology. This is especially true when the
transfer has to go through bureaucratic pro-
cesses that are likely to impede the transfer.
Sometimes this is very costly, especially
where administrative structures in infant
stages encourage corrupt practices.

Infrastructure
Infrastructure includes such facilities as

transportation, banking, housing, schools
and colleges, research institutions, and tele-
communication systems. Infrastructure is
one of the obstacles to the transfer of tech-
nology in developing countries. The trans-
fer of most new technologies requires labo-
ratories, workshops, and even housing.
Banks are needed to handle financial trans-
actions for the running of daily activities
within and without the new technology
location. Colleges and research institutions
are crucial to sustain and develop  core
personnel who can ensure continuity of the
process of technology transfer.

Closure
Technology transfer is critical in

today’s complex world. There is an ur-
gent need to address the pressing issues
of culture and environment in the pro-
cess of developing and transferring tech-
nology. This conceptual model has at-
tempted to address these issues specifi-
cally in relation to other vital elements of
technology transfer such as communica-
tion, needs assessment, power and poli-
tics, infrastructure, and the characteris-
tics of technology.  Like most models
developed in this area, this model is re-
stricted to the author’s own experience
and background. Consequently, the model
may require modification to fit different expe-
riences and backgrounds although the ele-
ments would remain the same. More studies
are needed that integrate factors such as
culture, politics, and physical environment in
modeling technology transfer.
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2. Evolving Models of Technology Teacher Preparation
by William D. Paige

For  years we have read articles, ob-
served presentations at conferences, and
heard reports of numerous research efforts
concerning the shortage of teachers for tech-
nology education programs across the coun-
try (Householder, 1993; Volk, 1997;
Weston, 1997; Young-Hawkins, 1996).
There are many reasons for the shortage of
technology education teachers, and the
problems are complex. This article attempts
to provide an overview of one facet of this
issue by first outlining the traditional way in
which teachers have been prepared and
licensed and/or certified to teach in the
public school systems in the United States.
Second, several alternative methods of ob-
taining teaching licensure and/or certifica-
tion are presented, followed by some per-
sonal thoughts about these alternatives and
the future of our profession.

Historically, the most common way to
prepare for a career in teaching in any field
of study has been to complete a four-year
bachelor’s degree program in education.
This traditional college- and university-based
teacher preparation program is based on the
belief that  “becoming a teacher requires

several years of preservice professional train-
ing and supervised practical experience
prior to assuming full-time teaching respon-
sibility” (Stoddart & Floden, 1995).  Ac-
cording to Sullivan (1995), traditional
teacher certification programs are usually
characterized by a specified number of
credit hours to be earned in (a) content area,
(b) professional coursework, and (c) an in-
ternship. After the candidates successfully
complete all requirements for the baccalau-
reate degree in education, the colleges or
universities verify that they have met the
minimum state licensing requirements.
These state licenses and/or credential re-
quirements signify to the public that people
with either of these endorsements possess a
level of professionalism and high standards
and are at least minimally qualified to teach
in our schools (Sullivan, 1995).

Householder (1993) explained that many
of today’s teachers of technology educa-
tion were and are being prepared in pro-
grams based on the traditional historical
model of teacher preparation.  One might
question the wisdom of this approach when
considering that the traditional  process of

teacher preparation has received much
negative attention in the past decade. Spe-
cifically, reports from the National Com-
mission on Excellence in Education’s (1983)
publication of A Nation  at Risk,  the
Carnegie Task Force on Teaching as a
Profession (1986), and the Holmes Group
(1986) among others, have all raised ques-
tions about the quality of our education
system, including the process of teacher
preparation. Concern has been voiced re-
garding the declining average ability of
students and the trend of more academi-
cally able students choosing careers other
than teaching (Schlechty & Vance, 1983).
The recognition of the importance of qual-
ity teaching, the low college entrance test
scores of those wanting to teach, and the
reality of a future teacher shortage are
among the factors that have led to numer-
ous propositions demanding changes in
higher education and proposals to reform
the way teachers are prepared.

One of the proposals for reforming
teacher education would require that teacher
preparation programs be extended to five
years. This proposal is based on the assump-
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University Program Name Area
University of Central Arkansas Postbaccalaureate Teacher Licensure TE
Central Connecticut St. Univ. Post-Graduate Certification Program TE
Illinois State University Second Bachelor’s Option IT
Ball State University (No Name) IT
Northwestern St. Univ. of LA Alternate Certification IA ED
Mankato State University Master of Arts in Teaching TE
Jackson State University, MS Second Degree Program IA
Central Missouri St. Univ. Post-Baccalaureate Teaching Cert. IA &T
Southeast Missouri St. Univ. Certification-Only Program IT
Montana State University Non-Degree Cert. only Program TE
Western Montana College Certification only ITE
Keene State College Postbaccalaureate Teach. Cert. TE
Montclair State University Post BA Teacher Certification Prgm. TE
California Univ. of PA Postbaccalaureate Certificate TE
Oregon State University Professional Teacher Educ. Prgm. TE
Southwestern OK St. Univ. Certification-Only Program TE
Tennessee State University Postbaccalaureate Teacher Educ. T
Old Dominion University Military Career Transition Program TE

MS Education Licensure Program
Fairmont State College Alternative Program TE

Table 1. Postbaccalaureate Programs in Technology Teacher Education

tion that students in extended programs will
take additional coursework in the subjects
they are preparing to teach, resulting in an
increase in their effectiveness as a teacher.
Furthermore,  it is believed that  by extend-
ing the length of the program  the status of
the profession of teaching will be enhanced
(Hawley, 1992). Whether or not these as-
sumptions are correct, or if extending the
length of the programs will have any major
impact on the profession, remains to be seen.
Simply extending the length of time it takes to
become a technology education teacher does
not seem to do anything but compound the
problem of the teacher shortage.

One model that could help eliminate the
shortage of technology education teachers
would be to provide an avenue for those
persons who already hold a baccalaureate
degree in a technology-related field to earn
a teaching certificate by obtaining the nec-
essary coursework in education without
having to go through a full teacher educa-
tion program. Such alternative certification
programs were introduced in many states
during the 1980s in response to the severe
teacher shortage that existed primarily in
the areas of math and science.  Alternative
certification programs were established to
help alleviate the teacher shortages that
existed in rural and urban schools (Duhon-
Haynes et al., 1996; Rubino et al., 1996;
Rubino et al. 1994).These programs were
established by school districts, boards of
cooperative services, independent schools,

institutions of higher education, state de-
partments of education, and private founda-
tions either independently or in concert
with them.

Supporters of these alternative certifica-
tion programs believe that individuals who
demonstrate subject matter knowledge can
learn to teach effectively. Typically, such
programs begin with  preparation in teach-
ing methods and classroom management
before the program participants enter the
classroom to begin teaching. During their
first year of teaching, participants are given
support and guidance by a mentor/master
teacher. Following this first year of teaching,
the program participants usually return for
additional coursework and preparation to
fulfill any other requirements for licensure/
certification.

One example of this model of alternative
teacher preparation is a program at Christo-
pher Newport University, which offers an
alternative licensure program for people
with an earned degree in liberal arts or
science. For this program, the education
courses have been re-sequenced so that the
students take an entire semester of only
education courses (18 credit hours). The
following semester the students participate
in an internship program and take an addi-
tional two courses (16 credit hours). At the
end of the second semester, the program
participants have completed all require-
ments for licensure. A review of this pro-
gram found that although it worked, the

program  would have been better if  a
summer session had been added to ease the
students’ load during the year (American
Association of State Colleges and Universi-
ties [AASCU], 1995).

The Tarleton Model of Accelerated
Teaching (TMATE) is an alternative certifi-
cation  program operated by a consortium
of school districts in Texas and Tarleton
State University. Participants in this pro-
gram take a block of 12 semester credits in
teaching methodology, classroom manage-
ment, and instructional design that includes
practice teaching in an enrichment program
for K–8 students during summer school. In
the fall they assume full-time teaching re-
sponsibilities under the guidance of a school-
based mentor and a university supervisor.
During this school year, the participants
also attend a series of weekend seminars.
The next summer session involves a post
internship block that prepares them to take
the licensure examination.  In the eight
years this program has operated, over 400
persons have successfully completed all
requirements and 93% of those have been
placed in teaching positions in rural schools
(AASCU, 1995).

In 1990, 48 states reported having alter-
native certification programs (American As-
sociation of Colleges for Teacher Education
[AACTE], 1990). Feistritzer (1992) reported
that from 1985 to 1990 approximately
20,000 candidates were certified through
alternative routes and that number had in-
creased to 40,000 by 1992.  The AACTE
1996 directory of postbaccalaureate pro-
grams lists 328 programs in colleges and
universities for individuals with a bachelor’s
degree who want to earn a teaching license.
Table 1 lists the schools from that directory
that reported having a postbaccalaureate
program in technology education, indus-
trial technology education, or industrial arts
education. Another beneficial source of
names, addresses, and telephone numbers
for each state’s teacher certification person-
nel is the Manual on Certificators and the
Preparation of Educational Personnel pre-
pared annually by the National Association
of State Directors of Teacher Education
and Certification.  Even though post-bac-
calaureate alternative certification pro-
grams may vary widely from state to state
in content, specificity, structure, and base
of organization, the typical alternative
certification program has the following
general characteristics:

1. Uses a rigorous screening process
to ensure the selection of talented, quali-
fied teacher interns who are academi-
cally and personally competent.
2. Provides high-quality pre- service
training in methodology, classroom
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management, and human develop-
ment.
3. Consists of a structured, well-su-
pervised induction period that includes
guidance by a mentor teacher for the
period of one year.
4. Requires ongoing professional de-
velopment, including seminars, work-
shops, and university course work, that
addresses the specific needs of the
teacher-intern.
5. Follows up with post-internship
training to ensure continued effective
training (Littleton & Holcomb, 1994).

Another alternative certification model
provides an individual who already holds at
least a bachelor’s degree along with a teach-
ing license/certificate in a subject area other
than technology education an opportunity
to obtain the requisite knowledge and expe-
riences to teach technology. Householder
(1993) indicated that “the British have been
quite successful in using the in-service model
to provide the experiences in technology
that are needed to prepare primary and
secondary teachers to implement technol-
ogy in their national curriculum” (p. 18).

An example of an American-based in-
service program is South Carolina’s Indus-
trial Technology Education Add-On Certifi-
cation Program. This program, which is
funded by the State Department of Educa-
tion, is in its fourth year of operation at both
Clemson University and South Carolina State
University. The program consists of 36 credit
hours of technology education course work,
taken over a three-year period, and is pro-
vided at no cost to the participants.

The program was designed to provide
the participants with 12 semester credit
hours in the spring and summer sessions,
enabling them to obtain an out-of-field teach-
ing license for the following school year to
teach technology education. The partici-
pants then take 12 credit hours per year for
each of the following two years, followed by
area examination of the National Teachers
Examination.  Program participants are then
fully certified to teach technology educa-
tion in South Carolina’s public schools.

Individuals who have at least a bacca-

laureate degree, who have had a successful
career in business, industry, or the military,
for example, and who are interested in
teaching are another source of future tech-
nology education teachers. Providing these
individuals an opportunity to complete the
academic requirements for a teaching cer-
tificate and retrain for another career can
help alleviate the present shortage of quali-
fied personnel in our classrooms. Persons
who have had positive life experiences and
previous careers and who also have a strong
desire to help  youth as they grow, often
become outstanding teachers. Simpson and
Jackson (1997) wrote:

Teacher education candidates who know
something about the complexities of life,
who have grown through their non-
academic educational experiences—and
perhaps their own difficulties in school—
and who can share their insights with
their colleagues and students may have
important and relevant experience to
contribute. Perhaps this experience
explains why many second career and
late entering teachers receive praise today
for their ability to “relate to” all students.
(p. 161)

Programs such as the Military Career Tran-
sition Program at Old Dominion University
and the MS in Industrial/Technology Educa-
tion at U. W. Stout are successful examples of
re-training programs that are providing av-
enues for very talented individuals to become
teachers of technology education.

One can only imagine exactly what
the future holds for teacher education
programs.  What new avenues may be
available for teacher education programs
as new technology impacts the class-
room?  Many fundamental questions come
to mind such as the following: Will the
classrooms have four walls?  Will the
teacher be in the classroom with the
students, in the same building, or even on
the same university campus? Will they
even be in the same state or country?
With the use of today’s technology, the
answer to all of these questions is prob-
ably a resounding NO! Daugherty (1997)
recently wrote:
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A new day is dawning in technology
teacher education. The preservice
teachers in class today will most likely
begin their teaching careers in the 21st
century. Technology teacher education
must enter the new millennium with new
structures, new approaches, and a shared
base of knowledge about teaching that
the new professional technology teacher
can apply in daily practice. Members of
the profession must resolve themselves to
developing new approaches to teacher
training and the career development of
teachers. The recruitment and selection
of teachers is critically important
worldwide, and the initial preparation of
teachers and their continuing professional
development are key factors in improving
technology education at all levels. (p. 52)

Whether future teachers for technology
education classrooms are prepared in tradi-
tional programs or gain certification through
one of the various alternative programs that
are presently available, they must be both
technically and professionally competent.
The use of assessment instruments such as
Praxis Series can be used to help provide
evidence of a person’s professional and
subject specific knowledge and skill. This
type of documentation is essential in the
licensure and certification process to main-
tain quality teachers in our technology edu-
cation  classrooms. Until the time comes
that there is no longer a shortage of tech-
nology education teachers, we, as a re-
sponsible profession, must examine ev-
ery possible avenue that will allow us to
bring qualified  people into our programs
and prepare them for positions in our
classrooms and laboratories. The alter-
native preparation programs outlined in
this article admittedly have not elimi-
nated the teacher shortage, but they have
helped the situation by providing some
outstanding technology education teach-
ers in areas where there is a critical short-
age. Providing opportunities through al-
ternative preparation programs for people
who are excited about learning and teach-
ing technology education and share their
enthusiasm with students will do nothing
but enhance the overall future of our
profession.
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Graduate education plays a vital role
in the overall mission of comprehen-
sive universities. A quality graduate
program enhances faculty opportuni-
ties to become involved in research
projects, provides research and teach-
ing opportunities for graduate students,
and raises the overall prestige of the
department.  An active graduate pro-
gram enlivens the department by al-
lowing close interaction between fac-
ulty and students on an advanced level.
Graduate level courses allow curricu-
lar experimentation and implementa-
tion of a wide variety of teaching tech-
niques that are sometimes difficult to
apply at the undergraduate level.

Curricular change is essential to the con-
tinued success of all academic programs,
but particularly essential to technology-
related disciplines. Falling behind in cur-
riculum matters is often a matter of months
in technical fields, where in other disci-
plines it is a matter of years.

However, curricular change should not
be entered into lightly. The process should be
designed to be thought provoking and offer
the opportunity to gain insights, information,
and ideas from fellow colleagues and profes-
sionals from industry.  This documents the
challenges and processes involved when  a

3. A Collaborative Approach for Redefining a Program
by Brenda L. Wey and Mark Estepp

collaborative approach is used to develop
and implement curriculum change.  It offers
perspectives on creative collaborations used
to revise a graduate curriculum and shares the
rewards of this collaboration beyond the scope
of just curriculum changes. It creates a coop-
erative and revitalized commitment within
the department to graduate education.

The Setting
Appalachian State University was recog-

nized as one of the top industrial arts pro-
grams in the southeast during the 1960s and
1970s. During the 1980s the department
changed its emphasis from preparing stu-
dents for careers in teaching to preparing
students for professions in industry and
business at both the graduate and under-
graduate levels.  This change reflected a
national trend based on student demand
for nonteaching industrial technology de-
grees. The undergraduate program  evolved
from a degree in industrial arts at the under-
graduate level to technology education and
a degree in industrial technology with
concentrations in  appropriate technology,
construction, electronic technology, graphic
arts and imaging technology, industrial draft-
ing and design, manufacturing technology,
and technical photography.

The graduate curriculum remained basi-

cally the same through the 70s and early 80s
. Changes that occurred in the mid 80s
added a concentration in industrial technol-
ogy for nonteaching majors and included a
revision of core classes.

Program Review
In 1992 the graduate program was evalu-

ated in accordance with the university’s
graduate program review process. The
Graduate School dean appointed a review
committee that included a mix of faculty
from other departments and the Depart-
ment of Technology.  The committee col-
lected and summarized information from
interviews, surveys, and graduate records
such as applicant information, students’
scores for admission, graduation rates, and
enrollment data. The review process in-
cluded sending surveys to all graduate stu-
dents currently in the program, all alumni
who graduated in the previous five years,
and all graduate faculty in the Department
of Technology.  Selected graduate students
and alumni met to discuss their views on the
graduate program. This meeting was con-
ducted by committee members from other
departments; technology faculty were not
present.

These efforts resulted in a comprehen-
sive evaluation of the department’s gradu-
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ate curriculum.  It identified the strengths
and weaknesses of the program.  Strengths
included the faculty, flexibility in program
design, opportunity for advanced skill de-
velopment, and the quality of experiences
in the graduate assistantship.  Recommen-
dations included the restructuring of gradu-
ate courses to address the following con-
cerns:

1.  Develop a technology research course.
Nonteaching technology majors needed
more emphasis on experimental and scien-
tific research specifically related to technol-
ogy applications.

2.  Delete graduate courses in specific
technical areas that had low enrollment.

3.  Add new courses that reflect current
technology applications appropriate for all
technical areas.

4.  Develop concentrations for the indus-
trial technology major.

This review process involved the col-
laboration of the departmental graduate fac-
ulty, students, and alumni, and faculty from
other departments.  The report was well
received throughout campus, and it helped
in the recognition of the purposes and goals
for the Department of Technology on a
universitywide basis.

Revising the Graduate Curriculum
Major revisions to the graduate program

were completed during the 1997 spring se-
mester. The new program went into effect
during the 1997 fall semester.  The curricu-
lum changes were the result of the efforts and
hard work of many individuals.  Major com-
ponents of this effort were the graduate pro-
gram review at the university level; a self-
study by students, faculty, and administrators
in the department and college; alumni evalu-
ations of the program; and discussions with a
network of professionals from other universi-
ties and industry.

Goals for Curriculum Change
Critical to the process for the revision of

the curriculum was the development of
goals for change.  These goals were devel-
oped from advisory committee recommen-
dations. The advisory committee included
departmental faculty, students, and alumni;
faculty from other departments and univer-
sities; and industry representatives.  The
following three goals were identified:

1.  Improve on the existing strengths in
the program.

•Provide opportunity for advanced skill de
velopment that was viewed as a program
strength in the 1992 Graduate Program
Review Report.

•Develop concentrations that build on the
strength of Appalachian’s teaching tradition.

2.  Adapt to change.
•Expand the core of professional

courses to address the development
of specified core skills.

•Add a course, Research in Technology,
for non-teaching majors.

•Add a graduate level course on Tech-
nology and Culture to address social and
cultural implications for technology.

•Change the skill development course
to emphasize the research and devel-
opment process, including the con-
cepts of invention, innovation, and de-
velopment.

•Include the computer applications
course in the core requirements.

3.  Prepare for the future.
•Promote core skills throughout the pro-

gram that foster the development of
graduates who can effectively  inter-
pret and manage the systems and prod-
ucts of technology by working effec-
tively with others.

•Add concentrations for the Industrial
Technology major that includes options
for interdisciplinary course work.

Educational Objectives for Graduates
The core courses centered around devel-

oping and reinforcing specific skills and
information from selected content areas.
The goal was to prepare technologists either
for teaching the concepts of technology
education or working in industrial settings.
This includes the understanding and appli-
cation of technical skills in a variety of
contexts with the ability to evaluate, synthe-
size, invent, and communicate this infor-
mation effectively to others.  Development
of team skills and communication skills was
considered critical in this process as well
as direct and frequent contact with those
currently working in education and/or
industry.

Major concepts identified for the core
classes and throughout the master’s pro-
gram are listed below:

•Technical literacy.
•Systems analysis.
•Technology transfer.
•Technology assessment/forecasting.
•Social and cultural impacts of technology.
•History of technology.
•Networking with industry and educa-

tion:  internships, visitations, speakers,  train-
ing workshops, interviews, research in in-
dustries and schools.

•Strong communication skills:  writing,
speaking, listening, technical reports, pre-
sentation skills, computer skills, individual
and group communication theory.

•Leadership and professional development:
professional associations, conferences, work-
shops, administration skills.

•Research skills: statistical analysis.
•Problem-solving skills:  the inventive

process, design, creativity, scientific  method,
group skills.

•Management skills: coaching, team-
building skills, management styles, work
environments.

Challenges
Perhaps the biggest challenge in such an

ambitious change to an existing program is
gaining the support of others.  Whereas
undergraduate technical areas are under the
direction of a small number of faculty, the
graduate program spans all technical areas.
All faculty needed to collaborate and have a
voice in the direction of the graduate curricu-
lum.

One of the challenges in gaining support
from faculty within the department concerned
the emphasis of the university on under-
graduate education. Faculty in the depart-
ment had a full load of undergraduate courses,
and there was a continuing and growing
demand for these undergraduate classes.  Un-
dergraduate courses traditionally have larger
course enrollment than graduate courses.  It
was difficult to justify assigning a faculty
member to teach a graduate class with
five students when the same faculty mem-
ber could teach an undergraduate class
with 20 students.

The graduate program offered  courses in
specific technical areas that often had low
enrollment but allowed graduate students
to have close relationships with faculty in
their technical areas. The opportunity for
graduate students to work closely with fac-
ulty in developing advanced technical skills
was recognized as a strength of the program
by faculty, alumni, and students, but faculty
were often overwhelmed by the individual
instruction required of graduate students in
addition to their regular course load.

A new course titled Technical Compe-
tency Development was conceptualized to
allow students to update technical skills in
their specific technical areas. This course
replaced several advanced technical area
courses that always had low enrollment.  It
could be repeated for additional credit. Fifty
percent of the work in the class was in a
structured graduate class meeting with a
seminar format to cover the specific course
topics and objectives. The remaining  50%
of the work was based on an individual
contract by each student for one of three
options:

•Individual research and development
in the student’s technical area with their
technical area advisor.

•Practical experiences in the student’s
technical area, either in industrial or educa-
tional settings.

•Students take a technical area course
offered in the department in order to update
technical skills that represent new/emerg-
ing technologies or in related/complemen-
tary technical areas.
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There were several advantages for this
course:

• Graduate students could work on a
variety of problems in different technical
areas.  They have the opportunity to work in
specific areas using faculty throughout the
department as resources as well as contacts
from industrial settings.

• Structured course activities include
networking with graduate students through
seminars emphasizing systems and processes
that are related to all technical areas. Every-
one learns from each others’ activities.

• Graduate faculty have a reduced un-
dergraduate load in order to teach a gradu-
ate class.

Other challenges existed due to the lim-
ited funding for the graduate program and
the absence of a recognized reward and
recognition for graduate faculty status.  The
support of the chair and dean for the revised
graduate program and a commitment for
recognizing graduate faculty status in pro-
motion and tenure decisions, and a rotating
reduction in undergraduate course loads for
graduate faculty were clearly communi-
cated to all faculty.  Also faculty were con-
tinually provided with information about re-
sources for graduate faculty through the gradu-
ate school for research, presentations, and
the writing of articles.  Priority for graduate
assistant assignments was   also given to
faculty working with graduate students.

Networking Components of the Process
Throughout this process, technology fac-

ulty networked with other professionals.
Faculty in the department met with faculty
from other departments on campus to dis-
cuss interdisciplinary opportunities. Five
interdisciplinary concentrations for the
master of Industrial Technology degree were
developed.  These concentrations included
selection of courses from 15 other depart-
ments on campus.  Permission from these
departments was needed for approval of the
concentration options.   For example, Tech-
nical Communications was an interdiscipli-
nary concentration that included course
options from the departments of Technol-
ogy, English, Management, Curriculum and
Instruction, and Decision Sciences, while
the Appropriate Technology interdiscipli-
nary concentration course options were from
Technology, Anthropology’s Sustainable
Development Program, Biology, Geogra-

phy, Political Science, and Sociology.  Many
departments were willing to work with us in
developing these options.  This provided a
good opportunity to inform others on cam-
pus about our program areas in the Depart-
ment of Technology and was, perhaps, part
of the reason for the positive reception
universitywide during the approval process
of the final curriculum proposals .

Contacts outside the university were also
instrumental in setting goals and establish-
ing the direction for the revised curriculum.
Correspondence with industrial personnel
helped with suggestions for core skills in the
program.  Especially helpful were those
involved in human resources, industrial train-
ing and educational programs, and man-
agement.  The graduate courses emphasize
networking with industry through practical
experiences and internships.  Guest speak-
ers and field experiences are an integral part
of the program.

Contacts with other universities, com-
munity colleges, technical schools, the pub-
lic school system, and the State Department
of Public Instruction also contributed sug-
gestions for the graduate program.

Suggestions for core classes for teacher
preparation were included in the revised
curriculum.

Summary of Curriculum Changes
The curriculum changes involved the

deletion of seven courses, the addition of
seven courses, and  changes to five courses.
The graduate core of classes was expanded
to include a computer skills course and a
course addressing readings in technology
and culture.   A research class for industrial
technology majors was added.  Eight concen-
trations were developed for industrial tech-
nology majors.  Technology concentrations
were organized in two groups: interdiscipli-
nary concentrations (Applied Electronics, Ap-
propriate Technology, Industrial Technology,
Technical Communications, Technical Train-
ing) and technology concentrations  (Build-
ing Science,  Graphic Arts and Imaging  Tech-
nology, Manufacturing Technology).

The 1997-1999 Appalachian State Uni-
versity Graduate Bulletin provides the fol-
lowing description for the revised graduate
curriculum:

The Department of Technology provides
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programs in the study of technology. The
department offers courses in a variety of
technical areas including: manufacturing,
graphic arts and imaging technology,
appropriate technology, electronics,
drafting and design, photography,
technology education and construction.
The student has the opportunity to develop
technical skills in selected areas.  Skills
and experiences gained in  these areas
are related to professional development
in the student’s selected field of endeavor.

The technology curriculum includes
knowledge, concepts, and experiences
which help the student interpret and
manage the requirements of a
technological society.  Students will
develop skills for understanding and
effectively managing the systems and
products of technology.  Emphasis at the
graduate level includes leadership,
professional, and human relations skill
development.  A team based problem-
solving approach to coursework and
research is stressed. Practical experiences
from industry and education are integrated
into the core courses.  The program’s aim
is to foster philosophies for lifelong
learning and skills for being effective in
environments involving continual
change. Advanced technical skills are
developed in relation to specific
concentration areas.

Benefits of Collaboration
The benefits of collaboration when revising

our graduate curriculum have surfaced in a
variety of forms beyond the transformed
courses and concentrations. Prior to this
process it was difficult to motivate faculty
to commit to applying and maintaining
graduate faculty status, to participate in
decision making regarding the graduate
program, and to buy into the importance of
the graduate program to the department.
Since all departmental faculty had input
and saw the interest of others outside the
department during the revision of the pro-
gram, the majority versus the minority now
have a vested interest in graduate educa-
tion. The majority of our faculty are now
applying and maintaining graduate faculty
status and are participating in teaching
graduate courses and attending graduate
committee meetings.  The overall attitude
and morale of the faculty have changed to
reflect  a deeper commitment to graduate
education.
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4. Anticipating Rescue 9-1-1 in a Mobile Wireless Society
by Tim Obermier

Wireless telephones provide us with se-
curity, mobility, and peace of mind in unex-
pected situations.  Those who have wireless
telephones, commonly referred to as cellu-
lar telephones, probably could not imagine
a personal or professional life without such
conveniences.  These seemingly simple de-
vices have helped rescue stranded motorists
and alerted emergency personnel to count-
less accidents, in effect, saving numerous
lives.  They have also become the personal
convenience and efficiency devices of this
decade.

While the benefits are obvious, the cel-
lular telephone is contributing to a societal
evolution—the evolution towards a mobile
wireless society.  Satellite television, pag-
ing, data, and voice are all wireless services
many of us depend upon.  With the correct
complement of wireless devices, one can
roam the world in the most remote regions
and still maintain contact.  Several research
expeditions have included thousands of in-
dividuals, all thanks to wireless technolo-
gies.  One of the many implications of this
newfound mobility is a societal demand for
additional security and safety.  As people
use their cellular telephones to report acci-
dents, spot hazardous weather, and ensure
personal safety, the device takes on more
importance than simply the novelty it once
was.  Cellular telephones are becoming so
prevalent in our society that they are cur-
rently reshaping the way emergency per-
sonnel receive notification and respond to
accidents and emergencies.

Evidence of the increasing importance of
the cellular telephone, and the evolution in

process, exists with the large numbers of
people purchasing them.  According to the
Cellular Telecommunications Industry As-
sociation (CTIA), there are currently 68 mil-
lion wireless subscribers in the United States
(Wheeler, 1999).  Subscriptions for cellular
telephones have increased at an average
annual rate of 52% since the CTIA began
keeping industry statistics in 1985 (CTIA,
n.d.). According to a recent study con-
ducted by the Consumer Electronics Manu-
facturers Association (CEMA), cellular tele-
phones are in 39% of American house-
holds.  Of those surveyed, 44% indicated
that they purchased their cellular telephone
to be able to communicate in an emergency
(CEMA, 1998).

The Problem
With the growth of wireless subscribers

and an increasingly mobile society, emer-
gency calls placed by cellular telephones
are increasing.  Dr. Bob Cobb, director of
education for the National Emergency Num-
ber Association, places the total number of
9-1-1 wireless and wireline calls at approxi-
mately 260,000 per day (personal commu-
nication, September 22, 1998).  According
to testimony before the U.S. House of Rep-
resentatives speaking in favor of the Com-
munications and Public Safety Act of 1999,
Wheeler (1999) indicated that emergency
9-1-1 calls from cellular telephones total
over 98,000 calls daily.  In further testi-
mony, it was noted that at least 35% of
cellular telephone owners have used their
telephones in an emergency or life-saving
situation.

Wireline or landline telephones are those
found in homes or businesses that are con-
nected to the telephone network via copper
wires to the local telephone office.  Al-
though the ever-popular portable telephones
are wireless between the handset and base
unit, the base unit must be connected to the
wireline network.  Portable telephones con-
tribute to mobility, but only within the rela-
tively short radius allowed by its base unit.
The term cellphone or cellular telephone is
used to refer to both forms of wireless tele-
phones, analog cellular and digital personal
communication system (PCS).  The term
cellphone has evolved from the theoretical
engineering design of a cellular system that
appears like a honeycomb or cell when
drawn as a schematic.

Wireline telephone systems are static,
and the geographic location of the tele-
phone instrument is always known.  There-
fore, when an emergency call is placed to an
enhanced 9-1-1 system through a wireline
telephone, the Public Safety Answering Point
(PSAP) can identify the name and street
address of the caller.  PSAPs are command
centers from where 9-1-1 telephone opera-
tors dispatch appropriate emergency per-
sonnel in response to a need for emergency
assistance.  PSAPs are funded through
monthly fees paid by everyone served by
wireline 9-1-1 service.  With the street ad-
dress, PSAP operators can more efficiently
dispatch assistance without first attempting
to discern from the caller, who may have
difficulty speaking, the street address where
the assistance needs to be delivered.

While the mobility of a cellular tele-
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phone is the primary benefit, mobility be-
comes the most negative attribute of a cel-
lular phone when seeking emergency assis-
tance.  Unlike wireline telephones, the lo-
cation of cellular telephones can only be
determined through interaction with the
caller.  With rapid subscriber growth of
cellphones and a subsequent increase in the
number of wireless 9-1-1 calls, PSAP opera-
tors are finding it extremely difficult to de-
termine the location of mobile wireless call-
ers.  Individuals have died attempting to
describe their location.  In one specific
incident in Nebraska, an individual was
routed through three separate PSAPs until
an operator who used to live in the area
finally recognized the surroundings a heart
attack victim was describing.  Unfortunately,
emergency services arrived too late and the
individual did not survive.  Cellular tele-
phones are mobile, and identifying their
location is difficult at best.  Compounding
the location problem, not all of the geo-
graphic United States is served with the
most basic 9-1-1 service; therefore, cellular
telephones do not always reach emergency
services by dialing 9-1-1.

As society becomes more mobile, de-
mand is increasing for wireless cellular tele-
phones to have the same technological fea-
tures as wireline telephones.  A call to an
enhanced 9-1-1 system from a wireline
telephone will result in the arrival of emer-
gency personnel even if the caller cannot
speak to the operator.  A call to 9-1-1 on a
cellular telephone will result in a time-
consuming explanation of the caller’s loca-
tion because callers are not always aware of
their whereabouts and must describe local
landmarks or roadways to identify their
location.  Should the wireless caller be
unable to speak, emergency services are
unlikely to arrive.  To be functionally equiva-
lent to a wireline telephone, the cellphone
requires the technological ability to auto-
matically be located.  The location informa-
tion must then be transmitted to a PSAP for
emergency dispatch.

In some instances, wireless carriers, the
equivalent of your local telephone com-
pany for cellular telephones, block wireless
9-1-1 calls, leaving callers at a complete
loss for emergency services.  Blocking is a
process of rejecting any 9-1-1 call placed on
the wireless system.  Blocking occurs be-
cause either the PSAP will not accept the
wireless call load due to lack of funding or
the wireless carrier lacks the technology to
pass the call to the PSAP.  Unfortunately,
wireless carriers also block 9-1-1 calls due
to concerns of liability.  Several wireless
carriers have been sued for incidents where
wireless emergency calls did not reach 9-1-
1 PSAPs.  Because the wireless system is
considered to be a competitive industry,

ancillary to the wireline industry, wire-
less companies do not receive protec-
tion from liability like wireline carri-
ers.  In the case of 9-1-1 wireless call
blocking, mobile individuals who need
emergency services have to be aware
of special dialing codes or local emer-
gency numbers to receive assistance.

Travelers unaware of 9-1-1 block-
ing and lacking local seven-digit emer-
gency telephone numbers are essen-
tially stranded. Representative Pat
Danner found that travelers had to
dial *55 in Missouri, *999 in Illinois,
*DUI in Ohio, and *77 in Maryland to
access emergency services (Wheeler,
1999).  Further analysis reveals that at
least 15 different numbers exist across
the United States to access emergency
services from cellular telephones.

If the cellular telephone is to be a
truly effective tool for a mobile soci-
ety, all wireless carriers must contend
with the challenge of creating a wire-
less enhanced 9-1-1 system that en-
sures consumers will experience the
same benefits and quality as wireline
telephones.  The wireline 9-1-1 sys-
tem has evolved into a high quality,
life-saving technology that society now
relies upon daily for safety and secu-
rity.

History of Basic 9-1-1 Service
Before the technological develop-

ment of dial tone and direct dial tech-
nology, a person initiating a telephone
call had to use a central exchange
operator who immediately connected
the customer’s call to the appropriate
emergency service.  Because of the
technological design limitations of the
telephone system, operators were typi-
cally local individuals familiar with
most local residents.  In time of emer-
gency, they could locate doctors,
firefighters, or police, whether on duty
or not.

The development of dial tone and
direct dialing technology allowed us-
ers to dial their own connections,
resulting in a consolidation of opera-
tor services.  No longer was the exten-
sive number of local operators re-
quired.  Dialing “0” could result in
contact with an operator quite unfa-
miliar with the caller’s town or area.
Operators might even be several hun-
dred miles away.  To reach local emer-
gency personnel, one had to know the
specific telephone number for fire,
police, or doctors, or know where to
look for the directory listing.  This
could be a difficult and untimely task
should a house be burning or a medi-

cal emergency be affecting a person’s pres-
ence of mind.

President Lyndon Johnson’s Commission
on Law Enforcement and Administration of
Justice Report (The President’s Commis-
sion, 1967) first recommended the creation
of a single emergency phone number.  A
year later, AT&T announced its decision to
make 9-1-1 a universal emergency number
for all their local telephone exchanges.
AT&T’s announcement in 1968 created a
universal emergency number that telephone
companies began to adopt.

Burton (1996) therorized that AT&T spent
large amounts of money to support emer-
gency services through their operators.  The
concept of 9-1-1 may have been created by
AT&T to shift the burden of providing opera-
tor services for emergency connections from
AT&T to public safety agencies, thus allow-
ing for cost savings and creating future
equipment sales. While basic 9-1-1 service
greatly enhanced emergency services, it
was soon to be replaced due to severe
limitations.

Wireline Enhanced 9-1-1
Basic wireline 9-1-1 allows for emer-

gency calls to be routed to PSAPs by the
local telephone company, rather than first
going through an operator or dialing a seven-
digit phone number.  The PSAP then dis-
patches the appropriate emergency person-
nel.  In systems with basic 9-1-1 service, the
PSAP operator does not receive two critical
pieces of information: the seven-digit tele-
phone number of the calling party and the
location of that party.

Wireline enhanced 9-1-1 (E 9-1-1) ser-
vice provides to the PSAP operator the caller’s
telephone number and location.  The caller’s
telephone number is displayed on the PSAP
operator’s computer monitor through auto-
matic number identification (ANI), and the
street address is displayed through auto-
matic location information (ALI).  The ALI
allows PSAP operators to coordinate the
caller’s location with the geographically
closest emergency services.  ALI ensures
that callers who cannot speak, or who may
lose consciousness after dialing, can still
receive emergency services.  ANI enables
PSAP operators to call a person back should
they hang up prematurely or in case of a
disconnected call.

Nearly 85% of the population and 50%
of the geographical area of the United States
have access to some form of 9-1-1.  Of that
coverage 95% are served by E 9-1-1 (Na-
tional Emergency Number Association,
1998).  Wireline telephones that benefit
from E 9-1-1 allow PSAPs to become much
more effective at serving the emergency
needs of their constituency.  Wireline tele-
phone customers currently rely on a stan-
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dard of excellent service that remains to
be duplicated in the world of cellular
telephones.

The Federal Communication Commis-
sion (FCC) has recognized the impor-
tance and quality of wireline E 9-1-1, the
tremendous growth of wireless subscrib-
ers, and the need for ubiquitous E 9-1-1
coverage, for both wireline and wireless.
On July 26, 1996, the FCC set forth in CC
Docket 94-102 initial rules and regula-
tions for the implementation of Wireless
Enhanced 9-1-1 (WE 9-1-1) service.

Societal demand helped to begin the
transition to WE 9-1-1; however, regula-
tory pressure was required to begin imple-
mentation of what the public both needs
and wants.  As with any societal transi-
tion, several regulatory, technological,
and societal obstacles must yet be sur-
mounted before cellular telephones be-
come the personal security and safety
device of an evolving mobile society.

Regulatory, Technological, and
Societal Obstacles

Wireless enhanced 9-1-1.  Because of
the FCC ruling, WE 9-1-1 should eventu-
ally become a reality; however, the FCC
ruling contains several provisional man-
dates.  First, the PSAP must be capable of
receiving and using the ALI and ANI
information transmitted to them by the
wireless service provider.  Second, the
PSAP must formally request the service
provider to send the ALI and ANI to the
PSAP.  Third, there must be a system in
place to reimburse the wireless service
providers and the PSAP for the cost to
deploy and maintain the technology to
make the service possible.

According to the FCC ruling, deploy-
ment of WE 9-1-1 will occur in two phases.
Phase I requires the wireless caller’s phone
number and the specific cell site or sector
identification number to be transmitted
to a PSAP.  Therefore, when a caller
makes an emergency call from his or her
cellular telephone, the 9-1-1 operator
will receive a display on his or her com-
puter monitor of the cellular 10-digit tele-
phone number and the cell site location
from which the call originated.  If the
emergency call is disconnected, this in-
formation will allow the operator to re-
connect the caller.  It will also allow the
operator to have initial broad-based lo-
cation information to assist in identifying
the caller’s location.  In larger metropoli-
tan areas, the ANI combined with the ALI
will allow selective routing (SR) to take
place.  SR ensures that the PSAP and
subsequent emergency services nearest
the caller’s location will receive the call.
The April 1, 1998, deadline for Phase I

was subject, however, to provisional FCC
mandates. Wireless service providers are
not subject to the federal mandates if the
PSAP cannot use the data and if the PSAP
failed to file a formal request to the wire-
less service provider.  In addition, wire-
less service providers are not obligated to
provide WE 9-1-1 services should a fund-
ing mechanism not be in place.

Phase II of the FCC ruling requires all
wireless service providers to transmit to
the PSAP the longitude and latitude of all
wireless 9-1-1 callers within 125 meters
by October 1, 2001.  The location accu-
racy must be completed successfully at
least 67% of the time. During an emer-
gency call, the ANI and ALI must be
transmitted to the PSAP within a fraction
of a second.  Therefore, when callers
cannot speak or are completely unaware
of their location, they can dial 9-1-1 with
their cellular telephone and the PSAP
will locate them, directing emergency
personnel to the site.  Advancing to the
next technological step, rescuers could
utilize global positioning with longitude
and latitude data to locate individuals
with pinpoint accuracy.  This would elimi-
nate all the guesswork in the location of
persons needing emergency assistance.
It is important to note that currently alti-
tude is not a consideration for location.
Therefore, if a person was in a multiple-
story building, location identification
could be more complicated.  The FCC
has sought comments on the issue of
altitude, but it has not ruled on the topic
as of yet (FCC, 1996).

Another recent decision by the FCC
may have a tremendous impact upon the
wireless consumer who only wants a cel-
lular telephone for emergency purposes.
In a Memorandum Opinion and Order
adopted by the FCC on December 1,
1997,  the FCC announced that wireless
carriers must route all wireless 9-1-1 calls
to a PSAP without validation of a
subscriber’s account (FCC, 1997).  This
decision allows any working cellular tele-
phone, regardless of subscriber account
status, to transmit a 9-1-1 call.  This
ruling is significant because as consum-
ers upgraded to models with more fea-
tures and benefits, older cellular tele-
phones were discarded.  Previously un-
usable and without value, they now can
be used for emergency purposes.

Technological strategies are primarily
in the testing phase to meet the FCC WE
9-1-1 mandates.  However, regardless of
technological deployment, consumers
will not receive the benefit of WE 9-1-1
unless three major issues are resolved:
Each state must have state funding, liabil-
ity protection for wireless carriers, and an

organized process for antenna tower lo-
cation.

State funding, liablility, and antenna
tower siting.  Monthly wireline telephone
bills include a fee for 9-1-1 service.  Leg-
islative or regulatory statutes establish
the authority to collect fees to support the
9-1-1 system.  The fee supports technol-
ogy deployment and maintenance by the
local telephone company to route emer-
gency calls to the PSAP.  Support also
includes PSAP technology deployment
and maintenance.  Currently, in states
where WE 9-1-1 funding statutes do not
exist, wireless subscribers do not pay a
monthly levy and therefore do not con-
tribute funds to keep the wireline E 9-1-1
system operational.  In states without
funding legislation, the call load placed
upon PSAPs by wireless subscribers lacks
financial support.

The problem with funding rests with
the mobility of a cellular telephone.
Since a wireline telephone is not mo-
bile, it is very easy to determine which
PSAP should receive the monthly pay-
ment to the 9-1-1 system.  However, a
cellular telephone could quite literally
be anywhere in the country when plac-
ing an emergency call.  Which PSAP
then is to receive reimbursement for
processing the wireless 9-1-1 call and
how does the PSAP receive reimburse-
ment?  The answer presumably lies with
establishing a WE 9-1-1 fund adminis-
tered by each state’s public service
commission (PSC) or public utility com-
mission (PUC).  The PSC or PUC would
then reimburse PSAPs for the volume of
calls they receive from wireless callers.
Currently, according to XYPoint (1998),
34 states have funding mechanisms in
place.  Of the 16 that do not, only one
has legislation pending at this time.

Once states pass funding statutes, one
would assume that WE 9-1-1 service could
begin.  For wireless carriers there yet
remains an issue that has caused WE 9-1-
1 deployment delays for several states.
Wireline telephone companies receive
governmental immunity from liability as
determined by statute or regulatory au-
thority.  Currently, many states do not
grant this same immunity from liability to
wireless carriers. With no immunity from
lawsuit, a wireless carrier has the poten-
tial of liability for any mishandled WE 9-
1-1 call.  Wireless carriers are concerned
about liability due to the possibility of
dropped calls and gaps in coverage.  As
mentioned previously, only 50% of the
geographic area of the United States has
9-1-1 coverage.  Should an emergency
caller not be able to complete a call, the
carrier is potentially liable for the failed
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connection.  Currently, only 30 states
have legislation protecting wireless car-
riers from liability for providing WE 9-1-
1 service (XYPoint, 1998).  In those states
without protection from liability for wire-
less carriers, WE 9-1-1 service will be
delayed, or possibly not implemented at
all.

When funding and liability issues are
resolved, there yet remains the issue of
tower siting.  The Telecommunications
Act of 1996 mandates that any state or
local government:  “(I) shall not unrea-
sonably discriminate among providers of
functionally equivalent services; and (II)
shall not prohibit or have the effect of
prohibiting the provision of personal wire-
less services.”  State and local govern-
ments also cannot deny tower applica-
tions based on environmental effects of
radio frequency emissions (Knauer,
Machtley, & Lynch, 1996).  In a recent
court decision by the Fourth Circuit U.S.
Court of Appeals, the court provided an
interpretation of the Telecommunications
Act of 1996.  The judges ruled that appli-
cations for erecting a cellular antenna
tower could be rejected based on citizen
opposition (Warner, 1998).  This creates
an awkward position for wireless carriers
since the lack of antenna towers means
lack of coverage area for WE 9-1-1 ser-
vice.  In essence, by denying tower loca-
tion applications, citizen opposition cre-
ates limitations in the service for which
they most often purchase cellular tele-
phones.

Once a solution to the politics of fund-
ing, immunity from liability, and tower
locations are finally resolved, the wire-
less carrier must decide upon location
technology that will satisfy Phase II of
FCC Docket CC 94-102.  The technology
deployed will ultimately determine if
existing wireless handsets will serve call-
ers in an emergency, or if new handsets
will have to be purchased that contain
updated technology.

Location technology and privacy.  The

two location technology solutions are (a)
solutions involving the subscriber’s cel-
lular telephone and (b) solutions involv-
ing changes to the wireless carrier’s net-
work.  Solutions involving changes to
cellphones are a disadvantage to sub-
scribers because they will then require
new cellphones to take advantage of WE
9-1-1 service.  Network solutions will
allow existing cellphones to take advan-
tage of WE 9-1-1.  Regardless of the
solution selected by wireless carriers, a
major problem for subscribers emerges
as each company selects differing solu-
tions.  A company in one part of the
country may use a cellphone solution
and another company in another geo-
graphic area may implement a network
solution.

There are three primary methods to
accomplish location of wireless callers:
(a) time difference of arrival (TDOA), (b)
angle of arrival (AOA), and (c) global
positioning system (GPS; Dziatkiewicz,
1998). TDOA and AOA are network solu-
tions that will work with millions of exist-
ing cellular telephones.  GPS, however,
requires the customer to purchase a new
cellular telephone.

TDOA analyzes the slight time delays
from the cellphone radio signal as expe-
rienced from several different cell tow-
ers. This process triangulates the position
of the caller through a process called
hyperbolic trilateration. AOA analyzes
location through a sophisticated antenna
array added to cell sites.  The array deter-
mines the direction from which a
cellphone is entering a cell site territory.
Utilization of two cell sites and the
cellphone itself triangulates the position
of the caller. A GPS solution operates
from the array of GPS satellites used for
all GPS receivers. While GPS may appear
to be the best choice, this solution would
require new cellphones for the service to
work.  Customers with a desire to benefit
from this solution would have to replace
their cellphones.
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